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FOREWORD
b J H GADDUM ScD FRS

“ When you can measur- what you are speskiog about and expres @
mmbess, vou know somethng about tt, bt when you camnot measre ity
whes vou €amDAt cxpress 1t 1 rumbess, vour knowledze 15 of 3 meazre
and

\faxy of the mo<t active phvmaans are rather <pecalls interes ed
m the glands of wmnternal searenion. It 15 fasanatng to tunk thar
these small <peaaliced orgams should produce suck widespread
effects and that some of therr secretions should be assocated wath
the strongest human emotions  Vanous dramatc diseases are
directhy due to derangzements of these clands, and most dseases
affect them to some extent.  Methods of assessing ther activities
have therefore attracted widespread imnterest.  Darect observations
of therr effects on the patents themselves can «ometimes provide all
the mformation that s needed  but such observations are often not
enoush, and an army of enthusiastic rescarch workers has therefore

sousht to devise methods of L and therr
1n the blood and unne.
\ anous hods of d p v by biok 1 tests

for gonadotropluns m unne were shown to gwe rehable results
without elaborate precautions. It was natural to suppose that
«amlar sumple tests for other hormones would akkso grve mformanon
of clmical mmportance but the results have on the whole been
confusg  Some of the reasons for this have now become apparent.
The pregoancy fsts are  uccessful bechuse pregnancy  causes
enormous changes m the hormones m the unne, and quanutauve
of the present are for the d.
For other purposes quantitative results are nceded and 1t 1s onh
lately that adequate quanutative methods have been dexused
It was thought at one txe that 1t would be passible to esumate
the total actvity of vanous kinds 1n blood or unnc.  For example
urme was known to cortan several substances winch produced
cestrogenic effects m small ammals.  Extracts of urme were therefore
mjected wmnto mice and the smallest guannty to produce cstrus was
called 2 mouse untt, so that the a@strogenic actvits of unne could
be estumated 1 mouse umts per hire” There are several reasons
why thus convenient device gave results which were not reproducible.
Since mice were found to vary the dose for the average mouse was
measured.  Since one colomy of mice gave different results from
another and the same colomy gave different results on different
dard prey of were used m each
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experiment, but even this precaution was not enough Human
urine contamns 1 number of different substances with cestrogenic
effects and the ratios of their actmities vary enormously
according to the exact design of the expernment By one techmque,
for example cestrone 15 one hundred times s active as aestriol and by
another techmque the activities of these two substances are about
equal If one of these substances were used as a standard to test
urtnes whose activity was mostly due to the other substance the
results 1 one laboratory mght be one hundred times as large as the
results in another  Such findings convinced those concerned that the
mensurement of the total activity of an extract had no real meaning
and that progress could only come from the esumation of the concen
tration of each of the substances contnbuting to the effect Thiscanbe
achieved by first separating the extract mto fractions, each contain
g one active sub and then the m
each fraction by bio assay usmg a standard preparation of the
appropnate substance but 1 the case of the cestrogens mn urine
quicker and more precise results can be obtamed by applymng
colonimetric methods to the fractions  The important point 1 that

1t 15 necessary to esumate the of single
and not the total activity  this 1s true not only of the cestrogens but
of all assays

Chemical hods of assay are biol 1 hod:

P g
They are generally quicker and more preaise and 1f they can be
shown to gne an of the c of a single
substance this estimate 15 just as valuable as a bioogical estimate
Some biological methods are sull more sensiive than the best
chermical methods but the latter have improved much recently
Seme of the simpler hormones can now be estimated 1n any depart
ment of ¢linteal chemistry which has enough tramned staff, but each
assay involves much work  There 15 no immediate ltkelthood that it
will be possible to esttmate all the polypeptide hormones by simple
chencal procedures but some of them can be estimated by ther
effects on 1solated tissues or tissue shees and 1t 15 probable that the
use of whole amimals for hormone assays will eventually be
abandoned

Some hormone assays are an ad to diagnosis 1nd a guide to

and can be Jed as routine p di which should
be lly available  For pl of human ch
gonadotrophin may assist in the dragnosis of pregnancy chonon
pithel or hydaud, mole and of sy h

mimetic amines may assist in the diagnosis of adrenal ‘medullary
tumours  The of of other h however s
often not immed:ately obvious and the purpose of most assays 1s to
advance knowledge rather than to guide the doctor 1n the treatment
of ndividual cases

Itas sull important that researches in this ficld should be carefull:
planned with full knowledge of the imitations of the methods useJ
most of which are labonous and costly and that the programme
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should not be seriously interrupted by demands for isolated
observations on interesting cases not connected with the main
happened 1n the past that clinucians

have employed biochemusts to estimate hormones by some published
method, and that the bioch have been p ded to earn their
Iving by using methods in which they have no faith, in researches
which seem to them to be badly planned Such arrangements
have been unfrutful

Attempts have been made to establish central laboratories to
carry out hormone assays for the doctors mn a distict  Such
laboratories have at present only a limited use 1n connection with
such things as pregnancy diagnosis ‘Their scope may widen with
the advance of knowledge but there 1s a danger that much of the
money and effort spent on such laboratones may be wasted on
unnecessary assays

It 1s probable that all necessary hormone assays will eventually
become part of the routine work of departments of chnical chemistry,
but 1n the mmediate future real progress 1s most hikely to come
from physicians working 1n the laboratories on problems ansing in
the wards Time has justfied what Sir Thomas Lewss said about
the importance for medicine of the work of such people to whom
he gave the name of chimcal scientists  This booﬁ provides many
examples of the kind of work they can do

A few years ago most of the best work 1n chimeal endocrinology
was bemng done i the US A More recently however umportant
work on quantitative methods has been done m Great Brtain
Dr Loramne 1s a member of the stafl of the Climical Endocrmology
Research Unit (CER U) which the Medical Research Council
established 1n Edinburgh m 1946 and 1t 1s natural that his book
should lay special emphasis on the work of this unit  Most such
units have a single full time director but GER U 15 durected by a

of the p biochenustry gynzcology

pharmacology surgery and therapeutics ‘This has meant that
several departments have collaborated in support of a umt which
belongs to them all  The Medical Research Council has allowed the
unit to work for long periods on the development of reliable methods
without demanding quick publication This policy has produced
several new methods which are likely to add much to our knowledge
of disease 1n the years to come This book gres a clear and
authoritative account of this work and of the great mass of other
work m this field mn all parts of the world No clinical endocrmologst
can afford to be without it all who are interested m the climcal
application of hormone assays will find 1t valuable It gves a
general account of the methods availahle, without wearisome details
and a full discussion of the ways n which these assays may be of
value to those responsible for the care of patients
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expeniment but even this precaution was not enough  Humm
unne contans 1 number o? d b €5 with B
effects and the ratios of ther actnities yary enormously
according to the exact denign of the expeniment By one technique
for example @strone s one hundred times s actve a3 cestriol and by
another techmque the ~ctwities of these two substances are about
equal If one of these substances were used as a standard to test
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mg_one active suk and then the concentration 1n
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Chemical methods of assay are replacing biologieal methods
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The Clinical Cndocnnology Rescarch Umit has been very
fortunate throughout the years m bemng able to collaborate closely
with investigators 1n vanous honmone laboratories 1n Europe
especially with those 1n Stockholm and Geneva  Itis certan that
with the passage of time this type of international collaboration
wil} wmncrease and should contnbute greatly to further progress m
chincal and expenimental endocrinology  Two examples may
serve to dlustrate the value of the international approach to the
subject  The first of these 1s the senies of Colloguia on Fndocnin
ology’ held in London under the auspices of the Ciba Foundation
At these Colloquta 1t has been posuble for rescarch workers from
many nations to meet and to discuss common problems 1n a pleasant
and mforma) atmosphere  The second example 15 provided by the

Gonadotrophin Club  which was formed 1 1953 held ats first
meeting 10 Geneva 1 that year and has subsequently met 1n
Birmingham 1n 1955 and 1n London in 1957  These meetings have
been attended by colleagues from vanous laboratanies in different
parts of the world and have enabled those particularly interested 1n
the assay of gonadotrophins to exchange ideas and to plan collabora
twve research

1 should kike to take this apportumty of expressing my thanks to
the many people who have helped me i the preparanon of this book
I am especially grateful to Professors ] H Gaddum John Bruce
D M Dunlop R § hellar and G F Maman—Directors of the
Climcal Endocrmology Research Unit  Edimburgh—for their
nterest encouragement and co operation  the book was wrntten
at the suggestion of Professor R J hellar who felt that such a work
mght be of value to both clinicians and laboratory workers

1 am much indebted to Dr Rudi Borth {Geneva) Dr Egon
Diczfalusy (Stockholm) Dr G D Matthew (Edinburgh) Dr
J A Strong (Edinburgh) and the Directors of the Clincal
Endocrinplogy Research Umt (Edinbusgh) who have read large
portions of the text and have made many useful suggestions and
crhictsms  Thanks are also due to various colleagues who have
gven me helpful advice on speaific chapters namely Dr W S
Bauld  Montreal (cestrogensy Dr § B Brown Eduburgh
{cestrogens) Dr K. Fotherby Edinburgh (corucostermds and
17 ketosterouds) Dr ke € Hoagper, Rdmburgh (protemn hormones)

bol

Dr A Klopper Edinburgh (f and s m

Dr J k Norymberski Sheffield ( ds) Dr M Pickford
Edinburgh (antdiuretsc hormone and antduretic substances) and
Dr G Sayers Cleveland USA (ad hic h

P
My grateful thanks are due to Miss C M O Connor {London)
for her help 1n reading the proofs of the manuscript  The results
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Tws book has been written with a threefold purpose firstly, to
review the advantages and lumitatrons of euisting hormone assay
methods and where possible to wdicate the most sutable method
or group of methods for use m chuucal studies  secondly to discuss
the apphication of hormone assay procedures to chncal problems
and to examune the value of these estumations n the diagnosis
prognostsand treatment of disease mman and finally to suggest the
fields of smvestigation to which assay methods mght i the future be
profitably apphed

The subject matter dexls manly with pitumary  placental
adrenal and gonadal hormones & short chapter on msulin 55 also
sncluded  Consideration has not been given to the parathyrord
hormone or to the gastro mtesunal hormones because the methods
for the quantitative determunanon of these substances m body flmds
are not yet n a suffictently advanced state to mert therr use mn
chnical miestigations A section on the thyrowd has not been
included because 1t was felt that although the esumation of the
concentration of protem bound iodine s blood gnes a reasonably
rehiable indication of the actvity of ths gland 1n health and disease
assay methods for the thyroid hormones themsels es ate nat at present
sutrble for chinical application

The field of hormone assay has been expanding so rapdly
recent years that it 15 clearly impossible to quote all the relevant
Literature  An attempt has therefore been made to present an out
Iine only of the work done pnor to 1947 and to concentrate
more particularly on the Iterature publshed between 1ggy and
1957

9511: woning this book 1t hias been a great privilege for me 1o express

the views which the Edinburgh group as 4 whole share with regard
to the chingcal application of hormone assays  One of these views
which deserves special mention concerns the questian of methodology
We have always believed thar n clinieal studies only the best of
the avaslable techmques should be used and that sf unrehable assay
methods e employed the results obtuned are hable to be mis
leading Fortunately within recent years assay methods for many
of the hormones have been greatly smprosed and 1t 18 now possible
n many cases to employ techmques which saissfy the  reliabihty
entena discussed an Chapter §

vu
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reported i Chaptczs IT and IIT could not have been obtamed wath
out expert tech m the lab Y, and 1t gres me
great pleasure to acknowledge the help of my technicians,
particularly of Miss M A Mackay

Finally I should like to express my gratitude to my publishers,
Messrs E & 8 Lavingstone for thewr very helpfil collaboration and
advice throughout the preparation of this book

JOHN A LORAINE
EpmasureH
October 1957
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CHAPTER 1
General Principles wn Hormone Assay

SSAY methods for hormones and their metabolites can
be dmided into two groups—bilogieal methods and
chemical methods  Bio assays are often more sensitive
and mare specific than chemical assays but the latter arc usually
more precise, less Inborious, less expensive, and much more
suttable for routme use i the climcal field It can be
confidently predicted that in the future chemcal assay
procedures will largely replace bio assays for the quanutatve
determination of hormones and their metabolites 1n body flurds
At the time of wnting biological assays must still be used
for the estimation of pitwstary gonadotrophins, human chorionic
gonadotrophm  (HCG)  thyrotrophin, adrenocorticotrophic
hormone (ACTH), growth hormone, prolactin posterior
pitwitary hormones, thyroid hormones, parathyroid hormone
and msulin = The chemcal determination of these hormones
mn blood and unne 1s not possible at the present tme  Chermcnl
assay methods should now be used for the determunation of
cestrogens progesterone and 1ts metabolites corticosteroids and
17 ketosterords  In the case of ad hne and norad line,
chemical methods of estimation have recently become much
more rehable and should probably now replace bio assays
climcal studtes
As indicated m the title this chapter deals mamly with
matters of general interest to those concerneti with the estima
tion of hormones for chmcal purposes In order to explamn
some of the terms which will be used mn Chapters II to VIII
2 section deahing speaifically with bio assay 1s also included

ESSENTIAL REQUIREMENTS IN HORMONE
ASSAY PROCEDURES
This subject has been reviewed by various workers,
includmg Borth (1952) Marman (1955) Lorame (1957 a)
1

1
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GENERAL PRINCIPLES IN HORMONE ASSAY 3

means perfect in design, may give a reasonably good mdication
of the losses which occur dunng the performance of the
method

1t 1s a matter of great difficulty to make a definste statement
with Tespect to the permussible limuts of accuracy m a gren
steroid method This subject has been recently descussed by
Marrian (1955), who suggested that a method mught be
regarded as satisfactory from the quanutative pomt of view
when the recovery of added pure steroid was 75 per cent or
more  Murrian (1055) has also emphassed the necessity for
nvestigators to determine i their oun laboratory the accuracy
of 2 given method this should always be done before the
techmque 15 used for mveshigations 1n the chineal field

In hormone assays depending on biological methods,
recovery expenments of the type descnibed above are often
very labonous and this fact has prevented many workers from
employing them as a means of assessing the accurwey of a
method  Recently however particularly in the case of
ACTH and of the pitwtary gonadotropluns datw derned
from such experiments have been reported n the literaturc
(Sydnor and Sayers 1952, Lorame, 1957 ) It 1s to be
hoped that m the future smular mformaten will be published
for the other prtwitary hormones

(b) Precision *—An estimate of the preaision of a chemucal
assay method can be obtamed by carrying out multiple deter
mmnations on the same sample of blood or urne or bv
conductng multiple recovery experiments with the same
concentration of the added compound Precision 1s usually
expressed as the standard deviation of rephicate determinations

As 1 the case of accuracy 1t 1s very difficult to offer any
definute opinzon as to what degree of preasion 1s acceptable
n a given assay method Marnan (1955) has suggested that
for steroid methods, a standard deviation of 10 per cent
at optimal steroid concentrations 1s the best that can, reasonably
be expected while at sub optimal concentrations, 1t may be
necessary to be satisfied with a standard devintion of 25 fo
30 per cent

1 It should be emphasised that the terms accuracy and precsion v hen
applied to asay methods should not be regarded as synonymous The term

precs on zelers es ent ally to the reproduaibibity of 2 m thad and should caly

uscd when repeated est mations have been made on the same sample of bleod
or unne
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and Brown e al (1957) 1t 15 generally agreed that the
efficiency of a gwen method depends on two mam factors—
1ts reliability and ats practicabulity
1 ‘Reliabihty G ! for H A y

According to Borth (1952) there are four such cntema
These are accuracy, preciston, specifirty and sensthisly  Borth
(1952) has stated that, 1 assessing the averall value of a gren
assay procedure, the four cntema are of equal importance
Thus conclusion 1ppears to be justfied in view of the fact that
the entena may vary greatly in the case of mdivadual methods
Thus a method which shows a high degrec of precision may
not be highly speafic, while a speafic, accurate and precise
technique may not be sufficiently sensitiv ¢ for use 1 a particular
set of circumstances

Throughout this booh the term reladilify, when apphed
to 1 method, will be used m a general sense to embrace the
four concepts of accuracy, preaision, specificity and sensitivity

{a) Accuracy —Tlis term may be defined as the nearness
with which a goven analytical result approaches the true’
result  The accuracy of a quanttative method can be studied
by means of recovery expermments’ i which determmations
are made on the matennl bemg analysed before and after the
addruion of known amounts of the substince under myestiga
tion  Results are usually expressed 1n terms of the percentage
of the added compound recovered Accuracy can also be
esimated by procedures imvolvung radio actne compounds,
1t 15 probable that i the future techmgques of this hind wall
become mcreasingly popular

Some of the problems mvolved i evaluating the accuracy
of the vanous steroid methods have been discussed by
Marnan, (1955) Ideally recovery expeniments should be
conducted by adding to blood or to urine pure steroids in the
forms 1 which they are normally present  Unfortunately this
15 seldom practicable because the magonity of the steroids occur
m body fluds 1 the comjugated form and in most nstances
these comjugates are very difficult to obtan for investigative
purposes  Accordingly, most workers hae adopted the
expedient of carmiang out recovery expenments m which
fnown amounts of the pure unconyugited sterods are added
to blood or urine Expenments of this type, although by no
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non specific reactions are used must largely depend on the
techmuques employed for the punfication and fractionation of
the crude extracts

(d) Sensrmviry —This term may be convemently defined
as the mimmum amount of a substance which can be detected
by a particular method ~ As will be seen 1 later chapters one
of the chuef difficulties 1n the esimation of many hormones 1n
body fluids anses from the fact that available assay methods
are not sufficiently sensitne to detect the small amounts of
matenal present This difficulty 1s particularly marked m the
case of the pituitary hormones but 1s also found with certamn
of the steroid hormones such as progesterone

Various attempts have been made to mcrease the sensitivaty
of assay methods for pituitary hormones n blood and unne
One of these which has been used by Coppedge and Segaloff
(1951) for the assay of urmnary prolactin and by Gray and
Parrott (1953) for the esimation of plasma ACTH, consists of
the admumstration to the test ammals of a so-called booster
dose of the hormone 1n order to bring the readings on to the

working range of the dose effect cunve  Procedures of this

kind have not gamned general acceptance and 1t 15 unlikely
that they will continue to be used in climcal studies It 1s
probable that m the future assay methods for pitwtary
hormones will be made more rehable by developmg more
satisfactory techmiques for the extraction of these hormones
from blood and urme and by administering such concentrates
to the experimental amumals

2 Practicability of Hormone Assays

Under this heading are included such factors as speed cost
and the skl required 1n the performance of a method It s
obvious that a method which satisfies the most stringent critenia
of relabihity may be qute unsuitable for routme use m the
chmical field This would occur of as 1s the case with many
b 1 assays the techmique were so laborious that many
days were required before a result was obtamed  Such a situa
tion would also anse if the cost per eshmation 1 terms of
c 1 3 1 ammals and equpment were
very high or if the method atself were so comphicated that special
skill on the part of the operator was required 1n order to obtan
reproducible results  For further mformation on the question




4 CLINICAL APPLICATION OF HORMONE ASSAY

In biological assays the labour mvolved m conducting
replicate determunations 15 very considerable, and for this
reason few mvestigators have so far attempted to estimate
preasion m this way  Methods which have been employed
for calculating the precision of such assays are described
below

() Seecrrrarry —In chemical assay methods specificity can
be defined as the determmation of one chemical entity to the
exclusion of others, 1n bio assays the term refers to the deter
munation of one phystological activaty to the exclusion of others
Usually the speaificity of a method depends on the cumulative
evidence that the techmque measures what 1t 15 supposed to
measure and nothing else

Some of the factors which must be considered m assessmg
the speaificity of a chermical assay method have recently been
discussed by Brown et af (1957) These workers attempted to
evaluate the speafiaty of the method developed by Brown
(1955) for the estimation of cestriol, cestrone nd cestradiol 178
m human urnne (see p 164) They concluded that, for the
majonty of unnes from normal women durmg the menstrual
cycle, normal men and normal post menopausal women, there
was good evidence to support the view that the substances bemng
determined were indeed cestriol, cestrone and cestradiol 178
This conclusion was based on the followmng four hinds of
evidence (1) The known high spectfiaty of the kober re
action on which the final determmation in the Brown method
depends, (n) the chromatographic behaviour of the urmary
cestrogen fractions on alumina adsorption columns, (m) the
behaviour of these fractions 1n studies iy olving countercurrent
distnbution, and (1v) the companson of the results obtaned
by chemucal assay on the one hand and by bio assay on the
other

Marran (1955), Borth (1956) and others have emphasised
that most of the methods used for the final determination of
steroids m blood or unmne extracts are not of themselves specific
Tor example, the Zimmermann reaction 18 not specfic for

17} ds, the prod of a yellow colour with
sulphunc acid 15 not speafic for 58 pregnane 3« 20a diol
(pregnanediol), nnd the Porter Silber reaction (see p  259)
15 not specific for the 17, 21 dibydroxy 20 keto corticosteronds

Accordmgly, the speafictes of hods mn which such
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with reasonable success 1n laboratones at the Mayo Chnie and
Geneva (Albert and Berkson, 19,1, Borth ef al, 1957), butn
Edinburgh could not be made the basis of a reliable quantitative
assa;

(Yb) The assay method for ACTH based on the depletion
of adrenal ascorbic acid m hypophysectomsed rats had a
relatively high degree of precision when used by Sayers et o
(1948) m Salt Lake City and by Taylor et al (1953) n
Edinburgh but was much less satisfactory 1 the hands of
muestigators 1n certam other centres m the United Rmgdom
and the Umted States

The dependence of hormone 1ssays on the stram of animal
employed 15 1mportant from the practical pomt of view It
makes 1t advisable that, prior to the estabhishment of a gien
method for climecal purposes an mvestigator should satisfy
himself that the stram which he proposes to use 1s indeed
suitable for his purposes  Time spent 1n assessing the surtability
of ammal stramns will not be wasted and may save much
unnecessary expense

It 1s the author s opinion that 1f at all practicable, hormone
assays should be conducted wath amimals bred in the mvest
gator s own laboratory under environmental conditions which
are as constant as possble  Amimals purchased from dealess
tend to be much less umform, and for this reason frequently
give unsatisfactory results It 1s almost certam that many of
the difficulties reported by investigators m obtaimng valid
bio assays result from the fact that amimals bought from dealers
have been used A good example of this point 1s provided by
the differmg experiences of Albert (1956) at the Mayo Clinic
and of Loramne and Brown (1954 1956) m Edmburgh with
the bio assay method for pitwitary gonadotrophms m urne
depending on the enlargement of the uterus 1n mntact immature
mice (see p 27) Albert (1956) who bought his ammals
from dealers could not obtain reproducible results with this
test, whereas 1n. the hands of Loraine and Brown (1954, 1956),
who wsed ammals bred m the laboratory, the method has
yielded sausfactory results over a period of approximately
seven years In view of the importance of a umform ammal
stram m the performance of the mouse uterus test, htile
quantitative significance can be attached to the results of assays
m which animals obtained from diverse sources are used
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of the practicabihity of hormone assays the reader 1s referred
to articles by Borth (1g52), Borth and de Wattewille (1952),
Marrian (1955) and Albert (1956)

It must be emphasised that, although the factors hsted
above e of importance m the clinteal apphcation of hormone
asstys the practicababity of a gnen method should always be
dictated by 1ts value m the diagnoss of disease  Thus even a
very time consummg procedute such as that recently described
by Ayres et al (1957) for the estimanon of unnary aldosterone
(see p 261) mvy have 1 relatively wide chmcal applicaton
provided that the information obtamned by the use of such 1
method justifies the labour mmohed m 1ts performance

HORMONE ASSAYS BY BIOLOGICAL METHODS

A general discusston on the mathematictl methods employed
m biological ass7y 15 outside the scope of this book TFor
mformation on thss subject, on which a large hterature has
accumulated 1 recent years the reader 1s referred to publica
tions by Thyer (1946), Emmens (1950} Burn et ol (1950}
Tmney (1952) and Gaddum (1953 @, ¥) The present sectron
of this chapter 15 concerned with cestain aspects of bio assay
which 1n the opmion of the author, “re espeailly relevant to
the esttmatnion of hormones mn body fluds The following
factors will be considered
Stran of animal
Standard preparations
Types of bro assay
Design of bio asays
Calculation of errors

B e

1 Stram of Amimal

Thos factor 15 of considerable importance m hormone
assays There are numerous mstances mn the lterature of
methods which gre satisfactory results 1n some animal strams
but not m others Two examples may serve to Mlustrate this
pomnt

(a) The assay method for HCG dependmg on the production
of ovaman hypermmia mn intact qmmature ris has heen used
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with reasonable success 1n laboratores at the Mayo Chnic and
Geneva {Albert and Berkson, 1951, Borth et al 1957) butm
Edimburgh could not he made the basis of a reliable quantitative
assa’

()b) ‘The assav method for ACTH bascd on the depletion
of adrenal ascorbic aad 1 hypophysectomused rats had a
relativelv high degree of precision when used by Sayers et al
(1948) m Salt Like City and by Taylor e of (1933} m
Edmburgh, but was much Jess sausfactory i the hands of
myestigators in certain other centres in the United Ringdom
and the Umted States

The dependence of hormone assays on the stran of ammal
employed 15 important from the pracucal pomt of view It
makes 1t advisable that, prior to the establishment of a gien
method for chimeal purposes, an mvestigator should satisfy
himself that the stram which he proposes to use 15 indeed
surtable for hus purposes  Time spent in assessing the smtability
of ammal strams will not be wasted and may save much
unnecessary t.\anSC

1t 1s the author s opimion that 1if at all practicable hormone
assays should be conducted with animals bred in the investt
gator s own laboratory under environmental conditions which
are a$ constant as possible Amimals purchased from dealers
tend to be much less umform, and for this reason frequently
give wnsatisfactory results It 1s almost certam that many of
the difficulies reported by mvestigators mm obtaimmng vabd
bio assays result from the fact that amimals bought from dealers
have been used A good example of this pont 15 provded by
the differing expenences of Albert {19,;6) at the Mayo Clinic
and of Loramne and Brown (1954 1956) 1 Edinburgh with
the bio assay method for pituitary gonadotrophins in urine
depending on the enlargement of the uterus m mtact immature
mice (see p 27) Albert (1956) who bought his ammals
from dealers could not obtam reproducible results with this
test, whereas m the hands of Lorame and Brown (19,4, 1956)
who used amimals bred in the laboratory, the method has
yelded satisfactory results over a period of approximately
seven years In view of the importance of a unmiform ammal
stram 1 the performance of the mouse uterus test lttle
quantitatiy e sigmificance can be attached to the results of assays
in which nmmals obtained from dierse sources are nsed
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of the practicability of hormone assays the reader 1s referred
to articles by Borth (1952), Borth and de Watteville (1952),
Marnan (1955) and Albert (1956)

It must be emphasised that, although the factors lsted
above are of importance 1n the chimical apphicition of hormone
assays the practicability of a given method should always be
dictated by 1ts value i the diagnosis of discase  Thus even 2
very time consuring procedure such as that recently described
by Ayres et al (19,7) for the cstimation of urinary aldosterone
(sec p 261) may have a relatively wide chnical application
provided that the mformation obtamed by the use of such 1
method justifies the labour involsed m 1ts performance

HORMONE ASSAYS BY BIOLOGICAL METHODS

Agenerald on the matk rcal methods employed
m biological assay 1s outside the scope of this book  Tor
mformation on this subject, on which a large hterature has
accumulated n recent years the reader 1s referred to publica
tions by Thayer (1946) Emmens (1950) Burn e al (1950),
Finney (1952) and Gaddum (1953 @ &) The present section
of this chapter 15 concerned with certan aspects of bro assay
which 1 the opmion of the author, are especially relevant to
the estmation of hormones i body flmds The following
factors will be considered

1 Stran of animal

2 Standard preparations
3 Types of bro assay

4 Design of bro assays

5 Chalculation of errors

1 Stramn of Amimal

This factor 15 of considerable mmportance mn hormone
assays There are numerous mstances in the Diterature of
methods wiich give satisfactory results m some ammal stramns
but not 1n others Two examples may serve to illustrate this
pomnt

(a) The assay method for HCG depending on the production
of ovanan hyperemia m mtact immature rits his been used
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post menopausal women (sec Chapter II)  This extrict has
been termed human menopausal gonadotrophm * (HMG) and
1t 15 possible that m the future HMG or some preparation hke
1t will become an international standard for the comparative
assay of the unnary gonadotrophins excreted by non pregnant
human subjects

The standard preparations listed above ciffer considerably
m ther present sphere of usefulness Those for the varous
sterord hormones are seldom used i cliucal studies as these
substances should now be determined by chemical rather than
by biological methods of assay  On the other hand standards
for the pitwitary and placental hormones will certamly continue
to be used for many years m view of the great difficulties mvoh ed
m the development of chemical assay methods for these
substances

Standard preparations for the hormones have been made
from vartous sources Thus those for thyrotrophin, ACTH
prolactin and the postersor pitwitary hormones are dernved
from ammal pitwitary tissue while that for HCG 1s derved
from pregnancy urmne As emphasised by Lorame (1957 a)
this fact may cause difficulties when eatracts prepared from
human blood are assayed 1n terms of standard matenial prepared
from sources other than blood For example Diczfalusy and
Lorane (1g55) found that under certam circumstances serum
samples of HOG could not be assayed agamst the standard
while a stmilar conclusion was reached by Parrott (1955) m
the case of ACTH Dufficulties of a ssnilar nature wall almost
certamnly anse when blood extracts containg thyrotrophic
and growth promotmg activities are assayed aganst the
corresponding  standards prepared from anterior piturtary
tissue A dingly, 1t 1s tial for mv estig to determine
by statistical methods whether a grven assay procedure which
they propose to use for estmations i blood satisfies the
recogmised cntenia of validity as described by Gaddum (1953 a)
Only assays which satisfy such criterta should be employed in
chimcal studies

3 Types of Bio assay
Hormone assays are of two mam types
(a) Assays depending on graded effects
(8) Assays depending on quantal effects
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2 Standard Preparations

In 1927 Trevan noted that the minimum dose of a substance
producing an effect in one animal colony was hable to differ
markedly from that in another, and that cven in the same
colony mamntamed under environmental conditions which were
controlled as nigidly as possible, wide variations in sensittvaty
could occur at different times of the year Trevan’s observa
tions have smce been amply confirmed, and 1t 1s now generally
agreed that the expresston of results in * amimal umts ” without
reference to a standard 1s a very unrehiable procedure from the
quantitative pomnt of view  Gaddum (1953 a) has stated that
the error of such estimations may be threefold or more

In the past 1t has been necessary to express results of many
hormone assays m terms of ‘ ammal umts,’ and workers have
generally defined the umit as the amount of matenal required
to produce a given effect Examples of arbitrary umts which
should no longer be employed are the ‘ mouse uterme umt’
for follicle sumulating hormone (FSH),* the ‘rat ovanan
hyperemia umt for HCG and the Junkmann Schoeller unit
for thyrotrophin ~ Within the Iast two decades standards have
been established for the majonty of the hormones, this has
enabled nvestigators to report results in international units and
has also made 1t possible to compare directly figures obtuned
from different laboratories The use of ‘ammnl umts’ n
assays of hormones for which imternational standards are
available 15 to be deplored, 1t 15 regrettable that publications
still appear 1n which the data are presented 1n this way

At the time of wnting international standards are avaidlable
for thyrotropmin, AGTH, prolactin, posterior pituttary hor
mones HCG, pregnant mare s serum gonadotrophin (PMSG)
msulin, cestrogeruc hormones, progesterone and androgens
Standards have not yet been established for growth hormone
or for parathyroid hormone A standard preparation 13
urgently required for the assay of prtwitary gonadotrophins in
human unne  Recent work by Lorame and Brown (1956)
has shown that urinary gonadotrophins from normal men and
from normally menstruating women can be assayed m terms
of an extract prepared from the urme of menopausal and

1 As will be pointed out in Chapter IT the mouse ;tn’m test 29 no't specific for

FSH but measures a mixture of follicle
acnvities
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or a four pomt design? Assays depending on 1 six pomt
design  are more relable than either of the preceding but re
too cumbersome for use an the chimcal field

(a) (Two +onE) Dosk Assavs (THREE POINT Assays) ~——This
15 the simplest design which 1s acceptable for routine use  I'hree
groups of amimals are used two groups recene the standard
and one the unknown preparation  The dosc of the unknown
should have an effect ntermedinte between the two doses of
the standard The design can be used 1 assays depending
either on graded or on quantal responses The three pomt
assay provides no mformation regarding exther slope diffcrence
(parallehsm) or cunature such tests of vahdity can be
performed only when more complex designs are employed

Because of therr simplicity three point assays have been much
used 1n routine climieal studies  In the opmmon of the author
this 15 justifiable of at an early stage of the mvestigation, more
complex designs have been employed m order to establish that
the assay 1n question satisfies the recognised critena of vahdity

(5) (Two +71w0) Dose Assays (Four PoINT Assays) —This
design was first descnibed by Gaddum n 1933 and smce then
1t has been much used m quantitative work  T'our groups of
ammals are employed two groups recuve the standard <nd
two the unknown preparation  The design can be appled to
assays depending etther on a graded or on a quantal responsc
Four pont as ays enable the mvestigntor to calculate whether
or not the log dose response curves of S and U duffer sigmificantly
i slope  1f lack of parallelism 15 demonstrated the assay 1s
mvalid and the result has no meaning  The four pont design
can be convemently used m the majority of hormone ass1ys and
1s probably the formula of choice for clinical studies

5 Calculation of Errors

There are many ways of estimating the precision of bio
assays  These have been reviewed by Finney (1952) Gaddum
(1953 @ b) Diczfalusy (1954) and others One of the most
convenzent methods 1s to express the errors of the various tests
m terms of the mdex of precision (A) and this procedure will
be adopted 1 subsequent chapters

1 Three pomnt design ~two doses of § and one of U

Four po nt design =two doses of both § and U
S« pomnt design =three doses of both S and U
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{a) Graven Lrrecrs (Mgasurep Lrrrers) —In this type
of assty the effect of the hormone on each arimnl 15 measured
The myonty of hormone assvys fill into this category  Pimihar
examples are the estimation of HCG by s abidity to cause
enlargement of the prostite m imtact smmature rats (p 71},
the wss1y of growth hormone by 1ts effect on body weight m
hypophysectomised rats {p 127) and the determmation of
prolactin by s wewon m mercismg the weight of the crop
ghind in mgeons {p 135)

(8} Quantar Errecys —In hormone assays of tus type the
result depends on the percentage of ammals which show some
defimite response such s costrus or osuhtion  The effect
produced n exch animal 15 sard to be quantal or  all o none’
{Grddum, 1933) Extmples of hormone assays depending on
quanty] responses are the test for estrogenic retnaty bused on
vagmal cormficagon tn ocophorectomised rodents {p  160),
the ovanan hyperemin test for HCG (p 67) and the assay
method for gonadotrophins depending on the expulsian of
spermatozoa 1n amphibia {p 68)

Quantal 1ssays are less smtable s routne procedures than
4re assays dependmg on graded effects  The reason for this
1s twofold  In the first plce the stwustiea] methods mvoheed
m caleulating the errar of such tests are often compheated
wd laborious  Secondly 1 has been shown by Gaddum
(1933 1953 6) wnd by Perry (1950) that, other things bemng
equal the number of 1mimals required m a quantal 1ssay for
any gren degree of precision 15 approximately double that
required m assays based on a graded response

4 Design of Bio assays

It 15 generally agreed that the most satsfactory bio assays
are those i which 1 companson 18 mde of the potency of the
unknown or test preparauon (U) with that of the standard
preparttion (S} In hormone esimntions as in all other types
of wssay  the design should be selected with care  bad designs
frequently cause great w astage of both tume and animaly

Gaddum {1953 @) hrs recently reviewed the vanous expen
mental designs which have been wsed m bwo assays and lus
excellent nrticle should be consulted by those mnterested m this
problem  In hormone estimations m patients the two most
popular types of assry hane been those emaploying 2 three pomnt
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or 1 four pomt design? Assays dependmng on a six pomt
design 1 are more rehable than erther of the preceding but are
t00 cumbersome for use 1n the chincal field

(g) (Two+oNE) Dose Assays (THREE porvT Assays) —Thus
15 the simplest design which 1s acceptable for routine use  Three
groups of ammals are used, two groups recene the standard
and one the unknown preparation  The dose of the unknown
should have an effect intermediate between the two doses of
the standard The design can be used m assays depending
aither on graded or on quantal responses The three pont
assay provides no information regarding either slope difference
(parallehsm) or curature  such tests of validity can be
performed only when more complex designs are employed

Because of their stmplicity three pont assays have been much
used 1n routmne chincal studies In the opmion of the author
this 15 yustifiable if at an early stage of the mvestigation more
complex destgns have been employed 1n order to establish that
the assay mn question satisfies the recognised critenn of validity

(8) (Two+Two) Dost Assavs (Four porvt Assays) — s
design was first described by Gaddum 1n 1933 and smnce then
1t has been much used 1n quantitative work  Iour groups of
animals are employed, two groups recerve the standard and
two the unknown preparation  The design can be applied to
assays depending erther on 1 graded or on a quantal response
Four point ass1ys enable the investigator to calculate whether
or not the log dose response curves of S and U duffer sigmficantly
m slope 1f lack of parallelism 15 demon.trated the assay 15
mvahd and the result has no meanung  The four pomnt design
can be convemently used m the majority of hormone assays and
15 probably the formula of choice for chmeal studies

5 Calculation of Errors

There are many ways of estimating the precision of bio
assays  These have been reviewed by Finney (1952) Gaddum
{1953 a b) Diczfalusy (1954) and others One of the most
convement methods 1s to express the errors of the various tests
m terms of the mdex of precision (A) and this procedure will
be adopted 1n subsequent chapters

3 Three powt design =two doses of § and one of U

Four pount design =two doses of both § and U
Six pornt design = three dos 3 of both 8 and U
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InpEx ofF PrecisioN (A) —Tlis term was mntreduced by
Gaddum n 1933 and 15 an estimate of the standard deviation
of the Jogarthms of the mdividual effectne doses (SD log
tolerance)  In assays depending on graded effects the mdex
1 calculted by diading the standard deviation of the
responses {usually termed s) by the slope of the line connecting
the response with the logarrithm of the dose (usually termed ),
1e, A =g, 1n quantal assays the symbol & has a shghtly different
meamng and A1 estimated from the expression % The precision

of a gien assay 1s lugh when s1s small and 41s Iarge  From this
st follows that the lower the figure for A the more precise the
assay and the higher the A the less precise the assay
The great advantage of A les m the fact that st 15 mdependent
of such factors as the design of the assay and the number of
ammals employed  For this reason the mdex serves as a very
satisfactory means of comparing the precision of one test with
that of another In the opmmon of Gaddum (1953 ) all
statements of errors of tests should include an estimate of A
addiion to ny other mformation that may be thought
desirable
It 15 very difficult to make a definite statement as to what
degree of precision 1s acceptable i chmeal bro assays It may,
however be useful to divide the tests into three groups
(a) ASSAYS IN WHICH THE A IS 0 2 OR Less —Such assays are
very precise and are well sutted for chinical studies
(b) AsSAYS IV WHICIH THE A LIES BETWEEN 0 2 AND 0 3 —Such
tests are less preaise than those i (¢) but can sull be
used with reasonable conhidence
() Assavs IN WHICH THE A Is 0 § OR MORE —Such assays
have a low degree of precision and are unswitable
for quantitative work

Toe ReraTive MErits oF Broob anp URINE
DETERMINATIONS

Ths subject has been recently reviewed by Marrian (1g55),
and the subsequent two paragraphs dealing with sterod
hormones are quoted directly from hus article
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Following the admumstration of certain steroid hormones
to human subjects only small and somewhat varable pro-
portions of the doses adminustered can be recovered from the
unne m the form of 1dentifiable metabohites or mn the form of
the unchanged hormones Such findings suggest that the
amounts of the steroid hormones and their metabohites which
are excreted m the urine may represent mn these cases only
small and vanable fracttons of the amounts of these hormones
which are secreted m the body Because of this some
authonties have questioned the value of urmary steroid hor
mones as a means of assessing the secretory actinities of the
steroid hormone secreting glands and have urged that blood
determinations are to be preferred where smtable methods are
available

While the drawbacks of a urinary steroid determmation
as a means of accurately assessing hormone secretion must be
admitted, there would seem to be no justification for regarding
a blood determmation as a preferable alternatnve for this
purpose A urmne determination will yreld a value which may
be accepted as bearmg some approumate proportionality to
the total amount of hormones secreted duning a certamn period
of time—usually from eight to twenty four hours On the
other hand, a blood determination will provide mformation
about the amount of hormone or its metabolites which are
present m the blood at one particular mstant of ume—the
mstant when the blood sample 1s withdrawn  Ths information
may, of course be just as valuable as or in some circumstances
even more valuable than that provided by a unne determma
tion but 1t must be emphasised that 1t 15 mformation of a
different kind  Accordingly A blood and urine determmations
should not be regarded as alternatives whose relative ments
can be argued about but rather as sources of different
kinds of mformation which may be supplementary to one
another

Ag will be scen 1 subsequent chapters methods for the
determination of hormones and their metabolites 1n urmne are
with 1 few exceptions more rehable than those for the
estimation of the corresponding substances 1n blood At the
time of wntng the only hormones which can be estimated
with reasonable accuracy i both blood and urine are HCG
and some sterotds, but only m the case of HCG have rehable
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¢ilculations been made of the renal clearance i health and
disease (Gastineau ef al, 1949, Lorame, 1950)
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CHAPTER 11
Putwitary Gonadotrophins

INTRODUCTION

HREE gontdotrophic substances are claborated by the

anterior lobe of the pitumitary  These are the follicle

stimulating hormone (CSH) the wnferstittal cell simulating or
lutermising hormone (ICSH or LH) and luteotroplin The present
chapter deal with assay mcthods for FSH and 1CSH, with
methods of extraction of these hormones from unne and with
their excretion m normal and pathological conditions 1 man
Luteotrophin 15 considered m Chapter VII wiile the placental
gonadotrophin Auman choriome gonadotrophin (HCG) 1s d d
m Chapter 111

Chemical Nature of Prtwitary FSH and ICSH

Workers m two independent laboratortes have stated that
pitwitary ICSH has been obtamed 1n the pure state and that
the preparation when subjected to electrophorenc ultra
centnfuge and solubihty tests behaves as a homogeneous
protem {La et al, 1940 Shedlowsky et ol 1940) Accordmg
to Li et al (1940) sheep ICSH has a molecular weight of
40 000 and an 150 electric pH of 4 6 The hormone 1s msoluble
m 66 per cent acetone, 1t contamns carbohydrate m its
molecule and 15 therefore referred to as a glycoprotein
Shedlovsky et al (1940) showed that swine ICSH 1s also a
glycoprotem  This substance has a molecular weight of
tocooe and an wmoelectne gH of 745 THighly punfied
preparations of both sheep and pig FSH have been made
but 1t has not yet been claimed that the hormones have been
1solated 1n the pure state  Sheep FSH 18 belteved to be a
glycop with a lecular weight of 70000 and an
150 electric pH of 45 The properties of pig FSH are very
sumlar  For a fuller discussion of the chemical properties of
the pitutary gonadotrophins the reader 15 referred to

15
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publicauons by Fevold (1g37), It and Evans (1948}, Morns
(1955} and Lorune (1956)

Lattle 15 ¢ present hnown regarding the chemical nature
of the gonadotrophins m humin non pregnant unne  Most
worhers have awsumed that two gonadotraphic harmones,
FSH and ICSH, are cxcreted and that these substances are
simdar m ther chemical and biological properuies to the
hormones solnted from ammal pruntanes  However,
view of the fact that human unnary T'SH has not yet been
separated from human urmary ICSH, st would appear that
the evidence for the ewstence of two separate gonadotrophic
substinces n non pregnant urmne 18 by no means conclusne
Indeed the suggestion has recently been made (Segaloff et al,
1954) that such unne contains a smgle gonadotrophin with
both follicle sumulating and Ilutemusing actnaties  Defimte
nformation regarding the number of gonadotropiic hormones
excreted by non pregnant subjects must wait further work on
the chemiend nature 1nd biological propertics of these substances

METHODS OF ASSAY OF PITUITARY
GONADOTROPHINS IN URINE

1t 13 generally beheved that men non pregnant women and
children excrete gonadotrophins with both follicle strimulating
and lutemusmg cuvities and  that these hormones are
claborated by the anterior mitwitary  The wmnary excretion
18 refativelv hugh at and beyond the menopause but 15 low m
children, m men and m women dunng reproductive life At
present no available assay method s sufficently sensitne to
detect FSH and ICSH actiity with anv reguolanty i blood
and accordingly the great majontty of stuches have been con-
ducted on urme which has been evtracted and concentrated
by a vanety of procedures The test ammals ¢mployed have
generally been rats or mice which arc more semsitine fo
stimulation by gonadotrophic hormones than are for example,
rabbits, guinea pigs or amphibta  Ideally, assays should be
petformed hypophysectomsed ammals 1n order that the
endogenous production of gonadotrophins should not wterfire
with the results  The subject of gonadotrophmn assay
relation to chmeal problems hns recently been reviewed
(Lorame, 1956 , Albert, 1956)
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+ Human Menopausal Gonadotrophin (HMG) as a
Standard Preparation for the Assay of Pituitary
Gonadotrophins in Urine

One of the great difficulties i the estimation of pitwtary
gonadotrophins 1n unne 15 the fact that no International
Standard preparation 15 available for the comparative assay
of these substances It has therefore been necessary to express
results of chinical assays n arbitrary rat’ and ¢ mouse umts,’
a umt’ bemg defined as that quantity necessary to produce a
gnen effect Arbitrary umts employed m intact and
hypophy ¢ rats have included the doses necessary to
cause vagmal corification to produce histological changes m
the ovaries and to cause 50 to 100 per cent increase m werght
of the ovares uterus, semmal vesicles and ventral lobe of the
prostate  In ntact immature mice most mvestigators have
adopted as a umt the quantity of extract producing 100 to
200 per cent increase n utenine weight A mouse hyperzma
umt has also been proposed (Lloyd e af, 1949) and defined
as the dose necessary to cause hyperzmua in 25 per cent of
erght ovarnies

Trevan (1927) was among the first to note that the
threshold dose of a substance vares enormously even when an
ammal colony 1s kept under relatively constant environmental
conditions It 15 now generally recogmsed that the error of
e timations expressed i ammal units  without reference to a
standard preparation may be threefold or more and that results
calculated 1 this way have Little quanutative sigmficance

Recent work by Lorame and Brown (1955 1956 a) has
shown that urmmnary gonadotrophins from men and from
normally menstruating and post menopausal women can be
assayed m terms of human menopausal gonadotrophm (HMG) 1
The standard preparation (HMG 20) was prepared by
Messrs Organon (Newhouse Scotland) from the urme of
menopausal and post menopausal women The kaolin acetone
method of extraction was employed (see p 31) and the
crude material obtamned by this procedure was treated with
tricaleum phosphate 1n order to reduce toucity The final

Thus term will be used to designate the gonadotroplc actwity m the urine
of menopausal and post menopausal women  Such wrine extracts contan both
FSH and ICSH actiity  The term HMG was ntroduced at the first mecting of
the Gonadotrophin Club i Geneva (August 1953)

-~
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powder was freely soluble 1n water, 1t was relately non toxic
and could be administered to intact mice and to hypophy
sectomsed rats up to a total dose of 16 mg  Pooled unme
was collected from normal male subjects, from normally
menstruating women during the follicular and luteal phases
of the cycle, and from post menopausal subjects  The method
of extraction of the gonadotrophins from unne was simlar to
that adopted for the preparation of the standard

Two bro-assay methods were used, one depending on the
enlargement of the uterus in ntact 1mmature mice and the
other on the enlargement of the ventral lobe of the prostate
m hypophysectomised rmmature rats

UTERINE WEIGHT TEST VENTRAL PROSTATIC WEIGHT TEST
(NTACT MICE) {HYPOPHYSECTOMISED RATS)

“
. . e |
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w

CG CEED K ET)
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Four point assays of male gonadotrophin against HMG 20
(From Loraune and Brown 1955 @)

700

In Figs 1 and 2, which are taken from a paper by Lorame
and Brown (1956 ) are shown dose response curves for male,
post menopausal female and cyche female gonadotrophins
using the mouse uterus and rat prostate tests

It will he noted (Fig 1) that over the dosage range used
there was a linear relationslup between the log dose and the
effect By both tests the post menopausal unne extract was
approumately five tunes more active than pooled male urne,
and male urme was approumately four ttmes more active than
pooled follicular phase and luteal phase urne

InTFigs g to 5 are shown typical four pomnt assays i which
the vanous gonadotrophms were compared with HMG 20 using
the same two bio assay methods Statisical caleulations
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powder was freely soluble 1n water, it was relatively non towc
and could be administered to intact mace and to hypophy
sectomused rats up to a total dose of 16 mg Pooled urine
was collected from normal male subjects, from normally
menstruating women durng the follicular and luteal phases
of the cycle, and from post menopausal subjects The method
of extraction of the gonadotrophins from unme was simlar to
that adopted for the preparation of the standard

Two bro assay methods were used, one depending on the
enlargement of the uterus n mtact immature mice and the
other on the enlargement of the ventral lobe of the prostate
1n hypophysectomsed immature rats

UTERINE WEIGHT TEST VENTRAL PROSTATIC WEIGHT TesT
(NTACT MiCE) (HYPOPHYSECTOMSED RATS)
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In Figs 1 and 2 which are taken from a paper by Loraine
and Brown (1956 4), are shown dose response curves for male
post menopausal female and cyclw female gonadotrophins
using the mouse uterus and rat prostate tests

It will be noted (Fig 1) that over the dosage range used
there was a linear relationship between the log dose and the
effect By both tests the post menopausal urine extract was
approximately five imes more active than pooled male urine
and male unne was approximately four times more active than
pocled follicular phase and luteal phase urine

In Figs 3 to 5 are shown typical four point assays in which
the various gonadotrophins were compared with HMG 20 using
the same two bio assay methods Statistical calculations
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by the techmques rccommended by Finney (1952) and by
Gaddum (1953 ¢, &) demonstrated that there was no
sigmeficant difference between the slopes of the vanous log
dose effect curves  Accordingly 3t 15 justifiable to conclude

UTERINE WE(GHT TEsT ENTRAL PROSTAVIC WEIGHY TEST
(INTATT 34CE) (HYPQPHYSECTOM SED RATI)
s
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Four point assays of follicular phase gonadotrophin agashst HMG 20
{From Lorane and Brown 1955 a }
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Four pont assays( ?m‘i:}}?’ﬁai: d};??:‘uﬁn?;pshm )agamst HMG 20
that unnary gonadotrophns from normal men and from
normaily menstruating and post menopausal women can be
assayed m terms of HMG and that the latter substance can
be used as a standard for the assay of all human non pregnant
urynary gonadotroptuns
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In Table I the actvity of HMG 20 1s compared with
that of the other urinary gonadotrophins by both assay
methods

With the mouse uterus test the mean ratio of activities
(S/U) for male unne was 45, for follicular phase urme 112
and for luteal phase urnine g7 The corresponding figures
using the rat prostate test were respectively 35 86 and 84
In the assays cc d on post T 1 urme the mean
ratios were 4 g for the mouse uterus test and g 8 for the rat
prostate test It will be seen that there 15 no sigmficant

TasLe I

ComparisoN oF URINARY GONADOTROPHINS FROM MALES AND
FrROM NORMALLY MENSTRUATING AND PosT MENOPAUSAL WOMEN
wrre HMG 20 using DIFrERENT Assay METHODS
(From Loraine 1956)

Ratio of Activities | Ratto of Activities | Mean Index of
Urinary Estract | Standard/Unknown | Standard/Unknown | Discnmunation
Administered Uterine Weight | Ventral Prostati¢ | Uterus/Ventral
Test (Mice) Weight Test (Rats) Prostate
Male 54/1 33/t
36/t 30/1 ‘30
Follicular phase 114z 8o/
female 110/t o1/t 13t
Luteal phase female 125/t 8y/1
68/1 8o/t 115
Post menopausal gof1 281
681 481 128
dffe bet the est b d by the two assay

methods for the relative potency of the four different
gonadotrophic extracts

Gaddum (1955) has recently suggested that data of this
type can convemently be expressed in terms of the wmdex of
ducrimination. 'This 1s equal to the ratto of the two results
which would be obtamed if one of the substances were used
to assay an unknown extract contammng the other In Table I
the mdex of discimimation 15 shown i column 4 and 1s
obtained by dividing the mean of the ratios m column 2 by the
corresponding figure 1n column 3§ It will be noted that with
all types of unnary extract the mdex 13 approumately equal
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to umty Tius suggests that the actve principle measured by
the two tests 13 1dentical and provides evidence that there 1
no quahtative difference between the vanous non pregnant
urinarv gonadotrophins when these substances are extracted
{rom urine by the haolin acetone method

2 Tests claimed to be Specific for FSH

Most investigators agree that any speafic assay method
for FSH must emplov hypophysectomsed arumals and that
i ntact ammals the secretion of gonadotrophmns from the
ammal s own prtwitary will nterfere with the response of the
end organs In general, methods have depended on obserna
tions of the ovanes and testes of rats after hypophysectomy
Recently, however, an assay method for FSH has been
described using the ovanan weight test in intact immature rats
which have been primed with relatively large doses of HCG

Three assay methods for FSH will be considered

1

(a) Follicular growth mn hypopt i
female rats (Evans ef af , 1939)

{b) Increase in testicular weight 1n hypophysectormsed
immature male rats treated with an excess of
HCG (Paes: et al , 1951)

{¢) Increase in ovarian weight in mtact ymmature rats
treated with HCG (Steelman and Pohley 1953)

{a) ToruicuLar GRowTH IN HYPOPHYSEGTOMISED IMMATURE
Female Rats —In the techmque descnbed by Evans ef af
{1939) hypophysectomsed mmature rats were injected sub
cutaneously once per day for three days  The ammnals were
killed seventy two hours after the first mjection and the ovartes
exammed histologically A umit  was arhatranlv defined s
the mumimum quantity of extract necessary to produce healthy
non atretic follicles wath small antrn This method 1s claimed
to be lghly speafic for FSH but no information 15 availble
about 1ts precision It has the additional advantage that the
presence of ICSH n pituttary or unine extracts can be detected
by the effect of this hormone on the ovanan mnterstinal tissue

Seo far assays by this techmgue have been mamly restncted
to pituntary tissue  In the few attempts that hive been made
to eshmate FSH actvity in human urine using hypophy
sectomised female rats the test has been found to be relatnely
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msensiive It 1s therefore necessary to prepare highly
concentrated extracts from urme which, 1n dosages required to
produce follicular growth 1n the ovanes, are frequently toxic
to the experimental ammals  In view of thus fact there 1s httle
Iikelthood that this assay method will prove of much value for
the esimation of FSH activity 1n chmical practice

(5) Increase IN TESTICULAR WEIGHT IN Hx POPHYSECTOMISED
IMMATURE RATs TREATED WITH AN Excess oF HCG —Thus test
was described by Paesi ef al (1951) and was used to esumate
the FSH content of rat pitwitaries Hypophysectormsed 1im
mature male rats were implanted mtra abdomnally wath
prtuttary tissue from castrated male and female rats  The nght
testis was removed on the dav of implantation  All animals
recerved 10 1u of HCG per day for seven days They were
lilled on the eighth day and the left testis was weighed The
difference 1n weight between night and left testes was taken as
an mdex of the FSH activity of the implanted pmntanes

This assay mcthod was employed by Dnczfalusy (1953) to
determine whether p 1 extracts rable
quantittes of FSH “but the technique has not so far been
employed to assay the FSH content of human urmne extracts
The method 15 laborious and tedious and 1ts speafiaty 1s
somewhat questionable in view of the finding of Simpson ef af
(1944) that both FSH and ICSH are capable of causing
testicular growth i hypophysectomised rats

(¢) INGREASE IN OvARIAN WEIGHT IN INTACT IMMATURE
Femare Rats TREATED witH HCG —This method depends on
the observation that HCG will augment the action of FSH on
the rat ovary It has been used by Steelman and Pohley (1953)
to assay FSH in pitmtary glands  Neal et al (1954) using rats
and Brown (1955) using mice have attempted to adapt the
method for studies on human urine  In the procedure described
by Steelman and Pohley (1954) the amimals were myected sub
cutaneously thrice per day for three days with swine FSH and
with HCG  The autopsy was performed seventy two hours
after the first injection at which time the ovaries were dissected
out and weighed A total dose of 20 1u of HCG per ammal
was found to produce a satisfactory degree of augmentation of
ovanan weight and thereby to increase the sensitivity of the
ammals to exogenous FSH

This test appears promising as a relately simple means of
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determumng FSH activity m human urne  Further mforma
tion should be accurulated regarding s nccuracy, precision,
speaificity and sensiivaty

3 Tests clmumed to be Spenific for ICSH
As m the case of FSH most assays for ICSH have been
conducted on hypophysectomised ammals  The followng
methods will be considered
{a) Reparr of the mterstitial tissue m the ovanes of
hypophysectormsed smmature female rats {Evans
et al , 1939)
{5} Lnlargement of the prostate m hypophyscetomised
mnmature rnale rats (Greep et al , 1942, McArthur,
1952, Loramne and Brown, 1954)
{¢) Enlargement of the semmal vesicles v hypophy
sectomised ummature male rats (McArthur, 1952,
Lorame and Brown, 1954)
{(d) Increase 1 actwaty of p alkahne phosp
i hypophysectomused ymmature  male rats
{Schaffenburg and McCullagh 1951}

(o) Reparz oF THE InveRsTimial Twsur N Hyrorny
secToMisen ImmaTure FEMare Rars —This test was used by
Evans ¢f ol (1939) to estmate the ICSH content of sheep
pitustary extracts The mjection schedule was smlar to
that described for the assay of FSH except that mections

3.

were given ntraper iy mstead of sul ly IOSH
has a speasfic action 1 repanng the degenerated mterstitial
cells lung from hypophy v This is and d by the

reappearance of 2 normal wuclear pattern and by the dis
appearance of the charactensue  wheel cells 1 the ovares
The test 13 clumed to be highly speafic for ICSH but no
mformation 15 avarlable about its precision. The assay methad
when applied to the estimation of ICSH m human uanary
exviracts has been shown to be very msensive and m view of
thas fact st 15 unlibely that the techmque wiil be of any value
in the estimation of ICSH acuvaty for clirucal purposes

(6) ENLARGEMENT OF THE PROSTATE 1 HYPOPHVSECTOMISED
TmMaTURE Mate Rars —According to Greep ¢ af (1942) this
15 2 unwque test m that 1t 35 spearfic for ICSH and 1s not affected
by the presence of FSH The assay method has been used
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to esimate ICSH activity in amumal pitustartes i male unne
and 1 unne from normally menstruating and post menopausal
women (Simpson ¢ al 1943, McArthur, 1952, Lorame and
Brown, 1954, 1956 ) The design of the assay has vared
somewhat in different laboratories  Greep et al (1942) com
menced imjections on the third day after hypophysectomy,
while Lorame and Brown (1954) employed a five day rest
period between hypophysectomy and the start of injections
Most workers nject the amimals subcutancously once or twice
per day for four days and kill them nimety six hours after the
first gection  In the expenence of Lorane and Brown (1954)
the precision of the method 1s greater when the ventral lobe of
the prostate, rather than the total gland, 15 weighed These
mvestigators found that, with the ventral lobe of the prostate
as end pomt, the figure for the index of precision (A) was
generally less than o2, this value would appear to be
satisfactory for quantitative work

Thus assay method 1s sufficiently sensitive to esimate urinary
ICSH acuvity in normal and pathological conditions 1n man
Although the technique 15 too tedious and too laborous for
routine studies 1t 15 probable that valuable information will
be obtamned by 1ts use m selected patients Recently Segaloff
(1955) has stated that prolactin sensitises the prostate to the
action of ICSH and that the assay method may not be as
specific as was previously beheved  Segaloff s observation has
not been confirmed by Diczfalusy and Lorame (1957)

{¢) ENLARGEMENT OF THE SEMINAL VEsicLEs IN Hyropry
SECTOMIED IMMATURE MALE RaTs —This method has been used
to estimate ICSH activity i human unne (McArthur, 1952
Loramne and Brown, 1954) The techmque of assay 1s stnilar
to that descnibed for the prostate  The test 1s less sensitive than
that depending on prostatic weight and 1s therefore not to he
recommended for the assay of uninary ICSH 1n man

(d) INCREASE IN ACTIVITY OF THE PROSTATIC ALKALINE
ProspraTAse 1IN HyropuysEcromised IMmaTURE MALE RaTs —
This method was described by Schaffenburg and McCullagh
(1951) and was used by McCullagh et ! {1953) to estimate
urinary ICSH activity in patients with eunuchoidism  As
described by the authors the method was at best semm
quantitative and probably did not satisfy the critena of a
valid bio assay
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determimng FSH actwvity in human urme  Further informa
tion should be accumulated regarding s nccuracy, precsion,
specificaty and sensitivity

3 Tests claimed to be Speafic for ICSH

As 1n the case of FSH most assays for JCSH have been
conducted on hypophy 4 I3 The foli
methods will be considered

{a) Reparr of the mtersttial tissue m the ovanes of
hypophvsectomised immature female rats (Evans
et al, 1939)

(6) Tnlargement of the prostate in hvpophysectomised
immature male rats (Greep #f of , 1942, McArthur,
1952, Loramne and Brown, 1954)

() Enlarg of the 1 vesicles mn  hypophy
sectormsed ymmature male rats {McArthur, 1952,
Torame and Brawn t954)

(d\ Increase m actty of prostatic alhalne phosphatase
m  hypophy d male rats

(Schaffenburg and McCGullagh 1951)

(a) Repair oF THE Ivrerstmat Tmsur 1 Hyeormy
SECTOMISED IMMATURE FEMALE Razs —This test was used by
Evans ef al (193G) to estimate the ICSH content of sheep
prtutary extracts  The mnjection schedule was similar to
that described for the assay of I'SH except that immjections
Were given intrag ily mstead of sub ly 1CSH
has a speafic acton m repairing the degenerated mterstitial
cells resultmg from hvpopt This 15 1ind d by the
reappearance of a normal nuclear pattern and by the dis

PP e of the ch st wheel cells” 1 the ovanes
The test 15 claimed to be ghly speafic for ICSH but no
information 18 available about 1ts preciion  The assay method
when applied to the estimanon of ICSH i human urnmary
extracts has been shown to be very msensitive, and 1n view of
this fact 1t 1s unbikely that the techmque will be of any value
1 the esttmation of ICSH actwity for chimical purposes

(5} ENLARGEMENT OF THE PROSTATE 1N HyPoPHY<ECTOMISED
TsstaTure Mare Rars —According to Greep ¢ al {1942) this
1% a umque test 1 that it 13 specrfic for ICSH and 15 not affected
by the presence of FSH  The assay method has been used
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4 Non specific Assay Methods for Pitmtary Gonado-
trophins

Such tests generally depend on observations i mtact
mmmature rats and mice  Assays can be divided according
to whether the effect 15 primary or secondary In the
pnmary group the gonads themselves are inspected while
i the secondary group the effects result from the liberation
of cestrogens or androgens from the gonads  Some of the tests
proposed by varous i estigators are shown in Table IT

Many of these assay methods are not sufficiently sensitive
to measure gonadotrophic actvity m human non pregnant
urne and will not be discussed by the author Consideration
will be given to the following three methods

(2) The mouse uterus test

{5} The ovanan hyperemua test 1 rats and mice

{c) The test depending on the expulsion of spermatozoa

Yenopus leves

(a) Mouse Urerus Test —This assay method has gamned
wide populanty for the routine estimation of pitwitary gonado
trophuns m human urine It 1s a hughly sensitive test and gives
posttive results with the majortty of urme extracts Most
centres have used the techruque desenbed by Khnefelter e af
(1943) or some modification thereof Intact immiture mice
werghing 8 to 10 g are injected subcutaneously once or twice
per day for three days and are llled approximately seventy two
hours after the first mjection  Results of climcal assays are
expressed 11 mouse utenine umts of FSH per twenty four
hours a umt bemng defined as that quantty necessary to
produce a given effect—usually 100 to 150 per cent increase
i uterine weight The disadvantages of evpressing results in

ammal units  has already been mentioned In addition 1t
should be emphasised that the mouse uterus test measures a
mixture of FSH and ICSH activities and should not be regarded
as1n any way specific for unnary FSH

Few estimates are at present available in thc literature
regarding the precsion of this method  In the expertence of
Lorane and Brown (1954 1056 a) the figure for the ndex of
preasion (X) was generally less than o 2 this would appear
to be satisfactory for quantitatne work  In four pomnt assays
m which unnary extracts from males and from non pregnant
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(¢} ExpuLsion ©OF SPERMATOZOA IN XENOPUS LAEVIS —
Although amphibia are now widely used 1n the diagnosis of
pregnancy, few studies on non pregnant unne have so far been
reported  Recently Hobson and Landgrebe (1954), using
male Xenopus lews, have demonstrated gonadotrophic activity
i an extract of menopausal urne prepared by the kaohn
acetone method Further observations wath this techmque n
male and cychc female urine will be awaited with interest

EXTRACTION OF GONADOTROPHINS FROM
HUMAN NON-PREGNANT URINE

Many methods have been proposed for the preparation of
gonadotrophins from human urime The procedures differ
considerably m nature and compleuty Usually, however,
they suffer from the common disadvantages that they are
laborious and tedious that considerable loss of gonadotrophic
activity may occur durmg their performance and that the final
extracts obtamed are often toxic to the experrmental ammals
The following methods will be briefly discussed
Alcohol precipitation
Acetone precipitation
Tannic acid precipitation
Benzoic acid adsorption
Kaoln adsorption with acetone precipitation
Alumimium hydroxide adsorption
Permutit adsorption
Ultrafiltration

BN OUA W N -

1 Alcohol Preapitation

This techmque with vanous modifications has been used
by numerous nvestigators 1ncluding Zondek (1931), Heller
and Heller (1939) and hlmnefelter ez of (1943) The pH of
the urine 15 adjusted to 4 to 6 ahquots of urine are preciprtated
with 4 or 5 volumes of g5 per cent alcohol and are left to stand
overmght On the following mormng the supernatant flwd 15
removed the residue centnfuged and the precipitate washed
with ether The powder 1s drred and 1s then eluted several
times with tap water the suspension bemg centnfuged each
time and the supernatant flid retamed Varney and hoch
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females were compared with HMG there was no sigmficant
difference between the slopes of the vanous log dose effect
curves  Ths finding supports the siew that, when assays are
conducted by the mouse uterus test, HMG can be used as a
standard preparation for alf estimations involying non pregnant
unne

(8) Ovarian HyperzmA Trst v Rars anp Mics —This
techmque m rats has been used both for the diagnosis of
pregnancy and for the esumation of unnary and serum HCG
throughout normal pregnancy (sce Chapter I1I) Fams (1946)
has suggested that the test may also be employed m non
pregnant subjects to determune the tme of ovulation
Unextracted urmne was adminsstered subcutancously to mntact
mmature rats and the ovanes ¢xamined for hyperamta two
hours later In normal subjects positive reactions were found
on three or four successive days of the cvele at a time at which
ovulaton generally occurs  Other mvestigators, howeer,
have been unable to confirm Farns's findmgs and the techmque
1s niow hittle used as a test for ovulation

Lloyd ¢ al (1949} claim that the mouse s ten to twenty
nmes more sensiive than the rat and bave used the mounse
hyperzmia test as an assay method for urmary ICSH 1n non
pregnant mdimaduals  Intact mmmature mice were mjected
subcutaneously with urine extracts and the ovanes were
examined for hyperemma after an mterval of seven hours

Hyperzma producing materal  was found m relatively
large quantities at the time of ovulation  Males excreted less
hypermmia producing matenal * than normal females and the

output was also relatively low i castrate women

Tests depending on hvperemia can be cnticised manly
an grounds of specifi Sp are rel ly
frequent, and the success of the method appears to be largely
conditioned by the strain of ammal employed It has been
shown by Payne {1951) and by Smith (1955) that cortisone
and cortisol interfere ficantlv with the hyp response
to HOG 2 sumlar mterference may well occur n the case of
FSH and ICSH  Finally, the techmque depends on an ali or
none (quantal) rather than a graded response (see Chapter I)
Gaddum {1933) and Perry (1p50) have shown that for any
given degree of accuracy, quantal assays require approximately
twice as many observations as assays dependimg on graded effects
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() ExpuLsioN OF SPERMATOZOA IN XENOPUS LEVIS —
Although amphibia are now widely used 1n the diagnosis of
pregnancy, few studies on non pregnant unne have so far been
reported  Recently Hobson and Landgrebe (1954), using
male Yengpus lems have demonstrated gonadotrophic activity
m an extract of menopausal urne prepared by the kaolin
acetone method Further observations with this techmque m
male and cychc female urine will be awarted with mterest

EXTRACTION OF GONADOTROPHINS FROM
HUMAN NON PREGNANT URINE

Many methods have been proposed for the preparation of
gonadotrophuns from human urme The procedures differ
considerably n nature and complexity Usually, however,
they suffer from the common disadvantages that they are
labonous and tedious that derable loss of gonadotrophic
actity may occur durmng their performance and that the final
extracts obtamned are often towic to the expenmental amimals
The followmng methods will be briefly discussed
Alcohol precipitation
Acetone precipitation
Tanmc acid precipitation
Benzoic acid adsorption
haolin adsorption with acetone precipitation
Aluminium hydrowude adsorption
Permutit adsorption
Ultrafiltration

N O L N

1 Alcohol Precamtation

This techmque with various modifications has been used
by numerous mvestigators ncluding Zondek (1931) Heller
and Heller (1939) and Klnefelter e al (1943) The pH of
the urine 15 adjusted to 4 to 6 aliquots of unne are precipitated
with 4 or 5 volumes of g5 per cent alcohol and are left to stand
overmght On the following morning the supernatant flwd 1s
removed, the restdue centrfuged and the precipitate washed
with ether The powder 1s dred and 1s then eluted several
times with tap water the suspension beng centrifuged each
tume and the supernatant flud retained Varney and hoch
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(1942) found that the yield of gonadotropinc materal was
greater with alcohol than with tannic 1ad preaiptaton  They
also showed that crude extracts prepared by aleohol precipita
tion were less toxic to expenmental animals than those prepared
by the tanme acid or benzoic wad methods

In general, the alcohol precipitation techmque has given
satisfactory results m high titre urnes such as are found at the
menopauwse and m varous types of ovaman and testicular
falure  However, 1n low titre urtnes, £g, m males and m
normally menstruaung women, the crude alcohol extracts are
frequently too towe for routne use  Attempts to reduce
toxicity, ¢ g, by dialysis of the final solution agamst tap water,
may serously mterfere with the yield of gonadotrophins and
for this reason ire not to be recommended 1n chncal studies

2 Acetone Precypitation

Invesugators m the Umted hangdom have generally
preferred acetone to aleohol as a precipitating agent for reasons
of economy (Lorane, 1949, 1950 , Dehansky, 1949) The
techmque of extraction 15 very sumlar to that descnbed for the
alcohol method In chmcal studies satsfactory results are
obtained when the excretton of gonadotrophins 1s hugh, but m
law titre urines extracts prepared by sunple acetone precipita
non are freguently toxic to the experimental ammals  Attempts
to reduce tovcity e g, by dialvsis mav serously mnterfere with
the yield of gonadotrophins

3 Tanme Acid Precpitation

In the method described by I evin and Tyndale {1936) the
pH of the urine was adyusted to 5 ahiquots of unme were pre
upstated with an aqueous 10 per cent tanmic acid solution and
were centnfuged after standing  The preapitate which was
called the crude tannate powder, was extracted repeatedly
with 80 to 95 per cent alcohol and was washed several umes
with acetone  The crude matenal could be punfied by repeated
extraction with t bartum hydrowade boric acetate mixture 1t
#H 9 to 10 followed by acetone precipitation

Some investigators including Pedersen Bjergaard (1936)
and Levin (1941) have used extracts prepared by twmic acd
precspitation i chucal studie  Other workers  however
(Heller and Heller, 1939, Varney and Roch 1942}, were
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unable to obtain quantititine yields of gonadotrophin by the
tanmc 1ctd method and found that extracts prepared i this
way were too towic for routine use In the opmnion of the
author the tanmic acid procedure 1s more laborious and time
consumung than techmques depending on 2lcohol precipitation
and haolin adsorption  Tor this rerson tanmc acid precipitation
cannot be recommended as a routine procedure for the
extraction of gonadotrophins from non pregnant urne

4 Benzoic Aad Adsorption

In the procedure described by Ratzman and Doisy (1934)
the urne was precipitated with acetone saturated with benzowc
acd  The precipitate was washed with an aqueous solution of
benzoic acid and was dissolved m cold acetone  The acetone
msoluble matern1l contaming the gonadotrophins was washed
with =cetone and dissolved m dilute NaOH  Any imsoluble
material was removed by centnfugation The extract was
further ated by acetone preap the preap
was dried and was dissolved m the desired volume of water

Vanous workers including hatzman (1937) and Varney
and hoch (1942) have compared the alcohol precipttation and
benzoic acid adsorption techmques  They found that the yield
of gonadotrophins obtamed by the benzoic acid method was
considerably lower than that by alcohol precipitation It 1s
evident that the benzoic acid procedure canmot be recom
mended for the extraction of gonadotrophins from human
non pregnant unne when quantitatne assays are required
The method 15 however simple and rapid and 1s well adapted
to mdustnial conditions where 1t may be necessary to prepare
large quantitres of actne matenal

5 Kaolin Adsorption with Acetone Precipitation

In 1941, Scott described a method for the extriction of
HCG from pregnancy urine  The hormone was adsorbed on
kaolin at pH 4 and eluted by o 1 n NaOH  Extracts prepared
by the onginal kaolin method are not however suffictently
concentrated to permmt the esttmation of gonadotrophins m
Non pregnant unine  Accordingly various workers including
Bradbury et al (1949) Lorame (1949 1950) and Dekansks
(1949) have after adsorption and elutton, preciprtated the
gonadotrophins by acetone or alcohol  Extracts prepared by
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the kaolin acetone or Laolin alcohol techmques have proved
suitable for admunistration to intact mice or hypophysectormised
rats {McArthur, 1952, Lormine and Brown, 1954, 1956 @)
The haolin acetone extraction method has recently been
remvestigated by 2 series of recovery expenments m which
HMG 1nd HCG were added to pooled male unne (Lorame
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and Brown, 1954) Unmne cxtracts were assayed biologically
by the mouse uterus test The results are shown in Figs 6and 7

It will be noted that m the case of HMG, accurate control
of the pH was essential at both adsorption and elution stages
of the procedure  The entical pH for adsorption 15 4, when
the pH falls to 3 5 or nses to 4 5 approximately 40 per cent
of the matenal 1s not adsorbed (I1g 6) For elution of HMG
2 pH of 11 to 11 513 cnuenl, losses of approumately 50 per
cent are encountered at pH s of toand 12 (Fig 7) These results
mdicate that figures obtamned by the Laoln acetone method
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for the excretion of prtuitary gonadotrophins n normal and
pathological conditions hav ¢ ittle quantitativ e significance unless
the optimal pH's for adsorption and elution hasve been employed
It 1s apparent from Figs 6 and 7 that, for HCG the pH range
for maumal adsorption and elution 15 wider Accordingly
when this hormone 15 extracted from pregnancy unne by the
kaolm method the pH s need not be controlled so accurately

ard HCG
R

[
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S0 B0 Ho  ~£a (30
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Fie 7
Relationshsp between the gH of elution from kaoln
and the reco ery of HMG and HCG added to male
urme H of adsorption 39 to 4 (From Lorane
and B oum 19,54}

In subsequent studies Lorame and Brown (19,6 2) extracted
gonadotrophins from pooled male urime and from urme collected
during the follicular 1nd luteal phases of the normal menstrual
cycle A similar senes of recovery expeniments were under
tahen 1n which these extracts were added to pooled male urme
and therr biological activity determuned using the mouse uterus
test at dufferent stages of the Laolin acetone procedure The
mmportance of accurate control of the pH was again emphasised,
and 1t wis shown that the opumnl pH's for dsorption and
clution of malc and cyche f male gonadotrophms were very
simular to those for HMG

3
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the kaolm acctone or kioln tlcohol techmques have proved
suitable for admmstration to intact mice or hypophysectomised
rats (McArthur, 1952, Lorune and Brown, 1954, 1956 4)
The kaolin acetone extraction method has recently been
ranvestigated by a serics of recovery expenments m which
HMG 1nd HCG were added to pooled male unne {Lorame
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and Brown, 1954) Unne extracts were assayed biologically
by the mouse uterus test The results are shown in Figs 6and 7

1t will be noted that, 1n the case of HMG, accurate control
of the pH was essential at both adsorption nd elution stages
of the procedure  The criucal pH for adsorption 1s 4, when
the pH falls to 3 5 or rises to 4 5 approumately 4o per cent
of the matenal 15 not adsorbed (Fig 6) For elution of HMG
a pH of 11 to 11 5 15 entical, losses of approximately 50 per
cent arc encountered atpH sof 1o and 12 {(Fig 7)  These results
ndicate that figures obtained by the kaolin acetone method
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7 Permutit Adsorption

hatzman et ol (1943) descibed a chromatographic pro
cedure for the preparation of HCG from pregnancy urme 1n
which the hormone was adsorbed on to permutit and was eluted
by ammonmium acetate 1n alcohol Johnsen (1955 a &) has
slightly modified the method and has applied 1t to the extraction
of gonadotrophuns from pooled post menopawsal unne  The
method 15 both simple and rapid and yields highly actne
extracts of low towuctty In tts present form the techmque 1s
not swtable for the quantitative extraction of gonadotrophins
from twenty four hour unne specimens but may be of value
for the large scale preparation of active material

8 Ultrafiltration

Gorbman (1945) described a method 1 which the urnary
gonadotrophins were ultrafiltered through a collodion mem
brane under pressare  When filraton was completed the
membrane along with the protein hormone residue which had
not passed through the pores of the membrane, was removed
from the filter and placed m an alcohol ether solution 1 a
centnifuge tube The alcohol ether dissolved the collodion

\; and precipitated the gonadotroph The solution
was then centnifuged the supernatant flmd discarded and the
residue washed repeatedly with alcohol and with ether
Before bio-assay the dry precipitate was taken up n water or
salne  Van Gibe {1955) has recently mvestigated the role
of adsorption m the ultrafiltration procedure and has estimated
that 80 to go per cent of the gonadotrophic activity 15 adsorbed
on to the collodion membrane

Jungck ef al (1947) compared the relative merts of the
ultrafiltration and alcohol precipitation dialysis methods They
concluded that the former techmque was preferable m that 1t
was less complex less laborous and less expensive

POSSIBILITIES OF SEPARATING THE DIFFERENT
GONADOTROPHIC FACTORS BY TRICALCIUM
PHOSPHATE

1 Separation of HCG from HMG
Crooke Butt and their collaborators were the first to

fracuonate crude haolin acetone extracts of urine on tricalcrum
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haoln acetone powders from Jow titre unines are sometimes
toxic to expenimental ammals, especially hypophysectomsed
rats, since they contun refatnely large quantities of mactive
substances which ire spanngly soluble i water  Further
punfication of these extracts 15 therefore necessary and such a
procedure has recently been described (Lorame and Brown,
1956 ¢) This mmolves elutton of the crude Laolin acetone
powders with water under controlled condstions and treatment
of the elutte with tricaleium phosphate  These punfication
steps do not result m any sigmficant loss of gonadotrophic
activity and make 1t posstble to rdmmster the equnalent of
approximitely one hitre of onigmal urine to an int1ct mouse or
a hypophysectormised rat

In the opmion of the author the haohn acetone method
with accurate pH control 15 the procedure of chace for
the routmne extraction of gonadotrophns from human non
pregnant unme  In low tire unnes punfication of the crude
matenal with trcalcram phosphate may be necesary  Fhe
techruque 15 less tedious and laborous than the majonty of
published methods d gies better yields of gonadotrophins
than are obtamned by tanme aad preapiaton  and
benzow acd adsorpuon  In dditon, extracts prepared
m this way are generally less fowic to experimental ammals
than those prepared by simple ajcohol or acctone
precipitation

6 Alumimum Hydroxmde Adsorption

This technique which has been described by Malburg and
Goodman (1954) 15 similar 1 many respects to the krohn
acetone method The urary gonadotrophins were adsorbed
on 10 per cent alumuniam hydroxide at pH 4 and were chuted
by normal NaOH at pH 10 The pH of the etuant was adjusted
t0 6 and the hormones precipttated by acetone  The preciputate
was separated by centnfuganon washed with ether and taken
up 1 water

Malburg and Goodman (1954} found this techmgue hoth
simple and rapid  the vields of gonadotrophins were almost
identical with those obtamed by the nlcobol precipstation
dialysis techmque  This procedure appears worthv of a tnal
as a routine method for the extraction of gonadotrophmns from
non pregnant urine
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It will be noted that the adsorption of the gonadotrophins
on tricalcium phosphate was mfluenced markedly by the pH
of the solutions HMG was not adsorbed to any appreciable
extent on tricalcrum phosphate at pH s above 6 and HCG was
adsorbed completely below pH 7 The adsorpuon of HCG on
tncalaum phosphate decreased as the pH increased and no
adsorption occurred at pH 10 and above These results
ndicated that the separation of HMG from HCG was possible
by dafferential adsorption on tricalcrum phosphate

It 15 posstble that this separation techmque mght prove of
value m testing for the presence of prtwitary gonadotrophins m
pregnancy urne and n assessng whether the pitwitary con
tnbutes significantly to the very high gonadotrophin titre 1n
human unne m the first tnmester of normal pregnaney and
to the abnormally high excretion of gonadotrophin found m
some pauents with pre eclamptic toxzmia and pregnancy
comphcated by diabetes  Various workers including Hasenben
{1952) and Lyon ¢ a! (1953), have claimed that human
pregnancy urine contams FSH actiaty  This interesting
observation requires confirmation

2 Separation of Human Urmary FSH from Human
Urinary ICSH

In their earlier communications Crooke and his co worhers
suggested that the trical phosphate techmque might be a
means of separating human urmary FSH from human unnary
ICSH This suggestion was not borne out by the findings of
Lorame and Brown (1954 1956 @) who prepared crude kaolin
acetone powders from post menopausal unne from male
unne and from follicular phase and luteal phase female urnne
and treated the crude extracts with tncalcum phosphate
These workers found that all the extracts prepared 1n this way
contamed relatively large amounts of ICSH activity as esttmated
by the ventral prostatic weight test 1 hypophysectomsed
mmature rats A typical dose effect curve for HMG 15 shown
mFig g

In view of these observations it appears reasonable to
conclude that treatment of urme extracts with tricalaum
phosphate does not effect any separation of human unnary
FSH from human unnary ICSH

As h d p ly the tneal phosphate

P
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phosphate columns (Crooke and Butt 1952, Crooke efal , 1954)
These workers cluted the gonadotrophins from the columns by
disodiim hydrogen phosphate (N1,HPQ,) and by tnsodium
phosphate (Na,PO,) The matenal eluted by disodum
hydrogen phosphate was referred to as Gonadotrophin A (GA)
and that eluted by tnsodium phosphate as Gonndotrophin B
(GB)* Assays of the eluates by biological metheds showed
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Relationship between the pH and the adsorption of HMG and HCG on
tricalcum phosphate  (Frem Lorawe and Brown 1954 )

that GA was excreted pred ly at the P and
at certain times during the normal menstrual cycle while GB
was the mam gonadotrophin n the urmne of pregnant women

Lorame and Brown (1954) hate recently studied the
tncalaum phosphate procedure as 2 means of separating
HMG from HCG For the assay of HCG the test depending
on the enlargement of the prostate in mtact immature rats
was used HMG actmaty was esamated by the mouse uterus
test ‘The results are shown mn Fig 8

Lin it opw on of the author the term G\ and OB are unfortunate w
that t‘l:‘cy may be confused with prolan A and  prolan L to which they bear

no relationship
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It will be noted that the adsorption of the gonadotrophins
on tnical hate was 1nf] d markedly by the gH
of the solutions HMG was not adsorbed to any appreciable
extent on tnicalerum phosphate at pH s above 6 and HCG was
adsorbed completely below pH 7 The adsorption of HCG on
tncalaum phosphate decreased as the pH increased and no
adsorption occurred at pH 10 and above These results
indrcated that the separation of HMG from HCG was possible
by differential adsorption on tricalcium phosphate

It 15 possible that this separation techmque might prove of
value 1n testing for the presence of pitmtary gonadotrophuns m
pregnancy urme and m assessing whether the pituitary con
tributes sigmficantly to the very lugh gonadotrophin titre in
human unne in the first tnmester of normal pregnancy and
to the abnormally high excretion of gonadotrophmn found m
some patients with pre eclamptic toxzmuia and pregnancy
comphcated by drabetes  Various workers, including Hasenbein
{1952) and Lyon et al {1953), have claimed that human
pregnancy urmne contains FSH activity This interesting
observation requires confirmation

2 Separation of Human Urinary FSH from Human
Urinary ICSH

In therr earlier commumications Grooke and his co workers
suggested that the trical hosphate techmgque mght be a
means of separating human urmary FSH from buman urnary
ICSH This suggestion was not bomme out by the findings of
Lorame and Brown (1954 1956 ) who prepared crude kaoln
acetone powders from post menopausal urme from male
urme and from follicular phase and luteal phase female unne
and treated the crude extracts with tricalcium phosphate
These workers found that all the extracts prepared mn this way
contamed relatively large amounts of IGSH actraty as estmated
by the ventral prostatic weight test m hypophysectomused
immature rats A typical dose effect curve for HMG 1s shown
mFig g

In view of these observations it appears reasonable to
conclude that treatment of umne extracts with trcalcum
phosphate does not effect any separation of human unnary
FSH from human urmary ICSH

T P 1y the tracal hosnk

phosp
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punfication step 13 of considerible value n reducing the toxieity
of crude kaoln acetone extracts By tncorporating this step
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Relationstup between the log dose of HMG and
the ventral prostatic weight 1n hypophysectomsed
ymmature  Tats—woight “of venfral prostate
unmjected ammals=8 mg  (From Loreme and
Braun 1954 )
the extraction procedure 1t 15 possible to admimster to ntact
mice and to hypophysectormsed rats total doses equnalent to

approximately one litre of ongmnal unne

CHEMICAL ESTIMATION OF URINARY
GONADOTROPHINS

Many mvestgators have emphasised the desirability of
estimating urinary gonadotraphins by chercal means in order
to avoid laborious and time consuming bio assay procedures,
and with this end m view vanous attempts have been made
to find some chemical property which consistently parallels
biological actnaty  For example Bowman (1g41) studied the
oudation reduction characteristics of HCG ~ He found that
the hormone became hiologicallv mactive when treated with
oxidising agents and that activaty could be restored by reducing
agents, 1t was suggested that the reducing capacity of HCG
mght be used as the basis of a ch 1 test for the diag
of pregnancy Maxwell and Bischoff (1935) showed that
reagents known to react with amuno groups caused partal or
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complete mhibition of the biological actnaty of mtuitary
gonadotrophins  Vanous workers, including La {1949), haie
stated that the hexose content of the gonadotrophin molecule
18 important 1n relation to bological actvaty  Stran nd Jones
(1954} and Crooke et al (1954) have attempted to estumate
gonadotrophns by testmg urmary extracts for protems and
sugars but there 15 at present no evidence to support the view
that the excrenion of these groups of substances i the unne
does i any way reflect the output of gonadotrophms as
measured by bio assay

Until chemical methods of assay become more speaific they
cannot replace biological techmques w the estimation of
urmary gonadotrophins for chmeal purposes

A QUANTITATIVE METHOD FOR THE ROUTINE
DETERMINATION OF GONADOTROPHINS IN
HUMAN NON PREGNANT URINE

Such a techmque has recently been developed by Lorame
and Brown (1956 ¢ 5) The main steps are as follows

1 Extraction of the urme by the kaolm acetone method
with accurate control of the pH At all stages of the
procedure

2 In low titre unnes treatment of the crude kaolin acetone
powders with tricaleium phosphate in order to reduce
the toxicity of the extracts

3 Biwo assay by the mouse uterus test

4 Expression of results in terms of human menopausal
gonadotrophmn (HMG) as HMG umts per twenty
four hours At the second meeting of the
Gonadotrophin Club (Birmingham England, 1955}
1t was suggested that the Organon preparation
HMG 20A mmght be adopted as a provisionat
standard and that one unit should be defined as the
actnaty contamed m 1 mg of HMG 20A

The technique 13 sufficiently sensitwe to weasure the
gonadotrophin excretion 1n normal and pathological conditions
m man  The end pomt of the bio assay 18 not speaific for
etther FSH or ICSH and gives a measure of what may be
convenently termed total gonadotropmc actnity  In the
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pur step 15 of € value m red the toxicity
of cruce haohn acetone extracts By incorporating ths step in
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the extraction procedure 1t 15 possible to admumster to ntact
mice and to hypophysectormsed rats total doses equivalent to
approumately one hitre of ongwnal unine

CHEMICAL ESTIMATION OF URINARY
GONADOTROPHINS

Many have emphasised the desuabihity of
estimating uninary gonidotrophins by chenucal means i order
1o avord laborious and time consuming bio assay procedures,
and with this end m view \arous attempts have been made
to find some chemcal property which consmstently paraflels
wlogical acttnty  For example, Bowman (1g41) studied the
oadation reduction charactenstics of HCG  He found that
the hormone became bwlogically mactive when treated with
oudising agents and that activity could be restored by reducing
agents 1t was suggested that the reducing capaaity of HCG
mght be used as the bass of a chemcal test for the diagnosis
of pregnancy Maxwell and Bischoff (1935) showed that
reagents hnown to react with amino groups caused partial or
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It would be of considerable interest to study the
gonadotrophin  excreion before and dunng puberty using
the more rehable methods of extraction and bio assay now
available

2 Normally Menstruating Women

The gonadotrophin excretion durning the normal menstrual
cycle has been studied by numerous imestigators including
Smuth and Smth (1936) Klmefelter ez al (1943) and Pedersen
Bjergaard and Tonnesen (1948) It 1s generally stated that the
output 1s low 1n the follicular and luteal phases and that a peak
of excretion occurs at or about the time of ovulation D Amour
(1943) attempted to determine the tme of ovulation by a
vanety of tests including basal temperature records ‘agmnl
smears and the excretion of cestrogens pregnanediol and
gonadotrophmns  He claimed that the gontdotrophin peal
was the most reliable mdex that ovulation had occurred  Thus
view has been challenged by Heller et al (1g944) who found
that the pattern of gonadotrophin excretton was very vanable
from one patient to another and concluded that the stage of
the ovanman cycle and the time of ovulation could not be
predicted by estimating the output of uninary gonadotrophins
A similar concluston was reached by Mam et al (1943) who
reported the presence of two gonadotrophmn peaks m a
Pproportion of their cases

It 15 endent that httle 1s at present known regarding the
normal pattern of excretion of gonadotrophins dunng the
menstrual cycle  Much further work with improved methods
of extraction and bro assay 15 required before the range of
normal 1s defiutely established Single random estimates of
gonadotrophin ocutput are of little value and may even be
misleading, they should be replaced by serial determmations
m mdividual cases

On the basis of assays involving histological changes m the
ovanes of hypophysectomised rmmature rats 1t has been stated
that female umnne 15 predomunantly follicle shmulating 1
nature (Bahn ef a/ 1953) More recent work by McArthur
(1952) and by Loraine and Brown {1956 a) using the prostate
test in hypophysectomsed rats has demonstrated that normal
female unne at all stages of the cycle contams sigmficant
amounts of ICSH activity
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expenence of the authors the bio assav method 15 relatively
prease and has n mdes of precision (A) which 1s generally
below o2 In expunments m which HMG was added to
pooled male wnd cyche female unne and extractcd and assayed
as described 1bove, the recovenes for the whole method vaned
from 52 to g2 per cent with 2 mean figure of 96 per cent
(Lorune 19574) This figure was considered to be reasonably
satisfictory considening the many steps involved 1n the extraction
procedure and the 1dditional inhierent error of the bio-1ssay

THE EXCRETION OF GONADOTROPHINS IN
NORMAIL NON PREGNANT SUBJECTS

Lasting methods of esumanon of mtwitary gonadotrophins
for chmcal purposes are very unsatisfactory and take the form
of qualtative tests rather than quantitatise assays  Most
workers express rcsults . ammal umts *~usually ¢ mouse
uterine units —and for this reason 1t 15 not possible to compare
results from different laboritortes  Accordingly at the ume
of wrniting 1t would be musleading to quote normal figures 1
umts for the escretion of gonadotrophms i non pregnant
subjects The mtroduction of + standard preparition such as
HMG 20A should increase considerably the relinbility of such
determnations and should make 1t possible to compare directly
results from different centres

1t Children

All mvestigators agree that the gonadetrophic activity
the unine of clnldren and adolescents 1s very low  One of the
most detaled studies 1 the literature 1s that of Nathanson
et al (1941) These worhets extracted gonadotrophms from
urine by alcohol precipitation and their bio 1ssay end pont
depended on the production of follicular stimulition 1n the
ovaries of intact mmmature mice  In boys no actwaty was
detected before the age of thurteen, but in girls positn e results
were generally obtained at the age of eleven It was noted
that 1 guls actnaty was often detected approximately one
year before the onset of menstruation  In 2 study of the
gonadotrophin  excretion 1 young  and adolescent  boys
Catchpole ef al (1938) concluded that the titre was related to
developmental status rather than to chronological age
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1 those 1 whom the menopause occurred more than twenty
five years before the mvestigation The mean output m the
latter group h r, was still derably higher than that
found m women dunng reproductive hife

Much experimental work has been carried out on the
biological properties of menopausal and post menopausal
gonadotrophins  In imntact and hypophysectomsed rats these
hormones are potent sttmulators of follicular growth without
much effect on the mterstittal tissue and this has led to the
assumption that the matenal 1s predommnantly, 1f not entirely,
follicle sumulating  hormone (FSH)  Borth et af (1954)
and Loramne and Brown (1g54) using the prostate test m
hypophysectorsed rats have recently demonstrated that
HMG 15, 1n addition a relatively rich source of ICSH actmity

THE EXCRETION OF PITUITARY GONADOTROPHINS
IN PATHOLOGICAL CONDITIONS
1 Disorders of Menstruation

At the present time no reliable information 1s available m
the hterature regarding the gonadotrophin excretion in patients
with menstrual abnormalities In the few studies which have
been undertaken the methods of extraction and bio-assay
employed have been far from satisfactory and 1t 15 debatable
whether the results reported are of any value whatsoever from
the quantitative pownt of view It must be emphasised that
many difficultzes have been encountered by investigators who
have attempted to assay urmary gonadotrophins i these
patients The cheef of these has been the lack of a method
sufficiently sensitive to detect activity m such low titre urines
while another formidable obstacle to chimeal progress has been
the necessity for conducting senial determmations nstead of
single random estimations mn individual cases

In view of these problems 1t 1s not surpnsing that until
ToW urinary gonndotrophu\ assays have proved of little value
to the gy 1 the diffe 1al d of patients
with various types of menstrual abnormahiies However the
outlook for the future 15 not unpromising  During recent years
methods for the determmation of pitwitary gonadotrophins in
urme have become more sensitive and more precise {see p 39)
and as a consequence 1t should soon be possible to obtamm
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3 Normal Men

Gonadotrophic acuvity has been detected 1 male urine
by numerous inyesuigators mcluding Leathem and Levin (1941)
and Klinefelter et al (1943) The amount excreted 1s generaty
somewhat higher than that m normally menstruating women
dunng the follicular and Iuteal phases of the cycle

Few reports are avalable i the Wterature regarding the
excretion of gonadotrophins m men at different ages, but
there 15 no evidence to suggest that the output nses sigmficantly
with advancing vears The most careful study 13 probably
that of Schou (1951) who found that the output remamed
relntively constant i normal men between the ages of thirty
nmine and sixty three  This worher concluded that i the male
there was no equuvalent of the female menopause at which
tume the excretion of gonadotrophins generally nses steeply

Male gonadotrophins resemble female gonadotrophins
m their biological properties, and most workers have stated
that they arec predommantly follicle sumulating n nature
{Fraenkel Conrat et af, 1940) More recent work by Lorame
and Brown (1956 ) has shown that 1 relatnvely large amount
of ICSH actvity 15 also present

4 Post menopausal Women

All iy estigators agree that the gonadotrophin ttre mn blood
and urine 1s greatly clevated 1t and beyond the menopause
This 15 beheved to represent an attempt on the part of the
pitmtary to stmulate unresponsne ovanes 1 similar effect
occurs after castraton in men and women  The relatonship
between the gonadotrophim ¢xcretion and the development and
sevenity of menopausal symptoms will be discussed Inter
this chapter

Few studies have so far been reported of the gonadotrophun
excretion m post menopausal subjects  One of the more
detarled mestigations 15 that of Heller and Shigley {1g51)
These workers were unable to show any carrelation hetween
the gonadotrophin output on the one hand and the chrono
Jogical age of the patient on the other  They did, however,
find that a relationship existed between the amount excreted
and the duration of time since the onset of the menopause
In patients who were less than twenty five years beyond the
menopause the mean excretion was significantly igher than
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of this group which occurs relatively frequently m clmecal
practice  In this disease the man symptom 15 continuous
bleeding which may last for many weeks ovulation does not
occur and the endometrium shows cystic hyperplasta wathout
any evidence of secretory activity The ztiology of the con
dition 15 not known with certainty It has, however, been
suggested that, 1n metropathia there may be an abnormally
low secretion of pitutary FSH and ICSH and that this
deficiency may result i fatlure of ovulatton and lack of forma
tion of the corpus luteum  Swyer {1950} has put forward the
alternative view that in this disease the mode of secretion of
the pitmtary gonadotrophins may be different from that n
normal individuals  He suggests that i normally menstruating
women FSH and ICSH are produced i a cyclic fashion while
n patients with metropathia there 15 a relatively constant
sccreuon of FSH which eventually causes bleeding from a
d rium It must be emph d that neither

of these hypotheses has as yet been substantiated by hormone
assay findings 1 blood and urine The suggestions are of
interest, but 1n the present state of our knowledge they should
be accepted with some reserve

There have been few reports on the gonadotrophin excretion
m patients with the varous forms of dysfunctional utertne
hzmorrhage The field 15 one which would repay careful
study The most extensive investigation at present available
15 probably that of Pedersen Bjergaard and Tonnesen (1951)
who determined the urmary excretion of gonadotrophins 1n
222 patients with various types of menstrual anomaly other
than amenorrhcea  Great viriations 1n output 1 individual
cases were noted but the majonty of the readings lay within
the normal range  Unfortunately the precision of the
bio assay method employed by these v estigators was probably
not high and 1t 15 doubtful if much quantitatne migmficance
can be attached to the results they obtained

(¢} DysmeNorruEA —Gonadotrophin  assays by rehable
methods have not yet been reported in patients with ths
condition

2z The Menopausal Syndrome

Theie 1s a great body of evidence 1n the hiterature to support
the view that at the menopause, the urnary excretion and
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reliable and useful mformation by assays condncted on low
titre as well as on Iigh utrc unnes  Accordingly, it can be
stated with some confidence that, with the passage of time,
gonadotrophin assays will play an increasingly amportant role
m gynecological practice  The information obtained from
such ass1ys wall 2lmost certamly be of considerable chmeal
vilue mn relation to the diagnosts, progrosis and treatment of
patents with gynecological disorders

(8} Amenorrues —Gonadotrophin assays in such patients
may be expected to provide mnformation which 15 of value
differentiating amenortheea resulting from pitwitary fadure
from amenorrheer due to ovanan defictency  In  pitwitary
amenorthaa  the excretion of pitustary gonadotrophins s
generally very low and often no activity can be detected even
by the mouse uterus test, on the other hand ovarmn
amenorrheea 15 usually associated with 1 greatly ncreased
output of urinary gonadotrophms

Fluhmann {tg29) found gonadotrophic activity in the blood
of six gut of seventeen patients with amenorrheea  In the ten
ptients studied by Frank et al {1937) four showed abnormally
high blood levels und mm six no actvity could be detected
Pedersen Bjergatrd 1nd Tonnesen (1951) esttmated the urmary
excrettorn of prtuttary gonadotrophms m 110 patients with
primary tmenorrhea and m 221 cases of secondary
amenorrhaea These workers extracted the hormones from
urine by tanme acd precpitation and conducted bio assays
usmg the mouse uterus test  They found that m the patients
with pnmary amenorrheea ,5 per cent had abnormally hugh
readings, md that 1n by per cent the excretion was within or
below the normal range  In cases of secondary amenorrheea
the corresponding figures were 34 and 66 per cent

It 15 not known whether, ;n amenorrheric subjects the
gonadotrophun output remains relatvely constant over long
periods of time or shows evidence of cycheal vanations  Senal
determmations m such patents mght well gne mformation
of clintcal tmportance

{4} Dysruncrionat. Urerine HaMORRHAGE —~Tius 15 2
general term used to denote all forms of abnormal menstrual
bleeding for which no organic cause can be found The
subject 15 discussed more fully i Chapter I

The condition known as mefropathia hgmorrhagica 1s 2 member
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(d) Menog 1 symp have o Ily been observed
n patients with gonadal failure secondary to piturtary farlure
In cases of this type the urinary excretion of gonadotrophing
15 abnormally low

The brological properties of menopausal and post
menopausal gonadotrophins have already been discussed
(sce p 43) It 1s probable that at the menopause, both FSH
and ICSH are cxcreted m relatively large quantities

3 Ovarian Deficiency

It has already been emphasised that the excretion of
pitwtary gonadotrophms 1n unne 1s abnormally high m the
presence of ovanan failure such as occurs at the menopause
or after wradiation of the ovaries Ovanan deficiency 15
however probably best exemplified by the rare condition
known variously as ovaman agenesis, ovartan dwarfism or
Turner's yndrome  Since the ongmal description of this disease
by Turner (1938) the clinical features and hormone excretion
1 such patients have been studied by numerous mvestigators
In classical cases the man chmical features include sexual
wfantihsm, short stature, dimumshed pubic and axillary harr,
rudimentary or absent ovartes amenorrhcea and varous
congental defects such as webbing of the neck ocular lesions,
wmental retard g 1 deafi coarctation of the
aorta  cubitus valgus pes cavus and spma bifida  Polam
etal (1954) have recently demonstrated that the skin of patients
with Turner s syndrome has a chromosomal pattern which 1s
charactenstically seen 1 males  These workers have suggested
that m fact such patients are genetic males

Hormone studies have generally shown (2) dimimished
output of urmary cestrogens (5) dimished output of unmary
17 ketosteroids (¢) abnormally high levels of urinary gonada
trophins  In some patients studied the unnary gonadotrophin
titre has been 1 the same range as that encountered in

P and post P 1 subjects

Lattle or no information 1s at present available on the bio
logical nature of the gonadotrophins excreted in Turmer’s
syndrome since most assays have been made with the mouse
uterus test which 1s not specific either for FSH or for I0SH
activity  Studies 1 hypophysectomised male and female rats
will be awarted with mterest
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serum concentration of pitwtary gonadotrophins are greatly
ncreased  As early as 1929 Flul using the Aschh
Zondek test, demonstrated that the serum of menopausal and
oophorectomised subjects contained relatively large amounts of
gonadotrophic activity A sumlar conclusion was reached by
Zondek (1930} who conducted assays on urne extracts rather
than blood

Numerous theories have been advanced with respect to the
relationship of hormone secretion to menopausal symptors,
particularly flushings  One of these suggests that the symptoms
result from a decrease in the levels of circulating cestrogens
Thus theory 1s discussed 1 Chapter I Another view 1s that
the symptoms are caused directly by the over production
of pitwitary gonadotrophins The evidence for and against
this  theory of gonadotrophin excess will now be briefly
considered

According to Albright (1936) there 15 a defimite correlation
between the gonadotrophin titre on the one hand and the
seventy of symptoms on the other This worker using rather
unreliable assay methods, claimed that i patients with very
gh gonadotrophm levels m blood and urine hot flushes were
more severe and occurred more frequently This finding has
not been confirmed by other investgators and there 15 now
much evidence to support the view that high gonadotrophin
levels play little or no part in the genesis of menopausal
symptoms The mam objections to the ©theory of gonado
trophin excess have been reviewed by Fluhmann (1944) and
are as follows

(\a) High gonadotroplin readings occur 1 menopausal
and post menopausal women m the absence of symptoms
The titre remams high long after menopausal symptoms have
disappeared

{b) Vanous conditions which usually show high gonado
trophin levels 1 blood and unne are not associated with
menopausal symptoms  These conditions mclude Turners
syndrome, Klmefelters syndrome and pre pubertal gonadal
fatlure

(¢} Improvement of menopausal symptoms can be produced
by small doses of ccstrogens by sedatves or by ptutary
srrachaton without affecting the gonadotrophm levels 1 blood
and unne
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groups were termed respectrvely eunuchoidism with low I'SH
eunuchotdism with normal FSH and eunuchoidism with
lgh FSH  Ths classification 1s rather unsansfactory mn view
of the fact that the bio assay method used by these 1y estigators
(the mouse uterus test) 1s not speafic for unnary FSH

Nelson (1953) divides cases of testicular deficiency with the
chnical features of eunuchoidism mto two groups, depending
on the gonadotrophin excretion These groups he terms
respectively  hypc dotrophic hoid and hyper
gonadotrophic eunuchoidism  In a study of 148 patients
Heller and Nelson {1948) reported that 62 per cent of ther
cases showed an abnormally low excretion of pituitary
gonadotrophins while the remamung 38 per cent showed
rarsed excretion figures

Two special syndromes nssociated with testicular falure
ment special consideratton These are the conditions which
have been termed respectively Alimefelter s syndrome and the
male climacteric

KuNEFELTER s SyNDROME —In 1942 Khnefelter er af
described a group of patients in whom the presenting features
were gynzcomastia small testes and sterility i association
with varying degrees of impairment of androgemc function
Testicular biopsy showed hyal tion of the ous
tubules with destructzon of the Sertoli cells apparently normal
Leydig cells and azoosperrma  The condition which 15 rela
tively rare occurs at puberty or duning adolescence, the male
climacteric supervenes i all cases by the age of twenty five
Hormone assay studies showed that the urinary excretion of
17 ketosteronds was within or shghtly below the normal range
and that the output of pituitary gonadotrophins as measured
by the mouse uterus test was greatly increased The cause of
the disease 1s unknown and none of the theortes suggested for
the endocrme abnormahties i these patients 15 entirely
satisfactory A simlar syndrome without gynzcomastia has
been reported by Heller and Nelson (1945) while del Castillo
et al (1947) have described a group of patients 1 whom
absence of spermatogenesis without impairment of Leydig
cell function was associated with normal levels of urmary
gonadotrophins

No information 1s at present available on the biological

nature of the gonadotrophums excreted m Klmefelter s syndrome,
"
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4 Ovanan Tumours

Gonadotrophin assays bv rchable methods have not yet
been reported i patients with these neoplasms  Greene (1950)
states that in cases of fermmsing ovaran tumour, ¢ g, granulost
ccll tumour, the excreton of pitustary gonadotrophuns is very
fow and thit after removal of the neoplasm the urmary fitre
rses  Hun {1g4g} conducted hormaone excretion studies on 2
chuld with 1 dysgerminomn of the ovary , the only abnormahty
found was an increased output of urinary gonadotrophin a3
ndicated by a strongly positive Aschheim Zondek test

It 15 obvious that much further work s required before
anyv conclusions can be drawn regarding the chmcal value of
gonadotrophm 1ssays wn patients with ovaran tumours  The
field 15 one which mmght repay careful investiganon

5 Testicular Deficsency

Pituitary gonadotrophin assays m panents wath testicular
deficiency cn be used to diffcrentiate primary testicular
fulure from testicular failure secondary to lesions of the
pituitary  In the Jatter gronp of patients the output of unmary
gonadotrophins 15 usually very low, while mn the former
abnormally large quantuties are generally excreted Nelson
(1g48), Howard et al (1950) and others have stated that this
subdivision mto primary and secondarv gonadal failure may
be of mmportanct from the therapeunc pomt of view  Cases
of secondary gonadal faifure might n theory at feast, be
expected to respond fuwourably to treatment with such
preparations of gonadotrophins as are at present avadable ,
cases of primarv yonadal failure, on the other hand, ajready
show abnormally gh gonadotrophin levels i blood ~nd
urme and should probably be treated ab mifro by androgens
For further information on the vanous aspects of testicular
fatlure the reader 15 referred to a reeent review by Bwshop
1
( 9?:1)bnght and Ius collaborators m Boston, and Nelson and
s associates in Iowa have studied the urnary excretion of
prtuttary gonadotrophins m a large number of patents with
vartous types of testiculir fulure  In 142 cases observed bv
the Albnght group (Howwd et af, 1g50) the gonadotrophin
exeretion w s below normal i 26 per cent, norm n 28 per
cent and abnormally ugh sn 46 pur cent  These three
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7 Acromegaly
There are few reports m the literature regarding the
excretion of pitwitary gonadotrophins mn patients with this
condition  Klmefelter ¢z af (1943) conducted assays in ten
such patients and found the excretion to be very vamable n
that normal, low and high readmgs were found It1s reasonable
to assume that the amount of gonadotrophm excreted depended
greatly on the stage in the evolution of the disease at which the
determination was made In early cases, when the chmcal
{eatures are those of hyperpituttarsm  hagh unnary readngs
are to be expected  On the other hand, 1n the later stages of
the condition, when symptoms of hypoprtuttarsm supervene
the excretion wall tend to be below the normal range

8 Panhypopituitarism

All mestigators agree that in this condition the unnary
excretion of gonadotrophins 1s abnormally low  Usually no
activity can be detected even when highly concentrated urine
extracts are assayed by relatively senaitive biological methods
such as the mouse uterus test The largest senes of cases
reported 15 probably that of hlmefelter ¢ al (1943) who m
fourteen patients found that the mean excretion of urmary
gonadotrophins was much lower than that obtamed in normal
men or m pormally menstruating women of a comparable age
group Results ssmular to those of Khnefelter ef al (1943) were
obtamed by FEasterling ef a! (1951) It has been nghtly
emphasised by many workers that the diagnosis of panhypo-
pituitarism should be made only if no gonadotrophic actiaty
18 detected 1n the urmne by the mouse uterus test  If such
activity 15 present the diagnosis should be carefully reviewed
and probably discarded

9 Mammary Carcinoma

Segaloff ef al (1954) have claimed that the gonadotrophin
excretion may be of prognostic signuficance 1 patients suffering
from mammary carcmoma These workers have stated that
if prior to treatment the unnary gonadotrophin output 1s
below the range normally expected for the age of the patient
the response to vanous forms of therapy tends to be unsatis
factory It must be emphasised that the assay methods used
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since most assays have been made using the mouse uterus test
Such information can only bc obtamed by the use of
hypophysectomised ammals

THe Mare Cuvacroric ~In this condition the functional
activity of the Leydig cells 13 impasred and the prod of
testicular androgen dimunshed  The man chmeal features
are hot flushes, smpotence, loss of hbido, weakness and excessne
faugue N my tuding Howard ¢f of
{1950} have clanmed that 1n cases of this syndrome the unnary
excretion of pituitary gonadotrophuns 15 abnormally ugh

6 Testicular Tumours

Careful and detauled studies of the gonadotrophin evcrenon
m over 400 pauents with testicular tumours have been made
by Hamburger and his co workers 1n Copenhagen (Hamburger
nd Godiffedsen 1941, Hamburger, 1946} The bio assay
methods cmploved by these mvestigators to differennate the
various tvpes of gonidotrophins depended on stological
changes i the ovanes of intact 1mmature mce and on the
mcrease 1n ovarian weight in intact ymmature rats  The
followmg account 1s based on Hamburger s observations

Certamn mahignant tumours, e g, chononepithehoma and
related tumours clasufied as mixed epitheliomas, contam
syncytial trophoblastic like cells and were <hown to excrete
human chonomic gonadotrophun  {HCG)  Gonadotrophin
assays i patients with this tvpe of tumour are discussed 0
Chapter 111 Cases of semunoma, on the other hand, excreted
abnormally large quantities of gonadotrophins which were
qualttatvely imdistinguishable from those excreted by meno
pausal and post menopausal subjects The excreton of these
hormones did not cease after removal of the tumour and bore
no relationship to the presence or absence of metastases  In
addinon gonadotrophic achwity could not be detected ether
n extracts of the aself or deposits from
the primary tumour  In view of these findings 1t was concluded
that the antenor pitwfary and not the tumour tissue was
responsible for the elaboration of the hormones The cause of
the increased excretion of pitwitary gonadotrophins m cases of
sermunoma 1s not yet haown  Hamburger (£946) has suggested
that this effect may be sceondary to the decreased production
of andragenic hormones by the testis
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by Segaloff ef al (1954) are open to cnucism, and for ths
reason their clams must be accepted with some reserve
In ¢ recent study in Ldinburgh the gonadotrophin excretion
has been cstimated m appr 1y ffty post pavsal
subjects with mammary carcnoma before treatment with
stilbeestrol (Loraine, 1957 6, Lorame ef af , 1957) Aftera
course of therapy lasting six weeks the patients were clasified
mto three groups depending on thewr response , these groups
were designited (¢) worse’ (6) no apparent change’ and
(¢) improved It was found that m patents classified a8
worse the mean gonadotrophin excretion before treatment
w1s significantly higher than that obtained m patients classified
either as no apparent change’ or improsed A comparnson
was also made of the gonadotrophin output mn p with
mammary carcinoma with that of 1 group of subjects of simlar
aie sufferny from diseases other than cancer It was found
that the mecan excretion value in the worse group wes
sigmificantly lugher than that in the  control senes, while 1
the groups designated no apparent change and mproved’
such a difference was not demonstrated  The reason for the
abnormally high gonadotrophin cutput in the group of patents
classified as  worse * 15 obscure  The problem 1s one for future
elucidation

THE EFFECTS OF VARIOUS FORMS OF TREATMENT
ON THE URINARY EXCRETION OF PITUITARY
GONADOTROPHINS

1 Estrogens

It 15 well establshed that cestrogens, if admumstered to
patents 1n sufficiently large dosage will mhibit the secretion
of pitwitary gonadotrophins and therebv cause a decreased
urtnary excretion of these hormones Typical responses art
shown mm Fags 10 and 11 (Y oramne, 1957 g, ¢) which demonstrate
the effect of relatively large dosages of oral stitbeestrol on the
gonadotraplun  excretion 1 two post menopausil subjects
suffenng from mammarv caranoma  Bio asswvs were con
ducted using the mouse uterus test nd results were expressed
n terms of HMG-204A

It will be noted that stlbeestrol produced a ripd fAjl i
the gonadotrophin output and that this fall perssted as Tong
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other hand Schval and Soffer (1951), 1 1 more detailed
study mvolving twenty two patients, found that both ACTH
and cortisone produced an increase 1n the gonadotrophm
excretion 1n approximately 50 per cent of cases

Now that more rehable methods are available for the
quantitative determmation of gonadotrophins 1n non pregnant
unne, this subject should be remmestigated

5 Thyroid Hormone

Statland and Lerman (1950) reported that in post
menopausal subjects with myxcedema treatment with thyroxd
extract produced a rise in the gonadotrophin excretion  This
observation was not confirmed by Beierwaltes and Bishop
(1954), who could demonstrate no consistent change n
gonadotrophin levels 1 a comparable group of subjects so
treated It 15 probable that these dnergent findings can be
explamned on 2 methodological basis

6 Castration

It 15 well known that the gonadotrophin excretion nses
after both oophorectomy and orchidectomy In Fig 12
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as the drug was beng ad d  After of therapy
the readings rose steaddy and within approximately one month
had reachied levels m the same range as those m the
pre treatment penod

It has been suggested (Tokuyama ef al, 1954) that m post
menopausal panents the potency of vanous natural and
synthenc cestrogens may be compared by thewr abibty 1o depress
the ummary excreton of pimtary gonadotrophns  This
mnteresting suggestion requures further study

2 Androgens

Many unestigators, wncluding Heller and Nelson {1945)
and McCullagh and Hruby (194g) have demonstrated that
androgens are relamely weak mhibitors of prtwtary gonado-
trophin secretion This observation 18 borne out by the
results presented m Tigs 10 and 11 which show the effect
of testosterone as well as stdb ! on the gonadotroph
excretion . two post pausal suk with
carcinoma It will be noted that a dosage of testosterone
propionate of 100 mg per week mtramuscularly did not appear
to mhibit the unnary excretion of prtustary gonadotrophuns
Dunng this penod of treatment the output rose to levels 1
the same range s those encountered priar to the admunistration
of stilhoestrol

3 Adrenalectomy

Lattle mformation 15 at present avatlable on the effect of
adrenalectomy on gonadotrophin excretion In the female
patient shown m Fig 11 biateral adrenalectomy did not
affect the output of gonadotrophins while s the male subject
shown m Fig 12 the operation produced 2 shght mse mn
excretion

4 ACTH and Cortisone

The effect of these hormones on the gonadotrophm excrehion
has not yet been adequately studied and such evidence as 1
at present avatlable i the lterature 1s conflicung Mason
et al (1048) and Sprague ¢t al (1950) conducted assays i 2
very small number of subjects before and after theripy with
ACTH and cortisone and stated that these hormones had no
demonstrable effcct on the gonadotrophin output  On the
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(Loraine, 1957 a) 15 shown the effect of bilateral orchidectomy
on the gonadotrophin output 1n a male patient with mammary
carcimoma

It will be noted that the level began to nse approximately
one month after the operation and that after two months a
threefold 1ncrease 1n excretion values had occurred over those
m the pre operatise perrod

% Ovarian Irradiation

The effect on gonadotrophm excretion 1s similar to that
produced by oophorectomy A npical example m a
pre menopausal patient with mammary carcinoma is shown m
Fig 13

In this subject the excrenon was studied first durng a
normal menstrual cycle and secondly subsequent to ovanan
wradiation It will be noted that readings m the follicular
and luteal phases of the cycle were very low and that a peak
of excretion occurred at approximately mid cycle Immediately
after ovanan uradiation the excretion values rose steeply and
approximately one month after radiatherapy were some twenty
times higher than those found n the follicular and luteal
phases of the menstrual cycle

8 Hypophysectomy

Within recent years hypophysectomy has been practised as
a treatment for vartous types of advanced carcmoma If a
complete hypophysectomy has been performed 1t 15 reasonable
to expect that gonadotrophic activity will disappear from the
urme, and 1t 1s therefore probable that gonadotrophimn assays
will be of value to the surgeon as a means of assessing the
completeness of the operatton  Such assays should be particu
larly nformative m menopausal and post menopausal women
m whom the pre operative excretion of the hormones will
usually be high

CLINICAL STUDIES INVOLVING PARALLEI ASSAYS
OF URINARY GONANOTROPHINS

In Figs 14 and 15 (Lorame, 1957 ¢) are presented the

results obtuned when urninary gonadotrophm estimations are

performed 1n the same patents usmg two different assay
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Fig 14 shows the gonadotrophin excretion m a pre
menopausal subject with mammary carcinoma but without
any previous history of menstrual abnormaliies It will be
noted that the results obtained by the two assay procedures at
all stages of the cycle agree very closely In the early follicular
phase the gonadotrophin excretion was low being usually less
than 10 umts per twenty four hours In the late follicular

200-
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DAY OF EXPERIVENT
Fic 15
The cffect of etulbeestrol and testosterone on the unnaty excretion of gonadotrophuns
m a post subject with y (Mrs M S o 61)
Open aircles denote assays conducted by the mouse uterus test  closed crrcles
denote assays conducted by the ventral prostat ¢ weight test  The sign <
mdicates that the reading was actually less than the figure quoted (From
ane 1957 ¢ )

phase the levels started to nse and reached a maximum at
about the sixteenth day of the cycle  This maximum 1s probably
associated with the occurrence of ovulation and may be termed
the ovulation peak At this time readings by the two methods
lay between 25 and 30 units per twenty four hours  Subsequent
to ovulation the excretion values decreased rapidly, and m the
luteal phase and at the time of menstruation were again less
than 10 units per twenty four hours

Fig 15 shows the effect of cestrogens and androgens on the
urinary excretion of gonadotrophins as estimated by the same
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methods The methods employed were the uterine weight
test mn intact mice nd the ventral prostatic weight test m
hypophysectomised rats  The former method 1s relamely
non speaific d probably measures 1 mixture of FSH and
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cireles denote assays conducted by the sentral prostatic weight test  The

syn < ndicates that the reading was actually  less than  the
figure quoted  (From Loraine 1957¢)

ICSH actmity , the latter 15 generally believed to be specific
for ICSH actnaty  The urine samples were extracted by the
kaolm acetone method (see p 31) and, m estracts in which
gonadotrophic 1ctivity was expected to be low the crude
kaohn acetone powders were treated with tricaleium phosphate
morder to reduce toxiaity  Results of both assays were expressed
m terms of HMG 20A as HMG unuts per twenty four hours
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bio assay method of choice  This test 1s not speafic for ether
FSH or ICSH and gies a measure of total gonadotrophic
actvity  Results of the assay should be expressed in terms of
HMG as umts per twenty four hours  The prostatic weight
test m hypophysectonused tmmature male rats 1s sufficiently
sensitive to estimate ICSH activaity in chmcal condittons but
15 probably too tedious and laborious for routie studres

The kaolin acetone method with accurate pH control 1s a
switable procedure for the extraction of gonadotrophins from
human non pregnant unme  Treatment of the crude kaolin
acetone powders with tricalcium phosphate makes 1t possible
to administer without toxic effects the equvalent of one htre
of origmal urine to mtact mice and hypophysectomsed rats

Ch 1 methods of assay of gonadotrophins are relatively
non speafic and should not at present replace biological
techniques

Both FSH and ICSH activity are present 1n post menopausal
umne 1 normal male unne, and n unne from normally
menstruating women It 1s not yet clear whether the effects
are due to two separate substances or to a smgle substance
with both activities

In normal individuals the excretion of pitwitary gonado
trophins 1s low m children 1n men and in women during
reproductive ife  In pausal and post T 1 women,
on the other hand high excretion values are found

The main indication for pitwtary gonadotrophin assays
the chimical field 15 1 the differentiation of primary gonadal
failure from gonadal failure secondary to lesions of the pitustary
In addition assays may sometimes be helpful in certam types
of testicular tumour and 1 various gynazcological conditions
It 15 probable that 1n the future gonadotrophin determnations
will be of value to the surgeon as a means of assessing the
completeness of a hypophysectomy
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two assay methods The patient studied was a post
menopausal subject with mammary carcinoma It will be
noted that prior to cestrogen therapy the readings obtamed
by both methods were relatively high, lying in the range 70 to
120 umts per twenty four hours The oral admmstration of
stlbesstrol in a dosage of 5 mg twice daily produced a prompt
fall m the unnary gonadotrophin ocutput This decrease,
which persisted throughout the period of therapy, was of simular
magmtude with both the mouse uterus and rat prostate tests
Within some five weeks of commencing cestrogen therapy the
amounts excreted were so small that no actvity could be
detected by either test even when rclauvely large dose
equn alents of the origmal urine were admimstered  Subsequent
therapy by testosteronc phenyl propionate m a dosage of
100 mg weekly by the mtramuscular route did not appear to
mhibit the secretion of pitustary gonadotrophms  Durng this
ume the excretion values obtaned by both methods rose m a
corresponding manner and at the end of the penod of study
lay 1n the range 4o to 6o units per twenty four hours

The results presented above mdicate that when gonado
trophis are extracted from human non pregnant urne by
the kaolin acetone method 1nd are assayed by the mouse
uterus and rat prostate tests the imdex of discnmunation
(uterus/prostate) as defined on page 21 generally approuumates
umty It might have been anticipated that varying proportions
of urinary FSH to urmary ICSH rmught have been reflected i
differences n this :mndex The finding of an index m the
nesghbourhood of umty suggests either that the matenal
prepared by the kaoln acetone method contams a smgle
gonadotrophin with two actiaties or that it contams two
gonadotrophins which are usually present 1n the same reltive
proportions

SumMary AND CONCLUSIONS

‘Unnary gonadotrophins from normal men and from
normally menstruating and post menopausal women cin be
assayed 1n terms of human menopausal gonadotrophin (HMG)
It 15 proposed that a preparation of HMG be used as a standard
for the assay of human non pregnant uninary gonadotrophins

For the routme deternination of pituitary gonadotrophin
excretion i clmucal practice the mousc uterus test is the
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CHAPTER 111
Human Choriomic Gonadotrophin
INTRODUCTION

N 1927 Ascht and Zondek d rated that the blood

and urine of pregnant women contamed 1 gonad

stimulating substance which, when mjected subcutaneously
1nto mntact immature female mice, produced follicular matura
tion luteiusation and hemorrhage nto the ovanan stroma
Aschheim and  Zondel believed that this gonadotrophic
substance was produced by the anterior pitwtary but
subsequent work by other investigators proved beyond all
doubt that the placenta and not the pituitary was responsible
for the elaboration of the hormone  Probably the most con
clusne evidence m favour of the placental ongm of HCG
comes from the work of Jones ¢f al (1943) and of Stewart
et al (1948) who showed that the gonadotrophin was produced
 talro 1 placental tissue culture and that thus property was
exhibited by the choronic villt bemng especially marked 1n the
Langhans cells

The chorome hormone should be termed choronic
gonadotroplin  (CG) or human chortome gonadotrophun (HCG)
Names such as pregnancy prolan or anterior pitustary like
substance (APL) are of istorical imterest only and should
no longer be used HCG and pmmtary ICSH are different
chemical substances but resemble one another 1n their biological

properues  Both hormones are predomnantly lutemsing m
action

1 Chemucal Nature of HCG
HCG 1s a glycoprotemn with a relatively high carbohydrate
content m the form of galactose Gunm ef al (1940) stated
that 1ts molecular weight was 100 000 Punfied preparations
of HCG have been made by Gunn et al (1940) by Lundgren
el al (1942) and by others but 1t 1s doubtful 1f the hormone
5 6,
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has yet been wsolated i the pure state  The most actne
preparations of HOG so far descnibed are those of Gunn et o'
(1910) and of hatzman o @l {1943) The potency of these
preparations ranged from 6,000 to 8,000 1u per mg

2 The International Standard for HCG

This was cstablished 1 1939 under the auspices of the
League of Nations By definttion 11 u 15 the actiity contamed
m o1 mg of the standard preparation  All assay results
should now be euvpressed in mternational umis, and m
this wav results {rom different laboratones can be compared
directly  There 1s no longer any excuse for measuning HCG
actnaty . vmimal umsts, and 3t s regrettable that
publications still appear n which it and mouse umts are
employed

METHODS OF ASSAY OF HCG

Assay methods for HCG are very numerous The subject
has been reviewed by Emmens (1939), Thayer (1946), I orame
(1952, 1954, 1956 4) wnd Diczlalusy (1953, 1954) For
quantitative  determmations of HCG m blood and unne,
mract mmature rats nd mice have been favoured as test

Is but for preg rats, ruce rabbuts and
amphibia have been wxdely nsed  As in the case of pituitary
gonadotrophms 1t 15 possible to clasafy the tests accordmg to
whether the effect 15 primapy or secondayy  Tables IIT and 1V,
which are largely based on data caleulated by Diczfatusy (1954h
show some of the methods used ind compare thewr relatne
m terms of Gaddum s A

P

1 Assays depending on Primary Effects

Many of these methods have considerable disadyantagts
when apphed to the quantitative assay of HCG 1 the blood
and unne of human subjects The method based on the
formation of corpora Iutea 1n the rat ovary is relatively sensitive,
1t has, however a very large error and 15 httle better than
a quabtatne test  This was the technique used by Smuth
and Smuth (1034 1936 1941) n studies of the serum
concentration of HCG . pre eclamptic toxmmia and also
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by White (1947, 1949) mn sumlar esumatons m pregnant
diabetics  Ouanan weight 1 rals 1s now hittle used as an assay
method because 1t lacks precision and 15 msensitine  Using
this techmque Evans et a/ (1937) constructed one of the
earliest curves for the unniry excretion of HCG dunng
normal pregnancy Methods depending on oculation i rabbits
and 1n foads have generally proved rehable as pregnancy tests
but are too msensitive to be of great value in quantitative
assays

Within the last five years the two methods i this group
which have been most extensively employed 1n the climcal

Tasre IIT

Prrcision of Assay Mersops ror HCG—
Privary EFrEcTS
(From Loraine 1956 a)

1 Index of Response Tndex of Precision Reference
O rian weight (rat) 0139 Sealy and Sondern
Ovarian we ght (rat) 0230 Dl(ulle?uy and Loramme
Ovanian hyperzm a (rat) 0450 AbEY ind Berkson
Ovanian hyperemia {rat) 0123 Bugtgse‘: a (1957)
Expul ion of spermato oa(toad) | 01 otoa 176 | Wohlzogen (1953)

field are those depending on (a) ozaran hyperema n rats and
(8) expulsion of spermato.oa tn amphibia

(a) Ovarian Hyperzmia 1IN Rats —The ovaman hyper
@mia test was mtroduced by Zondek et al (1945) for the
diagnosis of pregnancy and Albert and his co workers
(Albert 1948, Albert and Berkson 1951) have used the
techmque for the g e determmation of HCG
blood and urne The method 15 sensitive but may have a
low degree of preaston as indicated by a figure for the mdex
of precision (A) of 0 45 (Table III) The chief advantage of
the ovarian hyperaerm test hes 1n the fact that the total time
required for the assay 1s only four hours  this 1s 1n marked
contrast to most other procedures inyolving multiple mjections
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nto rats and necessitating seventy two-hour to nnety six hour
mjection penods  The mamn disadvantages of the test are as
follows
(1) The success of the 1ssay appears to depend grewly on
the strain of animal employed and 1n certain strams
spontaneous reactions are relatiely frequent Ina
number of I1boratones, mcluding that of the author,
the technique could not be used 15 2 quandtatne
assav method for HCG
(1} The assay depends on 1 quantal (all or none) rather
than on a graded response  In a quanta! assay the
effect on each mdmdual ammal 15 not measured,
and the result depends on the percentage of anumals
which show 1 definite reaction at 1 gnen dase level
Tor any gnen degree of precsion quantal assays
require approximately twice the number of ammals
required by 1ssays dependmg on graded effects
Ths subject 15 discussed in Chapter 1
() The specificsty of the test 1s questionable 1n view of the
finding that cortisone and cortisol will affect the
response of the ovary to mjected HCG (Payne, 1951,
Smuth, 1955) [t 18 possible that blood 1nd Unne
contan other substances which may also interfere
with the reaction

{b) Expursion oF SPERMaTO/OA IV AvpHisia —In 1947
Galli Maimni described 2 new pregnancy test depending on
spermation n the male wad Bufb arenarum  Swmce then it has
become evident that several other male amphubia can be vsed
for pregnancy cdiagnosis  Recently nttempts have been made
to 1dapt the method for the quanutatve assav of HCG m bload
and urmne The amphibia used for this purpose have included
Rana priprens (Hashns and Sherman 1952) Bufo Bufo (Thorborg
and Hansen 1941}, Yeropus levss (Hobson 1gy2) and Bufo
¢ ndis (Wohlzogen, 1953)

The mam advantages of the test are as follows

(1) The method 1s both simple and rapid, quantitame
estimations of HOGG potency can be abtained m
twenty four hours or earher

{1} In the hands of most wn estgators the test has been
reasonably preacise { Fable 1)
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() The same amimal can be used repeatedly  Most
authors state that 1 weel s rest 1s sufficient after a
positn e response

The chief disadvantages of the assay method mclude the
following
(1) Amphibia are relatively insensitne  This may
necessitate concentration of urine extracts and the
use of large quantities of the standard preparation
1n order to elicit a positive response
(1) The response of the animals to HCG 1s subject to
marked seasonal vanation It 1s usually stated
{Thorborg 1950) that the sensivity 15 at a
maximum late m winter and m early spring and
1s at a mummum 1 the autumn
(m} In mdidual estimations relatively large numbers
of ammals are required because the assay depends
on a quantal rather than on a graded response

2 Assays depending on Secondary Effects

In this group the majonty of assays have been performed
using mtact tmmature rats  The following mdices of response
will be considered

(a) Uterme weight

(5} Vagmal smears

{¢) Prostatic weight

(d) Semnal vesicle weight

{¢) Weight of the total accessory reproductn e organs

(6} Uterine WeiGHT —According to Emmens (1939) this
testis sensitive but has a low degree of precision  The techmique
has been used by Jones et al (1944) to estmate the serum
concentration of HCG during normal pregnancy and by
Dorfman and Rubm (1947) for studies on pregnancy unne
Diczfalusy and Lorame (1955) found the test reasonably precise
but showed that the effect of HCG on the utenne weight n
rats was wmcreased approximately twofold when the hormone
was dissolved 1n serum or 1n plasma mstead of salme  In view
of this fact these workers concluded that the method was
unsmitable for HCG assays conducted on serum or plasma
When the rat uterus test 15 employed for esnmatrons n preg
nancy urme the latter must first be precipitated with alcohol
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or acetone 1n order to remove the cestrogenic hormones  These
substances, 1f present 1 the matenal to be myected, would
mterfere sigmificantly with the response and would probably
cause an overestimate of HCG potency

(b) VacmvaL SwEars —This method was used by Browne
and Vennng (1936) and by Venmng (1g48) to study the
urmary excretion of HCG during normal pregnancy, and was
employed by Bruner (1951, to determme the distnbution of

TabLe IV
Precision oF Assay MeTHODs ForR HCG—SEecovpaRry EFFECTS

(From Lorame 1956 @)

Index of Response Tndex of Precison Reference
Uterine weight grax) 0329 Delfs (1941)
Uterine weight (rat) 0149 Dorfman and Rubra (1947}
Utermne weight (rat) 0240 Sealy and Sondern (1940}
Vagmal smears (rat) 0276 Lorawe (1950 )
Vagnal smears (vitamin B- 015 Heard and $inton {1939}
deficient rat}
Total prostatic weight (rat) 0139 Lorawe (1950 a)
Total prostatic weight (rat) o 100 Lorawe (1956 5)
Ventral prostatic weight 0150 Diczialusy #f al (190)
(hypophysectomised rat)
S munal vesicle weight %rat) 0 200 atts and Adarr (1943)
Semmal vesicle weight (rat) o195 Loraune (1950 @)
Scminal vesicle weight 0495 Diczfalusy et al (1950)
(hypophysectomused rat)
Total accessary reproductive 0210 D cafatusy (1953)
organs (rat)
Total accessory reproductive 0105 Diczfalusv (1954)
organs (rat)

the hormone m the mother and feetus at different stages of
normal pregnancy The main disadvantage of the method hes
1n the fact that 1t depends on a quantal rather than a graded
response  Lorame (1950 a) found the vagmal smear test to
be less precise than that depending on prostanc weight
(Table IV} According to Heard and Winton (193g) the error
of the method can be reduced by using adult aneunme deficient
rats which are probably more umiform in response than are
ntact immature animals

For studies on pregnancy urme the vagmal smear test
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cannot be used unless the cestrogens arc removed, eg, by
acetone or alcohol precipitation prior to bio assay

(¢} ProstaTic Werent —This method (Lorane, 1950 4)
has been shown to be suitable for the quantitative assay of
HCGmurme serum and placentz of patients  In the techmque
used 1 Edinburgh intact immature rats are mjected sub
cutaneously once per day on three consecutrve days at
approumately twenty four hour mtervals  They are kiled on
the fourth day, at which time the prostates are dissected out
and are fixed for twenty four hours On the fifth day the
organs are freed from fat, dned and weighed

The test 15 reasonably precise, the mdex of precision (A)
being usually below o 15 (Table IV) The cestrogens 1n
pregrancy urme do not interfere with the response and for
this reason unestracted urine can be mjected The effect of
HCG on the prostatic weight of intact or hypophysectormsed
rats is not increased when the hormone 1s dissolved 1n serum or
plasma mnstead of saline and accordmgly the techmque can be
used to assay HCG i untreated serum or plasma (Diczfalusy
and Lorane, 1955)

(d) SEmwarL VesicLe Werenr —The sensitnty of this test
15 comparable to that of (¢), but the method 1s less precise
(Table IV) The method has been used by Watts and Adair
(1943) to estimate the urmary excretion of HCG 1n cases of
pre eclamptic toxzmia and essential hypertenston pregnancy
As 1n the case of (¢) the cestrogens 1 pregnancy urine do not
affect the response and for this reason untreated urme can be
myected

(¢) WeieHT oF ToTAL AccEssoRY REPRODUCTIVE ORGANS
(total prostate plus semnal vesicles) —Diczfalusy (1954) found
that n his stram of animals this test was somewhat more precise
than that depending on prostatic weight alone (Table IV)
This worker used the method to estimate the placental
concentration of HGG at different stages of normal pregnancy

PREGNANCY DIAGNOSIS TESTS

In early pregnancy very large quantiies of HCG are
claborated by the placenta and most biological tests for
pregnancy depend on the demonstration of this hormone n
body flmds usually m unne A great number of such tests
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hue been proposed uang different animal speces  nd
rdnbility of the vious procedunes his been thoroughly
mvistigated an the course of the Jast twenty five years  The
methods which have been most widely used are as follows

1 The Aschherm-Zondek Test

This was the first test to be developed and 1t depends on
the fact that HCG causes the development of hamorrhagic
folircles and corpora lutea m the evanes of mtact immature
mice  The method gnes a relable diagnosss of pregnancy s
the vist majonty of cases  Its chief disadvantage hies m the
fact that five days are required for 1ts performance

2 The Friedman Test

In this method rabbits are used The unne 15 ingected
mtravenously and the end pomt of the wsay 1s the production
of ovulation  The result can be obtamed within twenty four
to forty eight hours The rehahihty of the procedure &
comparable with that of the Aschheim Zondek test

3 The Kupperman Test

This method has as s end pomt ovaman hypercoin
rats  In the ongmal method described by Kupperman o of
(1943) the ovanes were exanuned two hours after the mira
pentonieal mnjection  of unextracted wnne  This test ®
reasonably rehable and has the great advantage of rapdity
of performance  The onigmal method or some modification
thereof 15 1n routine use W many centres

4 The Hogben Test

Thas method depends on the abily of HOG to cause
avulation in the South African clawed toad Xenopus lerss The
test 15 rehable and relatvely rapid (pomtnve respanses are
obtamed within twenty four hours) The test ammals can b
used repratedly  The dief dnadhvanmge 1 the fact Vet
Aenopus 15 rather msensitive to stmulation with HCG, and
for this reason 1t 1 usually necessary to concentrate the unne
pror to adminsstration

5 The Gailt Mamny Test
HCG will cuse expulsion of spermatozoa m male amphibna
and this has been made the basis of 1 pregaancy test which s
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now m routmne usc i many laboratories  Tests dependmg
on mile amphibin are generally accuritc nd very raprd
results can usually be read within two hours As m the
case of female amphbia the same animal can be used
repeatedly

In his oniginal experiments Galli Mainin (1947) employed
Bufo arenarum  Since then 1t has been demonstrated that many
other spectes of amphibia are suitable for pregnancy dragnosts
tests For example successful results have been reported with
Rana piprens (Hashins and Sherman, 1949), Bufo Bufo (Thorborg
1950}, Bufo marnus (Wannan 1952) nd enopus levts (Hobson,
1952)

For fuller mformation on the subject of pregnancy diagnosis
the reader 1s referred to articles by Robbins and Parker (1948)
Cowre (1948) Thorborg {1950) and Hobson (1g955)

EXTRACTION OF HCG FROM URINE

The methods used are very sinular to those which have
been described 1n Ghapter II for pitwitary gonadotrophins and
mclude
Alcohol precipitation
Acetone precipitation
Benzoic acid adsorption
Tungstic acid precipitation
Kaolin adsorption with or without acetone precipitation
Permutit adsorption

AL ISR

The end pomt of the bio assay largely determines whether
or not extraction methods for HCG should be employed  With
relatively msensitive techniques eg those depending on male
or female amphibia 1t 15 often necessary to prepare concentrated
extracts m order to ehcit a biological response  With more
sensitive techmques ¢ g those employing ovanan hyperemra
or prostatic weight concentration of the unne 1s not required
Assays depending on uterine weight and vagmnal smears are
relatisely sensitive but wall not yield vald results unless the
cestrogens are removed from pregnancy urine by alcohol or
acetone precipitation prior to bio assay  As mentioned pre
viously the great advantage of the assay method depending on
the prostatic weight 1n rats, lies in the fact that untreated unine
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can be mected as the cestrogens do not nterfere with the
respanse of the und orgrns to HCG

HCG ASSAYS IN HUMAN SERUM

Many muestigatars have d the serum o
of HCG 1w normal and abnormal pregnancy, and mn the course
of these stadies many different bro assay techmiques have been
employed  Recently 1t his become apparent that m such
estimations on untreated serum the end pomt of the test must
be selected with care m order that ahd results are obtamed
Maddoch and hus collaborators reported that the effect of
HCG on the rat uterus was mncreased fivefold 1o tenfold wheo
the hormone was administered 1 human plasma mstead of
m saline (Maddock and Leach, 1952, Maddock ¢ a, 1953,
Leachetal 195¢4) Inthissemesofpapers however, no attempt
was made 1o calewulate the error of the assays and 1t 1s doubiful
if the results have much quantutative signvficance  Dicafalusy
and Lorame (1955) also found that serum and plasma mereased
the effect of HGG on the rat uterus but reported only an
appraximate doubling of potency From these results 18
apparent however, that bio assays of HOG 1n serum and plasms
by the uterme weight method as recommended by Jones o d
(1944) and by Dorfinan and Rubmn {1g947) will most probably
gne an overestimate of the real potency and walf thus yreld
erroneously high serum levels

Diczfalusy and Lorame {1955) have shown that the effect
of HGG on the weight of the accessory reproductive organs of
mmatuce male rats 15 not wfluenced appreciably when the
hormone 15 dissolved m human serum or plasma mstead o
salme  These workers concluded that for chncal bio assay
on human serum satisfactory vesults from the gquantiatné
pomt of view can be obtamed 1if the prostatic weight sexuma!
vemcle weight and weight of the total accessory reproductnt
organs are used as mdices of response

THE CLINICAL APPLICATION OF HCG ASSAYS
1 Normal Pregnancy

Several investigators have estmated the urinary excretio
and serum concentration of HOG throughout normal preg
nancy but only in the papers of Jones ef ol (1944}, Walson
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et af (1949) Lorune (1950 a} Albert and Berhson (1g51)
and Hobson (1955) 7re the results expressed i terms of the
international standard for HGG  The curves obtamed are of
the same general shape as those reported by previous mvest
gators who expressed results tn ‘rat and ‘ mouse umts but
are much more meanmngful from the quantitative pomt of view
In Fig 16 are shown the mean urmary and serum levels of
HCG throughout normal pregnancy [ig 17 presents observa

tions of the urmnary excretion made m 1 small number of
individual subjects

30000 URINARY HCG
{11/ 24 hrs)
SERUM HCG
25000 } (/11 e} ?
\
20000 '
1
1
2 000 2’\
©
v
I 10000
)
5000 } X A0

4 s 2 18 0 24 2@ 2 % 40
WEEX of PREGNANCY
Fre 16

Mean estimations of ur nary and serum HOG throughout normal pregnancy
(From Lorawe 1957 )

Very large amounts of HCG appear 1n blood and urine
dunng the first trimester of normal pregnancy Thus constitutes
the so called peak period  Readmgs obtared at this time
are very vanable from one subject to another and may vary
from 20,000 to 100 000 1u per twenty four hours of urine or
per litre of serum  The time at which the HCG readings
begin to decrease 15 also very vamable, but usually the peak
Period has passed by the fifteenth week of pregnancy In the
second and third tnimesters the figures for both serum and
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unne ire much more constant than i early pregnancy
Lorame (1950 4, 1957) found that at this time the values lay
m a range between 4000 and 11000 1u (P=0g9g9) and
suggested that readmgs consistently outside these Iimuts should
be regarded as pathological Fig 16 illustrates the very close
quantitative relationship between unne and serum levels of
HCG  Thus subject will be more fully discussed in the section
dealing with the renal clearance of the hormone (p 91)

The exact time of appearance of HCG m the blood and
urme of pregnant women 1s not yet known with certamty
Aschhein and Zondek (1g927) ongmally reported that the
substance could be detected mn urme within two weeks after
the first missed menstrual period  Levin (1941) studied the
gonadotrophin excretion 1 a patient i whom pregnancy
supervened m the course of 2 normal menstrual cycle He
found that the titre began to increase on the twenty fourth
day of the cycle and that by the thirtieth day the output had
nsen approumately a hundredfold twelve days later the
excretion was some 3000 times higher than that usually
encountered 1 normally menstruating women

At the time of wniting HCG assays by reliable methods have
been reported m only a few cases of multiple pregnancy In
a proportion of the cases studied the excreton has been
sigmificantly higher than mn single pregnancy (Fosco 1943,
Jones et al, 1944)

2 Hydatdiform Mole

It has been known for over twenty five years that patients
with hydatdiform mole tend to excrete abnormally large
quantites of HCG  Earlier 1nvestigations suggested that such
cases could be differentiated from normally pregnant women
on the basis of HCG assays alone  For many years the cnitena
proposed by Zondek (1931) were generally accepted These
stated (a) that a concentration of HCG m a mormmng specimen
of urme greater than 50000 mouse umts per litre was
suggestive of erther mole or chononepithehoma (5) that levels
between 100 000 and 200000 units made the diagnoss
probable, and (c) that concentrations of 200,000 umts or
more were virtually diagnostic of one or other of these con
ditions  Later work however m which results of HCG assays
were expressed m international umts showed beyond all doubt



78 CLINIGAL AIPIICATION OF HORMONE ASSAY

that the overlap of readmngs between normally pregnant
women on the one hand and cases of mole and chorion
cprthelioma on the other was greater than was previous)
supposed and that for this reason Zondek’s ongmal classification
could no longer be regarded as valid

One of the most detaled mvesugations so far reported x
that of Hamburger (1944) who studied the HCG excreuon m
twenty patients with hydandiform mole and expressed s
results m mternatonal units  He found that the output m
ndividual subjects ranged from 6000 to 20 000,000 11 per
Istre, but that 1 over 80 per cent of the cases the readmgs wert
abote 300000 1u per htre In a seres of normally pregnant
women studied at the same time the mean excretton was much
lower than n the cases of hydatdiform mole Howeser, the
difference between the two groups was by no means clear cuf
s mdicated by the fact that a small proportion of the no
subjects (8 per cent of the senes) showed urinary HCG readings
greater than 300,000 tu per ltre  From these observatons
Hamburger {1944} concluded that the quanutative determma
tion of HCG m unine was of only hruted value m the diagnoss
of hydaudiform mole The mformation obtamed by such
assays mry be suggestne but cannot be defimtely diagnoste
of the condition

In uncomplicated cases of mole remoyvd of the latter causes
» sharp decrewse m the unmary excretion of HCG  In Ham
burgers series of cases assays were conducted one month
three months and six months after evacuanon of the molc
In one month the titre had fallen considerably compared with
the pre operative values and was generally well below 30,000
tu per itre in three months actnaty had disappeared from
the urne 1 g1 per cent of cases and m six months ths figure
had risen to 100 per cent  In 2 large senes of cases recently
studied by Hobson (1955) complete evacuation of the mole
caused disappearance of gonadotrophic activity from the unne
within one month

The patiern of HCG excretion 1s very different in cases o
hydatschform mole in whom cowmpl such s d
molar fragments or chononemthcliomn supervenc  Under
such cireumstances senal HCG assays may be of considerable
diagnostic and prognostic 1alue Accordmg to Hamburger
(1944} the presence of compheations should be suspected of
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the excretion of HCG one month post operatively esceeds
30000 1u per hitre If such a titre 15 found semal HCG
determmations at weekly intervals should be performed, and
if a steady rise 1n excretron occurs 1t 1s reasonable to assume
that complications have developed If the output of HCG
one month after removal of the mole 1s already higher than
the pre operative value, the presence of a comphication 1s
almost certain and appropriate treatment should be nstituted

3 Chorionepithelioma of the Uterus
This 15 a relatively rare uterme tumour Fafty per cent of
cases follow hydaudiform mole 25 per cent follow abortion
and 25 per cent occur after a full tme pregnancy The
tumour conststs of actvely proliferating choriomic tissue and
15 assocated with abnormally high levels of HC G in blood and
n urnne  From the quanttatine pomt of view the HCG
excrenon 1n cases of choronepithelioma 1s stmilar to that found
in patients with hydatidiform mole and 1t 1s not passible to
te the two cond by hormone assay alone  The
dragnostic value of HUG assays 1 cases of hydatdiform mele
complicated by chorionepithelioma has been discussed above

4 Chorionepithelioma of the Testis

This 15 a rare highly malignant tumour which 1s ripdly
mvasive  Metastases may occur from a relatnvely small
pnmary growth and these may produce the first symptoms
which call attention to the disease  The tumour 15 denved
from pluntpotential undifferentiated epithehal cells

All mvestigators agree that i patients with this tvpe of
neoplasm large quantities of HCG appear m blood and unne

e subject of hormone excretion in the varous types of
testicular tumour has been reviewed by Twombly (1944) and
by Hamburger (1946) According to Twombly {1944) the
Presence of HCG 1in unne usuzlly provides evidente that the
tumour 15 radio resistant and that the prognosis for the patient
18 very poor Hamburger (1946) succeeded 1n demonstrating
HOG actiaty 1 extracts of tumour tissue and concluded
that the neoplasm itself and not the anterior piturtary was
responstble for the elaboration of the hormone

Vanious workers have reported that patients with chonon
epithelioma of the testis excrete quantities of HGG comparable
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to those found m cases of hydatdiform mole (Ferguson 1933,
Furulyelm 1940} However 1t the tme of wntmg hitle
quantitative mformation 1s available in the hterature regarding
HCG exeretion n this type of tumour  The subject requires
rein estigation usng more rehiable assay methods

5 Feetal Death

Quantititne asays of HCG may be of dagnostc and
prognostic value i relation to the fate of the feetus (Chosson
and Donnet 1934  Rakofl, 1940) Feetal death 15 mdwated
by a progressive fall 1 excretion salues to levels not detectable
by current assav methods In the imestigation of a case of
suspected fetal death sernal estimations should be undertaben
HCG may continue to be secreted by the chorome tissue for
some time after the foetus has dred  Accordingly a positine
pregnancy test obtuned at or near the time of suspected fortal
death 15 not of itself proof that the fretus 1s sull s1able

6 Pre-eclamptic Toxemia

Numerous workers have estimated HCG 1 the blood and
unne of toxemic women but In most mvestgatons repor!ﬂd
the results have been expressed 1 anmal units  and the assay
methads eraployed have not been rehable  From the chimcal
pomt of view nterest has been focused on the possible value
of serum and unnary HOG estmations as a prognostic mdet
m such cases

Smuth nd Smuth {1934, 1039 1941) usmg the corpofd
lutea 551y method in rats werce the first to note that 1 pro
portion of pre eclamptic patents {over 70 per cent of they
sertes) showed abrormally large quantities of HGG m the serumt
when compared with normally pregnant women  The nise i1
serum BCG was ofien obseryed some weehs before the develop
ment of pre echimpstt and the Smuths suggested that this
finding mught serve s a warmng of impending tovermn  In
later work however {Smuth and Smith 1948) they were
forced to the conclusion that the elevation of HCG bore hutle
or no relationship to the seventy of the disease and was therefore
of htile salue m prognoss  Taylor nd Sevdron (1938)
employing the same method of assay 15 that used by the Souths
reported high concentrations of HCG in the unne and serum
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of a proportion of their cases but m many towemic women the
readings were entirely normal throughout the penod of 1
vestigatton  Watts and Adarr (1943) performed HCG assays
i the unne of pre-eclamptic and eclamptic pauents and of
cases of essential hypertension m pregmancy It was shown
that the mean excretion of HCG 1n pre-eclampuc toxemia and
eclampsia was sigmficantly higher than m normal pregnancy
but that cases of essental hypertension n pregnancy also
excreted sigmficantly higher amounts of HCG ~ Watts and
Adarr concluded that abnormalities ix HCG secrenon per se
did not play an 1mportant part m the 2tiology of pre-eclamptc
toxema

A reimy estigation of the problem was undertaken by Loramne
and Matthew (19,0) who used the prostatic weight method to
assay HCG m blood and unne Observations were made
twenty mne patients with pre eclamptic toxzmua mme with
essential hypertension 1 pregnancy and five with essential
hypertension with supennmposed towermz  The pre eclamptic
patents were further subdivided wto three groups—severe
moderate and nmuld The assessment of the seventy of the
torzrma was based mainly on the rapidity of evolution of the
disease and on 1ts response to therapeutic measures Cases
were said to be mild 1f the svmp bsided under
and the patient proceeded uneventfully to term  The disease
was regarded as moderate when there was no apprecable
change 1n the condiion m spite of therapy In the severe
group the course of the disease was fulmunanng 1w some
eclamptic fits occurred and m all cases there was an urgent
mdication for the imnterruption of pregnancy For a diagnosis
of essentral hypertenston 1n pregnancy it was necessary to have
the hustory of hypertension prior to the onset of preguancy or
from the earhest weeks of pregnancy  Another group presented
features both of essential hypertension and pre-eclamptic
toxermia 1 these patents hypertension was already present
1 early pregnancy and the symptoms of pre eclamptic toxemia
appeared after the twenteth week

The results of HCG assays m the five groups of cases are
shown m Figs 18 to 22 and 1n Table V

Tt was found that 1n severe pre-eclamptic tovem:a the mean
unnary excretion and serum concentration of HCG were
sigruficantly ngher than m normal pregnancy (P <o-o1} but

r
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i none of the other groups of patients was 1 significant difference
observed  No correlation could be demonstrated between the
Iigh readings of HCG on the one hand and wny chimical feature
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HCG fesels in essential hyperiension with supermmposed

toxzmuz Open acles denote unmary excretion  closed

arcles denote sérum concentraton  The estmatons for

cach andndual patient are grouped together  {Fiom
Loraine and Matthew 1950 )

such as the presence of ezdema, the degree of alburmmurna and
the height of the blood pressurc on the other It was concluded
that at the present tume routine assay of the unnary and serum
HGG would not be of much nssistance to the climesan n the
management of cases of pre eclamptic tovenmua

% Hyperemesis Grandarum

Varous mvestigators ud Anselmmno and Hoffman
{1936}, Rakofl (1940) and Schoeneck {1942}, have clamed
that patients with hyperemess gravdaraom tend to show
abnormally large quantities of HCG m blood and unne  The
most detailed study 1s probably that of Schaeneck (1942) who
attemapted to adapt the Friedman test for the quanttatne
assay of HCG m urme He reported that patients wath
hyperemests excreted signuficantly larger quintines of HCG
than did normally pregnant women and that a postne
correlation ewisted between the seventy of the somung
and the HCG output  These results were not confirmed by
Loratste {1949 a) who found that the HCG excretion 1 suech
patients lay withm the normal range for the duration of
pregnancy
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mcidence of premature delnery and pre eclamptic toxemia
was ml

(d) Sulbeestrol and progesterone corrected the so called
¢ hormonal 1mbalance and restored the HCG levels to normal
When hormonal therapy was employed the feetal survival rate
rose sharply and the incidence of premature debivery and
pre eclamptic toxzmua fell correspondingly

In a sentes of mnety eight patients showing hormonal
mnbalance * and not recewving therapy the feetal survnval rate
was only 52 per cent, the mmcidence of premature delnery was
33 per cent and of pre eclamptic toxemra 33 per cent These
figures were 1 marked contrast to the results obtamed m 380
patents in whom the  hormonal balance was corrected by
substitution therapy In this latter group the feetal survival
rate rose to go per cent, premature delivery occurred i 17
per cent and the mncidence of pre eclamptic toxzma fell to
7 per cent

Other groups of mvestigators have failed to confirm White s
claims with regard to the diagnostic and prognostic value of
HCG assays m pregnant diabetics For example keliz et al
(1950) m a series of thirty patients, were unable to show that
the serum HCG concentration bore any relationship ether to
the occurrence of feetal death or to the development of pre
eclamptic toxemia In the expernence of these workers com
bined therapy with cestrogens and progesterone did not affect
the serum concentration of HCG m the third tnimester of
diabetic pregnancy

Loramme and Matthew (1954) have recently studied the
urmary excretion and serum concentration of HCG 1n fifty two
pregnant diabetics  The hormone was assayed by the prostatic
weight method m rats and results were expressed i terms of
the international standard Readings for both serum and
urme were considered to be abnormally high if they were
consistently above 11 00011 m the second and third trimesters
of pregnancy In the carhier stage of the mnvestigation oral
stilbcestrol was admunistered to those patients showmg an
abnormally high excretion of unnary HCG  Durning this tume
stx out of fourteen cases were so treated In the later stages of
the study no hormonal therapy was given wrrespective of the
HCG readmngs m blood and urme

The results obtaned by Lorame and Matthew (1g54) did
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8 Diabetic Pregnancy

Although the introduction of msulin greatly reduced the
maternal mortality rate mn diabetes melltus, the feetal mortality
has not shown a corresponding dechme  The high feetal loss
rate remams the mam problem in pregnant diabetics and
some series of cases the mortahty has reached 50 per cent
It 1s not surprising, therefore, that considerable interest has
been aroused by the claims made by Whate and her collaborators
m Boston (White, 1947, 1952, White and Hunt, 1943) thata
very significant reduction 1n the feetal mortality rate in dabetic
pregnancy (from 50 per cent to approximately 10 per cent)
can be obtamed with hormonal therapy The therapy for
White’s patients consisted of the parenteral admumstration of
cestrogens and progesterone, these substances were given to
correct a so called hormonal imbalance which was charac
tensed by an abnormally high serum concentration of HCG
and an abnormally low excretion of wrinary pregnanediol
HCG was assayed by the corpora lutea method m rats The
method of assay of pregnanediol i1s described in Chapter %
along with the results obtained

White (1952) has publshed her expenence with ths
therapy 1n 525 pregnant diabetics studied over a fifteen year
penod  Sulbcestrol and progesterone (Proluton) were admmis
tered parenterally in a gradually increasing dosage throughout
pregnancy to those patients showing hormonal 1mbalance
The dosage schedule employed was sumilar to that used by the
Smths 1n the treatment of patients with pre eclamptic tosemsa
Approumately 10,000 esimations of serum HCG were made
in the 525 cases From her studies White (1952) drew the
following conclusions

(a) Ninety one per cent of the patients showed an abnor
mally Ingh serum HCG concentration

(#) Estmation of the serum HGG was of considerable
diagnostic and prognostic value m these patients because 2
mse of serum HCG often preceded obstetrical complications
by some weeks

(¢} Only m patients with an abnormally high serum HCG
concentration did obstetrical acardents and complications occur
In forty seven patients m whom the serum level was wathin
normal limts, the feetal survival rate was 96 per cent and the
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not agree in three respects with those of White and her
collaborators

(e) It was found that, as compared with White’s senes, 2
much smaller proportion of diabetic patients showed abror
mally lugh HCG readings 1n blood and urime  Ofthe forty mne
patients in whom estimations of urinary HCG were undertaken,
only fourteen (29 per cent) showed abnormally ngh figures
while of the thirty seven patients 1 whom the serum con
centration of the hormone was estimated only ten (27 per cent)
were above the normal range In the total seres of fifty two
patients lugh levels of HCG erther 1n unmne or mn serum were
found 1n seventeen cases only (33 per cent )

{6) When the sertes of cases studied i Edinburgh was
analysed to show the relationship of HCG levels to obstetric
complications, 1t was found that feetal death pre eclamptic
toxemia and premature dehvery were just as hikely to eccur
m pregnant drabetics with normal HCG readings as m those
with abnormal levels

(¢) Stlbeestrol produced only 2 temporary fall in the HCG
excretion in pregnant diabetics (Loraine 1949 4) Consistent
depresston of the output by prolonged cestrogen therapy was
not obtamed even when large doses of stlbaestrol (100 to 200 mg
per day) were admmustered The mtial depression was soont
followed by an escape phenomenon and the readmgs tended
to return to thewr origmal level while the patient was sull
receving cestrogen therapy Typical results in two pregnant
drabetics treated with stulbeestrol are shown m Figs 23 and 24

In Fig 25 15 shown the urmary excretion of HCG mn
twenty five pregnant diabetics to whom hormonal treatment
was not given It will be noted that in this series of patients
the majorty of readings lay within the normal range

It can only be assumed that the differing results obtamed
by the varnous groups of mvestigators for the HCG levels
pregnant diabetics must depend to a large extent on the methods
of assay employed Mention has already been made of the
grave disadvantages of the rat corpora lutea test as used by
White and her collaborators In the assays conducted by
these workers the relative potency was not expressed 1n terms
of the imnternational standard for HGG but 1n ‘ rat units  per
100 ml of serum  Accordingly 1t 1s doubtful if any quantitative
significance can be attached to the results obtuned
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RENAL CLEARANCE OF HCG IN NORMAL
AND ABNORMAL PREGNANCY

As noted previously (p 74) the urmmary excretion and
serum on of HCG ft charactenstically during
normal pregnancy This fluctuation mught represent alterations
i the rate of formation, i the rate of destruction or in the rate
of excretion of the hormone In an attempt to gan further
mformation on this problem Gastneau ef ol (1949) studied
the renal clearance of HCG n normally pregnant women and
wm patients with hydatidiform mole and testtcular tumours
The method of assay of HCG depended on the ovanan
hyperzmia response m rats, remal clearance was calenlated
by the formula UV/B* and was expressed as rmilhilitres per
minute These workers reported a mean clearance m normal
pregnancy of 0 36 ml per mm and also found that the mean
clearance 1n the first trimester of normal pregnancy did not
differ significantly from that obtained 1n the second and third
tnimesters  From available data Gastineau ef al (1949)
calculated that the renal clearance mn a semes of patients
studied by Smuth and Smuth (1939) was o 85 ml per min
and that obtamned by Taylor and Scadron (1939) was 0 44 ml
per min  Such very low figures for clearance are typical of
proteins in general
Lorame (1950 &) using the prostatic weight method of
assay, eshmated the HCG clearance m normally pregnant
women patents with pre eclamptic toxmmua, pregnant
dhabetics, cases of essential hypertension m pregnancy and
patients with hypertension and supertmposed toxemia In all
groups of cases the mean clearance was found to be less than
1 ml per mun In normal and diabetic pregnancy consistent
figures for clearance were obtained in the three trimesters
Accordingly 1t appeared reasonable to conclude that varations
m HCG lewels dunng pregnancy probably represented
alterations 1n the rate of production and destruction of the
hormone and were not the result of differences 1n the renal
excretion
The pre eclamptic patients were classified on a clincal

1U =Concentration of the hormone 1n the urne
‘olume of urine secreted per minute
B= Concmtrauon of the hormone 1 the serum
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RENAL CLEARANCE OF HCG IN NORMAL
AND ABNORMAL PREGNANCY

As noted previously (p 74) the urnary excrenon and
serum ation of HCH charactenistically during
normal pregnancy  This ﬂuctuatxon mght represent alterations
i the rate of formation 1n the rate of destruction or m the rate
of excretion of the hormone In an attempt to gan further
mformation on this problem Gastineau ef al (1949) studied
the renal clearance of HCG m normally pregnant women and
m patents with hydatidform mole and testicular tumours
The method of assay of HCG depended on the ovaran
hyperzma response 1n rats  renal clearance was calculated
by the formula UV/B?® and was expressed as millihires per
munute  These workers reported a mean clearance i normal
pregnancy of 0 36 ml per mun and also found that the mean
clearance mn the first trimester of normal pregnancy did not
differ sgmficantly from that obtamed i the second and third
trimesters  From available data Gastineau ¢ al  (1949)
calculated that the renal clearance 1 a series of patients
studied by Smuth and $mth (1939) was 085 ml per mun
and that obtamned by Taylor and Scadron (1939) was o 44 ml
per mun  Such very low figures for clearance are typrcal of
Pproteins n general

Lorame (rg50 &) usmg the prostatic weight method of
assay, estmated the HCG clearance in normally pregnant
women patients with pre eclamptic toszma  pregnant
diabetics cases of essennial hypertension m pregnancy and
patients with hypertension and supenimposed toxemia In all
groups of cases the mean clearance was found to be less than
1 ml per min In normal and diabetic pregnancy consistent
figures for clearance were obtamed 1n the three trimesters
Accordingly 1t appeared reasonable to conclude that vanations
m HCG levels during pregnancy probably represented
alterations 1n the rate of production and destruction of the
hormone and were not the result of differences m the renal
excretion

The pre eclamptic patents were classified on a chmcal

1 U =Concentration of the hormone 1n the urine
V=Volume of urme secreted per minute
B =Concentration of the hormone 1n the serum
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basis mto three categortes—muld, moderate nd severe In the
mild nd moderate cases the mean clearince did not differ
significantly from that sn normal pregnancy  Simlar results
were obtamed 1 patents with uncomplicated  essential
hypertenston and . cases showmng essential hypertension with
supenmposed toxverua  In the severe pre eclamptic group,
however the mean clearance was significantly lower than that
n normal pregnancy This obsenation 1 probably merely
another mdication of the renal damage frequently found m
severe cases of pre eclamptic tovemia

In the stdies reported by Lorame (1950 &) a close quantts
tve sumilanity was noted between the urmary and serum
concentration of HCG  In alf types of case the mean
urnefserum concentration rato was pproumately umty In
the series of patients mvestigated by Gasuneau ef of (1949)
the figures obtamned for the urmary excretion of HCG were
quantitatuely very simalar to those obtmmned by Lorame
(1950 6) but therr serum concentrations were much highes,
aeraging 3 of times the concentration n the urme Diczfalusy
and Lorawe (1g5,) suggested that this discrepancy might
result from the use of different assay methods by the two
groups of workers  The precssion of the oy artan hyperemia
test as used by Gasuneau of af (1949) i refatnely Jow
(Table 1H) and it 15 difficult to evclude the possibility that
the figures obtamed by this method for the concentration of
HCG m pregnancy serum m7y be erronecusly high  Such 3
enicism does not appear to apply to results obtamed usmg
the prostatic weight techmgue

CONCENTRATION OF HCG IN THE PLACENTA IN
NORMAL AND ABNORMAL PREGNANCY

Smuth and Sputh ( 5935} found that placentz from toxemic
patients had a sigmficantly greater concentration of HCG than
those from normally pregnant women Varons m estigators
have demonstrated a considerably hugher HCG concentranon
in placentz obtained during the early weeks of gestation when
compared with those d 1 late pregnancy By far the
most carefitl stady of the HCG concentration normal human
placente 55 that of Dicafalusy (1953) This worker who
expressed results i mterninonal umts found that the placental
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concentration of HCG was maximal 1 the second and third
months of pregnancy (corresponding to the peak period m
blood and urne), fell rapidly 1n the third and fourth months
and from the fifth month onwards was relatively constant
remaummng below 20 1u per g

Lorane and Matthew (1953) esumated the placental con
centranon of HCG m normal  diabetic and toxemic pregnancy
They found that the placental HCG concentranon did not
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Placental concensration of HCG 1 subjects with an
uncompl cated pregnancy and vagial delivesy  (From
Loratne and Matthtio 1853

differ significantly between normal patents delrvered by the
vagmal route and patients delnered by Cmsarean section for
purely obstetrical mmdications In cases with moderate and
severe pre eclamptic toxermma and in diabetic pregnancy,
however the mean figure for the HCG concentration was
significantly higher than that m the control semes but i
Ppatents with muld pre eclamptic toxemia the mean figure did
not differ sigmificantly from that m the control semes The
results obtamed mn the different types of case are shown m
Figs 26 to 29 and n T=ble VI
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Tasre VI

Pracewtar Concentration or HCG v Norman
AND ABVORMAL PREGNANCY
(F om Lora ne and Vatthew 1953}

Trpe of Case

Vncomplicated pregnancy
with vagsnal dehyery

Casarean section (obstetrt
«al abnormalit es)

Severe pre eclamptic tox
mia and eclarapsia

Moderate pre ectamptic
toxem a
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HCG iujg wet weight
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Tasre VI
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(From Lorawne a d Matthen 1953)
Mean HCG
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Type of Case of tion e U perx
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Wet v gl |Loganthm | Wet Weight
Uncomplicated _pre o6
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3 9 t0 7 73
cal abnormal lxc(s) * ®
Severe pre eclamptic tox 6 68 ot
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Moderate pre eclampt ¢ © 70 ot 344t 933
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Sumvary aND CoNcLusions

Many bio assay methods for the quantitati e determunation
of HGG 1 body fluids have been descibed  The most sats
factory techniques at present avatlable are those depending on
the prostatic weight an rats or on the expulsion of spermatooa
m amphibia  The success of the ovaman hyperzma test m
rats appears to depend to a large extent on the stramn of ammal
employed  Care 1s necessary n the selection of assay methods
for estmaung HUG i pregnancy serum 1n order to avord a
overestimate of potencv

In bydatdiform mole and chononepithelioma of the nterus
HCG lesels in blood and urme are generally igher than those
i normally pregnant women, but the difference between the
two groups 1s not clear cut

In severe pre eclamptic toxzmia the mean figures for the
urmary excretion and serum concentranon of HOG are
sigmficantly igher than those m normal pregnancy, but m mid
and moderate pre eclamptic toxema and 1n essential hyper
tenswon n pregnancy the figures do not differ sigificantly from
those 1n normal pregnancy There 15 no apparent correlanon
between the HCG levels and any chmical feature of the disease

In diabetc pregnancy approximately g0 per cent of
patients show abnormally high readings of HCG i serum and
urine  There 15 however, no correlaton between the HCG
levels on the one hand and the medical and ohstetncal findings
on the other  Stilbeestrol when admimstered to diabetic women
causes 4 transtent fall 1 the unnary excretion of HCG

In all cases the mean renal clearance of HGG 15 less that
1 ml per min  In normal and diabetic pregnancy constant
figures are obtamed m the three tnimesters of pregnancy  The
mean cle srance m severe pre eclamp 15 sigmuficant!
lower than m normal pregnancy

In moderate and severc pre eclamptic tovzmia and 1o
diabetic pregnancy the mean placental concentration of HCG
1s significantdy gher than m normal subjects
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CHAPTER IV
Thyrotrophin
INTRODUCTION

HIS hormone 1s elaborated by the anterior lobe of the

prturtary and controls the activity of the thyroid gland

Other names for thyrotrophin are the thyrotrophic hormone
and the thyrord stimulating hormone {TSH)

1 Chemrcal Nature of Thyrotrophin

Thyrotroplun was first extracted from bowine pituitary
glands by Loeb and Bassett m 1930 Since then considerable
progress has been made in the punficatton of the hormone
The preparation made by Ciereszko and White (1942) was a
white powder which was fieely soluble m water  the substance
was shown to behave as a pure protein m electrophoretic and
solubility studies The molecular weight of the hormone was
estimated to be 10 000

2 Thyrotrophmn and Exophthalmos producing Sub
stance (EPS)

It has been known for many years that antertor piturtary
extracts when admimstered to ammals produce both thyroid
hyperplasia and exophthalmos and 1t has been generally
assumed that the two effects are due to one and the same
substance namely, thyrotrophin  This view has recently
been challenged by Dobyns and his associates (Dobyns 1946 ,
Dobyns and Steelman 1953) as a result of their experiments
on prtuitary extracts 1hese workers assayed TSH by a
‘ariety of methods in day old chicks and EPS by the degree
of exophthalmos produced m the Atlantic munnow Fundulus
heterochtus  They found that in many cases the two activities
did not run parallel and showed that 1t was possible to separate
TSH from EPS m these extracts by a method depending on the
s 1 solubility of the two sub: m trichloracenic acd

In view of these observations 1t 1s obvious that an attempt

e, oy




100 CLINICAL APPLICATION OF HORMONE ASSAY

should be made to develop a techmque for the of
exophthalmes producing subst m the body flusds of man
Assays of EPS and TSH should sf possible be conducted on the
same patents The nformation obtamed from such assay
mught well provide valuable information in relation to the
enology of climcal exophthalmos

3 The International Standard for Thyrotrophn
This wis recently established by the World Health
Orgamsation. (Mussett and Perry, 1955) One intemnational
unit 15 defined as the actnaty contamed m 135 mg of the
mternational standard  Results of all assays for thyrotroplus
should now be expressed m terms of the standard preparation
Ammal wnats such as those descrsbed by Junkmann and
Schoclier (1g32) nd Heyl and Lagueur {1g35) should no
longer be used

METHODS OF ASSAY OF THYROTROPHIN

A very large number of b assay methods for TSH have
been described 1 the last two decades  Many of the techmques
are capable of estimating the thyrotrophin content of pituitary
extracts but few are sufficiently sensitnne to measure the small
quantittes of the hormone present 1 human blood and unnt
There 1s at present a great need for a rehable method of TSH
assay winch would be surtable for relatwely wide chnucal
apphication  Such a procedure would enable chmaans @
correlate the TSH levels 1n blood and urine with other objectse
assessments of thyrord function such as those obtamed by
radio ;sotope studies and by the estimation of the blood
concentration. of protem bound odine  These combned
studies might well gne new and mterestng nformatiod
regarding the zticlogy of such conditions as primary Graves
disease, secondary toxic nodular gottre, pre tbial myxedem?
and vanous forms of hypothyroidism  Furthermore such
1ms estigations mught provide data by means of which new and
more satisfactory forms of therapy could be wntroduced for
patients suffexing from these diseases

In the assay methods proposed by 1arious imestigators five
maun expersnental armals have heen used  These are (1) the
chick, {2) the gumnea pig, {3) the rat (4} the mouse and (5} the
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tadpole  For further information on the present position of
TSH assay the reader 1s referred to review articles by Turner
(1950) Gaddum and Lorame (1950), Tala (1952), Lamberg
{1953) and Wahlberg (1955)

1 Methods employing Chicks

The thyroid of the one day old or two day old chick 1s one
of the most widely used test objects for the assay of thyro-
trophin  In general, assays 1n chicks are rather more sensitive
than those 1n rats mice and gunea pigs However as
emphasised by Lamberg (1953) and by others such methods
require ngid standardisation of technique during their per
formance Among the many factors which will mfluence the
response are the stram weight sex and age of the chich, the
environmental temperature the mtensity of illurmnation the
geographical location and the diet The followng indices of
response m the chick thyroid will be considered

(4) Tuyrorp WergHT —TSH will increase the weight of
the chick thyroid and this assay method was onignally proposed
by Smelser {1g37) for the estimation of the thyrotrophic potency
of beef pitutary extracts The method 15 time consuming and
18 too wsensitive for use 1 the chmucal field

(6) Aaivar CeLL Heorr —In 1940 Rawson and Salter
described a microluistometric method m which the end pont
of the assay depended on the ability of TSH to cause an mcrease
i acinar cell height The techmque 1s very laborious as over
100 successive acimi must be examined i each section It has
however, been claimed that the method 1s sufficiently sensitive
to detect the presence of the hormone 1 human urine

(c) lopine Conrent —Thyrotrophin mcreases the uptake
and turnover of 1odine by the thyroid gland and various assay
methods have been devised dependmg on this effect Most
workers now employ radio actwve sodine (1) m preference to
mert 1odine and 1t 1s usually advisable to pre treat the chicks
with thyroxine 1n order to mhubit the secretion of endogenous
TSH  One of the most p g hods 15 that desenbed
by Gillland and Fraser (1953) This depends on the discharge
of 1 from the thyrord gland of the one day old male chick
which has been pre treated with thyroxme The techmique 15
both simple and rapid and 1s clammed to be capable of estimating
TSH 1n the blood of normal subjects
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{d) Puaserorus Uprakr —1t 15 sell known that TSH will
inerense the upthke of phosphons by the thyroid gland  Assay
methods for the hormone based on the uptahe of * P hase been
described by Lamberg (19537 1nd by Crooke and Matthews
(1953) Such techmques are rymd stmple and reasonably
spectfic, but 1t 15 doubtful if they are sufficently sensitive for
use m the chnrcal field

2 Methods employing Gunea pigs

Obsenvations can be based on the werght of the thyrod
on lustalogical changes on the uptake of 2 P and on the
discharge of 3311 The following methods wall be connidered

{8} Acwar Czur Hmwowr —This 13 a mucrohistometac
procedure which was introduced by Rawson and Starr (1938)
and depends on the abihity of TSH to cause an merease m the
hesght of the epithelal cells brung the anm  In sts orgmad
form the techmque 15 too mnsensitive for studies ;m man

(5) Percenrace or EprrmEnion ~Uctila and hannas
(1952) and Tala (1952) have recently described 2 method for
the quantitatie estmation of TSH which mualves determusa
tion of the relative proportion of epithehum collord and stroma
i the thyroxd  These components are measured along crossed
straight hnes drawn at random m 2 section projected at high
magnification  The percentage of epithelum 18 behered to
give a smore sapsfactory index of thyrod activity than the other
components  According to Tala (1952) this method
extremely senmtne and will detect s bitde 23 o ooony of &

Junkmomm Schoeller umt  of TSH?® Chmcal stadies with
this techmque will be awaited with interest

{¢) IntraceLLoLAR Corrom DrorLkrs —de Robertis and
del Conte {1944) developed a exy sensise assay method fof
TSH depending on the determunation of the number of
collond droplets in the cells of the gunea pig thyrod  Ths
techmque 15 almost certanly not specific for TSH and should
no longer be used

(4) Rapto acnve Ioptve Disesarce —JIn this procedur®
winch has been devised by Adams and Purves (5g55) the

Yo~
e S Sehocllr Ut 38 ) s e hmetopes
Feaction 1 ODE Out of two gunea pigs weighng between 100 and 150y W 4
the d of the standard for phen such 2 wut
hosld 1o langer be used
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secretion of TSH from the ammal s own piturtary 15 mhibited
by the admumistration of thyroxine and the thyrordal 10dine
15 labelled using ¥  In ammals so treated the nse in the
radio activity of the blood following the mtravenous injection
of thyrotrophin 15 a measure of the amount of thyrotrophin
mjected  The method 15 simple, speafic and reasonably
precise By 1ts use the authors have been able to detect TSH
actvity m the plasma of thyroidectomised rats and m that of
rats treated with methyl thiouracal  It1s not yet known whether
the techmique 15 suitable for studies m patients

3 Methods employing Rats

In general, assays employing mtact or hypophysectomised
Tats are less sensitive than those depending on chicks guinea
pigs and tadpoles, and for this reason such techmques have not
found wide use m chnical studies  Varous mdices of response
have been used including thyroid weight thyrod histology

3] uptake, * P uptake and the ncrease m basal metabolic
rate

4 Methods employing Mice

Quendo ¢t al (1953) have described an assay method for
TSH which depends on the 1311 uptake of the thyrotd 1n female
nuce which have been pre treated with 1odocasem i order to
reduce glandular activity  The method 1s simple and precise
but 15 relatively e Tty t possible to employ
1t i climical studies provided that blood concentrates

rather than untreated serum are admmstered to the test
ammals

5 Method ploying Tadpol

D Angelo and his co workers (D Angelo ¢ af, 1942 1951)
hase used the starved or stasis Rana puprens tadpole for the
assay of thyrotrophm  When tadpoles are starved thyroid
atrophy and metamorphic stasis ensue  resumption of
development occurs after the mtrapenitoneal administration of
either thyrord hormone or TSH In the assay method of
D Angelo et al (1942) two end pomts are measured, viz,
thyroid cell herght and hind limb extrusion  The former 15
considered to be produced by TSH alone and the latter by
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1 combimtion of TSH 'nd thyroid hormone A typrcal
dose effect care using both mdices of response 5 shown m
Fig 30

It claumed that in a given sample of blood the concentra
tions of bath hormones can be determined and that this method
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Lok dose response curves mdicating the merease 1 thyroid
cell haght (contmuous Tine} and the extension of hind humbs
(mterry hne) m the stass  tadpole with intreasing
doses of TSH  Cell haght at each powmt is based on counts
m 6o g ammal  horizomtal bars on ardinate represent
values wn control ammals  (From D Angelo etal 1951 )

may be used to accumulate mformation on the mterrelation
ships between the pmituuary and the thyrowd m health and
disease
Thas hmque 13 tune and laborsous the
expenimental peniod bemg fifieen days  However, 1t has the
advantage of great senmtivity and will measure as hitle @5
00005 of a Junkmann Schoeller umt of TSH D Angelo
et ol {1951) and Asboe Hansen ¢ of (1952) have used the
stasts  tadpole method to estimate the serum concentration of
TSH 1 patients with normal and abnormal thyrad function
Therr results wall be discussed Jater i this chapter
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6 General Conclusions regarding Thyrotrophin Assay
Methods

None of the existing methods 1s switable for routine climeal
use, but a2 number of them may be of imited value i research
centres  The introduction of an international standard pre
paration for TSH should make the assays more reliable  The
most promusmg tests from the pomnt of view of their climcal
applcation are those dependmg on I discharge mn chicks
and gumea pigs on the percentage of emthelum mn the
guinea pig thyroid and on the thyroid cell height 1 starved
tadpoles The method depending on 131 uptake m mice can
also be used i the chncal field if the blood extracts are
concentrated prior to bio assay

METHODS OF EXTRACTION OF THYROTROPHIN
FROM BODY FLUIDS

Thyrotrophin 15 present 1 the blood and urine of human
subjects 1n very low concentrations and accordingly bio assay
methods of great sensivity must be used m chmeal studies
Although 1t 15 claimed that certam methods are sufficiently
sensitne to detect the presence of the hormone n untreated
serum 1t 15 probable that more satisfactory results would be
obtaned 1f the blood and urnne were extracted and con
centrated prior to admimstration to the test ammals At
present httle quantitative information is available on the
yields of thyrotrophin obtained by the different extractron
methods I urther work 1s necessary on this important problem

1 Urine

Reports by earlier mvestigators that TSH acuvity could
be detected following the admimistration of untreated urine
to experimental ammals were not subsequently confirmed
and most workers now agree that concentration methods
should be employed Many of the techniques proposed are
the same as those used for the preparation of pitwtary
gonadotrophins from urine and include such methods as
alcohol and acetone preapitation tanmc acid precipitation
and benzoic acid adsorption  Jones (1939) mn a careful study
compared the efficacy of various extraction methods ISH
was added to Ppooled yrine and the urine was then extracted



104 CLINICAL APPLICATION OF HORMONE ASSAY

v combinition of TSH 1nd thyrowd hormene A typieat
dose effect cune using both mdices of response 15 shown m
Fig g0

It 1s clamed that i a grven sample of blood the concentra
tions of both hormones can be determned and that this method
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Log dose respanse curves mdicating the ancrease 0 thyroid
cell height {continuous fine) and the extenmnon of hind limbs
(mterrupred line) m the  stams  tadpole wath increaung
doses o Cell hesght at each peint 1s based on counts
w6 to g ammals  horzontal bars on ordinate represent
values an contral ammals  (From D Angelo 28 ol 1951 )

may be used to accumulate snformation on the mterrelation
ships between the pitutary and the thyrowd n health and
disease
This hmque 55 tune g and lab the
expenmental peniod bemg fifteen days  However, 1t has the
advantage of great sensitivity and will measure as lttle as
00005 of a Junkmann Schoeller umt of TSH D Angelo
et o] (1951) and Asboe Hansen ¢f of (1952} have used the
stasss > tadpole method to estimate the serumn concentration of
TSH 1 patients with normal and abniormal thyrod function.
Therr results will be discussed later in this chapter
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the few mestigations so far reported workers have generally
been unable to estimate thyrotrophin in the unne of normal
mdividuals or 1n cases of thyrotoxicosis but have detected 1its
presence 1n the urine of patients with myxcedema It 1s not
yet known wath certainty what proportion of thyrotrophin can
be recovered from the unne after the parenteral administration
of the hormone to normal subjects or to patients with various
forms of thyroid disease

2 Studies on Blood

The most careful myestigation of the serum concentration
of TSH m normal and pathological conditions so far reported

3
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THYROIDISM  THYROIDISM PATHY
Fic 31

Companison of metamorphuc and thyroid stmulating act 1ty of sera
under normal and pathological conditions tn man  On the abscissz are
shown the individual cases comprising the normal senes and the clucal
groups of patients The height of the open bar ndicates the mean
thyroid cell he ght 1n the test ammal  The height of the darkened bar
refers to the degree of hind hmb extension produced by the same sample

serum  The proporton of total wncrease due to the effect of the
thyro d alone can be calcu! ted by subtractng the hind hmb extension
correspond ng to the thyro d cell height (Ko D Angelo et al 1951 )

15 that of D Angelo ¢t al (1951) These workers used the
stasis tadpole techmque by which 1t 1s possible to measure
both TSH and thyroid hormone m a gnen sample of serum
Therr results are shown m Fig 31
1t will be noted that in normal serum TSH activity although
Present was relatvely low while thyroxd hormone actiaty
was relatively mgh  In three cwses of acromegaly blood titres
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m different ways  The potency of the final extracts was
determmed biologically using the thyrod of the one day old
chich Tt was found that methods depending on ssmple alcohol
or acetone precipitation gave more satisfactory yelds of the
hormone than those mvohing tanme acid precipiation er
henzoiwc acid adsorption It would be of considerable mterest
to repeat these observations using the more sensitive bio-assay
methods for TSH which have recently become avaable

2 Blood

D Angelo e al (1951) and Asboe Hansen et al (1952)
have used the stass tadpole techmuque to assay TSH and
have found that this method s sufficiently senstave to detect
the presence of the hormone m untreated serum The total
dose of serum adminuicred per ammmal s approumately
o2 ml spread over the six day myection perod

Quendo and his co workers (Quendo ef ol 1953, 193%
Lamesger ef af 1955) have described a method of assay for
TSH depending on the accumulation of 13 by the thyrod
m mice which have been pre treated with odocasem  The
techmgue 15 much less sensiise than that muolving tadpoles
and negatnve results are obtamed when untreated serum 8
igected  Howerer these workers have developed methods
for concentratng the serum and have been able to detect
TSH activity i human blood by the admumstration of such
concentrates to the test ammals  The method of extraction
used was simular to that employed by Cohn ef al (1946)
fractionation studies on plasma protems and congisted of
alcohol precrp on at low peratures combined with M
adjustment By means of this techmque 1t was possible 10
show that thyrotrophic actmity when present wis entirely
confined to the £ globuhn fraction

THE CLINICAL APPLICATIONS OF
THYROTROPHIN ASSAY
t Studies on Urine
Lattle 13 at present known regarding the urmary excretior
of TSH m henlth and disease and further mformation on ths
smportant subjeet must awat the development of more salis
frctors methads of extriction 1nd 1551y of the hormone 18
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the few mnvestigations so far reported workers have generally
been unable to estmate thyrotrophin in the unne of normal
mdividuals or 1 cases of thyrotoxicosss, but have detected 1ts
presence m the unne of patents with myxeedema It 1s not
yet known with certamnty what proportion of thyrotrophun can
be recovered from the urmne after the parenteral admmstration
of the hormone to normal subjects or to patients with varous
forms of thyrord disease

2 Stuadies on Blood

The most careful mvestigation of the serum concentration
of TSH m normal and pathological conditions so far reported

2

K
3
s
o
z T
e &
i L
o L I 1 1
2 5] ‘ | | =
H B
ER Rl e S
: M
: ,
12y & IERE] O [TKE) 0 z
NORMAL ACRO $IMM HYPO- HYPER OPHTHALMO
THYRQIDISM  THYROIDISM FATHY
Fic 3t

Comparion of 1 etamorphic and thyroid stmulating act 1ty of sera
under normal and pathological conditions in man the re
shown the ndividual cases comprising the normal senies and the clinical
groups of patents The height of the open bar ndicates the mean
thvroid cell height 1 the test ammal  The height of the darkened bar
refers to the degree of hind hmb extension produced by the same sample
of seru roportion of total wncrease due to the cffect of the
thyro d alone can be calculated by subtracting the hund bmb extension
correspanding to the thyro d cell height  (From D Angelo etal 1951)

15 that of D Angelo ¢t al (1951) These workers used the
stasis  tadpole techmique by which 1t 1s possible to measure
both TSH and thyroid hormone m a given sample of serum
Therr results are shown i Fig 31

It wall be noted that 1n normal serum TSH activity although
present was relatively low while thyroid hormone activity
was relatively lngh  In three cases of acromegaly blood titres
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of TSH were nerersed approumately aghtfold over those
m normal subjects while thyroid hormone levels were wathin
the normal range  Nesther thyrod hormone nor TSH
was demonstrable 1 the serum of three patents with
panlypopsiuttersm. In ten cases of mywedema blood thyrod
Tatons were 1y low, but TSH atres fluctuated
greatly, bemg within, above or below the normal range
In some of these cases hormone assays were conducted before
and after treatment with thyrod extract, it was shown that
chimcal mmprovement of the condition was sometimes but
not always associated with a return of the hormone letels
to normal In ten cases of thyrototcoss abnormally high
thyroid hormone concentrations were usually found in con
yumction with normal TSH values In eght patiems with
exaphthalmic ophthalmoplegia the blood levels of both thyrod
hormone and TSH were essenually normal
Asboe Hansen et ol {1952}, using a sumilar assay method,
have studied the serum concentrauon of TSH m normal
t and m g with exophthalme ophthalmopl
They were unable to demonstrate TSH actisty in normal
serum but found appreciable quantities of the hormone m
nine out of ten cases of exophthalmic ophthilmoplegia  The
season for the divergent findings reported by D Angelo « of
(1951) on the one hand and by Asboe Hansen e of (1953}
on the other 15 at present not clear but 1t 15 possble that the
discrepancy wall be explamed on 2 methodological basis

SummARy anp ConeLusions

A large number of hio assay methaods for thyrotrophin have
been described but none of these 1s sustable for routne use
mn the chmcal field Among the more prormsing techniques
from the pont of view of sensitivity are those depending on
1917 discharge 1n chicks and gunea pigs, o ¥ uptake 1 mice
on the percentage of eputbeliom  1n guinea pigs and on the
thyroid cell heaght m starved tadpoles

Further work 1s necessary on methods of extraction of TSH
from blood and from urme

Abnormally high serum TSH Jevels have been reported
myxcedensa and 1 acromegaly  In Graves disease the values
has ¢ usually been within the normal range
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CHAPTER V
Adrenocorticotrophun

INTRODUCTION

THLS hormone 15 elaborated by the antenior lobe of the

prtuntary and controls the secretory activity of the adrenat
cortex Other names for adrenocorticotrophm  are

corticotraphun and the adrenceorticotrophec hormone (ACTR)

1 Chemucal Nature of ACTH

There has been much controversy on this subject i recent
yews In rg43 Lyet of and Sayers ¢t al 1solated from sheep
and ox prtustarses respectively proteins which were homo-
geneous by  sechimentation electrophoretic  and  solubiity
studies  The physicochemacal properties of the two sabstances
were similar and the molecular weight of both compounds
was approximately 20 oo at that time the substances were
regurded 2s pure protens Subsequently, however, certam
imestigators sncluding Ls (1949), Payne ot ol (1g50) and
Morns and Morns {1950} were able to prepare from amu
puuttaries matenial of considerably hugher biological acuit
than these two protems  In wview of this findeng 1t appeared
Justifiable to conclude thar the true hormone was probably
not a proten but had the composition of a polypeptide having
a very much Jower molecular weight than was previously
supposed  Recently Harns and Ly {t954) have shown that
sheep ACTH 15 a polypeptide with thirty mine amino acd
resdues and with a molecular weight of approvimately 4 500
n a subsequent communscation Ly ef al {1955) clamm 10 have
clucidated the complete aminoe aed sequence for thus hormone
Bell and s assocsates (Bell 1954, Howard et o, 1955) have
conducted an extensne study into the structure of corticotrophin
dernved from hog pitntaries 7 hese worhers were also able o
determme the entire amuno aed sequence for this substance

110
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and found that 1ts chemical properties were similar to those
reported by La et al (1955) for sheep ACTH

1t should be emphasised that, at the time of wntmg, little
or no information 1s avaiable regarding the chemical nature
of the corticotrophin m Auman pitmitary tissue

2 The Number of Adrenocorticotrophic Hormones

Stack Dunne and Young (rg51) assayed pitwitary ACTH
m hypophysectormsed rats by two different methods, onc
depending on adrenal weight repair and the other on adrenal
ascorbic acid depletion  They found that the rato of activities
as determined by the two tests vaned greatly i different
preparations studied It was suggested that the results obtamed
were 1n keeping with the view that the mitwtary elaborates
two adrenocorticotrophic hormones which were designated
respectively the adrenal weight factor (AWF) and the ascorbic
acd factor (AAF) The views of Stack Dunne and Young
(1951) have been challenged by Astwood ef ol (1952) and by
others who beheve that the differences i biological actwvaty
can be explamned by differing rates of absorption of ACTH
from the site of myection It 1s clear that further work on the
chemical and biologtecal properties of ACTH 1s necessary before
any defimte statement can be made on this controversial
subject

3 ACTH and Intermedin

Within the past few years there has been considerable
Interest i the possible relationship between these two hormones
Intermedm, which 1s also known as the melanaphore expanding
hormone or B hormone 15 responsble for the colour changes
n amplibia  The substance 15 also present m human and
mammalian pittary tissue but its physiological function 1n
man and in mammals remamns obscure In 1952 Johnssen
and Hogberg presented evidence which appeared to indicate
that, 1n human subjects ACTH and mtermedm might be
wdentical or that mtermedin might form a part of the ACTH
molecule These workers using the method of assay depending
on expansion of melanophores in the frog Rara femporana
found that the serum of patients with Addwson s disease con
tamed large quantities of intermedin and put forward the
mteresting suggestion that the pigmentation m cases of this
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condition might result from excessive production of intermedin
by the pitwitary  Soon afterwards Sulman (1952) and Thing
(1952, 1954) 1n mdependent investigations claimed to hawe
demonstrated 2 definite correlation between the content o
ACTH and of intermedin m both crude and highly punfied
ACTH preparations

These observations were obviously of great practeal
significance 1n relation to the assay of ACTH mn clmical con
ditions m man for, of ACTH and intermedin were indeed
rdentical, 1t might then be justifiable to substitute the sumple
and rapid melanophore expanding test in frogs for tedous
and laborious methods employing hypophysectormsed rats
There are however certan grave objections to the hypothesis
that the two hormones are one and the same substance For
evample, 1t has been shown (Wanng and Landgrebe, 1940}
that the biological activity of mtermedin 1s mereased by heating
with 0 1 ¥ NaOH while that of ACTH 1s rapidly destroyed
by this reagent even at room temperature Furthermore, it
15 possible to obtan wntermedin free of AGTH activity by
using the carbon adsorption process described by Landgrebe
et al {1944) After a survey of the available evidence Morms
{1952) concluded that the two hormones were not sdentical
and that the melanophore expanding effects of AGTH were
entirely due to contaminatton However 1 more recent worb
Bell (1954) has reached the opposite conclusion In the
opimon of this worker 1t 15 most unlikely that the melanophore
expanding actiity of ACTH 15 due to an mmpunity From
these divergent views 1t 15 apparent that the exact relanonship
of the two hormones one to another 15 not yet clear and that
the problem remains one for future elucidation

4 The International Standard for ACTH

The first international standard for ACTH was estiblshed
by the World Health Orgamsation mn 1950 The matens
used for the standard was a preparation termed La 1A’
this materal had already been employed in many centres
as a reference standard for the comparatne assay of the
hormone The internanional umt was defined as the actity
contamed m 1 mg of the mternational standard  Results o
ACTH nssays should now be expressed in nternationnl umts ;

ammal umts ’ should no longer be employed
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METHODS OF ASSAY OF ACTH

Chemucal procedures for estmating ACTH m body flurds
and m tissues are not yet available and accordingly all assays
must be d d by biol 1 hod Most of the
bio assay techmques which have been descibed are not
sufficiently sensitive to detect the presence of the hormone 1n
blood and urine and at the ttme of writing little or no reliable
quantitative information 1s available regarding the ACTH levels
m body fluds m health and disease More reliable assay
methods are urgently required, and 1t 1s certain that when
such techmques are developed and applied m chimcal studtes
much useful information will be obtamed

ACTH assays can be conducted i tntact or n hypophy
seclomised amimals  Some of the methods which have been
proposed are shown in Tables VII and VIII

In general assays mn hypophysectomsed amimals are to be
preferred because they are more precise and more specific
After hypophysectomy the source of the animal s own secretion
of ACTH 15 removed and the effects produced result entirely
from the adminmstered matenial ~Sayers (1955) considers that
bo assays conducted in ammals with ntact prturtaries have
Iittle or no value

1 The Assay of ACTH 1n Hypophy d A 1
The following methods will be considered
(e) Adrenal ascorbic acid depletion test m rats
(6) Adrenal reparr test mn rats
(¢) Adrenal mamntenance test in rats
(d) Test depending on corticosterord release 1 dogs

(a) AprENAL Ascorbic Acto DepLemion Tesr (Sayers
test) —This 15 the most important and most widely used
assay method for ACTH Tt depends on the observation that
asingle dose of ACTH causes a prompt fall in the concentration
ofadrenal ascorbic acd 1n hypophysectomised rats As described
by Sayers et al {1948) the assay 1s a three day procedure
Hypophysectomy 15 performed on the first day  Approuimately
twenty four hours later the left adrenal 1s removed and
immediately afterwards the ammal recerves an intrasenous
Injection of standard ACTH or of the test preparanon  One

8
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hour later the mght adrenal » removed On the third day
the ascorbic acd concentration of hoth adrenals 15 determuned
using the method of Roe and Kuether (10943} which measures

Tase VII

Mersops oF Assay of ACTH v
HyPOPHYSECTOMISED ANIMALS

Animal Index of Response Referzace

Rat Adsenal ascorbic acid deplenon | Sayers ef of (3938)
{Sayers test)

Rat Redistnbution of adrenal bpowds | Simpson #f af {1943}
{repaw test}

Rar Mantenance of adrenal weight | Simpson ef of {1943)
{mamtenance test)

Mause Eosmopht depresuon Spewrs {59,3)

Dog Secretion of corticostermds Nelson and Hume {135§)

Tasre VI

MeTnops oF Assay o ACTH v
IvTACT Anrvars

Anmal i Tadex of Response Reference

Rat Adrenal weight \Moon (1937)

Chuck Adrenal weght Bates ef al (1940}

Rat Thymus weght Bruce et @ {135 )

Rat Corticosterord  productson by | Saffran and Baybss (1993}
wsolated adrenals

Rat Adrenal ascorbic acid depletion | Butde and Hodges (1959)
i anmals  pre treated by
DnCA

Mouse Hy aluromdase whibition Opsahl and Long (1951}

Mouse Ulcer heahng Clayton and Prusity (195t

Mouse Eosnvphuf depression Spexrs {1953)

Man Easmaphy depression Thom et al {1948)

Man Uninary sterond excretion Mason ¢f of (1948}

total (reduced plus dehydro} ascorbic acxd  The response I8
expressed as the difference between the ascorbic acsd content
of the night and left adrenal glands

Vanous modificabons of the ongmal Sayers test hase
been deseloped  One of these substitutes subcutaneous for
sntratencus admimstration of the dard and unk
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preparations  In the modification described by Munson (1948)
both adrenals are removed ly one hour after the
mtravenous admimstration of the hormone, and in that of
Taylor et al (1953) the time mterval between hypophysectomy
and the commencement of the assay proper 15 mcreased from
twenty four to forty eight hours

The Sayers test 1s the most sensitive method at present
avalable for the assay of ACTH and for this reason the
techntque has been employed 1n most attempts to estimate the
hormone 1 blood The method will detect as ittle as o 2
milhumts of the imternational standard preparaton The
techmque appears to be satisfactory on grounds of specificity
m view of the fact that no other substance has yet been
d ated which ly causes a fall in the concentra
tion of adrenal ascorbic acid 1n hypophysectomised rats  The
preasion of the Sayers test has vaned considerably in the
hands of different workers (Table INX) Sayers et al (1948)
found that the index of precision () was generally below o 2
and concluded that the assay was sufficiently accurate for
quantitative work, other investgators including Greenspan
¢t al (1950) and Buttle and Hodges (1953), have failed to
obtamn such a high degree of precision and were unable to
use the method on a quantitative basts Morns (1951) has
wisely emphasised the importance of the stram of rat m the
performance of the Sayers test Some strains appear to be
quite unsuttable due to such factors as msensitivity and great
vanability of response from one ammal to another

() AprEnAL RepAIR TEST —The predommnant histological
change 1n the adrenal cortex of the rat followng hypophy
sectomy 15 the disappearance of most of the lipoid from the
cells This test which was dev eloped by Simpson et al (1943)
depends on the ability of ACTH to cause reappearance and
redistibution of Itpoid 1 the adrenals of these amtmals  The
ongmators state that the test 1s satisfactory on grounds of
spectficaty and sensitivaty but that 1t has a low degree of
Precision The assay method takes mineteen days to perform
and m 1ts present form 15 therefore much too laborous for
use 1n the chmeal field

(¢) AprENAL Marvrenance Test —This method, which
was also developed by Simpson ef a/ (1943) depends on the
fact that ACTH mamtams normal adrenal weight when
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smections of the bormone are started immediately after
hypophy y The techmque 15 relatnely msensure and
requires @ two week injection penod  Tor these reasons the
maintenance test 1s unsustable for the estimation of ACTH m
human blood and unne

(d) TEST DEPENDING oN CORTICOSTEROID RELEASE IN Doos —
Nelson and Hume (1954) have recently described 2 techmgue
which 1s sufficiently sensitnve to detect very small quantves
of ACTH 1 blood Hypophysectorised dogs are mamtamed
on ACTH until some sixteen hours before the start of the assay
At that time the adrenal vemn 15 cannulated by a techmaue
which permuts repeated sampling, of adrenal venous blood
Standard ACTH and the test preparations are admumstered
by intravenous mjecuon  The end pomt of the assay 15 e
release of corticosteroids the latter being measured by 3
chemical method depending on the Porter Silber reaction

(see p 259)

This technque app p as a means of estumalin}
ACTH 1n blood under normal and pathological conditioné
Its further application to clumcal problems will be awaied
with interest

2 The Assay of ACTH in Intact Animals
The followmg methods will be considered
(a) Thymus weight test mn rats
{6) Adrenal ascorbic acid depletron test n Tats pie
treated by deoxycorticosteronc acetate (DCA)
(¢} Ulcer heahing test in mice
(d) Hyaluromdase inhibition test 1n mice
{¢) Eosmophil depression test 1 mice
(/) Test depending on corticosteroid production by
1solated rat adrenals

(a) Tuymus Weienr Test (Bruce et af 1952) —The basis
of this test 35 the imolution of the thymus m mfantle mtact
rats following the injection of ACTH m 2n a1l beeswax medum
A three day myection period s requred The method B
comvement, precise and rewsonably specific but 1s many gme
Jess sensitive than the Sayers test

(¢) AprENAL Ascormic Acp DEpLETION Tist 1 RaT
PRE TREATED BY DEOXxCORTICOSTERONE AceTtE —This test
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was introduced by Buttle and Hodges (1953) Hypophy
sectomised amumals were replaced by ammals m which the
secretion of endogenous AGTH had been imntubited by the
admmstration of DCA  In the hands of the ongmator
the method had a low degree of precision (Table IX) The
hability of the techmque depends on the degree of pituitary
hat produced, 1t 15 probable that the test 1s less specific

than the ongmal Sayers procedure and should not replace 1t
m quantitative studies

() Urcer Heaume Test (Clayton and Prunty rgs1) —
The end pomt of this method 1s the mhibition by ACTH
of the formation of expenmentally produced granulation
tissue 1 the anterior abdominal wall of the intact mouse
The techmque 15 considerably less sensive than the Sayers
test

(d) HyaLvroNipasE  InmmBtrioN  TEST—This  method
{Opsahl and Long 1951) depends on the ability of ACTH to
whibit the ncreased capillary permeabihty mduced by
hyaluronidase  In 1ts present form the test cannot be used for
quantitative work  Furthermore 1t 1s probable that 1ts
specificity 1s questionable

(¢} Eostwopmrr, DeprEssion Test —This techmque (Speirs
1953) 15 based on the fact that ACTH will cause a decrease 1n
the arculating eosnopluls in both mtact and hypophysectomised
mice  The method has a relauvely low degree of precision
(Table IX) and 15 some fifty times less sensitive than the Sayers
test The test therefore cannot be recommended for use
the climecal field

(f) Test DEPENDING ON CORTIGOSTEROID PRODUCTION BY
Isoratep Aprenars-—ACTH will sumulate the production of
corticosteroids by solated rat adrenal glands and this has
been made the basis of an  zire bio assay method by Saffran
and Bayhss (1953) Good agreement 1s reported between
this method and the Sayers test The procedure 15 reasonably
precse and 15 relatively sumple to perform  its sensiivity
13 only shightly mferor to that of the original Sayers test
Further observations with this techmque especially 1n relation
to the assay of ACTH in body fluds will be awaited with
considerable interest

In Table IN the precision of some of the assay methods for
ACTH 15 compared m terms of Gaddum s A
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TasLe IX
Precision or Sovr Assay MeTiops ror ACTH

Method Amimal lPr:g;mg»g Reference
Sayers test Hypophyscctormsed | 0 1,6 | Sayers ef af {1348)
Sayers test !Iy‘;;physecmmucd 0499 | Greenspanetal {1950)
Sayers test H;;ophys:cmlmscd o220 | Taylor etal (1953)
Sayers test D(r;\( treated rat 0463 | Buttle and Hodges
Adrenal maintenance | Hypophysectormsed | 0 336 Sm:pgssz:?g etal {193
Ti:?x:,us weight test In:::x rat 0316 | Bruce et ol (1952)
Eo;s:‘ophll depression | Intact mouse o330 | Spers (1953)

Corticosteroid ~ pro- | Jn witre assay in rats o150 Saffran and Schally
duction test J {1955)

METHODS OF EXTRACTION OF ACTH
FROM BLOOD

The quantity of ACTH 1n human blood 15 very small, and
1t 1s therefore necessary to concentrate the blood pror 10
bio assay  The clarms made by certan mestigators that
ACTH actvity can be detected mn the blood of normal
ndividuals by njecting untreated serum or plasma mio
hypophysectomised rats have not been subsequently confirmed
Two matn extraction methods have been proposed  These
are
1 The acid acetone method
2 The oxycellulose method

1 The Acid acetone Method

Ths techmique depends on fr. 1 preciprtation
and was ongmally developed by Lyons (1937) for the prepard
ton of ACTH from ammal pituitaries  Various worhers
including Cooke ef al (1948), Bornstein and Trewhell { 1950)
and Gray and Parrott (rgs3) have used the procedurc to
extract the hormone from blood Heparinised plasma 15
precipitated with Bo per cent acetone, the precipitate 13
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discarded and the acetone concentration of the supernatant
flwd 1s raised to g4 per cent A fine preciputate forms Thus 1s cen
tnfuged, separated from the supernatant fluid and dried 1n vacuo

Views are conflicing regarding the efficacy of the acd
acetone method  According to Parrott (1g55) the techmque
will recover approximately 8o per cent of the actwity of
Armours ACTH added to human plasma However, 1n the
expenence of Sayers and his co workers (Sydnor et al , 1953 a)

e | e 15 very factory from the quantitative
pomnt of view and frequently yields extracts which are toxic
to the experimental ammals  Sayers (1955) has stated that
m hus opmion the acid acetone method should no longer be
used for the extraction of ACTH from blood

2 The Oxycellulose Method

This techmque was introduced by Astwood ef al (1951)
for the extraction of ACTH from pituitary tissue and was
adapted for estimations m blood by Sydnor and Sayers (1952)
The hormone 1s preciptated by glacial aceticacid 1s adsorbed on
oxycellulose and 1s eluted from the oxycellulose by o 1 v NaOH

The oxycellulose techmque recovers quantitatively ACTH
added to hypophysectomised rat blood and yrelds concentrates
which are non toxic to the expenmental ammals In the
opion of Sydnor ef al (1953 a) 1t 15 the method of choice for
the preparation of ACTH from blood

THE ESTIMATION OF ACTH IN THE BLOOD
OF NORMAL SUBJECTS

In assays conducted on human blood the Sayers test due
to 1ts hugh degree of sensiivity has been the bio assay method
of choice  There 1 connderable disagreement among various
Investigators regarding the normal levels of blood ACTH and
the results obtamned have been both varable and contradictory
The experimental evidence has recently been critically exammed
by Sayers (1955) and the present aceount s based largely on
his conclusions

The most careful and detailed studies of the ACTH content
of normal blood have been made by workers at the Mayo Clinic
and at Cleveland under the leadership of Albert and Sayers
Tespectively  In 1949 Taylor, Albert and Sprague, using
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uneatracted serum, were unable to demonstrate corticotrophic
actvity m the blood of normal wmdividuals  Subsequently
Pans ef al (1954) extended these obsersations by employing
the oxycellulose extraction method and found that no sigmificant
depletion 1n adrenal ascorbic aad occurred when concentrates
equvalent to 40 mi of whole blood were adminstered to
hypophysectomised rats  These workers concluded that the
concentration of ACTH 1 normal subjects was very low indeed
being usually less than o 5 millumts per 100 ml of blood A
similar conclusion was reached by Sydnor ¢t al (1953 g) who
used the same methods of extraction and bio assay as those
employed by Pans and his co workers

These results are m marked contrast to those reported by
Bornsten and Trewhella (1950), Parrott (1951) and Bornstem
et al (1952), who claimed that corticotrophin was present 12
normal blood n the very gh concentration of 30 to 200
mllumts per 100 ml These workers extracted ACTH from
plasma by the aad acetone method, they stated that the
hormone was rapidly mactivated m human plasma probably
by enzymatic means and that the time elapsing between
withdrawal of the blood from the pauent and sts extraction
was cntieal  Other nvestigators have not confirmed ths
observation  The acd acetone method as used by these
mvestigators did not effect any concentration of the plasm2
extract and, if the lngh concentrations of AGLH 1n plasme
reported by Bornstein and his co workers are the true values
3t 15 difficult to explam why comparable results could not be
obtamed by the use of untreated serum

In the opimion of Sayers {1955) and also of the author
(Loraine, 1957), the report of very high blood ACTH fescls
1 normal subjects should be wviewed with some scepticism
Tt 1s almost certain that 3f the concentration of the hormont
was mdeed 30 to 200 mithunits per 100 ml of hlood such levels
would most probably be associated with the chimcal features
of adrenocortical hyperfunction

BLOOD ACTH IN PATHOLOGICAL CONDITIONS

3. Adrenal Hypofunction
All mvestigators agrec that i cases of untreated Addisons
disease the ACTH utre m blood 15 wnereased  Taylor o of
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(1949) were the first to detect actvity mn the serum of patients
with this disease and Sayers (1956) has reported concentritions
of 2 to 4 millumts per 100 ml  Treatment of such cases with
cortisone causes a decrease n blood ACTH levels, and soon
after the start of such therapy activity can no longer be detected
m blood

According to Sayers (1955) blood ACTH concentrations
nse after bilateral adrenalectomy  Further observations in patients
treated 1n this way will be awaited with interest

2 Adrenal Hyperfunction

Sydnor et al (1953 ) found abnormally high titres in cases
of congemtal adrenal hyperplasia but Taylor et al (1949) were
unable to detect any actiity 1 the serum of six pattents with
Custung s syndrome

3 “Stress® Conditions
Under such aircumstances elevated blood levels of ACTH
are by no means imvariable  Sayers (1955) found that the
ration of c equivalent to 20 to 40 ml of
blood obtained from two patients with miliary tuberculosis did
not produce any significant depletion of adrenal ascorbic actd
m hypophysectommised rats Negative results were also found
m healthy male subjects exposed to excessne heat and to
abnormally low atmospheric pressure

It must be emphasised that present methods for the deter
munation of ACTH 1n blood are quite unsuitable for routine
use m the chmcal field Such techniques are expensive and
laborious  while large volumes of blood are required for
indvidual esttmations  Nevertheless 1 centres i which
facilities are adequate valuable clinical information can
sometimes be obtamned 1n selected cases by the assay of this
hormone mn blood

THE ESTIMATION OF ACTH IN URINE

At the time of writing opimons differ as to whether 1t 15
possible to esimate ACTH m human urme  Accordmg to
de Barbien and his co workers (de Barbten and Zambom
1953, de Barbien e al, 1953) and to Rubm ef al (1954}
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activity can be detected 1 bhoth normal and pathological
conditions  The Iatter group of investigators, using unextracted
unne, found that in normal male subjects the titre ranged from
1t03 11u per litre, while 1n normal females the concentrations
Iny between 1 and 82 1u per htre In one patent with
Cushing s syndrome the ACTH excretion was many tunes
higher than that found m normal individuals  On the other
hand Sayers et al {1949) believe that renal excretion 15 of itile
importance as a method of ehmnation of ACTH These
workers admmstered large smgle doses of the hormone to
healthy yolunteers by slow intravenous infusion They were
unable to detect ACTH actnity m urine either before ar after
the injection

THE ESTIMATION OF ACTH IN HUMAN
PITUITARY TISSUE

Taylor et al (1953) bave studied the ACTH concentration
m lyophilised piturtary tissue from adults, mfants and fetuses
In the adult and mfantile glands the ACTH content expressed
i terms of dried weight ranged from 49 to 588 1u perg
Corticotrophic activity was detected m faetal pitutarses at 3
peniod of gestation as early as sixteen weeks  In the infantle
glands where mn all cases the death autopsy mnterval was less
than twenty four hours there was no apparent relationship
between this mterval on the one hand and the AGTH content
of the prtwttary on the other The number of cases studied
was too small to permut of any definite conclusion regarding the
stability of ACTH 1n the piturtary after death However,
destruction of the hormone did not appear to be unduly rapd

THE ESTIMATION OF ACTH IN HUMAN
PLACENTAL TISSUE

Varous authors including Jaler and hnowlton (1950)
Opsahl and Long (rgs51) and Cohen and Kleinberg (1g52)
have reported that ACTH 1s present 1 extracts prepared from
human placental ussue  Cohen and Rleinberg (1952) extracted
placentz by the oxycellulose method and found a concentration
of ACTH of 4 t0 5 1u per kg fresh tissue Addionat
observations on the placental concentration of AGTH m



ADRENOCORTICOTROPHIN 123

normal and pathological conditions will be anticipated with
nterest

SumMarYy AND CONGLUSIONS

ACTH assays should be ducted 1n hypopt d
rather than mtact ammals  All results should be expressed
m terms of the international standard preparauon  The most
promising techniques from the pont of view of therr application
to clinical problems are those depending on adrenal ascorbic
acid depl 1 hypoph d rats (Sayers test), on the
production of corticosteroids by 1solated rat adrenals and on
the release of cor ds 1n hypophy d dogs

ACTH can be extracted from blood by methods mvolving
aad acetone precipitation or oxycellulose adsorption

The concentration of AGTH 1 the blood of normal indi
viduals 1s very Iow being usually less than o 5 mlhumts per
100 ml of blood Increased titres have been reported mn
Addisons disease 1 congemtal adrenal hyperplasta and
foll g hilateral adrenal

Opimnions differ as to whether 1t 1s possible to demonstrate
the presence of ACTH 1n human urme
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CHAPTER VI
Growth Hormone
INTRODUCTION

HIS hormone 1s secreted by the anterior pitmitary and 15

responsible for skeletal and visceral growth  Other names

for growth hormone are ophin and the k
hormone (STH)

1 Chemical Nature of Growth Hormone

In 1945 Li ¢t ol claimed to have wolated growth hormone
m pure form from extracts of ox pituitary glands  The hormone
was found to be a protemn with a molecular wewght of 44 250
It behaved as a b yus sub m electrophoretc,
diffusion and solubility studies It was relatively nsoluble m
water and had an 150 electric pH of 6 85 Growth promoting
actvity was destroyed by treatment with pepsm and trypsin,
free amuno group were considered necessary for the brological
activity of the hormone

Punfied preparations of growth hormone from ammal
Pituitaries have also been made by Wilhelmi et al (1948)
These workers used a method of extraction simular to that
employed by Cohn ef a! (1946) 1n fractionating blood protems
This method 1 olved alcohol precipitation at low temperatures
The cluef advantages of Wilhelmis techmque are 1its relative
case of performance and the high yields of the hormone
obtained  However 1t was found that the crystals so prepared
exhibited two comp on electroph: 100
and accordingly 1t must be luded that the preg n was
less pure than that of La et al (1945)

It should be emphasised that at present httle or no nforma
tion 15 lable regarding the ch 1 properties of growth
hormone m human pituitary tissue

2 G h H and Diabetog H.

Many mvestigators now hold the view that the diabetogemc
hormone of the anterior pituitary does not exist as a separate
125
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entity and that this effect 1s mediated by growth hormone
by ACTH or by the two hormones acting in conjunction It
has, for example, been shown that lnghly punfied preparations
of growth hormone made by the method of L1 et al (1g45) are
acinely diabetogemic 1n imntact cats  Young (1941, 10645
beheves that a close relationship exists between the growth
promoting activity and dtabetogenic actions of anterior prtuntary
extracts This worker found that prolonged admumistration of
actively dmbetogenic extracts to puppy dogs munally causes
acceleration of growth uncomphicated by diabetes melhtus 1f
however, the treatment 1s continued for several months the
anmals cease to grow and a drabetic condition supenenes
Youngs obseriattons are obwviously of great importance M
relaton to the development of dabetes melbtus n man
However, the exact role played by growth hormone m the
xtiology of human diabetes 15 at present not clear, and the
problem remains one for future eluctdanon

At ypresent no nternational standard 1s avaiable for the
comparative assay of growth hormone In view of the large
number of ‘ammal units’ currently mn use 1 bio assays of
thus substance, the establishment of such a standard preparation
would appear to be lighly desirable

METHODS OF ASSAY OF GROWTH HORMONE

A large number of methods have been suggested for the
bio assay of growth hormone  Many of these are reasonably
satisfactory for esnmations  prtwtary tissue, but none of
them 15 sufficiently sensiive to detect the presence of the
hormone with any regularity mn human blood or unne The
development of an assay method for growth hormone which
would be suitable for use m chnical studies 1s one of the most
urgent requirements i present day endocrnology

Some of the assay methods proposed are shown m Table A
which 15 taken from an article by Lt (1953) This worher has
suggested that the available techmiques should be divided mio
two groups, the first consisting of reasonibly well estibhished
procedures, and the second of methods which haie not yet
gamed general acceptance a1 have so fir been incompletely
mvestigated  Only the techmgues mn the first group will be
considered m this chapter
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TABLE X

METHODS AVAILABLE FOR THE BIo Assay oF
Growrn HorMmONE
(After Lt 1953)
A Well-established Procedures
Increase 1n weight 1n normal plateaued rats
Increase 1n weight 1n hypophysectormsed rats
Increase 1n weight 1n dwarf mice
Increase mn tail length i hypophysectormsed
Tats
Increase in width of the proximal epiphyseal
cartilage of the tibia 1n hypophysectormsed
rats

[ N

B Suggested Procedures

Increase in Inver weight

Increase in weight m stlbcestrol treated rats

Changes i the mtrogenous constituents of
the blood

Changes i serum phosphorus or phosphatase

Changes 1 the mtrogen or phosphorus
balance

Increase m protein synthesis as demonstrated
by radio active techmques

o e P

1 Increase n Weight 1n Normal Plateaued Rats

In this test which was onginally descnbed by Evans and
Sunpson (1931) st month old female rats are employed
uch amumals normally gain weight very slowly and are spoken
of as plateaued rats Intrapertoncal mjections of growth
hormone will cause these anumals to resume growth, as evidenced
by gam in weight
As shown by Fonss Bech (1947) and by Greenspan et al
(1950) thus method 15 reasonably satsfactory with regard to
Preaston and speaificity  Its chief disadvantages he m ats
hgh degree of msensiivity and 1n the laborious nature of the
Procedure which requires an injection penod extending over
fiftcen to twenty days It 15 obvious that the method 1n 1ts
Present form 15 quite unsuitable for use m the clincal field

2 Increase n Weight in Hypophysectomised Rats

In the techmque descrbed by Marx et al (1942) immature
female rats are hypophysectomused at an age of approximately
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entity and that this effect 15 mediated by growth hormone,
by ACTH or by the two hormones acting n conjunction It
has, for example, been shown that highly punified preparations
of growth hormone made by the method of L1 ¢f ol (1945) arc
actively diabetogemc 1n intact cats Young (1941, 1945)
believes that a close relationship exists between the growth
promoting activity and drabetogenic actions of anterior pitwtary
extracts This worker found that prolonged admumstration of
actively diabetogenic extracts to puppy dogs tmhally causes
ceeleration of growth uncomplicated by diabetes methitus  1f
however, the treatment 15 continued for several months the
amumals cease to grow and a dimabetic condition supervents
Young s observations are obwiously of great importance 1
relation to the development of diabetes mellitus mn man
However, the exact role played by growth hormone m the
atiology of human diabetes 1s at present not clear, and the
problem remains one for future elucidation

At present no nternational standard 15 available for the
comparative assay of growth hormone In view of the Jarge
number of anumal umts” currently m use m bro assays of
this substance, the establishment of such a standard preparation
would appear to be hughly destrable

METHODS OF ASSAY OF GROWTH HORMONE

A large number of methods have been suggested for the
bio assay of growth hormone Many of these are reasonably
satisfactory for estimations n pituitary tissue but none ©
them 15 sufficently sensive to detect the presence of the
hormone with any regulanty i human blood or urine  The
development of an assay method for growth hormone which
would be suitable for use m chmical studies 1s one of the most
urgent requirements in present day endocrinology

Some of the assay methods proposed are shown m Table >
which 1s taken from an article by L1 (1a53)  This worker has
suggested that the available techniques should be drvided into
two groups the first consisting of reasonably well established
procedures and the second of methods which have not yet
gamed general acceptance or have so far been incompletely
mvestigated  Only the techmques the first group will be
considered m this chapter
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TapLk X
METHODS AVAILABLE FOR THE BIO AssAx OF
Growrn HorMoNE
(dfter Ls 1953)
A Well-established Procedures

t Increase in weight in normal plateaued rats

2 Increase in weight i hypophysectomused rats

3 Increase in werght in dwarf mice

4 Increase mn tal length in hypophysectomised

rats

5 Increase in width of the proumal epiphyseal
cartilage of the tibia 1n hypophysectomised
rats

B Suggested Procedures

Increase in hiver weight

Increase m weight i stilbeestrol treated rats

Changes 1n the nitrogenous constituents of
the blood

Changes m serum phosphorus or phosphatase

Changes n the mtrogen or phosphorus
balance

Increase in protein synthesis as demonstrated
by radio active techmques

@ e N

1 Increase 1 Weight mn Normal Plateaued Rats

In this test which was ongmally described by Evans and
Simpson (1931} six month old female rats are employed
Such ammals normally gain weight very slowly and are spoken
of as plateaved rats Intrapentoneal iyections of growth
hormone will cause these animals to resume growth as evidenced
by gann weight

As shown by Fonss Bech (1947) and by Greenspan et al
(1950) this method 15 reasonably sausfactory with regard to
Precision and speafiaty  Its chuef disadvantages he m ats
hugh degree of msensitwaty and mn the labonous nature of the
Procedure which requires an jection period extending over
fifteen 1o twenty days It 1s obwious that the method m 1ts
Present form 15 quite unswitable for use i the chncal field

2 Increase in Weight 1n Hypophysectomised Rats

" In the techmque descnibed by Marx ef al (1g42) immature
tmale rats are hypophysectomsed at an age of approamately
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four weehs and 2re rested for ten to twehve days post operatisely
The myection persod has vared from ten to fifteen days m the
hands of different mnvestigators

Accordmg to Greenspan et of (1g50) this test, although
rather less precise, 1s some thirty imes more sensitine than the
method esmploying plateauved rts  However, the technigue
15 still not sufficiently sensttive for use 1n chimcal studses

3 Increase in Weight an Dwarf Mice

Details of this method have been gnven by Fenss Bech (1947)
and by hemp (1048) These workers used a stram of me
showmg heredstary dwarfism  Such anumals gamn weight under
treatment with growth hormone provided that mjections are
continued for two to three weeks

According to Greenspan et al (1950) this techmque hasa
relatnvely low degree of precision and 1s of doubtfil spectficity
The chief advantage of the test 15 the fact that mtact rather
than hypophysectomsed anmmals can be used

4 Increase i Tail Length 1 Hypophysectomised Rats

In the procedure described by Dingemanse e af (1915
male rats aged s» to eight weeks are used The myections
commence smmediately after hypophysectomy and are (oR
tued for 2 pertod ranging from one to two weehs  This te5f
15 relatively msensitne and has a low degree of precision
Furthermore sts specificaty 15 questionable m view of the fact
that other hormounes notably TSH and thyroid hormone ar¢
capable of influencing the response

5 Tibial Test i1 Hypophysectorused Rats

Thic method (Evans ef o/ 1943) depends on the ability of
growth hormone to merease the width of the proatmal eprphys® ¢
cartilage of the uba 1 hypophysectomsed rats  The <!
advantage of this test 1s ats relauvely high degree of sensunily
Greenspan ¢t af {1950) have shown that the tibal test 15 som®
ten to twunty times more senstve than that depending on
weight gam in hypophysectomsed rats A further wiantagt
15 the short imection period of only four days

Recent evidence presented by La (1g53) suggests that the
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tibial test 15 not so specific as was previously supposed  This
worker found that thyrord hormone, TSH and ACTH were
all capable of mnterfering with the response, and suggested
that ideally assays should be conducted in ammals which
had been subjected to hypophysectomy, adrenalectomy and
thyroidectomy

C of the Pr of Assay Methods for
Growth Hormone
In Table XI, which 1s taken from an article bv Greenspan
¢etal (1950) the precision of vanous assay methods for growth
hormone 15 compared 1n terms of Gaddum’s A

Tasre XI

Preciston or soME Assay MEeTHODS FOR
GrowrH HORMONE

(Afur Greenspan et ol 1950)

Index of
Method Precision Reference
A
Plateaued rat weight test 0198 | Marxetal (1042)
0226 | Fenss Bech (1947)
Hypophysectomised rat weight test 0265 | Marcetal {1542)

0351 | Bulbring (1g38)

o 4,02 Fonss Bech S:'gu)

o 34 | Fonss Bech (1347)

067 | Fonss Bech (1947)

Tail ngu, test n hypophysectonused | 0532 | Fonss Bech (1947)
ra

Diwarf muce weight test

o225 | Dingemanse et al (1948}
Tibual test m hypophysectomued rats | 0310 | Greenspan ef of (lgwﬂ
0330 Ge(mz:g and Herjkenskyold
195

It will be noted that a reasonable degree of precision can
be expected with the plateaucd rat weight test with the tibial
test and to a less extent with the hypophysectomised rat weight
test  On the other hand methods depending on the mcrease
W weight m dwarf mice and on the mcrease 1 tal length mn
hypophysectomused rats appear to lack precision and should
probably not be used quantitative work

9
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METHODS OF EXTRACTION OF GROWTH
HORMONE FROM BODY FLUIDS

1 Urnne

Growth promoting actnaty has not yet been detected m
human urme under normal or pathological conditions There
1s at present no mformation availahle on what type of method
should be used for the preparation of the hormone from this
source

2 Blood

hansell 22 ol (1948) myjected the equnalent of from 3 to
10 ml of lyophihsed plasma from a patient with gigantsm
mto hypophysectomused female rats and found that the tibial
epiphysis 1 these anumals was appreciably wider than that of
cither uninyected controls or of hypaphysectormsed rats mngected
with lyoplilised plasma from normal subjects Greenspan
(1950) was unable to demonstrate growth promoting actity
n paoled Iyophilised plasma collected from a large number of
growng children

Gemzell ¢t al (1955) added pitwtary growth hormone to
human plasma and extracted the plasma by a method sund.s
to that used by Cohn et al (1946) for the fractionation of plasma
protemns  Bto assiys were conducted using the tibial test 1o
hypophysectomuised rats  The added growth hormone was
detected 1 Cohn s fracttons IV 1 and 1V 4 The total yreld
of the hormone was approximately 50 per cent

CLINICAL APPLICATIONS OF GROWTH
HORMONE ASSAY

Growth hormone has not yet been detected 1 the blood
of normal mdrviduals but growth promoting activaty has been
found m the plasma of a small number of patients with
gigantism and acromegaly (hansell ez al, 1948, Gemzell &2 dl,
1955) Recently Gemzell e af (1955), using the trbual test
hypophy 1 rats, have ded 1 d rating the
presence of the hormone in lyophilised plasma from pooled
retroplacental blood and in plasma from umbihical cord blood
Further work along these hnes wall be awuted with mterest

As stated previously, 2 method for the quantitatve deter
minrtion of growth hormone in body fluids 15 urgently required,
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and when developed such a techmque would have wide
apphcations in chincal research  Two of the conditions
which growth hormone assays might be especially mnformative
are pregnancy complicated by diabetes and malignant disease

In diabetic pregnancy the birth weight of the baby 15
frequently greater than normal The reason for this abnor
mality 1s not known with certamty, but the suggestion has
been made that 1t results from, or 1s assoctated with, the
presence of excessive quantities of circulating maternal growth
hormone (Gray and Feemster, 1926 Barns and Morgans,
1948) If reliable assays of this hormone could be performed
1t mught then be possible to establish whether a correlation
does mdeed exst between the maternal growth hormone levels
on the one hand and the size of the baby on the other

‘Widespread 1nterest has been aroused by the clamms of
Moon and his collaborators (Moon et al 1950, 1g51) that
mabgnant tumours tend to develop in intact female rats m
Jected with growth hormone over long periods of time and
that such tumours do not usually occur m hypophysectomised
rats so treated It 15 not yet known whether growth hormone
plays any part m carcinogenesis m humans  Further informa
tion on this important subject must awart the development of
more sensiive assay methods for this hormone m body flurds

Summary AND CONCLUSIONS

Assay methods for growth hormone are not yet sufficiently
sensitive for general application 1n chmical studies  The most
promising technique 1s probably that depending on the increase
in width of the proximal epiphyseal cartilage of the tthia in
hypophysectomised rats

Further work 15 necessary on methods of extraction of
growth hormone from blood and from urnne

Growth promoting activity has been demonstrated . the
blood of patients with acromegaly and mgantism, 1 pooled
retroplacental blood and in umbilical cord blood — Activity
has not yet been found 1n the blood of normal subjects
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METHODS OF EXTRACTION OF GROWTH
HORMONE FROM BODY FLUIDS

1 Urine

Growth promoting actiaty has not yet been detected 1
human urme under normal or pathological condittons  There
15 at present no mformation avaable on what type of method
should be used for the preparation of the hormone from this
source

2z Blood

Kansell e/ al (1948) injected the equuvalent of from 3 to
10 ml of lyophilised plasma from a patient with gigantism
mto hypophysectomised female rats and found that the tbial
epiphysis 1n these ammals was appreciably wider than that of
esther umnyected controls or of hypophysectormised rats myected
with lyophilised plasma from normal subjects Greenspan
(1950) was unable to demonstrate growth promoting activity
m pooled Iyophibsed plsma collected from 1 large number of
growing children

Gemzell et al (1955) added pitmtary growth hormone to
human plasma and extracted the plasma by a method stmilar
to that used by Cohn et al (1946) for the fractionation of plasma
protems  Bio wsays were conducted using the tibial test 1t
hypophysectormised rats  The added growth hormone was
detected 1n Cohn s fractions IV 1 and IV 4  The total yreld
of the hormone was approximately 50 per cent

CLINICAL APPLICATIONS OF GROWTH
HORMONE ASSAY

Growth hormone has not yet been detected m the blood
of normal mdviduals but growth promoting activty has beent
found m the plasma of a small number of patents with
gigantism and acromegaly (hansell ef al, 1948, Gemzell ¢f a,
1955) Recently Gemzell ¢t al (1g55), using the tibial test 12
hypophy d rats have eded ;n demonstratmg the
presence of the hormone n lyophibsed plasma from pooled
retroplacental blood and 1n plasma from umbilical cord blood
Further work along thesc hnes will be awuted with mterest

As stated previously, a method for the quanutative deter
munation of growth hormone mn body flurds 15 urgently required,

y-



CHAPTER VII
Prolactin

INTRODUCTION

HIS hormone 1s elaborated by the anterior lobe of the

prturtary and 15 essential for the mtiation and probably

also for the mamtenance of lactation 1 man and ammals
Other names for prolactin are the lactogentc hormone galactin and
mammotrophin  Many workers belteve that prolactin 1s identtcal
with the gonadotrophic factor luteotrophin

1 Chemical Nature of Prolactin

Punfied preparations of prolactn were first made by
Lyons (1937) from sheep pitwitary tissue  Subsequently Li
et al (1940) showed that sheep prolactin behaved as a pure
protem n  electrophoretic and solubility studies The
molecular weight of the hormone was estmated to be
approximately 25,000 and 1ts 150 electric gH was 5 5

2 The “ Mammogen » Theory
There has been considerable controversy regarding the
mechanism whereby the ovarian hormones cause mammary
growth and development Turner and his associates (Gomez
et al 1937 Gomez and Turner 1938) have claimed that
n amimals cestrogens and progesterone stmulate the pituitary
to secrete  specific hormones which they have termed
‘mammogens and which are beheved to act directly on the
breast tissue  Other mxestigators have been unable to confirm
these observations The ewidence for and agamst the
mammogen theory has recently been critically reviewed by
Folley (1955) who concluded that i the rat there was no
to the of speaific mammogemc
hormones Ttis probable that a similar conclusion 1s justifiable

i other species mncluding man
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1 Assays Employing Pigeons

Prolactin preparations stimulate the crop glands of prgeons
by causing rapid proliferation of the epithehal hmng In
addition the hormone increases the production of ¢ crop milk
which 15 a caseous flmd consisting mamly of desquamated
epithehal cells  Assay methods 1 pigeons are generally more
sensitive and more precise than those 1 mammals but require
ngid standardisation of techmque during therr performance
Among the many factors which have been shown to mfluence
the response are the season of the year the body weight of the
birds, the stran and race of pigeon, the enwvironmental
temperature the route of imjection and the volume of solution
admimstered

Three vanants of the crop gland test have been descnbed
These are

(2) The crop weight method (Riddle et al 1933)

()) The mmmum stimulaton method (McShan and

Turner, 1936}
(¢} The local mtradermal method (Lyons and Page, 1935)

(8) THE Cror Weienr MeTsoD —In the techmique
described by Ruddle ef al (1933) the birds are myected
mtramuscularly daily for four days and are killed on the fifih
day Ruddle and Bates (193g) have shown that there 15 a
hnear relationship between the crop weight on the one hand
and the loganthm of the dose of prolactin on the other
Coppedge and Segaloff (1951) have used this techmque to
estimate the prolactin activity of human urine  They claimed
that the sensitivity of the assay could be mcreased by using the
ntravenous rather than the ntr lar route of
and by admumstering a small booster dose of prolactin to
all groups of birds under test In the expertence of Clarke and
Folley (1953) the crop weight test was reasonably precise  the
index of precision (A) was generally less than o 2 when ten
birds were used on each dose level of standard and unknown
Preparations

(6) Toe Mmvum STiMuLaTION METHOD —In this pro
cedure the birds are mgected subcutaneously instead of mtra
muscularly  After mnety six hours the crop glands are removed
and merely examined agamst the hight for a positive reaction
A positive effect 15 indicated by the presence of typical strands
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3 Prolactin and Luteotrophin

It 15 now widely beheved that the gonadotrophic hormone
luteotrophin 15 1dentical with prolacn  Luteotrophin mam
tains the actity of the corpus luteum in the non pregnant
ammal and 15 also responsible for the secretion of progesterone
by the ovary Its physiological function in man remams
obscure

As pomted out by Astwood (1953) the evidence for the
dentity of prolactin and luteotrophin 15 suggestive but not
entirely conclusive  The strongest support for the view comes
from the observation that prolactin preparations, punfied to
the extent of behaving as homogeneous protemns mn electro-
phoretic and solubihity studies, are hghly actne both m
itiating mulk secretion and 1n causing corpus luteum mamn
tenance  However, recent experience with other priwtary
hormones, notably ACTH and growth hormone, has demon
strated that such cniteria of punty should not be regarded as
final  Further work 1s necessary i order to ascertam whether
a smular conclusion should also be drawn m the case of
prolactin

4 The International Standard for Prolactin

Prolactin was the first pitwitary hormone for wiich an
mternational standard was prepared This was established at
the Third International Conference on the Standardisation of
Hormones (1938) By defimtion 1 1u 1s the activity contain
m or mg of the standard preparation All assay results
should now be expressed m terms of this matenal and not 1#
¢ ammal umts

METHODS OF ASSAY OF PROLACTIN

Many bio assay methods for prolactin have been proposed
but the majonty of these are too msensitnve for chnical use
Assays can be divided 1nto the following two groups

1 Assays employing pigeons
2 Assays employing mammals

For details regarding the actual technique and design of
prolactin assays the reader s referred to articles by Li and
Evans (1948) Mertes and Turner (1950) nd Turner (1959)
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This test 15 easy to perform but 1ts success appears to depend
to a large extent on the stramn of ammal employed The
ongmators have not claimed that the method 1s specific for
prolacin  In view of the fact that positive responses are
chated mn the test amimals wath total doses of unne as small
as 2 ml 1t would appear unhkely that the techmque measures
prolactin activity alone

(¢) Assavs IN Raperrs —Bradley and Clarke (1956) have
recently described an assay method for prolactin which appears
promusing for the estunation of this hormone m body fluds
The end pomt of the assay depends on milk formation 1n the
mammary glands of rabhits after the ntraductal mjection of
prolactin  (Estrogen progesterone treated  pseudo pregnant
or pregnant ammals may be used Intraductal injection of
Piuitary extracts rich in activittes other than prolactin does
not cause mulk formation and accordingly 1t can be stated that
this method 15 highly specific for the lactogemc hormone In
s present form ths test has a relatively low degree of precision
and 3t 15 probable that mmnor modificatons m desgn are
llccilsary before the assay can be adapted for quantitanve
worl

METHODS OF EXTRACTION OF PROLACTIN
FROM EBODY FLUIDS

It has not yet been possible to demonstrate with certamnty
the presence of prolactin m blood but claims have been made
that the hormone 15 present 1n extracts prepared from urne
The method of extraction generally employed 1s simlar to that
described by Klmefelter e al (1943) for the preparation of
Prtwntary gonadotrophins from urine and depends on alcohol or
acetone precipitation with or without dralysis (see pp 29 and
30)  According to the available evidence the yield of prolactn
obtained by this techmque 1s not ngh ~ For example Coppedge
and Segaloff (1951), who performed recovery experments by
adding prtmtary prolactin to pooled unne found that more
than 50 per cent of the biological activity was lost during the
extrachon procedure In view of this observation it 15
doubtful whether the results reported for the excreton of
prolactn 1 normal and pathological conditions m man have
much fi from the q ¢ pomnt of view
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of thichened mucosr  The procedure mn its present form 1
purcly quilitative and cannot be used for quantitative work
(¢) Tuc LocAL INTRADERMAL MEeTsop —This 15 2 mucro-
technique 1n which the solutions under test are mjected
mmediately over the crop gland Epithehal proliferation
associated with basophilic changes n the cytoplasm of the cells
forms the end pomt of the assay The method 1s claimed tobe
many tumes more sensitive than that depending on crop weight
and has been used for the assay of prolactin i human unne
According to Bahn and Bates (1956) the method 1s hghly spectfic
for prolactn provided that basophihic changes in the cytoplasm
rather than mere epithehal thickenmg 15 made the end pont of
the test  Lattle 1s at present hnown regarding the precision of
the test but 1t 15 probable that the error 1s relatn ely large

M: 1

2 Assays Employing

Prolactm can be assayed by methods dependng on the
mduction of lactation m gutnea pigs  Such techmques are at
present too msensitiv e for chinrcal use and will not be considered
further Some comment 15, however, necessary on mammalian
assays mvolving rats, mice and rabbits

(@) Assays IN Rats ~—Tests for luteotrophic activity 1 ras
have been reviewed by Astwood (1g53) Methods hase
depended on the prolongation of the cestrus cycle m sntact
rats, on the mhibition of the cestrus vagmal smear mn cestrogen
treated hypophysectorised rats and on the formation of
deciduomata 1n the utert of hypophysectonused pscudopregnant
rats None of these tests has yet been applied with any success
to the assay of luteotrophic activity m the body fluds of bumans

(5) Assavs v Mice —Hadfield and his co workers (Scowen
and Hadfield, 1955, Hadfield 1956, Hadfield and Young
1956) have recently shown that urine extracts from normally
menstruating and post menopausal women are capable of
stimulating the prolferation of m y epithelum 1
weanling male mice and have suggested that this effect mght
be made the basis of an assay method for determung the
¢ mammotrophic® activity of human urine The end pont of
the assay depends on the enumeration of the deeply stainng
termimal ‘clubs which are formed at the growmg ends o
the ducts, each club consists of a mass of undifferentiated

mammary epithelium
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this disease  They were unable to demonstrate any relationship
between the prolactin output on the one hand and the response
of the patient to ‘varous forms of treatment on the other
Hadfield {1956) has recently suggested that ¢ mammotrophin
assays may be helpful 1n patients 1n whom hypophysectomy 1s
bemg considered as a therapeutic measure This mteresting
suggestion requires further study

SummarRY AND CONGLUSIONS

Assay methods for prolactin are not yet suffictently sensitive
for routine use 1 the climeal field Among the more promising

hmques are those depending on the crop weight 1n pigeons
and on mlk formation mn the mammary glands of rabbits

Further work 15 necessary on methods of extraction of
prolactm from body fluids

Claims have been made that prolactin activity ts present in
human urme under both normal and pathological conditions
but 1t 15 doubtful whether the results reported so far have much
quantitative sigmficance
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THE CLINICAL APPLICATION OF URINARY
PROLACTIN ASSAYS
1 Normal Subjects

At the time of writing there 15 much conflict of opmon
regarding the amounts of prolactin excreted m human urne
Early work by Lyons and Page (1935), by Meites and Tumer
(1941, and others suggested that the hormone could be detected
i the urme of Jactating women but not under other condittons
In a recent study Bahn and Bates (1956), using the very sensitne
local mtradermal method 1n pigeons, were unable to detect the
presence of prolactin 1n unne m normal subjects of both sexes
These workers concluded that, 1f the hormone was excreted 1
urine at all, the amounts present were less than 5 1u per
twenty four hours

The results of Bahn and Bates (1956} are in marked contrast
to those reported by Coppedge and Segaloff (1951) using the
crop weight method 1n pigeons and by Hadfield (1957) using
the mammary prolferation test m mice Coppedge and
Segaloff (1g51) stated that 1 normal men and m normally
menstruating women the urinary output of prolactin ranged
from o to 300 1u per twenty four hours and that, mn womet
1 late pregnancy, the excretion values vamed from 50 10
300 1u per twenty four hours Hadfield (1g57) bas recently
reported that urme obtamed from pre menopausal women
contams concentrations of prolactin ranging from 10 to 2501V
per hitre

It seems reasonable to conclude that these dn ergent findings
can be explained on a methodological basis  In view of the
high degree of specificity of the techmque employed by Bahn
and Bates (1g56) 1t 1s probable that the figures reported by
these authors more closely approuimate the ¢ true’ values
The assay methods used by Coppedge and Segaloff (1951)
and by Hadfield (1g57) are of doubtful relability and 1t 15 o0t
unlikely that such techmques provide an over estimate of the
true potency and thus yreld erroncously high urine values

2 Pathological Conditions
Mammary CArcNowa —Segaloff and  his  co worher

(Segaloff, 1953, Segalofl et al 1954) have attempted t0
eshmate the urnary excretion of pmlactm m patients with



CHAPTER VIIi

Antdwuretsc Hormone and Anfidrehic
Substances

INTRODUCTION

HE term antudwretic hormone (ADH) should be reserved
for the substance which 1s iberated by the postertor lobe
of the pitmitary and which controls water excretion by
acting on the cells of the renal tubules The term antidiuretic
substance (ADS) refers to any substance or group of substances

Tasre XII

PrincipaL PHARMAcOLOGICAL EFrEcTs oF THE PosTERIOR
Prrurrary HorMovEs
{After Lan Dyke 1955)

Hormone
Effect on
Oxytocin Vasopressin

Water dinresis No effect Iohib ts
Blood pressure Shghtly lowers Rases

nary arteries Stghtly dilates Constricts
Intestinal contractions 81 ghtly stumulates | Stimulates

tenne

Ejection of mulk Stmulates Skghtly sumulates

The response vares actording to many factors mcluding the
wpecies and the stage of the reproductve cyele

Present an serum plasma or tissue extracts which are capable
of causing antid when ad ed to hydrated ammals
Serum, plasma or tissue extracts with this property are said
to possess antidiuretic activity (ADA)  Vasopressin and oxplocint
are two highly active polypeptides which are secreted by the
Ppostenor pituitary  Their principal pharmacological properties
are shown 1n Table AII  Van Dyke and his co-workers (Van
Dyke 1955, Van Dyhe et af, 1955) beheve that vasopressin
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ANTIDIURETIC HORMONE  AND  ANTIDIURETIC SUBSTANCES
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15 wdentrcal with the antidretic hormone  The term gutresmn
15 not synonymous with either ADH or with vasopressin
although the pharmacological activity of pitressim 15 probably
due to 1ts vasopressin content

1 Chemucal Nature of Oxytocin and Vasopressin

The structures of both compounds have been recently
clucidated through the work of mnvestigators i New Yotk
Vienna and Pans (Livermore and du Vigneaud, 1949
Turner et al, 1951, Acher et al, 1952, Tuppy, 1953) Both
substances are polypeptides contamming eight ammo acuds
Oxytocin has the same structure m both hog and ox pitwtary
tssue , m ox asopressm the amuno acid argunne replaces the
lysine present 1n hog vasopressin  The molecular weight o
oxytoain 15 1007 while that of ox vasopressin 15 1,084 D
Vigneaud and lus colleagues (du Vigneaud ef al, 1953, 1954)
finally succeeded m synthesising both oxytocin and vasopressit
They found that the natural and synthetically prepared products
were 1dentical i all respects

2 The International Standard for Posterior Pitmtary
Hormones

This was established m 1936 by the Commussion on Bio
logtcal Standardisation of the Health Orgamsation of the
League of Nations  The standard was prepared by extraction
of ox posterior lobes with acetone followed by drying of the
msoluble residue  The mternational unit 1s the activity presest
m o5 mg of the international standard This amount 0
matenal contamns by defimition one unit of oxytocic activity,
one umt of pressor activity and one unt of antidiuretic actvity

METHODS FOR THE ESTIMATION OF
ANTIDIURETIC ACTIVITY

This subject has been reviewed by Thorp (1950), P ichford
(1952), Helier and Blackmore (1g52), Van Dyke ¢f al (1955).
and others Al the methods depend on the admmstration 0
standard and unknown preparations to animals which are m
a state of water duresis  In general rats or dogs have been
the test ammals of choice 1n such assays Table \III shows
some of the methods proposed along with thewr approximate
sensitivities
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ensure a satisfactory degree of precision the test should be
repeated 1 two or three days time, using a cross over design
m which the animals which were previously imjected with the
standard are mjected with the unknown and those previously
receiving the unknown are grven the standard

Burn s method with mmor modifications m design has been
widely used 1n attempts to estimate the ADS present m the
blood and urine of man and ammals  Gilman and Goodman
{1937) found that a more consistent response was obtaimed after
the ad ration of a prel y hydrating dose of water
while Ginsburg (1951) improved the sensiivity of the method
by admmnistering the water 1n three doses at hourly mtervals
In the techmiques described by Ham and Landis (1942) and
by Birme ¢t al (1949) the assay was made more sensitive by
Increasing the water load and by substtuting intraperitoneal
for subcutaneous imjection of the standard and unknown
Preparanons  For detals of the actual procedures recommended
the reader 1s referred to the ongmal articles

Probably the most reliable method 1 rats for the estimation
of the antidwuretsc actvity of body fluds 15 the ntravenous
technique described ongmally by Jeffers et al (1942) and
subsequently modified by Ames and Van Dyke (1952) and
by Dicker (1953) The assay ammals are rendered dwretic
by the admmstration of water by gavage They are also
given ethanol by the same route  this produces hight anwesthesia
and probably also suppresses the secretion of endogenous ADH
Unne 15 collected by means of catheters iserted mto the
bladder When the urine excretion 1s relatively constant the
Standard or unknown preparation 1s injected mtravenously
Estimations of antidiuretic activity are made by comparmng the
effect of the unknown with the standard mn the same amumal
The technigue 1s very sensitive and will detect as little as
0 02 millumt of the standard Recently Hawker (1956 a 4)
has used this method to study the antidiuretic activity of serum
plasm and placental extracts under normal and pathological
conditions m man  Hs results will be discussed later m ths
chapter

2 Methods employmg Dogs

Assays 1 mtact dogs have been described by vamous
mveshigators cluding Hare ef al (1941), O Comnor (1950)
p{-3
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Many of the procedures hsted 1n ‘Table XIII are reasonably
satisfactory for the estimation of the relatively large quantiies
of ADH present 1n posterior prtwtary tissue It 15, howeser,
doubtful whether any of them, with the possible exception of
the mtravenous techmques, are sufficiently speafic to permut
of the quantitative determmation of this hormone 1n the body
fluds of man and ammals It 1s well known that blood and
urine contain many pharmacologically active substances other
than ADH which are capable of causing antidruresis m hydrated
rats  For example, Erspamer and Sala (1954) have suggested
that the antidiuretic actvity of rabbit serum results from its
content of 5 hydroxytryptamme (5HT) It must also be bome
n mind that the subcutaneous and intraperitoneal myection of
the test solutions 15 hiable to cause the animals pam and exate
ment, both of which stimult ger se can produce antidrurests by
promoting the secretion of endogenous ADH

Fluids suspected of containing ADS have been admmustered
to test ammals by the subcutaneous, mntraperitoneal and
mtravenous routes  Although vasopressin itself can be con
vemently assayed when myected by all three routes, most
workers now agree that the ADS present 1n blood and unne
can be estimated with reasonable accuracy only when tht
material contammng 1t 15 given intravenously (Heller, 1951
Ames and Van Dyke, 1952, Pickford, 1952, Van Dyke
et al, 1955)

1 Methods employing Rats

The method described by Burn (1931) depends on observing
the degree of antidiuresss produced when standard and unknows
preparations are admimstered subcutaneously to groups ©
hydrated rats  Adult male ammals are employed, they are
starved for some twelve hours prior to the assay but are allowed
free access to water during this penod  Each antmal recenves
5 ml of water per 100 g body weight by gavage and 1mmedt
ately afterwards the test solutions are myected ~ Urne volumes
are measured at fifteen minute mtervals for approxumately
three hours The time elapsing between the myection of the
extracts and the pomt of maximum drurests 15 noted and 15
plotted agamst the loganthm of the dose of the standard
preparaton  The potency of the unknown 1s determmed by
reference to the dose response curve for the standard To
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to be conducted, the blood should be concentrated prior to
bio-assay

Vartous technques have been ded for the pre
paration of ADS from urine In that of Noble ef al (1939) the
matental 15 adsorbed on znc ferricyamde and 1s then eluted
by t per cent ammoma in alcohol The ammoma and
alcohol are removed by vacuum distllavon and the dry
residue 1s dissolved 1n water The onginators claim that, when
posterior prtwitary extract 1s added to unne and extracted m
this way 70 to go per cent of the antidwretic actity 15
recovered

Rallt et al (1945) and others have extracted antiduretic
substances from unne merely by evaporating the urme at
Toom temperature to volumes of approximately 80 ml  The
reduction m volume 15 completed m thirty six to forty eight
hours and during this tme the electrolytes are removed
by dualysis The final solution 13 made up to 100 ml with
water  One millihtre of this solution 15 admumstered to
each of the test ammals Slessor (1951) has employed the
ultrafiltration method of Gorbman (1945) for the preparation
of ADS from urine Details of this technique are grven on
page 35

THE CLINICAL APPLICATIONS OF ASSAYS
OF ADH AND ADS

ADH estimations 1n the chimcal field wall become possible
only when assay methods more specific for this hormone are
developed  Attempts have been made by various mvestigators
to determine the concentration of ADS m body fluds under
normal and pathological conditions but because of the
unreliable nature of the assay methods used, 1t 15 doubtful
whether any confidence can be placed m the results obtamed
Some of the problems encountered m such estumations have
been entically exammned by Lews (1953) This worker
compared the antdwrenc activity of human serum when
assayed by two methods one mnvolving rats and the other
man  Normal volunteers were subjected to dehydration for
twele hours  after this period the serum was assayed by
intrapentoneal injection nto hydrated rats and was shown
to posess conmderable anudwrenc actvity The potency
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and Van Dyke ef al (1955) In the option of Van Dyke
et al (1955) the most satisfactory test ammal for the assay of
ADH 15 the heavily hydrated, unanzsthetised dog which has
been tramned to lie quietly 1 a supine posttion throughout the
experiment  Water 1s admimustered to such animals by gavage
and, when the excretion of unine has become relatively constant,
the standard and unknown preparations are mjected mtra
venously The end pomt of the assay 15 the degree of
antidiuress produced  The test 15 reasonably prease and is
probably more specific for ADH than any other method yet
proposed It 1s also very sensitive and will detect as fittle a5
0 25 mulllumt of the standard preparation Adamsons ¢ o
(1956) have used this test to study the ADH content of piturtary
glands 1 camels m order to ascertam whether or not th
hormone has a spectal role 1 water conservation i ths antmal
It 15 probable that, in the future, the techmque will be the
procedure of chowce for the quantitatne determunation of
ADH 1n the body fluds of human subjects

Hare et af (1945) have recommended the use of dogs with
experimentally produced diabetes nsiprdus for the assay of
ADH  Theoretically assays conducted 1n such antmals should
be more rehable as the endogenous production of the hormont
will not interfere with the results However, Van Dyke et dl
(1955) state that m normal dogs which have been wequately
traned prior to the assay the secretion of ADH from the
postertor pituitary 1s msufficient to 1nfluence the results obtamed
These workers concluded that assays conducted m trame
animals with mtact prturtaries were just as satisfactory as thost
performed 1 dogs with experimental diabetes msiprdus

THE EXTRACTION OF ADH AND ADS
FROM BODY FLUIDS

At the time of wnting httle or no relrable nformation 1
available a5 to what method or methods should be used for
the extraction of ADH and ADS from #lood  Up til ntow most
mvestigators have administered untreated serum or plasm
to the test ammals  As pomted out by Lewss (1953) and
by others 1t 1s probable that even m dehydrated subjects
the blood concentration of ADH (as distnct from ADS) s
very low Accordingly, if assays specific for this hormone are
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that m such mdividuals the hiver had lost its capacty to
mactivate ADH  Hall ¢t af (1949) and Dochios and Dreifus
(1951) have also reported an increase in antidwretic activity
m the urine of subjects with portal crrhosss  Labby (1949)
found an abnormally ligh urmary excretion of ADS in cases
of wfectwe hepatitis, the titre decreased during the period of
convalescence from the disease

In 2 more recent study Perry and Fyles (1953) estimated
the concentration of ADS 1 serum 1n a senes of nune patients
with Iner disease They found normal values m all cases
and concluded that alterations m the level of ADS 1n serum
were not responsible for the water retention assocrated with
hepatic cirthosts

{¢) MisceLLanEoUs Diseases —Assays of ADS m blood and
urne have been performed m numerous other chimcal con
ditions, a few of which will be briefly mentioned In congestive
cardias farlure with cedema and 1 the nephrotic gyndrome varous
miestigators have demonstrated the presence of increased
antidwretic activity m unne (Robmnson and Farr, 1940,
Bercu et al, 1949, Dochios and Drexfus 1951) Clams have
been made that a postive correlation exists between the
quantity of ADS excreted on the one hand and the degree of
chmcal cedema on the other These observatons are at
vanance with the findings of Perry and Fyles (1g953) who
showed that the levels of ADS i the serum of ten patients
with congestive cardiac failure did not differ sigmficantly
from normal

It 1s well known that in Addisons disease and m other
types of adrenal insufficiency water metabolism 15 abnormal
The falure of prompt diresis after the ingestion of water
forms the basis of the Robinson Power kepler test which has
been widely used i the diagnoss of patents with adrenal
msufficency  Slessor (1951) has compared the antidiuretic
activity of body flurds 1n patients with Addison s disease wath
that m normal ndividuals Untreated serum and urne
extracted by the ultrafiltration method were mjected ntra
pentoneally mto hydrated rats Individuals i both groups
were subjected to a penod of fourteen hours dehydration It
was found that at the end of this tme the serum concentration
of ADS was much higher i the Add1 omans than n the control
subjects The antidiuretic activity of urme was also determined
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was equivalent to approwimately 2 mullinits of pitressin
(Parke Davis) per mullintre  Following dehydratron serum
was also remjected mto the donors No antidiuresss was
observed and 1t was calculated that the actwity present was
less than o 1 milllumt of pitressin per mulllitre  From ths
discrepancy i results Lewss (1g53) concluded that the rat
assay method was non specsfic and that the antidinretic effect
produced 1 the test ammals resulted erther from a stimulus
such as pamn or from the presence m serum of substances
other than ADH

1 Assays of ADS i Non-pregnant Conditions

{a) NorMAL Suejects —~Various workers, ncluding Lloyd
and Lobotsky (1950), Hawker (1955) and Perry and Fyles
(1953) have demonstrated the presence of ADS m the serum
of narmal men and women Lloyd and Lobotsky (1g50) and
Perry and Fyles (1953) have also reported that the concentra
tion of ADS in serum nises after dehydration and falls durmg
the dirests mduced by the ingestion of water In these
mvestigations the mtraperitoneal assay method 1w rats as
described by Birnie ¢f af (1949) was employed In a recent
study Hawker (1956 &), using the more specific intrayenous
techmique of Jeffers et al (1942), was unable to demonstrate
antidusetic actnity m ether serum or plasma from normat
subjects  Hawkers findings provide support for the view that
assays conducted by methods dependmg on ntrapentoneal
myjection give an over estimate of true antidiuretic potency and
thus yield erroneously high values

(5) Laver Diseast —FEvidence 1s conflicting regarding the
concentration of ADS m the body fluds of patients with
hepatic wrrkosts Ratl et a? (1945) compared the antidureuc
activaty of norma) unne with shat of errhone pavents ot
with and without ascites The urme was concentrated by
evaporation and was assayed mn rats by Burns method The
antidiuretic activity of normal unine and of the urnine of cirrhotic
patients without ascites was refatively low  In currhotic subjects
with ascites, on the other hand, abnormally high levels were
found Ralh et al (1945) suggested that the antdmurenc
substance found n urine mght be denved from the postenof
pitustary and that the reason for its demenstration m mereased
amounts 1n the urme of cases of cirrhosis was due to the fact
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mactinvate oxytoan and vasopressm the reader 1s referred to
atticles by Werle and Effkemann (1941) and by Page (1946)

(b) Pre scLampic ToxzmiA It 1s not yet known with
certamnty whether the excessive secretion of ADH plays any
part m the =ztiology of this condition The nformation
obtained from assays of ADS 1n body flurds has been confusing
and contradictory  Anselmmo ef al (1932) claimed to have
demonstrated an mcrease 1 ADS 1n the blood of eclamptic
women and suggested that the matenal was denved from the
posterior pitwtary Teel and Rexd (1939) reported that urine
concentrates from toxzmic patients showed greater amounts
of antidwretic activity than those of normal women they
also stated that the quantity of antidiuretic material could be
correlated with the degree of water retention but not with the
hypertension or albuminuna On the other hand, various
mvestigators, mncluding Theobold (1934) Lewitt (1936) and
Krneger and Kilvington (1946), were unable to demonstrate
the presence of abnormally large guantuties of ADS m the
body fluids of toxemc patents

The subject of antidwretic substances 1 body fluds 1n
normal and abnormal pregnancy has recently been reviewed
by Pickford (1952) This worker concluded that at present
there was no defiite evidence to support the view that the
over production of pituitary ADH with associated water
retention was the mamn cause of pre eclamptic toxerma It
remams to be estabhshed whether antidiuretic substances are
indeed present 1n increased quantities mn the blood and urie
of these patients or whether their apparent detection 15 due to
the use of unswitable assay methods

(¢) PracentaL Extracts —Hawker (1956 &) has recently
shown that saline extracts of placentz from normally pregnant
women and from patients with pre eclamptic tosemia are
capable of inactivating both the oxytocic and antidiuretic
activity of posterior piturtary extracts He has suggested that
the hibitor present m placental tissue 1 an enzyme
Placentz from normally pregnant women were found to
Ppossess considerably more enzymuc activity than those from
toxemic women Hawkers observations are certamly of
interest 1n relation to the mtiology of pre eclamptic toxzma

but ther exact sigmficance remams a problem for future
eluadation
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n both groups after the admumustration of 1 test dose of water
In the normal subjects maximum diuresis occurred during the
second hour of the test, at this time the urine, when tested for
antidwuretic activity, gave negative results In the Addisonan
patients, on the other hand, water diuresis was either absent
or greatly delayed Urinary assays for ADS conducted during
the first four hours after the admmstration of water showed
defimte actvity whereas urme passed duning the pertod of
delayed dwresss produced mo response m the test amimals
On the baus of these observations Slessor (1951) concluded
that the presence of an antidiuretic substance n the blood of
patients with Addison’s disease was responsible for the delayed
dwresis seen 1 therr condition  He also suggested that, smce
the phase of delayed duresis 15 associated wath the absence of
antidmretic activity from umnne, the rate of removal of the
ADS from blood m Addison’s disease 15 abnormally slow It
must be emphasised that, although these suggestions are of
mterest, they must be accepted with reserve in view of the
relative non specificity of the assay method used 1 the course
of this investigation

2 Assays of ADS d g Pr Y

() NormaL PrEcNANCY —Varnious workers, including Teel
and Reid (r939) and Kneger and halvington (rg46), have
falled to demonstrate the presence of antidwretic actwvity m
the blood and unne of normally pregnant women On the
other hand Hawker (1953) using the assay method of Birme
et al (1949), detected ADS m the serum throughout normal
pregnancy The levels remamed relatively constant at all
stages of pregnancy but appeared to fall just prior to the onset
of lactation  In more recent studies with a more specific assay
method Hawker (1956 a) found antidruretic activity in the serunt
but not i the plasma of normally pregnant women at different
stages of gestaton He also showed that normnl pregnancy
plasma contams a substance which mactnates both vasopressin
and the ADS present 1n serum from normally pregnant women
and m plasma from cases of pre eclamptic toxemia The
properties of this mhibitor m pregnancy plasma are at present
unknown although observations by Hawker (1956 4) and by
others have suggested that 1t may be enzymic i nature For
further information regarding the bihity of pregnancy blood to
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SuMMARY AND CONGLUSIONS

Assay methods for ADH are not yet sufficiently speafic
for routine application 1 the chimical field  The most promsing
techniques at present available are those employing intravenous
mjection of the test solutions into hydrated rats and dogs
Assays depending on subcutaneous and intraperstoneal admums
tration probably give an over estimate of antidiuretic potency
and should no longer be used i chrycal stuches

Further work 1s necessary on methods of extraction of
ADH from blood and urine

It has been stated that the anudwretic actvity of body
fluds 1s increased in hepatic cirrhosis with asates, m the
nephrotic syndrome, m congestve cardiac farlure with cedems,
m Addisons disease and 1 pre eclamptic toxzmiz  These
claims should be accepted with reserve mn wview of the
unrchability of the assay methods employed
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CHAPTER T\
Estrogens

INTRODUCTION

FIVE different, but closely related, cestrogens have so far
been isolated from human urine  These substances are

estradwl 178, estrone estriol, 16 epresiriol and 162 hydroyy
estrone The first three cestrogens have been known for many
years while the fourth and fifth have only recently been shown
to be naturally occurring compounds  The structural formulze
of the various astrogens are shown in Fig 32

From the chemucal pomt of view the three mam charac
tenstics of the cestrogens are (1) the aromtic nature of rng A
of the steroid nucleus, (2) the oxygen substituent at C 17 and
(3) the phenolic OH group at C g which gives the compounds
weakly aadic properties

Gstradiol 178 was ongmnally 1solated by MacCorquodale
et al (1935) from the follicular fluid of sow s ovaries and has
subsequently been isolated from other sources including human
pregnancy urne (Huffman ef ol 1940 a) human placental
tissue (Huffman ef ol , 1940 5), horse testes (Beall, 1940) and
stallton urme (Levin 1945) Ths substance 1s the most potent
of the naturally occurning cestrogens as judged by bio assays
1 rats and mice and, because of this fact the suggestron has
been made that estradiol 178 15 the true ovanan hormone
m man

(Estrone has been isolated from many sources mcludmg
human pregnancy unne (Dowsy of al 1929) human male
urine (Dingemanse et al, 1938) human placental tissu¢
(Westerfeld ¢t al, 1938) beef adrenal glands (Beall, 1939)
and the bile of pregnant cows (Pearlman et of, 1947) As
Judged by bio assays n rats and mice, cestrone 15 less acte
than cestradiol 178 In chemical structure 1t differs from the
Iatter 1 having an oxo (=0) group mstead of a hydrovyl
(- OH) group at C 17

(Estrtal has been 1solated from human pregnancy unmne

.
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(Marnan, 1g30) and from human placental tissue (Browne,
1931)  The presence of the hormone has not yet been detected
with certamty m the urine of other spectes In bio-assays
msolving oophorectomised rats and muce, cestriol 15 less active
m causing vagmal cornification than are cestracdiol 178 or
cstrone  The molecule of cestniol contans three hydroxyl
groups and this accounts for the greater water solubihty of
the compound

A stereo 1somer of cestriol 16 epiesirtol has recently been

oH o OH
OH
HO' HO HO'
Oestradiol 174 Qestrone Oestriel
OH ‘O
OH OH
HO HO
16 ~¢zioestriol 16 hydroxycestrone
Fio 32

Structural formulz of the various estrogens

ssolated from human pregnancy urine (Marnan and Bauld
1955)  Various workers mcluding Huffman and Grollman
(1947) and Lorame et al (1957) have demonstrated that this
substance 15 also capable of causing vagmal cormfication
cophorectomused rats and muce but that 1ts brological actvity
1 this test 13 considerably less than that of cestriol

Marrian ef ol (1957) have recently succeeded m 1solating
from  human pregnancy unne a fifth cestrogen, 16a
hydrospesirons  When assayed by the vagmal smear test mn
cophorectormised mice 16a hydroxycestrone and cestriol are
approximately equipotent (Lorame ef al , 1957)
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@strogens are excreted m human urine as water soluble
conjugates  Estriol 15 conjugated with glucuronsc acd as
aestriol glucuromide It was formerly beheved that costrone
was probably conjugated with sulphunic acid and excreted a5
astrone sulphate  However, recent work by Oneson and
Cohen (1952) has mdicated that a relatnely large proportion
of the cestrone 1n human pregnancy urine 1s conjugated as the
glucuromde  The mode of excretion of cestradiol 175,
16 epreestriol and 16a hydroxyeestrone 1s not yet known

It 15 almost certain that human unine contans unknown
cestrogen metabolites 1n addition to the five known compounds
The evidence for this statement 1s based matmly on radio-
actvity studses and will be considered later an this chapter

(p 172)
SOURCES OF (ESTROGENS IN THE BODY

The main sources of cestrogen production in humans are
the ovary and the placenta  Estrogens are also secreted m
smaller amounts by the adrenal cortex and by the festis

1 Ovary

Most workers now hold the view that the mam sie of
cestrogen production in the human ovary 1s the theca mtema
rather than the stratum granulosum (Estrogens are secreted
both by the maturing Graafian follicle and by the corpus luteum
after ovulation

Some doubt still exists as to the nature of the cestrogens
secreted by the human ovary  Many years ago Ma(:Corquodﬂlc
et al (1935, 1936) wolated astradiol 178 from the folliculsr
fluid of sow’s ovaries and m 1938 Westerfeld ef af demonstrated
the presence of a:strone in the same material  Since then it
has been genecrally assumed that these two substances arc
secreted by the ovaries of other spectes imcluding man It
should however, be emphasised that the cestrogens produc
mm and secreted by the human ovary have not yet bect
identified with certamty, although there 1s some indirect
evidence, obtamed from studies of the cestrogen excretion
durng the normal menstrual cycle, that cestradiol 178 andjor
cestrone may be the principal ovanan estrogens cliborated 18

humans
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2 Placenta
(Estrogens were first demonstrated in placental tissue by
Fellner 1 1912 Subsequently cestmol, cestrone and

cestradol (78 were 1solated from human placental tissue
Varous workers ncluding Diczfalusy (1953) Matchell and
Davies (1954) and Diczfalusy and Lindkvist (1g56) have
shown that, of the placental cestrogens, cestriol 15 the most

P from the pomt of view

There 15 good evidence to support the view that dunng
pregnancy the placenta takes over from the ovary the pro
duction of cestrogens and that from the second or third month
of pregnancy onwards this organ 1s the domnant source of
the hormone

3 Adrenal Cortex

{Estrone has been 1solated from beef adrenal glands and,
although cestrogens have not yet been 1dentified with certamnty
i human adrenal tissue there 1s strong indirect evidence to
support the view that the adrenal cortex 1s capable of elaborating
these substances Various investigators have detected small
quantities of striol, cestrone and cestradiol 178 1 the urme
of normal men, and of post menopausal and cophorectomssed
women and 1t 1s probable that the principal source of cestrogens
m such mdividuals 1s the adrenal cortex  Both male and female
Patients with certain types of adrenocortical tumours have
been shown to excrete abnormally large quantities of cestrogens
mn their urme (Simpson and Joll 1938, Dohan ef af, 1953)
and 1t 15 reasonable to assume that these substances are derived
from hyperactive adrenocortical tissue  In addition 1t has
been recently demonstrated by Dao (1953) and by Brown (1957}
that 1 patients with v ca ) d both
fo bilateral cophorectomy and bilateral adrenalectomy the
Urinary cestrogen titre may fall to zero levels

4 Testis

Goldzieher and Roberts (1952) have recently detected
the presence of cestraciol 178 1 human testicular tissue, wiile
chzfalusy (1954) has shown that pooled human semen
containg cestradiol 178 cestrone and cestriol  Lattle s so far
own regardmg the site of production of cestrogens m the
testis  Vanous mvestigators ncludimg Vigdoff et ol (1939)
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and Berthrong e al (1949), have suggested that the semm
ferous tubules, and m particular the Sertol: cells, are capable
of cestrogen secretion, but the evidence for this 1s by no means
conclusive  For further mnformation on this controversal
subject the mterested reader 1s referred to review articles by
Huggmns and Moulder (1945) and by Howard ¢f al (1950)

METHODS OF ESTIMATION OF (ESTROGENS
IN HUMAN URINE

In ths section consideration will be given to assay methods
for cestrogens mn urine extracts At the time of writing, assay
methods for these hormones in blood are not 1 a sufficiently
advanced state to ment critical evaluation

As mentioned previously the cestrogens present in the urme
do not occur 1n the free state but are conjugated with glucuront
acid and perhaps also, to 2 lesser extent, with sulphunc acd
Prior to extraction and determination either by biologreal or
by chemical methods, these conjugates must be hydrolysed
This may be accomplshed either by botling the unne with
acid or by mcubating 1t with enzyme preparations contaiming
B glucuromdase and phenolsulphatase  The free cestrogen
then extracted with a sutable water :immuscible solvent, ¢£»
cther  Subsequent washing of the ethereal extract by sodum
bicarbonate removes the acid fraction of urne, the total
phenolic fraction which can be used for the determmation of
total cestrogens, can then be obtamed by distribution between
ether, benzene or toluene and sodium hydroxde Funally,
the total phenolc fraction can be separated mto cestriol,
cestrone and  cestradiol fractions and the excretion of the
mndividual cestrogens can then be determimed

Most of the early work on the esumation of cestrogens
urine extracts was performed by bio assay techmques which,
although sensitve, had a relatively low degree of precisiol
By means of such techmques a considerable amount of useful
chnical information was accumulated on the cestrogen excretion
i health and disease, but the results obtamed could not be
regarded as strictly quantitative ' Withm recent years rehable
chemical methods have become available for the assay of urinary
cestrogens, and 1t 15 virtually certamn that these techmques will
entirely replace bio assay procedures m the estimation O
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astrogens for clinical purposes However, 1n view of the fact
that mo t of the results at present avalable for the cestrogen
excretion m pattents have been obtamed by bro assay, 1t was
felt that these techmques as well as the chemical procedures
should be briefly desenbed

THE ESTIMATION OF (ESTROGENS BY
BIOLOGICAL METHODS

The discusston will be conducted under the following
headings

1 The mternational standard preparations for the
cestrogens

2 Assays based on vaginal cormfication

3 Assays based on uterine weight

4 Mhscellaneous assay methods

1 The Inter 1 Standard Prep for the
@Estrogens

An nternational standard for cestrone was estabhished m
1932 by the Permanent Commussion on Biological Standardisa
fion  The international unit was defined as the actwvaty
contamed m o1 pg of the standard preparation The
introduction of this standard made 1t possible for workers to
assay urme extracts i terms of cestrone and to express results
Innternational unrts rather than in ammal umts  However
for reasons which will be discussed later 1 this chapter, the
establishment of a standard preparation did not greatly mcrease
the relability of cestrogen assays by biological methods and the
chrucal mformation ob d r d of doubtful value
from the quantitative pomt of view

In the years immediately followmg the adoption of this
standard esterified forms of the hormone came nto general
use  When these preparations were tested agamst the
standard for cestrone the relative potency was found to vary
dependimg on the solvent and on the assay design employed
Accordingly, m 193, the Permanent Commussion on Biological
Standardisation agreed 1o estabbsh a second international
standard namely, the monobenzoate of cestradiol 178 The
international umit was agam defined as the activity contamed
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m o1 ug of the standard preparation The standard for
cestradiol monobenzoate has not been used to any extent m
cestrogen assays 1 the chinscal field

2 Assays based on Vaginal Cormtfication

The biological method for cestrogen assay most frequently
employed n chmcal studies depends on the mduction of
vagmal cornification 1n oophorectomsed rats and mce after
the subc 1 ration of urne extracts Ths
techmque was origmally ntroduced by Allen and Dosy i
1923 and has since been studied extenswvely and modified by
numerous mvestigators In the modification described by
Marnan and Parkes (1929) aqueous solutions of cestrogens
are mjected subcutaneously into mice m four doses over thirty
six hours Vagmal smears are taken once on the second day,
three times on the third day and twice on the fourth day of the
assay The response 15 considered postive if any of the sx
smears taken from 2 mouse 1s positine A * posttwve * smear 13
regarded as one which contams epithehal and cornified cells
but no leucocytes  Using the vagmal smear test 1t has generally
been found that cestradiol 178 15 more active than cestrone
and that aestrone 1s more active than cestriol

Many mvestigators 1n the climical field have expressed
assay results with the vagmal smear test mn ‘rat’ and mouse
untts, a umt bemng defined as the dose of urine necessary 0
elicit 50 per cent of positive responses in a group of ammals
It has already been emphasised (p 8) that the error of
estimations expressed 1 ammal umts may be very large
and that results calculated m this way have little quantitatine
significance

Emmens (1939) has made a careful study of the many
variable factors affecting the vaginal smear test He concluded
that, for a reasonable degree of precision a four pomnt design
should be employed with two groups of muce recewving the
standard and two groups receving the unknown preparation
Each group should consist of not fewer than twenty ammals
Emmens (1939) and others have found that when the number
of ammnls per dose level of standard or unknown 1s less than
twenty the error of the test becomes very large

Vanous attempts have been made to increase the precision
and sensitivaty of the Allen Doisy test  One of the modafications
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suggested substituted for subcutaneous injection intravaginal
apphcation of cestrogens (Emmens, 1947) Vanious workers
mcluding Albrieux (1941) and hrichesky and Glass (1947),
have apphed the intravagmal techmique to the assay of
astrogens 1n human blood

3 Assays based on Uterine Weight

Methods have been described using oophorectomised
immature rats (Bulbring and Burn, 1935) and intact tmmature
rats and mice (Lauson et a! 1939, Esansetal 1940) Usually
the anmmals are imjected once or twice per day for three days
and are killed approximately seventy two hours after the first
mjection at which time the uten: are weighed fresh  In general
there 15 a lmear relationship between the loganithm of the dose
of the admunistered cestrogen and the effect produced although
the actual dose response curves for the various cestrogens are
markedly dissumular  Assays in ntact immature rats have
shown that cestradiol 178 1s the most potent of the natural
cestrogens and that cestriol 1s more potent than cestrone
(Lauson et af , 1939) Sumular studies n mice by Evans ef al
{1940) and others have demonstrated that cestriol 1s the weakest
of the three cestrogens that cestradiol 178 1s the most potent,
and that cestrone occupies an intermediate posiion

Srx nour TEsT For (EsTROGENIC AcTIvITY —Astwood (1938)
studied the early effects of cestrogen. on the utern of ntact
immature rats and showed that a rapiwd increase mn weight
occurred during the first few hours after the mjection  This
mcrease 15 mainly due to accumulation of water by the endo
metral stroma  Astwood (1938) proposed that this reaction
be made the basis of a six hour assay method mn which the
dosage of the cestrogens admimistered was plotted agamnst the
Percentage increase mn uterine weight Using this techmque
1t was found that cestradiol 178 was approximately twelve
times more potent than cestrone

Miscell Method
4

Assay

Various additional bio assay methods for estrogens have

been described  These have mncluded tests depending on

taginal opening 1n intact immature rats mice and gumea pigs

(Lauson et af 1939 Littrell ef ol 1946) and on enlargement

of the orduct m chicks {Dorfman and Dorfman, 1948) However
11
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none of these procedures has yet gamed popularity in the chincal
field For details of these methods the reader 13 referred to the
ongmal articles

Dssad ges of Biological Methods in the Assay of
Urnmary (Estrogens

The careful studies of Emmens (1939) and of Pedersen
Bjergaard (1939) have demonstrated beyond all doubt that
for a number of reasons, bio assays of cestrogens when per
formed on the relatively 1mpure extracts denyed from human
urine, are so unrchable that little or no confidence can be
placed 1n the results obtamed The sources of error fall mto
three mam groups

In the first place 1t has been shown that, m a gnen
experiment the estimation of cestrogemic potency will depend
to a very large extent on the method of assay adopted and that
mmor varations 1n techmique such as alteration of solvent or
of spacing of ijections will markedly influence the final result
Thus 1s well 1llustrated by the observation of Pedersen Bjergaard
(1939), who found that an extract of human pregnancy yrnne
gave a potency varymg from 158 to 75,900 1u pef §
(expressed 1n terms of cestrone) accordmg t0 the assay method
employed

The second difficulty anses from the fact that, since the
impure unne extracts contam a mixture of at least three
cestrogens which differ widely mn thewr biological actnvity, such
extracts cannot be assayed in terms of the mternattonal standard
for cestrone A more reliable esttmate of cestrogemc potency
would presumably be obtamed by separatng the cestrogens
prior to bio assay mto cestriol, cestrone and cestradrol fractions
and by expressing results mn terms of the weights of the pure
crystalline substances However, such a procedure would be
exceedmgly laborious and tume consuming and would requir¢
a very large number of ammals for any reasonable degree of
precision

A third source of error depends on evidence which has beent
presented by Emmens (1939) This worker has shown that
human urme concentrates may contain augmenting sub
stances which enhance the effect of astrogens on the target
organs and which are present in varymg amounts accordng
to the method of extraction employed
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THE ESTIMATION OF (ESTROGENS BY
CHEMICAL METHODS
Chemucal procedures for the determination of cestrogens in
human unne fall into two man groups
1 Colornimetrc methods
2 Fluonmetnic methods

1 Colorimetric Methods

Such methods have usually depended on the reaction
descibed ongmally by Kober i 1931 This test consists
essentially of heating the cestrogens with a muxture of phenol
and sulphunc acid, diluting with water and re heating A
pink colour with an absorption maximum at a wave length
of approimately 520 mp 15 obtamned Later workers have
shown that other phenols and some reducing agents can be
substituted for phenol 1tself in the reagent

The Kober reaction 1s highly specfic for the naturally
occurrg cestrogens  Its chief source of error hes in the fact
that crude cestrogen concentrates from urme contain substances
of unknown composition which produce a brown colour 1n
the spectral range of the absorption maximum of the kober
colour  Varous attempts have been made to correct for the
€rror 1 estimation due to the brown colour and thus to mcrease
the sensitivity of the procedure (Venming efal 1937 Stevenson
and Marran 1947) Such attempts were reasonably successful
mn the case of extracts from the urme of pregnant women which
contamn relatnely large amounts of cestrogens but, unul
recently were much less successful m the case of urinary
extracts from non pregnant subjects m whom the excretion of
estrogens 13 very much lower In 1948 Marnan concluded
that the hober reaction together wath the extraction and
purification proced then lable was probably unrehable
inunnes contarmng less than 2 mg of aestrogens per twenty four
hours and that accurate chemucal determinations of the urmary
excretion of cestrogens were only possible during mid and late
Pregnancy

Recently careful and detailed studies have been made by
Brown (1g52) and by Bauld (1954) on the many vanable
factors concerned 1n the development of the hober colour and
this work has resulted i a very sigmificant ncrease i the




]64 CLINICAL APPLICATION OF HORMONE ASSAY

rehabibty of the procedure  Great improvements were also
made by those mvestigators in methods of extractton and
purfication of the urinary wstrogens  The methods ultimately
developed by Brown (1955 @) and by Bauld (1956} for the
quantitative determmation of eestradiol 178, cestrone and
cestriol in human urme are described below

() Tue Merrov oF Broww (1955 a) —The mam steps
m this method are (1) acd hydrolysis, (1) ether extraction,
(m) carbonate wash of the ether extract (mv) partiion
between a benzene-petroleum ether muxture and water and
alkali, (v) a new phase change punfication procedure for the
ph fraction depending on methylatton of the phenot
group, (vi) separation of the austrogen methyl cthers by
adsorption chromatography on alumuna columns (vu) colon
metric measurement using an mmprosed Kober colour method
{vin) spectrophotometric carrection for mterfermg chromogeni
matertal usmg the formula described by Allen m 1950
It should be noted that the cestrogens obtamed by ths
procedure are in the form of methyl ethers and are not
biologically active

The accuracy of the method has been tested by a senies of
recovery expeniments m which known amounts of cestriol,
strone and cestradiol 178 were added to portions of and
hydrolysed twenty four hour urme samples from normal men
The mean recovery figures lay between 8 and go per cent
even at levels corresponding to 4 pg of added cestrogen pef
twenty four hours It 1s probable that a further 10 to 20 per
cent of the added cestrogens 1s lost dunng acid hydrolyss
and that the overall recovery for the whole method 15 of the
order of 6o to 75 per cent

In lus ongnal paper Brown (1955 a) stated that his method
was reasonably accurate for the determmation of cestradiol 78
cestrone and astriol down to a level of 5 ug per twenty four
hours of each of the three astrogens Subsequent work has
tended to show that although the precimon and accuracy
of the method decrease when the amount of each astroged
present 15 less than 5 ug per twenty four hours results abos¢

*The Allen correction depends on the assumption that the contamuaung
colours have linear wave length/absorption curves th the fegion of the absorpios
axmure of the estrogen Kober colours  There 1 good evidence to show b
e ssumphon 18 correct 1n the case of the methods described by Brown {1955 ¢
and

by Bauld {1956}
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approximately 2 ug per twenty four hours for each of the
three cestrogens still retamn quantitatnve significance (British
Empire Cancer Campagn, 1956}

The speaificaty of Browns method has been studied by
Diczfalusy (1g955) using countercurrent techmques and by
Bulbrook et o/ (1957) usmg bio assay There 15 now good
evidence to support the view that the substances measured are
mdeed cestradiol 178 cestrone and cestriol

This method for cestrogen determnation 15 somewhat
exacting and time consuming but 15 swtable for use n the
clinical field  One tramed technician can conveniently perform
four to six complete esttmations n two days Vamous
mvestigators, including Brown (1955 b 1956) Diczfalusy and
Westman (1956), Bulbrook and Greenwood (1957 @ &) and
Stoa and Knutsen (1957) have used the procedure to study
the urnary excretion of eestrogens 1 health and disease

(6) Tue MeTHOD OF BauLD (1956) —This method mvolves
(1) acd hydrolysts (u) ether extraction (m) separation of
ostriol from  cestrone and  cestradiol 178 by  distnbution
between benzene and water (1v) pumfication of cestriol by
saponification and by column partiton chromatography,
(v) separation and punification of cestrone and cestradiol 178
by column partition chromatography and by sapomfication,
(v1) colonmetne determumation of the punfied fractions usmg
animproved Kober reaction (vi1) spectrophotometric correction
for mterfering chromogemc matenal by means of Allens
correction formula

Bauld s method differs from that of Brown m employmg
partition chromatography on cehte columns rather than
adsorption  chr aphy on al 1 The
@strogens obtamed by Bauld s method are m the free form
and are therefore biologically active

Cowparison oF MerHops oF BRowN AND BauLp —The
methods are comparable m terms of accuracy precision
sensitnity and specificty When parallel assays by the two
methods were conducted on unne samples from men and
from normally menstruating and post menopausal women
the results obtamed were m good agreement (Marnan 1955)

There 15 hittle doubt that the methods of Brown and Bauld
are the best dures at present lable for the q 3
determination of cestrogens 1 human urine  The mamn




166 CLINICAL APPLICATION OF HORMONE ASSAY

himtation of both methods lies 1n the fact that the conditrons
of hydrolysis are not entirely optimal and st 1s probable that
from 10 to 20 per cent of the cstrogens 1s lost dunng thy
step The methods are well adapted to studies n women
during reproductive bfe but are probably less reliable m
post menopausal women, m men and n children, m whom
the urmary excretion of cestrogens 15 generally lower, bemg
frequently less than 5 pg per twenty four hours for each of
the three cestrogens  Newther method 1n sts present form
capable of measuring the more recently discovered ummary
aestrogens, 16 eprcestriol and 16a-hydroxycestrone  In order
to obtain a true prcture of the urmary excretion of endogenous
cestrogens 1n health and disease st will probably be necessary
to design a new procedure which will permut of the accuratt
determmation of all five compounds

2 Fluorzmetric Methods

Such methods depend on the fact that an ntense yellowssk
green fluorescence develops when an cestrogen 15 heated wih
sulphuric acid or phosphoric acid  The fluorescence produced
1s proporttonal to the quantity of cestrogens present, IS

mtensity can be measured i a sensitve fluontmeter The
fluorescence reaction for costrogens 1s more sensitine than ﬁlcf

Kober reaction It has, however the senous disadyvantage o
being much less spearfic  Thus lack of specificity anses fom
the fact that, 1 the relauvely umpure extracts prepared from
unne by exisung methods sub other than gens are
capnble of producing fluorescence
Numerous methods insolvmg fluonmetry hawe beth
described, but for vartous reasons none of them has ganed wide
acceptance 1 clinical studies The method described by
Jaler {1948) was apphed to the estimation of cestrone and
aestradiol 178 in urine but could not be used for the guant
tatwe determmation of astriol A more promusig techntqac
was later described by Engel o af (1950) These workers
puntfied ther evtracts by countercurrent distribution an
bsequent! d the individual cestrogens by fluonmetny
This techmque 1s much too laborious for routine use This
can also be said of a further refinement of Engels method
developed by Migeon (1953) In the method of Braunsberg
et al (1955) the phenolic materal, obtamed after hydrolysts
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extraction and partial punfication of urne, was further punfied
by partiion chromatography on celite columns, fluonimetric
estimations of cestrone, cestradiol 178 and cestriol were made
on the three fractions thus obtained Very recently Aitken and
Preedy (1956) have described an assay procedure for urmary
cestrogens 1nvolving gradient elution partition chromatography
followed by fluonmetry At the ime of wniting 1t 15 too early
to assess whether this techmique will prove surtable for
application to chnical problems

There seems httle doubt that at present, colommetnc
rather than fluonimetnic techmques should be used for the
quantitative  determunation of cestrogens in human urme

¢ many vanable factors m the fluorescence reaction have
not yet been adequately studied Such a study mught well
yield important nformation as this reaction because of 1ts
relatively high sensiivity mught in the future become the
procedure of choice for the final determination of cestrogens
wn low titre urmes and 1 blood This view 1s supported by the
recent work of Preedy and Aistken (1957) who using an assay
method depending on gradient elution partiion chromato
graphy and fluonimetry, were able to measure the plasma
cestrogen concentration mn normally pregnant women

16 EPIESTRIOL AND 164 HYDROXY@ESTRONE
AS URINARY ESTROGENS

By usmng the ghly speafic Kober reaction as modificd
by Brown and by Bauld Marnan and his co workers have
recently detected in human urine the presence of substances
other than cestradiol 178, cestrone and cestriol which are
capable of giving the khober reactton (Marman and Bauld
1955, Watson and Marnan, 1956 Marnan ¢t ol  1957)

In 1955 Marnan and Bauld, using pregnancy unne were
able to concentrate 2 new Hhober chromogen 1 the crude
astriol contaimng  fraction Subsequently by means of
countercurrent solvent partitton methods and column partt
tion chromatography, these workers separated thus substance
completely from cestriol and 1solated 1t as a pure crystalline
compound This compound was shown to be an 1somer of
wstrol, 1t was soon demonstrated that 1t was identical with
16 eproestniol  a substance which many years before had
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hmstation of both methods lies in the fact that the condstions
of hydrolysis are not entirely optimal and 1t 1s probable that
from 1o to 2o per cent of the cestrogens 15 Jost dunng ths
step The methods are well adapted to studies m wom n
duning reproductve lfe but are probably less rehable w
post menopausal women, 1 men and m children, m whom
the urmary excrenon of astrogens s generally lower, bemg
frequently less than 5 pg per twenty four hours for each of
the three cestrogens Neither method n s present form 15
capable of measuring the more recently discovered unnary
cestrogens, 16 ¢prcestiiol and 16a hydroxyaestrone  In order
to obtamn a true picture of the unnary excretion of endogenous
eestrogens m health and disease 1t will probably be necessary
to design a new procedure which will permut of the accurate
deter: on of all five d

2z Fluorsmetric Methods

Such methods depend on the fact that an intense yeHlowssh
green fluorescence develops when an cestrogen 18 heated with
sulphuric acid or phosphoric acid  The fluorescence produced
ss proportional to the quantity of cestrogens present, d
ntensity can be measured m a sensitive fluortmeter The
fluorescence retction for cestrogens 15 more sensiive than the
Kober reacton It has, however the sertous disadvantage of
bemg much less speasfic  This Jack of specifiaaty amses from
the fact that 1n the relately 1mpure extracts prepared from
unne by existing methods, substances other than astrogens are
capable of producing fluorescence

Numerous methods mvolving fluorsmetry have beed
descrabed, but for vanous reasons none of them has ganed wide
acceptance 1 chncal studies  The method described By
Jaler 1g48) was applied to the estimation of cestrone and
cestradiol 176 w urine but could not be used for the quanit
tatnve determmation of cestriol A more promusing techmgut
was later descnbed by Engel ot af (1g950) These workers
punfied ther extracts by countercurrent distrsbution aft
subscquently esumated the mdn idual eestrogens by fluorimetry
This techmque 18 much too laborious for soutine use Ths
can also be smd of a further refinement of Engels method
developed by Migeon (1953) In the method of Braunsberg
et al (1gs5) the phenolic matenal, obtained after hydrolysts
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between the slopes of the dose effect curves for the two
aestrogens It 1s therefore justifiable to assay 16 eproestriol m
terms of cestriol

Marnan ef al (1957) have recently succeeded m 1solating
from pregnancy unme a fifth cestrogen, 16a hydrovyestrone  In
late pregnancy urme quantities
of 16a hydroxycestrone ranging
from 1 to 3 mg per twenty
four hours have been found (see
P 181), and 1t 15 therefore 60
probable that from the quanti
tative pomt of view, this sterord so
18 as mmportant as cestrone and
more 1mportant than cestradiol
178 In unne collected from
women during the normal
menstrual cycle values rangmg 30
flom 1 to 25 pg per twenty
four hour unne sample have

Probit | %
70

40

been cbtamed It must be em e

phasised that at present methods

for the estimaton of 16e o o4
hydroxycestrone m urne are far Total dose-ug (tog scale)
from quantitative For this reason Fic 34

1t 15 probable that the true values ‘Cf:‘“ﬁ"’z‘g:’;l;gi o:’ﬁ‘;::a;:
for this urmary steroid are much  cestriol using the vaginal smear test
tugher than those quoted above 18 cophorectomised 1657 (From
Lorame et al (1957) have
shown that cestriol and 164 hydroxycestrone are approxuimately
equipotent when assayed by the vaginal smear test m oophorecto
mised mice A typical assay 1s shown m Fig 34
It will be noted that the slopes of the dose response curves
for the two cestrogens do not differ significantly It can
therefore be concluded that as . the case of 16 efscestriol
1t 15 Justifiable to assay 16 hydroxycestrone mn terms of cestriol

THE CLINICAL SIGNIFICANCE OF URINARY
(ESTROGEN ESTIMATIONS

One of the mam reasons for performing unmary cestrogen
determinations 15 to obtam Information regarding the
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been prepared synthetically but had not previously been
shown to occur naturally There 1s now good evidence that
16 epreestriol occurs as such 1 urme and 1s not an artifact
produced during the extraction process  Watson and Marnan
(1956) have recently described a method which permuts of
the rough determnation of 16 eprcestriol m pregnancy unne
and have also detected the presence of this stevord 1 unze
obtained from women dunng the folbcular and luteal phases

Probit]
70
so.
50+s50 0,,‘7 S
4 04 II
30

20

I

.
0z o4 40 80
Totol dose -ug (tog scale)
Fic 33
C f'the biological

and cestriol using the vagnal smear test 1n oophorec
tomused mice  (From Lorane ef el 1957 )

£ 16-ep1 1

of the normal menstrual cycle In cyclic urme the quantity
present was approxamately 1 pg per twenty four hour speciment

The cestrogenic potency of 16 eprcestriol has been compared
with that of oestriol usmg the vagmal smear test 10
odphorectormsed rats and mce (Loramne & al, 1957)
16-¢preestriol was found to be capable of causing vagmnal
cornification 1n such ammals but was considerably less active
than cestriol m this respect A typical assay m mice 18 shown
m Fig 33 In this expeniment the rino of actwities
(cestriol/16 epraestriol) was approuimately 20 1 Statistical
calculations showed that there was no signtficant difference
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cestrone and cestriol and, secondly that the remainmg 75 per
cent 1s elmmnated from the body by other routes or i other
forms

Table XIV shows that after the injection of cestriol the
pattern of excretion 1s entrely different Approximately 8o
per cent of this steroid 15 ehminated 1 the unne unchanged

TasLe NIV

SoME OBSFRVATIONS ON THE METABOLISM
oF Injecrep (ESTROGENS
{After Brown 1957)

T°‘?éﬁfjg‘éf““‘ Amounts of Indwidual (E;(r_rogms
Gotrogen | (asteadiol 17p 4 | <Telga 24 Peroentage ol Total
njected costrone + eestriol)

as Percentage of
Dose mjected Estradiol 17p | Estrone | Estnol

Gstrad ol 178 23 3 40 4
Estrone 22 f 43 46
Estro! 79 100

and there 1s no additional urnary excretion of cstradiol 178
or of cestrone

The cestrogen excretion durmg the normal menstrual
cycle will be discussed later i this chapter (p 173}, but at
this pomnt 1t 15 useful to note that m normally menstruating
women the relative proportions of cestradiol 178  cestrone
and cestriol 1n urine are very similar to those found i the urie
of men and of post menopausal women after the admmstration
of exther cestradiol 178 or of eestrone  Accordingly 1t may be
Justifiable to conclude that cestradiol 178 andjor cestrone
are the prinaipal steroids secreted by the ovary dunng the
cycle and that the total cestrogen content excreted m the urine
represents only about one quarter of that secreted 1n the body

In late pregnancy cestriol constitutes approximately go per
ctent of the total cestrogen excreted while cestradiol 178 and
Gestrone account for only 3 and 7 per cent respectively of the
total amount present in the urine  These figures are 1n marked
contrast to those obtamned in normally menstruating women



170 CLINIGAL APPLICATION OF HORMONE ASSAY

production of endogenous cestrogens in the body ~ Accordingly
1t 15 necessary to consider the quantitative relationship between
the secretion of endogenous cestrogens on the one hand and the
excretion of urinary cestrogens on the other

At present 1t 15 not posstble to measure the actual quantities
of the various cestrogens produced by the body and therefore
any conclusions drawn must be based on indirect rather than
direct evidence  Such indirect evidence can be obtained by
studies 1n which pure cestrogens are admimistered parenterally
to suitable human sub) and the of additional
cestrogens excreted 1n the unne are subsequently determmed

Numerous mnvestigators in the past conducted such metabolic
experiments imolving the mjection of eestradiol 178 and
cestrone  However the methods used by these workers for
the determmation of the cestrogens in unne were gcncral]y
unsatisfactory from the quanttative pomt of view, and 1t 18
therefore doubtful whether much rehance could be plactd on
the results obtamned Recently Brown (1957), using his own
method was able to esumate with a much greater degree of
accuracy, the cestrogen output after the administration of
aestradiol 178, cestrone and cestriol  Accordingly, Browns
results will form the main basis of the ensuing discussion

The experiments were conducted on two normal male
subjects, on two young women with amenorrheea and on
two post menopausal women Each of these ndwiduals was
mjected mtramuscularly with standard doses of Pure
cestradiol 178, cestrone and aestriol  After each injection the
total additsonal cestrogen (cestradiol 178, cestrone and cestriol}
excreted was estimated i each case and a calculation W&
made of the percentage of the three individual cestrogens
a percentage of the total additional cestrogen The averagt
figures obtamned n the six cases are shown 1n Table Xiv

It will be noted that after the myection of ether
cestradiol 17 or of cestrone, approximately one quarter of the
adminstered dose 15 excreted 1n the urne as cestradol 17p
cestrone and  cestriol, and that, in both cases roughly
equivalent proportions of ccstrone and eestriol are excreted
along with relatvely smaller amounts of eestradiol 178
Accordingly, 1t seems reasonable to conclude, firstly, that only
about 25 per cent of the endogenously produced eestradiol 178
andfor cestrone 15 excreted i the urine as eestradiol 178
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tume to study on a reasonably quantitative basts the cestrogen
excretion 1 normal and pathological conditions 1n man
Clinical studies with the new methods are at present 1n progress
n many centres and the results obtamed will be awarted with
considerable interest

t Children

Most mvestigators agree that the unnary excretion of
eestrogens 1n children and adolescents 1s relatively low when
compared with that of women dunng reproductive hfe  The
most detailed study 1s probably that of Nathanson e al (1941),
who used the vaginal smear test i oophorectomised muce and
expressed their results in terms of the international standard
for cestrone  These workers found that, between the ages of
three and seven, small quantities of cestrogens were excreted
m the unne of both boys and girls and that the amounts present
m the two sexes were approximately equal In boys after the
age of seven cestrogens continued to be excreted in small
quantities and showed little or no rise with the onset of puberty
In girls the unnary output of cestrogens rose sharply between
the ages of eight and eleven and after eleven 1t usually became
cyche m character Cyclic cestrogen excretion could precede
the menarche by one or two years or could comcide with the
first visible signs of dary sexual devel Dorfman

P

et al (1937) have emph d that the c gen excretion 13
related to physical maturity rather than to chronolegical age
Tillinger ef al {1957) usmg Brown s method have recently
studied the cestrogen excretion mn newborn boys They were
unable to detect the presence of cestradiol 178 or of cestrone
but found measurable quantities of cestriol  Investigations of
this type m whch rehable assay methods are used should 1n
the future yield important information regarding the cestrogen
excretion 1n normal and pathological conditions mn children

2 Normally Menstrunating Women

Numerous ivestigators using bio-assay methods have
measured the excretion of cestrogens during the different phases
of the normal menstrual cycle (Smuth ¢t al 1938 Gustavson
etal 1938, Pedersen Bjergaard and Tonnesen 1948) Usually
two peaks of excretion have been found one at or about the
ume of ovulation and the other duning the luteal phase  Curves
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and m men and amenorrheeic women injected with
cestradiol 178 or cestrone It can only be concluded that a
high proportion of the cestriol excreted during pregrancy
represents costriol secreted by the placenta It can also be
calculated that the total cestrogen secreted must be greater
than the amount excreted in the urme by only about g0 per
cent  These rough calculations are based on the assumption
that the metabolism of secreted eestrogens m the normal
non pregnant subject and mn the pregnant woman 1s the same
as 1 the male and 1n the amenorrhaeic woman mjected with
cestrogens It must be emphasised that this assumption 1s not
necessarily vald

Recently, valuable mformation regarding the metabolism
of admumustered cestrogens has been obtamed by the radio-
actnaty studies of Beer and Gallagher (1955) who admnstered
NC Jabelled cestradiol 178 to non pregnant human subjects
They found that approximately 65 per cent of the admimistered
radio activity appeared 1n the urine and that the excretion o
radio actvaty m the feces was neghgible This mmportant
work makes 1t possible to draw two mamn conclusions  The first
1s that the urine 1s the main route of excretion for cestrogen
metabolites, this fact was not appreciated before  The second
conclusion 1s that the unine must contain unknown metabohies
other than the five known cstrogens and that, from the
quantitative pomnt of view, the unknown metabolites are more
important than the known metabolites

THE URINARY EXCRETION OF (ESTROGENS
IN NORMAL SUBJECTS

It has already been stated that until very recently, methods
for estimating the urmnary cestrogens for clinical purposes were
very unsatisfactory  Brological procedures based on the
Allen Doisy test were generally employed and results were
expressed etther 1 ammal umts’ or in terms of the nter
national standard for cestrone Such estimations, for reasons
already discussed were of only limted significance from the
quantitative point of view and httle attempt could be made
to compare results from different laboratories The recent
\ntroduction of reliable chemical techmques for the determina
tion of eestrogens m unne has made 1t posstble for the first
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of the same general shape were subsequently obtamed by
Jayle and Crepy (1952), who used a chemical assay method
m which the final determmation depended on the Rober
reaction  Recently Brown (1955 &) has studied the estrogen
excretion throughout ten normal cycles Brown’s results are
probably more meaningful from the quantitative pomt of view
than any previously published, and accordingly hus findings
will be discussed i some detail Typical curves i mdivadual
cases are shown 1n Figs 35 to 40

It wall be noted that 1n all the subjects studied the amounts
of the three cestrogens excreted generally mse and fel
together  Usually cestradiol 178 1 excreted n smaller
amounts than cestrone but, m a given unne sample, the rato
(cestrone/cestradiol 178) 15 approximately constant at 21!
On the other hand there appears to be no such constant
relationship between the excretion of cestrone and cestriol 28
shown by the fact that in indwvidual urines the cestriol excretion
can be greater than, equal to or less than the corresponding
figure for cestrone

During the first seven to ten days of the cycle the excretion
of al} three cestrogens 1s low—m most cases 5 pg or less of
each per twenty four hours The levels start to rise on of
about the seventh day and reach a well defined maximum at
or about the thirteenth day  This masximum, which gcncrally
comcides with the rise n body temperature has been termed
the ovulaton peak  Browns data therefore suggest that
estrogens are secreted steadlly 1n 1ncreasing amounts prior to
ovulation and are not suddenly ltberated at ovulation as some
mvestigators have previously beheved

After ovulation there 13 2 rapid fall 1n the excretion of all
three cestrogens Durmg this phase of the cycle, as well as
at ovolation, the changes m the excretion of cestrone and
eestradiol 178 run parallel but the changes 1n cestriol excretion
tend to lag about twenty four hours behind the other two
The sigmificance of thi finding will be discussed below The
fall 1n cestrogen excretion 1s succeeded by a second nise which
occurs at or about the twenty first day and 1s mamtamed until
shortly before the onsct of the next menstrual period This
second mse can be termed the lufeal maximum and probably
reflects the secretion of cestrogens by the corpus luteum
During the luteal maximum the cestriol ‘ lag phenomena 15
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supports the view that the metabolic formation of cestriol
from cestradiol 178 or cestrone 1s a slower process than 1s the
reverstble oxidation reduction reaction mvolving the two latter
estrogens
Brown has shown that at or about the ume of ovulation,
the nse 1 the excretion of cestrol lags behind the mse
excretion of cestrone and oestradiol 178 by approumately
twenty four hours This delay in cestriol excretion, together
with the ratios of the three cestrogens found 1n the urme at
this time, 15 compatible with the view that the matuning follicle
secretes cestradiol 178 andfor cestrone but not cestrol
Evidence regarding the nature of the cestrogens secreted by
the ovary duning the luteal phase of the cycle 1 at present
conflicting  Brown (1955 5) originally noted that during the
‘luteal maxamum  the lag 1n cestriol excretion was not so
marked as that found during the follicular phase and suggested
that this cbservation was 1n keeping with the view that the
corpus luteum secreted cestriol as well as eestradiol 178 and
oestrone However, when the pattern of urmary cestrogen
excretion during the normal menstrual cycle was compared with
that obtamed 1 normal indviduals after the mtramuscular
imection of standard doses of aestradiol 178 cestrone and
@stnol no support was found for the contention that the
corpus luteum secreted cestriol m addition to the other two
cestrogens It has already been mentoned (p 171) that
approximately 8o per cent of mjected cestriol 15 recovered n
unne as cestriol while only about 10 per cent of ijected
estradiol 178 or cestrone 1s so excreted  Accordmngly 1t
appears reasonable to assume that any cstriol secreted by the
ovary would have to be some eight times more active than
either eestradiol 178 or astrone mn rassing the output of urinary
esstriol  If quantities of cestriol sufficient to obscure the lag
h were mdeed d by the corpus luteum 1t
would be expected that during the luteal phase of the cycle
the excretion of eestriol would be refatively much higher than
during the follicular phase  Such a marked difference was
not found m the ten cycles studied by Brown The mean
urmary ratio {cestriol/cestradiol 178 + cestrone) was 0 94 I 1n
the follicylar phase and 1 05 1 1n the luteal phase These
figures are very stmilar to those ot d foll g the
of cestraduol 178 or cestrone and indicate that cestradiol 178
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not 2pprent  Immediately prior to menstruation the excretion
of all three cstrogens falls, although the lowest levels ase
frequently reached several days after the onset of bleeding
Brown (1955 &) has found that the pattern of cestrogen
excretion 13 refatively constant from one individual to another
but that the actual quantities found i the urme of different
subjects vary greatly It can be stated with assurance that
single random estimates of cestrogen excretion m menstruating
women are of httle sigmificance unless the sample has been
collected at an accurately known time of the cycle Semal

Tasre \V

(EsTROGEN LEVELS FOUND AT VARrIous TIMES DURING
THE NorMmAL Memstroal Cycre
{From Broun 1955 b)

(Estrogens excreted (ug per twenty four hours)
Range
Fime 1n Cycle Average | A0E
st | Est (Est (st | st Est
wol | rone |{radiol 178 | mol | rone |radil 178
Onset of menstraa 6 N 2 o151 47 o3
tion
Ovulation peak 27 20 9 35|t ] M
Luteal maximum | 22 1 7 By | to-23 410

estimations would appear to bhe necessary i order to arm¢
at an adequate assessment of ovaman function Axerage
figures obtamned at the onset of menstruation, at the ovulation
peak and at the luteal maximum are shown in Table XV

NaTURE oF Ovarian (Estrocens —Careful study of Brown $
results provides interesting information regardng the naturt
of the cestrogens secreted hy the matunng Graafian follicle
and by the corpus lnteum

If etther cestradio} 178 or cestrone 1s adminstered to a man
or to a post menopausal or amenorrheeic woman, the
subsequent ncrease wiich occurs i the unnary excretion ©
strol lags behind the increases 1 output of eestradiol 178
and osstrone by approximately twenty four hours  This finding
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figure for total cestrogen excretion was 6 4 pg per twenty four
hours and the levels ranged from g 2 to 11 2 pg per twenty four
hours Estimations were also made of the excretion of the
ndividual cestrogens and the results were as follows

(s) Estrio) Mean excretion 3 3 ug per twenty four hours,
range, 0 6 to 8 6 pg per twenty four hours

(b) (Estrone Mean excretion 2 5 gg per twenty four
hours range 08 to 7 1 pg per twenty four hours

(c) Estradiol 178 Mean excretion o 6 g per twenty four
hours, range, zero to g3 g ug per twenty four hours

5 Normal Pregnancy, Labour, Puerperrum and
Lactation

The cestrogen excretion during normal pregnancy has been
studied by many workers including Cohen ¢t al (1935),
Stunmel (1946), Venmng (1948) Bradshaw and Jessop (1953)
and Brown (1956) The quantities of cestrogens present i
Ppregnancy unne are relatnely large and 1t has been possible
for some time to use chemical rather than biological methods
for their determmnation  (Estrogens show an upward trend
of excretion during pregnancy and the output reaches very
Iigh levels at the end of the gestation period  When individual
cases are studied most mvestigators have found a wide
fluctuation m levels from day to day and have also reported
a considerable vanation 1 excretion from one patient to
another at comparable stages of pregnancy After dehvery,
a rapid fall n output occurs but neither Bradshaw and Jessop
(1953) nor Brown {1g56) were able to demonstrate any
correlation between the cestrogen excretion on the one hand
and the onset of labour on the other

At full term the average amounts of the different cestrogens
excreted per twenty four hours are approximately as follows

®Estradiol 178 0 75 mg
Estrone 20 mg
16 epreestriol o 75 mg
16a hydroxycestrone 20 mg
Estriol 300 mg

It will be seen that from the quantitative pomt of view
@strio] 15 by far the most important of the cestrogens n
Pregnancy urine It will also be noted that the newly discovered
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and/or cestrone e probably the principal ovanan cestrogens
secreted during the luteal, as well as the follicular, phase of
the normal menstrual cycle

3 Normal Men

Small but readily detectable quantitites of cestrogens hase
been demonstrated 1 male unne by bio assay techniques
The mam source of production 1s probably the adrenal cortex,
although the testis may also contrbute Brown (1955 ¢) b
recently studied the cestrogen excretion in twenty nine norm?
male subjects 1n the age range twenty to fity The meat
total aestrogen excretion was 10 3 pg per twenty four hous
and the figures varied from 6 to 17 8 pg per twenty four hours
Estimations were also made of the excretion of the idwidul
cstrogens and the results were as follows

(@) Estnol Mean excretion, 35 pg per twenty four
hours, range, o8 to 11 pg per twentv four hours

(6) (Bstrone  Mean excretion, § 4 pg per twenty fous
hours, range, 3 to 8 2 pg per twenty four hours

(¢) @Estradiol 178 Mean excretion, 1 5 pg per twenty fout
hours, range, zero to 6 § g per twenty four hours

4 Menopausal and Post menopausal Women

(Estrogeme actmity has been demonstrated in the blood axd
the urme of menopausal and post menopausal women by
numerous 1nvestigators using one or other of the modifications
of the Allen Doisy test The quantities present are muc
smaller than those found 1 women during reproductite Lfe
Flubmann and Murphy (1939) and others have shown that
after the menopause the cestrogen excretion may occasionally
be cychic m character

Tt 15 reasonable to assume that the mam source of cestroge?
production 1n pausal and post pausal women 15 the
adrenal cortex  Attempts have been made to relate the fall
cestrogen excretion to the dey elopment of menopausal symptom®
such as flushings but 1t 15 by no means definite that such a
relationship does indeed exst Estrogen excretion In the
menapausal syndrome 1s further discussed on page 191

Recently Brown (1955 ¢} has esumated the urmary exereho?
of eestrogens m twenty post menopausal subjects The mean
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about one third of that for cestrone The increase m the
urinary levels of cestriol was approximately one thousandfold
during the same penod

One subject 1n Brown s senes (subject 8) was particularly
interesting as 1t was possible to study her cestrogen excretion
over a pertod of ime which included {a) a complete menstrual
cycle, (6) a cycle in which pregnancy occurred (¢) pregnancy

B s
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Fio 42

Urinary excretion of esstrogens during a complete menstrual cycle
and during a cycle in which pregnancy oceurred  Basal tempera
ture readings are also shown
B =menstrual period (¥ om Brown 19,6

itself (d) labour and the puerperum (¢) the lactation pertod
and (f) the perod cul ting m the re establisk of
normal menstruation  In Fig 41 the values for this subject
are represented as continuous lines

Fig 42 shows the complete menstrual cycle and the cycle
mn which pregnancy occurred

It will be noted that the urinary strogen levels found m
the two cycles were very similar up to and including the
ovulation peaks The subsequent luteal rises were also stmilar
until about the twenty fourth day of the cycle  After this
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cestrogen 16a hydroxycestrone 15 a compound of considerable
quantitative significance

Recently Brown (1956) has made a careful study of the
excretion of cestradol 178, cestrone and cestriol m four nor
mally pregnant women  His results, which are probably more
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Unmary cxcretion of cestrogens during pormal pregnancy mn four
subjects  (From Brown 1956 )

meaningful from the quantitatne pomnt of view than any
previously obtaimned, are shown in Fig 41

Thus figure shows that there was a rapid nsc in the urman
output of the three astrogens throughout pregnancy and that
the rate of ncrease was most marked between the sixth and the
twentieth weeks  The increases 1n the levels of cestrone 20
of cestradiol 178 from the luteal maximum  to the end of the
gestation pertod were approuimately one hundredfold, thest
11588 paral]e!cd each other the excretion of cestradiol 178 being
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time the cestrogen levels conunued to increase rapidly m the
cycle mn which conception had occurred, whereas in the previous
cycle the usual luteal maximum was reached and the excretion
fell prior to the onset of menstruation

In Fig 43 are presented the results obtained immediately
after delivery, during lactation and 1n the period culmnating
m the recommencement of normal menstruation

After labour there was a rapid fall in the output of all three
astrogens  With cestrone and cestradiol 17, levels normally
encountered 1n mon pregnant subjects were reached withm
five days In the case of cestriol the rate of elumnation was
somewhat slower and normal non pregnant levels were not
found until some twenty days after dehvery

During lactation the cestrogen output was very low and
reached a mmimum at about fifty days after delnvery, when
lactation became nadequate and was discontnued  Subse
quently the quantities of all three cestrogens excreted begen
to ncrease slowly until eventually the pattern of excreton
charactenstic of the menstrual cycle was observed TFig 43
shows the excretion pattern 1 three cycles

In the first cycle there was evidence, both from bawl
temperature readmgs and from the cestrogen and prcgnanedlol
excretion, that ovulation had occurred There was, howevel
no definite luteal maximum and menstrual bleeding com
menced eight days after the ovulation peak In the second
cycle the ovulation peak was followed by 2 somewhat shortened
luteal phase of approximately ten days Durmg the thurd
menstrual cycle a normal luteal masumum wnas found and the
astrogen levels throughout were practically identical with
those observed durmg the cycle studied before conception had
occutred

Free anp  Compinep  (ESTROGENS IN  PREGNANGY

Urme —In 1935 Cohen, Marrian and Watson reported that
whereas practically all of the astrogen m pregnancy unne lSf
present 1n the conjugated form throughout the greater part (:'l
the gestaton period labour or false labour 15 accompane
by the excretion of “ free or unconjugated cestrogen  Thes¢
workers drew the concluston that the hberation of free
aestrogen from the relatively mactive conjugates mght be 2
factor m the mtation of labour Not all subsequent mnvestt
gators, however, were able to detect free cestrogens m the
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the excretions of both cestrogens of pituitary gonadotrophins
are below the normal range while in  ovarian amenorrheea ®
an abnormally low cestrogen output 15 usually associated with
a greatly mcreased excretion of pitwtary gonadotrophins It
15 customary to dride amenorrhcea mto two maimn types—
pnmary and secondary  In true primary amenorrhea menstruation
has failed to occur 1n patents well beyond the age of puberty
The term secondary amenorrhea 1s apphed to the condition m
which menstrual function has ceased after having been com
pletely established  Both primary and secondary amenorrhoea
can be associated wath esther pitwitary or ovanan failure

Hormone levels m cases of amenorrheea have been estimated
by vamous mvestigators including Beclere and Simmonet
(1949) Kaser (1949) and Pedersen Bjergaard and Tonnesen
{1951) The most extensive study yet reported 1s that of
Pedersen Bjergaard and Tonnesen (1951) who deterrmned
the urnary excretion of cestrogens and of pitwitary gonado
trophins i 110 patents with pnimary amenorrheea and 221
patients with secondary amenorrheea  The method of astrogen
assay depended on vagmal cormfication m oophorectomised
muce and the results were expressed in  mouse umits  the
precision of the assays was certainly not high  The figures
were compared with those obtamed by the same assay method
1n a series of normally menstruating women

In the patients with primary amenorrhea the cestrogen excretion
was normal 1n approximately 20 per cent and abnormally low
n approuimately 80 per cent  Increased excretion levels were
not found In 35 per cent of the cases the low westrogen
output was associated with a normal or gh excrenon of
prtuitary gonadotrophins and 1n these patients 1t 1s probable
that the amenorrheea was of primary ovanan ongm and was
not due to pitwtary hypofunction In 46 per cent the
excretion of both cestrogens and prtuitary gonadotrophms was
abnormally low and presumably mn these subjects the
amenorrheea was of pitwtary rather than ovanan ongin In
the remainder (1g per cent) the hormone levels were within
the normal range

In cases of secondary amenorrhea the cestrogen excretion was
within normal hmits in approximately 33 per cent and
abnormally low in approvimately 66 per cent In a few
patients 1n this group serial cestrogen assavs were conducted,



IMportant Phystologica] function dunng  partungen In
addution, th

(1950), who found that free Cestrogen was not excreted by
Women duning laboy, if the uripe collections were made by
catheter thys avording ontammation yyyeh ammotic flud or
blood clots They also showed that the enzyme £ glucuromdase

Estrogen esttmations by e until now proved of Iittle
chnical valye ¢o the 8ynzcologist 1n the elucidation of problems
assoclated with abnormal menstruaton Iy 45 however, prob
able that wiep, the ntroduction of better assay methods such
determinatong will assume greater significance both from the
diagnostic anq Prognostic poings of View  Much valuable

(a) AMENORRHEA —In patients with ths condition hormone
assays are of value i dnﬂ‘erentnaung amenorrheea resulting
from pituttary failure from, menorrhoer due to gyapan
deficiency (see akso Chap ) In piturtary amenorrheea
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using bio-assay methods found that the cestrogen output was
abrormally high 1n all of fifteen cases studied and that during
pertods of bleeding the titre did not nse appreciably  Other
workers including Mayer (1950), have reported normal levels
at most stages of the disease  In a senes of 222 patients with
vanous types of menstrual anomaly other than amenorrheea
Pedersen Bjergaard and Tonnesen (rgss) reported that the
cestrogen excretion was never imncreased, that 1t was reduced
m approumately 20 per cent of the cases and was normal in
approximately 80 per cent ‘They concluded that abnormahties
m cestrogen excretion were much less frequent n this group
than 1n patients with amenorrheea

The condition of anovular menstruation may convemently be
considered at this stage The term refers to cychc uterne
bleeding which occurs m the absence of ovulation and corpus
luteum formation  There 15 still much controversy regarding
the madence of anovulatory cycles and whether or not

bleed can be dered as true menstruation

The condition 15 more frequent at the begmmng and towards
the end of reproductive hfe but may occur at any time during
the child bearmg pertod, mdeed 1t 15 probable that anovular
cycles are much more frequent than was at one time supposed
In anovular menstruation bleeding occurs from a prohferative
and not from a secretory endometrium  The most rehable
method of arnving at a diagnoss 15 by endometnial biopsy
although the finding of a monophastc temperature chart s
suggestive of the condition

Brown (1957) has recently studied the urmary excretion
of eestradiol 178 cestrone and cestrol 1n a small number of
Patients with anovular menstruation  In Fig 44 are shown the
results obtaned m a patient aged mineteen who presented with
a hustory of irregular menstrual bleeding and heavy menstrual
loss  Assays were conducted over a penod of time which
meluded the phases of menstrual bleeding

It will be seen that the pattern of cestrogen excretion was
different to that observed durng the normal menstrual cycle
There was no rhythmic fluctuation m cestrogen output and
no ovulation peak could be demonsirated There was no
apparent correlation between the cestrogen excretion on the
one hand and the episodes of bleeding on the other Endo-
metral biopsies taken at mtervals during the study gave an

ular
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considerable variations mn excretion, sometimes of a cyclc
nature, were observed

(6) DysruncriovaL UteriNe Haevorrmace —This s 2
loose term which 1s used to describe all forms of abnormal
bleeding for which no gross organic cause can be found
Varnous classifications for dysft I uterine hzmorrhage
have been proposed but nome are completely satsfactory
The subdivision can be based on symptomatology on the
histological appearance of the endometrium or on the presence
or absence of ovulation  In the present discussion consideration
will be grnen mamly to the anovular types of dysfunctional
uterine hamorrhage

The condition known as metropathia hamorrkagica 13 a member
of this group which 1s encountered relatnely often m chincal
practice The characteristic symptom of this disease 1s con
tinuous bleeding which 1s often profuse and may last for many
weeks The hzmorrhage 1s usually painless and may be pre
ceded by a period of amenorrtheea  The condition may occur
at any age but 15 more frequent just before the menopause of
immediately after the menarche The charactenstic findings
m the ovary are the presence of multple follicles and the
absence of any actne luteal tissue The endometnum 1
typical cases shows cystic hyperplasia without any evidence of
secretory activaity  The appearance 1s one of an cmggcr:\lCd
proliferatne phase and 1t 1s generally assumed that the
endometrial reaction results from prolonged and unopposed
sumulation by cestrogenic hormones

Vartous theortes have been adsanced to explain the bleeding
in cases of metropathia hemorrhagica The prelimmnary
amenorrheeic phase may result from the mamtenance of 3
blood cestrogen level above the so called bleeding threshold
and the subsequent bleeding may occur when the arculatng
aestrogens fall below this level  This view has not so fir been
confirmed by means of hormone assay It 15 also possible that
the contmumg cestrogen secretion by the ovaries builds up the
endometrium to 2 pont at which larger and larger amounts
of cestrogen are required to sustain it If these are not produced
the endometrium outgrows its cestrogen supply and breakdown
occurs

Lattle mformation s at present available on the cestrogen
excretion 1n patients with metropathia  Furuhjelm (1948)
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2 The Menopausal Syndrome

The symptoms which anse at the menopause are generally
believed to result primanly from a dechine and eventual failure
of ovanan function Vanous theortes have been advanced

regarding the relationship of h to ) 1symp
and the evidence for and agamnst these hypotheses has been
reviewed by workers luding Fluh (1944)

Heller et al (1944) and others One of the theones postulates
that the symptoms are caused directly by the over production
of pitwtary gonadotrophuns, this view has already been
considered 1n Chapter II  The theory of cestrogen lack
which will be briefly mentioned below postulates that the
menopausal syndrome results from a decrease 1n the cestrogen
titre of body fluds

The man points 1 favour of the view that a dimmution 1
clrculatmg cestrogens can cause menopausal symptoms are
first that the latter can occur when evidence of ovanan failure
1 present and secondly that such symptoms are usually
rapudly reheved by cestrogen therapy However as emphasised
by Fluhmann (1944) there are serious objections to accepting
Gestrogen withdrawal as the sole cause of menopausal symptoms
In the first place when assays of uninary cestrogens have been
performed m menopausal patients no correlation has been
found between the cestrogen excretion on the one hand and the
presence or seventy of symptoms on the other Secondly,
menopausal symptoms may appear some time before menstrua
tion ceases and 1n such mdiduals 1t 15 reasonable to suppere
that the titre of crculating cestrogens would not be abnormally
low Finally 1n pauents with panhypopituitarism 1n whom the
unmary excretion of cestrogens 1s generally very low menopausal
Symptoms such as flushings are seldom if ever encountered

It 135 cbvious that considerable controversy stll exists
regarding the part played by the cestrogens m the zuology of
imenopausal symptoms  The problem remaimns one for future
elucidation

3 Ovanan Tumours

The estrogentc tumours of the ovary are composed of cells of
the granulosa or thecal type or of a muxture of these Most
but by no means all of these neoplasms exhibit cestrogeme
actvity  The most important members of the group are the
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appearance characteristic of the prolferative phase of the cycle,
while urmary pregnanediol determmnations were relatinely low
throughout nd mdicated the absence of a functional corpus
luteum
(¢) DysmeNorRRH@EA —It 15 not known with certamty of
cestrogens play any part in the atiology of this condinon
Large doses of natural and synthetic cestrogens, admimstered
durng the first half of the cycle, present avulation and the
succeeding period, beng anowular, 15 pamless Hormone
vy MHEE) w'i
' } ! cmm—— } ‘—

GESTROGEN A2 PER 74 HOURS URINE

RRESE) s 3
JANUARY FESRUARY

Fra 4
Urinary excretion of costrogens in a patient with anovular menstruatod
W =cpisodes of biceding  B(Fr) = Piopsy charactersstic of proluferanive phsse
=pregnanediol ' indicates the time of the biopsies and of the pregnanedo
determmations  (From Broun 1957 )

assays by reliable methods 1n patients with dysmenorrhoea will
be awaited wath nterest

(d) Pre MEnsTRUAL Tenston —IThis condition 1s generally
regarded as an exaggeration of the normal menstrual mohmma
The patient 15 conscrous of nervous tenson and mdY
show depression, nsomma and marked emotional instability
Symptoms usually develop during the seven to ten days pnot
to menstruation  Little 15 known of the ztiology of the cot
dition, but the suggestion has been made that the clinrcal
features result from the presence in the blood of abnormally
large quantities of costrogens At the time of wrting no
rehable mformation 1s available on the cestrogen excretion 31
patients with this syndrome
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of the lesion m the contralateral ovary was mdicated by a rise
m output In cases of 1sosexual precoaty m guls cestrogen
assays may be of value i differentiating the rare granulosa cell
tumour from the much more frequent constitutronal precocious
puberty In the latter condition the cestrogen excretion s
generally within normal lumts The subject of cestrogen
excretion m patients with granulosa cell tumour has recently
been reviewed by Bishop (1954)

In the majonty of cases of thecoma reported 1n the literature,
astrogen assays have not been performed No data 15 at
present available regardmg the cestrogen excretion in patients
with fibroma or with the Brenner tumour

Chononeprthelioma of the ovary 1s exceedigly rare and 1s not
generally included m the group of functiomng ovarnian tumours
A case of this tumour was reported by Seckel (1946) and i
this patient an abnormally ligh excretion of urnary cestrogens
was found

4 Fibromyoma of the Uterus

Lapschutz (1950) has shown that long contmued admimistra
tion of cestrogens to gumea pigs causes the development of
fibromyomatous growths of the uterus and other abdominal
organs Itis however doubtful if estrogentc 1 13 a
factor m the production of uterme fibrords i women and the
trology of the condition remams obscure

At the time of wriing hormone assays by rehable methods
have not been conducted m pauents with fibromyomata
Such studies will be awaited with interest

5 Gemital Carcinoma in Women

There has been much controversy as to whether the cestro
geme hormones are responsible for the development of uterine
cancer m man and ammals  Ewidence from animal expeniments
1s conflicting and varies greatly with the spectes studied In

keys ¢ cestrogen ad ration for many months
may cause squamous metaplasta of the cervical epithelium but
the lesions seldom if ever become malignant (Hisaw and
Lendrum 1936) In rabbuts carcnoma of the uterus has
occasionally been reported followang prolonged cestrogen
therapy ~ Gardner and lus colleagues (Gardner 1937,
Gardner e al, 1953) have shown that in mice, marked

1%
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granslosa cell tumour and the thecoma, but probably the firorz
and the Breaner tumour should also be mncluded 1n this categon
The whole subject of functsoning ovaran tumours has recently
been reviewed by Matthew et al (1956) on whose artcle the
following discussion 15 mainly based

The chmeal features of cestrogemc tumours are very sanable
and depend on three mam factors These are

(@) The presence of an ovaran tumour The symptom?
tology 1s influenced by such vanables as the size of the tumour, i
degree of mahgnancy and the presence or absence of suck Tocal
complications as torsion of the pedicle, hamorrhage and rupture

(&) The hormonal actwity of the turmour Ths subject
will be discussed further below

{c) The p of 4 pathological lestons which
may or may not be directly attnbutable to the functonzg
nature of the tumour In thus group are mcluded such con
ditions as endometrioss uterme fibrowds, carcinoma of
breast and carcmoma of the endometrum It has bet
suggested that these lestons mught anse as a result of prolonged
and excesstve secretion of cestrogens by the ovariaa neoplasm

Tux Horaonar Activrry oF (Estrocemc Toours—
present hitle 15 known regarding the site of ongin of tumour
cestrogens  but 1t 15 probable that both the granulosa cells and
the thecal cells are capable of elaboraung these substances
One of the prinaipal sites of action of cstrogenic humond;
the uterme endometrium, and m most but not all patents W
functioning avaran tumours endometrsal prohferation 0ccUC
It 15 reasonable to suppose that, 1n a given case, the endometrd
reaction 1s governed by such factors as the nature and ph)'ﬂ"'(
logtcal actwvity of the tumour costrogens the duration O
cestrogenic action and the inherent reactnaty and sensstrvity
of the endometrium atself to hormonal simulation

At the time of writing httle or no rehable snformauon ®
available 1 the lterature on the excreuon of cestrogens &
patients with granulose cell tumour Studies m ndividual €
have heen reported by vamous workers including Glass an
Mchennon (1937) and Stohr (1942) but m all mstsz:ss
biological methads of assay were employed In many patie! :
but not 1n all, abnormally hugh cestrogen concentrations wer
found n both blood and urme Removal of the tumost
sesulted mn a sharp fall mn estrogen excretion, while recurrenc®




ESTROGENS 195

after prolonged treatment with cestrogens (Geschuckter, 1945)
On the other hand gumea pigs and monkeys seldom, if ever,
show mammary carunoma as a result of treatment with
exogenous oestrogens

There has been much speculation on the possible relationship
of endogenou gen secrefion to y ca mn
women  Breast carcinoma 1s much more frequent m patients
who expenience a late menopause than 1 those m whom the
menopause occurs between the ages of forty and fifty Carci-
noma of the breast occurrmng during pregnancy tends to be
rapidly progressive, and this has been attributed to the high
levels of circulating cestrogens which are found in pregnant
subjects  Some patients with mammary caranoma mmprove
markedly following oophorectomy or ovartan irradiation and
1t 15 widely believed that this umprovement results from a
reduction 1n the amount of cestrogens present m body flwmds
On the other hand there 15 very little evidence that exogenously
admmmstered cestrogens are carcinogenic i human subjects
Great numbers of patients are treated with cestrogens each year
but the number of cases of mammary carcmoma reported m

1

q

the hterature foll g p ged ¢ gen therapy 1s very
small indeed In view of thus finding 1t appears unhkely that
the admunustration of exogenous oestrogens per se 15 an
Important ztiological factor in cancer of the human breast
he assay of urinary cestrogens m cases of mammary
carcinoma might prove of value for a number of reasons In
the first place 1t would be of mmportance to determmne the
Pattern of endogenous cestrogen excretion in these pattents
and to ascertain whether or not this differs i any way from
that of control subjects m a comparable age group
Secondly cestrogen assays might yreld important nforma
ton with regard to the form of therapy which should be
employed in a guven case  For example 1t would seem unltkely
that patients 1n whom the endogenous aestrogen levels were
abnarmally ugh would benefit from treatment with exogenous
@strogens but on the other hand such cases mught well be
'mproved by procedures such as oophorectomy ovaman
wrachation or adrenalectomy which are designed to reduce
the amounts of physiologically active cestrogens 1n the body
Fmally 1t would be of considerable mterest to study the
tabolism of exog, ly ad ed gens n patients
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proliferation of the vaginal ind utermne epithelium may follow
the admmustration of cestrogens, 1n some strains of mice
carcnoma of the cervix may develop when the ammals are
so treated for one year or more

Much has been wntten on the possible relationship of
astrogens to gemtal cancer i women  With regard to
carcinoma of the body of the wterus 1t has been shown that ths
condition 1s more frequcnt n patients who expenence a late
menopause and who are pr bly exposed to cestrog
simulation for an abnormally long perod of ther L
Furthermore, some authors have reported that the medence
of endometrial carcinoma 15 unusually high mn patients with
cestrogenic tumours of the ovary and hase concluded from this
observation that the tumour cestrogens are actnely carcino
geme  Other workers, however, hold the view that the
evidence at present does not warrant such a defimite conclusion
It 1 a matter of common chmcal expenience that the madence
of carcinoma of the cervis 15 considerably hugher n multipaross
women than m nullipara or :n primipara  The suggestion has
been made that the multiparous patient 15 more susceptible to
this form of cancer as a result of exposure during each of her
pregnancies to abnormally high concentrations of arculating
aestrogens

Until now cestrogen assays by reliable methods have not
been conducted m cases of yemtal carcmoma  Such studies
are urgently required, and 1t 15 to be hoped that they will yield
information which will be of mportance n relation to the
ztiology, prognosis and treatment of patients with this disease

6 Mammary Carcinoma

(Estrogens are potent stmulators of cellular growth and
division 1n the breast In cestan strams of female mice pro
longed admunstration of cestrogens causes hyperplasia an
metaplasia of the mammary cells, culmmating eventually 1]“
mammary carcnoma, in male mice of the same susceptible
stramm cestrogens will also induce cancer of the br::t!;
(Lacassagne 1932  Burns and Schenken, 1gg0, Shumkm an
Wyman, 1946) It 1s generally believed that, in the ztiology
of breast cancer m muce, both cestrogenic st:mulatton an
heredity play a part Rats are much less susceptible ‘::
spontaneous maminary cancer but can develop the conditio!
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it 1s possible that such estmations might yweld interesting
mformation regarding the =tiology of the diserse

8 ¢Semle’ Vagmtis

This 15 a low grade chromc pyogenic mfection occurnng
post menopausal subjects The condition generally mmproves
rapidly on astrogen therapy and this has prompted the
suggestion that cestrogen lack 1s a factor m 1ts pathogenesis
The ahdity of this theorsy should be tested by means of
hormone assay

9 Abnormal Pregnancy

{a) Pre ecrameric Toxavia —In the majonty of cases
the excretion of cestrogens 1s below the normal range (Smth
and Smith 1934 1948, Browne ¢t al 1938) Normal values
and high values are encountered mfrequently Smuth and
Smuth (1948) have emphasised that the curve of excretion 1n
ndivadual patients 13 more informative than the actual level
at any one time during pregnancy There appears to be no
definite correlation between the low cestrogen level on the one
hand and any specfic clinical feature such as cedema
hypertension or albuminuria on the other Raloff (1939) has
reported that the cestrogen levels m blood and urine tend to
rse as the chmcal conditton of the patient mmproves The
decreased excreton of cestrogens 1n pre eclamptic toxemia
may result from a number of causes of which dimmshed
production of the hormone by the placenta would appear to
be the most important

It wall be remembered that a low serum cestrogen was one
of the abnormalities noted by Smith and Srmth m cases of pre
eclamptic toxema  This finding was one of the factors which
prompted a therapeutic trial with cestrogens and progesterone
m patients with this disease The Smuth theories 1n relation
to the ztiology and of pre eclamp are
not now generally accepted and wall not be further discussed

(6) DiasEmic PreEoNANCY —Few cestrogen assays have so
far been performed mn pregnant diabeties  In cases uncomph
cated by pre eclamptic toxema the excretion has usually been
within the normal range (Rubin ¢t al, 1946), but m patents
showing both diab and b 1ly low ntres for
the stage of pregnancy have been reported
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with mammary carcmoma and to determine whether th
differs 1 any way from that m normal indnduals

At the time of writmg, a number of centres m the United
Kingdom and elsewhere are conducting urmary astrogen
assays 1n cases of breast cancer, using the newer and more
rehiable chemical methods of determmation which have
recently been developed At this juncture 1t would be
premature to make any definite statement wath respect to the
diagnostic and prognostic value of such assays, although some
of the prehmimary results obtained may be briefly considered

Strong et al (1956) studied the excretion of cestradiol 175,
cestrone and cestriol in thirteen patients who had previously
undergone bilateral adrenalectomy and bilateral oophorectomy
for mammary carcmoma The pattents were classified mto
two clical groups, depending on their response to operatton
It was found that the pattern of urmary cestrogen excretion
m patients who responded favourably to the operations did
not cuffer from that 1n patients who showed no mmprovement
after removal of both adrenals and ovares Bulbrook and
Greenwood (1957 @ &) using Browns method, mvestigated
the effect of bilateral oophorectomy, bilateral adrenalectomy
and hypophysectomy on the urmary excretion of cestrogens it
pattents with mammary cancer They showed that cestrogen
excretion usually continued after oophorectomy and that, 1
a proportion of cases, 1t was not completely abohshed by 3
subsequent adrenalectomy  Persistence of cestrogen Pr0
duction, as Judged by the findings on urinary assay, was als0
demonstrated 1n post menopausal and oophorectomised patients
subjected to hypophysectomy

% Endometriosis

This condition may be defined as the presence of endometrial
elements m an abnormal situation The symptomatology #
largely due to the action of ovanan hormones upon the ectopi
endometrium  The suggestion has been made that the ecll
metaplasta  characterstic of endometriosis 15 mtiated by
cestrogemic sumulation during the active chld bearing period
of 2 womans hfe Some support for this view comes from the
observation that the conditton 15 not uncommon n patents
with functioning ovarian tumours  (Estrogen assays by rehable
methods have not yet been reported 1 cases of endometrios’s
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was one of femmisation  (Estrogen determinations have been
undertaken m a small number of patients with this type of
femunising tumour (Simpson and Joll 1938, Luft and Sjogren
1949, Diczfalusy and Luft, 1952 Dohan et o/, 1953) In
all the cases reported, the urmary excretion was found to be
abnormally hugh

Probably the miost detailed study so far reported on the
cestrogen excretion 1 a case of femmising adrenocortical
tumour 15 that of Diczfalusy and Luft (1g52) These workers
purified their extracts by countercurrent distribution and
subsequently estimated the mndividual orstrogens by fluorimetry
The unme extracts were shown to contam cestradiol 178
cestrone and cestriol 1 abnormally large amounts

Migeon and Gardner (1952) have estimated the excretion
of urmary cestrogens m cases both of adrenocortical tumour
and of adrenocortical hyperplasia Two methods of assay
were used  One was a chemucal procedure, shghtly modified
from that of Jailer (1948) 1n which the final determmation
was made by fluonimetry, the other was a bio assay method
depending on the enlargement of the uterus in mtact :mmature
myce It was claimed that urmary cestrogen determinations
conducted before and after cortisone therapy might be of
value m differentiating between the two diseases This claim
was based on the obsersvation that in pattents with adreno
cortical hyperplasia cortisone reduced the output of urmnary
estrogens to normal levels whereas m cases of adrenocortical
tumour, therapy by cortisone did not appreciably alter the
evcretion of these hormones

It should be emphasised that the assay methods used by
Migeon and Gardner (1g52) 1n their study are not very satis
factory from the quantitative pomnt of view  Therr work should
be repeated with the more rehable assay methods for cestrogens
now available

12 Prostatic Carcrnoma

May and Stmmel (1948 1955) have claimed that the
metabolism of admimstered cestrogens duffers in patients with
Prostatic carcinoma from that in normal men  These workers

d d cestrone p lly to both types of case and
showed that, whereas the major cestrogen excreted m the urme

of normal subjects was cestrone itself the princrpal steroid
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(¢) Hypativironm Mors Anp CHORIONERITHEUD 1A —In
formtion regarding the cestrogen everetion 1n patients with
these disenses 15 at present very scanty  Studies have been
reported by 1 small number of investigators, mcludmg Smuth
and Werthessen (1941), Payne (rg41) and Hmglas and
Hmglus (1949) In all cases bio assay methods were used
Levels have been reported as normal, abnormally high or
unusually low It 1s obvious that further work 1s necessary
before any defimite statement can be made on the dagnesuc
value of astrogen 135738 1n such patients

(d) TureaTFNED AND RECURRENT ABORTION —Smuth and
Smuth (1q35) found normal levels m all cases studied while
Browne et al (1939) obtained abnormally low values :n pauents
who subsequently aborted Kaser and Eichenberger {1918)
and Mayer (3950) reported that the aestrogen excrebon
decreased sapidly m cases of mevitable aborton or foeid
death A simular conclusion was reached by Jayle and
Plantureux (1953}

The problem of cestrogen excrewon in threatened and
recurrent abortion should be remnvestigated now that mort
rebable assay methods are matable It 1s not unitkely that
such a study would yreld mformanon of climeal tmportanc?

10 Testicular Tumours
Information on the pattern of cestrogen excretion m patents
with testicular 1s extremely scanty Hamb (1938
has reported that the strogen output In cases of semmoma
generally within normal limuts while patients with chono?
eprihelioma of the testis may excrete abnormally Jarge amounts
The very rave Lepdig cell fumours are usually masculmmng 1
b but may acc Mv be associated with ferinising
symp such as gy The wen excreton 0
such patients has not yet been adequately studied nor have
determunations been reported m the even more uncomuon

Sertolt cell fumours of the testis

1x Adrenocortical Tumours and Adrenocortical Hyper
plasix

The great majonty of adrenocortical tumours produce

mascubmsing effects but approumately twenty cases bave

heen reported m the bterature 1 which the chinical pietuic
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15 frequently no higher than that found when similwr metabolic
experiments are conducted in subjects with normal lnver
function In the opmion of May nd Stimmel (1955) tmpar-
ment of cestrogen metabolism m cases of portal cirrhosts 15
mdicatrve of a very poor prognosis as this abnormality 1s not
usually found unless the patient 15 m an almost monbund
condition

SumMARY AND CONCLUSIONS

(Estrogen assays in human urine should now be conducted
by chemucal rather than by brological methods Chemucal
methods depending on colonmetry are at present more rehable
than fluonmetnc techmques Satsfactory methods are not
yet available for the quantitative determmation of cestrogens
1n blood

For the estimation of unnary cestrogens in chmical conditions
the methods described by Brown (1955 4) and by Bauld (1956)
are recommended These techniques measure with reasonable
accuracy the three cestrogens, cestradiol 178 cestrone and
oestriol, but do not determune the more newly discovered
urinary cestrogens 16 ¢prcestrzol and 16a hydroxycestrone

Urinary cestrogen estimations can provide useful informa
tion regarding the of end gens by the
body

&3

Rehable figures arc now available for the excreton of
cestradiol 178 eestrone and  cestriol  durtng  the normal
menstrual cycle Readmgs are low m the early probferative
phase and just prior to the onset of menstruation Peaks of
excretion occur at or about the time of ovulation and durng
the luteal phase In normal pregnancy relatnvely large
quantities of cestrogens are excreted, the levels gradually
increase throughout pregnancy and fall rapudly after delivery
Readings remam low dunng the puerpenum and in the
lactation pertod The cestrogen excretion n men post
menopausal women and i children s relatively low and s
probably mamly of adrenal origin

Unnary assays of cestrogens may sometumes be helpful
the mvestigation of menstrual abnormaliies n the diagnosis
of funcuoning ovanan tumours and m the study of various
abnormalities during pregnancy It 15 possble that m the
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found m the urme of patients with prostatic circinoma wis
astriol  The charactenstic  cancer pattern  was not altered
by subsequent orchidectomy and was not found m patrents
with other forms of malignant disease

The observations of May and Stmmel may well be of
considerable mterest 1 relation to the wtiology of prostate
cancer mn man  Further studies along sinular Imes would be
desirable

13 Liver Disease

Many observations both m ammals and 1n humans support
the view that the hiver plays an important role in the metabolism
of cestrogens  For example, 1t 1s well known that cestrogens
when incubated with hver slices tn eitro rapidly lose much of
therr biological actvity  Furthermore, 1t 15 widely behieved
that, in patients with Liver disease, certan chncal features
such as gynmcomastia, testicular atrophy, spider nzv and
palmar erythema result from the presence m the erculaton
of abnormally large quantities of cestrogeruc hormones

Little information 1s available m the hterature regardmg
the urinary excretion of endogenous cestrogens in patients w1
portal aurhosis  The most careful nvestigation 15 that recently
conducted by Cameron (1957) This worker, using Brown's
method, estimated the unnary output of cestraciol 175,
cestrone and aestriol m twelve patients wath chronic lver
damage In the majonty of cases the readings obtamed were
within the normal range and mn only a few mdividuals were
the levels abnormally ngh

A number of studies have been made of the metabolec fate
of myected cestrogens 1n patents with hepatic arrhosis The
subject has recently been reviewed by May and Stimmel ( 1955)
Earlier work in which biological methods of assay were
employed mndicated that when eestradiol 178 and cestrone
were admustered to arrhotics as much as 8o per cent of the
imjected dose was subsequently recovered 1n the urmne  Thes
results were 1n keeping with the view that in the presence of
Lver damage, cestrogen mactnation and degradation were
considerably 1mpawred  However, later work with mor¢
rehable chemical methods of estimation has not borne out this
conclusion, and 1t has been shown that the total amount of
myected cestrogen recorered from the urine of cirrhotic panents
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future, cestrogen estmations, conducted by 1mproved methods,
will be of diagnostic value mn such conditions as gemtal
carcinoma, mammary carcmomn, prostatic carcmoma and
adrenocortical tumours
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CHAPTER %
Progesterone and 1ts Metabolites

INTRODUCTION

N 1929 Corner and Allen showed that hpod extracts

prepared from the corpora lutea of swine were capable of

causing progestational changes i the uterme endometrium
of castrated rabbits This observation mdicated strongly that
the corpus luteum secreted a specific hormone and . 1934
this hormone which 1s now known as progesterone, was isolated
as a chemmcally pure substance from the luteal tissue of sow s
ovanes  The 1solation was accomphished almost I 1
by four different groups of workers (Butenandt et al, 1934
Slotta et al, 1934, Allen and Winterstemner 1934, Hartmann
and Wetistein, 1934) Very shortly afterwards the structure
of the hormone was pletely elucidated by B dt and
Schmudt (1934) and by Fernholz (1934)

In more recent years progesterone has been molated m
relatively small quantities from sources other than the ovary

cse have included ox adrenal tissue and human placental
tisue  The presence of the hormone has also been detected
n human blood duning pregnancy and during the luteal phase
of the menstrual cycle  Attempts to demonstrate progesterone
n human unne have usually been unsuccessful although Ungar
et al (1951) were able to detect 1ts Ppresence in urine extracts
after the adnumsstration. of very large doses of the hormone to
Patients with rheumatoid arthntis

Progesterone and 1ts metabolites are all derivatives of two
Parent  hydrocarbons  5a pregnane (allopregnane) and
%F pregnane the structural formule of which are shown in

12 45

These two substances duffer only 1 the spatial configura
tion of the hydrogen atom at C5 Among the metabolic
reduction products of progesterone, those with the 58
configuration are much the more important from the
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quantitative point of view In this group are ncluded the
two compounds 58 pregnane ga 20a diol {pregnanediol) and
58 pregnan 3a ol 20 one (pregnanolone)
InFig 46 are shown the structural formulee for progesteront
and for some of 1ts urmary metabolites
Only pregnanediol, allopregnanediol and pregnanolone
have so far been defimtely proved to be metabohe reduction
products of progesterone, but 1t 1s very probable that the other
compounds listed have a similar origin
Progesterone metabolites can be divided into three groups,
depending on their degree of reduction These re (1) the
g g
CH; CHz

H H

Sa - pregnane 5¢- pregnane
(aliopregnane)
Fre 45
Structural formulz of 5 pregnane (allopregnane)
and 5p pregnane

Y, dl (2) the p I and (3) the pregnaneduols
These three groups of compounds contan respectively two
four and six more hydrogen atoms than does progesteront
atself

Very small quantities of pregnanediones have been demon
strated 1n extracts of human pregnancy urme There 15 no
reason to believe that these sub are of any physiologica
significance, nd at present satsfactory methods are not
avatlable for therr quanttative determination in blood and
unne

The most amportant pound among the preg
58 pregnan 3a ol zo one (pregnanolone) This substance 13
excreted mn gradually increasmg amounts dunng normal
pregnancy and 1t can be recovered from male urme followng

Y 18
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2 Placenta

Progesterone has been 1solated from human placental tissue
by Salhanuck et al (1g52), Pearlman and Cerceo (1952) and
Diczfalusy (1952) while Pearlman and Thomas (1953) have
demonstrated the presence of the hormone m human placental
blood  Although large amounts of unnary progesterone
metabohites are excreted throughout pregnancy, the pro-
gesterone content of the placenta, as deterruned by existing
methods, 1s relatively low This finding 15 1n keeping with the
view that the placenta produces but does not store progesterone
Duning pregnancy the placenta gradually takes over from the
ovary the production of progesterone and in the second and
thd tnmesters of pregnancy this organ 1s probably the
dominant source of the hormone

3 Adrenal Cortex

In 1938 Beall and Reichstemn 1solated progesterone from
ox adrenal tissue and although the hormone has not yet
been 1dentified m human adrenals, there 1s a reasonable
amount of indirect evidence to suggest that thus organ n
man 1s capable of progesterone secrenon In men
Post menopausal women and m women durnng the follicular
Phase of the menstrual cycle small but measurable quantities
of urinary pregnanediol are excreted (Engel ef al 1941,
Westphal, 1944 Rlopper et al  1955) It 15 widely believed
that this matenal which has been termed adrenal pregnanediol
15 derved from some precursor Or precursors—possibly
Progesterone—which have been secreted by the adrenal cortex
Recent studies by Klopper ¢t al (1957) provide strong support
for this view These workers have demonstrated that the
Intravenous admumustration of ACTH to men and to post
menopausal and oophorectorised women results 1n a sharp
nerease n the uninary excretion of pregnanediol and that
m patients who have been both oophorectomsed and
adrenalectormised the unnary pr diol output 11
falls to levels which are mdistingwshable from zero These
observations suggest that urinary pregnanediol estimations
may be a useful means of d tical fi m
men and 1n post menopausal women

14
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the oral admimstration of progesterone At the tume of writag
satsfactory methods are not available for the quanttatne
determunation of pregnanolone or of 1ts stereo 1somers m the
body fluds of man

The group of pregnanediwls ncludes the substance 58
pregnane-3a 20 diol (pregnanediol) which from the quantitz
tne pomt of view 1s by far the most mportant metabolc
reduction product of progesterone This compound was fint
solated from pregnancy urine by Marnan 1n 1929 and was
subsequently shown to have a structure closely resembling
that of progesterone 1tself  Unhke the latter, howeer
pregnanediol 15 not progestationally active The sterod 1
excreted mn relatively large quantities during pregnancy and
in smaller amounts during the luteal phase of the menstrua
cycle  Small but measurable amounts of pregnanediol ate
also present m the urmne of males, of post menopausal women
and of women durmng the follicular phase of the menstrud)
cycle  As first demonstrated by Venning and Browne (1936}
pregnanediol 15 excreted 1 urine conjugated with glucuromde
acid as sodwm pregnanediol glucuromde (NaPG)  Stereo-isomess
of pregnanedio]l which have been 1solated from pregnancy
urine mclude 5a pregnane 3e 20a diol (allopregnanediol) and
5o pregnane 38 20a dio] (Fig 46) These substances occur 11
relatvely small amounts and are probably of httle physiclogical
mportance  Satisfactory methods are not at present available
for their quantitative eshmation

SOURCES OF PROGESTERONE IN THE BODY
In human sub 5 duced by the o a0

21 P

the placenta and probably by the adrenal cortes

1 Ovary

It 1s generally believed that progesterone 1s secreted by the
granulosa lutein cells of the corpus luteum, but 1t 1s alsa possible
that the cells of the theca interna are capable of elaboratins
the hormone  Many mvestigators has e shown that pregnanedi©
15 excreted 1n relatively large quantities during the luteal phase
of the menstrual cycle This matenal, which may be termed
oranan pregnanediol, 1s dersved from the progesterone secret
by the luteal tissue of the ovary
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There has been much controversy regarding the extent to
which other stermds, m particular the cestrogens, wterfere
with the Hooker Forbes test Salhamich et af (1951) found
that cestradiol 178 m relatively small amounts was capable of
mhibiting the action of progesterone on the stromal nucler of
ovartectormsed mice This observation led these workers to
suggest that n assays conducted on untreated blood samples
contaung both cestrogens and progesterone falsely low
readings for the progesterone¢ concentration mught eastly be
obtained Zarrow and Neher (1953) showed that cestrone as
well as cestradiol 178 could modify the response of the endo
metrium to progesterone  They stated, however, that the
quantity of cestrogentc matenal present 1n blood was insufficient
to mterfere with the response and concluded that the method
could probably be employed for progesterone determinations
mn untreated blood

In view of the low degrte of preciston and questionable
spectficity of the Hooker Forbes test, 1t 15 not possible to
recommend the method at least m 1ts present form, for the
quantitative determmation of progesterone m blood

{5} MeTHODS EMPLOYING RABBITS —Vanous assay methods
for progesterone employing rabbits have been proposed  One
of the more popular of these was descnibed by McPhail (1934)
and depended on the production of progestational changes
the uterine endometrrum  This test and others hike 1t are too
msensitive for chnucal use and will not be further discussed

2 Chemaical Methods

Numerous attempts have been made to estmate the pro
gesterone content of peripheral blood but in earlter studies
such as those by Haskins (1950) and by Butt et ol (1951)
negative results were reported

Recently Zander and Simmer (1954) have developed a
micro method which 1s sufficiently sensitive to estmate the
blood concentration of progesterone m human subjects The
man steps m this procedure are as follows (a) extraction of
progesterone with a muxture of ethanol and ether (8) distrt
bution of the concentrated extract between water and ethyl
acetate n order to remove non hpoid maternl (c) preciptiation
of hpoid mpunties by dissolving the dry residue from the
ethyl acetate phase 1 methanol and by chiling to ~1 5°C,
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METHODS OF ASSAY OF PROGESTERONE
IN BLOOD

Untl recently an assessment of the endogenous production
of progesterone by the ovary, adrenal cortex or placenta has
depended almost entirely on the measurement of unnary
pregnanediol excreton  Within the past few years, however,
methods have been developed for the estimation of progesteront
1tself in blood  Such techmques may become of 1mportance m
climcal work as they provide a more direct means than has
previously existed of studymg one aspect of ovanan and
placental function m health and disease

Assays of blood progesterone can be performed exther by
biologieal or by chemucal methods For reasons which wall be
discussed below 1t 1s probable that in future investigations
chemucal techmques will entirely replace bio assay procedures

1 Biological Methods

(a) THE Hooxer Forses Test (Stromal nuclear hyper
trophy 1 muce) —In 1947 Hooker and Forbes described 2
method which was clarmed to be suffictently sensittve to detect
the presence of progesterone m blood  The techmque mvobes
the mtra uterne myectton of very small amounts of the hormone
m ovanectormsed mice followed by hstologrcal exammation 0
the endometrium  When stimulated by progesterone the
stromal nucler enlarge, their nucleol become conspicuous an
therr chromatin particles become evenly distrbuted,
untreated ammals on the other hand the nucler are shrunken,
the nucleol are small and T and the
particles remain clumped This method probably has a Jow
degree of precision but 1s claimed to be very sensitive postive
responses being obtained with total doses as small as 0 0002 ¢
of progesterone per antmal In therr earher publicagions
Hooker and Forbes stated that their method was reasonably
speafic  However, subsequent investigations showed that this
claim was not jJustified and the ongmal authors now suggest
that the techmque measures progestogens or progesﬂ:
activity rather than progesterone atself In a study of hlool
levels of progestogens’ m human pregnancy and 1n the Jutea!
phase of the menstrual cycle i women and monkcy;
Forbes (1g51) obtamed 1alues ranging from ¢ to 8 pg perm
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blood Figures were presented for the concentration of blood
pregranediol before and after the intravenous admmmistration
of progesterone to healthy male subjects This work was
subsequently quoted 1n review articles by Samuels and West
(1952) and by Licberman and Tewch (1953) Somewhat
surprisingly, however m view of the great importance of the
ongmal claims the details of the actual technique employed
have not yet been published

METHODS OF ASSAY OF PREGNANEDIOL

IN URINE
Chemucal methods for the d of preg drol
fall wmto two mam groups
1 Those m which preg diol 15 d yugated
with glucuronic acid as sodium pregnanediol glucuro

mde or NaPG

2 Those in which free pregnanediol 1s estmated after
hydrolysis of the glucuromde complex by acid or by
enzymes Methods for eshimating free pregnanediol
can be further subdivided into (a) precipitation
methods and (4) chromatographic methods

1 E of €C d° Pr Trol
{a) Tue MerHOD OF VEnwine (1937, 1938) —The mamn
steps i this procedure are as follows (1) extraction of the
urine with butanol (2) distribution of the butanol soluble
matenal between butanol and aqueous NaOH (3) precipitation
of the matenal 1n the water washed butanolic phase from
aqueous solution by acetone (4) weighing of the precipitate
formed The latter 15 assumed to consist largely of sodium
Ppregnanediol glucuromde
The Venning method has been widely used 1n the climcal
field and has yielded much valuable mformanon It has
however certam important hmmtations which should be
recogmised by those employmng 1t In the first place stringent
precautions must be taken to avord growth of bactena m
urne as this may cause conversion of the conjugated to
free pregnanediol if the urme 1s not suitably preserved and
2dequately refrigerated after collection falsely low readings
for NaPG will be obtamed Secondly, although the method
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(d) extraction of progesterone from the water diluted
methanolic solution by petroleum ether, (¢) separation of
progesterone by paper chromatography, { f) final determmation
of the hormone by means of ultra violet spectroscopy

The accuracy of the method twas tested i a series of recorery
experiments 1 which known amounts of progesterone wert
added to blood The mean recovery figure obtamed wa
approximately 80 per cent  As hittle 45 0 05 pg of progesteront
per ml of blood could be detected The mean concentra
tion of blood progesterone m women during the second hall
of pregnancy was 0 078 pg per ml  while 1n women durnng
the normal menstrual cycle the concentration was generally
below 0 05 pg per ml It will be noted that these figures
are considerably lower than those obtamed by the Hooker
Forbes test This finding supports the view that the latter
method 15 less speaific than was onginally supposed

Zander (1954) has been able to detect the presence of
progesterone by chemical means m human placental tissus,
mm corpora lutea m corpus luteum cysts and m folhular
flud  He also showed that, followmg the mtravenous admins
tration of progesterone to ovar d and post pausal
women, the blood level of the hormone rose sigmficantly and
attained a maumum some three to five munutes after the
myection  Subsequently a rapid fall n the titre occurred and
within twenty four hours the substance could no longer be
detected 1n the penpheral blood

The mtroduction of a reliable chemical method for the
determimntion of the progesterone content of blood and tissut
15 1 event of considerable mmportance The techmique ©
Zander and Simmer 1s probably not suitable for routine W€
but should be of value 1n rescarch centres Esumations by
this method 1n normal and pathological conditions 1 man
will be awated with mterest and such studies should yeld
ymportant information 1n the fields of obstetrics, gynacology
and 1nternal medicine

METHODS OF ASSAY OF PREGNANEDIOL
IN BLOOD

In 1952 Sommerulle stated that he had decloped 3
chemical method for the determnation of pregnanediol
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blood Figures were presented for the concentration of blood
pregnanediol hefore and after the intravenous admmustration
of progesterone to healthy male subyects This work was
subsequently quoted i review articles by Samuels and West
(1952) and by Lieberman and Teich (1953) Somewhat
surprisingly, however, i view of the great importance of the
onigmnal clarms the details of the actual technique employed
have not yet been pubhshed

METHODS OF ASSAY OF PREGNANEDIOL
IN URINE

Chemical methods for the determunation of pregnanediol
fall mto two main groups

1 Those m which pregnanediol 15 estumated conjugated
with glucuronic acid as sodium pregnanediol glucuro
nude or NePG

2 Those 1n which free pregnanediol 1s estimated after
hydrolysis of the glucuromide complex by acid or by
enzymes Methods for estimating free pregnanedtol
can be further subdivided mto (a) precipitation
methods and () chromatographic methods

1 E: of ¢ Cony 1° P 1ol

(a) Tue Mernop or Venwing (1937 1938) —The mam
steps 1 this procedure are as follows (1) extraction of the
urme with butanol, (2) distribution of the butanol soluble
matenal between butanol and aqueous NaOH, (3) preciprtation
of the matenial 1n the water washed butanohic phase from
aqueous solution by acetone (4) weighing of the precipitate
formed The latter 15 assumed to consist largely of sodium
Pregnanediol glucuronide

The Vennming method has been widely used i the clinical
field and has yielded much valuable mformation It has
however, certamn mmportant hmmtations which should be
recogmsed by those employmg 1t In the first place strngent
Precautions must be taken to avord growth of bacteria in
urine as this may cause conversion of the conjugated to

free pregnanediol, if the urmne 15 not suitably preserved and
adequately refigerated after collection falsely low readings
for NaPG will be obtamed Secondly, although the method
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yields reasonably sahsfactory results when quantities greater
than 15 mg of pregnanediol per twenty four hours are being
measured, the procedure 1s unrehable m urme specimens
contaiung smaller concentrations of pregnanediol  For ths
reason results obtaned during the normal menstrual cycle and
i early pregnancy should be accepted with some reserse
Finally 1t has been shown that the apparently punfied final
product of NaPG 1s contaminated with glucuromdes of sub
stances other than pregnanediol Marmnan and Gough (1946)
demonstrated that the NaPG obtaned from pregnancy unne by
the Venning method contamned approximately 20 per cent of a
water soluble derivative of 58 pregnan 3a ol 20 one, and m the
following year Sutherland and Marman (1g947) rdennfied this
contaminating substance as sodium pregnanolone glucuronide
(5) MoprricaTions oF THE VENNING METHOD —Numerous
modtfications of the Venning method have been proposed, but
m general these procedures are open to the same objections
as 15 the ongimnal techmque Westphal (1944) precipitated
pregnanediol glucuronde from urmne extracts by means ol
barum acetate  He found that the bartum salt of pregnanediol
glucurorude was more 1insoluble than the sodum salt and
concluded that the precipitation was probably more complete
than m the oniginal Venmng procedure Varwous mvest
gators have attempted to assay pregnanediol by measunng
the glucuromc acid hberated from the NaPG after hydrolysis
by acid In the technique described by Allen and Viergnet
(1941) pregnanediol glucuromide was preciprtated as 1ts lead
salt and the reducing power of the precipitate was estumated
by means of an alkaline copper reagent Acid hydrolysts was
carried out and the reducing power was re esimated The
difference mn reducing power before and after hydrolysis was
considered to prowvide a of the gl acd
content of the precprtate  Crismer (1939), Jayle # a
(1943 a, b) and Bussett ef al (1948) determined the glicuronc
acd content of NaPG by means of a colour reaction with
Tollens naphtho resorcnol reagent This reaction has a high
degree of sensitivity but 15 probably relatively non specific
Jayle and Ius collaborators (Jayle, 1950 Jayle ef al, 1949
Libert, 1950) have published a long series of papers wine
they claim that, by extracting unmne at \arymg PHs with
butanol, different groups of steroid glucuromdes can be
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determuned  The procedure has been termed a  butylogram

The final step mn the method 15 a colorimetric esumation of
glucuronic acid  Much of the data presented deals with
fractions extracted from urine at pH 13 such fractions are
stated to consist mamlv of pregnanediol glucuromde The
urmary glucuromde excretion has been studied . a large
number of chmcal conditions i man and attempts have been
made to correlate the glucuromde excretion with the chinical
features of certan disease states The methods of Jayle and
Ius associates have been used by mvestigators i France but
have not found favour with workers m most other countries

The terminology employed 15 complex and spectabsed and the
procedures themselves have many disadvantages from the
quantitatie pont of view In the opmon of the author the
work 15 outside the scope of the pre ent book  For further
mnformation the reader 1s referred to the ongmal articles

2 Estimation of ¢ Free’ Pregnanediol

(a) Precspitation Methods

(1) THe Astwoop TALBOT PrOCEDURF —In 1941 Ast
wood and Jones described a new method for the quantitative
determination of unnary pregnanediol which averded certan
of the disadvantages of the onginal Venming procedure  The
mam steps 1 this method were as follows (1) hydrolysis of
the urme by boiling with hydrochloric acd (1) extrachion
by toluene () removal of acidic and phenokc substances
from the extract by treatment with NaOH (1v) punification of
the pregnanediol m the neutral toluene soluble fraction so
obtained by repeated precipitation from alcoholic solution by
01 N NaOH and water (v) weighing of the final product

This method represented one of the first attempts to estimate
unnary pregnanediol i the free instead of m the conyugated
form  However the accuracy of the techruque was not tugh
and frequently losses of preg; diol d to 20 per cent
or more The sensitiaty of the procedure was mcreased by
Talbot ¢t al (1941) who determmed the finally punfied
T d not by ghing but by means of the yellow
colour 1t yrelds with concentrated sulphuric acid

h colour reaction with minor modifications has been
employed by most mvestigators who have subsequently
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developed assay methods for pregnanediol It must be
emphasised that the reaction itself 1s by no means spectfic for
this steroid and accordingly the specificity of methods based on
1t depends entirely on the punty and identity of the final
product obtamed It s, for example, well known that 2
considerable over estimate of apparent’ pregnanedol wal
occur if the final extract 1s contaminated with urinary pigments,
with certan steroids other than pregnanediol, particularly
decomposttion products of 58 pregnane ge 170 20a triol, and
also perhaps with non steroidal colourless substances  For
a more detailed account of the varous factors influencing the
sulphuric acid colour reaction the reader 1s referred to a recent
article by Klopper (1956 a)

(2) THE METHOD OF GUTERMAN AND SCHROEDER (1948) —
This 15 merely a simplified and shortened version of the
Astwood Talbot procedure by means of which pregnanediol
determinations can be completed m a few hours The
techmque has been used as a method of dragnosing pregnancy
It 15, however, probable that the results obtaned by this
procedure have httle significance from the quantitative pownt
of view

(3) T METHOD OF SOMMERVILLE, GOUGH AND MARRIAK
(1948 @) —~This method 15 also a modification of the Astwood
Talbot procedure and will measure with reasonable accuracy
{ca 82 per cent) approximately 2 mg of pregnanediol per
twenty four hour urtne specimen At lower levels of excretion
however, 1ts accuracy 15 unsatisfactory  Furthermore, the
procedure 1s Jabortous and time consuming and 1ts spectfictty
1s somewhat questionable In view of the development of
better techniques for the assay of unnary pregnanediol such
as that recently published by hlopper e al (1955) 1t 1s unlikely
that this procedure will continue fo be used 1n chincal studies

(4) Tue METHOD OF SOMMERVILLE MARRIAN AND KELLAR
(1948 6) —This 15 a more rapid and less elaborate version of
method (3) The ongmal authors clumed that the techmque
could measure pregnanediol levels of 5 mg per twenty four
hours or more and that 1t was therefore suitable for routin¢
estimations 1 mud and late pregnancy Subsequent work
has, however, demonstrated that the procedure 1 1naccurate
and relatnely non specific and 1t 15 doubtful if the results
obtamed by its use have much quantitatis ¢ sigmficance
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(5) Chromatographic Methods

A number of techmques have been proposed mn which
urmary pregnanediol 1s purified by methods depending on
chromatography The most satisfactory procedures from the
chimical pomnt of view are those described by de Watteville
Borth and Gsell (1948) and by hlopper Michie and Brown
(r955)

(1) ToE MeTHOD OF DE WATTEVILLE, BORTH AND GSELL
(1948} —This procedure 1s based on a method ongmally
described by Huber (1947) and 15 essennally a modification of
the techmque of Astwood and Jones (1941) The neutral
steroid fracttion which 1s obtamed after hydrolysis of the
glucuronide by acid 1s chr graphed on al 1
subsequently the free crystalline p drol ob d by
eluton with a benzene alcohol muxture, 1s weighed Much
chmcally useful mformation has been obtamed by the use of
this techmque m normal and pathological conditions The
method 15, however rather less sensiive and somewhat less
speaific than that recently developed by Klopper ¢ al (1955)

(2) THE Mersop oF KrLopPER MicHIE AND BrowN
(1955) —Thus method which includes several novel features
15 probably superior m all respects to any that have been
previously descibed The main steps 1 the procedure are
(1) acd hydrolysis (u) toluene extraction, (1} a new per

d step d d to remove from the
P diol fraction a which 15 probably a
decomposition product of pregnanetriol (1v) chromatography
on alumina columns (v) acetylahon (wi) further chromato
graphy on alumina (vu) colonmetry by means of a modified
version of the usual sulphuric acid reaction By mfra red
spectroscopy and by melting pomnt and mixed melting pomt
determmations 1t has been shown that the finally punfied
product contains 5f pregnane 3a 20a diol dracetate and
virtually nothing else (klopper et al 1955 Coyle ¢z al, 1956)
Accordingly 1t can be claumed that the method 1s ghly
specific for 58 pregnane 3o 20a diol

The accuracy of the procedure was tested m a senes of
Tecovery expermments in which known amounts of pure
Pregnanediol were added to portions of twenty four hour unine
samples obtained from non pregnant subjects At concentra
tons of the steroxd as low as 0 5 mg per twenty four hours
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the mean recovery of added pregnanediol was approvimately
92 per cent, at higher concentrations of pregnanediol the
mean recosery figures were even better

Typcal preg 1 values ob d from the unmne of
men and of women dunng the menstrual cycle and after the
menopause are shown 1n Table XVI

TaeLr XVI

PreGcNANEDIOL CONTENT OF TWENTY FOUR HOUR
URriNEs FrROM VARIOUs SOURCES
(From Flopper et ol 195,}

Number | Number | Range | poeres
Type of Utine o Dowe | Tematy s PR
viduals | minations Hours Hours
Male 9 50 |osBorz| om
Female probferative phase | 4 8 [omBtorso| 11z
Female luteal phase 2 3 21t042 33

Female post menopau.al 5 23 028w0086| o063

It will be noted that the techmque 15 sufficiently sensitive
to measure adrenal’ as well as ‘ovanan prcgnancdmI
The significance of thus finding will be discussed later m this
chapter

The method 15 less exacting and time consuming than many
of the previously publshed techniques, and 1t 15 probably
sutable for routne appheation 1n the chmical field Ore
technician can complete approximately twenty estimations m

one week

THE CLINICAL SIGNIFICANCE OF URINARY
PREGNANEDIOL ESTIMATIONS

One of the mun reasons for performing urmary pregnanedol
determinations m the climcal field 1 to obtam nformation
regarding the production of endogenous progesterone by the
body Accordmgly it 13 necessary to consider the quantitative
rel hp between the of prog one on the ote
hand and the excretion of urinary pregnanediol on the other
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Information pertaiung to this problem can be
by studyng the relationship of the blood progesterone con
centration to the unmary pregnanediol excretion by measuring
the urmary pregnanedtol output following the admmstration
of progesterone 1n normal and disease states and by invesigating
the role of varous organs, particularly the hwer m the
converston of progesterone to pregnanediol

It 15 generally agreed that the concentration of progesterone
m human blood 1s very low This 1s the case whether the
hormone 1s assayed by biclogical or by chemical methods
The most rehable estimates of blood progesterone at present
avallable are those of Zander (1g954) who reported mean
concentrations of less than o 1 pg per ml m the second half
of pregnancy and of less than 005 pg per ml dunng the
luteal phase of the normal menstrual cycle On the other
hand pregnanediol, which 15 the prinaipal unmnary metabolite
of prog one, 1§ d 1n rel ly large q m
late pregnancy figures varying from 40 to 8o mg per twenty four
hours are frequently encountered and i the luteal phase of
the menstrual cycle the excretion values generally hie between
2 and 5 mg per twenty four hours These two sets of
observations taken 1n comunction support the view that pro
gesterone 1s rapidly metabolised m the body and this has
mmdeed been found to be so when the hormone has been
administered mtravenously to human subjects and to animals
In such expertments progesterone was shown to disappear very
rapidly from the circulation and could no longer be detected
1 the blood a few hours after the mjection

Much has been wntten regarding the unnary excretion of
pregnanediol 1 human subjects following the admimstration
of progesterone  Some of the early work m thus field 1s probably
of little sigmficance as the methods of estmation of unnary
prey diol were of doubtful rehability at the low levels of
excretion often encountered 1n such metabolic studies  More
recent muestigations with mmproved methods of assay have
shown that 1n males and 1n post menopausal females less than
~o per cent of the dose of administered progesterone 1s excreted
1 the urine as pregnanediol This observation ments emphasis
i view of the widely held assumption that the unmnary
pregnanediol excretion 1s a reasomably exact mndex of the
endogenous progesterone production
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A considerable body of evpenmental evidence mdicates
that the ltver 15 intimately concemed with progesterone
metabolism and that therefore this organ 1s capable of
fluencing the urinary pregnanedtol excretion n health and
disease  This evidence, some of which will be bnefly constdered
below, has led to the conclusion that the liver 1s the organ
mainly responstble not only for the reduction of progesterone
to pregnanediol but also for the conjugation of pregnanediol
with glucurome acid

Many investigators have demonstrated that liver shices can
metabolise progesterone and have studied the enzyme systems
responstble for this effect  Pellets of progesterone implanted
tnto the spleen or mesentery of rabbits rapidly lose ther
biological activity and this finding supports the view that the
hver 15 the main site of progesterone mactiation 1 the body
Riegel ¢t al (1950) admimstered progesterone labelled with
1C to rats and mce and found that relatively large amounts
of radio activity appeared 1n the liver and 1n the feces  Grady
et al (1952) showed that mn rats radio active progesterone passed
from the liver to the mtesune via the common bile duct and
that complete biliary obstruction resulted 1n the appearance of
considerable quantities of radio actitv 1 the urnme  Rogers
and McLellan (1g951) and Klopper (1956 4) have detected
the presence of pregnanediol m human bile followmng the
admimstration of progesterone to patients i whom biary
drainage had been established  Rogers (1956) estmated the
unnary pregnanediol output after the admumstraton of
progesterone to patients with biltary obstructron and found
that m such individuals abnormally large quantties of preg
nanediol were excreted  He concluded that when the biliary
tract 13 obstructed, the route of excrenon of pregnanediol 1s
altered and a greater proportion of the steroid appears i
the unne than under normal conditions This nterestng
obsenation requires confirmation

The preceding discussion has emphasised that unnary
pregnanediol esttmations cannot provide the chmcan with a
quantitative measurement of endogenous progesterone pro-
duction Howeer, there can be no doubt that the pregnanediol
excretion does to some extent at least reflect the output of the
hormone by the ovary or the placenta It 15, for cxample
well established that the excreion of urmary pregnanediol 13
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generally high in cases m whom 1t would be reasonable to
expect that the progesterone production 15 relatively high and
that the output 1s frequently low mn patients who show evidence
of luteal deficiency or placental fallure In view of these
obserations 1t would appear jusufiable to conclude that
chmcally useful information can often be obtamed by preg
nanediol assays m umne although the exact sigmficance of
such determmations remaimns a problem for future elucidation

THE URINARY EXCRETION OF PREGNANEDIOL
IN NORMAL SUBJECTS
1 Children

Bergstrand and Gemzell (1957) have recently applied the
assay method described by hlopper et al (1955) to a study of
the unnary pregnanediol excrenon m eighty seven normal
children between the ages of three and fifteen They found
that 1n boys the mean pregnanediol output was o 75 mg per
twenty four hours while 1n girls the corresponding figure was
072 mg per twenty four hours No correlation could be
demonstrated between the pregnanediol excretion on the one
hand and the age of the children on the other

2 Normally Menstruating Women

The unnary excretion of pregnanediol during the normal
menstrual cycle has been studied by numerous mvestigators
over the past two decades In the earlier investigations the
method of pregnanediol assay described by Venning (1937)
was used By means of this techmque unnary pr diol
could be demonstrated m the luteal but not i the folheular
phase of the cycle It was also shown that a rapid fall m the
Pregnanediol excretion occurred one or two days pnor to the
onset of menstruation  Values obtaned from normal women
at the same stage of the cycle showed a very wide scatter
from one subject to another but the ayerage excretion during
the luteal phase was approumately 5 mg of NaPG per
twenty four hours

One of the more careful studies of the urnary pregnanediol
excretion 1 normally menstruating women 1s that of de
Wattewlle (1951) who used the techmque of pregnanediol
assay descnibed by de Watteville ef a! (1948) This method




222 OLINLCAL AstticArloN of HoRMONY AssAy

wlich depends on eliromatography, 15 probably more specific
than tht of Venning, and for this rewon the figures for the
pregnnediol exeretion are somewling lowcer th i thote obtuned
by the Venning method  De Wattewille (1941) found that the
exerction of pregnanediol i andivdual ¢ wes vined gretly
from one d iy to another ind dud not follow 1y defimte pattern
There wis also considerible vinttion m exercion from one
subject to another 1t comparble stiges of the cycle Ina
smll proportion of pparently helthy women pregnanediol
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1t will be noted that 1 the follicular phase of the cycle the
excretion of pregnanediol 1s usually t mg per twenty four
hours or less, this material presumably represents manly
adrenal pregnanediol” which 15 derned from precursors
secreted by the adrenal cortex At the time of ovulation 2
sharp nse m the pregnanediol excretion occurs Durnng the
luteal phase the values generally lie between 2 and 5 mg per
twenty four hours, at this tme the pregnanediol 15 almost
certamly derived from the progesterone secreted by the luteal
ussue of the ovary The pregnanediol output hegms to fall
sevcral days before the onset of menstruation and contimues t?
decine for the finst two or three days after the onset of the
period

3 Normal Men
Small but measurable quantities of adrenal pregnanediol
are present In male unne  In a sentes of fifty determmations 2
mme normal male subjects hlopper ef ol (1955) found that
the mean excretton wis 0 92 mg per twenty four hours an
L}mt the levels ringed from o 38 to 1 42 mg per twenty four
ours

¢4 Post-menopansal Women

In patients in this age group the pregnanediol excretion B
usually low  The sterord 15 probably derived to a large extent
from precursors secreted by the adrenal cortex  In a sertes of
twenty three deternunations 1n five post menopausal womer
Klopper e al (1955) found that the mean excretion was
© 63 mg per twenty four hours and that the readings vane!
from o 38 to 0 86 mg per twenty four hours

§ Normal Pregnancy and Labour

The urmary excretton of pregnanediol dunng normal
preg has been d by many workers ncludmg
Browne ¢t al (1937) Venmng (1938) Bachman et dal (1943
Jones et al (1944), Plotz and Darup (1950) and Michue (1953)
Tn the earler myestigations the Venmng method of determin
tion was employed and the steroid was esumated m the
coryugated form as NaPG, in later studies esimates Were
made by techniques which measured the unnary pregnnedi
in the frec® rather than the conjugated state
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The ongmal curve for urinary NaPG during pregnancy as
published by Venning (1938) 1s shown 1 Fig 50

It will be noted that the preg diol excretion graduall
increases as pregnancy advances At the twelfth week the
readings generally lie between 1o and 15 mg per twenty four
hours By the twentieth week the excretion averages 30 mg
per twenty four hours and by the thirty sixth week the output

Urlnary pregnanediol mg /24 hes
g

0]
L
20 .
10
DAYS 86 12 168 (23 28

Fic 50

Unnary excretion of during normal pregnancy m eght
subjects  (From Fenning 1938 )

18 approximately 80 mg per twenty four hours From the
thirty sixth week onwards most workers have found that the
mean excretion of uninary pregnanediol does not show a further
nise and may even decrease shghtly No definite relatonship
has so far been demonstrated between the output of
pregnanediol on the one hand and the onset of labour on the
other  After delivery the amount of pregnanediol n the unne
decreases rapidly and by the first few days of the puerpenum
Is
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the levels have fallen to those normally encountered wm
non pregnant mdsviduals

Curves of the same general shape as that obtamed by
Vennmg (1938) have been publshed by later workers who
determuned urmary pregnanediol m the ‘ free rather than the
conugated form Among the more detaled of such studies
are those of Jones ef al (1944) who used the method of Astwood
and Jones (1941) and of Bradshaw and Jessop {3053) and
Muchue (1953) who employed the techmque described by

3

URINARY PREGNANEDIOL maf24 b 3
s

o * s
10 , X
) 8 I ) 8 4
WEEK OF PREGNANCY WELK BEFORE
DELIVERY
Fic 51

t
1 Unnary excretion of pregnanediol dunvg normal pregnancy  Seatier
dragram of 87 determpations in ds-z cases The values for the tast three touths
are plotted backwards from the date of dehvery  The eurve conneets montbly
cocans  (From 2 Vattaille 1951 )

Sommerville et al {1948 5}  The curve cbtamed by
de Waiteville (1951) usmg the assay method of de Wattewlle
¢t al {1948) 1 shown m Fig 51

1t 2 probable that the pregnancdiol output reflects to some
extent the growth and development of the placenta The
excreuion of the sierowd starts to nse when the placenta
formed 1t increases progressnvely dunmg the pertod of actine
prohferation of the cytotrophoblast and st remasns relatnely
constant after the thirty sith week by which ume placental
growth 1s virtually complete

All the work publshed so far has ind d that the unnary
pregnanediol excretion ianes greatly from one subject 10
another at comparable stages of pregnancy and that Jarge
yanatons also occur i the datly excretion of the steroid ®




PROGESTERONE AND ITS METABOLITES 227

the same mdividual  Accordingly, 1t 1s unlikely that the chmecian
will denve much benefit from data based on single determina
trons of pregnanediol m individual cases or on 1solated readings
made at widely separated intervals duning pregnancy in the
same patient Only by studying the trend mn a semes of
preguanediol determinations mn ndividual cases will 1t be
possible to obtain mformation of chmcal importance

Most who have pubhbshed curves for the
urnary excretion of pregnanediol durng normal pregnancy
have employed assay methods of doubtful accuracy and
specifiaity such as those developed by Venmng {1938) Astwood
and Jones (1941) and Sommerville ef al (1948 5}  Although
valuable chimical information has been obtammed by the use of
such techmques 1t 15 doubtful whether the results reported
have much fi from the q tive pomt of view
Recently Coyle et al (1956) employed the assay method
descnbed by Klopper ¢f ol (1955) m a study of the urinary
excretion of pregnanediol 1n a small series of normally pregnant
women and 1t 1s probable that the results which these workers
obtamed are more reliable than any previously publshed
They found that the pregnanediol levels during normal preg
nancy were lower than those reported by previous mvestigators
this observation probably reflects the greater speaifiaity of the
assay method used Durning the gestation peniod a gradual rise
1n pregnanediol output was noted until about the thirty second
week when the mean excretion was approumately 40 mg
per twenty four hours From the thrty second week until
term no further mncrease 1n pregnanediol excretion occurred
After delivery the output fell rapidly and in less than one
weck levels of 2 to 3 mg per twenty four hours were observed

Unnary Pregnanediol Assay as a Means of Pregnancy
Dlzgnos:s
Guterman (1947) attempted to use pregnanediol estimations
for this purpose  He developed a simple and rapid semu
method of deter by the use of which
results were obtamned 1n a few howrs The Guterman test
has been severely enticised by many workers and should no
Ionger be used as a method of pregnancy diagnosis  One of
the mamn disads antages of the test 1s the fact that values obtamed
m early y are often q ely similar to those
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found duning the luteal phase of the normal menstsual cycle
The subject of pregnancy diagnosis 1s consdered 1 deta
Chapter 111

THE EXCRETION OF URINARY PREGNANEDIOL
IN PATHOLOGICAL CONDITIONS

1 Disorders of Menstruation

{6) Anovurar ManstruaTioN —In this condition cychic
utenne bleeding occurs mn the absence of ovulation and corpus
luteum formation  The uterme bleeding therefore takes place
from a prohferatve and not from a secretory endometnum
Anovulatory cycles probably occur relatwely frequently i the
human female but are more common at the begmnang and
towards the end of reproductive hfe  For funther formation
on the chmcal features of anovular menstruation the reader
1 refesred to Chapter IX

Many workers over the past two decades have demonstrated
that the pattern of excretion of urinary pregnanediol sn normally
menstruating women differs from that found m patents with
anovular menstruation  In the former group the steyod was
not detected 1n the unne at any tume durng the folicular
phase of the cycle, but appeared 1 relayvely large quantities
durteg the luteal phase, m the latter group, on the other
hand pregnanedio! was shown to be absent from the unne
dunng the whole cycle These findings taken i conjunction
form the basis of the widely held belef that unmary pregranediol
assays are of considerable chrucal value i determunmng the
tme of ovulation 1m women and i differentiating ovular from
anovular menstruation  However, recent developments
the field of pregnanediol assay have suggested that thcs;
views may have to be modified and that unnary pregnanediol
estunations may be of rather less diagnostic value than was
prevsously supposed 1n cases of suspected anovular menstruatton

In the of the in which the preg
nanediol excretion 1 ovular and anovular menstruation WCY?
compared, relatnely msensitive assay methods such as those ;
Venrung (1938) or of de Watteville et of (1948) were emp’o)'fh
Such techmques were probably not capable of detecung the
steroxd at concentrations of less than 2z mg per twenty four
hours Recently hiopper ef of (1955) have developed a more
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sensttive assay procedure for preg: diol which will
with reasonable accuracy as httle as 0 5 mg 1 a twenty four
hour specimen of urme  This techmque 15 suffictently sensiive
to detect the presence of the steroid 1 the follicular as well as
the luteal phase of the normal menstrual cycle (Figs 47 to 4g)
Dunng the follicular phase the urinary pregnanediol 1s probably
denved to a large extent from precursors secreted by the adrenal
cortex and may be termed adrenal’ pregnanediol  Although
studies of pregnanediol excretion i anovular menstruation
ustng this assay method have not yet been published, 1t 15
teasonable to assume that 1n such patients also  adrenal
pr diol wall be d d m the urme

These recent findings lead to the conclusion that the mere
presence of pregnanediol mn the urme 1s not of itself evidence
that ovulation has occurred Accordingly 1t would appear
that urmary pregnanediol deterrinations can only be of
hmated diagnostic value mn cases of suspected anovular
menstruation  In this type of case such esumations should be
regarded as complementary to other more routine methods of
assessing corpus luteum function such as those depending on
basal temperature curves on vagmal smears or on endometrial
biopsy

(8} AmeNorrM@A —In cases of both primary and secondary
amenorrheea the pregnanediol excretion 1s low, bemg generally
below 1 mg per twenty four hours (klopper 1956 &) It
Probable that the materal present represents adrenal rather

an ovanan pregnanediol

(¢) Perststent Corpus LuteuM —This 15 a rare condition
of unknown =ztiology  The corpus luteum 1s cystic and
l’;lslcmb]es very closely the corpus luteum of early pregnancy

e end

rum shows a d secretory changes
Amenorrtheea 15 generally present and 1t 15 beheved that
Menstruation 15 prevented by the presence mn the crrculation
of large quanuties of progesterone  In the few cases of per
sistent corpus luteum so far reported n the hterature hormone
assays by reliable methods have not been conducted
IRREGULAR SmeppiNG OF THE EnpovErrRivd —This
condition was first described by Pankow 1n 1924 The charac
tenstie feature of the disease 1s the fact that the endometrium
13 shed over an abnormally long pertod of ime  Histological
of the end um ok d during the bleed
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phase shows the presence of secretory changes  Chnscally the
condstion 1 charactensed by prolonged and excessne bleeding
at the time of menstruation  The cycles themselves are not
mcreased in length

McKelvey and Samuels (1947) demonstrated that preg
nanediol measured as NaPG was excreted m the unn
throughout the period of utersne bleeding  These workers
suggested that an atological factor 1n this disease might be
delayed molution of the corpus luteum  Further hormone
esumations in patients with this condition will be awarted with
mterest

{¢) STEw Levewrmar Synorove —The mam  cliueal
features of this relatively rare disease are cystic enlargement
of both ovanes secondary amenorrheea, stenhty and vanous
tigmata of mascul of which h 15 the most
pro The ch 1stic finding on histological examuina
tion of the ovaries 15 hyperplasta of the cells of the theca nterna
For a detailed account of the clinteal and pathological features
of the Stewn Leventhal syndrome the reader 1 referred to
recent article by Shippel (1955)

Numerous theortes have been advanced to explam the
vinhsation which 1 frequently found 1n this disease  Levent
and Cohen (1951) consdered that this mght be caused by
excessive production of progesterone by the theca cells On
the other hand Shippel {1955) believes that the theca cells art
capable of claborating an androgenic hormone which ©

ponstble for the 1 o fe of the synd

At the time of wriing unnary pregnanediol assays havt
been performed n relamely few patients with the Stewn
Leventhal syndrome In the case stuched by Fischer and
Riley (1952) abnormally Iarge quantities of this steroid were
excreted but i a pauent recently mnvestigated 1n Edinburgh
by Klopper (1956 &) the pregnancdiol output was withim the
normal range

2 Abnormal Pregnancy

(d) TureaTENED AND RECURRENT ABORTION —Views ar¢
conflicng with respect to the chimcal value of uninary preg
nanediol assays i patsents with these condstions  The subject
has recently been reviened by Borth and de Watteslle { 19_’72)l
Although several mvestig have di ated &




PROGESTERONE AND ITS METABOLITES 231

values preceding abortion cases are frequently encountered m
which nterruption of pregnancy occurs in the presence of
normal pregnanediol values or fails to occur despite abnormally
low values Findmgs of this type are not surprising mn view
of the muluphaty of causes of abortion among which pro-
gesterone deficiency 1s probably by no means the most frequent
After three years of experience of routine pregnanedtol
assays carrted out 1n the laboratorv of the Simpson Memonal
Matermty Pavilion 1n Edinburgh Kellar (1g52) came to the
conclusion that the test was of httle diagnostic value 1n cases
of threatened and recurrent abortion  This worker found that
m cases i which a falling pregnanediol excretion was observed,
there were generally very obvious climeal signs of the mevi
tability of a threatened abortion A sumilar concluston was
reached by Cope (1940) Swyer (1949) and others

Guterman (1950) believes that the trend of the urmary
pregnanediol excretion may sometimes be of prognostic value
in cases of threatened abortion  In his sertes of cases he found
that abortion occurred frequently 1n patients who showed a
progressive fall 1 pregnanedol excretion to levels abnormally
low for the penod of g He alo d rated that
abortion was relatnvely rare in patients m whom the preg
nanedio] excretton was within the normal range or had risen
to normal from an mtally low level De Watteville (1951)
emphasised that single readings 1 indmidual pauents or
solated pregnanediol determinations made at widely separated
ntervals 1n the same pattent were of virtually no diagnostic
value He did however suggest that chimcally useful informa
tion could sometimes be obtained by following the trend mn a
senies of unnary pregnanediol determunations m selected cases
After a careful and critical review of the literature Borth‘and
de Wattewlle (1g52) concluded that mn cases of threatened
abortion and premature Iabour, senal estimations of urnary
pregnanediol may sometimes be of value 1 assessmng the
functional state of the trophoblast In the opmon of these
workers foetal death 1s generally associated with decreasing or
consistently low levels of unnary pregnanediol Furthermore
they believe that abnormally low values occurring m early
Pregnancy i patents with a history of repeated abortions
may precede any clinical sign of abortion and may justify
Preventive therapy by means of progesterone
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phase shows the presence of secretory changes Chnucally the
condition 1s charactensed by prolonged and excessive bleeding
at the ume of menstruation The cycles themselves are not
ncreased m Jength

McKelvey and S Is (1947) d ated that preg
nanediol measured as NaPG was excreted in the unne
throughout the period of uterme bleeding These workers
suggested that an mtiological factor 1n this disease might be
delayed mvolution of the corpus luteum  Further hormone
estimations 1n patients with this condition will be awaited with
mterest

(¢) STEIN LEVENTHAL SynpDROME —The mam  chmcal
features of this relatively rare disease are cystic enlargement
of both ovartes secondary amenorrheea, sterility and vanous
stigmata of masculmisation of which hirsutism 15 the most
prominent The charactenstic finding on histological examna
tion of the ovaries 1s hyperplasia of the cells of the theca nterna
For a detaled account of the clinical and pathological features
of the Stem Leventhal syndrome the reader 1s referred to 2
recent article by Shippel (1955)

Numerous theories have been advanced to explamn the
viriisation which 1s frequently found 1n this disease Leventhal
and Cohen (1951) considered that this mght be caused by
excesstve production of progesterone by the theca cells 02
the other hand Shippel (1955) believes that the theca cells ar¢
capable of elaborating an androgemc hormone which
responsible for the il g features of the syndrome
At the time of wnting unnary pregnanediol assays have
been performed in relatively few patients with the Stemn
Leventhal syndrome In the case stucied by Fischer and
Riley (1952) abnormally large quantities of this sterod were
excreted, but 1 a pattent recently mvestigated m Edmnburgh
by hlopper (1956 ) the pregnanediol output was within the
normal range

2 Abnormal Pregnancy

() THREATENED AND RECURRENT ABORTION -—Vicws are
conflicting with respect to the clinical value of urnary preg
nanediol assays 1n patients with these condinons  The subject
has recently been reviewed by Borth and de Wattevlle (195'1)l
Although several mvestigators have demonstrated subnorma!
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values precedng abortion, cases are frequently encountered 1n
which interruption of pregnancy occurs mn the presence of
normal pregnanediol values or fails to occur despite abnormally
low values Findings of this type are not surprising m view
of the muluthty of causes of abortion among which pro
fi 1s probably by no means the most frequent

After thr:c years of expenence of routine pregnanediol
assays carned out mn the laboratory of the Simpson Memonal
Materuty Pavilion 1n Edinburgh hellar (1952) came to the
concluston that the test was of little diagnostic value 1n cases
of threatened and recurrent abortion This worker found that
1n cases i which a falling pregnanediol excretion was observed
there were generally very obvious chimcal signs of the mewv1
tability of a threatened abortion A simular conclusion was
reached by Cope (1940) Swyer (1949) and others

Guterman (1950) believes that the trend of the urinary
pregnanedio] excretion may sometimes be of prognostic value
1n cases of threatened abortion In hus series of cases he found
that abortion occurred frequently n patients who showed a
progresstve fall 1n pregnanediol excretion to levels abnormally
low for the period of gestation He also demonstrated that
abortion was relatively rare m patents 1 whom the preg
nanediol excretion was within the normal range or had nsen
to normal from an munally low level De Wattewille (1g51)
emphasised that single readings m individual patients or
1solated pregnanediol determinations made at widely separated
mtervals in the same patient were of virtually no diagnostic
value Hedid h , suggest that cl Ny useful nforma
tion could sometimes be obtained by following the trend 1 2
sentes of unnary pregnanediol determinations m selected cases
After 2 careful and critical review of the hiterature Borth‘and
de Wattewille (1952) concluded that mn cases of threatened
abortion and premature labour seral estimations of urmary
Pregnanediol may sometimes be of value i assessing the
functional state of the trophoblast In the opinion of these
workers feetal death 15 d with d g or
consistently low levels of unnary pregnanediol  Furthermore
they beheve that abnormally low values occurring n early
pregnancy in patents with a history of repeated abortions
may precede any chmucal sign of abortion and may justfy
Preventive therapy by means of progesterone
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It 15 obvious that, at the time of wnting, there 15 much
controversy regarding the chinscal value of pregnanedrol assays
n patients with threatened and recurrent abortion Further
work 15 necessary before any defintte conclusions ean be drawn

(8) PrE rerameic Toxamia ~—An abnormally low ex
creton of unnary pregnanediol in a proportion of toszmic
patients has been reported by numerous 1y estigators mcluding
Browne ¢t al (1938), Srmth and Smuth (1938) and de Watteville
(951} There appears to be hittle or no correlation between

Iy
3

URINARY PREGNANEDIOL mgf2d hex

WEEK OF PREGNANCY

Fio 52

Urinary excretion of pregnanediol in pahents with pre-eclamptic

wamg Closed cnrg:sgndenolc normal child  crasses denate

dead or under-developed chald _The dotted Line 1 the mean curve
shown in Fig 51 (From dz batterille 1951 )

the pregnancdiol output on the one hand and any chnical
feature of the disease, such as hypertension, c=dema or
albuminuna, on the other De Watteville {1g51), 1 a careful
study, reported that the excretion vaned greatly from one
subject to another but found that the majonty of estimations
lay below the normal range He divided his cases mto o
groups In the first group consisting of patients who were
deltvered of normal babies the pregnanediol excretion was
generally within normal imts  The second group consisted
of cases m which the child was born dead or under developed
and i these patients almost all the readings obtamed wcit
abnormally Jow  De Wastevalle s results are shown i Fig 5
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The cause of the low pregnanediol excretion in pre eclamptic
toxzma 1s not known wath certanty It could be due to
mmparred placental function as a result of spasm of the spiral
arterroles 1n the decidua to alterations in the metabolsm of
progesterone, or to abnormalities 1n the renal clearance of the
hormone  Smith and Smith (1940 1948) were among the
first to note the low pregnanediol excretion m cases of pre
eclamphic toxemua, and these workers attempted to weave this
finding 1nto a comphcated pattern of ztiology of pre eclampsia
The Smuth theones, although stmulating and provocative
have never been substantiated and are not now generally
accepted as valid  For further informaton on these theones
the reader 15 referred to the onginal articles

() Diaperic PreGnancy —White and her collaborator
(White, 1947, 1952, White and Hunt 1943) have stated
that a relatively high proportion of pregnant diabetics show
an abnormally low excretion of umnary pregnanediol and
have claimed that this finding 1s of chagnostic and prognostic
value m relation to the fate of the feetus  In the experience
of those investigators many patients showed the condition
of hormonal imbalance which was characterised by abnor
mally low levels of unnary pregnanediol and serum cestrogens
and by abnormally high concentrations of serum HCG  In
such patents the madence of obstetrical complications was
much higher than n those m whom the hormonal balance
was normal Correction of the hormonal imbalance by

substitution therapy by cestrogens and progesterone was
sa1d to restore the hormone readings to normal and to 1mprove
greatly the prognos:s for the foctus

Other workers have been unable to confirm Whate s findings
i relation to urmary pregnanediol esumations m cases of
Ppregnancy comphcated by diabetes  heltz et al {1950) noted
that the mean figure for pregnanediol excretion 1n the third
tnmester of pregnancy was significantly higher 1 patients
del.ncrmg a viable feetus than in those 1n whom feetal death
occurred  However these nvesbgators were unable to
comvince themselves that pregnanediol assays were of any
diagnostic or prognostic value m pregnant diabetics A
similar conclusion was reached by Michie (1g54) after a
careful study conducted 1n Edinburgh It should be empha
sised that pre eclamptic toxemia may frequently co exist with
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diabetic pregnancy This 1s of some importance m relation to
urinary pregnanedtol assays as the former condition fer s may
markedly mfluence the unnary output of this sterod  The
subject of hormone assays m pregnant dumbetics 15 further
discussed 1n Chapter 11T

3 Adrenal Disease

Unnnary pregnanediol assays i patients with adrenal
hyperplasia and adrenal tumours present considerable diff
cnlties owing to the presence m the unme of large quantities
of 17 hetosteronds and 58 pregnane 3o 17a 20a triol Thes
substances when they occur in high concentration may nterfere
to a considerable extent with the specificity of colormetnic assay
methods for unnary pregnanediol  Accordngly, figures for the
excrenon of ‘ pregnanediol n such cases should be viewed with
some reserve unless evidence has been produced that the steroid
bhas actually been 1solated and :dentified by chemical means

Vanous mvestigators, mcluding Malley and Bradshaw
(1941), Talbot ¢ al (1942) and Lioyd et al (19p1) hue
claimed that patients with adrenal hyperplasia and adrenal
tumours excrete abnormally large quantties of unmary preg
nanediol  The methods of assay used by these workers were
relatively non spectfic, and 1t 15 doubtful 1f the results they
obtamed had much quanttauve sigmficance Bongiowant
et al (1954) have shown that, although pregnanediol excretion
may sometimes be tncreased 1 cases of adrenocortical hyper
function this increase 1s usually overshadowed by the presence
1n the unne of abnormally large amounts of pregnancmol
In view of this observatron 1t 15 quite possible that the

pregnanediol  estimated by previous mvestigators consisted
largely of decomposition products of pregnanetriol which had
been formed after acid hydrolysis  As emphasised by Klopper
¢t al (1957) the presence of abnormally high levels of urnnary
pregnanediol n cases of adrenocortical hyperfunction cannot
be definttely established untl methods of assay have bccr;
apphed which are capable of separaung unnary prcgn’mcdm
from large amounts of other steroids such as pregnanetrto
pregnanolone and androstanedtol

URINARY PREGNANEDIOL ESTIMATIONS AS A TEST 0F ADR
corTicat. Funciov 1N Man —~Rlopper o al (1957) haic
recently studied the effect of ACTH administration and o

ENO-
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bilateral adrenalectomy on the urinary excretion of preg
nanedio]l  They found that the ntravenous mfusion of ACTH
at a rate of one international unit per hour caused a sharp
rise m urmary pregnanediol output and that a simlar effect
was produced by operative stress  Results in a healthy male
subject before and after ACTH adnumstration are shown m
Fig 53 It wall be noted that mn this subject ACTH produced
a fourfold mncrease in unnary pregnanediol excretion

After bilateral adrenalectomy on the other hand, klopper

ACTH
60 vnits 1V

»n

I

w

~

Urinary Pregnanediol mg / 24 hrs

[¢]

1 2345 67891000
DAY OF EXPERIMENT
Fic 53

The effect of ACTH on the unnary cxcretion of pregna
nediol 1n 2 normal male subj)cﬂ (From Rlopper ot ol
197

et al (1957) and Strong et al (1956) showed that the urninary
Pregnanediol output fell to very low levels The mntravenous
admimstration of ACTH to adrenalectormsed patients failed
to produce any rnise 1 pregnanediol output

On the basis of these observations hlopper et al (1957)
have suggested that urnary pregnanediol assays may be of
value as a means of assessing adrenocortical function 1 man
The test appears to offer an alternative to such well recogmsed
methods of estmating adrenocortical activity as eosmophil
counts water excretion tests electrolyte studies, the estimation
of 17 ketosteroids m umne and the determination of 17
21 dthydroxy 20 ketosteroids m blood and m urine
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THE EXCRETION OF URINARY PREGNANEDIOL
FOLLOWING PROGESTERONE ADMINISTRATION IX
NORMAL AND DISEASE STATES

* Normal Non pregnant Subjects

Many m estigators have accumulated mformation on the
unnary excretion of pregnanedsol 1 men and women following
the ad wion of progesterone . Much of the ealy work
1n ths field was performed with methods which were of doubtful
accuracy at the low levels of pregnanediol excretion often
encountered in such metabolic expersments It 1s therefore
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A typical recovery ex) ent 10 a post menopausal yubyect
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not surprsing that the amounts of progesterone recovered 2
unnary pregnanediol vaned greatly from one laboratory t
another More recent studies with superior methods have
dernonstrated that m men and post menopausal women the
proportion of ad d prog ted as urinary
pregnancdol generally ranges from 10 to 20 per cent A
typical expeniment in 2 post menopausal subject m which the
assay method of hlopper ¢ of (1955) was used 35 shown @

Fig

54
According to Fischer and McColgan (1953) the conversion
rate of pr diol 1 not affected by the

0 pr
(&3 preg
mode of exinbition of the hormone  Sumular comversion rates
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were obtamned using oral, sublingual or parenteral routes of
admumstration of standard doses of prog

ProGESTERONE ¢ PriMING —Sommerville and Marman
(1950) and Sommerville {(1g50), using the method of preg
nanediol assay described by Sommerville ef al (1948 a),
reported that, on admmistenng progesterone daily to intact
post menopausal women for pertods up to twenty seven days,
two pl levels of preg diol were observed
The first of these was found on the second or third day, at
this time the conversion rate of progesterone to pregnanediol
usually lay between 10 and 20 per cent Thereafter at about
the fifth to the eighth day the pregnanediol output rose n a
regular stepwise manner to a second plateau level which was
mamtained for the duration of the expenment At the time
of the second plateau the conversion rate was greater than
20 per cent This phenomenon was termed a progesterone
pommg’ effect  Sommerville and Marnan (1950) and
Sommerville (1950) also claimed that no ‘priming effect
was observed when p one was ad d daly to
normal men and to post menopausal subjects who had been

bjected to hy yortol and ooph
They therefore concluded that the uterus was necessary for the
occurrence of progesterone primmg and that this organ
must therefore be concerned 1 the conversion of progesterone
to pregnanediol

The work of Sommerwille and Marman (1950) has not been
subsequently confirmed For example, Rothchild (1953) was
unable to demonstrate progesterone priming n chincal
conditions m which 1t mght reasonably have been expected
t occur The doubts cast on the vahdity of the origmal
observation of Sommerville and Marnan (1g50) led Marrian,
Russell and Atherden (1954) to remvestigate the whole
problem  These workers used the same assay method for
urnary p ol as that employed by S ville and
Marnan {1950) and selected a similar senes of experimental
subjects  They were unable to substantate the previous
findmgs Recently hlopper and Michie (1956) using the
method of pregnanediol assay developed by Klopper et al
(1955) studied the urnary excretion of pregnanediol 1n post
Menopausal women and 1n normal men during prolonged
daly admmstration of progesterone They found that
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post menopausal subjects did not show two plateaux of preg
nanediol excrenon and that the pattern of excretion of this
sterord m post menopausal women did not differ i ny way
from that i a series of men sioularly treated

It can therefore be concluded that the ph which
has been termed progesterone ‘ prunmng * does not exist and
that the onginal observation of Sommerwlle and Marman
{1g50) and of Sommerville { 1950) was incorrect

2 Pregnant Women

Venmng and Brown (1940} have clasmed that dunng
normal pregnancy the conversion rate of progesterone o
pregnanediol 1s greater than 15 found n non pregnant subjects
Guterman (1950) has studied the comversion of progesterone
to pregnanediol i cases of habitual abortion and has attempted
to correlate these studies with the chncal course of the disease
He found that abortion almost always occurred m patients m
whom the conversion rate was less than 13 per cent while
cases showing a conversion rate of g7 per cent or mare preg
nancy was usually mamtaned This work should be repeated
using more accurate and specific methods of assay for unnary
pregnanediol than were employed by Guterman i his origmal
experments

3 Patents with Rhenmatosd Arthntis

Sommervlle, Marnan Dutlre and Sinclar (1950} and
Sommerville {1950) clamed to have shown conclusnely that
n post menopausal women suffening from rheumatod arthnts
an abnormally high proportion of progesterone admmstered
by the mtramuscular route was excreted as urinary pregnane
dio}  The conversion rate of progesterone to pregnanediol lay
between 19 and 36 per cent 1n the patents with rhenmatod
arthntis and between g and 16 per cent i the senes of normal
subjects There was no overlap between the two groups T
finding of abnormal progesterone metabolsm was thought 10
be of possible sigmficance n relation to the auology of
sheumatoid arthntis since the symptoms of that disease were
known to be suppressed by cortisone a substance which bears
a close chemical relationship to progesterone and may be
metabolsed 1 the body s a somewhat simlar manner 0
progesierone
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The ongmal observations of Sommemville et al (1950) and
of Sommerville (1950) have not been subsequently confirmed
by Marman and Atherden (1953) and by Roy, Wigzell
Demers, Sinclair, Duthie Atherden and Marnan (1955)
These latter two groups of i estigators showed that the con
emsion rate of prog one to preg diol did not differ
sigmficantly m patients with rheumatord arthnus from that
of normal mdividuals ~ Accordingly 1t must be concluded that
the earher reports of Sommerville et al (1950) and of
Sommerville (1950) were incorrect

4 Patients with Liver Disease

It 15 generally beheved that the liver 1s the organ mamnly
responsible not only for the reduction of progesterone to
pregnanediol but also for the comjugation of pregnanediol
with glucuromic acid  Various mmvestigators, using rather
unrehable assay methods, have reported that patients with
chrome hepatic disease show a lhigher rate of conversion of
progesterone to pregnanediol than do patients with normal
Iner function However more recent work with better assay
methods has tended to show that the conversion rate may be

:imhm normal limuts even 1n the presence of advanced hepatic
1sease

THE EFFECT OF STILBESTROL ON THE URINARY
EXCRETION OF PREGNANEDIOL IN NORMAL AND
DIABETIC PREGNANCY

One of the mam tenets of the theories of Snuth and Smith
m relation to Pre eclamptic toxemma was the interdependence
of estrogen and progesterone metabobsm  In 1946 Smuth
¢ al, using the method of assay of pregnanediol descnibed by
meng (1937) reported that they had been able to cause a
sha‘l-" nse 1n the urnary excreuon of this sterowd m a pregnant
diabetic woman following the admmstration of stilbeestrol

ese workers concluded that thus effect on unnary preg
nanediol output was a result of an increased production of
Progesterone by the placenta and suggested that treatment
with stilbeestrol mught be of value 1n patients with Iustorzes of
repeated obstetncal accidents dunng pregnancy  Some doubts
regarding the correctness of the expenmental results of Smith
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etal (1946) were raised when subsequent iy estgators including
Dawvis and Fugo (1948) and Seitchik (1950) reported that
stlbeestrol had no effect on the unnary excretion of
pregnanediol 1n normal and abnormal pregnancy
Sommerville, Marnan and Clayton (1949), using a modified
Astwood Talbot procedure, studied the unnary pregnaned:ol
excretion m normal and diabetic pregnancy before, dunng
and after the admimstration of stlbeestrol They obtained
results exactly opposite to those of Smuth ¢f ol (1946) A sharp
fall in the uninary pregnanediol output followed the admins
tration of stilbeestrol 1 all cases and withdrawal of the drug
resulted 1n a rapid return to levels encountered 1n the control
period  The whole problem was recently remvesugated m
Edmburgh by Michie {1955) using the assay methods described
by Sommerville ¢t al (1948 ¢) and by Klopper et al (1955)
This worker was unable to confirm the previous observations
of Sommerville ¢t al (1949) and concluded that the oral
admunistration of stilbeestrol to normally pregnant women and
to pregnant diabetics had no effect on the
of urmary pregnanediol

Summary AND CONGLUSIONS

Assays of progesterone m blood should be conducted by
chemical rather than by biological methods The techmque
recently described by Zander and Simmer (1954) 15 probably
suitable for use 1n research laboratories and should 1n the future
provide mformation of climeal 1mportance

For the assay of pregnanedtol 1n urine the method described
by Klopper et al (1955) 1s recommended This procedure
wll with bl y as little as 0 5 mg ©
pregnanediol m a twenty four hour specimen Satisfactory
methods are not yet avatlable for the quantitattve determination
of other progesterone metabolites 1n urine

Urmary pregnanediol determunations cannot provide an
exact quantitatve measure of progesterone production but
reflect to some extent the output of the hormone by the corpus
luteum or the placenta

Pregnanediol 15 excreted m the urmne m the follicular as
well as mn the luteal phase of the normal menstrual cycle
The sterord 1s also present in the unine of chuldren, of men and
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of post menopausal women Dunng normal pregnancy the
pregnanediol excretion gradually increases and after delivery
the levels fall rapidly It 1s suggested that when the presence
of an active corpus luteum or a placenta can be excluded, the
urmnary pregnanediol 1s derved from precursors which have
been secreted by the adrenal cortex

Pregnanediol assays may sometimes be of value mn the
mvestigation of menstrual abnormalities and as an ndex of
placental function during pregnancy Recent work has
mdicated that urinary pregnanediol determinations may
provide a useful index of adrenocortical activity 1n men and
1n post menopausal women

Claims made some years ago that the uterus was necessary
for the conversion of progesterone to pregnanediol and that
progesterone metabolism was abnormal 1n patients with
theumatord arthnitis have not been subsequently confirmed
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CHAPTER XI

Corticosterods
INTRODUCTION

S emphasised by Borth (1956) 1t 1s a difficult problem to
Aamve at a satisfactory defimtion of the term ‘ corttco
steroid°  The word could be used to include all the
thirty compounds hsted by Reichstemn (1950, 1954) which
contain the sterord nucleus and which have been identified 1n
ox adrenal extracts Such a defimtion would probably be too
wide m 1ts scope as 1t would include substances hke progesterone,
cestrone and certain C 19 steroids which possess androgenic
actvity and which are closely related 1n structure to the male
sex hormone testosterone  Another possibility would be to
restrict the definition to the physiologically acttve compounds—
the so called cortin steroids (Fig 55)—which are capable of
mamtaimng Iife 1n and correcting the metabolic abnormalities
of adrenalectomised Is Ths defi would, m s
turn, be too narrow as 1t would exclude the biologically mactive
metabolites which, at least m urinary extracts account for
the mam part of the steroids present A swtable com
promise might be to define the corticosteroids as G 2!
steroids which contam three or more oxygen atoms and which
are found 1n the adrenals, in the urine or i both urmne and
adrenals

1 The ¢ Cortin? Group of Adrenocortical Steroids

InFig 55 are shown the formule of the seven most xmportant
biologically active corticosteroids which have so far been
1solated from adrenocortical tissue  Throughout the remamder
of this chapter these seven compounds wall be referred to by
the following tasol, cortisone 11 dehydro
corlicosterone, deoxycorticosterone, 11 deoxycortrsol and aldosterone

1t will be noted that all these steroids possess a A¢ 3 ketont
group which 15 believed to be essential for cortin activity In
addition, all the sub have a ct 1¢ grouping i

244
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the side chan attached at C 17 This 15 the « ketol groupmg
CH —C—
( { i which i important mn all tests of adrenal function
with the exception of hfe ince 1 adrenal d
anmals It also confers on the molecule strong reducing
charactenstics and this property has been used m certam
chemcal assay methods for the determmation of corticosterords
in human urne  The chemucal structure of aldosterone 1
umque among the adrenal steroids 1n showing the presence of

an aldehyde (~c<g) group at C 18

Corticosterone, 11 dehydrocorticosterone, cortisone  and
cortisol have an oxygen substituent 1t G 11 ether as 2
hydroxy! { - OH) or as an oxo (=O) group  These substances
are particularly active n relatton to carbohydrate metabolsm
and are relatively mactive with respect to electrolyte metabolism
and hfe m adrenal { ammals They
have been termed  glucocorticosteroids  On the other hand,
deoxycorticosterone which lacks the oxygen substituent at
C 11, 1s relatnvely weak in its action on carbohydrate metabohism
but has pronounced effects on electrolyte and water metabolism
and shows a high fe mamtamning actnaty  This substance has
been termed a muneralocorticosterosd  Aldosterone 1s more
active than deoxycorticosterone 1n relation to life mamntenance
and electrolyte metabolism and 1s probably the principal adreno-
cortical hormone concerned with the regulation of salt excretion
mman Italso produces effects on carbohydrate metabohsm but
15 much weaker 1 thus respect than exther cortisone or corttsol

2 Steroids secreted by the Human Adrenal Cortex

The corticosterord content of human adrenal senous blood
and of human pertpheral blood has been studied by numerous
mvestigators mcluding Morris and Willtams (1953), Romanol
etal (1953), Bongiovanni et al (1954 ) Sweat (1955), Hudson
and Lombardo (1g55) Bush et al (1956) and Ayres ¢t ol
(1957 @) Cortisol and corticosterone have been detected 11
adrenal venous blood while cortisol, corticosterone aldosteront,
tetrahydrocortisone and possibly cortisone have been detected
i penpheral blood Probably the most detarled analysts y¢t
conducted 15 that of Hudson and Lombardo (rgs55) who
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studted the corticosterond content of adrenal venous blood m
a patient suffering from mammary carcmoma before and after
the adminsstration of ACTH

There 15 general agreement that cortisol and corticosterone
are the two mamn adrenocortical hormones present 1 human
blood and that cortisol 1s secreted mn much larger quantities
than 1s corticosterone The evidence available at present
mdicates that in man, cortisol 1s the principal corticosterond
concemed with the regulation of carbohydrate metabolism,
while aldosterone 15 the principal steroid concerned with the
regulation of salt excretion

It 15 widely believed that cestrogens and progesterone are
secreted by the human adrenal cortex The evidence for this
view 15 mainly indirect and has already been discussed n
Chapters IX and X

It 15 well estabhshed that the 17 ketosterords m urine
ongmate to some extent from precursors secreted by the
adrenals The compounds probably amse for the most part
from the metabohc breakdown in tissues other than the
adrenals of certamn of the C 21 steroids Recently, however,
Romanoff et al (1953), using adrenal venous blood have
detected the presence of two C 19 steroids bearmg a close
structural relationship to testosterone This finding suggests
that the urinary 17 ketosteroids may also onigmate from C 19
steroids which are secreted as such by the adrenal glands

Romanoff ez al (1953) and others have been able to detect
10 human adrenal venous blood physiologically mactive steroids
structurally related to cortisone and cortisol Accordingly 1t
can be concluded that such sterowds are not only synthesised
n the adrenals but are also secreted by the glands themselves

It should not be assumed that all of the steroids present mn
the adrenal glands of man and ammals are necessanly secreted
mto the blood Furthermore 1t should not be concluded that
human adrenal glands necessanly synthesise the same sterords
as are found 1 the glands of other species

THE ESTIMATION OF CORTICOSTEROIDS BY
BIOLOGICAL METHODS

In studies on patients bio assay methods have been applied
mainly to urine extracts and few investigations have been
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conducted on blood  Brological tests deterrune corun’
activity 1 unmne  They are generally carred out on adrenal
cctomised rodents and are based on the ability of the
physiologreally active corticosteroids to produce certam effects
m these Is such as prol 10n of life, p agarnst
cold glycogen deposition m the liver, regulation of electralyte
balance and eosmopemia  For further mformation regardng
the very large number of methods available for the hwlogical
assay of the corticosteroids the reader 15 referred fo review
articles by Vogt (1948), Sayers {1950), Lorame (1952}
Dorfman (rg53) and Diczfalusy et al {1956)

Bio-assay procedures provide nformation regarding the
urinary excretion of the physiologically active corticosteronds
such as cortisone corfisol and aldosterone  However they
do not measure any of the physiologically mactine metabolites
of these hormones which i relation to the hormones themeeles,
form much the larger part of the sterosds excreted  Accordingly
although hiclogical methods of assay may yseld saluable
nformation of a qualitatne nature regarding the response of
the adrenals to sumulation, they are obuvsously unsatsfactary
for the g ve of ad tical secretory
activity In addwion, such methods are usually expenstvc,
laborsous and tedious and are quite unsuitable for routine ust
m chnical studies

Of the many methods of bio assay which hawve been pro-
posed the following only will be considered

1 The test depending on gheogen deposthon m the et
of adrenalectorused rmce (Venmng e al, 1916
Eggleston ¢t el , 1946 Dorfman e af , 1946)

2 The cald protection test m adrenalectorised rats (Sehe
and Schenlker, 1938)

3 The test depending on the prod of opema 31
adrenalectormsed mice (Spews and Meyer 1957)

4 Tests depending on electrolyle exeretion 1n adrenalectomised
rats (Dorfrman 1950, Simpson and Tan, 1952)

1 Glycogen Deposition Test

This method depends on the ability of unne extracts wath
¢ cortin like * activaty to promote deposttion of glycogen 1n the
Iver of adrenalectonused rodents  Tests intolimg mice 31
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some ten to twenty ttmes more sensitive than those employmng
rats and are therefore to be preferred for use i the chmeal
field The method 15 speatfic for corticasterords with an oxygen
atom at C 11, results of assays are generally expressed in terms
of cortisone as ¢ cortisone equivalents  In the hands of Venming
et al (1946) the test was reasonably precise, the index of
preasion () bemg generally below o 2

Several workers including Venning et al (1946) and Forbes
et ol (1950) have studied the excretion of glycogemc cortico
sterords m normal and pathological conditions 1n man  Thear
results which are now mamly of hstorcal mterest, will be
discussed briefly later in this chapter

2 Cold Protection Test

This technique 15 based on the ability of urmary extracts
to prolong the survval time of adrenalectomised rats on
exposure to low emvironmental temperature The rehability
cntera of this method have been reviewed by Vogt (1948)
The test 15 more sensitive but less specific than that imvolving
glycogen deposition 1n the liver 1t has, however a relatively
low degree of precision and shows dose response curves which
are very vanable 1n slope  For these reasons the method has
not been widely used in chinical studies

3 Mouse Eosmophil Test

This method was origmally described by Speirs and Meyer
(1951) and depends on the ability of adrenal sterords with an
oxygen atom at C 11 to cause a fall n the circulating eosinophils
mn adrenalectomised mice which have been pre treated with
adrenaline  The test 15 very sensitne and will detect as httle
as 1 ug of cortisone and cortisol It 1s also reasonably specific
for steroids with an oxygen atom at C 11

The rehability critenia of the mouse eosmophil test have
been intensively studied by Bibile (1953) This worker also
found 1t to be both sensitive and speaific and showed that the
Slopcs of the dose response curves remained relatively constant
throughout the year It was, however, demonstrated that
the method had'a very low degree of precision  the ndex
of precision (A) was generally greater than o 5 and a fourfold
increase m dosage was required 1n order to obtain a significant
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conducted on blood  Biological tests determme cortn’
actuvity 1in urine  They are generally carrzed out on adrenal
cctomised rodents and are based on the abilty of the
physiologrcally active corticosterords to produce certam effects
1 these amimals such as prolongation of life, protection against
cold, glycogen deposition in the Iner, regulation of electrolyte
balance and eosinopema  For further mformation regarding
the very large number of methods available for the biological
assay of the corticosterowds, the reader 1s referred to review
articles by Vogt (1948), Sayers (1g,0), Lorame (19,2,
Dorfman (1953) and Diczfalusy et al (1956)

Buo-assay procedures provide information regardmng the
urmary excretion of the physiologically actne corticosterords
such as cortisone, cortisol and aldosterone Howeser, they
do not measure any of the physiologically mactne metabotes
of these hormones which m relation to the hormones themsehes,
form much the larger part of the steroids excreted  Accordingly

Ithough biological hods of assay may yield valuable
formation of a qualitative nature regarding the response of
the adrenals to sumulation, they are obviously unsatisfactory
for the quantitatine assessment of adrenocortical secretory
actnity  In addivon such methods are usually expensie
laborious and tedious and are qurte unsuitable for routine use
1n climical studies

Of the many methods of bio assay which have been pro-
posed the followmng only will be considered

1 The test depending on ghcogen deposition n the hitr
of adrenalectomised muce (Venming et ol 1945,
Eggleston e al , 1946, Dorfman ¢! a!, 1946)

2 The cold protection test m adrenalectomsed rats (Selye
and Schenker 1938)

3 The test depending on the production of eosmopema
adrenalectomised mice (Spews and Meyer, 195%)

4 Tests depending on electrolyte excretion 1 adrenalectomned
rats (Dorfman 1950, Sumpson and Tait 1952)

1 Glycogen Deposition Test

This method depends on the ability of urine extracts with
¢ cortin like  actnty to promote deposttion of glycogen m the
Iner of adrenalectommsed rodents Tests myolving mice are
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some ten to twenty tumes more sensitive than those employing
rats and are therefore to be preferred for use 1 the chnical
field The method 1s specific for corticosterards with an oxygen
atom at C 11, results of assays are generally expressed in terms
of corisone as  cortisone equivalents  In the hands of Venning
et ol (1946) the test was reasonably prease the mdex of
precision (X) being generally below o 2

Several workers, including Venning ef al {1946) and Forbes
et al (1950) have studied the excretion of glycogemic cortico
steroids i normal and pathological conditions in man  Their
results which are now mamnly of historical terest will be
discussed briefly later in this chapter

2 Cold Protection Test

This techmque 15 based on the ability of urinary extracts
to prolong the survival time of adrenalectomused rats on
H to low envirc 1 temperature The reliability
cntenia of this method have been reviewed by Vogt (1948)
The test 15 more sensitrve but less specific than that ivolving
glycogen deposition 1n the liver 1t has however a relatnely
low degree of precision and shows dose response curves which
are very vanable 1n slope  For these reasons the method has
not been widely used 1n clinical studies

3 Mouse Eosinophil Test

This method was ongmally described by Speirs and Meyer
(1951) and depends on the ability of adrenal sterords with an
oxygen atom at C 11 to cause a fall in the circulating eosmophils
 adrenalectomised mice which have been pre treated with
adrenaline  The test 1s very sensitive and will detect as hittle
as 1 pg of cortisone and cortisol It 1s also reasonably specific
for sterords with an oxygen atom at C 11

The rechability critenia of the mouse eosinophil test have
been intensively studied by Bibile (1953) This worker also
found 1t to be both sensittve and specific and showed that the
slopes of the dose response curves remamed relatively constant
throughout the year It was, however demonstrated that
the method had a very low degree of precision the index
of precision (A) was generally greater than o 5 and a fourfold
Increase m dosage was required m order to obtain 2 sigmficant
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difference between the mean responses of two groups each of
ten mice

In view of the Jarge error of tus test it 1s unltkely that 2t
will provide results of any quantitative sgmficance whea
apphed to chmcal problems

4 Electrolyte Excretion Tests

Although methods have existed for some ume for the
measurement of so-called  glucocortiwosterod  actvity m
body fluads 1% 15 only withm recent years that bio assays hawe
been developed for the quanttative determunation of * mmeralo
corticosterowd  activity m blood and unne extracts The
mdex of mmeral actnaty may be based on the estomaton of
exther mert or of radio active elements  Derng and Luetscher
(1950), Spencer {1950) and others described assay methods
adrenaleciomised rats m which the quanutative determmation
of mineral actiaty was based on the retention of mert sodium
while Dorfman and his co workers {Dorfman ¢ af 1947,
Dorfman  1950) ako using adrenalectomused rats described
two separate bio assay methods, onie depending on the retento
of radio active sodwm and the other on the excretion of
radio-actn g potassiam

In 1952 Simpson and Tant developed a bio assay method
for mneralocorticosterard actnaty which 1s probably supenor
to any that hate hitherto been proposed  Thus procedure (the

mineral ratio  test) 13 based on the ability of corticosteroidt

to depress the unmary #Na/f R rayo 1 adrenalectomsed rats
i a two hour penod after the mjection of the radio acine
ssotopes  In Simpson and Tai s onginal expeniments regults
were expressed 1n terms of deoxy corticosterone acetate (DCA)
Over the dosage range employed the depression of the rato
was found fo bear a bincar relatonstap to the dose of DCA
admimstered  The muneral ratio test was shown to be reason
ably speafic  the 11 oxygenated steroads Wiz, cortsone
cortisol and corticosterone were refatnvely mactive by this
techmque while other sterords such as oostradiol 178 pro
gesterone and testosterone  were completely nactne The
error of the test was not unduly large  the index of preassion (A)
generally lay betweenoz and 0 3

This o assay method proved very helpful m the senes of
expervments which culmimated m the ssofation of aldosterort
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from adrenal extracts (Simpson et al, 1953, 1954 a &, ¢}
Using this techmque, Speirs ¢f al (1954) demonstrated that
aldosterone was approximately 120 times more active than
deoxycorticosterone

THE ESTIMATION OF CORTICOSTEROIDS IN
URINE BY CHEMICAL METHODS

Many types of stermd of adrenocortical ongin can be
determined 1 unne by chemical means Perhaps the most
mportant of these from the chmcal pomnt of view are the
neuiral unnary 17 ketosterords  although 1t must be borne n
mund that, in the male approximately one thurd of this fraction
15 accounted for by metabolites of testosterone, the hormone
secreted by the testes The methods of estmation of these
substances together with the climcal apphcations of urmary
17 ketosteroid assays, are discussed mn detail in Chapter XII

Many of the chemical procedures which have been used
to determie the urinary excretion of corticosteroids 1n man
are far from satsfactory from the quantitative pomt of view
Some of the deficiencies 1n existing methods have been reviewed
by Marman (1951, 1955) Itis for example well known that
Present techmques of hydrolysis and extraction of the urmary
corticosterords are by no means optimal and that for this reason
many of the procedures mn current use esimate only a small
Proportion of the total corticosteroids m a gnven unne sample
Furthermore some of the chemical reactions employed are far
from specific for the urmary adrenocartical sterords in that
many unrelated substances both steroidal and non steroidal
may be estimated This latter cnticism s particularly true
m the case of techmques depending on the reducing properties
of unnary adrenocortical hormones and on ther ability to
generate formaldehyde on oxidation with pertodic acd

Itcanbe confidently predicted that, wath the passage of time
chemical methods will entirely replace bio-assay techmiques for
the quanutative determmation of urmary adrenocortical
steroids  In recent years great advances have been made n
the sphere of corticosterod methodology and 1t 13 reasonable
10 expect that i the not too distant future chemrcal assay
methods satisfactory 1n terms of y precision y
and specificity wall be developed One of the greatachievements
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m the last decade has been the introduction of paper
chromatographic methods for the separation and :dentification of
the indwvadual steroids of adrenocortical orgin m urmne extracts
Another important development has been a better understanding
of hydrolys:s conditions for uninary corticosteroids and the mtro-
duction of hydrolysis by enzymes such as 8 glucuromdase m
place of hydrolysis by acid This modification has been showr to
cause a great increase in the yield of corticosteroids from unne
extracts As more reliable chemucal methods are developed for
the assay of urmary adrenocortical steroids, 1t 15 probable that
estimations of these hormoneswill become of increastng diagnostic
and prognostic value i relation to chinical problems 1 man

The great majonty of chemical methods for the estimation of
corticosteroids are based on different colour reactions which are
produced by functional groups m the corticosterod molecule
Table XVII, which 1s taken from a recent aruicle by Diczfalusy
et al (1956) shows some of the colour reactions which haie
been employed by various mvestigators

Prior to estimation by colonmetry the corticosteroids must
first be extracted from urine and fractionated  The difficulties
involved 1n these latter two procedures will be discussed under
the mndividual methods

The following chemcal assay methods will be considered
Methods for reducing sterords
Methods for formaldehydogentc sterosds
Methods for acetaldehydogenic steroids
Methods developed by Norymberski ¢f al
Methods for 17 21 dihydroxy 20 keto corticosterowds

(Porter Silber chromogens)

Paper chromatographc methods
7 Methods for aldosterone

4

S W R -

Mention will also be made 1n a separate section of problems
assocsated with the hydrolysis of conyugated G-zt urmary
adrenocortical sterords

1 Methods for reducing Steroids

These depend on the fact that C 21 urinary adrenocortical
sterotds possess an a ketol side chain wiich has marked reduang
properties (see Table AVII) In 1945 Talbot et ol descnibed 3
method for determmmg reducing steroids in punified chloroform
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extracts of urninc by mewns of an alkaline copper reagent,
while 1 the following year Heard and Sobel (1946) described
1 somewhat similr method 1 which phosphomolybdic acd
wAs used for the determinition of reducing power

Methods for esttmating reducing steroids 1 urme were of
some value 1n the past as an index of adrenocortical function 1
health and disease However, 1t 15 now clearly recogmsed that
such techmiques are far from specific in that many substances i
urine other than the a ketolic steroids affect the results obtamed
In view of the development 1n more recent years of more relable
methods for the quantitative determination of corticosterords
human urme, techmques depending on the reducing properties
of Cz1 steroids should no longer be employed m chntcal
practice

2 Methods for F 1dehyd. S d

This techmque was first descibed by Lowenstemn e al
(1946) and was subsequently modified by other workers
mcluding Daughaday ef af (1948 a), Corcoran and Page
(1948) and Hollander ef a! (1951) It has been widely used
m climeal studies The chemucal principle mvolved n this
method depends on the fact that any structure i which there
1s a primary alcoholic (- CH,OH) group adjacent to esther 2
ketomic (C=O) group or another alcohohc group will yield
formaldehyde on oxidation with periodic acid ~ Since the G 21
adrenocortical hormones and many of their metabolic reduction

CH.OH CH:0H
products have an o ketol ((I'J'=O ) or a glycol (']HOH
[ 1

side chain, these substances, on oxidation with periodic aad,
will yield formaldehyde which can be determined colort
metrically by means of chromotropic actd

While this method 1s probably somewhat more specific
than that depending on the reducing properties of a ketolic
steroids, 1t has been defimitely shown that unne extracts contam
substances other than steroids which yield formaldehyde on
oxidation with periodic acid  Another source of error anses
from the fact that solvents such as chloroform and ether, used
for the extraction of the unine may contain small amounts ©
formaldehydogenic impurities which are very difficult to
remove completely by repeated distill:
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Marnian (1951) has emphasised the hmntations, from the
quantitatine point of view of methods brsed on formaldehydo
geme steroxds It 15 probable that such techniques measure
only a small proportion of the total corucosterords present m
urine  In view of the devclopment of more rehable methods
for the assessment of adrenocortical function, £ g  techmgues
depending on the estimation 1 unmne of 17 ketogenic steroids
it 18 unlikely that 1n the future formaldehydogenic procedures
will continue to be used m clinical investigations

3 Methods for Acetaldehydogenic Stereids
Cox (1952) developed a quantitative method for urmary
adrenocortical sterords possessing a 17 20 dihydroxy 20 methyl

/
side chamn CH'_(I:‘H"?_ He showed that steroids

OH OH

with such a side chain yielded acetaldehyde on oxidation with
peniodic acid by cleavage of the side chamn between carbon atoms
172nd 20 It was also found that the acetaldehyde hberated
could be quantitatively determmed by means of a colour reaction
with4 hydroxy diphenyl and that the procedure could be applied
to the esumation of acetaldehydogenic steroids 1n urine extracts
It must be remembered that this technique measures only
one particular group of urnary corticosteroids and therefore
by 1tself 1t does not provide an adequate means of assessing
adrenocortical actvity However the method may be of
limited value for ths purpose 1if combmned with methods

specific for other types of sterosds
ne of the most mportant sterosds determuned by Coxg
method 15 the compound 5P pregnane 3¢ 17e 20a tnol
(Pregnanetnol) According to Bongiovanm and his co workers
(Bongiovanm 1953, Bongtovanm et al 1954 ) this substance
1s excreted 1 relatively large quantities by patients suffering

from the adrenogemtal syndrome

4 Methods developed by Norymbersk et af
These fall into three main groups
(a) Method for 17 ketogemc steroids
(6) Method for total 17 hydrocysterouds
(¢) Method for ¢ 21 deoxyketols
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{e) MrrHOD FOR 17 KETOGEME STEROIDS —Norymbersks
and his co workers (Norymbersk:, 1952, Norymbersks ¢f o,
1953) have described a method for determining a structurally
well defined group of unmary adrenocortical sterowds which
they termed the 17 Aefogemc sterods  The chemscal prnaple
mvolved n this method depends on the fact that C 21 adreno-
cortical hormones with certam characteristic side chams can
be smoothly oudised by means of sodum bismuthate to
17 hetosterords  As shown 1 Table XVII, the three groups of
compounds gving this reaction are as follows

() 17 21 dihydroxy 20 keto or *dthydraxyacctone steroids

7
(g95)
OCH O OH
(n) 17 20 21 trhydroxysterowds

] l )
OH OH OH

(ur) 17 20 dihydrovy 21 deoxysterords
vd
(CH;—'!CH-(l}-)
OH QH

It should be noted that steroids with the 17 hydrovy 20

/
( CH,——CH-C~)

7

heto~z21-deoxy side cham ( CH""‘E’?" are not so ovidised
O OH

The oxidation with sodium bismuthate can readsly be

performed on human unne  If st s followed by acd hydrolyss

the 17 ketosteroids ongmally present 1 urine along with th05§
tormed by the bismuthate oxidation can be extracted an

estimated by the usual Callow Zimmermann procedure Han

of the 17 k o1ds omgmally present 1s undertaken

on a separate aliquot of the same unne specimen, the dufference

between the two results will gne a value for the 17 kctast:rmcg
formed by bumuthate oudaton from the above mcntumtl
three groups of G-21 17 hydroxysterawds Norymbersk: ¢ &
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() Mernop For 21 DEOXYKETOLs —This technique,
which measures selectively 1 group of compounds with the

/7
17 hydroxy 20 keto 21 deoxy side chun (CH’-E_(E—) was
O oH

described by Appleby and Norymberskt i 1954 The urinary
21 deoxyketols are converted to 17 ketosteroids by con
secufive treatment with sodium bismuthate, sodum bore
hydnide and soduum bismuthate The final colonmetm
determination depends on the Zimmermann reaction During
the procedure all the other ketomc and hetogentc com
pounds present m the analysed mixture are converted mto
alcohols and do not interfere with the final result One
of the more important steroids possessing this side cham 15
17a hydroxypregnanolone, a compound ongmally molated
from urine by Dobrmer ef al (1g51) and beheved by thest
workers to be charactenistic of patients with rheumatod
arthrits

Appleby and Norymbersks {1955) have studied the excretion
of 21 deoxyketols mn normal and pathological conditions 1n man
Therr results will be discussed later in this chapter

GENERAL CONCLUSIONS REGARDING THE INORYMBERSKI
METHODS —At the time of wniting the evidence mdicates that
the Norymberski methods, although not yet completely satis
factory from the quantitative pomt of view are probably the
most reliable techmques available for the determmation of
corticosterods 1n urine  Accordingly, if an assessment of
adrenocortical function 15 to be made by urmary assays
the Norymberski techmiques should be used m preference
to such methods as those depending on the reducing oF
formaldehydogemic properties of wdrenocortical sterords

In the opinion of Diczfalusy et al (1955) the method for
urmary 17 ketogenc steroids developed by Norymberskt ¢f al
(1953) has the followmng adsnntages (1) The techmque
crcumyvents the difficulties associated wath the hydrolysis of
C 21 17 hydroxycorticosteroids (1) Normal excretion values
are higher than those reported mn the case of previously
published methods  This 1s important in view of the fact that
the rehability critenn of the technique are probably more
satrsfactorv than those of previous methods  (mr) The procedure
measures predormnantly steroidal materiil and the components
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1dentified following chromatography are the expected deravatves
of known urmnary 17 ketogenic steroids  (1v) The method 15
sumple and rapid and 1s well suited for routine use mn a clincal
laboratory

5 Methods for 17 21 dihydroxy 20 keto-corticosteroids !
This group conssts of adrenocortical steroids possessing the

Ve
dihydroxyacetone side cham (‘:H”_(n‘_94 and 1ncludes
OH

such compounds as cortisone, cortisol and tetrahydrocortisone
In 1950 Porter and Siber described a colour reaction with
phenylhydrazine and sulphuric acid which 15 speafic for
compounds of this type and 1n 1952 Nelson and Samuels made
successful use of this reaction 1n a method for the determmation
of these hormones 1 blood (see p 264) Since then varous
attempts have been made to adapt the Porter Silber reaction
to the estimation of steroids in urme extracts In the method
described by Reddy and his co workers (Reddy et ol 1g52,
Reddy 1954) the urme 1s acidified to pH 1 and 15 saturated
with sodium sulphate, the corticosterords are then extracted
with butanol and the butanol extract 1s treated with sodmm
carbonate before bemg subjected to colonmetry by the
Porter Silber reaction  In the techmique of Glenn and Nelson
(1953) the corticosteroid comjugates are hydrolysed by
B glocuromidase and are extracted with chloroform  the free
stexords are then chromatographed on magnestum trisihicate
columns prior to colonmetri¢ estimation

It must be emphasised that neither of these methods 15
completely satisfactory from the quantitative pomnt of view
In the techmque of Glenn and Nelson (1953) the conditions
of hydrolysis are probably not optimal (see p 261) and for

* For estmations i which the final color metric determmnation depends
on the Porter Silber reaction, this term should be used i preference to
17 hydroxycorticosteroxd  The latter has a re} tively wide connotation and
icludes compounds w th the 17 20 ketol 17 ~o glycol and 17 20 21 triol as
well a3 dibydrovyacetone side chain  As will be seen m Table NVII onty the
Iast mentioned group reacts with phenylhydrazine and sulphuric actd In the
opmion of many mvest gators the material g ving the Porter Silber react on s
best referred to as _Porter § Iber chroraogen. — The use of this term would appear
10 be yustified 1n view < the fact that_ in the relat vely impure extracts obtamed
from blood and urne sub tanc $ other than feraid arc capable of aff ct ng
the react on e
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{(¢) MeTiop ror o1 DEOXYKETOLS '~—This techmique
which measures selectnnely a group of compounds with the

17 hydroxy 20 keto 21 deoxy side cham CH”“?"?“) was
O OH

described by Appleby and Norymbersk in 1954 The urmary
21 deoxyketols are comverted into 17 ketosterords by con
secutnve treatment with sodium bismuthate sodum boro-
hydnde and sodwm bismuthate  The final colonmetnc
determination depends on the Zimmermann reaction Duning
the procedure all the other ketomic and ketogeme com
pounds present 1 the analysed muxture are conserted 1t
Wcohols 1nd do not mterfere with the final result  One
of the more mmportant steroids possessing this side cham 1
172 hydrmypregnanolonc a compound ongnally solated
from urme by Dobrner of af (1951} and beheved by thesc
workers to be charactenstic of patients with rheumatod
arthritis

Appleby and Norymbersks (1955) have studied the excretion
of 21 deoxyketols 1 normal and pathologcal condstsons in man
Therr results wilf be discussed later 1n this chapter

GEvERAL  CONGLUSIONS REGARDING THE NORYMBERSKI
Mersops —At the ume of writing, the evidence ndicates that
the Norymberski methods although not yet completely satss
factory from the quantitatne pomnt of view, are probably the
most rehiable techniques aailable for the determmaton of
corticosterords 1n urine  Accordmgly, if an assessment of
adrenocortical function 15 to be made by unnary assays
the Norymbersk techmques should be used m preference
to such methods as those depending on the reducing of
formaldehydogenc properties of adrenocortical sterords

In the opumen of Diczfalusy e af {1955) the miethod for
unnary 17 ketogenic sterords dey eloped by Norymbersks ¢ al
(1953) has the followmg achantages {1} The techmgue
crcuments the difficulties associated with the hydrolysis of
C 21 17 hydroxycorticosteroids (1} Normal excretion values
are gher than those reported n the case of previously
published methods  This 1 mmportant i view of the fact that
the schability cnitersa of the technique are probably more
satisfactors than those of previous methods {11} The pracedure
measures predommantly sterowdat matenal wd the components
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7 Methods for Aldosterone

Within recent months chemical assay methods for urinary
aldosterone have been described by a number of mnvestigators,
mcluding Neher and Wettstein (1955 1956), Ayres et al
(1956 1957 b) and Moolenaar (1956) At the time of wniting,
Iittle information 15 available regarding the reltability of these
procedures, and none of them have been used to any extent
1 chmeal studies

In the technique of Ayres et al (1956, 1957 &) the unnary
excretion of cortisol and of corticosterone as well as of aldo
sterone can be determined  The main steps 1n this method are
asfollows (a) Aadification of the urime to pH 1 () continuous
chloroform extraction, (¢) chromatography on silica, (d)
chromatography on celite (¢) acetylation, () chromatography
on paper (g) final estimation of the imndividual compounds by
fluormmetry

When aldosterone, cortisol and corticosterone were added
1o urie and extracted as described above the mean recovery
figures for all three compounds ranged from 70 to 80 per cent
The method has a relatively hugh degree of sensitivity and wall
measure with reasonable precision as hittle as 2 to 3 pg of
aldosterone  The chief disadvantage of the procedure hes
the fact that 1t 1s very exacting and very labomious, the method
I ats present form 1s certamly not suitable for routine use 1n
the chmcal field although 1t may give useful information
selected cases

Hydrolysis of Conjugated C-21 Urinary Corticosteronds
Thus subyect has been recently reviewed by Marman (1955)
and the present account 1s based on his conclusions
Corticosterowds are excreted mn urme partly n the free
unconjugated state but mamly conjugated with glucuromc
aud as gl fes It 15 also probable that small proportions
of the unnary corticosteroids ave conjugated with sulphunc
acd and excreted as sulphates  As in the case of cestrogens
and pregnanediol 1t 18 first necessary to hydrolyse the con
Jugates i order to obtain the free steroid which can then be
€xtracted by a suitable solvent ¢ g chloroform  The traditional
method of hydrolysis consists of heating the unne with strong
mineral acid  This techmque has been used with some success
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this reason sigmficant losses of corticosterords occur m the
course of the method The main difficulty i the technique
of Reddy et al (1952) arises fram the lugh background absorp
ton found 1n the final colonmetnc determmaton  Such lugh

blank * values occur because the unne extracts are insufficiently
punfied prior 1o colornmetry  Although the Porter Siiber
reaction will yild quantitatvely reliable results with urmne
extracts which have been carefully pursfied by chromatographic
means, the test cannot be expected to be so sattsfactory when
1t 1s apphed to the relatnely crude matemal obtamned n this
procedure  Hertoghe ¢t a! (1955) have claimed that the
rehiability of Reddy s method can be somewhat increased by
using the correction formula described by Allen (1g50) 1 the
final colonmetric determunation In this formula the optical
denstty 15 ok d by making readings at three wave lengths
The correction 1s valid provided that the three optical densttics
of the non speafic chromogemc material he on a straght
Iine {see p 164)

6 Paper Chromatograpluc Methods

These were orgmally developed by Zaffaromt and hs
co workers in the United States (Zaffarom o ol 1950,
Zaffarom and Burton 1951, Zaffarom 1953} and by Bush m
the United Kingdom (Bush, 1952, 1953) Such methods have
made 1t possible for the first time to determine the ndsvidual
adrenocortical steroids 1 urine extracts  Many sohent
systems are now available which allow a satisfactory resolution
of sterord mixtures on paper strps and a vanety of different
tests have been described which allow of the location and
identification of spots due to the mdnidual sterods  For
example sterods with a A 3 ketone groupmg such as pro-
gesterone can be identified on paper by ther characteristic
u v absorption, 17 ketosteroids by the use of the Zimmermana
reaction and substances with a reducing @ hetolic side cham
by means of certamn tetrazollum compounds which become
reduced to give pimk or blue colours

As stated above the chief value of paper chromatographic
methods when applied to urine extracts lies in the 1dentfication
of mdvidual sterords  Such techmques at present arc not
strictly quanutative although 1t may 1 the future, be possible
to adapt them for quantitanve work



CORTICOSTEROIDS 261

7 Methods for Aldosterone

‘Within recent months chemical assay methods for urmary
aldosterone have been described by a number of mnvestigators
mcluding Neher and Wettstemn (1955, 1956), Ayres ef al
(1956 1957 b) and Moolenaar (1956) At the ime of wniting
little information 1s available regarding the rehability of these
procedures and none of them have been used to any extent
m climcal studies

In the technique of Ayres ¢t al (1956 1957 4} the urmary
excretion of cortisol and of corticosterone as well as of aldo
sterone can be determined  The main steps 1n this method are
ashllows (a) Aadification of the unne to pH 1 (b) continuous
chloroform extraction, (¢) chromatography on siica, (d)
chromatography on celite, (¢) acetylation, ( f) chromatography
on paper, (g) final estimation of the mdividual compounds by
fluonmetry

When aldosterone cortisol and corticosterone were added
to urmne and extracted as described above the mean recovery
figures for all three compounds ranged from 70 to 8o per cent
The method has a relatively gh degree of sensitivaty and will
measure with reasonable preciston as Iittle as 2 to 3 pg of
aldosterone  The chief disadvantage of the procedure lies
the fact that 1t 15 very exactmg and very laborious the method
i ats present form 1s certamnlv not switable for routine use m
the chnical field although it may give useful mformation 1n
selected cases

Hydrolysis of Conyugated C 21 Urinary Corticosteroids
This subject has been recently reviewed by Marman (1955)
and the present account 1s based on his conclusions
Corticosteronds are excreted m unne partly m the free
uncomugated state but mamly compugated with glucuronic
acid as glucuromdes It 1s also probable that small proporttons
of the urmary corticosteroids are comjugated with sulphurnc
acd and excreted as sulphates As 1n the case of cestrogens
and pregnanediol 1t 1s first necessary to hydrolyse the con
Jugates 1n order to obtan the free sterord which can then be
extracted by a smtable solvent e g chloroform  The traditional
method of hydrolysis consists of heating the urme with strong
mumeral acid Thas techmque has been used wath some success
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to hydrolyse the conjugated forms of 17 hetosteroids cestrogens
nd pregnanediol, but cannot be employed 1n the case of G-t
adrenocortical steroids, simce the compounds 1 this group
which are most mmportant from the quantitatne pomt of
view are highly unstable 1 hot acd due to the presence
of a tertiary hydroxyl group 1t C17 Some nestigators
m  estimatng reducing and formaldehydogenic steroids,
attempted to overcome this difficulty by using acd hydrolysis
at room temperature  This procedure 1s also highly unsatis
factory for although it may hydrolyse some of the sterod
sulphates, 1t 1s unbkely that it will cause any signtficant
hydrolysis of urnary glucuromdes Indeed, 1t 1s probable
(Marnan 1951} that workers usmg this techmque were
only able to determue approximately § to 10 per cent of the
reducing or formaldehydog material present 1m urine
extracts

Another and definutely superior method for the hydrolysis
of urinary glucuronides depends on the mcubation of the urne
with the enzyme f glucuronidase, active preparations of which
cin be obtamed from hver and spleen and from certam
bacterna and molluscs This form of enzymic hydrolyss
gres a much higher yield of free C 21 unnary adrenocortical
steroids than 1s obtamned by acid hydrolysis, and the procedure
1s now widely used as an early step in the determmation of
formaldehydogenic and 17 21 dihydroxy 20 ketosteroids In
urne and i the estimation of the indnidual corucosterosds
by paper chromatographic techmques Although the routme
use of B glucuromdase hydrelyss 15 probably justfiable on
the grounds that 1t 15 the best method of hydrolysis at present
available, 1t should nevertheless be borne 1n mind that the
procedure may not be entirely trustworthy m quantitative
work Its chuef disadsantages arise firstly from the presence of
sarous glucuromdase mhibitors m unme and secondly from
the fact that hydrolysis of urinary sulphates does not accur

Little wformation 15 available on the use of the enzyme
sulphatase for the hydrolysis of unnary steroid comnjugates
However 1t1s already clear from the worh of Savard ezal (10,4)
and of Roy (1956) that sulphatases from dufferent sources are
hghly selectrve 1n therr action  Accordmgly 1t 1s unhkC;Y
that one particular sulphatase preparation would be suttable
for the hydrolysis of all steroxd suiphates 1n unine
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THE ESTIMATION OF CORTICOSTEROIDS IN
BLOOD BY CHEMICAL METHODS

At the present ime chemucal techniques for the determna
ton of corticosterords 1 blood have certamn limutations from
the quantitatne pomt of view and further methodological
work 15 necessary before such procedures can be used with
confidence 1 routtne cltmical studies One of the chief
difficulties arises from the fact that little 15 known regarding
the relative proportion of free and comugated cortico
steroids 1n human blood In earhier assay methods such as
that of Nelson and Samuels (1952) 1t was assumed that
corticosterowds 1n plasma occur mamly i the free state and
that, for thus reason, 1t 1s unnecessary to mcorporate a hydrolysis
step in the procedure  However more recent work by
Bongiovanm  and his  co workers  (Bongiovanm 1954,
Bongiovanm et al 1954 a) 1n which hydrolysis with the enzyme
gl dase was employed has d ated that approxt
mately half of the corticosteroids 1n plasma are present in the
conjugated rather than the free form  In 1955 Werchselbaum
and Margraf developed a method for the separite determina
tion of the free and comjugated adrenocortical sterords m plasma
This techmque although somewhat labomous 1s probably
more rehiable from the quanutative pomt of view than any
Previously proposed Its application to chimcal problems will
be awarted with mterest

In most of the techmques m current use extracts containing
the corticosterods are purified by chromatography either on
columns or on paper Procedures employing column
chromatography have been described by varous mvestigators
Including, Nelson and Samuels (1932) Morns and Willhams
(1953) and Weschselbaum and Margraf (1955) while separation
techmques depending on paper ch >graphy have been
devised by Simpson et al (1952) Bush and Sandberg (1953)
and others  The method which has heen most wadely employed
in the chinical field 1s that of Nelson and Samuels (1952) and
this will be discussed 1n more detail below

It can be confidently predicted that with the passage of
me paper chromatographic methods will come nto general
use for the estimation of corticosterowds 1 blood as well as
\rine By use of such techmques 1t has already been possible
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to show that the mam adrenocortical sterords in human adrenal
venous blood are cortisol and corticosterone and that the same
two steroids are also present 1n readily detectable amounts
human peripheral blood (see p 246) Further work along
these lines should greatly mcrease our knowledge of adreno
cortical function in health and disease and should provide
valuable information in relation to the therapy of adrenocortical
disorders 1n man

The Method of Nelson and Samuels (1952)

The main steps 1 this procedure are (1) extraction of blood
or plasma by an ether chloroform muxture, (2) partition of the
ether chloroform soluble matenal between ethanol and hexane
(3) chromatography of the ethanol soluble fraction on Florosit
columns, (4) colonmetric determmation of the 17 21 dihydroxy
20 keto corticosteroids by a mucro modification of the Porter
Silber reaction (see p 259)

‘This method has been used 1n several laboratories, particy
larly in the United States and in the hands of some my estigators
1t has yrelded mformation of chmcal importance regarding the
secretory actiity of the adrenal cortex m health and disease
However, equal success m reproducing the method was not
attamed m all laboratorses, and various modificattons of the
ongmal techmque were proposed (Weichselbaum ¢t af , 1953
Bayhss and Stembeck 1953) In 1953 Eik Nes, Nelson and
Samuels acknowledged that difficulties had been encountered
by others in reproducing the method, they published additional
technical details and emphasised the importance of careful
preparation of matenals, particularly the chromatographic
adsorbent Florosil

~Recently Harwood and Mason (1956) have made a carefil
and detailed study of the rehabibty cntena of the Nelson
Samuels method They concluded that the techmque although
difficult to perform, was reasonably satsfactory for the
determination of 17 21 dihydroxy 20 keto corticosterods 10
human plasma

It must be borne 1n mind that the Porter Silber reaction,
when applied to the relatsvely impure extracts of blood and
plasma, almost certamly measures non specific chromogenic
matertal 1 addition to 17 21 dihydroxy 20 keto corttco
steroids (see p 259) For this reason 1t 1s probably mort
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correct to speak of the final material estimated as  Porter Silber
chromogens * rather than to refer to 1t as a specific group of
sterord hormones

THE CHOICE OF A CORTICOSTEROID ASSAY
METHOD FOR CLINICAL PURPOSES

In the case of the cestrogens pregnanediol and the
17 ketosteronds 1t was possible to make defimite recommenda
tions as to what method or group of methods should be used
m clnical practice (see Chaps IX X and XII}) It 1s much
more difficult to make sumlar recommendations in the
corticosteroid field because, at the present time methods of
assay of adrenocortical hormones and of therr metabohtes are
les satisfactory from the quantitattve pomt of view than are
the best methods for the other steroids mentioned above
Nevertheless, an attempt will be made to draw a few tentative
conclusions mn the hope that these will be helpful to workers
desirous of using a corticosteroid assay method 1 clinical
Investigations

1 Bio assay methods such as those depending on eosinopenia
I mice or on glycogen deposttion 1n the liver of rodents should
10 longer be employed These techmques are expensnve and
labortous and do not yield results of much quantitative
siguificance

2 Chemical assay methods depending on the reducing and
formaldchydogemc properties of adrenocortical steroids show
alow degree of specificaty and should now be replaced by more
reliable procedures

3 Relatvely crude chemical assav methods such as that
de\«elopcd by Reddy ¢t al (1952) may be of value m assessing
whether or niot the corticosteroid excretion n unne nises follow
g the admunsstratton of adrenacortical hormones or of
ACTH biit are of ittle value 1n quantitative studies

4 One or other of the methods described by Norymberski
and his co workers 13 probably the mo t reliable procedure at
Present available for the estimation of corticosterords 1 urne

5 Chemical assay methods for aldosterone will probably
oon replace bio assay techmiques  The method recently
developed by Ayres ¢t al (1956 1957 b) appears promusmg for
Use m selected cases but 1s too laborious for routine use
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6 In the future assay methods for corticosteroids in blood
and urme will probably depend on paper chromatographic
techniques or on procedures myolving radto-actve sterods

SOME GENERAL PRINCIPLES IN THE CLINICAL
APPLICATION OF CORTICOSTEROID ASSAYS

This subject hs recently been reviewed by Dizfalusy of of
(1956) and the present account 1 based mamly on the
conclusions of these worhers

In the corticosterord field 1t 15 comvenient to diside disease
states snto two groups

1 Conditions with an increased corticosterord excrehon.

2 Condstions with a decreased corticosterord excretion

1 Condittons wath an ncreased Corticosterard
Excretion

In Cushings syndrome resultng from carcinoma of the
adrenals a marhed ncrease m corticosteroid excretion occuss
Abnormally lugh values e also found 1n patients with adrenal
hyperplasia and with bemgn tumours of the adrenal cortet
The excretion of corticosteronds 18 generally rassed in cases of
congemtal adrenal hyperplasta (see p gor) and mn condons
of stress In patients with pormal adrenal function the
parenteral administration of ACTH causes 2 marked mcreas¢
m corticosterod lesels over pre treatment values

It 15 of mterest that i certan disease states the unnan
excretion of G-21 corticosteroids does not parillel that of the
urnary 17 ketosterords  For example, m cases of bemgn
tmour of the adrenal cortex the corticosterard excretion 18
generally abnormally high while the 17 ketosterord autput
may be withm or only shghtly above the normal range On
the other hand, in patents with testrcular and ovarian tumours
productng  symptoms of wurlsm  the high  exéretion of
17 ketosterosds 15 uswally associated with normal corticosterord
levels in urme

2 Conditions with a decreased Corticosterosd Excretion

In Addison s discase very low corticosterord values n urme
are geperally found and s a fully developed case nat recerving
therapy 7ero sajues hve been reported  In Addison s diseast
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m men unnary corticosterord determinations may be more
mformative than 17 ketosteroid assavs as the testes contribute
significantly to the latter group of steroad hormones

In Simmonds disease very low urmary levels of cortico
steroids are found, while in pattents with anorexia nervosa the
excretton of these substances may be withm the normal range
In the opmion of Diczfalusy et al (1956) corticosteroid
esimations m blood and urne followmg the parenteral
admimstration of ACTH may be helpful in differentiating
ponmary adrenal failure from adrenal failure secondary to
lesions of the pitwtary In S ds disease stimulation of
the adrenals by AGTH generally causes a rise 1n the cortico
steroid levels 1n blood and urme, m Addisons disease on the
other hand such an increase can usually not be demonstrated
Liddle et al (1g54) beheve that the unnary esumation of
17 21 dihydroxy 20 keto corticosterords after ACTH admims
tration forms the best test of adrenocortical function at present
available

THE ESTIMATION OF VARIOUS GROUPS OF
CORTICOSTEROIDS IN CLINICAL GONDITIONS

In the majority of studies in the clhincal field esumations
of the vanous groups of corticosteroids have been conducted
on urine rather than on blood Recently however attempts
have been made to develop quantitative methods which could be
applied to blood and 1t 15 reasonable to expect thatmn the future
parallel assays imvolving blood and urine will become possible
Studees of thus type will undoubtedly yield mformation of chimcal
lmportance in the myestigation of adrenal disorders 1 man

The following groups of adrenocortical steroids will be
considered

1 Glycogenic corticosterords
2 Reducing sterords
3 Formaldehydogenic steroids
4 Steroids determined by the methods of Norymbersk et 2/
5 17 21 dihydrovy 20 keto corticosterods  (Porter Silber
chromogens)
6 Aldosterone
It has already been emphasised that assay methods
Which determine the firt three groups of sterowds are very
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unsatisfactory from the quantitative pownt of view  The results
reported under these sections are now mamly of histonc
nterest

1 Glycogemic Corticosteronds

Venning and her collaborators (Venning, 1946, Venmng
and hazmin, 1946) have made extenstve studies on the excretron
of glycogenic corticosterords wm normal and pathological
conditions  Results were expressed in  glycogemc umts pet
twenty four hours, onc * umt bemng equnalent to the bological
activity contamned m 1 ug of cortisone

(a) NormaL Susjects —Venning and Kazmin (1946) found
that the excretion of glycogenic corticosteroids tended to be
higher 1n healthy men than m healthy women of a comparable
age group Venming ¢f al (1949) showed that small quantties
of glycogenic corticosteroids were excreted mn the urme of
newborn babies The output gradually increased with the age
of the mfnt

It has been clamed (Venning, 1946) that the corticosterord
excretion shows 1 charactenistic pattern during normal preg
nancy In the first trimester the levels are generally abole
those encountered m normal non pregnant mdnaduals, and by
about the r2oth day of gestation the values are agmn it
the normal range  Subsequently another mse occurs m the
third trimester, at which time the excretron of glycogemc
corticosterords 1s much higher than at any other time dunng
pregnancy A shght fall 15 noted prior to parturstron and
early m the puerpenium the levels are agam within the norma
range
(8) Disease Srates —Most mvestigators have found abnor
mally low values i patients with Addison s disease and with
panhypopituitanism  In anorexia nervosa on the other hand,
the levels are usually normal  Cases of Cushing s syndrome
and of the adrenogemital syndrome resulting either from
adrenal tumours or hyperplasta, excrete very large quantitics
of glycogemc corticosterords m ther urme, wiule in piuents
with stmple hirsutism the readings are not abnormally hugh

2z Reducing Sterowds
Talbot et af (1951) have reviewed therr wide experience
with the copper reduction method in normal and bnorma
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subjects  An abnormally low output of reducing steroids was
noted 1n most cases of Addison s disease, 1n panhypopituitanism
and m myxcedema while m Cushings syndrome, whether
due to adrenal tumour or adrenal hyperplasia the excretion
was generally above the normal range  There was considerable
overlap between the levels found n patients with cortical
tumours and those obtained 1n cases of hyperplasia  accordingly,
1t was concluded that the estimation of reducing sterords was
mot a satisfactory method of differentiating between the two
conditions  Assays conducted 1n patients with a number of
muscelfaneous diseases, e g essential hypertension rheumatic
fever, simple hirsutism eunuchoidism and Turner s syndrome
all gave results which lay within the normal range On the
basis of some 1,400 urinary corticosterord determinations
Talbot e af (x951) concluded that the copper reduction
method could be considered a reasonably rehable mdex of
adrenocortical hormone production

Sprechler (1951) has made an extensive mvestigation of the
excretion of reducing corticosteronds ;. normal mdniduals
The method employed was shghtly modified from that
described by Heard and Sobel (1946) m which phosphor
Molybdic acid 25 used for the determination of reducing power
Tt was found that healthy men excreted relatively more reducing
Sterowds than healthy women of a comparable age group and
that the output was lowest of all m chuldren  There was 2 wide
Vamation i excretion from one subject to another  Parviainen
etal (1950}, also using Heard and Sobel s method studied the
excretion of reducmng sterords 1 normal and abnormal
Pregnancy  They found that i normally pregnant women

e readings were on the average approumately twice as hugh
s those m non pregnant subjects In cases of pre eclamptic
toxzmia the urmary excretion figures were very variable and

2ppeared to bear no relationship to the chinical features of the
isease

3 Formaldehydogeme Steroxds

Estimations of ths group of steroids 1 clmical conditions
have been Teported by numerous workers including Daughaday
¢tal (1948 5), Corcoran and Page (1948) Read et a! (1950),
King and Mason (1g50) and Devis (1954)

(2) NormaL Nox PREGNANT SusjEcTs —Daughaday et al



270 CLINIGAL AFPLIGATION OF HORMONE ASSAY

(1948 &) found that 1n normal adults of both sexes the amount
of formaldehydogenic corticosterords excreted lay between
1 and 1 6 mg per twenty four hours Read et al (19,0) were
able to demonstrate the presence of this materal i the urme
of newly born mfants and showed that mn the second week of
Ife the excretion rose to a level not much lower than that
obtamed m adults The admmistration of ACTH to young
infants resulted 1n an increased output of formaldehydogenc
sterods  King and Mason (i1950) 1 a careful study,
determined the excretion of thuis group of steroids m healthy
children aged from one to fifteen years  Values mcreased by
001 mg per twenty four hours for each increase in age of one
year , m the older children the levels were very similar to those
found m adults

{6) Disease StaTes —The results obtained m vanous
diseases show the same general trends as those found by
Talbot et al (1951), using the copper reductron method In
patients with Addisons disease Daughaday et al (1948 §)
found abnormally low titres the levels usually bemng Iess than
0 65 mg per twenty four hours Readings below the normal
range were also found 1n cases of panhypoprtutansm, thyro-
toxicosts and myxeedemna  On the other hand patients with
Cushmng s syndrome excreted abmormally large quantities,
and 1 one case reported by Daughaday ef al (1948 8) the
output of formaldehydogemec sterods was 23 mg per
wenty four hours

(¢) NorMAL aND ABNORMAL PrEGNANcY ~—Toban { 1949}
estimated the excretion of formaldehydogenc steroids under
these conditions The figures obtamed m normally pregnant
women were 1n the same range as i l’lDrmﬂl non pregnzm!
mndnaduals  Elevated values were however, found m 2
proportion of patients with pre eclamptic toxaenua and wer
especially frequent m subjects showmg cedema  There was
no apparent correlation between the excretion of formaldtf
hydogenic steroids on the one hand and the degree ©
hypertension or alburunuria on the other

Vennmg ¢f al (1949) have compared the results obtamed
by a biological method of assay of urmary corticosterords with
those found by two chemical 1ssay methods The iological
test depended on the deposition of glycogen m the Iner O
adrenalectormsed mice while the two chenucal procedures
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were those wnolving copper reduction and formaldehyde
formation In most of the normal wmndividuals studied the
copper reduction method yielded fugher values than the
formaldehydogenic method Many examples were found both
i normal and abnormal conditions mn which there was con
siderable disagreement from the quantitative pomt of view
between the esumates obtamed by bro assay on the one hand
and by the two chemucal assays on the other  These duvergent
results, which can be explamed on a methodological basis

pt the y for the aband of these three
say methods for unmnary corticosteroids and for ther
replacement i clinical 1mv estigations by more rchable
Pprocedures

4 Steroids determined by the Methods of Norymbersk:

ef al

(a) 17 ketogenic Steroids

(1) NorMAL NoN 1ReGNANT SubjecTs—The urmary ex
cretion of 17 ketogemc sterords m normal mdmviduals has
recently been studied by a small number of workers i Furope
and the Umited hungdom ncluding Norymberskr ef af {1953)
Diczfalusy et af (1955), Prunty (1956) and Movham and
Nabarro (196) In thewr ongmal paper Norymbersk ef al
{1953) reported that 1n normal men the figures ranged from
96torga mg per twenty four hours with a mean value of 13 2
In normal women the output was generally lower the readings
Iyng between 4 6 and 13 4 mg per twenty four hours with a
mean figure of § g In healthy children of both sexes varymg in
age from three to six years the values ranged from2 3t03 8mg
pertwenty four hours  Figures quantitatively sinilar to those of
Norymbersks et af (1953) were obtamned by subsequent workers

owever the total number of determinations so far reported

m the hterature 15 as yet too small to estabhsh with certamty
the upper and lower himmits of urmary 17 ketogentc sterord
excretion 1n healthy subjects at different ages

(1) Disease States —At the ume of writing hitle informa
ton 3 avarlable 1n the literature on the excretion of 17 ketogenic
steroids 1n pathological conditions Estimations m a small
umber of patients with endocrine diseases have been reported
by Dicafatusy et ol (1955) Prunty (1956) and Moxham wnd
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Nabarro (1956) Very low readings have been obtamed m
cases of untreated Addisons disease, in panhypopuuttarism
and 1 patients subjected to hypophysectomy  In the few
cases of Cushmgs syndrome so far studred the values have
usually been considerably higher than those encountered i
healthy subjects

Norymbersk: et al (1953) found that m patients with
rheumatoid arthritis and with ankylosing spondylitss the output
of urmary 17 etogenic steroids was apprecsably lower than
m normal mdniduals  In the male cases with ankylosing
spondyhitis the figures lay between 62 and 128 mg per
twenty four hours  In male pauents with sheumatord arthnns
the range was from 7 3 to 8 4 mg per twenty four hours and
in female patients with the same disease the levels varied from
3 110 10 8 mg per twenty four bours  Treatment of theumatie
subjects with salicylates or with phenylbutazone did not affect
the excretion of uninary 17 hetogenic sterords A great mncrease
in the output of these steroids was noted mn unne specimens
obtuned immediately after surgical operations

(1) NoRMAL AND ABNORMAL PrEGNANCY —Scandrett
{1957) showed that i normally pregnant women approachung
term the excretion of 17 ketogenic steroids was approvimately
twice that m non pregnant subjects, followmng delnery 2
rapid fall mn output occurred  In 1 small number of patients
with  pre eclampic  toxemua  Scandrett  (1957) found
excretion values appreciably higher than those m normally
pregnant women  These observations suggest that the
secretion of adrenocortical hormones increases as pregnanty
advances and that it s especially ligh 1n pre eclamptic
toverma

(v} URINARY I7 KETOGENIC STEROID ASSAYS AS AN INDEX
ofF ADRENOCORTILAL Funcrion —Prunty (1956) has nvestt
gated the functional actrty of the adrenal cortex an man by
measuring the urinary excretton of 17 ketogenic steroids and
of 17 ketosteroids before and afier the admmstrauon of 2
standard dose of ACTH The total duration of the test was
six days  On the first two days base line levels were deter
mined, subsequently ACTH was mjected intramuscularly
4 dosage of 20 clmical unts  twice per day for four days

In patents with Addison s disease 1t was found that the
excretion of 17 ketogeme sterowds was abnormally low during



CORTICOSTFROIDS 273

the control period and that no rise m output occurred after
the admimstration of ACTH  In cases of Cushing s syndrome
basal levels of 17 Letogenic steraids were often above the normal
range and a sharp nise 1n excretion occurred after the injection
of the hormone ~ Studies were also made 1n a group of patients
with a condition which has been termed basal fypo adrenal
corticalism In cases of this type who are usually suspected on
chrucal grounds to be suffering from etther Addison s disease or
panhypopitwitarism  adrenocortical function 1s subnormal and
the nutritional status 18 often poor Such wndividuals show
abnormally low levels of unnary 17 ketogenic steroids during
the control period but give a rapid and large increase in unmary
sterid output after the admnstration of ACTH  Prunty
(1956) has suggested that m patients with basal hypo adrenal
corticalism the level of circulating AGTH 15 too low to maintain
normal steroid excretion but 1s not low enough to cause

adrenocortical atrophy sufficient to produce a failure of response
to ACTH

(8) Total 17 hydroxycorticosteroids

Movham and Nabarro (1956) and Borth ef al (1957 a)
have recently studied the excretion of this group of steroids
0 normal individuals  The results obtamned by Borth et af
(l%ﬂ 1) n approxamately 170 subjects are shown m Figs 56
ans

It will be noted that the mean excretion 1 males at different
ages tends to be hugher than that in females  In both sexes the
cxcretion nses sharply at the ume of puberty and reaches a
maxtmum at about the age of thirty With advancing years the
excretion of total 17 hydroxycorticosteroids falls progressively

Borth et of (1957 &) have also esttmated the urinary excretion
of total 17 hydroxycorticosteroids during the normal menstrual
9cle Gychie vanations m output were not observed and the
authors concluded that the adrenocortical hormones played
little or n part m regulating the mechamsms which govern
gy“l thythmuc events occurning durng the normal menstrual

cle

APPIbe and Norymbersk: (1957) have found that the output

of this group of steroids increases gradually durnng normal

Pregnancy and attans a maximum at the mnth month of

Bestation Following parturition the excretion decreases and
18
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hg 56 —L Finary excrenon of totat 1y by droxycorticosterords i healthy male
ubgects of average boy werghtand hesght  The continaous ine represents the
fmean excretion value - the shaded area represcats the fidueal range (P=0 95}
(From Borth et ol 1957 a)
Fig 57 ~Urinary excrenon of togal 17 bydrovycortucosteroids w healthy
female subyects of average body weght ‘and height  The contmuous jme
Fepse ents the mean excretion value the shaded area represents the fiduciat
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2t the end of the first week of the puerperium the Jevels have

retumned to those normally encountered m non pregnant
subjects

(¢} v7 hydroxy-20-keto~2x deoxy Sterowds (21 deovy

etols)

One of the most mmportant members of this group of sterods
from the quanutamve pont of ew 15 17a hydrowy
pregnanolone  Dobriner o af (1951} stated that ths
substance w1s exereted by patients suffering from rheumatod
arthritis but was not present n the urine of normal indniduals
This finding was not confirmed n subsequent myestigations
Recently Appleby and Norymbersiy (1955) have studied the
unnary excretion of 21 deovyketok n normal stbjects and 10
patients with rheumatord arthnius They found that the mean
excrenion of this group of steraids did not differ sigmificantly
s the two groups of patients and concluded that an abnormally
tugh excretion of o1 deoxyketols was not charetenstic of cases
of theumatord arthrius

Appleby and Norymberski (1957) hve shown that m
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normal pregnancy the excretion of 21 deoxyhetols nises pro-
gressvely At the fourth month the mean figure was 0 58 mg
per twenty four hours and by the minth month the output had
mcreased to 1 34 mg per twenty four hours  After partunition
arapid decrease m excretion occurred and within approximately
one week of delivery the levels were similar to those normally
found 1n non pregnant subjects Detatled stuches of the
excretion of 21 deoxyketols m the various types of abnormal
pregnancy have not yet been conducted The results of such
an nvestigation will be awarted with mterest

5 17 21 dihydroxy-20 keto corticosteroids (Porter Silber
chromogens)

(2) Estimations 1n Blood

Most s estigators have employed the techmque described
by Nelson and Samuels (1g52) or some modification thereof
(seep 264)

(1) NorMar. Non PREGNANT Susjects — Nelson et al {1951)
found that 1 normal mdwaduals of both sexes the concentration
of 17 21 dihydroxy 20 keto corticosterords ranged from 4 to
10 pg per 100 ml of whole blood The admmmstration of
ACTH to normal subjects caused a sharp mcrease i the blood
concentration of this group of steroids  With a single intra
venous imjection of ACTH the steroid level attaned its
Maximum m approumately one hour and returned to the
Premjection value within three hours When the hormone
%as admimstered mntramuscularly the mawximal level was
reached 1n three hours and the concentration had returned to
normal i four to srx hours  In the opmon of Nelson et ol
(1951) the continuous 1ntravenous mfusion of ACTH was the
most efficient mode of exhibation of the hormone  Ths resulted
™ 2 steady nise 1 blood corticosterord concentration to levels
which at the end of twenty four hours were higher than those
achieved by any other method of admmustration

Gemzell {1953 1954) has conducted extensive studies with
the Nelson Samuels techmique 1 a varety of climcal conditions
Inaseneg of healthy young adults of both sexes the mean plasma
Concentration of 17 21 dihydroyy 20 keto corticosteroids was

09 pg! per 100 ml  Under normal conditions the level
of these steroids showed some diurnal varation the titre

? Standard deviation of a single obsenation
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bewng relatvely higher during the first part of the day and
decreasing to a minumum by the Iate evening

(1) Disease STATEs —In patients with Addison’s disease
who were not recerving therapy, Nelson ¢f af (1g51) showed
that the concentration of 17 21 dihydroxy zo keto cortico
sterowds fell to zero In cases of rheumatoid arthntis or of
acute rheumatic fever the concentrations were within normal
himts, while 1n patients suffering from severe or fulmmant
disenses an increased blood concentration of these hormones
was demonstrable only in the termunal phases of the iliness
In cases of Cushings syndrome 1rrespective of =tiology, the
titre 15 generally above the normal range

Franksson ef al (1954) have studied the plasma levels of
17 21 dihydroxy 20 keto corticosteroids n patients after major
surgery All cases showed elevated titres in the immediate
post operative period, in uncomplicated cases the levels fell
to normal within approximately thirty six hours In patients
showing post operative shock very high readings were found
and these persisted as long as the shock was present In
individuals with prostatic carcnoma who had been treated
by bilateral adrenalectomy Gemzell and Franksson (1953)
showed that the daily administration of 50 mg of cortisone
acetate by the oral route was sufficient to mamntain the levels
of plasma corticosteroids within the normal range However,
if the cortisone therapy was withdrawn the blood hormone
content fell preciprtously and within forty to sixty hours zero
levels were encountered

fm) NorMaAL PreEGNANCY —Various workers mcluding
Gemzell (1953), Baylss et al (1955) and Robinson ef al (1955)
have determined the plasma concentration of 17 21 dihydroxy
20 keto-corticosteronds throughout normal pregnancy —The
results obtained by Gemzell (1953) are shown n Fig 58

It will be noted that the plasma corticosterord concentration
increased significantly with the duration of pregnancy and that
in the third trimester the values were approsumately four times
those found m normal non pregnant subjects Immediately
following partuniton a further rse occurred and at this time
levels greater than 30 pg per 100 ml were frequently
encountered The mean post partum concentration of cortico-
steroids 1n primuparz was sigmificantly higher than that mn
multiparee but no correlation could be demonstrated between
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the corticosterord levels on the one hand 1nd the age of the
mother, duration of labour and weight and sex of the nfant
on the ather  Soon after partuntion a fall n plasma cortico-
steroid levels occurred and approumately one week after
delivery the titres were agamn within the range found normally
1 non pregnant subjects

Baylss et ol (1955) 1n 1 careful imvesugation undertook

-1

1 2g100 mt plasm

T T T v T v T

0

Tm wek

Fio 58
Correlation  between the concentration of 17 21-dihydroxy zo-keto-
corticosteroids in the blood of pregnant women and the duration of pregnancy
I weeks  Concept on 15 assumed to have occurred at zero tme
Gemoell 1953)

senal estimations of plasma 17 21 dihydroxy 20 keto cortico
steroids 1n thirty normatly pregnant women Their results
which from the quantitative pomnt of view agree reasonably
well with those of Gemzell (1953) are shownn Fig 59

It will again be seen that the mean plasma corticosterord
level rose progressively during pregnancy and that after delivery
the tatre fel] returming to normal After approximately one week
Bayliss et af (1955) noted that the readings vaned greatly
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from one patient to another at comparable times of pregnancy
but were unable to demonstrate any chnical differences between
patients who showed high levels and those m whom the titre
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puerperium  Vertieal bars wndicate the standard deviation of

a single observavon  (From Baylus etal 1955 )

was relatnvely low  In the opion of these workers the most
probable source of the mcreased corticosterord production
during pregnancy s the maternal adrenal gland, 1t was felt
that 1f the placenta was the major source of these hormones
the post partum fall in plasma concentration would be much
more raprd than that actually observed

(&) Esumations 1 Urme

In such estimations most workers have employed the
techmque described by Reddy ef al (1952) or some modification
thereof (see p 259)

(1) Normar Susjecrs —The normal range of excretion
has varted widely m the hands of different mestigators
Liddle ef al (1g54) reported values ranging from 5 to 16 mg
per twenty four hours with a mean figure of 10 mg, while
Jenkins et al (1955) found levels varying between 1 and 10 mg
per twenty four hours with a mean excretion figure of 5 2 mg
These diwergent results can probably be explamed on
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methodological basis  Recently Moxham and Nabarro (1956)
have reported that a good correlation evists between the
excretionof 17 21 dihydroxy 20 keto corticosteroids on the one
hand and the output of unmary 17 ketogenic steroids on the
other

(1) Disrase STaTEs —In untreated Addisons disease and
m patients after ilateral adrenalectomy Liddle ¢z af (1954)
found values ranging from zero to 5 mg per twenty four hours
In cases of Cushing s syndrome on the other hand the readings
lay between 15 and 70 mg per twenty four hours

Ely ¢t al (1955) have studied the output of 17 or
dibydroxy 20 keto corticosterods 1 children  with  icute
theumatic fever before during and after varous types of
treatment  In untreated patients the levels of excretion were
similar to those found mn normal children Treatment by
cortisone caused a mse in corticosteroid excretion and the rise
was proportional to the dosage of the hormone admimstered

n cessation of hormonal therapy a rapid fall in corticosterard
output oceurred

{(m) Urinary DETERMINATIONS OF 17 21 DIHYDROXY 20
XETO CORTICOSTEROIDS As A ThsT OF ADRENAL Funcrion —
Liddle et af (1954) have studied adrenocortical activity 1n
normal and pathological conditions by estmating the excretian
of these sterods after the intravenous mfusion of a standard
dose of ACTH over an eight hour period  These workers
clamed that this test would differentiate pattents with cortical
byper or hypo function from normal mdwiduals and that
m this respect 1t was more relable than methods depending
on 17 ketosterord excretion electrolyte excretion and eosinophil
Counts  In subjects with normal adrenal function the unnary
output of corticosteroids mncreased approxamately threefold over
control levels in the twenty four hours following the ACTH
admimstration  In cases of adrenal hyperfuncuon from what
ver cause, the maximal excretion was on all occasions greater
than that of normal individuals while 1n patients with Addison s
disease little or no nse 1 urnary corticosterod excretion
occurred

§ Aldosterone

In 1950 Deming and Luctscher reported that chloroform
extracts prepared from the unme of patients with cedemn
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caused sodium retention 1 adrenalectomised rats while simular
extracts from normal subjects faled to ehat this effect
Luetscher and his collaborators (Luetscher et al , 1952, 1934
conducted a thorough mvestigation mto the nature of thi
st retaiming hormone and demonstrated that 1t was identical
with aldosterone, the hormone recently 1solated by Simpson
et al (1953) from ox adrenal extracts

Durning the past few years varsous workers have attempted
to measure the urmary excretion of aldosterone m normal and
pathological condstions m man  Although the assay methods
now wailable are far from satsfactory from the quanttatne
pownt of view, cliical information of some mterest has already
been obtamed  The field of aldosterone assay Js at presenta
very fluctuant one m which rapid advances can be expected
as more rehable methods of estmation are developed For a
cutical apprawsal of the status of aldosterone assays 1 chncal
practice up to 1955 the reader 15 referred to a review article
by Gaunt et al (1955}

As emphasised by Bartter et al (1956) Neher and Wettsten
(1956) and others, the aldosterone content of unne i health
and disease 15 markedly affected by such factors as the state of
hydration of the patient and the dietary ntake of sodwm and
potasssum  These observations make 1t essential to obtam
accurate nformation on 4 pauent’s water and clectrolyte
balance before conducting urinary assays of aldosterone

(6) NormaL Now PREGNANT SuBjECTs ~—Vanable results
have been reported on the excretion of urinary aldosteront 1n
normal mdniduals  This 15 scarcely surprising m view of the
unsatisfactory nature of the assay methods at present m use
One of the more detailed studes 15 that of Venning et af {1956)
These workers nsed a bio assay method depending on the
excretion of sodrum n adrenalectormsed rats, the unne was
hydrolysed by f-glucuronidase and extracted wath chloroform
Using this techmque 1t was possible to demonstrate aldosteronc
actnity i bath normal males and females  Seral determma
tions showed that there was conniderable day to day vanation
m the excretton of aldosterone m the same indnadual

Probably the most rehable estumates yet published of the
urnary aldosterone content in healthy male subjects ase those
of Ayres ef al (1956) who used a chemucal assay method which
1s descnbed on page 261 These workers reported that the
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mean unnary excretion of aldosterone m nineteen subjects
was 10 5 pg per twenty four hours and that the figures ranged
from 4 6 to 18 9 g per twenty four hours

(8) Disease States —{1) Nernromic SyvpromE —All m
vestigators report abnormally high excretion values 1 patents
with this disease  According to Luetscher et al (1954) the
quantities of aldosterone present mn the urmne of such patients
are sufficiently large to make this type of human urine the best
natural source of the hormone Present evidence ndicates
that the rate of excretion of aldosterone 15 not related to the
unme volume and 15 mdependent of the degree of proteinurra
(Luetscher and Johnson 1954) Following chmcal improve
ment with dimmution in the degree of cedema the unnary
output of aldosterone decreases

{(u} Carbiac FAmure wirn (Epema —Abnormally high
titres of aldosterone have been reported 1n the majonty of cases
studied (Singer and Wener 19,3 Cope and Garcia Llaurado
1954} The ztiology of the cardiac falure appears to be of
little ymportance 1n relation to the quantities of ldosterone
excreted

() EssenriaL HyperTENsIOn —Genest et al (1956) 1 a
careful nvestigation reported that patients with essential
hypertension excreted signuficantly larger quantinies of unnary
aldosterone than did healthy subjects These workers put
forward the view that one of the ztiological factors i this
disease maght be a mild but long continued hypersecretion
of c-lildmtt:rone This 1nteresting suggestion requires further
study

(1) Crruosts o e Liver —In portal crrhous com
plicated by ascites very high utres are generally found (Chart
and Shipley 19,3, Pechet et ol 1954) According to Chart
and Shipley (1953) the readings may lie wathin the normal
Tange when ascites 1s absent

{\) Appison s Disease —In a case reported by Luetscher
and Axelrad (1954) no activty was detected 1n urme extracts
Zero Jevels were also encountered 1n two patients after bilateral
ﬂdrcnalcctomy These findings were taken as evidence that
the adrenal cortex was the site of production of the salt retamming

Ormone

(V) PannvpoprruiTaRIsM —In two cases imvestugated by

Luetscher and Axelrad (1954) the readings were withmn the
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normal range, although the excretion of pituitary gonade-
trophins was abnormally Jow This observation supports the
currently held view that the sodium regulating function of the
adrenal cortex s largely ndependent of the pitustary

{vi1) ‘ Panary Arposterovisyt —This term was first used
by Conn (xg55) to denote a syndrome characterised by high
levels of aldosterone i urne, hypokalenua, hypernatrema
alkalons, polyuna, mtermittent tetany, muscular weakness and
hypertension  Patients with a stomlar chmeal preture have been
subsequently described by Mader and Isent (1955), Chalmers
2 al (1956) and van Buchem et ol (1956} In the few casesso
fur reported the adrenal glands have shown evdence ather
of tumour or of hyperplasia, and 1t has been suggested that
the conditzon results from an increased production of
aldosterone by the adrenal cortex  Further work 1s necessany
to establish whether this syndrome defimtely exsts as 2
separte entity

(¢) Norwar axp Asnormar Preowancy —The urnnary
excretion of aldosterone durng normal pregnancy has been
mvestigated by Gordon e af {1954), Martin and Mulls {1956}
and Vennmng and Dyrenfurth (1956) In a recent paper
Venuing and Dyrenfurth (19,6) have shown that the hormone
15 excreted 1 mcreasing amounts dunng the gestation penod
and that m the second and thid trimesters the readings are
much figher than those m non pregnant mdrvduals  After
delivery a rapid fall to non pregnant levels occurs  According
to Venmng and Dyrenfurth (1956} aldosterone occurs mn unne
throughout pregnancy mamly in the conjugated form 35
aldosterone glucuromde

Reports re at present conflictng with respect to the
excretion of ald my with pre eclamptic toxama
Further information on this smportant subject must awat the
development of more rehable assay methods for the hormone

Sustuary anp CoveLusioss

Corticosteroids m urme should be estimated by chenucal
rather than by biological methods At the ume of wntg
there 13 no assay method which 15 completely satisfactory for
the quantitatne determination of these hormones and ther
metabolites 1t unne
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Of the chemical techmiques at present available, probably
the best for chinical purposes are those developed by
Norymberski ez al  Methods depending on the reducing or
formaldehydogentc properties of adrenacortical steraids should
uwo longer be used It 13 probable that i the future assay
methods for corticosteroids 1n body fluids will depend erther
on paper chromatographic techmques or on procedures
employing radio-active sterords

Methods for the quantitative determination of aldosterone
In urine are at present at a very early stage of development
Much further work 15 necessary before such techmques can be
used routinely i the climcal field

The estimation of corticosteroids 1n blood presents a difficult
problem from the methodological point of view  The techmque
recently descibed by Weichselbaum e ol (1953) for the
separate determnation of the free and conjugated adrenocortical
steroids 1n plasma ments further application in chnical studies

Corticosteroid assays n body fluids may be of diagnostic
value 1 conditions of stress, and 1n such diseases as Cushmg s
syndrome, the adrenogemital syndrome Addison s disease and
parhypopituitanism  The estimation of corticosteroids m blood
and unne after the admunistration of ACTH forms a useful
test of adrenocortical function m man

In normal pregnancy the unmnary excretion and plasma
concentration of corticosterords rise progressively  Soon after
delivery 5 rapid fall 1n the titre occurs and within a few days
the levels are in the range normally encountered m non pregnant
subjects

The aldosterone content of urine 1s mfluenced markedly by
the state of hydration and the electrolyte balance of the patient
Abnormally hugh levels of excretion of aldosteronc have been
feported 1n such conditions as the nephrotic syndrome cardiac
fulure with cedema and portal cirrhosts with ascites
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CHAPTER XII
17-Ketosterods and Androgens

N this chapter three mam topics will be discussed  Thesc
are

I The unnary neutral 1y ketosterords
II Neutral 17 Letosteroids m blood
III Androgens 1n blood and unine

1 THE URINARY NEUTRAL 17 KETOSTEROIDS
INTRODUCTION

In 1931 Butenandt 1solated from male urme a crystaline
Steroid which he termed androsterone This substance was
the first of the group of compounds now known as the neutral
Uninary 17 oids, and since B dts discovery many
Structurally strular compounds have been 1solated from human
unne under normal and pathological condittons  For a detailed
account of the chemical properties of the various 17 Letosteroids
the reader 15 referred to publications by Fieser and Fieser (1949)
Engel (1954) and Dorfiman and Shipley (1956}

17 ketosteroids have in common an oxygen atom
attached at C 17, all are dernvatives of two parent hydro
carbons, 5o and ne and 58 and (ztiocholane) the
fotmule of which are shown in Fig 60

It will be noted that these two substances differ only m the
Spatial configuration of the hydrogen atom at G 5

In Fig 61 are shown the formulz for eight of the more
IMmportant urinary 17 ketosteroids

he first four compounds are unsubstituted at C 11 while

© last four have an oxygen substituent mn this positton m the
o of erther an oxo (=0) or a hydroxyl (—OH) group
fomensm at C 3 1s encountered relatively frequently m thus
BIoup of sterords This 15 well tllustrated by comparing the
::l'uclure of the two compounds androsterone and eprandro
¢rone  In androsterone the hydroxy! group at C 3 1s on the

Con
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Jpposite side of the molecule to the methy! group at Q10

15 15 termed the frans or o configuration and 1 designated
by a broken hne In eprandrosterone on the other hand the
hydroxyt £roup at € 3 15 on the same side of the molecule as
55 the methy] group 1t € 10 This 1s the ¢s or B configuration
nd 15 represented by a solid lme Zprandrosterone and

Pt of the so called 38 hydrovy fraction However, the
major partton of the total 17 hetosterowds excreted m unne
show the o configuration of the OH graup at C 3 and from
the quantatatn e pomt of view the two most unportant

H H
S« androstane 52-androstane
(eetiacholane)
Fic 6o
Steuctural formule of 5« androstane and 58 androstane
(=nocholans)

compounds i the ga hydrovy fraction are androsterone and
58 androstanolone

It should be noted that the cestrogenac sterowd aestrone 18
also a 17 ketosterod  Howeser this compound, due to the
phenolic structure of g A 1s acidic m nature and 1s remosed
from urnary extracts when these are washed with alkah
Accordingly wstrone 15 not wcluded m the term  neutral
17 ketosterosds and wall not be considered m the present
chapter  Its structural formula 1s shown on page 155

The various urinary 17 k s differ to a
extent m therr biological activiies  Thas subject has recently
been reviewed by Dorfman and Shipley {1956) The most
widely used assay method has been that depending on the
capan s comb (see p gig) Using this test androsterone has
been shown to possess Approximately one sixth of the biologcal
actvity of the male sex hormone testosterone while o
androsterone and dehydrosgrandrosterone are respecs ely about

X}
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one tenth and one third as actve as androsterone  The
compound 58 andt i on the other hand, has not
been shown to possess biological actmaty  From these and
other observations it 15 apparent that the term 17 ketosteroid
1s by no means synonymous with the term androgen

The 17 ketosterowds are exereted m unne 1 the conyugated
rather than the free form  Probably the majonty of compounds
are conjugated with glucuromic acxd and sulphunc acd and
are excreted as glucuromdes or sulphates It 15, however,
concenable that other as yet umdentfied congugates are also
present in human unine

SOURCES IN THE BODY

kt 15 generally beheved that the unnary 17 ketosterouds
anse from precursors which have been secreted by the adrenal
cortex, by the testes, and posaibly to a small extent by the
ovanes In men approuimately one third of the total unnary
17 ketosteroads are thought to rep bolites of the
testicular hormone one whale the r two thuds
are derned from sterosds which have been claborated by the
adrenal cortex In women who usually evcrete smaller
quantittes than men, the man source of production i the
adrenal cortex

It should be emphassed that the urmary 57 ketosterods
which are of adrenal ongin anse 1 two different ways bang
formed partly by oxidauve removal 1 the tissues of the side
chamn of certan of the C 21 sterods and partly from C 19
sterasds which have been secreted by the adrenal cortex stsell

THE CHEMICAL ESTIMATION OF THE URINARY
NEUTRAL 17 KETOSTEROIDS

"The mam steps m the majonty of methods n chmcal use
are as follows (1) Hydrolysss of the 17 ketosterond conjugates
by acid m order to break down the conjugates and thereby to
hiberate the frec sterods for extraction, (2) extraction of the
free compounds with orgamc solvents ¢ 2, carbon tetrachlonide,
ethylene dachlonide ether or benzene, {3) removal of the
acidic matermal from the extracts by washing with alkali
Jeaving betund the neutral fraction as residue () desclopment
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of the colour reaction after dissolving the dry residue of the
neutral fraction mn alcohol, (5) correction for interfering
chromogeruc matenal n the final extract by the use of an
appropriate formula such as that described by Talbot ¢f of
(1042)

It should be borne in mimnd that at present conditions
for the hydrolysis of unnary 17 ketosteroid conjugates are
not entirely optimal ~ Most workers carry out the hydrolysis
by boling the urme for ten to thirty nunutes after the
addition of hydrochloric acid or sulphuric acd It 15 unhkely
that with this procedure the yield of all the 17 ketosterods
sstrctly g tive , ¢ g, Gallagher and Moulton (1944) and
Lieberman and Teich (1953) have reported that with acd
hydrolysis some loss of steroids of the 38 hydroxy fraction
partcularly dehydrosprandrosterone may occur  Recently
attempts have been made to use the enzyme B glucuromdase
for the hydrolysis of urinary 17 ketosteroid conjugates In
view of the relatively slow actron of preparations of this enzyme,
1t13 probable that this form of hydrolysts will not be switable
for routine assays 1n the climical field

Another factor which must be considered during the
quantitative determination of 17 ketosteroids 1 urmne 15 the
formation of artifacts These substances arse as a result of
Teactions which occur during the processes of hydrolyss,
&traction and 1solation, they may cause either an under
Stmate or an over esumate of the true 17 ketosterowd
toncentratron 1n urine  The subject of arttfact formauon has

en studied intensively by Dorfman and his co workers
(Dorfinan and Ungar, 1953, Ungar and Dorfman 1953
Dorfman and Shipley 1956) For further information the
Teader 15 referred to the ongmal articles

A number of colormetric methods are avatlable for the final
determinanion of the urnary 17 ketosteroids  Most of these
arebased on the procedure ongmally described by Zimmermann
(1935) * This reaction depends on the fact that steroids con
tamng the group —CO-—CH —will give a purple colour when
treated with m dimtrobenzene 1n the presence of alkal:  Under
the condyuions usually employed the colour measured 15 due
mamly to the 17 ketosterords  although sterords wath ketomc
groups at C-3 and C 20 will also take part 1n the reaction and
Wil produce colours of a lower mtensity  In the unne of




200 CLINICAL APPLICATION OF HORMONE ASSAY

one tenth and one thud as actne as androsterone  The

pound 58 andre lone, on the other hand, has not
been shown to possess biological activity  From these and
other observations 1t 1s apparent that the term 17 ketosterod
1s by no means synonymous with the term androgen

The 17 ketosterouds are eacreted in unine i the comugared
rather than the free form  Probably the majonty of compounds
are conjugated with glucuromic acd and sulphuric aad aod
are excreted as glucuromdes or sulphates It s howeer,
concenable that other as yet umdentified conyugates are alo
present m human urne

SOURCES IN THE BODY

It 15 generally beheved that the ummary 17 ketosterods
anse from precursors which have been secreted by the adrenal
cortex by the testes, and possibly to a small extent by the
ovanies  In men approximately one third of the total unnan
17 hetosteroids are thought to represent metabolites of the
testicular hormone whle the r two-thirds
are denved from steroids which have been elaborated by the
adrenal cortex  In women who usually excrete smaller
quantittes than men the mam source of production i the
adrenal cortex

Tt should be emphasised that the unnary 17 hetosterosds
which are of adrenal otgin anse m two different ways, bewg
formed partly by oudatie removal m the tissues of the side
cham of certam of the C 21 sterords and partly from C-19
sterords whach have been secreted by the adrenal cortex rtself

THE CHEMICAL ESTIMATION OF THE URINARY
NEUTRAL 17-KETOSTEROQIDS

The mam steps w the magonty of methods m climeal use
are as follows (1) Hydrolysis of the 17 hetosterord conjugates
by acid 1 order to break down the conyugates and thereb to
hiberate the free sterowds for extraction, (2) extraction of the
{ree compounds with organic solvents e g, carbon tetrachlonde
ethylene dichlonde ether or benzene, (3} removal of the
acdic matenal from the extracts by washing wth atkah
feaving behind the neutral fraction as residue  (4) development
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techmques are reasonably precise sn addition to bemng simple
and rapid, and appear to he idetlly suited for routme
application n the chimeal field

In the procedures described above the urinary 17 keto
steroids are determined 1n the unconjugated form  Verv
recently kellie and Wade (1956) have developed a techmque
m which the steroids can be estimated m conjugated form as
d des and sulpk The apphication of this techmique
to chmeal problems will be wuted with nterest

FRACTIONATION OF URINARY 17 KETOSTEROIDS
1 Separation by Girard’s Reagent

17 hetosterowds can be fractionited by treatment of the
total neutral fraction of urme with the Girard reagent T
(tnmethyl hydrazide chloride) This reagent
will separate the ketomc meutral fraction contammg the
17 ketosteroids from non ketomc neutral compounds  The
frachionation depends on the fact that Girards reagent T
forms water soluble dernvatrves with the 17 hetosteroids so that
the ketones can be separated from the non ketonic material
by distribution between water and ether at low temperatures

rard separation has proved of little pracucal value n climical
Studies and 15 now seldom employed 1n laboratortes conducting
urinary 17 ketosterord assays

2 Separation by Digitonin

Separatton of the 3a hydroxy and 38 hydroxy fractions
n unne has been attempted by the use of digitonin {Talbot
“al 1940, Dobriner et ol 1948) This substance 1s capable
;f formmg msoluble complexes with steroids showing a

Yoyl group with the § configuration at C 3 but does
N0t react with 3a hydroxysteroids or with steroids with
other substituents at G 3 Digitomn separation has been
Wed m the chmeal field particularly m the mvestigation of
ratlcnt_s with adrenal hyperfunction some of whom excrete
dargc quantities of 38 hydroxy 17 ketosteroids particularly
ehydroeprandrosterone

rmnsle{!}x;lrauon by digitonm 15 not a very satisfactory technique
non ¢ quantitative pomnt of view and therefore caution 1s

Ay i the mterpretation of results obtamed by 1ts use
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non pregnant ndniduals the quantties of C3 and G20
ketones present are tery small wnd o ualkely that any
mtcrference with the colour reaction will accur  However,
durtng pregnaney relatively large 1mounts of C 20 ketones
upecially 5o pregnan 3 ol zo one  are excreted (Vemmng
1946) md 1t 15 probable that under these conditions the
Zimmermann reaction may yield an over estimate of the true
concentration of 17 ketosterowds present {see p 2g8)

Many modifications of the Zimmermann reaction have
been proposed but the two most popular techniques m chimeal
investigations have been the methods developed by Callow
el al (1938) and by Holtorff and Koch (1940) One or other
of these two procedures 1 their ongmal or shghtly modified
form are now employed mn most centres  In 1951 the Chmeal
Endocrinalogy Commuttee of the Medical Research Councid
concluded that the Callow Zimmermann method was the
best of the techmques avatlable and recommended that ths
procedure should be <dopted 1n all laboratones yndertaking
assays of urmary 17 ketosterords for chmcal purposes  For
detarls of the actual method suggested the ongmal article
should be consulted

Pincus {1943) has stated that the urmnary ty ketosterosds
can be determuned by 1 colour reaction with antimony
trichlonide  However this technigue does not measure
dehydroeprandrosterone an mmportant compound in relation to
climcal diagnosis and for this reason 18 probibly inferzor o
procedures based on the Zimmermann reaction

Wolfe of al (1g40) tnd Morris and his collaborators
(Barnett et al 1946 a 5 Butt 1950) have used polarographic
rather than colommetnic methods for unmmary 17 ketosterond
determinations  When the same urmary extracis re analysed
both polarograplucally and by the Callow Zmmmermuen
method 2 good correlation s generally obtamed (Butt «f al,
1951) Polarographic techmques are probably reliable and
reproducible but have not yet hid such a wide apphcanon
chneal studies as methods depending on colonmetry

A number of s metheds hune been proposed for
17 ketosterond assays (Drehter of ol , 1947 1952 Hamburger
and Rasch 1948, Vesterganrd 1951)  In these procedures 0
few mullilitres of urme are hydrolysed and evtricted and the
fintl extract s subpected to colorsmetrie mlysis Such
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techruques are reasonably precise m addition to being simple
and rapd and appear to be ideally suted for routme
applhication m the chimcal field

In the procedures described aboie the urmary 17 keto
sterods are determuined 1n the uncomjugated form  Very
recently, Kellie \nd Wade (1956) have developed a techmique
m which the steroids can be estimated 1 conjugated form as
d des and sulpt The apphication of this tech

to chmcal problems will be "wated with interest

FRACTIONATION OF URINARY 17 KETOSTEROIDS
1 Separation by Girard’s Reagent

17 Ketosteroids can be fractionated by treatment of the
total neutral fraction of urine with the Girard reagent 1
(trmethyl, hydrazide chlonde) This reagent
will separate the ketomic meutral fraction contammng the
17 ketosterords from non ketouc neutral compounds  The
fractionation depends on the fact that Girards reagent T
forms water soluble derrs atty es with the 17 ketosteroids so that
the ketones can be separated from the non ketonic matenal
by dustribution between water and ether at low temperatures
Girard separation has proved of httle practical value m clinical
studies and 15 now seldom employed 1n laboratories conducting
uanary 1y ketosterotd assays

2 Separation by Digitomin

Separation of the 3e hydroxy and 3 hydroxy fractions
™ urme has been attempted by the use of digitomn (Talbot
#ol 1950 Dobriner et al 1948) This substance 1s capable
;f forming 1nsoluble complexes with steroids showmg a
7droxyl group with the B configuration at C 3 but does
Mt react with ga hydroxysteroids or with steroids with
other substituents ay C 3 Digitonun separation has been
Used 10 the chmeal field particularly m the mvestigation of
Pafients with adrenal hyperfunction some of whom excrete
darge quantities of 38 hydroxy 17 ketosteroids  particularly
ehydrosprandrosterone
o Separation by digitorun 15 not a very satisfactory techmque
ncc'“ the quantitative pomt of view and therefore caution 1s

@Sary m the interpretation of results obtaned by its use
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For example, 1t has been reported (Engel, 1954) that, when the
excretion of gpf hydroxysterords 1s high as 1 patients with
adrenocortical tumours, mcomplete precipitation may occur
In view of the development of more efficient chromatographic
techmques for the estimation of the individual 17 ketosterods
m urme 1t 15 unbikely that dig precipitation wail

to be used mn chimcal studies

3 Separation by Chromatography

Much fundamental work on the fractionation of the mnd:
vidual urinary 17 ketosterords by chromatographic methods
was performed by Dingemanse et al (1946) and by Dobriner
et al (1948) In the techmque described by Dingemanse
et al (1946) adsorption chromatography on alumina columns
was employed and the 17 ketosteroids were separated nto
eight mam fractions as judged by peaks on the chromatogram

Methods similar 1 principle to that of Dingemanse ¢f ol
(1946), but employing a more convement mucro scale were
Inter developed by Zygmuntowicz et al (1951), Pond (1951)
Johnsen (1956 @) and others One of the more clegant
modifications of the ongmal technique 15 that recently descnibed
by Plantin and Brtke (1954) These workers also employed
alummna columns but subsequently identfied the mdivrdual
urinary ketosteroids by means of infra red spectroscopy

Kochalian and Stidworthy (1952), Savard (1953) and
Rubin e al (1954) have reported effective separation of
17 ketosterords by paper chromatographic means The zones
contammng the 17 ketosterowds were detected by spraymg the
paper with alkaline m dimitrobenzene n order to produce the
charactenistic Ztmmermann colour

Using such fractionation techmques attempts have been
made Im recent years to study the pattern of unmary
17 ketosterord excretion 1 patients with varous forms of
endocrine disorders and to compare the values obtamed with
those m normal mdmiduals

THE URINARY EXCRETION OF NEUTRAL
17.KETOSTEROIDS IN NORMAL SUBJECTS

The excretion of total neutral 17 ketosteroids mn the urnc
of normal mdividuals has been estimated by numerous workers
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m the last two decades Among the more comprehensne
studies are those of Callow et al (1940), Fraser ef al {1941),
Forbes et af (1947), Hamburger {1948) and Plantin and Birke
{1954} In most mestgations the final colonmetric deter
mnation has depended on the Zimmermann reaction although
m a few pubheations such as those of Barnett etal (1936a b)a
polarographic method has beenused Ingeneri! themodification
of the Zsmmermann reaction described by Callow ef al (1938)
has been more popular than that of Holtorfl and hoch (1940)

A few studies have been reported 1n which esumations of
the gf-hydrovy Letosteroids have been undertalen using
digitorun separation {Talbot ¢t al 1940 Dobriner et al 1948
Dingemanse ¢f al 19;.) Usually m normal subjects this
fraction has been found to be less than 2o per cent of the total
17 ketosteroids  present  Vanous workers includmg Pond
(1954) Rubm ef af (1954) Plantin and Birke (1954} and
Johnsen (1956 @) have fracuonated the unnan 17 Letosteroids
by chromatograpluc means and have thus been able to study
the excretion of the indnidual compounds in health and disease
These results will be considered on page 308 The present
secton of the chapter (pp 293 308) deals with the excreton
of total rather than of individual unnary 17 ketosterords

T Normal Men

In men between the ages of twenty and forty the majonty
of values he between 12 and 17 mg per twenty four hours
According to Mason and Engstrom (1950) the lower hmut of
nomal 1 approumately 6 mg and the upper hmit 25 mg
Fig 62 whch 1s taken from a paper by Hamburger (1948)
shows the excretion of 17 Letosterods 1n 137 healthy male
subjects varying 1n age from g to 102

It will be noted that the mean output of 17 hetosteroids
mses rapudly at the tume of puberty and reaches a maximum
at about the age of twenty five  With advancing vears the
values fall progressnely and by the seventh decade the mean
extreuon 15 onh approumately half of that m the third and
fourth decades It 15 reasonable to assume that the output of
urmary 17 ketosteroids m older male subjects results mamly
from a reduction 1n the secretron of steroid hormone precursoers
by the adrenal cortex and the testes

Recently Hamburger (1954) has reported 1 study of the
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For example, 1t has been reported (Engel, 1954) that, when the
excreton of 38 hydroysteroids 15 high as i patents with
adrenocortical tumours, sncomplete precipitation may oceur
In view of the development of more efficient chromatographic
techmques for the esumation of the mdmidual 17 ketosterods
m urme 1t 1s unlikely that digitonn precipitation will continue
to be used mn chinucal studses

3 Separation by Chromatography

Much fundamental work on the fractionation of the mnd:
vidual unmnary 17k ds by chr »graphic methods
was performed by Dingemanse ¢f al (1946) and by Dobnner
et al (1948) In the techmque descnbed by Dingemanse
et al (1946) adsorption chromatography on alumna columns
was employed and the 17 Letosteroids were scparated mto
eight main fractions as judged by peaks on the chromatogram

Methods stmilar i prncple to that of Dingemanse ¢ o
(1946), but employing a more comement micro scale were
later developed by Zygmuntowicz et al (1951), Pond (1951),
Johnsen (1956 4) and others One of the more elegant
modifications of the ongmal techmque 15 that recently descnibed
by Planun and Brrle (1954) These workers also employed
alumina columns but subsequently identified the indiidual
unnary ketosterords by means of infra red spectroscopy

hochakian and Stdworthy (1952) Savard (1p,3) and
Rubin ¢f al (1954) have reported effectne separation of
17 ketosteroids by paper chromatographic means The zones
contamng the 17 hetostermds were detected by sprayng the
paper with alkaline m-dmtrobenzene m order to produce the
charactenstic Zimmermann colour

Using such fractionation techniques attempts have been
made m recent years to study the vattern of unnan
17 ketosterod excretion n patients with sarwous forms of
endocrme disorders and to compare the values obtaned with
those 1 normal mdnaduals

THE URINARY EXCRETION OF NEUTRAL
17-KETOSTEROIDS IN NORMAL SUBJECTS

The excretion of total neutral 17 ketosterords n the unne
of normal indwviduals has been d by worhers
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2 Normal Non-pregnant Women

It 1s generally agreed that normal women tend to excrete
smaller quantities of unnary 17 ketosteroids than do normnal
men of a comparable age group There 1s however a con
siderble overlap 1n the values for the two sexes In women
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U aary excreton of 17 ketosteroids i normal woraen

The contumuous line represents the mean excretion value

“The haded area represents the range within which 97 to

8 per cent of the alues fall (From H mbu ger 1948 )
between the ages of twenty and forty the majonty of readings
lie between 7 and 12 mg per twenty four hours In this age
group the lower it of normal 1s probably about 3 mg and
the upper it 20 mg  Fig 63 which 1s also taken from a
publication by Hamburger (1948) shows the excretion of
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duly excretion of unnary 17-hetosteroids 1 1 healthy mk
subgect over tsiy year pertod from the ige of lorty four to fifty
It was found that the avcrage daly excretion decreased by
1 mg per twenty four hours n the course of the six years
The total mean value dunng the period of siudy wa
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Fic 62
Unmary everetson of 17 kesosteroids i norma! men  The
contnuous linte sepresents the mean excrenon satue  The
shaded area represents the range within which g7 10 98 per
cent of the vatues fall  (From Hambusger 1948}

approwmately 12 mg per tuenty four hours and the ]c\:l:
ranged from g to 164 mg Marked vinations m excrelt
oceurred from one day to another but no relationship v..z;
demonstrated between the quantities excreted on the one han
and the urine volume onthe other
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techmque  On the other hand the antimony trichlonde
reaction of Pincus 15 more speaific for the 17 ketosteroids and
presumably would not be affected to the same extent by the
presence of 20 ketosteroids 1n urme

4 Children

In both male and female children below the age of six the
unnary excretion of 17 ketosteroids 1s very low and 1s frequently
less than 1 mg per twenty four hours (Figs 62 and 63) From
the age of seven until puberty a gradual increase n output
occurs and at the time of puberty the average figure n both
sexes 18 about 9 mg per twenty four hours Normal adult
levels are generally reached mn the period between the ages of
seventeen and twenty Since the urmary 17 ketosterouds arse
from precursors secreted by the adrenal cortex and the testis
the smilarity 1 the levels excreted by boys and girls prior to
puberty suggests that m this age peniod the adrenal cortex 1s
the mam site of production of these precursors

THE URINARY EXCRETION OF NEUTRAL
17 KETOSTEROIDS IN PATHOLOGICAL CONDITIONS
1 Diseases of the Adrenal Cortex

Esimations of the total urinary 17 ketosteroids of the
3B hydroxy fraction or of the individual compounds have
been extensively used m the cliucal field in an attempt to
differentiate cases of adrenocortical tumour from those of
adrenocortical hyperplasta  Although 1n many instances such
assays have proved of diagnostic value on other occasions the
results obtamed have been mconclusive

(2) ApreNocorTicAL Tumour —Patients with these neo
Plasms may present with the chinical features exther of Cushing s
Syndrome or of the adrenogenital syndrome® 17 Ketosterond assays

LThe term Cutk gs gynd ome will be used to denote a parhcular symptom
complex the ma n features of whi h are a d stmctive bedily habitus characterised
by fac al and abdomunal obes ty with relatively thin arms and legs purple striz
and eccchymoses hirsutism  hypertens on osteoporo s amenorrhoea d munshed
carbohydrate tolerance muscular weakness and occas onally pelveythzrma and

ypochloremic alkalosis  The syndrome oceurs charactenstically i young women
but 1 also found 1 men and in ch ldren of both sexes  Apart from the Ppresence of
hirsutisa there 15 Little evidence of masculimsation

¢ term ad enogenstal syndrome will be used to describe a symptom-complex

which 15 most frequently found in young women but Which may occur in either
Scx at any tme of le The main features are those of masculin aton ¢g
excess © muscularity enlargement of the larynx chtoral Fyperteophy and
hursutism of the male type
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unnary 17 ketosteroids m 127 healthy female subjects between
the ages of two and nmety two

It will be observed that, as i the case of normal males, the
mean output rises sharply wath the onset of puberty and
adolescence and reaches a maximum at about the age of
twenty five  Thereafter, according to Hamburger (1948),
the curve for the 17 ketosteroid excretion m females 15 rather
different from that in males Whereas 1 the latter a progres
stve fall occurs with advancng years, the female subjects show a
relatively sharp decrease m output between the ages of twenty
five and thirty five, fatrly constant levels from thirty five to fifty
five and a gradual fall in output after the age of sixty The
unnary 17 ketosteroids 1n women anse almost exclusnely from
precursors secreted by the adrenal cortex, and 1t 1 reasonable to
assume that the fluctuations at different ages represent, at least
to some extent, variations mn the secretory activity of this gland

A number of mvestigators ncluding Werner (1941)
Dawis and Plotz {1956) and Borth et al (1957) have studied
the 17 ketosterord excretion throughout the normal menstrual
cycle No definite cyclic fluctuations have been observed and
the small fluctuations which do occur appear to bear no
constant relationship to the vanous phases of the cycle

3 Normally Pregnant Women.

Venning (1946) has estimated the 17 ketosterord excretion
throughout normal pregnancy  Two colonmetric assay
methods were used, one depending on the Holtorff hoih

dification of the Z mann reaction and the other on
the antimony trchlonde reaction of Pmcus The matenal
gving a reaction m the modified Zimmermann procedure
ncreased gradually as pregnancy advanced while the matenal
actrve m the antimony trichloride reaction remamed relatnely
constant throughout the gestation pertod These dnergent
results can probably be explamned on a methodol 1 basts
The modified Zimmermann procedure 15 not entrrely specific
for urmary 17 ketosterords (see p 292} and 15 affected to some
extent by the presence of 20 ketosterods n unne cvtr.lc!.?{
It 1s therefore probable that the mcreased exeretion g
58 pregnan 3a ol 20 onc and of other unnary 20 ketosteron :
as pregnancy advances 1s suffictent to account for the appam;‘
nse 1 17 ketosteroid output as measured by the Holtorff hot!
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techmque  On the other hand the antimony trichlonde
reaction of Pincus 15 more speafic for the 17 ketosteroids and
presumably would not be affected to the same extent by the
presence of 20 ketosteroids 1n urme

4 Children

In both male and female children below the age of six the
urmary excretion of 17 ketosteroids 1s very low and 15 frequently
lesthan 1 mg per twenty four hours (Figs 62 and 63) From
the age of seven until puberty a gradual increase n output
occurs and at the tme of puberty the average figure in both
sexes 15 about g mg per twenty four hours Normal adult
lesels are generally reached n the period between the ages of
seventeen and twenty  Smce the unnary 17 ketosterowds arise
from precursors secreted by the adrenal cortex and the testis
the smilanity 1 the levels excreted by boys and girls pror to
puberty suggests that m this age period the adrenal cortex 15
the mamn site of production of these precursors

THE URINARY EXCRETION OF NEUTRAL
17 RETOSTEROIDS IN PATHOLOGICAL CONDITIONS

T Diseases of the Adrenal Cortex

Estunations of the total unnary 17 ketosterods of the
3Bhydroxy fraction or of the individual compounds have
been extensively used in the chnical field 1 an attempt to
differentiate cases of adrenocortical tumour from those of
adrenocortical hyperplasta  Although m many mstances such
2s2ys have proved of diagnostic value on other occasions the
results obtained have been mconclustve

(@) AvrenocorTicAL Tumour —Patients with these neo
P8ms may present wath the clinical features exther of Cushing s
Yndrome or of the adrenogental syndrome 17 Ketosteroid assays

! The term Cushun, om
g 5 gyndrome will be used to denotc a particular symp!

by %, the maun features of whuch are a distinctive bodily habitus charactersed

-t abdomunal abes ¢y with elatnely thin arms and legs purple stne
Oses sutism by

h"’m"‘m tolerance muscular weakness and occasionally polycythzmsa and

It s e alkalosss  The syndrome oceurs characteristically in young womer,

horsutosy

o1nd 1n men and m ¢h Idren of both sexes  Apart from the presence of
e bere 18 little evidence of masculinsation .

iy, (S aheogemycd symapome vl be used o describe 2 symptom-complex

e 18 most froquently found 1 young women but which may occur i either
any Ume of bfe The man fatures are those of masculusation ¢ g

Ve Tusculanty  enlargement of the larynx cl toral Iypertrophy and

s
Bsutim of the g pors”
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urinary 17 hetosteroids mn 127 healthy female subjects between
the ages of two and ninety two

It will be observed that, as mn the case of normal males, the
mean output nses sharply with the onset of puberty and
adolescence and reaches a maximum at about the age of
twenty five  Thercafter, according to Hamburger (1948),
the curve for the 17 ketosteroid excretion m females s rather
different from that in males Whereas 1n the latter a progres
sive fall occurs with advancing years the female subjects show 2
relatively sharp decrease in output between the ages of twenty
five and thirty five fairly constant levels from thirty five to fifty
five and a gradual fall m output after the age of sixty The
unnary 17 ketosterords :n women arise almost exclusnely from
precursors secreted by the adrenal cortex, and 1t 1s reasonable to
assume that the fluctuations at different ages represent at least
to some extent vanations i the secretory actmvty of this gland

A number of investigators including Werner (1941),
Davis and Plotz {1956) and Borth et al (1957) have studied
the 17 & d excretion througt the normal menstrual
cycle  No definite cyclic fluctuations have heen observed and
the small fluctuations which do occur appear to bear no
constant relationship to the various phases of the cycle

3 Nermally Pregnant Women

Venming (1946} has estimated the 17 ketosteroid excretion
throughout normal pregnancy Two colonmetric  assay
methods were used, one depending on the Holtorff hoch
modification of the Zimmermann reaction and the other on
the antimony trichlonde reaction of Pincus The materzal
gving a reaction i the modified Zimmermann procedure
mcreased gradually as pregnancy advanced while the matenal
active 1n the antimony trichlonde reaction remamed relatively

through the g period  These divergent
results can probably be explamed on a methodologteal basts
The modified Z ‘mann p dure 15 not entirely speaific

for urinary 17 ketosteroids (see p 2g92) and ss affected to some
extent by the presence of 20 ketosterords i urmne <:v(!ract5f
It 15 therefore probable that the increased excretion ©
58 pregnan 3a ol zo one and of other unmary 20 kcmstcrm:i
as pregnancy advances 1s sufficient to account for the a%p;rtCh
nise i 17 ketosteroid output as measured by the Holtorff ho



17 RETOSTLROIDS AND ANDROGENS 3ot

The quantity of 17 ketosteroids excreted appears to depend
to 2 large extent on the age at which the hyperplasia develops
In female subjects 1 whom adrenal hypertrophy occurs prior
o puberty the output of unnary 17 ketosteroids 15 generally
abnormally high for the correspondmng age period i healthy
idividuals, values lie between 30 and 100 mg per twenty four
hours m most cases Such patients usually show features of
the "drenogemtal syndrome rather than of Cushing s syndrome
On the other hand i females 1n whom the adrenal hypertrophy
develops after puberty, the urnary 17 ketosteroid excretion
tends to lie within or shightly above the normal range The
mean value m 131 such cases collected from the hterature by
Mason and Engstrom (rg50) was approxmmately 20 mg per
twenty four hours These authors have, however wisely
emphasised that many of these 131 pattents had been classified
by different workers under such headings as  adrenal vinhsm

sumple lursutism  and  post puberal vinhism  and that 1t 1s
by no means certan that all the cases were true examples of
adrenccortical hyperplasia

In recent years considerable attention has been gnen
particularly by workers m the United States to the condition
known as congenstal adrenal hyperplasie  This disease can occur
m both sexes but 1s much more common 1n guls than m boys,
m guls the conditton has been termed female pseudo
hermaphroditism  In both sexes the hormonal abnormahty
occurs during embryomc life before mtra uterme differennatron
of the sex organs 15 complete  The clmucal features m females
are Ily those of the ad 1 syndrome and have
been fully descibed by numerous investigators including
Willans  (1950) and Bishop (1954) The encretion of
17 ketosteroids 1s almost always increased 1n relation to the
patients age During the first year of hfe, however the output
may not exceed 2 to 3 mg per twenty four hours although
levels as gh as 15 mg per twenty four hours have been
reported  When congemtal adrenal hyperplasia occurs n
boys the clinical picture 1s generally one of precocious sexual
develop and ths d has been termed macro
gemtosoma precox  In such mdraduals also the excretion of
urnary 17 ketosteroids 15 abnormally high n relation to the
patients age Values of 2 to 4 mg per twenty four hours
have been reported in early childhood and levels of 20 to 50 myg
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m such patients hwe been conducted by numerous m
vestigators including Iraser of al (1941), Kepler and Mason
(1947), Huis mt Veld and Dingemanse (1948), Walters and
Sprague (1g49) and Sobel ef al (1953) In the majonty of
cases of proved adrenocortical tumour mncreased quantities of
17 ketosteroids arc present in urnne and n only a small
proportion of subjects are the levels within the normal range
Values of more than 1000 mg per twenty four hours have
been reported  Forbes and Albnght (1951) have stated that
m cases of Cushings syndrome there 1s a tendency for the
17 ketosterond excretion to be relatvely Iow when a bemgn
tumour 15 responsible for the disease  On the other hand there
15 generally but not always a massine excretion of urmary
17 ketosteronds when the tumour s mahgnant  According
to Mason and Engstrom (1950) a readmg of over 150 mg
per twentv four hours 15 diagnostic of an adrenocortical
tumour 1 an adult female Such tumours are much less
frequently encountered . adult males and in the few cases
reported mn the literature the output has been very vauable
In children the levels are Also very vanable, but m general are
many times higher than those found in normal children at a
corresponding age period

When separate cstimation of the 38 hydroxy fractuion has
been made 1n cases of vdrenacortical neoplasm 1t has generally
been found that this fraction 15 abnormally high, 1ts proportion
rangmg from 30 to go per cent of the total 17 Letosterord
output as compared with less than 15 per cent n normal
mdmiduals  Usually the maw component of the 38 hydroyy
fraction has been shown to be dehydroepandrosterone It
should, however, be cmphaused that this clevation of the
38 hydrovy fraction 15 not imarnble and that occasionally a
normal value may be found 1 the presence of a tumour

(b) Aprenocorticat Hxperprasia —This 15 a very loose
term which 15 used to denote the presence of bilaterally enlarged
drenal glands mn the absence of neoplastic change  As with
adrenocortical tumour patients with hyperplasia generally
present with the symptoms of Cushing s syndrome or of the
adrenogemtal syndrome  Mixed types are also common
Many worhers including Escamulla (1949) and Sechel ef of
(1940) have studied the 17 ketosterord output in patients with
this disease

<
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(c} Appison s Disease —The excretion of 17 ketosteroids
m patents with this condition 15 usually abnormally low
(Fraser et ol 1941, Escamilla, 1949) Frequently readings
of 1 mg per twenty four hours have been reported and,
particularly n women the output may fall to zero  According
to Mason and Engstrom (1g50) values of 1 mg or less m
women or 3 mg or less 1 men are suggestive of the disease
1t should, howeter, be emphasised that such readings are by
no means pathognomonic of Addisons disease and can be
found 1 many other disease states On the other hand 1t can
probably be stated wath some assurance that the findmg of
urmary 17 ketosterond levels which are within the normal
range would militate against the diagnosis of Addison s disease
especially in female patients

2 Diseases of the Patwtary

In acromegaly the excretion of ummary 17 ketosterods 15
very vanable (Fraser ef al 1941, Venming and Browne, 1947,
Escamilla, 1949) The levels may be within ahove or below
the normal range  In most cases reported m the hterature the
values have not exceeded 25 mg per twenty four hours and
have not fallen below 5 mg per twenty four hours  An increase
n output has been observed more frequently in men than m
women In cases of prturtary gigantism sugmata of hypogonadism
are not uncommon and m such patients the 17 ketosterod
excretion 15 normal or shghtly reduced

In pankypoprturtarism  the output of 17 ketosteroids 1s
markedly decreased and levels below 1 mg per twenty four
hours are usually encountered (Fraser ef el 1941) Simular
low levels are found m cases of putustary duarfism

3 Diseases of the Thyroid

The output of 17 hetosterords 15 usually below the normat
range in patients with untreated myxedema (Fraser ef al 1941
Engstrom and Mason 1944 Statland and Lerman 1950}
Values may vary from zero to the lower hmits of normal and
are often less than 2 mg per twenty four hours Engstrom
2nd Mason (1944) have shown that treatment of such patients
with thyroid extract in a dose sufficient to relieve symptoms
does not always cause a mse m the urmary excretion of
17} ds Asimlar 1 was reached by Friedgood
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per twenty four hours in late childhood  Walkins ef of {1951}
and others have shown that the oral or parenteral adminss
tration of cortisone to patients with congemtal adrenal
hyperplasia diminsshes the excretion of unnary 17 ketosteraids
and usually produces symptomatic improvement

Tur EsTiMATION OF THE 38 HYDROYXY FRACTION IN THE
DiFrERENTIAL D1aGNOsIS oF PATIENTS wiTst HYPERFUNCTIONAL
ADRENAL Disease —As mentioned previously (p 2g3) separa
tton of the 3o hvdroxy and 38 hvdroxy fractions can be effected
by treatment of urine extracts with digitomn  The pnnapal
constituent of the 38 hydroxv fraction 1s the substance
dehydroeprandrosterone  In normal subjects the 38 hydroxy
fraction 15 generally less than 15 per cent of the total
17 ketosteroid output and usually averages between 5 and 10
per cent {Dorfman and Shipley 1956)

In pauents with adrenocortical tumour very hngh values
for the gBhydroxy fraction are almost always obtamed
(Callow et al, 1940, Hursct and Hursch 1047,
Kansell and Lisser, 1952) In 2 senes of twenty five cases
collected from the hterature by Dorfinan and Shipley (1956)
this fraction vaned from zero to 79 per cent of the total
17 ketosteroid output with a mean value of 45 per cent, m
only four out of the twenty five cases were the values within
the normal range At present it cannot be stated with certainty
whether there 15 any correlation between the excretory level
of the 38 hydroxy fraction on the one hand and the degree of
malignancy of the tumour on the other

The output of the 38 hydroxy fracton mn patients with
adrenocortical hyperplasia differs markedly from that found 1n
cases of tumour although the excretion of total 17 ketosterouds
may be abnormally lugh mn both conditions Patients with
hyperplastic adrenals excrete amounts of the fraction which
are usually within the normal range or are only shghtly
elevated (hepler and Mason, 1947 Dobrmer et ol , 1948)
In a series of twenty mne cases collected from the hterature
by Dorfman and Shipley (1956) the 38 hydroxy fraction
ranged from zero to 23 per cent of the total ry hetasterod
output and the mean figure was g per cent It 1s therefore
reasonable to conclude that the assay of this fraction may
frequently be of value 1n differentiating adrenocortical tumour
from adrenocottical hyperplasia
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(c) AppisoN’s Disease —The excretion of 17 ketosterowds
m patents with this condition 15 usually abnormally low
(Fraser et al, 1941, Escamulla, 1949) Frequently readings
of 1 mg per twenty four hours have been reported and,
particularly in women the output may fall to zero  According
to Mason and Engstrom (1950) values of 1 mg or less m
women or 3 mg or less m men are suggestive of the disease
It should, however, be emphasised that such readings are by
no means pathognomomc of Addisons disease and can be
found 1n many other disease states On the other hand 1t can
probably be stated with some assurance that the finding of
urinary 17 ketosterord levels which are within the normal
range would mulitate against the diagnosis of Addison s disease,
especaally 1n female patients

2 Diseases of the Pitmtary

In acromegaly the excretion of urnary 17 ketosterowds 1s
very vanable (Fraser ef al , 1941, Vennmng and Browne, 1947,
Escarnilla, 1949) The levels may be wathun above or below
the normal range In most cases reported in the literature the
values have not exceeded 25 mg per twenty four hours and
have not fallen below 5mg per twenty four hours An mncrease
In output has been observed more frequently i men than
women In cases of prturtary stigmata of hyp 4
are not wncommon and 1n such patients the 17 ketosteroid
€xcretion 1s normal or shghtly reduced

In pankypoprturtansm the output of 17 ketosterords 15
markedly decreased and levels below 1 mg per twenty four
hours are usually encountered (Fraser et ol 1941) Sumlar
low levels are found m cases of piturtary dwarfism

3 Diseases of the Thyroid
The output of 17 ketosteroids 15 usually below the normal
Tange i patients with untreated myredema {Fraser et al 1941
Engstrom ang Mason 1944, Statland and Lerman, 1950)
2lues may vary from zero to the lower Iimits of normal and
are often less than 2 mg per twenty four hours Engstrom
and Mason (1944) have shown that treatment of such patients
with thyroid extract in a dose sufficient to relieve symptoms
does not always cause a nse m the urmary excretion of
17 ketosteraids ~ A symalar conclusion was reached by Friedgood
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(1944)  According to Talbot and Butler (1942) hypothyrord
children excrete smaller amounts of 17 ketosterouds thin do
normal children at 1 corresponding age period

In thyrotoxicosts 17 ketosterord determnations m urme are
of hittle diagnostic value  As shown by Engstrom and Mason
(1944), kinnunen and Kauppmen (1951) and others the
levels are usually within or shghtly below the normal range

4 Diseases of the Testis

In the imnvestigation of cases of male hypogonadism urinary
17 ketosterord determinations have not so far proved of great
dingnostic value to the cimician It should be borne 1n mmnd
that the testes contribute only approvimately one third of the
total output of urmary 17 hetosterords and that the remainng
two thirds anse from precursors secreted by the adrenal cortex

In patients with eunuchordism the urmary excretion of
17 ketosterords 15 very variable In a relatvely large series of
cases collected from the Iterature by Dorfman and Shipley
(1956) the output ranged from 1 4 to 15 7 mg per twenty four
hours and the mean value was 6 6 mg

Numerous muestigators including Scott and Vermeulen
(1942) Dean et al (1944) and Birke ef al (1954) have studied
the 17 ketosterord output after castration It has been generally
found thnt the excretion falls immediately after operation but
s00n rises agamn to levels similar to or shghtly higher than those
observed pre operatnely

In the rare conditton described by Kimefelter ef ol (1947)
and usually known as sclerosmg {ubular degeneration (blmefelters
syndrome) low levels of urmary 17 ketosterords have usually
been reported

Relatively few 17 ketosterord assays have so far been
conducted m patients with testcular tumours In a case of
wnterstitral cell tumour studied by Vennng et al (1942) the output
was 1015 mg per twenty four hours, but mn other patients
with this condition reported by Cook e al (1952) and by
Newns (1952) the excretion has been within the normal range
In four patients with seminoma myvestgated by Warren (1945)
the figures ranged from 15 4 to 32 2 mg per twenty four hours
with 2 mean value of 21 4 mg  In cases of teratoma the readings
muy be within or shightly bove the normal ringe (Warren
1945, Dorfman and Shipley 1956)
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5 Diseases of the Ovary

No consistent abnormality in 17 ketosteroid excretion has
yet been demonstrated in cases of primary or secondary
emenorrhea or 1n patients with the various types of dysfunctional
ulerine hemorrhage

Few assays have so far been reported m patients with
vinbising ovarian tumours such as arrhenoblastoma  such readings
2s were obtamed were very vamable, lymg within below or
above the normal range (Pederson 1947 Ruley and Murphy
1951} Most cases showed post operative values which were
lower than those obtained pre operatively  In Turner s syndrome
{ovanan ageness) 2 moderate depression of 17 ketosteroid
output has been noted, i a series of eleven cases reported
by Albright ef al (1942) the levels lay between 2 and 5 mg
Pper twenty four hours

In twenty mne patients wath the Stewn Leenthal gndrome
collected from the hiterature by Dorfman and Shipley (1956)
the 17 ketosteroid excretron was abnormally lugh m only five
Instances  Most nvestigators have found that the output of
17 ketosterords 15 not matertally affected by osphorectomy

6 Malignant Disease

The excretion of 17 ketosteroids has been studied n patients
vith many forms of carcmoma  These mv estigations have been
Prompied by the suggestion that sterod hormones may have
fome relationship to human carcinogeness  So far results
Obtamned have been d ppomnting from the d pomt
of view Although the total 17 ketosteroid excretion 1n
malignant disease 15 often abnormally low 1t 15 difficult to
assess whether this depression results from the cancer per se or
TOm concomutant factors such as starvation and mamtion
Fractionation of the mdividual ketosteronds by chromatographic
methods has been periormed by a number of workers m vanous
{¥pes of carcnoma  The results obtamed will be discussed
later 1n thys chapter

7 Miscellaneous Conditions

17 Ketosterord assays hase been conducted m a wide varicty

ﬂflmhcr chmical conditions, 1 few of which are mentioned
clow

.
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(2) AnorexiA Nervosa —Low values for ummary 17
ketosteroids are gencrally obtamed, although occasionally the
readings lie within the normal range (Fraser e af, 1941,
Venmng 1nd Browne, 1947) Usually the output returns to
normal with adequate nutrition 17 Ketosterod assay per se
1s not a rehable method of differentiating cases of anorexia
nervosa from those of panhypopituitarism

(b) HyperTENSION —Bruger ef al (1944) claimed that
the excretion of 17 ketosteroids m hypertensive women was
abnormally low However, other imvestigators have been
unable to demonstrate any sigmificant difference m
17 ketosteroid output between normotensive and hypertensive
subjects

(¢) Laver Disease —There 15 general agreement that m
cases of advanced Iner disease the amounts of 17 ketosterads
found 1 unne are greatly decreased (Dohan ¢ al, 1952,
Warter ef al, 1953) In a recent study mvolving twenty three
cases of portal arrhosis and five cases of infecuve hepatitis
Birke (1954 @) found that the total excretion of 17 ketosterotds
was depressed in sixteen cases while 1n the remuning twelve
the values obtamed were within the normal range The
lowest levels of unnary 17 ketosterords were found mn those
patients with the greatest degree of impatrment of In er function
All the normally occurring 17 ketosteroids were markedly
redured 1n advanced Iner disease and no abnormal steroids
were demonstrated

(d) Rurumatord AxThriTis—No consistent abnormality
1 17 ketosteroid excretion has been demonstrated 1 patients
with this disease (Desmarais, 1949, Sprechler, 1950) In
a recent investigation mwohving forty cases Birke (1954 8)
found that the majonity of readmgs were within the norma
range and only a few were abnormally low  Fracuonation
studies by chromatographic methods combined with mnfra red
spectroscopy failed to demonstrate the presence of any abnormal
17 ketosterords in these subjects

(¢} Gour —Wolfson et al (1949) have claimed that 1r;
patients with gouty arthrius a consistently low excretion of
17 hetosteronds 1s found  This interesting observation requires
further confirmation

(/) SwmeLe Hirsutism —In this condition hirsutism occurs
b f d able pathol 1 Iesions of the
m the of p
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adrenal cortex and the ovary The cause of the disease 15 at
present unknown and none of the endocrine theories put
forward to explam 1ts chnical features are entirely satsfactory
It should be emphasised that in many cases clissified m the
hterature as  simple hirsutism, adrenal or ovanan disease
has not been defimtely excluded by laparotomy

In most series of cases of simple hirsutism so far reported
the mean 17 ketosteroid excretion has been sigmificantly higher
than that occurring m normal women of a comparable age
group This has been shown by various investigators including
Warren (1945) Patterson e al (1942) and Dorfman and
Shipley (1956) There does not, however appear to be any
defimite correlation between the seventy of the hirsutism on
the one hand and the output of 17 ketosteroids on the other

(g) Stress Conprnions —The 17 ketosteroid excretion 1s
markedly affected by such factors s emotional stress and
physical exertion Pimcus (1947) has made extensne studies
on the dwrnal vanation 1 urinary 17 ketosterord excretion n
normal subjects He found that the levels were lowest during
sleep were at a maumum i the hour wnmmediately after
nsing and gradually dechined duning the day This worker
also demonstrated that conditions necessitating precise muscular
o ordination such as operation of a pursuit meter resulted
1 a sharp nse 1n 1% ketosteroid excretion  Pincus and Hoagland
(1943) studied the effect of piloting awrcraft on the 1% ketosterod
excretion  they found that this stress produced a marked nise
in output and that the increase was directly proportional to
the time spent 1n the air

Forbes et al (1947) have mvestigated the effect of major
surgery on the output of urmary 17 ketosteroxds  They found
that some twenty four or forty eight hours after the operation
the excretion rose above normal imits  Subsequently a gradual
fall m output occurred and some four to five days post
operatively the readings were frequently below the normal
range Within ten days of the operation the values had
returned to normal Eisenmann ef of (1953) have reported
marked alterations m 17 ketosteroid excretion during  the
withdrawal of morphine from addicted patients Durning the
time of addiction the excretion of these steroids was abnormally
low following withdrawal of the drug the excretion Tose
sharply to levels above the normal range
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Tor a fuller description of the relationship of stress conditrons
10 17 ketosteroid output 1 normal wnd disease states the reader
15 referred to articles by Pincus (1947), Sayers (1950) and
Mnson and Engstrom (1950)

THE URINARY EXCRETION OF THE INDL
VIDUAL 17-KETOSTEROIDS IN NORMAL AND
PATHOLOGICAL CONDITIONS

1 Normal Subjects

The excretion of the mdividual urinary 17 ketosterosds by
normal idniduals has been investigited by Dingemanse et ol
(1952) Pond (1954) Plantin and Birke (1954}, Rubm et ol

14
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A graphic summary of the average 17 ketosteraud fractionation re ul
anous endocrine disorders  (From Pond 1954 )

(1954) and Johnsen (1956 §) In a careful study mnvolving
twenty normal subjects Pond (1954) found that androstcrc::
and 58 wndrostanolone constituted approxmately two thirds
of the total 17 ketosteroad excrction  The ratio of the mla
compounds was approximately umtv in both sexes The level
of 11 oxy 17 ketosterotds remumed relatinely constant from
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day to day but were apprectably higher 1n men than in
women The 38 hydrowy fraction usually constituted approxt
mately 20 per cent of the total 17 hetosterod output  This
figure 15 rather gher than that obtamed by other workers
A summary of Ponds results in normal and pathological
conditions 1s shown 1 Fig 64

2 Abnormal Conditions

At the ime of writing relatnely few systematic mvestigations
have been undertaken of the excretion of the individual
17 ketosterords m  pathological conditions m man It 1s
therefore too early to assess the possthle value of such assays
m clucal medicine It 15, however, probable that studies of
this type will 1n the future yield information of considerable
clnical importance  Some of the prelmmnary results obtained
m vanious disease states are discussed below

(a) Cusumvg s Synprome —In mme cases of this disease
studied by Pond (1g54) the main change in the urmary
17 ketosterod pattern consisted of an mereased excreton of
11 0y 17 ketosterords  In the majonty of patients the ratro
52 and lone 58 andry lone was less than umty
and the 38 hydroxy fraction exceeded 50 per cent of the total
17 ketosterord output

(8) AprenoGENTTAL SyNpROME —In patients with this
condition Pond (1g54) found that the excretion of the
ndtvidual 17 ketosterods was different from that 1 Cushing s
syndrome  The ratio 5a andr 1 58 andrc 1
Was generally greater than umty and the excreton of the
T oxy 17 ketosteroids was not abnormally high

(¢) Mare Hyroconapist —In four cases Pond (1954)
observed a lowered excretion of all 17 hetosterond fractions,
the relative nse 38 hydroxy 17 ketosteroids noted by Callow
etal (1940) was not demonstrated In a study of twelve male
Castrates Johnsen (1956 ¢) reported an abnormally low total
17 ketosterord excretion a relative decrease in androsterone
Output and a relatve increase 1n the excretion of the
38 hydroxy 17 ketosteroids  particularly  dehydroeprandro
Stetone  In Johnsen s opimon the estmation of the individual
17 ketosteronds 1n unne 15 of greater dragnostic value m the
mvestigation of patients with male hypogonadism than 1s the
defermnation of the total 17 ketosteroid excréetion
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(d) Diseases oF THE Prrurrary —In four cases of panhypo-
pituttarism Pond (1954) found a reduction m all 17 ketosterond
fractions  Johnsen (1956 ¢) has demonstrated that, after
hypophysectomy performed for recurrent mammary carcinoma,
there 15 a marked lowering of all fractions but there 15 1 addition
a relatne decrease tn androsterone excretton  This interesting
finding requires further 1nyvestigation

(¢) Liver Disease —Recently Birke (1954 a) has studied
the excretion of the mndmidual 17 ketosteroids 1 patients
with portal cirrhosis and with nfective hepatiuis (see p 306)
He found that all the principal metabolites n urne, viz
androsterone, dehydroeprand 5B andr lone and
11 ketoxtiocholanolone were markedly decreased 1 a pro
portion of cases Howesver, 1t was not posstble to demonstrate
the presence of any pathological sterord 1n the unne of any
of the patients investigated  Results similar to those reported
by Birke (1954 a) have been obtamed by Mart: (1951)

(f) Rueumatorp ArrtHriTis —In 1 study of forty cases
Birke (1954 &) found no alteration m the pattern of
17 ketosteroid excretion as compared with healthy subjects
All the prinaipal metabolites occurnng i normal urne
were 1denttfied by means of infra red spectroscopy and no

pathological  steroids were demonstrated

(g) Maviovant Diseast —Various  mestigators  hase
fractionated the mdiidual urmary 17 ketosteroids 1n patients
with different types of carcinoma  Although deviations from
the normal pattern have been observed 1t would be premature
at the present time to draw any defimite conclusions regarding
the diagnostic value of such estrmations

In 1947 Dobrner e al stated that the unne of patients
with various types of malgnant disease contamed the steroid
3a hydroxy 5e androst g en 17 one  This substance 15 pro
bably produced from 118 hydroxyztiocholanolone by
dehydration during the acid hydrolysis of unine  The presence
of this sterord was not detected mn the urme of normal
mdviduals, and since this original work of Dobriner and his
co workers 1t has been generally assumed that 1: hydroxy
ztiocholanolone has some connection with malignant disease
The onginal claims have not been confirmed by subscq:cnl
nvestigators who used more relable assay methods tha;lt lt)fx:
employed by Dobrmer ¢t ol (1947) For example, Plan
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and Biuke (1955) showed that although the unne of patients
with p carcinoma ¢ d relatiely large quantities
of 118 hydroxyztiocholanolone the steroid was also present in
easily detectable amounts 1 the unne of normal subjects and
mn samples ob d from p with 1t d arthntis
and portal cirrhosis  In view of these observations 1t can be
stated with ssurance that the presence of this compound m
urne 1s i no way pathognonomic of the existence of neoplastic
disease

Birke et al (1954) have recently studied the pattern
of 17 ketosteroid excretion 1 patients with carcinoma of
the prostate  They found that such cases prior to therapy
usually excreted relately large quantiies of the sterod
11 ketoztiocholanolone but that the output of the androgenic
sterords and one and 58 and lone was not abnor
mally high  Orchudectomy produced a marked fall mn the
excretton of both androsterone and 58 androstanolone but
within a few weeks the output of those steroids rose again to
levels simlar to or shghtly Ingher than those observed
pre operatnely  In patients who had been subjected to both
orchidectomy and adrenalectomy the excretion of androsterone
and 58 androstanolone fell to zero

(h) Surcicar Stress —Birke et al (1955) have recently
teported the effect of varous types of major surgery on
fhe excretion of the individual unnary 17 ketosteroids  The
most stnking features observed 1 the immediate post
operative period was a sharp mnse in the excreton of
dehydroegiandrosterone to levels approximately 200 per cent
higher than those encountered prior to surgery The excretions
of androsterone and 58 and 1 also d post
operatively but to a smaller extent the output of 11 oxy 17
Letosteroids was not immediately affected by the operation
Within mune to eleven days after surgery the excretion of all
17 ketosterawd fractions had returned to normal The level of
dehydroepandrosterone m unne fell rapidly and was within
the normal range after seven to nine days androsterone and
5B androstanolone had returned to pre operative levels within
three days The 11 oxy 17 ketosteroids showed a shght
increase m excretion on the third or fourth po t operative day
but were again within normal hmits approimately ten days
fter operation
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II NEUTRAL 17.KETOSTEROIDS IN BLOOD
1 Methods of Estimation

Gardner (19,3) has described a method for the estmation
of 17 hetosteroids 1n plasma  The compounds are liberated
from the plasm+ proteins by acid hydrolysis and the extracts
are punfied by column chromatography using Florost  The
final colonmetnic determmation depends on 4 mucro
modification of the Zimmermann reaction  Results are
expressed 1 terms of dehydroeprandrosterone A simifar
techruque m which the extracts were punified by both column
and paper chromatography was subsequently described by
Migeon and Plager (1955) These latter workers claimed to
have wsolated two fractions from plasma, one contaming
dehvdrogprandrosterone and the other a mixture of androsterone
and 58 androstanclone

Tt should be emph d that the techruques so far developed
for the estimation of 17 ketosterords 1n blood, although
promusing, are not yet entirely satisfactory from the quantitatine
pomt of view  Further methodological work 1s required before
these procedures can be used routinely 1n chimecal studies

2 Assays i Chnical Condittons

Migeon (1954) has recently reported some prelimunary
results on the plasma 17 Letosterord concentration m health
and disease  In normal subjects of both sexes the two fracuons
mentioned above could be detected The intravenous
admimistration of ACTH to normal subjects caused a nse m
both fractions but the increase m dehydroeprandrosterone
concentration was more marked than that of androsterone and
5B androstanolone  In two patients with Cushing s syndrome
resulting from adrenocortical caramoma sery high blood
concentrations of dehydrogprandrosterone were found  Abnor
mally ligh titres of this steroid were also reported m cases of
congenital adrenal hyperplasia i children

II ANDROGENS IN BLOOD AND URINE

The term  androgen  will be used to denote the group of
compounds present 1n extracts of blood and urine which possess
biological activity It has ready been emphasised (p 290)



17 XETOSTEROIDS AND ANDROGENS 313

that the varous ummary 17 ketosteroids differ markedly 1n
thewr androgenuc potencies and that the terms androgen nd
‘17 ketosteroid  are by no means synomymous

METHODS OF ASSAY OF THE ANDROGENS

Results of androgen bio assays should always be expressed
i terms of the mternational standard preparation and not in
ammal umts By definition one international unut represents
the androgemic activity of 0 1 mg of pure androsterone  The
subject of androgen assay has recently been thoroughly reviewed
by Dorfman and his co workers (Dorfman 1950 Dorfman and
Shipley, 1956) and the present account 1s based mamly on
thetr conclusions

Bio assay methods can be conveniently divided mto two
mam groups These are

1 Assays n birds
2 Assays n mammals

1 Assays in Birds

{a) Tee Carons Comp Test —This has been the most
widely used method for assessng androgemic potency It
depends on the fact that after castration marked mvolution
of the cocks comb occurs and that the admumstration of
androgens to these birds restores the comb to 1ts normal size
The birds are ready for use some six months after castration
In designing the assay most mvestigators have employed either
a three day or a five day expenimental period  The matenal
under test can be given by mntramuscular myjection or by direct
application to the comb The former route has been used by
various workers 1ncluding Gallagher and koch (1935)
Greenwood et al (1935) and Emmens (1939) while the latter
has been recommended by McCullagh and Cuyler (1936)
Deanesly and Parkes (1937) and Emmens (1939) Assays i
which androgens are adminustered by inunction are many
fimes more sensitive than those in which the intramuscular
Toute 15 used

The capon s comb test has been the most popular bio assay
techmque for estmating the concentration of androgens n
human blood and urine  The results obtamed by 1ts use will
be discussed later m this chapter
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(6) Cmick Com MeTHODS —Such methods have been
descnbed by Klempner et al (1942), Frank ¢ al (1942),
Valle ¢t al (1947) and Dorfiman (1950) Different breeds of
chicks vary greatly m therr sensivity to androgens, and 1t
has been shown that both male and female white Leghorns
are many times more sensitive than Rhode Island Reds or
Barred Rocks  In the assay method described by Frank ot of
(1942) white Leghorn chicks of exther sex at two or three days

TarLE AVIIL

PrecistoN oF Assay METHODS FOR ANDROGENS IN BIRDs
(After Dorfman and Shipley 1956)

—— 1
Mode of Index of
Aethod Adminmstration | Precision Reference
of Androgens by
Capon's comb Intramuscular o0 189 Greenwood etal (1932)
Capon s comb Intramuscular 0271 McGullagh and Cuyler |
(1936) |
Capon's comb Inunction 0185 | Emmens (1930) |
Capon s comb Inunction 0076 McGullagh and Cuyler
(1936)
Chuek s comb Inunction 0424 Valle et al (1947)
Chick s comb Inunction 0334 Dorfman (1930)

of age are used The solutions under test are admmstered by
munction and the experimental pertod 15 seven days  The
birds are killed twenty four hours after the last application of
the androgen soluttons and the end pont of the ass1y depends
on comb weight

In general assays mvolving chicks are more sensitive more
conventent but less precise than those cmployng capons In
Table \VIII, which 1s based on data calculated by Dorfman
and Shipley (1956), the precision of the vartous assay methods
1n birds 15 compared 1n terms of Gaddum's A

2 Assays i Mammals
The most popular assay methods m mammals have
depended on the enlargement of the prostate of the semmnl
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vesicles or of the total accessory reproductive organs n
castrated rats {(horenchevsky etal 1935 Callow and Deanesly,
1935, Bulbning and Burn 1935) Such assays are less
sensitve than those employing birds and are not sutable for
use m chnical studies For details of the actual techmques
recommended the reader 1s referred to the onginal articles

THE CLINICAL APPLICATION OF
ANDROGEN ASSAYS

Bio assay methods for androgens are nme consuming and
unrehable while chemical methods for the determination of
17 ketosterords are much more precise much less labonous
and therefore much more swited for routme chmcal use
Accordingly  considerably more data 15 available 1 the
Iiterature on the urinary 17 ketosteroid excretion m health and
disease than on the androgen excretion under similar conditions

It should not be assumed however that the formation
obtamed by 17 ketosteroid assays on the one hand and by
androgen assays on the other 15 1dentical  This point has been
stressed by Hamburger (1948) and by Hamulton (1g54)
Hamburger (1948) showed that castration 1n men caused a
much greater fall m the excretion of biclogically active
androgens than 1 the excretion of 17 ketosteroxds and con
cluded that under these ar biological androg
determmations gave a better mdex of testicular funcuon than
did urinary 17 ketosteroid esimations Hamulton (1954) has
recently studied the relationship of androgen excretion to
17 ketosterotd excreton in normal and disease states He
expressed his results in the form of an index calculated as the

drog, activity per mull of colonmetrically deter
mined 17 ketosteroid  He found that the index differed
markedly with the age sex and chmcal condition of the
mdividuals  The index was lower 1 women than 1 men
and was particularly low mn male castrates The explanation
of these findings hes m the fact that the varous urmnary
17 ketosteroids vary greatly n their androgemic activitres
Accordingly the androgenic potency of a given urne extract
will not necessarly parallel the 17 ketosterod concentration

In the opmon of Hamburger (1948) the chemical deter
mination of 17 ketosteroids mn unne has not rendered the old
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biological assays superfluous It 15, however, unlikely that
such assays mn view of ther many disadvantiges from the
practical standpomnt, will ever agam find favour m chimical
mvestigations  For this reason only a bref account of the
androgen eacretion in health and disease will be gnven below
Most of the data presented has been summarised from a recent
publication by Dorfman and Shipley (1956)

1 The Urmary Excretion of Androgens in Normal
Subjects

In normal men the excreuon of androgens has been found
to be very vanable ind the mean values in different laboratones
have ranged from 20 to 100 1u per twenty four hours In
normal non pregnant women androgen excretion has not been
shown to bear any constant relationship to the tme of the
cycle and the mean figures in different centres have vamed
from 15 to 50 1 per twenty four hours  In children androgens
can be detected m the urme in very small amounts at the
age of two or three  From the age of seven or eight until
puberty a gradual mncrease mn output 1s noted m both boys and
girls, no significant difference between the sexes s evident
prior to puberty  Normal adult levels are not generally attained
until about the age of seventeen to twenty In old men and old
women the output of urnary androgens dimuushes with advanc
mg years In a careful study Hamburger e al (1945) found that
men between the ages of fifty and sixty excreted quantiues of
androgens which were only shghtly smaller than those in young
men In the sity year to seventy year age group, howeer,
the mean output was approximately one third of that 1n young
men while 1n subjects between seventy and eighty the figure
had dropped to one quarter of that found in early adult hie

For further information on the subject of androgen excretion
1 normal subjects the reader 1s referred to articles by Gallagher
et al (1937), Dingemanse et al (1937), Dorfman et ol (1937)
and Hamburger ¢t al (1945)

2 The Urmary Excretion of Androgens Pathological
Conditions

Information on this subject 1n the hterature 15 scanty and
11 bl 1 eval

15 y
a}n ptents-with diseases of the adrenal corfex the andragen
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excretion follows the same gencral trends as those already
described for the 17 ketosteroids  Abnormally high values are
usually encountered 1n cases of adrenocortical tumour and the
readings tend to be especally high if the tumour 1s mahgnant
Rased excretion values have been reported m some but not
all cases of adrenocortical hyperplasia  In Addison s disease
on the other hand, most mvestigators have found a well marked
fall 1n androgen excretion

There has been some mterest 1 the androgen output m
patents with festicular disease In eunuchoidism the excretion
1s very vanable but 1s usually lower than m healthy individuals
of a comparable age group After castration androgen con
tinues to be excreted but the quantiies found n unne arc
very small  Hamburger (1948) has pomted out that castration
m man causes a2 much greater fall m the androgen excretion
than 1 the output of urinary 17 ketosterords

3 Androgen Estimations m Blood under Normal and
Pathological Conditions

The most careful study of the androgen concentration of
human blood so far reported 15 that of Tornblom (1946)
This worker assayed the neutral fraction obtamed from blood
by the capon's comb test and expressed his results i terms of
testosterone  In normal men between the ages of twenty and
thirty the mean concentration was 4 g6+0 59 pg per 100 ml
of blood The androgen content of blood decreased with
advancng years and between the ages of fifty and sixty was
approxmmately one third of that found m young men In
normal women from twenty to forty years of age the mean
concentration was 7 5+3 5 pg per 100 ml In castrated
men and oophorectormsed women abnormally low blood
androgen titres were found  In a small senies of hirsute women
the readings were withm the normat range

SuMMARY AND CONCLUSIONS

Total unmnary 17 ketosteroids can be estimated exther by
colonimetnc or by polarographic methods  Most workers
employ the Callow Zimmermann techmique or some mod:
fication thereof  Recently a number of micro methods

? Standard error of the mean
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depending on the Zimmermann reaction have been developed
and some of these are suitable for routine use Techmques
for the estimation of neutral 17 ketosterods mn blood are not
yet sufficiently rehable to allow of their widespread use n
climcal studies

Fractionation of the ndnidual urinary 17 ketosterotds can be
performed by chromatographic methods Such procedures may
in the future yield information of considerable dragnostc value

In normal individuals of both sexes the 17 ketosteroid levels
m urime nse rapudly prior to puberty, reach 2 maxumum at
about the age of twenty five and fall progressiely with
advancing years In normal subjects the 38 hydroxy fraction1s
usually less than 15 per cent of the total 17 ketosterod output

Abnormally high 17 ketosterord excretion values are
generally found n patients with adrenocortical tumours and
the levels are particularly high if the tumour 15 malgnant
In such cases the 38 hydroxy fraction often constitutes over
40 per cent of the total 17 ketosterord output In adreno-
cortical hyperplasia, on the other hand high levels are
frequently but by no means myarably encountered and m
such patients the 38 hydroxy fraction 1s generally withm normal
hmits  In Addisons disease the 17 ketosterord excreton 15
below the normal range 1n most cases

An abnormally low excretion of total urmary 17 ketosteroids
1s usually found n panhypopituitarism 1n anorexia nervosa,
i myxcedema and 1n advanced hiver disease  Rased excretion
values have been reported m stress conditions, 1n simple
hirsutism 1 nterstitial cell tumour of the tests and m
arrhenoblastoma

Androgen assays 1 blood and urine can be conducted by
the capons comb test or by one or other of the chick comb
methods  Such assays are not very satsfactory from the
quantitatrve pont of view, and 1t 1s therefore unlikely that they
will continue to be used mn clmical investigations
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CHAPTER \lIII
Adrenaline and Noradrenaline

INTRODUCTION

BOTH adrenaline and noradrenalime are produced by the
adrenal medulla while noradrenaline 15 now recogmsed as

the main substance liberated by post gangliomc sympathetic
nerves  Another name for adrenalme 1s epmephrine while
noradrenalime 15 sometimes referred to as norepinephnne or
arterenol

1 Chemical Nature of Adrenaline and Noradrenaline
The structural formule of ndrenaline and noradrenaline

e shown n Fig 65
It will be noted that the two compounds resemble onc

OH OH
OH OH
CHOH ? HOH
Hy Hy
nH NH,
CHy
Noradrenahne
Adrenaline (Nargprn-phrine
(epinephrine) artarenol)
Fic 65

Structural formulz of adrenaline and
no

another \ery closely 1n chemcal structure  The only difference
1s that 1n noradrenaline the mitrogen m the terminal 1mino
(NH,) group 15 not methylited Noradrenalme 15 2 pnmary
amine while adrenalme 15 2 secondary ammne  Both com
pounds 1re generally referred to as catecholamnes The lxrvo
ssomer of adrenaline (/ adrenaline) occurs maturlly i the

32
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adrenal gland and has much greater pharmacological actuvity
than the destro 1somer  Tullar (1948) succeeded 1n resolving
racemic noradrenaline into 1its levo and dextro 1somers, and
Luduena et al (1949) were able to show that i the case of
this compound also the pharmacological actnity resided
maiply m the lzvo friction  Adrenaline is stable n weak
aauds but 15 rapidly oxidised 1n neutral and alkahne solutions
Noradrenaline 15 much more resistant to owdation than
adrenaline

2 Occurrence of Adrenaline and Noradrenaline n
Body Fluids

The quantity of catecholarnmes present n kuman perspheral
blood under physiological condinons 1s very small and frequently
1o activity can be detected even when very sensitive bro assay
methods are used Little 1s at present known regarding the
form mn which adrenalme and noradrenalime cireulate 1 blood
Gaddum et al (1949) have emphasised that reliable esimations
of catecholarmnes m blood are possible only 1f the blood 15
collected very carefully mto a sthconed needle and a syninge
containing heparin  These precauttons are designed to prevent
the iberation from platelets of substances such as histamine and
5 hydroxytryptamine which may mterfere with the bio assay

Adrenalme and noradrenaline are excreted 1 arime partly
n the free form and partly comugated with glucuromc acid
(Holtz et al 1947 Kroneberg and Schumann 1950 Euler
and Hellner 1951 Burn 1953) Euler and Luft (rg51)
found that when noradrenalne was admimstered to healthy
subjects by mtrivenous mfusion 2 to § per cent of the ijected
dose appeared i the urme as free noradrenabme but the
adrenahine content of urme did not nise

The human adrenal medulla 1s believed to contain a muxture
consisting of approvimately 85 per cent of adrenahine and
15 per cent of noradrenaline (Euler 1955) In normal unne
on the other hand the quantuty of noradrenaline generally
exceeds that of adrenaline This finding suggests that under
normal conditions the large proportion of catecholamines m
urine 15 dernved from adrenergic nerves rather than from the
adrenal medulla  The excrenon of adrenalme and nor
adrenaline in human unine under normal and pathologteal con
ditions 1n man will be considered 1 detadl later in this chapter
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METHODS OF ESTIMATION OF ADRENALINE
AND NORADRENALINE

A large number of methods have been proposed for the
quantitative determmation of catecholamines m blood and
unne  The subject has been recently reviewed by many
myvestigators mcluding Gaddum (1950), Euler (1950, 1955),
Pekkarinen (1954), Robson and Keele (1956) and Gaddum
and Holzbaver (1957) Table XIX. which is taken from a paper

TabLe XIX

SENstiviTY OF VARIOUS AssAy METHODS FOR
ADRENALINE AND NORADRENALINE
(After Gaddum and Holzbauer 1957)

Amount (Nanogram ) required for
Method of Assay each Test
Adrenaline Noradrenaline

Biologreal—

Cat s blood pressure 200 100

Rats blood pressure 50 5

Rat s blood pressure (pithed) 7 5

Rats uterus (z m! bath) or 15

Rabbit s ear (perfused) o5 1

Rabbit s ear (Armin and Grant 1953) o co2

Rabbrt s gut (10 ml bath; 40 40

Hen rectal czeum (2 ml bath) 50
Chemcal—

Formation of adrenochrome 10 000 10 000

Reduction of arsenomolybdate 50 800

Formation of adrenclutin 20 20

Coupling with ethylenediamune 6

The amounts required for a reasonably precise bio-assay would be five to ten
times the amounts given above
gram (ng ) =one ofa

by Gaddum and Holzbauer (1957) shows the approximate
sensitvities of some of the procedures suggested

One of the main difficulties ed m such est
anses from the fact that body fluds contam very small
quanaties of catecholammes 1 association with other }::h‘nrm'l
cologically active substances such as } acet:
and 5 hydroxytryptamme which are hable to mterferc with
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the final determmation  Accordingly 3t 1s necessary to employ
prehminary punfication methods which remove mterfering
substances from extracts and which concentrate the catechola
mines in these extracts Special procedures are also required
to distinguwish adrenaline from noradrenahne

The ensuing discusston will be conducted under four mam
headings These are

1 Methods of punfication of extracts

2 Bio assay methods for adrenahne and noradrenaline

3 Chemucal assay methods for adrenaline and nor

adrenaline
4 Assays of mixtures of adrenaline and noradrenahne

1 Methods of Punfication of Extracts

Such procedures have generally depended on chromato
graphy ether on columns or on paper Alumumum hydroude
and alummmum oxide have been much used as adsorbents
These substances show a ligh degree of specificity for catechol
denvatives which are adsorbed easily and completely In the
method described by Shaw (1938) freshly precipitated
alummmm hydroude 1s shaken with a solution containg
adrenaline at pH 4 and 1s then separated by centnfugation
This removes some mterfering substances The supernatant
flmd 15 then adjusted to pH 8 5 and 1s shaken again with
alumimum hydroude which adsorbs adrenaline completely
at this pH but leaves other substances belund 1n solution  the
adrenaline can then be recovered by dissolving the alummium
hydroxide m acid  Euler (1948) shghtly modified Shaw s
method by preapitatng the alumumum hydrowide 1 the
p of ad hine and then preciy g the salts from
aad solution by a muxture of acetone and alcohol In this
way he obtamned a solution which was suitable for bio-assay
In more recent methods such as those descnbed by Lund
(1950) Crawford and Outschoorn (1951) and Weil Malherbe
and Bone (1952) alumimum oxide 15 used as an adsorbent in
place of alumnium hydroxide

Lecomte and Fischer (1949) passed therr extracts through a
column of Decalco which adsorbs both adrenaline and
noradrenaline A solution of 1odine at pH 4 1s then used to
comert adrenahine to adrenochrome and to clute 1t from the
column  Neradrenaline can be eluted at pH 7 Bergstrom
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and Hansson (1g51) have reported that the catecholammnes
can be successfully 1dsorbed on the 1on exchange resm
IRC 50

In recent years paper chromatographtc methods have become
mncreasingly popular for the punfication of extracts containng
adrenalne and noradrenaline (James 1948, Crawford and
Outschoorn 1951, Vogt, 1954) After chromatographic
separation the catecholamines can be cluted from the
appropnate part of the paper and can then be estimated by
bio assay

2 Bio assay Methods for Adrenaline and Noradrenaline

Many tests have been devised by means of which parallel
assays can be performed on at least two preparations, one of
which 15 more sensitive to adrenalme and the other to nor
adrenaline  In this way 1t 15 possible to estmate the total
concentration of catecholamines present and to calculate m
addition the relatn e amounts of adrenaline and noradrenahne
According to Euler (1955) a satsfactory differentation 15
usually obtained when the difference in ratios 1s tenfold or
more The following techmques will be considered —

(@) BLooD pRESSURE IN CATS AnD RaTs —The pressor effect
m the spinal cat has been much used for the assay of cate
cholammes in body fluds tissues and commercial extracts
(Cannon and Rosenblueth 1933 Greer et af, 1938, Burn
et al , 1950) This test 1s more sensitive to noradrenaline than
to ndrenaline (Table XI\)

Crawford and Outschoorn (1951) have shown that the
pressor test in urethamsed rats 1s especally sensitine to nor
adrenaline and 1s much less sensitie to 1drenaline  Vogt {1g52)
found that the sensiavity of the preparation can be mcreased
by the mtravenous mjection of hexymethomum (C,) In this
way as little as 15 ng of noradrenaline can be detected

() Rats Uterus—Aalthough it had been known for
many vears that the 1solated rat uterus s readily miubited by
adrenahine the assay was not put on a quantitatne basis until
the work of de Jalon et al (1945) who studied the many
vamable factors affecting the test Gaddum et af (1919}
compared the rat uterus test with other assay methods and
found that 1t was much more sensitnve to adrenaline than to
noradrenaline (Table XIX)  These studies were evtended by
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Gaddum and Lembech (1949) who concluded that nor
adrenaline 15 unlkely to interfere with the use of this
preparation for the assay of adrenalme unless the former
compound s present m a very high concentration Under
opttmal conditions as little as o 1 ng of adrenaline can be
determmed by this method

{¢) Raserr s Ear —Armun and Grant (1953) have descrihed
an assay method which will detect as little as 0 oo2 ng of
adrenalme The drug 1s mnjected 1nto the mam artery of the
Tabbit s ear wm sy, the preparatron having been sensitised by
degenerative section of the nerves The end pomnt of the test
comsists 1 measuring the drameter of the artery at intervals
with a microscope  The techmque 15 sufficiently sensitive to
detect the presence of adrenaline 1n blood

(4) IntEsTINAL MuyscLe v RaBeiTs, RaTs anp Hens —
Catecholamines  usually produce an mhibitory effect on
mtestmal muscle Rabbits mtestine 15 equally sensitive to
adrenalime and noradrenaline (Table XIX) Rats colon 1s
espectally sensttive to noradrenaline (Gaddum ef al, 1949)
but also responds to 5 hydrosytryptamme  Hens rectal
cxcum 15 much more sensitive to adrenalme than to
noradrenaline (Euler, 1948)

3 Chemical Assay Methods for Adrenaline and Nor
adrenaline
Chemical estimations of catecholamines can be performed
etther by colorunetnic or by fluorimetnc methods
(2) CorormMerric MEeTHODS —Techmques depending on
colonmetry have been described by Euler and Hamberg (1949}
Suzuky and Ozaki (1951) and others Adrenahne 15 easily
oudised under suitable conditions to form a pmk substance
adrcnochrome, and other pml mdole compounds Various
oxidising agents can be used mcluding 10dme (Euler and
Hamberg 1949) and potassum permanganate (Suzuki and
Ozaly, 1951) Such tests are relatively msensiive but are
Teasonably speaific
Anather group of colonmetric methods depends on the fact
that adrenaline can act as a reducing agent In general such
procedures are more senstive but less specific than those
Mentioned above In the methods of Whitehorn (1935) and
Shaw (1938) adrenaline reduces arsenomolybdic acd to 1
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blue compound  The blue colour produced by drenaline ¢ in
be inereased three to five imes by prcliminary treatment with
alkall  No such increase occurs m the case of noradrenalne
and therefore this techmque may be of value 1n differentiating
between the two catecholamines

(6} FruormMeTRIC METHODS —In 1930 Paget showed that
adrenalme became fluorescent m alkahne solution  Gaddum
and Schild (1934) proposed an assay method based on ths
fact These workers noted that the fluorescence produced by
noradrenaline was only 2 per cent of that of adrenaline and
that other closely related substances were also comparatively
mactive  Ehrlen (1948) and Fischer (1949) have subsequently
shown that the fluorescent materral formed from adrenahne 15
adrenolutin

Lund (1949 @, 4, ¢) has described a flucrimetric method for
the quantitative determimation of adrenaline and noradrenahne
In this techmque the catecholamines are oudised to adreno
chrome and noradrenochrome by means of manganese diouide
and are then converted to adrenolutin and noradrenolutin
the presence of alkali and ascorbic acd  Adrenclutin and
noradrenolutin give a strong yellowash green fluorescence m
ultra violet hght and this can be estmated in a sensitne
fluonmeter  Euler and Floding (1955) have descnbed a
similar method 1 which potassium ferncyanide acts as the
oxdising agent instead of manganese dioude  The ongmators
claim that this techmque can measure as httle as 20 ng of
both adrenaline and noradrenaline

Weil Matherbe and Bone (1g952) have described a different
type of test in which the catechals are first oxudised to chromes
and are then allowed to form fluorescent condensation products
with ethylene diamme This method 15 very sensitive and will
detect as little as 6 ng of adrenaline and noradrenaline
(Table XIX) Tt 15, however, relattvely non specific as shown
by the fact that catechol 1tself and various catechol demvatives
are also capable of forming fluorescent compounds

In general 1t may be said that chemical methods are more
convement but less specific than bio assays It 1s probable
however, that i the future improved chemical methods
depending on  fluorimetry wall largely replace biologrcal
assays for the quantitative determination of catecholarmines m

body flmds
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4 Assays of Mixtures of Adrenaline and Noradrenaline

This subject has been reviewed by Gaddum (1950)
Mann and West (1950) Euler (1955) and Gaddum and
Holzbauer (1957) Both biological and chemical methods
can be used to calculate the relative proportions of adrenalne
and noradrenalme m a muxture The technique generally
employed 1s as follows —

Standard solutions of adrenaline and noradrenaline are
compared with the unknown musture by two different methods
one of which 1s particularly sensitrve to adrenaline and the
other to noradrenalme The concentrations of the two
catecholammes 1n the misture can then be determuned by
appropniate mathematical methods

This method of calculation has been apphed to varous
combmations of bio-assays Euler (1948) used the cats
blood pressure and the hens rectal czcum, Bulbring (1949)
the rats uterus and the cats blood pressure Gaddum and
Lembeck (1949) the rats uterus and the rats colon and Burn
etal (1950) the cats blood pressure and mctitating membrane
Results calculated 1n this way are subject to large errors

A similar procedure can be adopted in the case of colon
metne or fluonmetnic methods of assay (Euler and Hamberg
1949 Euler and Floding 1955) Under acid conditions
adrenaline 15 more rapidly oadised than noradrenaline and
an estimate of the relative proportion of the two compounds
can therefore be obtamed by oxidising the muxture for appro
Priate times at two different pHs In the method described
by Weil Malherbe and Bone (1952) the fluorescent light 1s
exposed to filters of different colours Using a yellow filter
the intensity of the fluorescent hght from adrenalme 1s
approximately four times stronger than that from noradrenahne
when a blue green filter 1s employed the intensities are equal

If more accurate esttmations are required the two substances
should be separated by paper chromatographic methods prior
to the final determmation Holzbauer and Vogt (1954) have
found that under these crcumstances a very satisfactory
combination of tests 1s the rats uterus and the rats blood
pressure  Using these methods 1t 1s possible to estmate as
hitle as 0 5 ng of adrenaline and 15 ng of noradrenaline 1n
A mixture
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THE URINARY EXCRETION OF ADRENALINE AND
NORADRENALINE IN NORMAL SUBJECTS

The chinical apphications of the assay of catecholamines m
urme have been mtensively studied by Euler and his
collaborators 1n Stockholm and the present account 15 based
mamly on thewr conclusions These workers punfied thear
extracts by adsorbing the holamines on al
hydroxide  The final determunation was made by bio assay
using the cats blood pressure and the hens rectal czeum
The excretion figures quoted are for the free compounds
According to Euler (1955) the relationship between the free
and total catecholamines n unne 1s rather vamable, but

TabLe XX

URINARY EXCRETION OF FREE ADRENALINE AND
NORADRENALINE 1N HEALTHY SUBJECTS

(After Buler 1955)
Adrenaline Noradrenaline
Condition ug per g per
Twenty four Hours | Twenty four Hours
Staying 1n bed 2t04 10to o
Resting (not 1n bed during day) 3t06 20 t0 40
Moderate activity during day 51to 10 30 to 6o

usually the figures for total catechols are one and a half to three
times higher than those for the free compounds  The difference
can be explained by the presence mn unne extracts of conyugated
forms of adrenaline and noradrenalne (sce p 323) Most
i estigators now becheve that the noradrenahine m unne 1s
dernved mainly from the adrenergic nerves while the adrenaline
comes predommantly from the adrenal medulla

In healthy subjects under phystological conditions the uninars
excretion of adrenaline ranges from 1 5 to 8 pg per twenty
four hours while for noradrenahne the corresponding figures
are 15 to 20 pg per twenty four hours (Euler ef al, 1955 a)
Readings tend to be hgher dunng the day than by mght
Table NS which 15 taken from a recent publication by Euler
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(1955) shows the excretion of adrenaline and noradrenahine in
healthy subjects At different times of the day and under
varymg conditions

In a recent study Elmadpan et al (1956 #) have reported
that m healthy subjects the excretion of both noradrenaline
and adrenaline 1s higher i the waking state than when asleep
These workers state that the percentage mcrease of adrenaline
under these circumstances 1s lugher than that for noradrenaline

FACTORS INFLUENCING THE EXCRETION OF
ADRENALINE AND NORADRENALINE IN HEALTH
AND DISEASE

1 Vascular Reflexes

Euler ¢t al (1955 &) showed that healthy young subjects
excrete much larger quantities of both adrenaline and nor
adrenaline when tited to +75 degrees than when recumbent
It 15 probable that the mncreased excretion of noradrenaline
results from the activation of the homeostatic reflexes which
normally control blood pressure while the mcreased output of
adrenaline probably reflects the moderate degree of stress
mvolved 1n this procedure

2 Postural Hypotension

In this condition the reflex mechanisms normally operating
to mamtam the blood pressure agamst the effect of gravity are
n abeyance or show a greatly decreased sensitivity As 2
result a profound fall 1n blood pressure occurs in the standing
position  In patients with this syndrome Luft and Euler (1953)
found that the unmnary excretion of noradrenaline was con
sxderably below the normal range and that the output of
Adrenaline was also depressed but to a lesser degree  Luft and
Euler (1953) have suggested that in patients with postural
hypotension the vasomotor system 1s unable to produce sufficient
quantities of norad hne to the h 1c reflex
Activity

3 Muscular Work

Euler and Hellner (1952) reported that during strenuous
exeraise the output of both adrenaline and noradrenaline n
urme rose s much as tenfold over control levels In shght or
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moderite musculir work, on the other hand, the 1cdmgs
were generilly withm the norml range or were only shghtly
elevated  On the basis of these observations 1t was concluded
that during heavy muscular exercise both the adrenal medulla
1nd the adrenergic nerses were 1n a state of mereased secretory
actinaty

4 Hypoglycemia

Recent work by Euler and Luft (1952) and by Elmadpan
et al (1956 &) demonstrated that the excrenon of adrenalme
m healthy subjects was ncreased approumately tenfold when
hypoglycemia was produced by the mntrasenous njection of
insulin m a dosage of 0 1 1u per kg body weight Insuln
admumstration did not appreciably affect the output of
poradrenaline m normal subjects In patients with acromegaly
and m two cases of postural hypotension hypoglycemia was
not associated with an mncrease mn the urnmnary excretion of
cither of the catecholamnes (Euler and Luft, 1g52)

5 Surgical Stress

Franksson et al (1954) found that uncomplicated surgical
procedures ¢ g, cholecystectomy, did not cause any marked
change mn the urtnary excretion of adrenaline and noradrenaline
On the other hand the occurrence of any comphcation such
as pain, fear, or delayed wound healmg was usually accom
pamed by a mse m catecholamme excretion Under such
arcumstances excretion values for both adrenalne and
noradrenaline were abnormally lugh

In the cases studied by Franksson ¢t al (1954) assays were
also performed of the plasma concentration of 17 21
dihydroxy 20 keto corticosteroyds  (Porter Silber chromogens)
using the method described by Nelson and Samuels in 1952
(see p 264) There was no obvious parallehsm between the
urmary excretion of catecholamtnes on the one hand and the
plasma levels of corticosterords on the other Not nfrequently
abnormally hgh plasma corticosterord values were associated
with a normal urinaryescretton of 1drenaline and noradrenahine

6 Emotional Stress
Tt has been claimed (Funkenstem et al  1952) that m certtn
types of emotional stress the exerction of catecholamines m
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urne 15 bnormally high  In 1 study on Air Force personnel
Euler and Lundberg (1954) reported that the piloting of aircraft
was generally assocrated with a nse in adrenaline excretion
Noradrenaline was found 1 increased quantities only 1 pilots
undertaking advanced flying  Elmadpan ef af (1956 @) have
recently reported that the psychomotor stress mvolved m
operating a purswit meter caused an increased urinary output
of both adrenahne and noradreniline 1n healthy subjects

7 Adrenalectomy

Euleret al (1954 a) found that after unmilateral adrenalectomy
Iittle change m catecholamme excretion occurred  After
bilateral adrenalectomy the excretion of adrenaline fell markedly
to approximately one fifth of the normat level whule the output
of noradrenalme was virtually unchanged It 15 probable that
the small quantities of adrenahne present 1n urine after bilateral
adrenalectomy are derned from chromaffin cells present n
vanous organs

8 Admumstration of various Hormones and Drugs

At the time of writing little rehiable information 1s available
on this subject In a patient with rheumatoid arthntis Euler
and Luft (1949) showed that ACTH caused a marked fall m
the output of noradrenaline but had no effect on the adrenahne
excretion  This finding was confirmed by Elmadjan et al
(1956 3) m a study mvolving four healthy subjects Cortisone
m 2 dosage of 200 mg per day produced a decrease in the
quantity of noradrenaline excreted and a shght nse in the
output of adrenalme (Luft and Euler 1952) The effect of
msulm has been discussed above

Quantitative determmations of the excreton of adrenaline
and noradrenalne m unne have been made after the mtra
venous ad ration of these comg ds to healthy subjects
(Euler and Luft 1951 Euler and Zetterstrom, 1955) It has
generally been found that 1 to 4 per cent of the admimstered
adrenaline and noradrenalme 15 recovered in the urine

Elmadpan et ol (1956 a) have recently reported that the
parasympathomumetic drug 1cetyl 8 methyl choline (mechohn)
causes a shght increase m the excretion of noradreniline but
does not affect the adrenaline content of unine
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THE URINARY EXCRETION OF ADRENALINE AND
NORADRENALINE IN PATHOLOGICAL CONDITIONS

1 Essential Hypertension

In a recent study of 500 patients with this disease Euler
et al (1954 b) found that the excretion of noradrenahne was
within normal hrmuts 1n 84 per cent of cases and was somewhat
tlevated m only 16 per cent These workers concluded that
there was no defimte evidence for 1n ncrensed production of
noridrenalme in the great majority of pattents with essenbal
hypertenston A simlar conclusion was reached by Burn
(1953) and by West (1954) 1 a smaller series of cases  Euler
et al (1954 b) were unable to demonstrate any alteration 1n the
excretion of adrenaline 1n patients with essential hypertension

2 Coronary Thrombosis

Increased excretion values for noradrenaline n acute cases
of coronary thrombosis have been reported by Forssman e al
(1952) These workers found abnormally high levels i mne
out of fifteen patients studied Forssman ¢f al (1952) and
Nuzam and Bischoff (1953) showed that 1n a proportion of
cases the excretion of adrenaline 1n urne was also rused

3 Phmzochromocytoma

Thus tumour which 1s also called « chromaffinoma 15 “ssociated
with hyperfunction of the adrenal medullr and with 1 greatly
mcreased excretion of catecholamines n unne  Such tumours
generally arise n the adrenal medulla itself but i approvimately
10 per cent of cases they are found in the collections of
chromaffin tissue situated along the abdomunal aorta 1s far
down as 1ts bifurcation  The clinical features pathology and
differential diagnosis of phieochromocytoma h1ve been recently
reviewed by Goldenberg (1951) Camll (1953) Rosenhemn
(1954) and others Chromaffin tumours account for less than
1 per cent of all cases of arterral hypertension 1n man They
are however, of importance because they produce 1 form of
hypertension which can be cured by surgery

Numerous mvestigators have shown that m patients with
phizochromocytoma the urinary excretion of catecholammes 15
markedly mereased (Engel and Euler 1950, Pekbannen and
Pithanen, 1955, West and Taylor 1955, Luler, 1955) In
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some cases the noradrenahine output has reached levels of
3,000 pg per twenty four hours while urnary adrenalne
readings of over 750 pg per twenty four hours have been
reported  Euler (rg55) has found that mn a proportion of
patients, the noradrenaline content of unne 1s so high that the
unne need not be extracted and can be tested directly on the
cats blood pressure

The relative proportions of adrenaline and noradrenaline
m urine may sometimes be of value m determuning the site of
the leston {Euler, 1955) When the output of noradrenaline 1s
very high and the excretion of adrenahme relauvely normnl
the tumour tends to anse from the chromaffin tissue along the
abdomunal aorta On the other hand 2 tumour amsing n
the adrenal medulla itself tends to cause a greatly increased
unnary excretion of both catecholamines

EstiMaTions v Broop anp mv Tusour Tissue —Lund and
Moller (1951) and Euler ¢ af (1953) demonstrated that the
blood concentration of catecholammes m patients with
phxochromocytoma 15 markedly elevated Lund and Motler
reported blood concentrations of noradrenahne of 2 1 to 2 4 ug
Per 100 mt while Euler ef al (1953) found levels between g 4
and 38 pg per 100 ml  In normal mdividuals the blood
concentration of noradrenaline 1s generally less than o 2 pg
per 100 m}

The ¢ ation of catechol 1n pheoct
has been studied by-—among others—Holton (1949) and West
(1955)  According to Holton (1949) such tumours contain
relatively large quantities of noradrenahine and comparatmvely
small amounts of adrenaline The total amounts of the two
catecholamines have been estmated as 5 to 15 mg per g
temour tissue whereas normal adrenal tissue contains approxt
mately 1 mg per g of these substances The percentage of
noradrenaling i phzochrome tumours has vaned from 15 to
97 per cent (West, 1955)

Summary AND CONCLUSIONs

Adrenahne and noradrenaline can be d m body
flwds exther by biological or by chemical methods Itis probable
that m the future improved chemical methods depending
on fluorimetry will largely replace bio assay techmques
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THE URINARY EXCRETION OF ADRENALINE AND
NORADRENALINE IN PATHOLOGICAL CONDITIONS

1 Essential Hypertension

In a recent study of 500 patients with this disease Euler
et al (1954 b) found that the excretion of noradrenaline was
within normal humts in 84 per cent of cases and was somewhat
clevated 1n only 16 per cent These workers concluded that
there was no definite evidence for an increased production of
noradrenaline 1n the great majornty of patients with essential
hypertension A similar conclusion was reached by Burn
(1953) and by West (1954) 1n a smaller senes of cases  Euler
et al (1954 b) were unable to demonstrate any alteration in the
cxcretion of adrenaline in patients with essential hypertenston

2 Coronary Thrombosis

Increased excretion values for noradrenaline mn acute cases
of coronary thrombosis have been reported by Forssman et al
(1952) These workers found abnormally high levels m nune
out of fifteen patients studied Forssman ef al (1952) and
Nuzum and Bischoff (1953) showed that i a proportion of
cases the excretion of adrenaline 1n urine was also rused

3 Phzochromocytoma

This tumour which 1s also called 1 chromaffinoma 15 ssociated
with hyperfunction of the adrenal medullh and with a greatly
mcreased excretion of catecholamines 1n urnine  Such tumours
generally arise in the adrenal medulla itself but 1 approximately
10 per cent of cases they are found in the collections of
chromaffin tissue situated along the abdomunal aorta 2s far
down as 1ts bifurcation  The climcal features pathology and
differential diagnosis of phzochromocytomn have been recently
reviewed by Goldenberg (1g51) Camll (1953), Rosenheim
(1954) and others Chromaffin tumours account for less than
1 per cent of all cases of artennal hypertension 1n man They
are, however, of mmportance because they produce 1 form of
hypertension which can be cured by surgery

Numerous 1nvestigators have shown that m patients with
phzochromocytoma the urmary excretion of catecholamnes 1
markedly mncreased (Engel and Euler, 1950, Pekkarinen and
Pitkanen, 19,5, West and Taylor 1955, Culer, 1955) In
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Extracts contuning catecholumunes should be punfied by
chromatographic methods  Techniques involving either column
or paper chromatography are suitable for this purpose

1t 15 generally beheved that the man source of the nor
ndrenaline found 1n urine 1s the ndrenergic nerves  Adrenaline
1s produced mamly by the adrenal medulla

In normal subjects the concentration of catecholamines i
blood 15 very low and ther presence cannot be detected by
custing methods The urinary excretion of both adrenaline
and noradrenaline 1s usually increased by heavy musculwr
work, by emotional stress and by surgical procedures in which
complications supervene The production of hypoglycemin
ncreases the output of adrenahne but does not affect the
excretion of noradrenaline

In patients with essential hypertension the urinary excretion
of catecholamines 1n urmne 1s generally within the normal
ringe In cases of phwxochromocytoma markedly raised
excretion values are encountered and this finding 1s of chinieal
importance 1n the diagnosis of pattents with this type of tumour
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mternational standard was established 1n 1936 by the Health
Orgamsation of the League of Nations  The mternational unt
was defined as the amount of activity present in 7 mg of this
Preparation

METHODS OF ASSAY OF INSULIN

Until now only biological methods of assay have proved
satisfactory for the estmation of msuln  Vanous chemcal
procedures have been proposed from time to time but these
have been found to be relatively non specific

The two bio assays which have been most widely used for
comparing the relatne potency of samples of msulm have been
those depending on the ability of the hormone to produce
convulsions m muce and to cause hypoglycema i rabbits
Unfortunately neither of these procedures 1s sufficiently sensitrve
to detect the very small quantittes of msulin present i body
fluds and for this reason the techmques will not be discussed
m this chapter For detals regardmg the selecton and
preparation of the ammals and the design and performance
of these tests the reader ts referred to articles by Marks and
Pak (1936) Hemmungsen (1939) Fieller (1940) Burn et of
(1950} and Smuth (1g50)

Within recent years more sensitne assay methods for
msulin have been developed and by use of such techmgues
attempts have been made to measure the concentration of the
hormone i blood m health and disease  Consideration will
be grven to the following three methods the first two of which
resemble one another very closely —

1 The test depending on the fall m blood sugar in adreno-
demedullated  alloxan diabetic  hypophysectomised
rats {Anderson ef al 1947) The ongmators of this
test refer to amimals prepared m this way as ADH
rats

2 The test depending on the fall m blood sugar m alloxan
diab hypophy ed adrenal d rats
{Bornstem 1950) ‘These animals have been termed

ADHA rits

3 The test depending on the mcrease mn glucose uptake by
the wolated rat diaphrgm (Groen et al 1952
Randle 1954 2 5)




CHAPTER XIV
Insulin

INTRODUCTION

THIS 15 the hormone which 1s secreted by the islet ussue
of the pancreas  In 1889 Mering and Minkowsk: showed

that the pancreas played an important role in carbohydrate
metabolism, but 1t was not until 1922 that Banting and Best
succeeded 1n prepanmg a pancreatic extract which was capable
of reheving the symp of dal Iitus m man and
ammals  The term msulin was given to the active principle
present in pancreatic extracts

1 Chemical Nature of Insulm

This subject has been recently investigated by Sanger and
his colleagues m Cambridge and by Crug and his associates
mn the United States (Sanger, 1949 o, 6, Craig et al, 1950,
Harfenust and Craig 1952, Ryle ef af, 1955) Ox msulmn 15
a protem with a molecular weight of approximately 6 ooo
The molecule 13 composed of two polypeptide chamns jomed
together by the disulphide bridges of three cystine residues
The sequence of the amino acids 1 the two polypeptide chams
has now been determned for ox, sheep and pig msuhns (Ryle
et al, 1955, Brown et al, 1955)

Some years ago msulin was ssolated mn crystaline form
According to Cohn ef al (1941) the zinc content of mnsulm
vares from 03 to 06 per cent, depending on the pH of
crystallisation  Insuhn has a high sulphur content mamly n
the form of cystne The hormone 1s soluble n water 1t 1s
rapudly destroyed by pepsin and trypsin

2 The International Standard for Insulin
The standardisanion of msulin has been studied 1n great
detail  Accurate standardisation of the hormone 15 of great
mportance m the treatment of dabetic patients The present
anf
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imter 1 dard was bhshed m 1936 by the Health
Organsation of the League of Nations  The mternational umt
was defined as the amount of activity present m 3~ mg of this
preparation

METHODS OF ASSAY OF INSULIN

Unul now only hiological methods of assay have proved
satisfactory for the eshmaton of msuln  Vanous chemucal
procedures have been proposed from time to time but these
have been found to be relatiyely non specific

The two bio assays which have been most wadely used for
comparmg the relative potency of samples of msulin have been
those depending on the abihity of the hormone to produce
convulsions 1n mice and to cause hypoglycemua m rabbits
Unfortunately neither of these procedures 1s sufficiently sensitive
to detect the very small quantities of 1sulin present in body
flurds and for this reason the techruques wall not be discussed
m this chapter For details regarding the selection and
preparation of the animals and the design and performance
of these tests the reader 1s referred to articles by Marks and
Pak (1936) Hemmingsen (193g) Fueller (1940} Burn et al
(1950) and Smuth (rg50}

Within recent years more sensitive assay methods for
msulin have been developed and by use of such techmques
attempts have been made to measure the concentration of the
hormone 1n blood 1n health and disease Consideration will
be given to the following three methods the first two of which
resemble one another very closely —

1 The test dependmg on the fall m blood sugar m adreno
demedullated  alloxan diabetic  hypophysectomsed
rats (Anderson ef al 1947} The ongmators of this
test refer to ammals prepared n this way as ADH
rats

2 The test depending on the fall 1n blood sugar m alloxan
diabetic  hypophysectormsed adrenalectomised rats
{Bornstem 1950} These ammals have been termed

ADHA rats

3 The test depending on the increase in gluecose uptake by
the 1solated rat daphrigm (Groen et al  1gy2
Randle 1954 2 b)
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1 Tests in *ADH’ Rats

In the method described by Anderson et al (1947) adrenal
demedullation was performed just after weaning When the
ammals had reached a body weight of from 225 to 250 g they
were rendered diabetic by the ntraperitoneal admmstration
of alloxan The diabetes was controlled by protamme zinc
msulin  Hypophysectomy was performed when the weight of
the amtmals had returned to the pre diabetic level In test
ammals so prepared a dose of as little as o 125 mullumts of
msulm produced a sigmficant fall in blood sugar Over a
relatively wide dosage range there was a linear relationship
between the logarithm of the dose of msulin and the effect on
blood sugar Anderson and Long (1948} have used this
techmque to study the effects of growth hormone, thyroune
and adrenocortical hormones on the blood 1nsulin concentration
In rats

2 Tests in * ADHA’ Rats

The method of Bornstemn (1950) 15 a modification of that
of Anderson ef al (1947) Adult rats were made diabetic by
the intravenous mjection of alloxan, subsequently they werc
subjected first to hypophysectomy and then to bilateral
adrenalectomy The end pomt of the test again depended on
the reduction m blood sugar Bornsten (1g50) has claimed
that the techmque will detect 005 milhumts of msulin
Bornstem and Lawrence (1951 a4, b) have used thus assay
method to measure the blood msulin concentration m drabetics
Therr results will be discussed later 1 this chapter

It must be emphasised that tests m ADHA  rats present
numerous techmecal problems Such ammals are difficult to
prepare and difficult to mamtan  Vanous workers including
Best (1953) and Peden (1955) have been unable to usc them
for the quantitatne determmation of msulin 1n blood Randle
(1955) consders that assays conducted m  ADH and
ADHA rats are not completely speaific for msuln and
probably do not give a true esimate of the mnsulin content of
blood plasma
3 Rat Diaphragm Test

This method was described by Grocen ef al (1952) wnd was
applied to climcal problems m man by 1ts ongmtors and by
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Randle (1954 @, &, 1955) The technique depends on the
fact that the glucose uptake of the 1solated diaphragm of the
normal rat 1s mcreased when msulin 1s added to the fluid in
which the diaphragm s suspended

The advantages and hmitations of the rat diaphragm assay
have been carefully studied by Randle (1955) This worker
found that the method could detect as little as o 125 mulliunits
of msulm  Over a range of msulm concentration of o 125 to
32 milbumts per mulliitre there was a lhnear relationship
between the glucose uptake of the diaphragm and the log
concentration of msulin added 2 2téro to the incubation medium
The method was shown to have a moderate degree of precision
as mdicated by a mean figure for A of 0 36 Randle (1955)
has wisely emphasised that the test when applied to blood
15 not entirely specific for msulin It 1s probable that plasma
contains substances other than msulin which affect the glucose
uptake of the 1solated rat draphragm and that the final estimate
obtamned 1s a resultant of these vartous mteracting factors
Accordingly Randle (1955) and Randle and Young (1956)
have suggested that the method determmes plasma insulin
actvity rather than plasma msulm 1tself

INSULIN ASSAYS IN HUMAN BLOOD IN HEALTH
AND DISEASE

Insubn activity has not yet been detected 1 human urine
The few assays which have so far been reported i patients
have been conducted on untreated serum or plasma

1 Normal Subjects

Very httle mformation 1s at present available 1n the hterature
regarding the blood concentration of msulin 1n normal mdi
viduals ~ Groen ef of (1952) usmng the rat diaphragm test,
detected msuln activity n the serum of a small number of
normal subjects Unfortunately, however these workers did
Dot express therr results on a quantitatine basis  In a more
comprehensive study with the same assay method Randle
(1955) found that the wmsulin actvity of normal plasma ranged
from 8 3 to 15 8 millumts per milkhtre and that the mean
figure was 11 5 mlbumts per mallilitre
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2 Disease States

{a) DiaseTEs MeLritus —Bornstein and Lawrence {1951
a, b) bave used the assay method dependmng on the fall s
blood sugar m ADHA  rats to ivestigate the plasma msulin
levels m diabetics These workers have clammed that such
assays can be used to divide diabetics mto two groups and that
this classification may be mmportant from the pomt of view of
therapy of the disease

The first group consists predommantly of young drabetics
mn whom the disease 15 relatrvely severe Such indmaduals
generally show marked hyperglycemia, appreciable ketosis
and rapid weight loss, they require msulin 1n order to survne
Bornstein and Lawrence (1951 ) conducted plasma nsulin
assays m fifteen patients of this type and were unable to
demonstrate any actnity by the method used

The second group consists mamnly of middle aged obese
female subjects In such pattents ketoss 1s usually absent and
weight loss does not occur, the diabeuc state 15 easiy con
trolled by dietetic means and msulm 15 generally not required
In thirteen panents sn this group studied by Bornstem and
Lawrence (1g51 4) wsulin activity was demonstrated mn the
plasma in all cases

The findings of Bornstemn and Lawrence ire obviously of
mterest m relation to the atiology and therapy of diabetes
mellitus 1n man  Final confirmation of therr damms will only
be possible when more relitble assay methods for blood msulin
become available

(b) HyPERINSULINIM ~At the time of wriung there 13
itttle or no mformauon on blood 1nsulin levels i patients with
this disease  In one case of hypermsulinism reported by Groen
et ol (1952) the serum msulin actnaty as measured by the rat
diaphragm test, was abnormajly high This pauent was
subsequently found to have an 1slet cell tumour of the pancreas

(¢) AcroMEGALY AND Grganmisy —Randle (1954 @ 1955),
using the rat diaphragm method found that the plasma msulin
activity of patients with acromegaly and gigantsm was signifi
cantly greater than that of normal subjecis  In both conditions
a reduction m plasma wnsulin levels was noted after pituitary
sradiation  Three patents with acromegaly and diabetes
showed levels above the normal range

(d) Hyporrurrarisy —In seven cases of this  disease
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studied by Randle (1954 & 1955) the nsulin actiity of plasma
was significantly lower than that 1 normal subjects

ACROMEGALY | GIGANTISM NORMAL HYPOPITUITARISM

mm -]

P plesm
8
—_——
—
-
wond pur v B i g A Y w3

Fic 66

The nsulin actiity of plasma from normal subjects from acromegalic patients
and from cases of hypopituitarsm  The assay method depended on the glucose
uptake of the 1solated rat d aphragm  (From Randle 1955 )

Fig 66 which 15 taken from a paper by Randle (1955)
shows the plasma msulin actmaty m normal subjects and 1n
Yanous pathological conditions

Sumvary anp CoNCLUSIONS

Insubm assays 1n blood have been conducted by the rat
dlaphragm test and by methods depending on the fall 1n blood
Sugarin ADH and ADHA rats None of the methods so
far described 15 suitable for routine use n the chincal field

It has been claimed that plasma insubin 1ssays may be of
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vilue m the classfi on of p with diab melhus
Proof of this mterestmg suggestion must await the development
of more rehable assay methods
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