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PREFACE

The chemical messengers howerer or hormones (from oppac I
excile or arouse) as we might call them E H Srarine
MD FRCP FRS The Croonian Lectures 1905

In the forty sic years since they were so named by Starling the
number of substances now recogmsed as hormones has mcreased con
siderably and the available information 1s far too extensive to be in
cluded 1n one volume In selecting the materal for this book the aim
has been to provide pharmacists medical practitioners and students
with an account of those hormones and endocrine glands which have
well defined pharmacological effects and therapeutic applications to
gether with information on closely related substances such as the
artificial hormones and antihormones 1t 1s for ths reason that the
pincal and thymus glands and a number of hormones including secre
fin have been omitted It should be noted that the term artificial
hormone 15 preferred to i hormone for d g those sub
stances with hormonal actiity which are produced solely m the
laboratory since many naturah)nccurnng hormones can now be com
pletely synthesised Many oniginal papers are quoted in the text
references to which are give at the end of each chapter These together
with an extensive bibliography should be of value to laboratory workers
and others who may wish to obtain further details of particular aspects
of the subject

Beginming with an historical account of the development of the
saience of endocrinology from early work with gland extracts to the
1solation and synthesis of acuve principles the book continues with an
account of the physiology of the glands 1 which the normal function
and the effects of dysfunction of each gland are descnibed and the
importance and limitations of replacement therapy outlined

The chenmustry of the hormones may conventently be divided mnto
two sections Those hormones having a steroxd nucleus form a group of
closely related and well defined substances whereas the non steroid
hormones are chermically of a hetcrogeneous nature having a varzety
of structures Such an arrangement has been adopted tn this book In
addition the chapter on the chemustry of the sterord hormones opens
with a bref account of the general chemustry of steroids to serve as a
basis for explaiming the more detailed chemustry of the hormones
themselves It 2lso includes an account of the artificial hormones since
these are related chemucally or physiologically to certamn of the steroid
hormones

As more and more hormones are isolated and characterised so bio
logtcal methods of assay tend to be replaced by chemcal methods
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Nevertheless there are sull many hormones which are assayed biologi
cally and 1n the chapter on standardisation there 1s a full account of the
prmaples underlying the application of brological methods and des
criptions of the more important assays together with an explanation of
the various units which are or have been used to express actvaty
The chapter on action and uses deals with the pharmacology and
therapeutics of the glands and their hormones and of the artificial
hormones and antthormones It mdicates the various forms in which
the substances are admimstered and also describes the method of
admimstration by implantation Preparitions referred to in this chapter
(are described more fully in the next wiuch deals with the pharmacy of
hormones and related substances and their preparations Methods and
formule 1re gnen for a variety of pr luding
soluttons creams and supp 1es Methods of stertlisation
conditions for storage and the regurrements of the Therapeutic Sub
stances Act 1925 and Regulations made thereunder and of the
- Pharmacy and Potsons Act 1933 1n so far as they 1pply to glands and
hormones are also described The final chapter gunes details of the
commercial forms of many of the preparations referred to 1n other parts
of the book 2nd the names 1nd addresses of the manufacturers
The abbreviations used for weights and measures are 1n accordance
with those of the British Pharmacopeeia 1948 and temperatures are
expressed 1n degrees centigrade
‘The Council of the Pharmaceutical Society 1s indebted to the follow
ing contributors for preparing the chapters mdicated H E Dale
(Physiology and Action and Uses) G W Emmens DSc PhD
(Standardisation) D H Hey DSc PhD FRIC (Chemustry) and
T D Whittet Ph C D B A (Pharmacy) ItisalsoindebtedtoP M F
Bishop DM J F Willkison MD FRCP and P R Evans
FRCP MD for chnical photographs and advice and to the chief
pharmacists of many hospitals for certatn pharmaceutical formulz
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INTRODUCTION

FOR many centuries glands have been known to anatomists but 1t
1s onlv within comparatively recent tumes that they have been recog
nised as organs which have the property of secreting chermieal substan
ces of great biological importance Those which secrete directly 1nto the
blood stream are known as ductless glands endocrine glands or organs
of internal secretion and the substances which they secrete are called
hormones The mmportance of these organs began to be appreniated
about the middle of the last centurv when 1t was found that destruction
of the adrenal glands had far reaching effects 1n remote parts of the
body Endocrinology 15 the branch of saence which deals wath the func
tions and nature of these organs 1nd thewr secretions The chemienl
constitution of some hormones 1s known and many have been syn
thesised n the lat other ble proteins and their
exact chemical constitution 15 not vet known

It 15 charactenstic of the hormones that only minute quantities are
required to produce profound physiological reactions in the body The
hormone of the adrenal medulla known as adrenaline 15 highly active
when present 1n the blood 1n a cancentration of les than one part in
one hundred mulhion All the endocrine glands are characterised by
having a plenufu) supply of blood which can carry the hormones
rapidly to all parts of the body The main endocrine organs and therr
posttion 1 the human body are shown diagrammatically in the
frontisprece The hormones associated with each gland are listed 1n
Table I

The Ductless Clands The thyroid 1s found in all vertebrate
ammals In man 1t takes the form of a pair of lobes situated on each side
of the trachea at the base of the neck with a connecung band of ussue
known as the 1sthmus In the adult the gland weighs about twenty five
grammes and 1ts structure const ts of a large number of vesicles lined
with secreting cells and filled with a Jelly hike collad In conditions of
over activity the P ! fund 1
change The hormone of the thyroud 1s the amino acd thyroxune
3 5-duodotyrosine 1s also found m the gland but this 1s regarded as a
p mtheb of the Both p ds have been
synthesised The secretions of the thyrotd gland have a marked effect on
the basal metabolic rate Excessive activity of the gland speeds up a1l
the wital processes causes acute nervous tension and may result n

hthalmic goitre A defi of the | 1n the adult results 1n
the condition known as myxcedema which 1s charactensed by a stug
gish temperament and appearance and in children a congemtal lack of
the hormone results 1n cretimism

The parathyroids are small yellowssh red organs which generally
occur in pairs They vary 1n size number and posmion but in man
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2 HORMONES

they are usually found on the 1nner side and towards the bach of each
lobe of the thyroid gland The hormone appears to be a protem but
little 1s known about its constitution Its main functton 1s to control the
metabolism of calcium and 1norgante phosphates

Tasre T
ENDOCRINE GLANDS AND THEIR HORMONES

Gland Ho mones
Thyrod Thyrovine
Parathyroid A protein (ot yet identified)
Pancreas
Tslets of Langerhans Insulin
Piturtas
Antenor Lobe Growth Hormone

Gonadotrophic Hormones
(1) Follicle simulating hormene
(2) Luten ing hormone
(3) Luteotrophic hormone (Lactogen ¢
ormone)
‘Thyrotroph ¢ Hormone
Adrenocorticatropbic Hormone
Pasterior Lobe Oxytacic Factor
Pr ssor Factor

Adrenal
Medulla

Adrenahne
Noradrenaline
Cortex Numerous stero d ketones
€5 corticosteronc cortisone
deoxy cortone
Gonads
O anes « (Estrad ol
Corpus Luteumn Frogesterone
Testes Testosteronc

The parts of the pancreas known as the islets of Langerhans are
responsible for the secretion of the protein msulin which regulates the
asstrulation of sugars and controls the concentration of glucose in the
blood The remainder of the pancreas produces enzymes which when
ntroduced 1nto the hmentiry trict break down proteins carbo
hydrates and fats the slets of Langerhans are interspersed 1 the
glandular tissue which produces these enzymes Much work has been
carried out on the chemstry of insulin and the size of the molecule and
the nature 1nd number of the amino-acids of which 1t 1s composed are
now known with a fair degree of certunty although the order in which
the several different amino-2crds 2re jomned together 1n 1nsulin 1s not
completely known

The pitwtary gland 1s composed of two distinct pirts known as the
antenor and posteror Iobes exch lobe anises from different embryomc
ussues In man 1t s situated in the centre of the head at the base of the
bran The whole ghind 1s 1bout the size of an acorn ind usually weighs
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rather less than one gramme The anterior lobe 1s the source of 1 number
of hormones which have far reaching effects on the functions of other
glands especially the gonads It has been asserted that the antenor lobe
controls the acuvity of the whole endocrme system and may thus be
regarded as the master gland Among the acttve principles ansing
from the anterior lobe are 4 growth promoting hormone a thyroid
¢l 1 dotrophic and a 1 hor
mone The function of the posterior lobe 1s less clear but 1t appears to
secrete two hormones which contract the uterus and intestines respec
trvely Little 1s known of the chemucal nature of these substances

The adrenal glands or suprarenals are two 1n number In man they
weigh 2bout four grammes each and are placed above and 1n front of
the kidneys Each gland consists of two parts the medulla and the
cortex The medulla which 1s the central portion produces the hor
mones adrenalme and noradrepaline which are basic denvatives of
catechol Adrenaline was the first hormone to be 1solated 1n pure form
and both adrenaline and noradrenaline have been synthesised by
several methods Adrenaline which serves to mobihise the resources of
the body to meet an emergency causes acceleration of the heart beat
retardaticn of the digestive processes and liberation of the carbo
hydrate reserve The cortex produces a large number of steroxd hor
mones ncluding cort) dehyd deoxycortone
cortisone adrenosterone and many others Many of these have been
synthesised from sterols or bile acids In additton small quantities of
some of the sex hormones are found in the cortex Certamn of the
hormones of the adrenal cortex are essential to hfe

The gonads are the glands chiefly concerned with the secretion of the
sex hormones In the female they consist of the ovaries 1n the male the
testes The cells of the ovanes and testes are responsible for secreting
their hormones 1nto the blood at a very early stage in human develop
ment and this results 1n the development of female or male charac
tenstics During childhood further sexual differentiation 1s to a large
extent arrested to be resumed with greater effect at puberty until full
matunity has been reached usually 1n the early twenties The ovanes of
the adult woman are a parr of egg shaped orginy situated below the
falloptan tubes 1n the upper segment of the pelvis At approxumately
monthly intervals from puberty to the menopause an ovum 1s dis
charged from uts follcle 1n the ovary This ruptured follicle then be
comes filled with luteal cells contamning a yellow fatty substance and
finally a new small discrete organ known as the corpus luteum projects
from the surface of the ovary The ovanes produce the female or
follicular hormone known as o —cestradiol which 1s classified as an
cestrogen  while the corpus luteum produces a second hormone
progesterone  Both hormones are steroid 1n character and have been
synthesised from sterols in the laboratory Other closely related sub
stances such as cestrone cestriol and pregnanediol are found 1n human
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female urme especially during pregnancy These are the forms 1n
which the hormones are excreted The testes of the adult man are
parred ovoid organs of about the size of a small hens egg and are
contained 1n an extenston of the body cavity known as the scrotum
The hormone of the testes 15 testosterone a sterod of known eonstitution
which can be prepared from cholesterol This hormone 1s termed an
androgen and other androgens such as androsterone and dehydrouso
androsterone which are the metabolic products of testosterone to which
they are closely related chemucally have been 1solated from male urine

The endocrine glands do not 1n general funcuen 1 1solaton and
ndependently of each other and different glands may affect biological
processes in different ways Whereas the thyrod hormone stimulates
the oxidation of sugars adrenaline hiberates sugar from the liver and
tnsulin controls the asstmilation of sugars from the blood The different
hormones may therefore esther antagonise or reinforce the action of
cach other Of even greater importance are the more direct influences
which the secretions of one gland have on the functions of others and
this 1s best 1llustrated by the powerful and fundamental effects through
out the whole endocrine system which can be traced to the antenor
lobe of the piturtary



CHAPTER T
HISTORY

THE ongin of endocrinology can be traced back to the earhest times
when man attnibuted special virtues to the internal organs obtuned
from slain enemies or ammals but modern interest 1n hormones 1s often
said to date from the sensational experiments of Brown Sequard report
ed before the Societe de Biologie 1n Pans i 1889 At the age of seventy
two he treated himself for declimng vigour with myections of aqueaus
extracts of the testes of dogs and gumea pigs but the heneficial results
which he claimed can be attributed only to over enthusiasm and auto
suggestion Many years carher in 1849 Berthold had carned out
experiments on the castration of male chicks which resulted m the
development of capons large sexless bards without comb wattles spurs
and other accoutrements of avian masculinity  furthery when testes were
transplanted under the skin of the capons the masculine charactenstics
developed Although the analogy between the testes and the ovaries
was recogmsed by early anatormists the changes which result from the
removal of the ovaries were discovered much later than those resulting
from the removal of the testes and 1t was not unul towards the end of
the nineteenth century that 1t was also found that the transplantation
of ovanies into castrated arimals resulted in the temporary reversal of
the changes broug ht about by castrauon The falure of attempts to
treat male deficiencies and more particularly to effect rejuvenation
by means of the oral admimstration of dried gland tissue or by means
of the parenteral administration of aqueous extracts led naturally to the
expeniments on the grafung of amimal testicles by Voronoff and
inditectly to the device of the hgation of the vas deferens by Steinach
but both ventures 1n spite of early claims were dootned to failure as a
salution to the many sided problem of senescence Both the grafung of
testicular tissue and the tying of the vas deferens were designed to
ncrease the conrentration of the male hormone

Adrenals  [he first insight into the functions of the adrenal gfands
was provided by Addison who m 1849 showed that their destruction
led to the disease which now bears hus name This disease which 1s
characterised by vomiting bronzing of the shin and muscular weak
ness can now be treated successfully by administration of one of the
hormones found 1 the adrenal cortex Active chemical work on the
nature of the compounds present 1n the cortex followed much later and
dates from about 1930 Already some twenty eight different steroids
have been 1solated 1nd 1dentified from this source mainly 1n the labo
ratories of Rewchstein 1n Switzerland and of hendall and Winter
stemer m Amenica  Among these s cortisone the successful use of
which m the treatment of rheumatic diseases was first reported by

5
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Hench and kendall in 1949 The first observations on the functions of
the adrenal medulla are usually atiributed to Ohver and Schafer who

tn 1894 obscrved the effects on man of extracts of the adrenal glands
which among other reactions cause an increase 1n blood pressure In
1901 the acuve principle adrenaline was 1solated 10 pure form and
three years later 1t was the first hormone to yield to synthesis 1 the
Iaboratory The occurrence of noradrenalne 1n the medulla was
reported n 1949

Thyroid In 1856 Schiff found that dogs and guinea pigs could
not survive the removal of their thyroid glands and that the antmals
could be saved by transplanting the glands +t any point under the skin
The fact that excessive thyroid secretion might be the cause of exoph
thalmic goitre w1s first suggested by Rehm n 1884 These obserations
not only established the importance of the gland but also led to the
successful use of gland extracts 1n the treatment of thyroid deficiency
as revealed 1n crenmsm and myxcedema The isolation of the active
prinaple i pure form was not richieved until 1919 eight years Inter
the synthests of thyroxine w1s reported by Harington and Barger

Pancreas The recognition of some connection between sweet
urine and the pancreas dates back to the early years of surgery but the
cruse of diabetes mellitus remained enveloped i mystery until 1889
when von Mchrng and Minkowsk: observed that the removal of the
pancreas from dogs resulted 1n the production of unine very rich n
sugars The dogs became weak and finilly died after having shown all
the symptoms associated with dirbetes mellitus In this way the func
uon of the pancreas became associated with diabetes mellitus and this
suggestton was confirmed when 1t was observed that the pancreas of
human patients who had died as a result of diabetes mellitus showed
signs of damaged cells Many attempts were made to isolate from the
prncreas an 1ctive principle which could be administered to diabetic
ptients but success did not come unul 1919 when Banting showed that
the active prinaiple to which the name msulin was given was sensittve
o and destroyed by the trypsin 1n the pancreatc juice By tyng the
pancreatic ducts in dogs and allowing a period of ime for the deenera
won of the cusuny, trypsin Bantng and Best were able to prepare for

the first tme extracts which could relieve ditbetes mellitus when
il b )} and 1t was m 1922 that the

J
first human patient was treated successfully with insuhin

Parathyroids In the decade which folloned the discovery of
(nsulin attention was disected to the 1solation of the actne principles of
many other tlands and Collip 2nd Hanson solated from the para
thyroid glands 1 potent extract which was shown to hne the property
of prev enting tetanic cons ilsions and ofcontrolling calcium metabohsnt
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Pituitary At about the same ume mmportant developments tn
connection with the pituitary gland were reported by Evans and Long
From the anterior fobe they 1solated an extract which when injected
subcutaneously into rats caused rapid and abrormal growth and
brought ibout fundamental changes in sex development It was later
demonstrated by Smith that normal growth was resumed when crude
antertor lobe extracts were admmstered to dwarfed hypophysec
tommised rats The relation between the prturtary and sex matunty was
confirmed when Aschheym and Zondek showed that a symlar active
prinaple the gonadotrophic factor way present in human pregnancy
urine an observation which Iater led to the development of the
Aschheim Zondek test for pregnancy A new source of gonadotrophic
hormones was discovered by Cole and Hart 1n 1930 1n the blood serum
of pregnant mares The exact number of active principles associated
with the gonadotrophic factor 1s uncertain but at least two dafferent
hormones are usually recognised namely the follicle sumulaung hor
mone and the luteimising hormone A relauon between the prtuitary
and thyroid glands was first suggested by Rogowitsch in 1888 and
confirmed by later workers Fyvidence was also obtained of the exstence
of an adrenocorticotrophic subs and of 2 ¥ or |
hormone (prolacuni The anterior Jobe of the piuttary thus affords a
considerable varsety of factors all of which appear to be proteins The

pl p of the duffe factors from each other 13 2 problem
beset with great practical difficulties which are further complicated by
a lack of precisc knowledge of the extent to which acuvity 15 due to a
speatfic hormone or to a combination of hormones The relation
between the postenor lobe of the pituttary and diabetes msipidus was
recogmsed by Vassale and Sacchs 1n 1893 and 1n 1906 Dale observed
that an extract of the posterior lobe could cause contraction of the
muscle of the uterus

Gonads  The remarkable advances which have been made in our
knowledge of the sex hormones which with the hormones of the adrenal
cortex may be classified as the steroid h began n 1923 when
Allen and Daosy d d that the follicular flud ob d from
ammals ovaries contamned an active cestrogenic hormone which six
years later wis 1solated in pure crystalline form from human pregnancy
unine Shortly afierwards a second hormone astniol was ssolated by
Marrian to be foliowed later by the 1solatian 1n Doisy s laboratary of
a aestradiol from the follicular flmd of sow ovares « Estradiol had
previously been prepared in the laboratory by Schwenk and Hilde
brandt by the reduction of cestrone As early as 1903 Fraenkel had
observed that the removal of the corpora lutea from rabbits m carly
pregnancy was followed by abortion but 1t was not unul 1928 that
evidence was obtained by Weichert of the existence of a specific corpus
tuteun hormone This hormone progesterone was 1solated 1n pure
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form by Butenandt in 1934 and was synthesised i the same year In
the mle hormone field Butenandt reported n 193! the 1solation of
androsterone from male unine and later work by hoch and McGee
m Chucago and by Laqueur in Amsterdam led to the 1solation of the
maje hormone testosterone Soon after 1ts discovery androsterone was
prepared in the laboratory from cholesterol by both Ruzcka and
Butenandt and this achievement was shortly afterwards followed by
the preparation of testosterone 1tself

Chemical Constitution It will be seen that as with the wita
muns the hormones do not belong to any one specific class of chemical
compound Some like adrenaline and thyroxmne 1re relauvely simple
denivauves of benzene others tncluding all the sex hormones as well
as the hormones of the adrenal cortex belong to the steroid group yet
others such as msulin and the hormones of the pruitary are typical
protemns  Adrenaline and thyroxine being the hormones of simplest
constitution were the first to be synthesised but the more complex sex
hormones and hormones of the adrenal cortex have also been syn
thesised by many different methods which make use of either sterols
bile acids or more recently sapogemins as starting materials These
are only partial syntheses mn that they start with a preformed steroid
nucleus but in one or two cases the total synthesis of a steroid hormone
has been achieved 1 spite of the plexaty of the stereoch 1
difficulties which have to be overcome The total synthesis of all the
steroid hormones may now be said to be withtn sight of achtevement
On the other hand exact knowledge of the constitution of the protein
hormones 15 still lacking and therr synthests remains a distant objectine
In some instances notably with the hormones jerabl
success has been obtained in the preparation of artificial compounds
whach appear to possess all the properties of the natural hormones and
many such preparations have been introduced 1nto medical practice

Clinscal Applications  Itisobvious that there s now an extensne
furnd of knowledge 1 physiological and ct 1 on the
nature and functions of the endocrine glands and their hormones and
the study of endocrinology 1s recogmised as an essential part of the
medical curriculum Its practical application in the treatment of
disease has many notable achievements to 1ts credit but not mfre
quently difficulties have ansen in applying to human ptents the results
obtamed with experimental ammals Such difficulties however are not
confined to ths field alone and are frequently encountered m chemo
therapy as well 15 1n other branches of medical research Perhaps the
most successful applications 1n chnical practice are to be found in the
uses of nsulin thyroune and adrenaline The use of certun sex hor
mone prep and the of Addisons disease with
deoxycortone acetate have also been conspicuously successfut




CHAPTER I1
PHYSIOLOGY

wWHEN considering the physiology of the hormones of the endocrine
glands 1t 1s 1mportant to take into account the interrelation that exists
between the different hormones and because of the dependence of one
gland upon another a logical approach to the subject 1s difficult For
proper physical and mental development all the endocrine glands m
the body must be functiorung and a delicate balance of the amount of
hormone secreted by each gland must be maintained

Zondek! states that hormones mutually promote or mnhibit one
another as each individual b may late or inhibit
the activ ity of other hormonal glands  In other words an under or
overactne gland leads to changes m other glands and the effects of

dysfunction must be considered 1n relation to the endocrine system as
a whole

Tuyrom
The thyroid consists of two lateral lobes together weightng about
twenty five grammes mn a human adalt which are joined together by
the 1sthmus 2 narrow piece of similar tissue It is situated 1n the neck

on the upper portion of the trachea and produces the hormone
thyroxine

Comnen | | -
Carond =’ = =z —Fugula
Artery V:“ "
Thyrod __}
Cartilage

== Thyrotd
Claviclemntir

== Trachea
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PostTion oF TrYROID

The two lok es of the human thy © d Lie 12 the neck on e ther side of the larynx and
upfer t achea The isthmus which connects them les an front of the upper four
rings <f the trachea
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Hypothyrotdism  The thyroid regulates the production of energy
nd controls physical and mental development The result of an under
wtive thyrod gland 15 myxcedema or hypothyroidism  congenstal
absence of the gland causes cretuusm In 1duits thyroid nsufficiency 1s
indicated by well marked and typreal symptoms all the metabolic
processes of the body are slowed down the skin becomes dry coarse
and puffy the hur becomes brttle and cowse and there 1s general
lethargy In cluldren there 1s 1 retarded state of development both
physical and mental the heart rite 1s slow and the children are
generally apathettc The admuntstration of thyroid by mouth results in
2 drimatic improvement 1n myxadema but i cretns thyroid therapy
to be effective must be nstituted erly in life
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Seerions oF Tiyromn
A Myxardematous ussuc shov ing re
duced vesicles scattered n fibrous
ussae (x 400) B Narmal nssue
shov 1ng ves cles filled wath gelatmous
collord  embedded 1n connect
fissue (x 400) € Towic goitre tissue
shos ing increased vasculanty with
many vescles contastung httle collod
(x 4

Hyperthyrowdism  An overictive thyrowd leads to hyperthy
roudism or primary thyrotowucosss (tovic goitre) Other names given to
deases assocated with an overactive thyroid gland are Graves,
Parry s or Basedow s disease and exophthalmic goitre Autharities differ
s 10 the best nomenclature Exophthalmos bulging of the eyes 1s not
always present and the term most frequently used 15 Graves disease
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Sir Robert Graves first deseribed the symptoms in 1825 before the
effects of the admuistration of thyrowd had been observed The symp
toms of thus condition are an mncrease in the heart rate and a general
state of anxicty and restiessness sometimes especially in severe cases
accompnied by exophthalmos

Mtcroscopical Characters The thyrowd gland as shown by a
mucroscopical examination of a section consists of a large number of
vesicles embedded 1n conncetnve tissue and filled with a viscous gela
tinous material generally referred to as colloid which passes into the
blood stream exther directly or through the lymphatc svstem The
amount of colloid excreted 1s regulated by the thyrotrophic hormone of’
the anterior lobe of the pitustary Aficroscopical examination of the
gland in myxcedema shows delicate fibrous tissue 1 which the remains
of vesicles are scattered In hyperthyrordism the thyroid shows increased
vasculanity with many vesicles contaimng hittle or no colloid

Thyroid and Metamorphosis  Mimnute amounts of thyroid
greatly accelerate the change of tadpoles into frogs The accelerated
metamorphosis oceurs when the tadpoles re kept in water containing
thyroid or thyrowune and 15 most useful as a test i the brological in
vestigation of compounds for thyroid acuvity Substinces other than

Fic 4

InpuCED METAMORPHOSES IN AXOLOTL

The Mexican salamand r (dmbystoma i num) or axolotl usually under
gors no metamorphos s but breeds n the g lled state (/1) when fed on
thyroid 1t develops a teerestrial form ( ght)
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Soutit AFRICAN CLAWED ToAp (\ nopus Leiss)
The development from tadpole to toad 1s normally complete m 10 to 12 weeks but
may be hastened by substances conta n ng thyroxine such as thyro d and rodinated
casein The photographs show tadpole {fop leff) inte med ate stage (op 1 ht) male
toad (bottam left) and female toad (6 trom right) The female toad 1s also used in the
xenopus {Hogben s) pregnancy test
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thyroxine however are able to produce in mammals a response simlar
to that given by thyrod feeding and the effect on 1adpoles does not
provide 1 satisfactory method for the assay of thyroid preparations
Trogs formed by feeding with thyrowd are however dwarfs and soon
die since thyroid accelerates their metamorphosis but inhibits their
growth 1t has bren shown that the thy rods from vanous forms of gowre
differ greatly 1n their speafic influence on the tadpole 2
Another example of the action of the thyrod hormone 1s seen when
the Mexican salamander or axolot]l 15 fed on thyroid In the normal
stalc the axolotl does not usuany undergo metamorphosis but the
iton of thyroid or th induces a metimorphosis result
ing n a land ammal Todine alone 13 incapable of inducing such 1
chinge since the avolotl has an undeveloped thyrod

‘Thyroid and Other Endocrine Glands The following dia
gram 1ndicates a possible relition between the thyrod and other
endocrine glands —

Thyroxine
”

Insubine—

Inhtbition

The thyroid hormone for example 15 thought to be necessiry for the
normal action of adrenaline and 1t 1s Likely that an excess of thyroxne
esther 1 the prod of extra ad or the
tissues to ats achion  Thyrowine and insubin are m certan respects
antagomisue and a person with an underactive thyroud has an abnor
mally high sugar tolerance diabetes mellitus 15 frequently asso
ciated with increased activity of the thyroid Thyrod enlargement may
occur at puberty at the chimacteric and also duning pregnancy and
mensttuition This may be due to an increased secretion of the
ovanan hormones ar to a deficiency of wdine brought about by n
creased metabolism at these mes Thyroidectomy frequently causes
degeneration of the gonads in males and females

Busal Metabolic Rate In the diagnosi of thyroid disorders a
of the heat prod capacity ot basal metabolic rate

(B MR} 15 most valuable The standard s the heat production of a
person 1n a fasting condition at rest and the basal metabolic rate 1s
expressed a3 a percentage above or below the normal after taking age
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height and werght into considerntion When the heat produced 1s
greater than normal the basal metabolic rate 1s expressed as plus and
when less than normal munus In mild hyperthyroidism patients have a
basal metabolic rate of 410 to 430 and 1n severe hyperthyroidism
+30 to +60 Other conchuons such as fever can elevate the basal
metabolic rate appreciably but they can usually be easily differentiated
from a raised basal bolic rate due to hypertk: 1

In experimental ammals the basal metabohic rate may be found by
measuning the heat lost in a calonmeter but in man 1t 1s determuned
indirectly by finding the o<ygen consumption over a period 1 a
Benedict Roth apparatus This consists of a tank filled with oxygen

pended 1n water and d by means of tubing to the patient s
mouth The pat ent mnhales oxygen duectly from the tank and exhales
back to the tank through a soda hme tower where the carbon dioxide
formed 15 removed The decrease 1n volume of oxygen 1n the tank 1s
thus a direct measure of oxygen consumed Before the estrmtion the
pattent should fast for twelve hours rest for half an hour and be
unexciteds

The basal metabolic rate yields valuable mformaton in conditions
caused by disturbances of the thyroid and pituitary glands In exoph
thalmic goitre 1t 1s inereased by an amount varying proportionately
with the sevenity of the conditron It has 1lso been shown that the basal
metabolic rate 1s lowered for fourtcen days i panents with hyper
thyroidism by the administration of Lugol s solutson {Aqueous Solutton
of Todine BP) and that it then rises again In hypothyraidism the
basal metabolic rate 1s ~20 to —40

Radioactive Todine As a means of studying the 1bsorption and
elimmation of drugs 1n the body radioactive elements are proving to be
most useful parucularly when the esnmanon of minute "mounts by
chemical means 1s impossible Comparauvely little 1s known of the fate
of thyroxine and rodine 1n the body but 1t has been shown by adminis
tering radioactie 1odine that more than 50 per cent of the tmount
administered appears m the thyrod gland In hypothyrodism the
thyroid gland utihses little or no 1odme 1 smple goitre more 10dine 15
taken up and mn toxc goitre or hyperthyroidism although more todine
15 absorbed 1t 15 not retarned Thus fact may give 2 clue to the reason
why 10dine causes a i y T of T m towc goitre
Radioactive sodine has also been used therapeutically for the selective
destruction of the active tssue of the thyroid gland by mternal radia
won when st acts in a manner similar to that of x rays? Itss clarmed
that a cure rate of 80 per cent can be obtained in pattents with hyper
thyroidism by treatment with radioactive 1odine and 1t may be that
when more precise details have been worked aut this method wilt
replace the use of drugs and the surgical removal of a portion of the

thyroid gland

e N
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lodinated Protemns Many attempts have been made to prepare
physiologically active 1odinated proteins which can be used instead of
thyroid Ravers and Randallt prepared wdinited ox pltsma 1rdern
{a rmxture of protemns from ground nuts) and ca emn Jodiated casein
proved 1o be the most sausfrctory and 1t was possible by administenng
1t to cows to rasse their basal metabohe rate and stimudate the produc
non of an increased yield of mutk  Tlus use s sull under experimental
study and cannot be generily recommended unul more detailed
mformation 18 avalable regarding posable undesieble effects whick
may follow admmstration over a long pertod The acuvity of these
compounds has been shown to be due 1o the presence of thyroune and
this adds further evidence 10 proving that thyrawne is the hormone of
the thyrond gland® ?

Antsthyroid Substances In 19281t was shown by Chesney and
s co workers® that ingestion of plants belonging to the genus Brassica
(tamuly Cruaifers) especially cabbages produced thyraid enlargement
with associated underactvity m rabbits and in 1841 Mackenae
Machenzie and McGollum® while workurg on the effects of sulpha
guamdine in rats discovered that 1t gave nise 10 hypothyroidism L ater
Nachenzie and Machenzie?® and Astwood ef ol ! showed that other
sulphonamides also caused hyperplasin of the thyroid gland i rats and
many compounds were examined with a view 1o findin,, one having an
anrtthyrord action

Astwood!? showed that thiourea and thiouracl were capable of
reducing the ecretion of the thyrowd gland and subsequent studics have
led to the behef that they act by 1 ung wdine from b with
tyrosine and consequently the synthesis of thvroxine Subsequently
methy Mthiouractt was shown to exert a more rapid therapeutic action 1n
smaller doses than thiouracil!® 14 while Astwood ef i 32 Anderson
¢t ol ¥ and Pavin and Coodchild!? have found that of over three
hundred drugs tested 1n the rat propylthiouraci has the greatest anu
thvroid activity As a result of chimcal work with propvithwuracil
Astwood and Vander Laan® } ave reported a satisfactory control with
no umoward reachons i fifty two patents The admimstranon of
thiouraci] and 1ts dervatives requires 1o be carefully controlled ince
they are hable to qive rise to wac symptoms agranulocytosis the most
daneerou of these mostly accurs from overdosage They should not be
used an the treatment of smple gontre when the enlargement of the
thyroid 15 due to underactvity of the gland nor should they be used 1n
the treatmentoflarge g tichare causing pr mptoms

Paratnveomn
The parathyroid glands 1re the smallest members of the endocrine
sstem In man thev consist of yellowish red ovond bodies 3 to 15
rullimetres i length 2 to 4 mdlimetres 1o width and 1 to 2 mallimetres
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tn thickness The averge combined weight of the glinds 15 about 0 5
gramme The number and posiion of the parathyrord glands 1s
extremely vanable usually four are siuated on the under surface of
the thyroid but as many as twelve have been reported

f
Supenor, _|
Parathyroids

Thyroid
Middle
Thyroid —}
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PosITION ©F PARATHVROIDS

The four small glands lic on ¢ ther side of the thyroid with
which they have no vascular connection

The name parathyrord 13 somewhat msleading stnce these glands
have no vascular connection with the thyroid Although they may
wnfluence and be influenced by other glands the existence of a para
thyrotrophic hormone mn the anterior lobe of the prtuitary has not been
proved and other glindular interrelitions are not clear

Effects of Parathyroidectomy The accidental removal of the
parathyroids 1n an operation on the thyrord proved that they were
essential to hfe and experimental work on ammals shows that they are
assocrated with calcrum and phosphorus bol. The pl
removal of the parathyroid glands 1s followed by muscular tremors
cramps and convulsions ultimately leading to the death of the ammat
The symptoms are assoctated with a fall 1n the calcrum content of the
tlood serum and a retention of acid soluble phosphates Parathyroidec
tomised anmmals can however be kept alive by feeding on a hugh cal

cum and low phosphorus diet

Hypoparathyroidssm  In man, under secretion of the para
thyroid hormone or hypoparathyroidism s associated with tetany
the cluef symptoms of which are wmncreased nervous exatibility and
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pamnful muscular spasms Ectodermal lestons such as loss of hair brittle
nails and cataract may occur m patients suffering from long standing
tetany Tetany due to hypoparathyroidism 15 a somewhat rare occur
rence 1t most frequently anses from 1njury or removal of parathyroid
tissue Surgical removal may occur dentally dunng thy

on account of the proxamity of the parathyrod and thyroid glands
Tetany 1s also assoaated with pckets and sometimes with pregnancy
and lactation owing to the increased calcium requirements at these
times

Hyperparathyroidism  Over secretion of parathyroid hormone
which may follow a tumour of the gland 15 charactensed by osseous
decalafi 1 1 softening fz and deft y of the
bones There 15 pan 1n the bones and other tissues and renal caleub
are commonly pre ent In the absence of surgical treatment the pro
gressive deformity and weakness may lead to death

Calcium and Ph us M Since the b d
hormone 15 so mumately concerned with calcum and phosphorus
metabohism 1t 1s important to consider the function of these elements in
the body

The absorption of calcium and phosphorus from the bowel depends
prumarly on the calaferol (vitamin D ) content of the food  the calcum
phosphorus ratio and the hydrogen 1on concentration of the bowel
contents Increased acidity in the bowel favours absorption and con
versely ncreased alkalimty gives rise to msoluble calcium salts which
are not absorbed If the phosphorus intake 1s excessne insoluble
calcium phosphate 1s formed and calcium loss occurs The blood serum
normally contains about 10 milligrams of calcium and 3 to 5 mulligrams
of iorgamc phosphate per 100 milliitres Should the calcium content
fall to 8 to 6 milligrams per 100 mullilitres with a proportionate increase
in phosphorus then tetany results The skeleton which contams over
99 per cent of the body s caleim acts as a storehouse for calcium and
phosphorus from which these el cin be mobilised as regq
for the blood serum Its mode of action 15 1n some ways comparable to
that of the Iiver which stores carbohydrate as glycogen and releases 1t
as glucose when required

The rate of deposiion of calcium in the bones depends upon the
caltium ingestion and on the amount of parathyroid hormone present
1 the blood The parathyroid hormone mobilises calcium from the
bones and maintains the correct level of phosphorus 1 the body fluids
and cells

Albright and Reifenstein?®® believe that the primary action of the hor
mone 15 on phosphorus metabolism and the changes which orcur
the calaum content of the blood serum are secondary to those of
phosphorus metabolism
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Neufeld and Collip ® consider that the parathyrosd hormone has no
direct effect on the bone 1ts primary action being on the excrenon of
phosphates by the kidneys Albnight 1 discussing drugs which influence
calcium 1nd phosphorus metabolism points out that vitamm D f1vours
their 1ntesun] absorpuon while the pirathyrod hormone regulates
their concentrition m the blood serum 1t does not affect the absorption
of caleium and phosphorus in the bowel A phosphatise enzyme 1s also
concerned in bone formition It 1s beleved to be 1 product of prol
feraung cartilge cells Alkahne phosphatase has a m1amum actnity
between pH 9 and 10 while an acid phosphatase which has been
wsolated from | pithel has 1 actvity at about
pH 48 Serum alkaline phosphatase 1 1t 2 mummum in normal
healthy adults and increases whenever bone 15 bewng formed or rapidly
destroyed 1n such conditions as hyperparathyroidism Magnesium
greatly increases the actnaty of the enzyme whereas calcium 1ons are
wmuldly ihibitory

Parathyroid Hormone and Tetany The ptrathyrod hor
mone rasses the calcium content of the blood serum and will thus
relieve tetany following parathyroidectomy Its use in man for this
purpose however has the disadvantage that 1t takes about four hours
to act 1nd mjections may cease to be cflectnve alter two or more weeks
owng to the supposed development of antthormones

Robertson? discussing the various methods used 1n the treitment of
parathyroid tetany refers to the dangers of vverdosage loss of effectne
ness or decalafication of the bones if parathyroid preparations are
used over Jong peniods He found that thyroid or thyrosine temporanly

lled tetany and Tudes that calesum salts exther by injection
or orally sull remam the chief therpeutic measure Shelling * found
that following an mjection of 10 mullilitres of a 10 per cent solution of
caleium gluconate there was a raprd mcrease in the percentage of
serum clclum (up to 100 per cent increasc at the end of imjection)
The serum calcium fell however to the previous level m two to four

hours

Dihydrotachysterol and Calciferol In recent years nterest
hns been aroused 1n 2 substance known 1s dihydrotachysterol or AT 10
(ant1 tetany 10) a by product formed duning, irradiation of ergosterol
i the manuficture of calaiferol This compound was first isolated and
used chimeally by Holtz in 1927 who reviewed lus results rm 19413 ¢
1s admumstered by mouth 1n solution 1n orl and wall abohish tetany
two to three days slowly ramsing the serum calcium to normal levels
Drhydrotachysterol 1s considered to have an effect intermediate
between that of calererol and the parathyroid hormone In its method
of action howeser 1t appears to resemble the parathyrord hormone
more than calciferol and 1t has no appreciible antirchitic effect
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Sevringhaus and St John 3 found the oral admimstration of large
doses of calerferol combmed with caleium salts effective m treating
tetany and consider that calaferol 1s apparently as safe as dihydro
tachysterol A dose of 100 000 umts of calaiferal duly for two weehs
rases the serum calcium level but 15 without effect on the inorgamc
phosphorus

Brack © has made the interesting observation that 1n a patient who
had desveloped tetany following thyrosdectomy and had recesved treat
ment with dihydrotachysterol and calcium intravenously the tetany
could be controlled with a very much smaller dose of dihydrotachys
terol without calciurn 1f a h were ad ed at
the same time no explanation of the mode of action 1s suggested

PAnCREAS
The pancreas or sweetbread 1s a relatnvely large gland analogous
1 structure to the salivary glands but softer and less compactly
arranged It 1> situated m the upper abdomen and weighs about
75 grammes

Gall Bladder Pancreas

{Esophagus (cut}

Right Kidney Duodenum Left K\ldney Spleen
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PosiTion op Pancreas

Ths] rge gland (approvimately 71n by 1310 ) Les in the upper abdomen beh
stomach and extends ome hat ho ontally  om the duadenurm tgn:ht:sptlee:d e
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The pancreas is 1 compound organ consisting of cells which produce
enzymes which aid digesuon 1nterspersed throughout the glnd are
clusters of cells called 1slets of Langerhans winch are responsible for
the secrenon of the hormone msulin These small islets form a thirtieth
to 1 hundredth of the mass of the pancreas and it 1s generally considered
that the acim which secrete enzvmes and the slet tissue are distinct
one producing 1n externnl secretion which 1s conveyed through the
pancreanc ducts into the duodenum  whle the other produces insu'in
which 1s carned directly into the blood strexm by small capillaries in
the centre of the slet

Fic 8

SECTION OF MAMMALIAN PANCREAS

Shoy ing an islet of Langerhans The tslet cells are responsible

for the sceret onof nsulm + h th passes directly 1nto the blood
eam

Two types of cells are present 1n the islets alpha cells whose granules
are msoluble 1 alcoho! nd betn cells whose granules are soluble
alcohol Tt has been shown that the beta cells are those which secrete
sulin

Carbohydrate Metabolism  The chtef sources of bodily energy
are sugars starches and glycogen Carbohydrates are usually mgested
as starches and disacchandes and these are comverted mnto mono
saccharides 1n the body 1nd then into glycogen which 15 stored 1n the
Iner and muscles The liver can also convert ammno 2cids into glycogen
and 1t acts as 1 storchouse from which the body obtuns glucose as
required by the 1ction of the enzyme glycogenase in the Iner About
500 grammes of glycogen are stored in the body 100 grammes being
stored 1n the Itver and most of the remainder 1n the skeletal muscles
Insulin 1s essential for the correct metabolsm ot carbohydrates and
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fats and the most charactenstic effect of an injection of insulin 13 to
reduce the umount of sugar m the blood

Action of Insulin  Insulin has three mun actions 1t awds the
combustion of glucose by the tissues 1t favours the formation of glyco-
gen 1 the Iner and muscle and 1t inhibits glucose formation from
amno acids 1n the liver When there 1s a deficsency of msulin sugar
appears in the urine and diabetes mellitus results This 15 however
only an nd, ofa It d d n which
15 taking place g lycogen reserves in the hner are rapidly depleted and
when they are exhausted bodv protemns are utilised In the later stages
fat 15 drawn upon resulting 1n fat dernvatnves or ketone bodies such as
acetone making their appearance m the blood and urine

If dabetes mellitus 15 untreated diabetic coma may result It may
also occur 1n diabeuc pattents foll f such as mnfl or
pheumoma owing to an increased nsulin requirement m these condi
tions Coma 1s due to gross imp urment of the {at metabokism resulting
1n the formation of hetones which exert toxic action particularly upon
the central nenvous system hetone bodies including acetoacetic and
B-hydroxybutyric acid and acetone appear in the urine and the
charactenistic sweet smell of acetone can usually be detected 1n the
patient s breath

Blood Sugar Levels There 1s no reliable method for the deter
mnation of the amount of insulin 1 small quantities of blood and the
dragnosis of diabetes melhitus 1s usually made by estimating the amount
of glucose in the unine and 1n the blood The normal fasting blood sugar
level 1s about 100 milhgrams per 100 millilitres 1t nises to 130 to 170
mthigrams per 100 mulhiitres after a meal returming to normal in about
two to three hours Thus although 200 grammes of gluco ¢ may be
absorbed after a meal the rise in blood sugar represents an increase in
arculating glucose of only about three grammes This constancy 1s
lacking 1n severe untreated diabetes where the fasting level may be
130 milligrams per 100 milliltres msing to 200 to 500 milligrams per
100 muilhhitres and remaining above 180 milligrams for the greater part
of the day Below a certain blood sugar level known as the leak poimnt
or renal threshold no sugar 1s excreted by the kidneys When the blood
glucose level exceeds this threshold glucose passes through the hidneys
and 1nto the urine In some people the renal threshold is below 180
mulligrams per 100 mullilitres and sugar appews n the unne even
though the blood concentration 1s not abnormally high This condition
15 known as renal glycosunia or diabetes innocens and requires no treat
ment Lawrence and McCance?” point out tht renal glycosuria may be
the cause of a diagnostic error 1f the possibility of a low renal threshold

1s not considered 1 patents presenung glycosuria without tvpical
symptoms of diabetes mellitus
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Glucose Tolerance Test  To confirm the diagnosis of diabetes
mellitus blood sugar examnauons are frequently carned out before
and fter the dmunistration of glucose and this test 1s called a glucose
tolerance test The paticat 1s allowed an unrestricted carbohydrate diet
for several days and a blood sugar determnation 1s made 1n the
morning fter the patient has fasted since the evening meal of the
previous day The patient then drinks 2 glass of water contaming
50 grammes of glucose and further blood sugar determunttions are
made at half hourly watervals for two hours Samples of urine are also
collected 1nd tested for sugar and ketone bodies The blood sugar
values are plotted and [y, 9 sllustrates the difference between the
blood sugar concentration of 1 pormnl person and of a person with
drabetes methtus

Blood
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“The graphs indicate the changes in the blood sugar levels follo ving.
hdml%u xpra\mn of 50 grammes of glucase to & normal and a diabetic subject

Insulin Preparations The type of preparation which has been
Jongest m use consists of a simple solutson from which however the
snsulin 1s so rapidly absorbed by the body thit two or more lAnJthlons
are needed each day to mamtam the action of the msukin Attempts
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have therefore been made to modify the acuon of insultn in order to
gne a slow prolonged effect The first real advance was achiesed 1n
1936 and 1937 by Hagedorn ® 2* who found that protamine obtamed
from the sperm of salmon trout when mixed with insulin and a suntable
buffer to gue a final reaction of pH 6 2 produced a precipuate of
protamme nsulin which had a low solubility n the tissue fluds and
was only slowly absorbed Scott and Fisher3® 3 3 found that the
addition of a Very small percentage of zinc to the msuhn and protamine
prolonged their action  Ihe zinc also stabilised the protamine insulin
suspenston so that it was possible for 1t to be 1ssued 1n one vial ready for
Tus preparat known as p zin¢ insulin has

supersed d protarmne insulin

In 1937 Bavin and Broom?? 3 imesugated the effect of different
substances on the absorption of insulin and showed that whereas small
concentrations of metal produced a prolongation of hypoglycemua
ncreasin,, the amount of metal present eventualily resufted 1n a com
plete miubition of the normal insubin response  They also confirmed the
observations of Bischoff®s and Gray3¢ that tanme and profongs the
hypoglyczmic action of sulin and that the addition of zinc to the
tannic acid insulin complex further prolongs msulin hypogly cera

Rewer ¢t al *7 have prepared a combination of insulin with globin
a protein obtarned from the red blood cells of the ox by removal of the
chromogen fraction with the addition of a trace of zinc chlonde to the
ruxture They found that globin 2inc insulin had an action which was
sntermediate 1 intensity and duration of effect betw een soluble insulin
and protamune zinc tsulin

The relatine acuon of the three insulins 15 shown in Fie 10

Bloods ¢
-~ \
" .
on SN v
A
o NORMAL RENAL THRESHOLD /
ols
o4
on
o1 Pouminez 7
i z .
008
. e
006 JE O ST S S S T S VT T S S
T 4 6 8 0N ¥ o 0 B HHun

Fie 10
1 ey ABsOreTION Rates

The rapid absorpt on of ansul n_ the mre prolon ed absnrpt on of glob
2 nc sl an L the T du Lonof 8 cvof protsmne | n¢ weubs
h wh by the th e¢ curves on thgraph



24 HORMONES

Biochemical Exanunations In dabetes melhtus biochemical
eximmation of the blood for sugar and of the urme for sugar and
acetone bodies or ketones 13 essenual 1n diagnosis and for ascertumng
the amount of 1nsulin requured for treatment The determinitron of
glucose i the blood and unine both depend upon the fact that glucose
tn alkaline solution 1s a powerfial reducing agent

Suyar 1 Urine—Qualttatiie Yests (1) Benedict s Test Urine examna
tions for sugar can be carried out easily by a diabetic patient using
Beredict s quahtatve reagent which is prepired as follows —

Sodwm Carbonate 2000g
fo 1xsiccated Sodum Carbonate 200g)
Sodyum Citrate 17130g
Copper Sulphate 173g
Distilled Veater 10 1000 0 m!

Dussolve the sodium carbonate or the exsiccated sodmm carbonate m 600 m) of
v ater wath the a1d of gentle heat add the sodum eitrate cool and with costant
surting sloy ly add a cold solution of the copper sulphate n about 100 ml of dis
tulled  ater add sufficient distutled wa ter (o produce the required volurne

To carry out the test 5 ml of Benedict s quahitative solution 15 added
to 8 drops of urine 1n a test tube the mixture boiled for two minutes
and allowed to cool Ifglucose s present the reagent changes from clear
blue to green yellow or brick red On standing reduced copper settles
to the bottom of the tube as a reddish yellow deposit 0 1 per cent of
sugar gives a very shght reduction and the flmd turns deep blue on
standing 1 per cent of sugar produces a heavy precpitate but there
1 still some blue colour in the supernatant iquid

(2) Fermentation Test To confirm that the reducing substance
present tn the urine 1s glucose a fermentation test may be carned out
A trace of tartaric acid 1s added to a sample of the urme the specific
gravity 15 determined and some baker s yeast 1s added The mixture 1s
allowed to stand 1n * warm room for twenty four hours and the specific
gravity agam determuned If glucose 15 present fermengation will have
taken place and there will be a fall in the spearfic grauty An alterna
uve method 15 to ferment the urine 1 an imerted test tube ar 2
Doremus ureometer and collect the carbon dioxide produced by the
fermentation of the glucose It1s advisable to put on control tubes one
with yeast and glucose to make sure that the yeast 1s actve and one
with yeast and normal urine to make sure that the yeast contans no
glucose

Sugar 1 Urine—Quantitatiie Tests More precise quanttatne methods
for determining the amount of glucose 1n the urme are only occasion
ally required and are descrabed fully 1 standard textbooks In
Benedsct s quantitative test the solume of urine which 1s required to
dispel the blue colour from 25 ml of the reagent 15 determined  the
unne beng dduted if necessary so that the volume of diluted unne
required 15 about 10 ml The colour of 25 ml of Benedict s quantitatve
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reagent s dispelled by 0 0o g of glucose and from the figures obtained
the percentage of glucose 1n the urine may be caleulated

Fetone Bodies in Unne Two tests are available for detecting acetone
bodies 1n urine  Rothera s mtroprusside test whiuch 1s extremely senst
tive and shows the presence of both acetone and acetoacetic acd and
Gerhardt s ferric chlonde test which 1f poutine ndicates dangerous
aadosis requinng immedtate treatment with insulin

(1) Rothera s Mitroprusside Test An excess of ammonum sulphate
1s added to a test tube half full of unine followed by a few drops of a
freshly prepared dilute solution of sodm mtroprusstde and 2 ml of
wrong solution of ammonia The muixture 13 shaken and allowed to
stand The presence of acetoacenic acid or acetone 13 indicated by a
light mauve to deep purple colour

{2) Gerhardt s Ferric Chloride Test A 10 per cent solution of fernc
chlonde 15 added to a test tube half full of urine drop by drop until the
preaipitate of fernc phosphate has reached its full mtensity and has
wholly or partly redissolved the solution 1s then filtered A few more
drops of the fernic chlonde solution are added to the filtrate and the
presence of ketones 13 shown by the development of a claret red colour
A simlar colour 1s produced by salicylic acid which may be presentin
the unne of patents who have taken aspinn or salicylates The colour
due to salicyhic acid 15 not destroyed by boiling whereas acetoaceue
acid 1s changed imto acetone by boiling and the colour therefore 1s
destroyed

Sugar i Blood For dclcrmmmq the amount of sugar in the blood
the Folin and Wu and the Hagedorn and Jensen methods are employed

Before the blood sugar determination 1s carried out proteins musz be
removed In Folin and Wu s colormmetnc method 2 10 per cent solu
uon of sodm tungstate and dilute sulphunc acid 15 added to the
diluted blood The tungstic acid formed precipitates the protewns and
allows a clear filtrate to be obtained The filtrate 15 boiled with an
alkaline copper solution and the glucose reduces an equivalent 1mount
of copper to the cuprous state Cuprous salts produce an intense blue
colour with 2 mixture of phosphoric and molybdic acids which at the
same ume destroys the blue colour due to unchanged cupric salts By
comparing the blue colour produced with that obtained under similar
conditions wath standard glucose solutions the amount of glucose 1n the
blood can be determuined

In Hagedorn and Jensen s utration method a protem [ree filtrate 18
obtaned by addmg a measured quantty of blood to a mixture of zinc
sulphate and sodium hydroade 1n a test tube which is then heated 1n
a boling water bath for three minutes and filtered The glucose 1n the
filtrate 15 determined by boiling with potasslum fermeyamde whichis
reduced by the glucose to potassium ferrocyamde Potassium fern
cyamde liberates 1odine quanttatively from potassium rodide m acd
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solution The 10dine hberated 15 determemed by utration with sodium
thiosulphate solution Two determinations are made one with ferr:
cyanide which h1s been boiled with 1 portion of the blood filtrate and
the other with ferricyamde which has been boiled with an equisalent
amount of water The difference 1n the two readings 1s proportional to
the 1mount of glucose (n the volume of blood filtrate taken

Pancreas and Other Fndocrine Glands  Much of our know
ledge of the physiology of the pncreas has been dernved from expert
ment1l studies of dirbetes mekitus in amimals Banting and Best isolated
nsulin from the pancreas glinds of antmals ind proved 1ts value in the
treatment of diabetes melhtus

In 1924 1t was shown that if the anteror lobe of the pitunary glnd
were removed the anunal became more sensitive to insulin and much
interest was tahen in dogs whose pancreas and mtuitary glands had
been removed These expenimental dogs the so called Houssay
ammals survned longer than depancreaused ammals probably be
cause the removal of the anterior lobe eliminated 2 hormone acting
antagomstically to insubn Later 1t w1s found?®® that when extracts of
the antertor lobe were injected tnto dogs or rabbits hyperglyczmea and
glycosuria developed suggesting that hyperactivity of the anterior lobe
might be the cause of diabetes mellitus Climeally Atkinson?® has
shown that about 30 per cent of pauents with tcromegaly a disease
due to over sccretion of the hormones of the antenior lobe had glyco
surja or diabetes mellitus thus confirming the relation between the
anterior lobe and the pancreas The interrelation between the antertor
lobe and the pancreas s further comphcated by the fact that
according to Marks and Young®® an insubnincreasing or pan
creatrophic substance 1s 1lso present in the anterior lobe of the prtuitary
gland
The adrenal gland has 1 diabetogentc effect and Ingle®! 42 showed
that marhed hyperglyczmia and glycosuria occurred in normal rats
fed with a dtet rich in carbohydrate when they were injected with large
doses of cortisone

De Fimis and Houssay*? d ted that a p drabetic
condition 1s produced after a few weeks of thyroid feeding 1n ammals
whose pancreatic tissue h1s been partly removed The blood sugar nises
and glycosuria, hetonuna and ether signs of diabetes mellitus appear
Discontinuince of thyroid treatment 1s followed by a rapid return toa
normal blood sugar level and recovery of the beta cells tn the islets of
Langerhans which have not been completely removed Houssay*¢
states that thyroid treatment can produce diabetes mellitus only 1n
ammals with a pancrens reduced by surgical removal or already
damaged It cannot do so in ammals with an meact and healthy
pancreas The thyroid gland mcreases the rate of carbohydrate meta
bolism and decreases the sensitrvsty to wnsulm John!S found that
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diabetes mellitus 1s twice as frequent in patients with hyperthvroidism
s 1n the general population

Ingle*® also showed that the artificial eestrogen sulbaestrol produced
glycosuna even after removal of the ntertor lobe of the prtuttary gland
and the adrenals

Alloxan Diabetes  In 1937 Jacobs*? showed that the intravenous
admnmstration of alloxan an oxidation product of unic acid produced
severe hypoglycerma and convulsions 1n rabbits and in 1943 Dunn
et al 48 showed that the islets of Langerhans in rabbits which have
been ijected wath alloxan are partly or completely destroyed

It 1s now known that the injection of alloxan 1s followed by a rise in
blood sugar which subscquently falls to convulsant levels if carbo-
hydrates are withheld The effect can be mitgated by appropnate
feeding but twenty four hours after injection the blood sugar level 15
stll low Further feeding causes the blood sugar level to rise steeply
and from this pomnt on the ammal 1s typically diabetic
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Ridout ¢t al 42 showed that alloxan produces temporary hypogly
cxmia because 1t causes atrophy of the islet cells and allows their
insulin content 1o be leached out nto the blood stream

Dunn ef al 1% discussed the possibility that alloxan may be formed tn
the body under physiological conditions and suggests that 1t may be a
possible cause of an nital disturbance of the hormone production of
the pincreas gaid ew! re n diabetes mellitus This work with
alloxan 13 of importance for 1t shows that a chemcal substance can
destroy the 1slets of Langerhans producing all the signs and symptorms
of diabetes mellitus m amymals but so far ittle evidence has been
obtamned that alloxan gives ase to dabetes mellitus 1n man

Phloridzin D Ph asub b d from the
oot bark of the apple tree has been used 1 experrmental animals to
study carbohydrate metabolism When 1t 15 injected the kidney 1s no
longer able to retain glucose large amounts of which appear 1n the
unme as m diabetes mellitus
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Lipocatc  In 1924 Allan ef ol %° showed that although the glyeo
suria 1n depancreaused dogs could be controlled by njections of insuhin
the animals failed to survive for more than a few months and usually
died with an extensive fatty infiltration and degeneration of the Iver
If however the dogs recerved sufficient raw pancreas in the diet
1nsulin kept them altve indefimtely This cunious phenomenon has been
mvestigated by many workers

Dragstedt ef al 3! produced 2n extract of pancreas contaimng a hor
mone termed lipocaic which 1s found i the panereitic Jurce and 1s
considered to be essental for the prevention of fatty degeneration of
the Iiver Best® has pointed out that leaithin and cholire can produce
the same effect as Iipocaic Successful results have been achieved by the
oral admimstration of Lipocaic to a patient with an enlarged Iiver due
to fatty infiltration whereas diabetic children with hepatomegaly have
shown marked diminution 1 the size of the liver after the 1dmenistra
tion of lipocaic Dragstedt53 suggests that lipocarc may find 1 place in
the control of liver enlargement and possibly arteriosclerosis but this
work has not been confirmed and lipocarc 13 at present more of theoret:
cal than of practical importance

Prrustary
The pituttary glind or hypophysis 1s a small but most important
gland which s attached to the under surface of the bramn Itis composed
essentiafly of two marn lobes the anterior or glindular portron and
the posterior or neural portion with a small section dividing the Iobes
called the pars intermedia The two lobes have different structures and
secrete completely different hormones

Fie 11
Posrrion OF PITUITARY

The gland Jies on the under
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marked by the aircle
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been made to 1solate the hormones which regulate the activity of other
endocrine glands Itis extremely difficult to 1solate active fractions ina
state of purity and opirion 1s divided on the number of different hor

A tenor Lobeme

—Pars | termed

Fio 12
SecTioN 0F Ox PrrurmAry

mones produced by the gland The six gwven in Table IIT have each
been obtatned 1n preparations almost completely free from other forms
of actrity and are generally accepted as being well defined separate
substances The eustence of Letogemc para!hyrotrophm glycotrophic
diab and p: has also been postulated
but 1t seems hl\cly that therr effects are due to one or more of those
hormones named m Table II15¢
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A photomicrograph of 1 section of the antersor lobe which has been
stained with eosin and pyrrhol blue shows that three types of cells are
present 1n the glind 10 varying proportions  They are chromophohe
cells which are only famtly stained with aniline dyes and chromophil
cells which are divided into acidophul cells 1nd basophl cells according
to their staiming propernies Acidophil cells are stained by acid dyes
such as eosin and basophil cells by basic dyes such as pyrrhol blue

The chromophobe cells appear to he the mother cells from which
basophil and radoplul cells are derved Severinghaus®s suggests that
the speaific granules 1n the different cells are precursors of different
hormones The mactivc chromophobe cells can change into hormonally
acuve acidophil or basophil cells and this process can be reversed
The changes 1n the proportion of exch cell type can be mterpreted as
the result of the need for constant adaptation of the antenor lobe to
different requirements of the body An examination of secttons of the
antersor lobe 1 pathological conditions may show an excessive growth
of one type of cell for example in acromegily a condition due
primarily to hyperfunction of the anterior lobe there 1s hypersecretron
of the acidophil cells or eosinophil adenom1 of the pritwitary A disease
known as Cushing s syndrome 1s considered to result from a tumour of
the basophil cclls

Growth Hormone \hen the pitwitary 1s removed from young
ammals growth ceases and Evans and Long ® first showed that
extracts of the antertor lobe 1 growth g g sul
which when injected 1nto rats produced ammals of twice the normal
size Highly purified preparations contaiing the growth hormone have
been prepared and L1 nd Evans? elaim 1o have 1solated the hormone
from the gland It s a water soluble protein which s easily destroyed
by many physical and chemicil reagents The growth hormone is
essential for correct skeletal development and 1 deficiency resulting
from an underactive pituitary produces dwarfism the dwarfs differ
from cretins whose stunted growth 1s due to 1 deficient thyrord glind

An over production of the growth hormone of the anterior lobe
produces persons of stature larger than the average If the overproduc
tion occurs before the epiphyses of the bones are fully united the person
becomes 1 grant but 1f 1t occurs after the bony epiphyses have united
the result 15 acromegaly mn which the features are coarse and the bones
of the hands and feet ase very large in proportion to the rest of the body

Anterior Lobe and the Gonads The earliest experiments on
hypophysectomised ammats showed that anteror lobe extracts greatly
influence the gonads in males ind females and duning the lhst ten to
fifteen years much work has been carried out on the gonid stumulattng

or gonadotrophic factors mn the anterior lobe
Fhere 15 an intimate interrelationship between the gontds of both
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sexes and the anterior Jobe and it has heen shown that there 18 no
ifference 1 the hormones derned from the prtuntary glands of males
and females Although the eustence of as many as eght diilerent
h capable of H the sex glands has been postulated
more recent work mndscates that pmh:xbh there are only two termed the
follicle sumulating hormone (FS H) and the luteinising hormone
L

In the female the follicle sumulating hormone sumulates the ovary to
producc folicles and secrctc the ocsuogcmc hormone cestradiol The
h

harmone the 1 of p by the
corpora lutea (hc oary af(cr ovulauon (see page 44) In the absence
of the } does not occur i hypo

physeciomused ammals treated with follcle sumulsting extractsS
These two hormones must be presens m the gland in the correctly
balanced proportions and they play an essential part in the physiology
of the reproductive system

In the male and desclop of the testes are
stmulated by the “follicle sumulatmny, hormone but w s the lutermsing
hormone which stumulates the formation aof the male sex hormone
testosterone which ts p oduced by the interststial nssue
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Chorionie Gonadotrophin  In 1998 Aschhewn®® showed that
during 1 large of phic hormones appear in
the unne and this 15 the basn of the best known diagnostc test for
pregnancy {see page 46} It was concluded that the source of these
hormones was the anterior lobe but further expenments show ed that
the punified extract from the unne calied chorome gonadotrophin
did resemble but was not :denueal wath  the luteiusing hormone It
has now been shov n that the ongn of the gonadotraphie factors found
18 pregnancy unne 1s the chononie cells of the placenta

Serum Gunadclmphm Xn 1930 Colc and Hart®¥ observed thata
folticke ! 7 was present wn large
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amounts in the blood of pregnant mares reaching a maximum con
centrauon on about the seventieth day of gestation Boyeott and
Rowlands®! investigated the biol I nature of th
women s serum and made the interesting observation that mrco:trast
to the mares serum extract 1t possessed only lutemising propertes
sumilar to those of the extracts which had been prepared from preg
nancy unne

Both chortonic gonadotrophin and serum gonadotrophin are avail
able commercially 1n general chortonic extracts compnse mainly the
luteiising hormone whule serum gonadatrophi 15 mamly the follicle
stumulating hormone

Fic 13
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Ovaries and uterus of immature rats before and after treatment with
erum gonadotrophin

The synergistic 1ction of the lutemising choriomc gonadotrophin
from pregnancy urine and an extract contarning the follicle stimula
ting hormone of the anterior lobe has been mnvestigated Evans Meyer
and Simpson®? observed that a combmation of the two hormones
produced a greater increase i ovartan size and weight than could be

d by ad 1ng the p ly A standardised

product 1s avatlable and several reports mdicate that it has a place in
hormone therapy®? &4 &5

Anterior Lobe and Other Glands It has been shown by
many workers that a close interrelation exists between the antenior
lobe of the prtuttary and other glands including the thyroid adrenals
mammary glands and pancreas Purified extracts of the antertor lobe
contarning the thyrotrophic hormone induce hyperplasia of the thyrod
and late the ht of an at ! amount of thyroxine®®
The effects of their admmistration to experimental anmmals have been
myvestigated®? $° €%, but few climical reports are av alable \Marxetal 7°

suggest that the thyrotropt acts sy Ny with the




PHYSIOLOCY 33

growth hormone and consider that 1t may be of value 1n the treatment
of pitutary dwarfism

Extracts from the anterior lobe produce hypertrophy of the adrenal
cortex The active prinaiple called the adrenocorticotrophic or cortt
cotrophic hormone (ACTH) has been obtained 1n a pure form™
and shown 1o control the activity of the adrenal cortex (see page 38)

The ewstence of a speaific hormone 1n the antenior lobe which
mfluences the growth of the mammary gland duning pregoancy and 1s
responsible for the secretion of mulk has been confirmed and 1s known
as the lactogenic hormone or prolactin ™ It is also known as the
luteotrophic hormone because 1t assists 1n mamntamng the corpus
luteum produced by the action of the lutermsing hormone

PosterIOR LOBE

Extracts of the posterior lobe of the pituitary can be separated nto
tvo fractions one containing an oxytocic prinaple which causes a
contraction of the uterus (the word oxytocic 18 dernved from Greek
words meaning rapid childbirth) and one consistine manly of a sub
stance which causes a rise 1n hlood pressure under certain conditions
and which has also an important anudiuretc effect reducing the
amount of unine excreted The former principle 1s called oxytecin and
the latter vasopressin

Verney™ showed in experiments on the 1solated kidney which 1s
perfused with blood that the unine excreted was very dilute and resem
bled that obtained from a patient with diabetes insipidus When an
extract of the posterior lobe was added 1o the perfusion fluid the kidney
recovered 1ts power to excrete a concentrated urine Verney also showed
that the polyunia following 1solation of the mammalian kidney was due
to the removal of this organ from the normal sustained antdwretic
action of the pressor fraction of the posterior lobe

Injection of extracts of the postenior lobe produces a direct action on
the capillaries which contract causing pallor of the skin The action
of the extracts on the blood pressure vanes with different animals
Generally there 1s no sigmficant rise in blood pressure there may be
a momentary fall sueceeded by a more prolonged increse 1n the pulse
rate Extracts of the posterior lohe have been used to raise the blood
pressure after shock If the posterior lobe of the pitwtary 15 damaged
by disease or inyury the hypothalamic syndrome may develop when
the individual becomes P ily sleepy and 1 control 1s
upset The normal water balance 1s impaired hecause the renal tubules
are no longer able to re absorb water from the urine and to make up
for the large volume of water lost equally large volumes must be
1mbibed

Pars Intermedia  The posterior lobe of the pituitary gland
includes the pars intermedia the small portion of the gland dividing
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the two lobes In man its function 15 unknown but 1t 15 well developed
in fishes amphibia and reptiles Frogs can change their colour to make
themselves less consprcuous and tlus 1s due to an alteration in the
pigment cells which ire sumulated by the hormone of the pars mter
media The prgment cells melanophores or black cells are expanded
and dispersed

ADRENALS
The adrenal or suprarenal glands are situated on the upper surface
of the hidneys and are composed of two different tissues an outer
layer or cortex and in inner part or medulla

Fic 14

PO ITION OF ADRENAL
The adrenal { f) ¢ on the upper su face of the kidney (B)

The photograph also shows the conn cung nerve plexus (C)
and the aorta (D}

The adrenal glands have a particularly rich blood supply which 1s
an indication of the mportance of these organs and they secrete groups
of hormones with widely differing actions

Adrenal Medulla In 1894 Oliver and Schafer’® showed that
myection of an extract of the adrenal medulla produced a remarkable
rise m blood pressure and later workers succeeded in 1solating from
the gland a crystalline compound which they called epinephrme The
active prmciple obtamed 1n pure form i 1901 by Takamme? and
others was marketed as Adrenalin  which 1s a Latin rendering of the
Greek term epmnephnine and 1t 13 now known as adrenaline except m
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the Umted States of Amenica where 1t 13 stll cafled epinephrine
Adrenaline was the first hormone (0 be 1solated 1 crystalline form

Unlike the cortex the medulla 1s apparently not essential 1o hfe and
1n spite of extensive studies on its physiological function 1ts action in
persons under normal conditions 1s unknown It has been suggested
that adrenakae acts as an emergency hormone because 1t 1s secreted 1n
ancreased amounts an times of physical or emouonal stress and enables
the body to perform 1y impossible tasks Thus theory
has not been sul i by exp on ad ) d
ammals but 1t has been shown that the barking of a dog 1ncreases the
rate of a cat s denervated heart
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SECTION OF ADRENAL
From the fibrous capsule numerous tr2
beculz containing blood smuses run at
nght angles mio the wh te fibrous and
yellow fatey tissues of the cottex divd ng
¢ 1nta columns of cells The dark central
portion the medulta 13 red and r chly
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Action of Adrenaline Adrenaline 1s a sympathorumetic drug
that 1s its effects 1n the body are comparable to those proguced by
sumulating the sympathetic nervous system Other compounds cherm
cally related to adremaline have been invesugated by Barger and
Dale™ and the pt 1 action and P uses of related
compounds are described by Gunn? Shght changes in the chemucal
constitunon may produce considerable variations 1n pharmacological
activity

Adrenaline on injection produces many complex physiological
effects 1n the body and has many therapeutic uscs 1fs action 1s 1mme
diate and ats effect transient Perhaps its most important action 1s the
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raising of the hlood pressure adrenaline 1s the most potent vasopressor
drug known and 1f given intravenously or durectly mto the heart muscle
1t produces 2 sudden rise of blood pressure lasting for a few minutes due
mamnly to its constricting effect on the blood vessels
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ACTION OF ADRENALINE

Graph showsng the rapid mise in blood pressure
after mjecting adrenaline mto a rabbit

Adrenaline relaxes the bronchial musculature and s therefore used
extensively 1n the prophylavs and treatment of asthmatc attacks In
addition 1t drlates the pupils of the eye and inhibits movement i the
uterus mtestines and bladder Adrenahne plays an mmportant part in
carbohydrate metabolism 1t stirnulates the conversion of liver glycogen
to blood sugar and can be considered to have an antagomistic action to
insulin Cort and Cort ? consider that adrenaline accelerates the cycle
of muscle glycogen to Iiver glycogen while msulin accelerates that of
blood glucose to muscle glycogen leading to hypoglycemia and
depletion of liver glycogen

Action of Noradrenaline Noradrenaline which differs from
adrenaline by the absence of a methyl group from the mitrogen atom
was first synthesised by Stolz#0 1n 1904 but 1ts presence m the adrenal
gland was not reported until 1949 when Holton® showed that tumours
of the medulla contained large amounts of noradrenaline The presence
of noradrenaline 1n the adrenal medulla 1n addition to adrenaline has
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blished?® 1

now been 8 and phar log! and cltnical studies
have shown that noradrenaline exerts a more powerful effect on the
heart than adrenaline It s believed that noradrenaline 1s a precursor
of adrenaline and that essentral hypertension results from failure of the
body to effect methylation Noradrenaline has been shown to be effec
tve 1n the treatment of certain cases of acute hy potenston®*

Adrenal Cortex The cortex orouter layer of the gdrenal gland
15 essentral to lfe and the effects of adrenal corucal deficiency a
climcal example of which 1s Addison s disease are marked disturbances
n the metabolism of electrolytes carbohydrates protens and fats
associated with loss of 1ppetite general muscular weakness decreased
resistance to cold low blood pressure loss of werght and vomiting In
man there 1s pigmentation of the skin chrefly on exposed areas but
this does not occur 1n expenimental ammals Some of these symptoms
can be controlled by the adminstration of sodium chloride by mouth or
by the imjection of normal sahne solution and a dimmished mtake of
potassium salts but replacement therapy with adrenal corucal extracts
or synthetsc deoxycortone acetate which does not have exactly the
same action as the natural extract 1s usually employed Overactivity
of the adrenal cortex frequently due to a tumour leads to a condition
known as adrenal vinlsm which 1s characterised by precocious grow th
and sexual matunity 10 females there 1s masculinsation

An important funcuon of the adrenal cortex 1s the maintenance of
correct electrolync balance or relative concentration of sodium and
potassium salts 1n the body An underactive gland gives rise to an
mcreased excrenon of sodtum followed by a fall 1n the serum chlonide
and bicarbonate accompamed by a nse mn the concentration of
potassium 1n the extracellular fluids and 1ts retention 1n the body cells
Tt 1s possible to prolong the lives of adrenalectomised ammals by the
admimstranon of sodium chionde alone The adrenat cortex abo affects
water bol; After adrenal there 15 a reduction 1n the
diuretic response to water and a tendency to water intoxication The
admuinistrauron of adrenal cortical extracts i1 man leads to profuse
duurests

Twenty eight crystalline steroids have been wolated from the cortex
In 1934 hendall ef af ® 1solated a crystalline substance capable of

the hife of ad. i d ammals In 1936 Rerchstern?®s

obtatned from the adrenal cortex a sterol with androgeme properties
which he named androsterone Ingle® isolated seven compounds which
were effectve 1n relieving different conditions associated with adrenal
cortrcal deficiency one of the most active being deoxycortone

Adrenal Cortex and Other Glands The hormones of the
adrenal cortex and the gonads are closely related chemcally (see
page 77) and adrenal cortical imsufficiency profoundly affecis the
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secondary sex charactenstics Speert®®, by imection of deoxycortone
acetate has produced changes m the ovary similar to those produced
by the ovinan hormones Other workers have sepirated cestrogenic
and progestational substances from adrenal coruieal extracts

Many relationships between the adrenals and the other endocrine
glands have been postulated and although a considerable amount of
experimental work has been carried out 1t 1s not yet clear to what extent
the glands are physiologreally related It 1s known that the cortex 1s
concerned with carbohydrate metabolism (see page 26) The adreno
corticotrophic hormone of the anterior lobe of the prtuitary sumulates
the adrenal cortex and comiersely adrenal cortical deficiency may
be 1ccompanied by dysfunction of the ntertor lobe of the pitmtary
In some syndromes for example Cushing s syndrome there may be
etther an adrenocortical or 1 antertor pituttary tumour

There are some factors common to both the adrenals and the gonads
The admnmstratson of cestroenic compounds ciuses hypertrophy of
the adrenals Androgens on the other hand either have no effect on
the stze of the adrenals or produce atrophy of the glands Castration tn
the male 1mmal s followed by adrenal cortical hypertrophy

The worh of Selye®® shows that the adrenal cortex plays an important
part i the protection of an animal from environmental stress He has
further shown that this process of adaptation to stress may be accom
panted 1n man by pitbological conditions which he calls disevses of
adaptation and which include rheumatoid arthnitis and hypertension

On this theoretscal basis research was carried out 1n Germany during
the Second World War on the adminstration of adrenal cortrcal hor
mones to air crews as a means of protection from the great strun of high
altitude flying Of even greater medical wmportance 1 the discovery
by Hench and his colleagues? that cortisone administered 1n a dosage
of 100 milligrams a day will rapidly alleviate the symptoms of rheuma
tod arthrrus and rheumauc fever The adrenocorticotrophte hormone
of the anterior lobe of the prtwitary has been shown to give sumular
beneficial results in the rheumatic diserses

Gonaps

The gonads orsex plands comprise the ovaries in the female and the
testes 1n the male and they produce hormones which greatly mfluence
the body as a whole Their main function 15 concerned with reproduc
uon but they are also determumng factors 1n the personal make up
both physical and psychological

Before discussing the hormones secreted by the gonads consideration
should be grven to the anatomy of the male and female reproductive
systems In the embryo durmg the early weeks the gonad 1s morpho-
logically a bisexual organ which m1y develop into erther an ovary or
a tesus depending on the predomunant hereditary sex characteristics
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Male Reproductive System The male reproductive system
consists of the testes the prostate gland lying below the bladder the
seminal vesicles and Cowpers glands the secretions of which are
added to the spermatozoa The testes contain convoluted semimferous
tubules which produce spermatozoa and n between these tubules
there are groups of mtersutial cells the source of the male hormone
testosterone

Fo 17
Mate Sex Oroavs
(4) Testis (B) Epd dymis (C) Seminal ses cle (D) Prostate

Spermatozoa are transferred from the sermmiferous tubules to the
epididyms an exceedingly tortuous tubule about 6 metres n length
on the poslcnor surfacc of the testrs Here they are stored and mature

and usually
throughou[ hfe and (here 15 so far as s known no penodic alteration
1n the amount of hormone secreted analogous to the menstrual cycle 1n
the female There 1s probably a diminutton in older men a male
clrmacteric having been described which may be rebeved by replace
ment therapy An extract from bulls testes when injected mnto capons
produces growth of the comb watdes and ear lobes The effect of
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injectrons of different 1ndrogens and also of cstrogens on capons has
been the subject of many investigations and 1t 15 1 convenzent test for
assessing the potency of different hormone prepirations

Fir 18
TesTIS

Diagram showmg the relation bet cen the vas deferens (1)
the epid dymus (B) and the comvoluted tubules of the test (C)

Fic 19

Errecr oF TESTOSTERONE ON
rov 5 Covie

Left befo e admunistrat on of testost one
nght after admimistration

The effects of castratton have been known for centurtes There 1s a
profound alteration n somatic growth the bones become longer the
muscles are less developed and fat 1s deposited within the muscles
When castration 1n the human male 1s performed before puberty the
Iigh pitched voice 1s retmned and the boy does not develop typrcal
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male charactensties such as the normal distnbution of bair If 1t s
performed after puberty the effects are less marked and secondary mnle
charactenishics can be restored by the imjection of testosterone

The testes are closely related physiologcally to the antenor lobe of
the piimtary gland (see page 30) and if the pitwtany gonadotrophuc
hormones are imperfectly secreted development of the testes 1s retarded
and their funchon dimumshed

Perhaps the most typical sex charactenstic whichis influenced by the
male hormone 15 the distribution of hair and 1tis interesting to note that
the pattern of distnbution of head hair in men and women m1) be
determuined by the hormones produced by the ponads Hamilion®
suggests that baldness s an heredtary trast requirng a physiological
level of androgen for 1ts deselopment 1t 1s not produced by androgens
m mdiniduals not carrying the necessary hereditary factors The colour
of the skan distribution of subcutaneous fat depth of the voice skeleral
growth and greater muscular strength of the male are secondary sex
charactensucs resulung from the acthon of the male hormone

Female Reproductive System  The essenual orans of repro-
duction in the female are the two ovanes ovoid organs each weighing
about 5 { rammes They are suspended 1n the pelvis and are 1n contact
with the uterme or fallopman tubes which are about 10 cenumetres
long The ovanes duning the period of reproductive Lfe alter rhythm

Fic 20
Tem LE Srx OrcAxs
{4, Uteru  (B) Fallop an tube (C} Orary

cally in structure and perorm a dual function the production of ova
andoft ot diol and p ne which are necessar
for the functiomng of the rem:ue c)r!c ang for the mamtenance of
pregnancy
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At birth the ovaries contun from 30 000 to 400 000 ova The number
of ova progressnvely diminishes throughout hfe from 400 to 500
attunmg maturity usually one 1t monthly intervals Each ovum 1s
cirnied through the fallopian twbe to the uterus If fernhisanon takes
place 1t occurs in the fallopian tube and the fertilised ovumn 15 then
trnsferred to the uterus If fertihsation does not occur the ovum
degenerates and s expelled during menstruation

Fio 21
SecTion oF OvARy (X 2)

€ 0 ary consists of a mass of stroma covered by
germinal epithel um  hich contamns primordial
ova Graafian follicles enclos ng ova at various
stages of maturation corpora lutea blood vessels
IJymphatcs and nerves One foll cle (top 1/2) has
burst and expelled it ovum The larger non
nucleated mass of an old foll cle (top r ht) h

develop d 1nto a co pus luteum

The uterus or womb 15 a thick walled muscular orgin with 1n
mternal mucous lining (endometritm) a muscular coat (myometrium)
and an external pentonenl covering The lower end of the uterus
becomes narrower and leads to the vagina the passage from the
uterus to the extertor of the bodv If an ovum 15 fertlised 1t becomes
embedded in the wall of the uterus and is normally retatned there unul
pre natal development 1s completed

Repmducnve Cycle 1 M'\mmals At maturity the female re
system undergoes regular pertodic chinges
In most mammals 1t 1s usual to divide the cycle into four stages —
{a} pro aestrus when the follicle ripens
(b} cestrus the pertod of heat  when ovulation occurs
(¢) meteestrus the period when retrogressine changes occur in
the ovary
(d) dicestrus or ancestrus the pertod of sexual mactivity
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In 1917 Stockard® demonstrated that there were characterisue
changes 1 the cells of the vagina! epithelium of ammals duning the
cestrus eycle These changes can be followed by a P
uon of vaginal smears taken at cafferent phases of the cvcle which
forms the basts of much expenmental imestigation of the ovaman
hormones and therr arufiaal analogues (see page 133)

Durning dicestrus vaginal smears consist maunly of leucocytes with
few nucleated cells During pro-cestrus leucocytes are absent and a
large number of nucleated epithelial cells are present During cestrus
the epithehal cells lose their nucler and non nucleated cornified cells are
found in large numbers Va_inal smears taken duning meteestrus show
many leucocy tes with some epithebal cells

Human Reproductise or Menstrual Cycle  The human female
reproductive cycle or menstrual cycle 15 different from the cestrus
cycle in lower mammals Itis however dependent on the producuon
by the ovary of the correct amounts of hormones at regular umes and
also on the correct balance between the gonadotrophic hormones of
the antenor {obe of the pituitary and the ovaran hormenes The cvele
m humans normally occupies twenty-eight days and recurs regularly
from puberty untl the menopause when dechning reproductine
actaty finally ceases

Changes in the Uterus As the menstrual cvcle 1s a continuous butlding
up shedding and repainng of the endometnal hmng there 1s no clear
cut dimision between one stare of the process and the next The cycle
may however convenently be dnided into three mam phases —

(1) A bleeding phase or period of menstruation charactensed by a
il of the end and occupsing approamatels four

days
(2) A proliferatve or pre-ovulatory phase lasting seven to ten days
w the later stages of which the epithehum of the utenine mucosa
develops and increases in thickness the cells at the surface of the
epithelium becoming more columnar From the lourth to the eighth
day of the cycle the ussue 1s resting and recovenng from the effects of
menstruation From the exghth to the thirteenth day under the stimu
lation of the @strogenic hormone regeneration occurs On the basal
layer of the 1nner surface of the uterus a gradually thickening layer of
landular tissuc the end mm devel h its
thickness by about the fifteenth day This layer consists of strarght
tubular 1mnally mmaceve glands separated by connective tissue At
about the fourteenth day a Graafian follicle 1n the ovary ruptures and
liberates an ovum which may or may not later be fertilised
(3] A progestational or post-ovulatory phase lasung for approxa
mately fourteen days after ovulation when the glands undergo
charactensuc changes hecomung twisted and spiral instead of straight
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The cells lining the glands begin to elaborate glycogen and the con
nective tissue changes to form charactenstic polyhedral decidual cells
During this phase the endometrium 1s highly vascular and s ready
to recenve and mmplant a fertitlised ovum whech if present, becomes
embedded m the vascular endometrial tissue A placenta 1s ulimately
built up and the ovarian membranes develop round the growing
feetus If howeser the Itberated ovum 1s not fertlised the utenine
mucosa again slowly degenerates and menstruation occurs The penod
occupted by each phase of the cycle as described above 1s only an
average In practice considernble varitions occur 1a the timing of the
cycles of different women and even of the syme woman

Chanoes in the Otartes Concurrently with these changes mn the uterus
cyclic changes are taking place in the avanies A pumordial follicle of
one of the ovaries becomes distended with flurd (liquor folliculs) The
swollen follicle on attaining maturty bursts -t the surface of the ovary
and the ovum passes 1nto the fallopian tube After the discharge of the
ovam changes occur within the ruptured ovanian follicle resulting m
the formation of a glandular structure the cells of which become filled
with a yellow fat lutein from which the nime corpus luteum (yellow
body) 1s dernved and the hormone progesterone 1s secreted Proges-
terone s essential for —

(a) The develog of 1 rual end rium
() Mamtenance of pregnancy

(c) Growthof the lobules of the breast

(d) Inhibitton of ovulauon durmg pregnancy

Action of the Anterior Lobe of the Pitwtary The cyche changes m the
ovary resulting in the maturation of an ovum which 15 discharged and
the growth of the corpus luteum 1n the ruptured follicle are controlled
by the gonadotrophic hormenes of the antertor lobe of the pituitary
gland Thus the follicle i} h it the prod n
of the ovarian hormone costradtol which 1s secreted in increasing
amounts from the fourth to the twenty eighth day of the cycle and
the I hormone sttmulates the prod of the corpus luteun
hormone progesterone which 1s secreted in increasing, amounts from
the fourteenth to the twenty eighth day of the cycle

There 15 some doubt as to how the two ovarian hormoncs 1nd the
two pituitary gonadotrophic hormones act in the establishment of the
menstrual cycle but 1t1s known that 1 definite balance exists and must
be mamtaned between the hormones elaborated by the different
ghnds The amount of cstrogens and progesterone present the
ovaries cannot be measured directly but an estimatton of the excrettont
products 1s of importance n diagnosis and treatment

Excretwon of Progesterone In the normal menstrual cycle progesterone
1s ehmmated in the urine as an mactive water soluble compound
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sodium pregnanediol glycuromdate and the cxeretion of this preg
nanedol closely parallels the production of progesterone by the
corpus luteum Lxcretion begins about twelve days before the onset of
menstruation (a day or two after ovulation) nd reaches a peak about
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PREGN \NEDIOL LXCRE1ION
The ot hand chart shows the daily excreton during the mensteual cycle The right
hand chart shows the very much larger daily excretion durtag pregnancy

onte week before menstruition The maximal daily excretion 1s 3pproxa
mately 5 rmliigrams During pregnancy however the output of preg
n1nediol increases considerably from the s=ventreth to the nmeneth day
and may reach 60 to 100 milligrams daily by the mnth month Probably
most of the progesterone produced after the third month of pregnancy
1s made by the placenta 1nd not the corpus luteum and fadure of the
p to produce progi may be regarded as one of the reasons
for abortion

PRFGNANGY DiacNosts
Durning pregnancy  cestrogens prog 1nd the gonadotroph
hormones of the anterior lobe of the prtuitary gland are excreted 1
mereased amounts and the presence of the choriomc gonadotrophic
hormone 1n the urine forms the bisis of biofogrcal tests for the existence
of pregnancy

Aschheim Zondek Test In the Aschheim Zondek test™ 05
millihtre of a mormng sample of urine 15 injected subcutaneously twice
daily for three consecutrve d1y s into each of srx immature female white
muce 3 to 4 weeks old and weighing 6 to 8 grammes The anumals are
killed 100 houts after the first injection and therr ovanes exammed Jf
the ovaries are larger than normal and have large follicles and corpora
lutea some of which may show hzmorrhagic spots (blood pomts) the
test 1s positne

Fried t A ramd and rehable modificanon of the
Aschh t was made by Friedman® % who discovered



PHYSIOLOGY 47

that 1 single intravenous injection of § to 15 mullilires of pregnancy
urine usually induced ovulation within forty eight hours 1n young
mature non pregnant female rabbits Unlike most other animals the
rabbit does not ovulate spontaneously and the test 1s posittve when the
ovartes at autopsy show the presence of recently ruptured folhicles with
hzmorrhagic arexs

\enopus Test In 1930 Hogben?® showed that extracts of the
anterior lobe of the pitwitary mduced ovulation 1 the hypophysec
tomised mature South African claw toed frog ( Yenopus lerss) and this
fact was subsequently made use of in developing the xenopus y
test sometimes referred to as Hogben s test

The mature female xenopus carnes eggs throughout the year but
extrudes them only after mating or under laboratory conditions after
the of chorionic dotroph this test 1s of interest 1n
that 1t 1s comparatively simple to carry out no operation 1s required
and the result 1s known 1 from faur to eighteen hours The frogs are
kept 1n tanks of water at 70 F and are fed on Iner beef heart and
earthworms 1 milhhitre of an extract of the urine 15 injected subcu
taneously into the dorsal lymph sac of the frog which 1s returned to the
tank and observed at mter\als after four hours for the extrusion of eggs
If the test 1s posttive eggs usually appear in from six to twelve hours f
none appears at the end of aighteen hours the test 1s negative Reliable
results can be expected 1n 96 to 99 per cent of cases and are first
demonstrable about ten days after the first missed menstruation

Male [oad Tests Galli Maimm?® used the male toad Bufo
arenarum as the test ammal Usually 10 millihitres of the patient s urine
1s myected subcutineously and after a few hours a drop of urmne 1s
collected from the toad and examined for the presence of spermatozoa
Good results hive 1lso been obtamned using English male toads (Bufo
wlgans)®® several South Amencan toads and the frog Rana prprens®®

In all these tests false positives may be obtaned m patients with
h dufe mole and ct pithelioma  but false negatives rarely
or never occur Hydatdiform mole occurs when the ovum fails to
develop and there 1s abnormal growth of the tissues concerned 1n the
formation of the membranes which normally surround the developing
embryo  Chor 1 1s a form of mal disease ansing
l'mxln the placental relics of a former pregnancy or of a hydatidiform
mole

Guterman Test  Thus test'® consists essentially of the extraction
with toluene of the acid hydrolysed pregnancdiol complex of urine
followed by lhe punﬁm(mn and precipitation of the pregnanediol
Ten rml acid 1s added to the precipt
tate from 100 mllhlurcs ofa mormng specimen of urine and the colour
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15 observed 1n a test tube when solution 1s complete Colourless to Lght
yellow 15 taken 1s negative deep yellow to deep orange brown as
posiive
Conditrions which are with the excretion of 1

hormone such 1s hydatudiform moles and testicular tumours give
negative results by this techmque which therefore has the advantage
of distinguishing between normal placental and Abnormal placental or
placental like ussue

d

REFERENCES
Zovwpex H Diseases of the Endocrine Glands Translated by & P Gues 2nd
Enghsh Ediien 1944 Arnold London
WeGELN C and Aveury 1 4 ch exp Path 1021 89 219 1925 105 137
RoserrsoN J D Bnt med 7 1944 1 617
GorooN E 8 and Atericur E C 7 Imer med Ass 1050 143 1129
Rivers R P and RAvparLr S S 7 Endoc ol 1045 4 221
Remexe E P and Turner C W 7 biof Chem 1943 149 555
TARKES A S F Endoc mol 1946 4 476
Cnesvey. A M Crawson T A and Weasrer B Jokas Hopk Hop Brll
1028 43 261
9 l\IAcngznz J B Machenzie C G and McColres E V Sience 1941

EIRE: XU PRI

10 ]\hcl\z\zw_ C G and Machenzte J B Eﬂflﬂﬂt’wla,) 1943 32 183

11 Astwoon F B etal Endocinology 1943 32 210

12 Astwoop E B F dmer rlmi 1ss 1043 122 78

13 Levs D Lancet 1945 1

14 Wiuson \ Lancel 1945; 640

15 Astwoop E B Brssere \ and HugHEs A M Enlamno[o_‘_y 1945 37 456

16 Anpersow G W etal F dmer chem Soc 1945 67

17 Baviv E M and Gooocimp D A Vature Lond 1916 157 659

18 Astwoop E B and Vawper Laax W P ] cin Endocynol 1945 5 424

19 Awsmigur F and Ri EC Glands and M
Bone D sease 1948 Bailhire dezll and (‘An Lond,

20 Nevrerp A H andCowute J B End enn ! u 1947 30 135

21 Arionr FJ tmer med Ass |a3n 112 259

22 Ropeatsoy J D Lancet 1941 1t

23 SHELLlNc D H 7 bl Chem IQJI 96 215

24 xz F J hn Endocrnol 1941 1 403

25 SB\,nmmmus E L and St Jous R 7 clin Fndonnol 1943 3 635

26 Brack W Schuer. med Tlschr 1946 76 316

27 Lawrence R D and McCance R A Brit mzd ] 1734 ) 081

28 Hacepory H C dtal 7 Amer med Ass 1936 1

29 HAGEDDRN H C Poc R Soc Med 1937 30 805

30 cotr D A andbisuer A N F Pharmacol 1935 55 200

31 Scm—r D A andFisner A M 7 biol Chem 1936 114 oo

32 Scorr D A andFisuer A M 7 Pharma ol 1936 58 78

33 Bavin E M andBrooy YW A Quart J Phorm 1937 10 327

34 Broos W A andBaviv E M Quart J Phorm 1937 10 334

35 Buiscrorr F Amer J Physol 1936 116 239

36 Gray P A Endoc nology 1936 20 46]

a7 Rsmzx L Searte DS and Lane E H Proc Sor e p Bl NT 1939

o)

0 1

38 Evans H M ctal Proc Soc exp Bl J\r T 1932 29 857

39 Arknnsoy F R B Endokr olo 1 1)38 245

40 Marks H P andYotne F G Jancet 1040 v 403

41 Incte D J Endocrinology 1941 29 649

42 Inciz DJ Endocrinology 1041 29 838

43 DeFras M L and Hovssav B \ Rz Soc a gent I 1 1944 19 84
4 Houssay B A Clin Proc 1946 5

:5 Jonx H J J dhn Lnd rinol 1942 £y 264



PHYSIOLOGY 49

Incte D J Enten o gy 1944 34 361

Jacoms H R Poc Soc exp Bl N T 1937 37 407

Dvvy J 5 Sweeuav H L and McLevenir N G B Lancer 1043 1 484

Rivour § H Haw A W and Wrensuau. G 1\ Scien ¢ 1944 100 57

ALLAN Y N etal Bt J exp Path 19945 7

Deracsreor L 1 etal Amer § Physol 193¢ 117 175

Best . H Diabetes and Insul n and the Lipotrop ¢ Factors 1943 Thomas
Springfield Ilhinois

Dracstepr L R 7 Am v med 1551030 114 %9

Gavoum ] H andLoranne J A J Pharm Pha mml 1950 2 65

Severmvauavs \ E Physiol ‘Ree 1937 17 5560

Tvans H M andLono J A tnat Tec 1021 21 (2

L1 C'H andFvaxs H M S nce 1941 99 183

Wirscenr £ Endocrinology 1940 27 437

Ascnerw S Fln s it 1028 7 1403

o H H andHarr G H bnr J Phyact 1930 93 57

Bovcorr M and Roweasas I W B med 7 1938 1097

hvpn B M Mever K andSemeson M E Poc Seowp Dol VT 1031

845

Ruxum G L 7 Obstet Cyne 1046 53§

Mazer C and Raverz T tmer J Obster (VVI[( 1931 41 474

Davis A J Obstet Gynec 1944 51 401

Fraenkrr Covrat ] Fraenker Conkar Ho Siwesow MOF oand Luaws
H M 7 biol Chem 1340 135 19

Sieserr W | and St R § 1 or 7 Phyteol u:m 95 390

Friencoon Y B Foh s Hopk H sp Bull 1934 5.

Witkng L oand ELescn sany W 7 toer md n 1941 116 2459

Marx \\ Stapsow M T and Evans H M froc Soc e g Bol MY 1942

49 X
e n :Nrsux M € andFvans H M Saence 1942 96 450
Wune A Catcurore H R andLaxe C N H Saemce 1937 86 §7
LiCH “sox M E ardFvass H M 7 bol Chem 1942 146 627
Verney ' B La et 1929 1 530
Ouver G andScuArer F A J Physwl 1891 161
Taxawve J Amer 7 Fharm 1901 § 573
Barcer G andDatz H H 7 Phys aI 1010 41 19
Gunx J A Brit med J 1939 n 155 and 214
Comt € F and Cort G'T 7 brol Chem 1979 81 331
smu F Ber dish hem Ges 1904 37 4149
Houron P Natue Lond 1949 163 219
Goiorxsere M Faser M Auston F J and Cuarcorr T G Saence 1949
534

Butorine E andBurs J M Brit J Pharm ol 1949 4 202

Gotpewmere M Apcar V. Deterunc R nd Pives b 1 7 dmr med
Ais 1049 140 776

henoat F Q etal Pro MayoCln 934 9 245

Revommars T £14 chm 11 1936 19 2

Incie D J Endoenn logy 194 31 419

Sveert H Joh s Hopk Ila:ﬁ B it |940 67 189

Seeve H Pact toner 1919 1

Hesen P S hewvawe ¥ C SLocu( C H and Poreey H P Proc Maye
Cn 1249 24 181

Hamiros T B dmer 7 dnt 1942 71 451

Stockarp C R Amer’ Y 4 at 1817 22 225

Ascurres « $ and Zovoek B Kl ey mzs 7 831 and 1404

Faimpvan M H 4me 7 Physol 1920 90 €

Iriepman M H and Laeiaw M F gmer J otmu Cynec 1931 21 405

Hocsen L J Proc 7 S¢ Senes \ 13130

Guau Mavryy O J Ame md 45 1938 ]38 121

Krioprer A and FRaN® H Lan £ 1949 n

WiTserceR P B and Mnier D F Smw I(HE 107 198

Gurer tax H'S 7 cln F daennol 1934 4



CHAPTER III

CHEMISTRY OF THE
NON STEROID HORMONES

THE non steroid hormones comprise those which are derived from the
thyrowd parathyroids pancreas pitwtary (both postertor and anterior
lobes) and adrenal medulln The hormones associated with the para
thyroids pancreas and pituitary possess the chemical and physical
charactenstics of proteins and with the exception of mnsulin hitle 1s
known of the details of their chemical consutution On the other hand
the hormone of the thyroid thyroune and those of the adrenal medulla
adrenaline and noradrenaline arc relatrvely simple chemical com
pounds of known constitution

TiyrOID

The 1solatron of the actrve principle from the thyroid gland was first
achieved by Kendall'  but the method of 1solation was subsequently
modified and improved by Hartgton® Since the hormone 1s present
1n the form of a peptide 1n the protein 1odothyroglobulin hydrolysis
has to be carried out firstly with aqueous sodium hydroude and sub
sequently with aqueous baryta In Harngton s method hydrolysss 1s
carried out with hot baryta using successively a 10 per cent solution
and a 40 per cent solution In this manner the hormone 1s 1solated as
the barrum saft which may be decomposed by additton of a shght
excess of aqueous sodium sulphate to tts suspension in hot 1 per cent
aqueous sodrum hydroxide After filtrition from barium sulphate the
free thyroxine may be 1solated by acrdification Subsequent purification
1s effected erther by dssolving the crude product in ileoholic alhal
followed by acidification with cetic actd or by crystallisation of the
sodium salt Thyroune obtuned by this method 15 optically mactive
but by utilising a process of enzymic hydrolysts Hanngton later ob
tamed L thyroxime mp 235 [a]s —3 8 (sodtumsaltin 60 per cent
ethyl 1lcohol}®

Thyroxme (C,;H,,O,NI,) Thyroxine (V) 15 2 white crystaline
compound whech 1s sparingly soluble 1 water wnd nsoluble m orgamc
solvents It dissolves 1n aqueous and mn alcoholtc alkalis The
constitution of thyroxine was established by Harington® who 11s able
to replace the 10dine 1n the molecule by hydrogen by shaking an alhaline
solution of the hormone with colloidal palladium n the presence of
hydrogen The resulting compound CysHy QN known as thyronine
was shown to be an ammo actd and 1ts constitution was proved by
synthesis Finally the synthesis of thyroxme 1tsell was reported by
Harnngton and Barger in 1927¢ In this synthesis p mtranibme was
comerted 1nto 2 6 duodo 4 mtroantine and then by means of the diazo

50
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reactioninto3 4 5 d L Cond of the latter wath
the hyl ether of hydroq) inmethyl ethyl ketone solution
1n the presence of potassium carbonate gave the diphenyl ether (I) 11
which the mtro group was subsequently reduced and replaced by the
cvano group by means of the Sandmeyer reaction Reduction of the
cyano group with anhydrous stannous chlorde gave the aldehyde (11}
which was condensed with huppuric acid i order to mntroduce the
alanune side chain  The azlactone (111) which was first formed was
hydrolysed and reduced and then d hylted and deb Inted
to give the duodo acd (IV) The mtroduction of the additional 10dine
atoms was effected by the addition of a solutton of 1odine 1n potassium
10dide 10 a solunon of the 1mmonyum salt Laberation of the free acd
on aadification gave bt thyroxine (V)
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The resolution of the racerme pound f d derable diffi
culties owing toits sparmng solulnhity but in 1928 H: 7was able
to resolve pL 3 5 duodothyronme (IV) 1nto the two optically actne
forms into each of which the two addimonal sodine atoms were sub
sequently introduced

An improved synthesis of thyroxine has recently been reported® and
an extension of this method to L tyrosine leads to L thyroune without
loss of opttcal activity® In this process L tyrosine 1s comverted to
35 dimtro L tyrosine (VI) wlich s submutted to acetylation and
estersficatton to give the ester (VII) Reaction with the manomethyl
ether of hydroquinone n pyndime gives 3 5 duntro 4 p methoxy
phenoxy N acetyl L phenylalanine ethyl ester (VII) which 15 then
reduced to the diamine and submutted to the Sandmeyer procedure to
give the duodo ester (IX) Subsequent hydrolysis and 10dmanon with
1odine n ethylamine solutton gives L thyroxme (V) ([«lo—57 n
N ethy] alcoholic sodium hydroude) The overall yreld from v tyrosine
18 26 per cent

on con  on co,
Ho—i}—cn,ﬂu —»HO ~§\:\cn,~(iﬂ -
ON NH, [oRN NH—CO~CH,
on am
O,N. L;O.C.!z
cH o-}"\-cn, -CH -
O
oM Nu—co—cn
o
1 coCH,
cmOOo—/b‘cHréiH - ™
I NH—CO—-CH
ax

In additon 1o thyrowne the thyroid gland contans 3 5 duodo-
tyrosine (3)2 an amno acid which had been previously ssolated from
coral This amimno acid s regarded as a

I COH  precursor m the biogenesss of thyroune

| By the use of radioactive 10dine as a tracer

H CHCH by been shown that odine admimis
¥ H, tered as 10dide becomes located mn the

thyroid gland being mcorporated firstly

® 10 3 5 duodotyrosme and finally i the
thyroune )t of the protetn 10dothyroglobutin In 1939 Ludwx‘g
and von M becher™ ob d physiologically actve P
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bv the 1odination of casen and sumlar protemns and it has been shown
thatn these reactions 3 5 duodotvrosine and thyroxine are formed!? 13
The direct conversion of 3 5 dnodotyrosine nto thyroxine was also

hed exper iy by von M becher*® ind by Haringtont®

PArATHYROIDS
The hormone of the parathyroids 15 a protein which 11 decomposed
by trypstn It 1s therefore not active when given by mouth FPotent
extracts of the parathyroids have been prepared independently by
Collip!® by Twerdy'? and by Dyer'® by baing the fresh glands for a
Timited period of time wath dilute acid Little 1s known of the chemstry
of the active principle

PANCREAS
"The secretion of those portions of the pancreas termed the slets of
Langerhans 15 the hormone insulin

Insulin  Insulin can be 1solated from the pancreas of the ox or pig
and the islets denved from the pancreas of certain fish also provide a
useful source The hormone p the normal ch 1stics of a
protem and 1t was thus difficult to obtain 1n crystaline form Vanous
processes have been used for the isolation of the hormone and the
following method due to Scott and Parker'® 1s tvmcal The fresh
minced pancres from the ox 15 allowed to stand overmght in acidified
aqueous alcohiol The extract 1s separated 1n a centrifuge and made
alkaline with The inacuve precip 15 filtered off the
filtrate aaidified with sulphunic aaid and the alcohol removed under
reduced pressure The fats which separate are filtered off and the active
principle s hiberated from the filirate by the addition of salt The prec:
pitated material 18 further punifed by repeated carefully controlled
precipitation from solution The onigimal Iiterature should be consulted
for further details of this and other proces es of 1solation and purnfica
tion Obtained 1n this manner insulin 13 an amorphous powder but
Abel 1n 19262 and Hannglon and Scott i 1929% reported the pre
paratuon of crystalline nsulin by preaipitation from a highly buffered
solution 1n the presence of either large quantities of brucine acetate and
pyndme or sapomn The crystals (see Fig 24) were found to contain
2nc?? 23 but the exact manner 1n which the zin¢ 13 combined 1s un
certan and contrary to earher reports the percentage of zinc 13 not
strctly constant?? 35 Crystalline insubin turns brown at 216 and mel
with decomposition at 233 It1s optically active and lzsorotatory The
130 electnic pont s at pH 5 3 but the best conditions for crystallisation
are probably within the range pH 58 to 6 3 As an amphotenic sub
stance insulin 1s soluble i both acids and alkalis but 1t 15 not stable in
alkaline solution Salts such as the hydrochlonde sulphate and picrate
can be obtained as amorphous powders It gives the normal reactions
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for proteins such as the buret Millon niphydrin and xanthoprotete
tests and contains about 15 per cent of mtrogen and about 3 3 per cent
of sulphur It 1s sensienve to proteolytic owudation and reduction en
zymes The molecular weight of insulin has been given as 20 000 by
chemical methods but the ultracentrifuge method gives values of
46 000 to 48 000 and the X ray method a value of 36 000 Viscosity
measurements give values between 40 000 and 50 600 The unit cell

Fio 24
Insvun CrysTaLs (X 200)

from X ray measurements was shown to possess tuagonal symmetry
which indicated a three umt structure with a molecular weight of
12000 for each umt Gutfreund?® considers that the real molecular
weight of insulin 1s 12000 and that in neutral solution four such
molecules are Ioosely bound together mto a large molecule of molecular
weight 48 000 which dissociates on dilution or at extreme pH values
In the crystalline form three such molecules are combined 1n the untt
cell On the basis of 2 molecular weight of 12000 coupled with the
results of the application of modern methods of ammno aad analysis
Sanger?” has given the figures in Table V for the number of the vanious
amno acid units 1n the msulin molecule

This analysis accounts for about 98 5 per cent of the msulin molecule
The manner 1n which these umits are arranged n the molecule 15
largely unknown although the presence of certarn amuno acid sequen
ces has been demonstrated All attempts to separate from msulin an
active pound of p vely low molecular weight have been
unsuccessfulz® 29 30 and even mild hydrolysis results in loss of activaty
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While 1t has been shown that the presence of certam groups mn the
molecule 18 essential for actnaty and that the presence of others 1s not
1t remains true that the speaific activity of insulin must be regarded asa
property of the molecule as a whole or of some lahile degradanon
product which has so far escaped detection

Insulin cannot Le administered by mouth owing to 1ts destruction by
P y Many 1 pts have been made to
obtain denvatives which give n e to a more prolonged action after
mjection Hagedorn® showed that insulin can be combined with ather
substances to give products which hate an 150 electric point nearer to

that of tissue fluids thin has insulin tself In this way actine compounds
of Tower solubibitv are obtamed C o

pt or of msuhn
with saporuns bile atids and blood serum have been recommended
Among the more successful substances of this type may be mentioned
protanune mnsuhn  which 15 a combination of nsulin hydrochlonde
with protamine obtaned from the sperm of rainbow trout This sub
stance 15 more slowlv absorbed and a further rmprovement can be
obtained by the addiion of a small quantity of zinc chlonde? 33
(see pages 23 and 177)

Prrurrary
The prwtary gland or hypophyns consists of two parts the pos
tenior lobe and the anterior lobe which 1n nearly all amaly are

assembled together in one organ In the whale the two parts are anato
rmcally independent

Posterior Lobe At least two hormones are produced m the
postenior lobe Of these one causes the contraction of the uterus and
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for proteins such as the buret Millon minhydrin and xanthoproteic
tests and contains about 15 per cent of mtrogen and about 3 3 per cent
of sulphur It 13 senstive to proteolytic oxidation and reduction en
zymes The moleculr weight of wsulin has been given as 20 000 by
chermical methods but the ultracentrifuge method gives values of
46 000 to 48 000 and the X ray method a value of 36 000 Viscosity
measurements give values between 40 000 and 50 000 The umt cell

Fio 24
Tnstian CRysTats (%200

from X ray measurements was shown to possess trigonal symmetry
which indicated a three unmit structure with a molecular weight of
12000 for each umt Gutfreund®® considers that the real molecutar
weight of msuln 15 12000 and that in neutral solution four such
molecules are loosely bound together into a large molecule of molecular
weight 48 000 which dissociates on dilution or at extreme pH  alues
In the crystathne form three such molecules are combined 1n the unit
cell On the basis of a molecular weight of 12000 coupled with the
results of the application of modern methods of amino actd analysts
Sanger?” has given the figures in Table V for the number of the various
anmune acid unuts 1n the wnsulin molecule

“This analysis accounts for about 98 5 per cent of the insulin molecule
The manner 1n which these units are arranged in the molecule 1s
largely unknown although the presence of certamn amino actd sequen
ces has been demonstrated All attempts to separate from insulin an
acuve compound of p low molecular weight have been
unsuccessful?8 2¢ ¥ and even mild hydrolysis results an loss of activity
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the aleoholic filtrate 18 concentrated Addition of concentrated ammo-
a1 to the resdual aqueous solution liberates free adrenaline which
may he punified by solution in an alcoholic solution of oxalic acxd
filtratlon  dilunion with water and addison of ammoma  Owing
to the pribabity of ad Line to oxid 1t 1s essential to carry out
the extraction processes under reduced pressure or in an atmosphere of
carbon dioxide or under a layer of hight petroleum Owing to the
simplicity of the process the natural product continues to be used an
considerable quantitics

Adrenaline (C,H,:0,N)  Adrenaline (X111 15 a colourless erystal
line compound mp 211 which s almost insoluble 3n water and most
organic solvents but dissolves readily n acids and alkalis It 1s thus an
amphoteric substance which dispfays both bauc and acidic propertes
It 15 comparitively stable in aad solution but in the presence of
atkalis 1t 13 readily oxidised It gives a green colour with aqueous ferric
chlonide solution and possesies strong reducing properties The natural
hormone 18 lzvoratatary ({xls -53 1n aqueous hydrochlone acdy
Ihe racemic form 1s fess active physologically since (+) adrenaline
f11s only onc twelfth to one uxteenth the activity of the (=) 1someride

Adrenaline (XI11) 13 a denvative of catechol contaiming a secondary
alcohol group and also a methylamino group Fyidence for this con
sutution was ob d by degrad exp and the
was confirmed hy h which was achieved almost ] )
by Dakin#t and by Stolz4* 3 4 Dibydroxy-w-chloroacetophenone (XI)
was prepared by the acuon of chloroacetic acd on catechol 1n the
presence of phosphiorus oxychloride a reaction which was subsequently
wnvestigated and smproved by Out® By the action of an excess of a
concentrated aqueous solution of methyl on the chloro-k
suspended  m aleohol 3 4 dihydroxy w methyl: ph
{X1II) was obtuned and this on reduction gave adrenaline (XIIT)
Reduction can be effected esther electrolytically by means of alum
mum amalgam or catalytically with hydrogen and palladium The

on on oH
K\ i3 o1 oH
' AR -+ 7

oL CO-CH -NH-CH, CH(OH)-CH-NH cH,
[PV *an [\ 411))

resuluing, (+) adrenaline can be resolved by means of 1ts bitartrate
{+4) rdreniline (4) tartrate heng much more soluble tn methy) aico
hol than (~) adrenaline (4) tartrate!t Turther punfication of
(=) drenihine (4) tartrte 13 effected by erysialisavon from 95 per
cent meehyl aleobol  The crude (+) adrenaline (4) tartrate 18
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the other constriction of the capillaries and contraction of the intestines
Both extracts have an antidiuretic effect and are used m the treatment
of diabetes insipidus These hormones are proteins

Anterior Lobe The nterior lobe of the pitwtary 1s a gland of
the greatest importance which has far rexching influences on the func
tions of many other glands Extracts of the anterior lobe appear to
contain a number of distinet actise principles some of which mvolve
the metabolism of the whole body resultng tn extreme cases ether 1n
dwarfism or gigantusm \fore speaific effects are also produced on other
glands such as the pancreis thyroid parathyroids and adrenals and
the extracts contamn three gonadotrophic substances Lattle 1s known
concerning the chermstry of these substances All of which appear to be
proteins

O! the virious hormones nssociated with the anteror lobe most
attention has been given to the gonadotrophic factors A product with
high luteimsing activity can be obtained from human pregnancy urne
by precip with phosph lybdic actd The preap 15 subse
quently dissolved 1 ammonin 1nd baryta 1s added After filtration the
hormone s precipitated by the addition of alcohol and ether3 Vartous
other methods for the preparation of the hormone have also been
reported®? 3% An alternatn ¢ source of the follicle stimulaung hormone
15 the serum of pregnant mares from which a highly active preparation
can be obtatned by removal of the mactive protemns with salicylsul
phonic acid, followed by dialysis and frictional precpitation with
acetone’?

ADRENALS
The adrenal glands consist of two parts the medulla and the cortex
The medulla 1s the source of the hormones 1drenaline ind noradrena
Line while the cortex provides 2 large number of steroid hormones
{see page 77)

Adrenal Medulla In 1894 Olwver and Schafer®® found that when
an extract of the adren:l glands was injected 1ntravenously into
ammals a marked rise in blood pressure resulted and tn [901 the active
prinasple responsible for this action was isolated 1n crystalline form
independently by Takamine®® and by Aldrich 40 This active principle
which was shown to be dertved from the medulla and was given the
name adrenaline was the first hormone to be 1solated 1n a pure form

The hormone can be readily isolated in almost quantitative yield
from the adrenal glands of oxen by utilising 1ts basic properties The
munced glands are extracted with hot dilute acid and after further
heating the extract to coagulate most of the proteins 1t 1s filtered and
concentrated under reduced pressure The concentrated residue 1s
treated with two or three times its volume of alcohol and after filtration



CHEMISTRY OF THE NON STEROID HORMONES 59

REFERENCES

Kenoate E C F bl Chem 1919 39 125

Kenpate E C and Ostereurc A E 7 biol Chem 1919 40 265

Harinoroy C R Buockem J 19 6 20 293

Haxivoton C R Buockem J 1930 24 426

Harrvoron C R Bi hem 7 1926 20 300

Hasoroy C R and Bardew G Bucen 1527 21 169

Harivctov C R_Bockem J 1028 22 143

Borrows E T Cravroy j C and Hems T F chem § 1949 S199

Csatsers J R Dicksov G T Etks | and Hess B A chem Sic 1949
3424

Hamvoron G R and RanpatL S 5 Buckem J 1020 23 373

Luowic W and von Morzenszcuer P 2 physiol Chem 1030 258 105

Harivoton C R and Rivess R P Aature Lond 1930 144 205

Rervexe F P and Turwer G W 7 buol Chem 1943 149 555

von Murzesecuer P 2 phystal Chm J1997 261 253

Harivetoy C R J chem Soc 1

Cotur J B 7 biol Chem 1925 63 35

Tweeoy W R 7 biol Chem 1930 88 649

Drex FJ 7 Phuel 1030 86 3P

Scorr D& and Pasen 1Py < 1y Soc Carmda 1932 26 311

Aper | J Proc nat Acad S1 1026 12 1

oo G R s Seory DA Broch 7 1920 23 384

Scorr D A Buochem J 1934 28 1502

Romans D G Scorr D A and Fisuer A M Industr Engn, Chem 1940 32
908

Conw E ] Femey J D Livincoop J J and Buancare M H J dmer
chem Soc 1941 63 1

Saryun M 7 bl Ghem 1931 138 487

Gurrrevwo H Bohkem J 1048 42 544

SanGer F R p Pog Chem 1948 45 283

Harivoton C R and Neurzrcer A Biochem 7 1936 30 809

Harrveton C R and Mean T H_ Biockem 7 1936 30 1508

Freveneere K efal J physiol Chem 1931 202 128

Hacevors H C J Amer med Ass 1936 106 177

Scorr D A andFisuer A M 7 5ol Chem 1936 114 looovin

Scorr D A and Fisuer A M 7 Pharmacol 1936 58 78

Scuerster H Deutches Re chs Patent 588047

St Lows University Missours U S A Britssh Patent 401

Guriv S Bacuman C and Wison D W 7 Bl Chlm 1939 128 525

RIvDERKNECHT Nosie R L and WiLriams P C Bockem § 1939 33 381

Orver G and Scrarer E A 7 Physiol 1894 16 1 1805 18 2

Taxamive J dmer 7 Pharm 190t 5 523

Stoz F B disch chem Ges 1904 37 4143

OFr E Ber disk hem Cx 1926 59 1068

Fraceizr F £ physiol Chem 1908 58 189

Nacat N Brtsh Patent 118.98

Hovtow P Mature Lond 1349 163 217

GoLpEnserc M FARer M Arston E J and Cuarcarr E C Saence 1949

Mester Lucrosand Brovane Deutsches Rewchs Patent 157300 193634 195814
Tamnter M L Tuttar B F and Luouena F P Saence 1948 107 39



58 HORMONES

racemised by heating with hydrochloric acid and further resolution as
before gives more (—) adrenaltne This process may be repeated until
practically the whole of the synthetic product has been converted 1nto
the physiologically more active kevo form identical with the compound
1solated from the medulla In an alternate synthess due to Nagai#s
mtromethane 13 condensed with the diacety] denvative of proto
catechuic aldehyde (%1V) and the reduction of the product (X V) with
zine dust and acetic acid 1n the presence of formaldehyde gres the
dcetyl dervative of adrenaline (XV1) which may then be subjected
to acid hydrolysts to grve adrenaline (\III)

0 co-cH 0-CO-CH, 0-CO-CH,
/0-COCH, / 0-CO-CH, \/0-CO-CH,
| > - | —> (\IID)
v 7
0
CHO CH(OH)}-CH \O CH(OH)}-CH,\H-CH,
[494%] (S8 xXvn

Noradrenaline (C,H,,O;N) The presence 1n the medulla of the
primary amine noradrenaline (A X) had long been suspected but it
was not unul 1949 that Holton® reported 1ts presence in adrenal
medullary tumours andts presencein the normalmedullawasestablished
shortly afterwards? It occurs 1s the (—} form Racemic noradrena
Iine had been synthesised many years earlier by a variety of methods
such as the reduction of either w 1mino 3 4 dihydroxyacetophenone
(XVII) w nitro 3 4 dihydroxyacetophenone (XVIII) or the cyan
hydrm of protocatechuwic aldehyde (XIX)1* and 1t had been introduced

OH OH OH OH
{oH { {0}1 OH | on
{ 1 (,

7 7

o] (e} CIHOH Iﬂon
dir dut CN CH,
on ro, H
xvin (XVIID &Iy fyes)

under the name arterenol as a substitute for adrenaline but with hitle
success Its resolution has recently been reported® Racemuc noradrena
hine (X\) 15 a erystalline sobd mp 191 wath decomposition which
15 spangly soluble m water ethyl alcohol and ether It s soluble
dilute acyds and alkalis and yields a water soluble hydrochlonde
(mp 141 )and oxalate(mp 175 ) (~) Noradrenaline mc]tsoatZIG 5
to 218 corr ([«)5—373) and its hydrochlorde at 146° to 147

({2]3—39)
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R, H

Ho H

HO'

=

an

atposttions3 5 8 9 10 13 14and 17 Such a structure will be capable
of esstence tn 28 or 256 stereorsomenc forms Tortunately the man
v: bl hermcal confi enc d 1n natural pro

durts of the types under consideration are confined to the carbon atoms
at positrons 3 and 5 and the relatnve configurations of rings A and B

The configurations between nngs B and C and between nings Cand I
appear to be the same m nearlv all stermds with the exception of the
cardiac aglycones and therefore do not call for detaled treatment here

The conventions usually adopted for the description and representation
lof substituted sterords have been expressed clearly by Shoppee! The
configuration of substituents at the nuclear carbon atorns 1s represented
by the suffi< () or {8) according to whether the substituent hes below
the plane of the paper or projects forward from the plane of the paper
{as for example with the 3 hydroxyl group in cholesterol) Further

whenetver 1t 15 necessarv to indicate a sperific configuration (8)

onentation 1s represented mn formulz by a full ine bond whereas
(«) orientation 1s represented by a broken line bond Thus 1n formula
{IT} the hydroxyl group at position 3 the methyl group at positons 10
and (3 the g roup R at posiion 17 and the hydrogen atom 2t posttion 8
are ail {8) onentated and extend above the eneral plane of the ning
systemi whereas the hydrogen atoms at positions 3 5 @ 14 and 17 are
all (a} onentated and lie below the plane of the nng svstem An
excelient report of our & ledge of the h 1 confy

of the steroid nucleus and of nuclear substituents has been published
by Shoppee?

SteroLs
The sterols are constituents of ammal and plant fats and oils They
are neutral stable crystalline compounds which occur partly sn the
free state and partly estenified with bugher fitty acxds The usual method



CHAPTER IV

CHEMISTRY OF THE
STEROID HORMONES

THE sterouds are a group of compounds widely distributed in nature
the structures of which are based on the reduced ¢yclopentenophenan
threne system The parent system consists of four fused ring structures
assembled as illustrated tn formula (I) 1n whch the group R 15 a
saturated or unsaturated hydrocarbon radical The group R 1s referred
to as the side cham the remainder of the molecule betng termed the
nucleus The four ring systems which are usually though not always
fully reduced are designated A B C and D and the carbon atoms
are numbered as mdicated The sex hormones and the hormones of the

Pc, I
CH, , H
12 17
Hed TN em,
c

1 D 1
CH———CH,

1 H,
CH’\T/9H\ e
3

18

2
H, A 10:{ B ’ H
H
H, H H:
Now e

&)

adrenal cortex come within this group and among other types of
3 ds which are Tuded are the sterols the bile acids the
aglycones of the cardiac glycosides and the steroid sapogemns These
vartous groups of compounds are thus closely related to the hormones
and many of them are 1mportant as starting matenals for the com
mercial preparation of the hormones They are also of value i the
| eluctdation of the stereochemical configurations of the hormones
The stereochemustry of the sterords 15 a subject of considerable com
plexity which renders the total synthess of any single member of this
class a matter of great practical difficulty If for purposes of rllustration
the fully d structure (1I) 15 dered 1t will be observed that
the molecul eight 1c carbon atoms namely those

60
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mn nng A This 1s a charac

CH, CH, tenstic transformation “ssort
h CH ’ }"’ R ated with the ouidauon of al

| 3 hydvoxy sterords which con

CH—CH tan a double bond between

! NCH posmons 5 and 6
o X

vy Satosterol {CypH;(O) (V)

the mam sterel of plants s

known i three formstermed « B and y sitosterol The mam
1 dary alcohol group at posi

1102 contuns a
\\on 3 2nd an ethenotd link between positons § and § On ouditionat
mves B sitostenone  which

CH, fo has 1 betoc group at position

Sen” w 3 and 1 which the dauble bond

\]) l A By now occupes the position be

7V C’H‘C“ e theen the carbon atoms at

H 7 LL\ )—- CH, posthons 4 and 5 It differs
(01 { trom cholesterol m the side
w7 o CH chain attached to posiion 17

which now consists of a satu
rated 1sodecvl group CyH; Hydrogenauon of f siasterol gnes
sugmastanol (sitostanol) C oH

Stigmasterol (CyH O) (V1) 1s found with £ sitosterol in soya
and calabar beans It differs

n H from B sitosterol only n hav
o 1ng 1 double bond 1n the hydro

1 \ CH carbon sde cham and on
7 CH-CH v drogenation it takes up two

WA A w molecular proportions of rydro-
N gen to give sugmastinol denn
HO 7 ap M cal with that obtamed by the

hydrogenationef 8 sitosterol

Ergosterol (G H,,0) (VII) 1s the mun teroid consutuent of
yeast It mainly differs from cholesterol in having three double bonds
wstend of one One of these additional double bonds 1s situated between

™ wr the carbon atoms at positions 7
and § and the other resides in
the hydrocarbon side chain

V\ Cl M. /CH  attached to the carbon atom at

\ I “CH posmon 17 which contams

H C¥ nne carbon atorms Three mole
o /J cular proportions of hydrogen
om are  absorbed on catalync
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of ssolation consists 1n subjecting a neutral extract to hydrolysis with
alcoholic sodium or potassum hydrowde and extracting the unsapont
fiable matter with ether or hght petroleum In many cases the sterols
wsolated from natural sources consist of muctures of closely related
compounds  All sterols contain a () orientated hydroxyl group
artached to posttion 3 m the reduced gelopentenophenanthrene
system Sterols obtained from antmal sources are termed zoosterols and
those from plants phytosterols The more smportant sterols are listed 1n
Table VI

Tapie VI

SrerOLS

bow
| Formida Domberd | My | (alp Occurrence

Cholesterol ¢ woj 1 150 | =388 | tmmal cells
Lrgosterol HuO | 3 ’ 103 —133 Yeast Ergot

8 Siosterol CH 0 1 146 —424 | Plants
Sugmasterol | € H,O 2 170 | —45 ! Soyabean
Zymosterol | CpH O 2 110 +473 | Yeast
Fucosterol CoH O 2 (13 [ —383 | Al
Laoprosterol L HO 0 | 102 +235 | Feces
{Coprostanol) |

!

In these compounds the group R of formula (I} and (II) consists of a
hydrocarbon chamn containing from eight to ten carbon atoms and
where 1s coprosterol (coprostanol) 1s fully saturated the other members
contarn from one to three double bonds Cholesterol 8 sitosterol and
stigmasterol have been used as starting materials for the synthests of
sex hormones

Cholesterol (C ,H,,0) (III} occurs i all iving cells and the
CH CH, best sources are the spinal cord
bramn and gallstones It con
CH CH, /CH, tamnsa secondary alcohol group
N\ dn —cH at posttion 3 1t the reduced
\¢u ¢clopentenophenanthrene
H nucleus and a redily reducible
ethenoid link between the car
HO am bon atoms 2t postions 5 and 6
The side chamn attached to the carbon atom at position 17 1s a saturated
150 octyl group CgHy; Oxidation of cholesterol gives the 3 keto steroid
known s cholestenone (IV) 1n which the double bond has moved
from between positions 5 and 6 i ring B 1o betneen positions 4 and 5
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CH, CH cH COR
N /N N
cH CH 851
! 1 CH, !
NS CH-CH avs
7 ' CH, - Vo
H VST H ]/
/
paRs H v
A Ry AcOr
Br
[aY]

(N}
Further in the oxuidaton of cholestersl acetate dibromude (XI) by
means of chromuc acid 3(§) acetoxy J* cholemc acid (X11) 15 formed
at a by product and this acid can be degraded to 3(8) acetoxy 4°
bisnorcholenic acid (%1 by means of the Wieland Barbier process

H  CH CH, CH,
e
cH  H cH  CcH,
H 1 1
’ CH—CH ’ con
v Ho-y ol
H /)T H s
| 1
AQ7 g A0
B
an A

In this method an ester {XIID of 3(8) acetoxy AS-cholenic and s
treated with a ( rignard reagent such as phenylmagnesium bromide
and the resulting tertiarv al-ohol 1s dehvdrated and oadised 0 gne
318, acetoxy ¥ norcholemc acid {XIV) as indicated below

H,  CH,  (H,
I
e an o em
7 COE: — S P
b [ | CH,
H ()3/ H : v s
!
7 7’
307 (I xo” 7
o cH  CH,
W ’ coH
[

i
1
H o/ ) du, H /V)/—
Y
AcO s A(O) e
am

This sequence of reactions 1s then repeated on the ethyl ester of (XIV)
which leads in turn to the production of 3(8) acetoxy 4% bisnoscholeme
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hydrogenation 8tving ergostnol and owidation of ergostanyl acetate
gives 3(8) rcetoxy nor 5 allocholanse acid (see below)

Bire Acips

The bule aceds are normal constituents of the secretions of the iy er of
man and ammals Like the sterals the bile acids contam a hydroyy!
group attiched to the carhon atom at postion 3 but this 15 now
(9) enientated and 1 place of the hydrocarbon chain attached to the
carbon atom at postion 17 a shortened chain at this po ttion now
contains 1 carboxy] group which is responsible for the acidrc propertes

of the maolecule The basic substance of this class may be regarded
15 hthocholic acid or 3(=z) hydroxy

cH cH, cholanic aad (VIII) The main mem
VRN bers of thus senies are grven 1 Table
CH CH  VII and each can be converted to the
N /k c[o H parent substance cholamc aad by
(] oxidation of the hydroxyl group or
Ho \}( & groups to ketone groups followed by
m v reduction by the Clemmensen method
[4%11)] with amalgamated zinc and hydro
chloricacid

Tanee VIE
BuLe Acios
Number of Tosttion of
Hydrowyl Groups | Hydrows! Groups | Occurrence
holic Acid ] 3 Catile Ble
G’ 3 3.7 32 | HumanBle
Tic Acd 2 3 12 uman B le
B s 2 36 [ PigBile

Hyodeoxycholic Ac d

A number of unsaturated steroid acids are encountered 1n the pro
cesses used for the preparation of sex hormones from sterols Stigma
sterol (VI) for example provides a switable starting matenal for the
preparation of a sterond acid smce it contains a vulnerable double bond
in the side chatn which will be susceptible to ordation Thus 1f the
hydroxy] group in stgmasterol 15 protected by acctylalmn‘ and the
nuclear double bond by & as In yl acetate
dibromide (IX) subsequent ozonolysis and debromimition of the
product gives 3(8) acetoxy 4° bsnorcholenic acid (X)
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STEREOCHEMISTRY
Brief reference has already been made to the compleuty of the
stereochemmistry of the sterols and related compounds In the molecule
of cholestanol (XVIII) the rings A and B B and C and G and D are
jomed together in the trans configuranen and the methyl groups or
hydrogen atoms attached to the carbon atoms at positions 5 and 10
8and 9 and 13 and 14 are also 1n the trans configuration

3
\
,

H

(XvHn

‘When 4° cholestenone (XIX) 1s reduced to the corresponding alco-
hol by means of hydrogen m presence of Raney nickel catalyst the
product 1s a mixture of ch 1 (XXI) and epichols 1 (NXIT) 2
new asymmtetric centre having been introduced at the carbon atom at
posiion 3 Both sterols can be further reduced at the double bond by
means of hydrogen m the presence of a plitinum catalyst to ge
cholestanol (XXIII) and epicholestanol (XXIV) which can also be
obtained directly from cholestanone (\X) by reduction under neutral
and acid conditions respectively These changes may be represented

as follows
|
u NS / - H
HO/K/L\ H a ) nevtral |
7 Xx1)
/\\l)\)/— (XXIID ‘\)/\K\)
% -
oo ! | &
O s
H B N
XAIn

v
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acd (X) 1dentical with the acid obtamed from stigmastery] acetate
dtbromude by ozonolysis

AGLYCONES OF THE CARDIAG GLYGOSIDES

The digitalis glyco ides ocrur m the leaves of vaneties of digitalis
(Digitahs purpurea D lanata) and closely related compounds are also
found in other plants e g strophanthus They have a powerful action
on the heart The glycosides wolated from D purpurea and D lanata are
known as digitown (XV R=digitoxose residue) grtoxin and digoan
and can be hydrolysed to the aglycones digitoxsgemin (CyyH,,0,)
(XV R=H) gioxigemn (C ,H,,Of) and digougenn (C ;Hy,C;)
respectively  together with the sugar digitoxose The sugar free
compounds  digitougenin - gitoxt
" CH—‘fO gemn and digoxigenin are known to
N\CH -0  be lactones wath a sterord nucleus
largely as a result of the proneer 1
H A -t vestigations of Jacobs and of Windaus
OH and Stoll In digitoagentn gitoxt
gemn and digoxigenin a secondary
R alcohol group occurs at position 3 1n
the reduced gclopentenophenan
threne system and the most characteristic feature of these compounds
1s the occurrence of an unsaturated lactone ring attached to the carbon

atom at posttion 17 upon which the physiological activity depends

ROV

SAPOGENINS

The saponins are a group of glycosides which occur widely in plants
and the aglycones termed sipogenins dertved from them belong to
two groups Some give 3 methy1 1 2 gyclopentenophenanthrene (Diel
hydrocarbon) on dehydrogenation and are therefore closely related to
to the steroids whereas others grve |27 tnmethylnaphthalene

potalene) on dehyd tion wath sel which wnd a
close relationship to the tnterpenes To the former class belong tigo
genin (C ;HO;) gitogenn (CyHyO,) and digitogenn (CgpH, Of)
A similar compound sarsasapogenin (G ;H,,0j) (XV1) obtamed from
sarsapanilla \Smilax species) has been used for the synthesis of sex
hormones Diosgenin (C ,Hy,Q;) (XVII) 1solated from the roots of
Trillsum erectum and from Dioscorea toForo (Makino) has also been used
for simular purposes

cH cn
0—CH,
! “SCH-CH, cu-c{
0

CH -CH,

CH—C
& \eH-cH”

H VD H XV

CH">LH—CH
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The £ of the h 1 passibilsties encountered wn the
steronds 18 perhaps best dliustrated by reference to cholesterol and
the bile sads which hase been shown to belong to twa different
stereachermical series For example hyoedeoxy cholie acid from hog bile
15 a 3 b-dibydroxycholansc acid (XNNY) of the 5 normal senes as also
w the dibeto acd (WANIT) obtasned on oudanen but the latter com
pound 15 capable of rearrangement by a beto-enol change 1 the pre
sence of aeids or bases to 2 more stable stereorsomende (SN of
the 5allo sentes which change must obvionsly be astrsbuted o an
mveraian at the asymmetnic carbon atom at position 3 thus

~ ~

Ve ‘o/\ L"O,H e c‘on s éoH

i ; I
HO/( e ->l/'»/ ST TR S A
/}‘/
H i
OH

P S
a o
H HO

[pesd] (g eNiil [gattti

v nas ghus established that m the dholanmc aads the rings A and B are
i the s configuration thus belopming 1 the norms{ or coprostane
series whereas m the 5 alfo acds the configuraton s of the frans type
encountered m denivanves of the cholestane senies As previously
stated the bile acids also differ from the sterols 1 having an (&,
artentated hydroxyl group at position 3 To the former senes belong,
also the hydsocarbons =uocholane and pregnane while andsosiane and
3 alla pregnane belong to the Jatter

There 1s abundant evidence that eestrogeruc androgeme progesta
tional and cortical acuvity 1s hughly sensune to stereochermcal strue
tural changes P and deoxy. for ple lose
thetr activity i the cosresponding 17 sso-compounds 1n whach only the
sterechemscal configuration at the carbon atom at posion {7 1
changed In a simular manner s testosterone and  §  eestradiol
possess only a fraction of the actaty assocated with testosterone and

2 -testradio) respectnely

Sev Horsoves
The sex hormones are the natural secrenons of the gonads or glands
which are responuible for the sexual processes and for the secondary
charactensuse features which differentiate the male and female of a
species These compaunds are someames referred to as the secondary
sex hormonts unce they are controlled by the protein hike substances
secreted mto the blood from the antenor lobe of the pitwtary wiick
are someumes calfed the prinary sex hormones
The sex hormones are of three types
{a) (Estrogens (female or folhcular hormones)
{b} Andragens{male hormones)
{€} Progesterone (the hormone of the corpus luteumn)
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In a sumilar manner 44 cholestenone (YXV) may be reduced with
aluminium wopropoxide to give a mixture of 3(8) hydroxy 41 choles
tene (allocholesterol) (AXVIT) and 3(a) hydroxy 44 cholestene (epr
allocholesterol) (XXVIII) which on further catalytic reduction gne
coprosterol (coprostanol) (X\I\) and epicoprosterol (epicoprostanol)
(AXX) respecuvely The latter are also obtained by reduction of
coprostanone (XXVI) 1n aaid and neutral media thus

[
AN N\
HOORTICo M
HO HO act
v oI H
g ~ Ny p
o/

° nxw neutral
>HO 7/ _,HO /\1I v
o\ H:/K/l I{\,

[§3.82189) ()

Precip ofad de on the add of a solution of digitonin
1n alcohol (90 per cent) provides a rough diagnostic test for 3(f)
hydroxysteroids  such as lesterol  chol 1 and cop 1
(coprostanol) i which the hydroxyl group s on the same side of the
ning as the methyl group 2t position 10 Epicholestanol and gprcopro
sterol (eprcoprostanol) do not give such precipitates The configuration
tihen up by the 3 hydroxyl group 1n the reduction of cholestanone and
coprostanone follows the Auwers Skita Rule which was deduced from
a study of the reduction of the decalones and which states that under
neutral cond:tions trans compounds are usually formed whereas reduc
tron under 1c1d condrtions gives ¢is compounds Thus i cholestanol
the hydroxyl group at position 3 and the hydrogen at position 5 are 1n
the frans confi since the chol [ was ob: d from choles
tanone by catalytic reduction 1n neutral solution The above considera
tions show that the 1somenides cholestanol {or dihydrocholesterol) and
coprosterol (coprostanol) differ only 1n the stereochemrcal configura
tion at position 5 since the same 1someric relationshup 1s magntained m
the saturated hydrocarbons cholestane and coprostanc In cholestane
the configuration of rings A and B 1s of the trans decalin type whereas
1n coprostane the configuration 1s of the as decalin type In cholestane
the hydrogen atom at positton 5 15 1 the frans posttion wath reference
to the methyl group at position 10 and this configuration gives rise to
the 5 allo series In coprostane the hydrogen atom at position 5 and the
methyl group at posion 10 are 1n the as configuration which grves risc
to the 5 normal series The hydroxy1 group at position 3 in cholesterol
and m cholestanol 1s thus regarded as being 1 the as position with
reference to the methyl group at position 10
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Lusle 15 hnown concerning the synthesis of the steroid hormones in
the body 1t 15 known that plant sterals dessved from the dict do not
provide a source for the cholesterol found iy anumals but are exereted
m the feces Expenmments with d m place of hydrogen n
water and s acetic acsd fed to rats and mace have shown that choles
terol ean be symthesised 1n the body from such suwmple molecules as
those of water and acetic acd? In simular expersments using deutenum
as a tracer st has been shown that cholesterol can be converted mto
chohe acid an the dog® and into pragesterone 1n the hurnan fematet

{Estrogens
Isolation chcral methods have been descnbed for the wsolaton of
the from p: wnne In one method the

unme 15 extracted with ether and the cthereal extract 15 esaporated
The ressdue 15 dissolved i methyl alcohol and the solution s shaken
with light petrolesm The alcoholic solution s then diluted and ex
tracted with ether and the extract evsporated The resndue 1s treated
wath a muxture of alcohal {60 per cent } and benzene and whereas the
afcoholic layer contamns most of the cestriol  the benzene layer retans
the eestrone The crude hormones are hydrolysed with hydrochionc
acnid and taken up v cther The ethereal soluton 3 washed wath
aqueous sedmm carbonate solution and extracted with aqueous sodium
hydroude solution which removes the phenolic hormones and leaves
the inactive pregnanediol The hormones are preaipstated from alkahne
solution by the addition of acid and wken up in ether The ecstrone
may be separated by agh vacuum disttllaton whereas the astriol can
be punfied by precipitanon from aleohohc solunion by the addiuon
of ether?

Improved methods of solation have been reported by Marnan® m
which the urine 15 first concen rated and then extracted at pH 25t
3 0 with n butyl alcohol alter saturation with salt The hormones are
extracted as before with aqueous alkab acd then punfied The
eestriol 1s thus obtaned as the sodwsm salt of the glucuronide Gisara
and Sandulesco? ubbised the Girard Reagent T (timethylaminoaceto-
hydrazide hydrochlonde) for the isolation of eestrone with which it
forms a water soluble demvative Other workers have used the sem
carbazone and the addition compound with quinolinie for the ssolation
and punfication of aestrone

In isolatng oestrone from the unine of pregnant mares 1t 15 Becessary
0 make the unne strongly 2cid and the subsequent procedure varies
from that ded for human p unne Dorsy and hus
collaborators® employed a method 10 which the hormone 15 precipr
rated with benzowe acd Beall and Masran® used toluene for the snatial
extraction and after vanous parstons between organic solvents and
alkal the eestrone was preapitated as a mereury complex The ongnal
hiterature should be consulted for detasls of these processes A method
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The cestrogens may be regarded as dernvatives of cestrane (A XXIV)
which contuns eighteen carbon atoms and in which ning A contains
three double bonds and 1s therefore aromatic in type In a similar
manner the androgens are based on the hydrocarbon androstane
{(XXXV) which contains mineteen carbon 2toms and 1s fully saturated
whule progesterone 1s based on 5 allo pregnane (17[8] ethylandrostane)
{(XXAVI), a fully saturated hydrocarbon contumng twenty one
carbon atoms The sex hormones and certain of their excretion products
are given in Table VIII

CH,
P
|
A
33 Xxwy) g
Tasie VIIT
Sex Hormanes aND EXCRETION Propucrs
;
Name { Formila | A1 p cor [al, Occurrence
@Estrogens Human pregnancy
urme urne of
+170 pregnant  mares
(+) @strone | C4Hu0, | 259 1n dioxan | | bull'surine

stall on s urine
adrenal cortex

81 Hog ovaries
« Gstradiol |G HyuO | 176 to 178 urine of

n aleohol | 7 pregnant mares
+61 Human pregnancy
GFstrol CyH (O 281 I {lmne
+81 Urine of

(+) Equlenn | C M, O, 258 ©259 | For . 1 prognant mares

+308 Urine of

Equln € H,0,| 238 w20 | I8 14 Creantmares
Androgens
And CuH O, | 184 w185 | 245 | aaeuine
ndrosicrone wfl O m alcohol
Dehydroso 140 to 141 +109
e | CisHuOs | 152 1o 153 | in slcohot | Meleurin®
109
Testosterone | CioHO4 155 1o hahor | TeSteS
Sow ovarics

adrenal cortex

lacenta
Progesterone CyH O [ 123 121 +102 lgu-gnlncy unne
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A tonal synthesss of aestrone has been reporied by Anner and
\hescher (see page 81)

x —Estradiel (G H, Q) 317 Dabydeoxy 423 S-aestratnene
The reduction of eestrone so the sccondary alechol cestediol was fiest
reported by Schwenk and Hidebrandt w 193312 Thesr product was
probably 3 muxture of the wo isomendes pow hnown as =z
INXAVHI and B -cestradiol (AN} aince reducuon of the car
boml group leads to the production of an additonal asvmmetrsc

on n # on
~
A s
a A e A
m ) ) wo Y

(VIR (AR ¥48]

carbon atom at position 17% The reduction product of cestrone was
shown ta be more potent i the Allen Darsy test than astrone stself O
the two somendes o -oestradiol vas found 1o be about five ames
more acuve than (< jxstrone whereas  f -wsiradiol 13 stated to be
much less active Although was first prepased synthenc

ally by reduction of cestrone 1t 1 as Jater isolated from the ovanes of
sows by Dotsy®® ' sho beheved 1t to be the acune astrogene prm

aiple of the follicular flud  He regarded cestrone as a secondary product
of less importance to the organism The two isomerye estraduols each
contam v o hydroqyl groups one of which 1s phenolsc in type and they

gne nise 1o 2 series of mono- and thesters such as the Jacetste (mp

1365 101375 } 17 acctate (mp 215 10217 5 ) and 3 17 diacerate
{mp 127 ; \lany of these esters possess 2 more persistent physiologreal
acuon than free astradiol and for this reason the monobenzoate which
contains the henzayloxy group attached to the aromauc rng and the
dipropionate were troduced sato chimcal pracuce  § method of

% diol from chob i has bees reported by
Inkoffen (see page 80)

Estriol (C;,H,,04) 3 16 17 Trhydvoyy 4 Scestratnene Shondy
after the ssolauon of mestrone from human pregnancy urine by Dotsy
and by Butenandt the solaton from the same source of a second
estrogense substance with a hugher melting pant was reported by
AMarriant 22 This substance (N} was a1 first regarded as a hydmte
of the hydrovy Letone orstrone and shis hypothesss was confirmed when
Butenandt® showed that when the new substance was disulled tn a hagh
\acuum 1 the presence of powsstum by drogen sulphate cestrone was
formed \1th ehmunation of water 3 conclusion which was latex

Compound (\XNY 135 called # eytradiol by con ention derp te che fart that
he fydsoxyd group at pos non 17 has the { Fj-onentar an.
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for the 1solation of eestrone from the urine of stallions has been described
by Carland and his collaborators!®

Whereas cestrone can be extracted completely with ether from 2
weakly alkaline solution much of the more acidic cestriol 1s not so
extracted This difference in acidic strength permuts a nearly quantita
uve separation!’ The hormones eguibin and equlenin were 1solated
from the urine of pregnant mares largely by the use of the Girard
Reagent T followed by distributton methods and crystallisations

@Estrone (C,H, O,) (+) Estrone 3 Hydroxy 17 keto-4123
cestratriene Ketohydroxyeestrin - Estrone (XXXVII) 1s a phenolc
ketone It was solated 1n a pure crystalline

(H) form in 1929 by Daisy Veler and Thayer! and

\J(\ dependently by B det* Early in the

_| following year a sumlar substance was isofated

ol \J / by Dingemanse de Jongh kober and
o Laqueur! In each instance the hormone was
ONVID 1solated from human pregnancy urne (Estrone

has the normal chermical properties associated
with a phenolic ketone and various dernvatives have been prepared
such as the acctate (mp 126 ) benzoate (mp 218 to 219 ) methy!
ether (mp 1685 to 169 ) oxtme (mp 241 to 242 ) and seru
carbazone (mp 266 to 267 ) As a phenol 1t couples with diazomum
salts n alkalhne solution In 1930 Zondek?® showed that the urme of
pregnant mares provided a richer source of cestrone than human
pregnancy unne and this discovery led not only to the production of
cestrone on a commerctal basis with much improved methods of extrac
uont and punfication but also to the solatton of a number of closely
related compounds such as equihin and (+) equientn At a fater date
Zondel1¢ showed that cestrone was also present 1n comparatvely large
quantities 1n the unine of stallions The cestrogenic hormone content of
urme from vartous sources is shown n Table I Estrone has also
been 1solated from the unne of normal men'? and the occurrence of
cestrone sn palm hernel o1l has been reported by Butenandt and
Jacolm®
Taste I\
@ strogeN CONTENT OF URINE

Sou ceaf U ne strogen Cont nt
mg perl)

Pregnant woman ‘

21
Mature woman 0042

Pregnant mare 10
Mature mare 5 070
Stall on (.

Bull
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d

which acidic and p 1 were d by shaking with
aqueous alkal Steam distillation of the neutral chloroform extract
removed volatile impunities and after boilmg successively with alkal
and aad the ble materral the I was
punfied by pamuon between solvents firstly between benzene and
Iight petroleum and then between light petroleum and alcohol (60 per
cent ) The cmdc androsterone was purified through its oxame?”
ts 1 thus p dure were introduced mvolv
ng the use of the Gurard Reagent T and chromatography??

The 1solation of dehydrersandrosterone from male urine has been
descibed by Butenandit?® Testosterone was 1solated from testis tissue
by David Dingemanse Freud and Laqueur®® about 10 mulhgrams
being obtamed from 100 kilograms of tissue The ongmal hiterature
should be consulted for further details of these processes

Androsterone (C,H0,)  3(«) Hydroxy 17 keto-androstane
Using the comb growth test as a guide Butenandt and Tschermng?®? 31
were successful 1n 1solating a pure crystalline male or androgemic
hormone from human male urine This compound to which the name
androsterone (XLIII) was gnen proved to be fully saturated and
possessed a secondary alcohol group as well as a
Letone group The analytical figures indicated
that 1t 15 a steroid ketone bearing a close rela
tionship to cestrone but without the acidic
HO properties d with a phenol b:

H It gives typreal dernvatives such as the acetite

(,E_m) (mp 1645 to 1655 ) the oume (mp 209

to 211 ) and the semcarbazone (mp 276 ) Its

structure was finally proved by a partial synthesis which was achieved
by Ruzicka® in 1934 by the oudation of epicholestanyl acetate (see

o

page §4) On oadation and gives and. di which on
reduction by Clemmensen s method with amalgamated zme and hydro
chloric acid gives the parent d hydrocarbon

Dehydrouoandrostemne (C“H !O ) 3(5) Hydro‘&y 17 keto

In 1934 B 3 1solated a
sccond substance from human m:\le urme which proved to be a
1ly mactive d chloro ketone formed during the

process of 1solation by the action of hydrochloric acid on the corres
o ponding hydro‘(y ketone Treatmcnt of lhc
chloro with
followed by hydmlysxs “gave the hydm(y
ketone which was also 1solated from the urne
mn small yield and which was given the name
dehydrowoandrosterone (ALIV) Like andros

XLIVY terone 1t 1s a hydroxy ketone but with a

o



4 HORMONES

on confirmed by Marrian and Haslewood??

ol Cohen Marnan and Qdell?* showed that

cestriol swas present i the pregnancy urine

| 1 the form of a glycoside with glucuronic

uol | acad the glycosidic ik nvolving the

N\ secondary hydroxyl group at position 16

(XL 1 the gdopentane ring  Estreol has also

been found 1n female willow catkms?®

This hormone 15 only about one fifth as active as cestrone and n con

trast to cestrone 1t 1s able to penetrate the intestinal membranes and 1s

only shghtly less actve when administered by mouth than when

jected  (Estriol gaves rise to a series of esters and the tr1 acetate (m p

127 ) 1s said to be about ten times more active than the free triol
Estriol can be prepared from cestrone (see page 81)

(+) Equilenin (C,H,(O) 3 Hydroxy 17 keto-A4" 35 & 8 estra
pentaene  Using the newly discovered Girard Reagent T for the
wsolation and purification of the ketomc constituents of the unne of
pregnant mares, Girard and his collaborators m 1932 and 1933%¢
ssolated two unsaturated ketones to which the names (+) equlemn
and equilin were given Equilin contatns two atoms of hydrogen less
than aestrone and equilenin four atoms of hydrogen less {+) Equilenn
° (XLI) has 1n fact the properties of a naphtha
1 lene derpnative since rings A and B are both

aromatic in character It gives nise to esters and
‘ ethers such as the acetate (mp 156 to 157°)
. ‘O benzoate (m p 222 to 223 ) and methyl cther
(mp 197 to 198 } Itsstructure has been estab
(XLD Lshed by degradation and by total synthesis

(see page 82)

Equilin (CyH 40,) 3 Hydroxy 17 keto A1 3 3 7 westratetraene This
hotmone was 1solated together with (+) equilenin by Girard and s
collaborators 1n their work on the unne of

©  pregnant mares Equihn (XLIL) has not been

synthesised but 1t can be converted by treat

ment with palladium 1 nitrogen to (+) equs

Jemin It gives mise to esters and ethers such as

HO the benzoate (mp 197 to 198) and the

XLIT) methy! echer (mp 1605 to 1615 )

Androgens
Isolation Androsterone may be extracted from male urine by methods

simlar to those used 1 the extraction of cestrone from pregnancy urmne
but since androsterone 15 not phenolic in type 1t 1s found 1n the neutral
poction of the extract In the earlier method of Butenandt the urne

as made acid concentrated and extracted with chloroform after
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cent) and extracting with small volumes of Light petroleum to retnave
smpunies After dilution the alcohokic soluton 15 agan extracted with
bht petroleum  which removes the progesterone and leaves the
astrone 1n the aqueous aleohol Crystalline progesterone ss obuaned
from the residue from the finad hght petroleum extriet by taturation
u1th ether m the cold The crude progesterone can be erystathsed from
dulute 1lcohol er pynidine

Progesterone {CuHyO) 44 Pregnene 3 20 dsone  After the

nipening 1nd rupture of the fothicle 1 the human ovary a yellow tissue

known as the corpus Juteum s formed and

CO-LR 4 responsible for the of prog

{NLVI} DBotenandt®® ¥ 33 reported  the

W isolation of the hormone 1 a pure crystalline

form 1 1934 and ar abour the same ume

o0 sumslar reports were made independently by

(LAD Slotta Ruschuig and Fels®® by Allen and

Wintersteiner®®  and by Hartmann and

Wettstemn®! although these eatly reports were somewhar confused

owing to the existence of polymorphie forms melting at 12} and 128

spectively  Prog 11 & dihetone ¢ an af double bond

1t has been syntd 3 by hods from chol 1 and
stigmasterol {see page 89)

Avrenatl Cormicar Horstones

The hormones of the adrenal cortex are closely related chermcally
to the sex hormones Some tuenty eight erystailine compounds of the
steroid senes have been ssolated from extracts of the adrenal cortex

Isolation. The separation of the medulfa from the cortex 1s ot practic
able on a large scale The whole glands are therefore extracted with
aleohol at room temperature and the alcohol 35 removed by dusultvtion
The residue 15 taken up in benzene and then m acetone nd after
partition between alcoho! {70 per cent } and # hexane the akcohol tayer
1s filtered through a column of Permutit to remove the adrenahne
After evaporation the residue 1s taken up 1n water to ehmmnate rennons
matenal After a further precspitasson from aleohohe solution an actne
dry extrace 1s obtamed® # In an alternative methed the glands are
cxiracted with acetone and afier two partiions between alechol (70
per cent ) and hight petraleum the matenal 15 extracted with ethylene
dichlonde4* The actne products are soluble both in water and in ether
and benzene and the further pusification of the hormones depends on
repeated partition hetween solvents followed by the use of carbonyl
reagents and chromatographuc methods on both the free hormones and
their acetates The origmal publications must be consulted for the
detailed procedures employed Three groups of workers under hendatl
Winterstemmer and Reschsten have thus solated 2 large number of
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3(B) hydroxyl group and 1t contamns a double bond between the
carbon atoms at posttions 5and 6 It gives rise to an acetate (m p I71
to 172 ) an oxime (mp 188 to 189 ) and a semicarbazone acetate
(mp 268 ) On oadauon 1t gives an androstendione m which the
double bond has mugrated mto ing A Tts constitution was confirmed
by 1ts synthesis from cholesterol by oxidation of the acetate dibromde
with chromic acid (see page 86)

Testosterone (CyH (O,) 17 Hydroxy 3 keto 4¢ androstene
Physiological tests carried out on extracts from male urine ndicated the
presence of one or more androgenic compounds

H OH
~ of greater potency than either androsterone or
dehydrousoandrosterone This activity was found
Cl(k to be unstable towards treatment with hot
/
o

alhabs which suggested the presence of an
ALY «f unsaturated ketone In 1935 Dawvid Dinge

manse Freud and Laqueur®® reported the
1solation of the new hormone (XLV) to which the name testosterone
was grven It1s an unsaturated hydroxy hetone with the same empirical
formula as dehydrouseandrosterone but whereas the latter compound
had the secondary alcohol group at position 3 and the ketone group at
position 17 m testosterone the posttions are reversed Such a formula
tton 15 1 agreement with 1ts instabiltty towards alkali which property
15 not shown by dehydrossoandrosterone which 1s not an ¢f8 unsatu
rated ketone The structure was confirmed by its synthesss from
dehydroisoandrosterone (see page 87) Testosterone gryes rise to typical
dernvatives such as the acetate (mp 140 to 141 ) propionate (mp
121 to 123 ) benzoate (mp 198 to 200 ) and oxme (mp 222
10223 )

Progesterone

Isolation To 1solate progesterone the ovanies of sows or the corpora
lutea are extracted with alcohol and after removal of the solvent by
distillation the residue 1s dissolved 1 ether The phospholipoids are
precipitated with acetone chalesterol and fats are frozen out from
solution 1 methyl alcoho! and acidic compounds are removed with
aqueous sodmum bicarbonate solution (Estrone may be climmated by
partition between alcohol and Iight petroleum and the final punifica
tion 15 carried out by the use of a tvpical carbonyl reagent such as
semicarbazide hydrochlonde?t The yeld from 100 kilograms of ovaries
1s about 50 mulligrams In an tmproved procedure due to Allen and
Goetsch? the minced ovaries are extracted with methyl alcohol and
diluted with an equal volume of water to preciprtate fatty substances
Subsequent extraction with ight petroleum removes the progesterone
which can be isolated 1n crude form on evaporation Further punfica
tion 15 effected by redissolving the crude extract in alcohol (70 per
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acrd of the acetate of 17 hydroxycorticosterones! Two partual syntheses
from 3{(«) wcetoxy H hetobisnorcholamc acd and pregnane 3 21
10l 11 20 dsone diacetate respectvely have been reporsed (see page 97)

Adrenosterone (C,H,2,) 4% Androstene 3 11 17 trone  Thus
compound (LY} (mp 222 [} + 262 )
o was ssolated by Rechstein® from the
2N A portions of the adrenal evtract which
! were more soluble in ether It possesses
ro adrenocortical hormone actwity but
o’ shows a defimte androgenic acuon On
an hydrogenation 1 pnves the saturated
wiketone winch un reduction by the

Clemmensen method gives the parent hydracarbon androstane

Synrresss of tHE STEROI Horwones

“The synthens of the various sterord hormomes consututes  formdable
problem because the reduced gelopentenophenanthrene system can
ewast in a large number of diffe 1 and
most synthetic processes will gne rise to a complex mixture of stereo
womendes rather than to the one particular varsety found in nature
There 15 abundant evidence that s this series of compounds hological
actiity 1s 1y refated 3o + 1 confi on and itis
therefore essential that any syntbetse products prepared for use m
medicine should possess the prease stereochenueal structure found
the natural product In the and pr ne }
there are eight asymmetnic carbon atoms which wnphes the existence
of a total of 256 stereossomenic forms In the cestrone molecule which
possesses one aromatic nng the number of asymmetric carbon atoms
5 reduced to four which imphes only swcteen sterecisomeric configusa
tions whereas an the equil lecule wath two nings there
are only two asymmetric carbon atoms and four szereqisomeric forms
Tuis therefore not surprisng that of all the sierord hormones equilenin
was the first to yseld 1o a total synthesis and more recently ths has been
followed by a total synthes:s of cestrone which also waplses the total
synthesss of cestraciol and oestriol No total synthests has yet been
reported of testosterone progesterone or any of the hormones of the
adrenal certex although recent developments in particufar the syn
thess by Cornforth and Robinson?3 of 2 trieyche ketone contaming
sixteen carbon atoms umited 1n the prease stereochemical form found
m coprostanone idicate that total syntheses of these and other smufar
hormones seem hikely of achievement in the near future Numerous
partial syntheses many of which have been developed into commereial
processes have however been reported for dehydroucandrosterone
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pure steroid compounds some of which are brologically active and
others mactive The more important members are corticosterone
deoxycortone dehydrocorticosterone  cortisone, and adrenosterone
Progesterone  A* androstene 3 17 dionc and strone have also been
1solated by this method

Corticosterone (C,Hy;0O,) 4* Pregnene 11 21 diol 3 20 dione
Corucosterone (XLVIL) (mp 180 to
CO-CHOH 185 f4]p + 223 1n alcohol) has a con

HO stutution similar to that of progesterone
but with hydroxyl groups attached to the
carbon atoms at positions 11 and 2145 The

o” physiological activity 15 d manly

XLvID with the hydroxyl group at positon 21

Deoxycortone (C HyO,) 44 Pregnen 21 ol 3 20 dione Deoxy

CO-CH,0H cort esoxy cortic 21
Hydroxyprogesterone Deoxycortone

A (XLVIL) (mp 141 t0142 , [alo +178 )
differs from corticosterone by the absence
of the hydroxyl group from position 11 Tt

AN
o 18 more active than corticosterone and has

XLV been synthesised from dehydrosssandro
sterone and from 3 hydroxy=tiocholemc acid {see page 95)

Dehydrocorticosterone (G, HyO,) 4% Pregnen 21 ol 3 11 20
trione This hormone (N\LI\) (mp 174
CO—CHiOH 4 1815 [x]p + 209 ) was solated by

0\ Mason Myers and hendall¢s and 1t has
also been prepared by Reichstemn by the
oudation of corticosterone acetate followed

0/ by hydrolysis

(XLIX)

Cortisone (C,,H ,O;) 44 Pregnen 17 21 diol 3 11 20 trione 17
Hydroxy 11 dehydrocorticosterone  hendalls Compound E This
hormone {Ly {mp 215 fulp+209) te

(iH ox which considerable attention has recently

co been drawn as a result of reports of its

0, OH successful use n the treatment of rheu

N matic diseases has been 1solated n four
different laboratoriesét 47 8 4# s0 The

A hydroxyl group at postion 17 has the
o (e) configuration The hormone has also
© been obtamed by oudation with chromic
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from cholesterol have been mvestigated and confirmed by independent
workerss? 58 Thus of an and. | to an @stro
genic hormone proves that both types possess the same basic stereo
chemucal features

In the total synthesis of cestrone due to Anner and Muescher®® one of
the crystalline racemic modafications of the keto ester (VIII) previously
prepared by Robinson and Walker®® and by Bachmann kushner and
Stevenson® as a liquid mixture of racemates 1s subjected to a Refor
matsht reaction with methyl bromoacetate which grves four 1someric
dicarboyhic esters (IX) which are then dehydrated and reduced By
means of half hydrolysis and the applications of the Arndt Estert
homologation reaction the acid (X) 1s obtain which on cychisation and
decarboxylation gives racemic estrone (%I) which 1s subsequently
resolved to give (+) cestrone 1dentical with the natural product

|-cocu
| cr co cn,
cn,ol OH ->

axy

—C0 CHy —cou
2 l:c1»|,4:o cH, _, % I’:cn -CH-COH
-
CcH ol aol K

(48]
1
¢ -
HO
(SN

The conversion of astrone to cestriol n an overall yield of 25 per
cent has been reported® The methyl ether of cestrone (XII) 1s con
verted by treatment with 1s0amyl mitnite m tertiary butyl alcohol into



80 HORMONLS

testosterone progesterone and deoxycortone the processes use a sterol
such as cholesterol or sugmasterol as the starting product By using
such sterols 1n this way the correct stereochemucal configuration for
the final hormone 15 1n the main already pre formed and the somewhat
himited chemical changes involved 1n the synthesis can usually be made
1 such a way that the stereochemrcal configuration 1s controlled More
recently 1t has been shown that certain s1pogenms cin be used as
starung matenials for the preparation of various steroid hormones

@strone Estradiol and (Estriol Two methods are avatlable
for the synthesis of cestrone and hence of cestradiol and cestriol

In the Inhoffen®® 55 process A% androstene 3(8) 17(«) diol 17
benzoate (I) an intermediate obtaned 1n the synthes:s of testosterone
from cholesterol 1s reduced catalytrcally to androstanediol 17 hexa
hydrobenzoate (II), which on oxidation with chromuc acd gives
androstwnolone 17 hexahydrobenzoate (III) Bronunation in acetic
actd solution gives 2 2 dibromoandrostanolone 17 hexahydrobenzoate
(IV) which then undergoes rearrangement 1n the presence of hydrogen
bromude 1n acetic acd to 2 4 dibromoandrostanolone 17 hexahydro
benzoate (V) Removal of hydrogen bromide with collidine followed
by hydrolysis ives the androstadicnolone (VI) A solutron of this
compound 1 tetralin ts then blown 1n a spray through a quartz tube
mamtaned at 600 1 an atmosphere of mtrogen and this results 1 the
aromatisation of ring A and the expulsion of the angular methyl group
The cestradsol (VII) thus formed 15 1solated i the form of a crystalline
complex with tetralin from which the frec cestradiol 1s obtaned by
distillation 1n steam® The essential stages in this synthesis of aestradiol

0-CO-Ph 0-CO-CyHy 0-CO-CHu
5ot
) RN -
e e CO
Ho VN HO o
) a i
0-CO-CH 0-CO-CH;
|
/\l')\] N
Bray, A(—— - B oAy -
)e: WA
o NNV o ™)
Br

(1vs [
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the half ester (XXI) and then the chain was lengthened by the Arndt
Erstert procedure to give the ester (XXII) of the corresponding pro-
pionic acd cychisation of which gave 16 carbomethoxy + equilenin
methyl ether (\XIII) The removal of the carbomethoxy group and
the methy! group was effected by heating wath acetic acid and hydro-
chloric acd and the resulung racermc equlenm (XXIV) was resolved
by formung — menthoxyacetic esters In this manner (-+) equlemn was
obtained which was shown to be identical with the natural product
together with {—)-equlensn Resolution of the product from the
second racemuc saturated acid gave (+) and (—) woequilerun

In a more recent synthesis®t 1 keto-7 methoxy 1 2 3 4-tetrahydro-
phenanthrene 15 converted by treatment with ethyl formate and
sodum methoude mto (XA\V) which with hydrotylammne gves the
wo-oxazole (X\VI) Ttus 15 converted by methylation into the cyano-
ketone (\S\VII) which on cond with methyl in the
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16 150 mitroso cestrone methyl ether (NIII) which on boiing with zinc
dust m acetic acid solution grves 16 hydroxycestrone methyl ether
(XIV) Reduction with sodum and wsopropyl alcohol converts the
carbonyl group to a secondary alcohol group and subsequent
demethylation with a muxture of hydrobromic acid and acetic aad
gives cestriol (AV)

o o
l I = lé/Nf:‘ I/O—>
CH o( J CH,of\/‘\/
Iny (\IIT) V)

OH

OH
,/\ on I/k oH
| - A
7
cHO ol
[aNY)

Equilenin  Equlenin one of the female hormones found m the
unine of pregnant mares was the first sex hormone to be synthesised
completely This was achieved by Bachmann Cole and Wilds®® m

1940 who ob  the four ster 1des one of which was shown
to be identical wath the natural product By the action of methy! oxalate
on 7 methoxy 1 keto I 2 3 4 tetrahydropt hrene they d

the glyoxalate (AVI) which on heating lost carbon monoude to gie
7 methoxy 1 keto 2 carbomethoxy 123 4 tetrahydrophenanthrene
(XVII) 1n good yield Asa 8 ketomc ester this compound reacted with
methyl 1odide to give 7 methoxy 1 keto 2 methyl 2 carbomethoxy

12 3 4 tetrahydrophenanthrene (XVIII) This compound was then
subjected to a Reformatshi reaction with ethyl bromoacetate to give
the hydroxy ester (\IX) which 1n turn was converted to a mixture of
the two geometnically 1somertc unsaturated esters (XX) Reduction of
the double bond gave a mixture of the four possible 1someric saturated
aads which formed two racemates which were separated by crystallisa

tion Each racemic acid was 1 turn converted to the acid chloride of

CO,CH

co 0 CH,
— No = o —*
CH,O! crnol L,

[£4%)) (XVID

CH O
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This method of synthesss indicates that androsterone belongs to the
cholestane or allo series and 15 an alcohol of the e type The yselds
obtamned 1n this oudation are very small and Callow and Deanesty®®
using an tmproved process were able to obtan an overall yield of only
02 per cent In thes process cholesterol (SXNIV) 15 first reduced wath
hydrogen over a platinure catalyst to give dibydrocholesterol which
on oxadation with chromie acsd grves cholestanone (A XXV} Catalytic
reduction of cholestanone with hydrogen m aod solution gves
eprchhydrocholesterol {X\\VI) which s converted to the acetate and
then subjected to owdation with chromuc acd under more drastic
conditions  The androsterone acetate (ANXXVID thas formed 15
wsolated from the muxmure of owdation products and unchanged
edihydrocholesteryl acetate erther by formavon of the semicarbazone
or with the use of a Girard reagent The free androsterone NN XIIL)
1 then isolated by hydrolysis

e o
M%OJ AL

{SXNIV) (\‘\x\ )

>CL< ~K
P
n:: Xj\) CH c?; /Q) cu,co, (V

[N N4 SOV
An tmproved synth his been described by
Marker®* 7y hoconverted cho}cs!cml (\\\IV) to cholcsteryl chlandc
NNV by with pl hloride and then

reduced the chlonde cam)ynmﬁy to gne {x} chiolesnl chlonde
{XANTN) oudation of which gave («) chiaroandrosterone (\L) which
was hydrolysed to androsterone (\\NIID)

0 o0
NS S A
o7 R

[AS SN % $54) QAN {\L)
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presence of potassium fert butouide affords 15 carbomethoxy 14 15
dehydroequilenin methyl ¢ther (XXVIIT) Hydrolysss to the free acid
followed by decarboxylation gives the methyl ether of 14 15 dehydro
equilenin (XXIX) which on hydro enation and demethylation gives
racemc equilenin (XXIV) from which the natural hormone can be
obtained by resolution as before

(\I /(/CHOH CH\N
\/\r\o_’ ~A Ny T \ANos/
I CH,O[\/’\/
v}

enol J N cuo A
X

CH CH [

CN CO\ - /\\

- cH A
U \/\ < A

caol A ad (G CH,OK/‘V

(XXVII (VI [4NNA ]

(XXVI)

Androsterone Ruzicka showed that the oxtdanon of cholestanyl
acetate (dihydrocholesteryl acetate) (XXX) with chromtc anhydnde in
hot glacial acetic acid solution gave a small neutral fraction which
proved to be 3 hydroxyztioallocholan 17 one or  wsoandrosterope
(XXXI) a less active stereorsomer of the androsterone solated from
natural sources In order to obtain the correct stereochemucal configura
tion Ruzicha? applied the same method of oudation to eprdihydro
cholesteryl acetate (XXXII) as well as to coprosteryl acetate ind
eprcaprosteryl acetate The ketone (XAXIIL) derved from ept
dihydrocholestery] acetate proved to be identical with androsterone

" 1
1
1 .
H/CK/ ,
H
XX

CHCO

Yoy

OSXAID XX
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A simular method of synthesis was reported by Oppenauer™ who
used sitosterol obtained from soya beans 1n place of cholesterol and
Butenandt Danncnbaum, Hanisch and Rudszus?? described the pre

fros

of dehyd m 1 as well as from
chol 1 In thewr from choll by the above method
a yaeld of 2 8 per cent. was reported Full details cf the process for the
oudation of cholesteryl acetate dib to dehyd
acetate have been published®®

Using various sapogenuns as starting matenals \arker and his
co-workers’ have evohied a new method for the preparaton of
pregnenolone  (ZLV) which provides indirectly a new route to
dehydrozszandrosterone (A LIV) When treated with methylmagnestum
halides pregnenolone gives a tertiary alcohol which loses water to gne
the wopropenyl dertvatnve (MLVI) from which dehydrorssandrosterone
(\LIV) 15 obtained on ozonolyss

CH CHCH, CI

T one  The synthesss of was first a plished
almost ssmultaneously bv Ruzicka™ 7% and by Butenandt” Dehydro-
d {(XL1V) ob d from ch was reduced with
sodurm and propy! aleohol to androstene 3 17-diol (\LVII) and then
converted to the di acetate (XLVIII) Partial hydrolyss of the du
acetate gave 17 acetoxyandrosten 3-0l (NLIX) which was brominated
at the double bond and oudised to convert the hydroxyl group at
Eos;hon 3 to a ketone group Removal of the bromune atoms and

Iysis then gave 4% and 17(8)-ol 3-onc) (L)
identical with the hormone solated from male unne
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Since cholesterol has the opposite configuration at position 3 to that
present 1n androsterone a Walden inversion has taken place at one of
the stages 1n this process

Androsterone has also been prepared by the degradation of a bile
aad By the application of the Wieland Barbier degradation t¢chmque
to an ester of 3 hydraxyallocholanic acid (XLI) Dalmer von Werder
Homgmann and Heyns®® obtained androsterone (XNAIID) by the
sequence of reactions illustrated below

N on o
NN ColcH, €<§ AN :
Y O__ Ph Th 5 -
HO HO CHCO
H H u
(XLI) (XLID
COH coH ?
-> -
CHCO CH €O, HO
H H H

RS54

The 3 acetoxynorallocholamc acid (XLII) was also obtatned by the
oudation of the acetates of efistigmastanol and episitostanol

Dehydrotsoandrosterone  This hormone was synthesised inde
pendently and almost simultaneously by Ruzicka and Wettstemn®®
and by Wallis and Fernholz™ by the oxidation of cholesteryl acetate
dibrormde (XLIII) with chromic aced In thus oxidanion the hydro
carbon side cham attached to the carbon atom at postion 17 15
entirely removed leaving a ketone group in 1ts place After debromina
tion with zine the ketone mav be isolated as the semicarbazone but
the vields ongmally obtained were of the order of about 1 per cent
only Hydrolysis of the semicarbazone gave free dehydrorsoandrosterone
(SLIV) 1dentical with the compound previously 1solated from male
unne by Butenandt In addinon to dehydrozsoandrosterone a number
of by products are formed including A% pregnen 3(8) ol 20 one and
45 3(8) hydroxyenocholeme acrd This method of synthesis from
cholesterol established both the Iocation of the double bond and the
configuration of the hydroxyl group at posinon 3 which 13 therefore
different from that present 1n the natural hormone androsterone
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Later modifications were introduced whereby the reduction of
dehydrowoandrosterone  acetate  to 3 acetoxyandrosten 17 ol - was
effected catalytically with Raney nickel in methyl alcoholic solution
and the oadation of the and: diol b to ben
zoate was carried out with aluminium wsepropoude and gelohexanone
1n the presence of toluene For chinical purposes the testosterone thus
produced 18 converted into the propionate Full details of this process
have been published’® The overall yield of testosterone propionate
from cholesterol 1s 2 4 per cent

An alternative synthetic route to from dehydr: d
sterone 1nvolves the oxidation of the latter to androstendrone (LIV)
which may then be converted into the 3 enol ethyl ether {LV) The
ketone group at position 17 1n the enol ether 1s reduced to the secondary
alcohol to give a nuxture of the 3 enol ethers of the two 1someric andro
sten 17 ol 3 ones (LVI) which gwes testosterone (L) and an 1somende
on hydrolysis during which the free enol form reverts to the keto
form??

(o)
H

; )‘f) oH
VA N

5/\_[ - I/\I(J\}*‘ - ~l L‘
ok/ﬂ cuo N cH o)\ \)

(LIVy @ [12%4]

A new method for the synthesis of testosterone using sapogemns as
starting matertals has been reported by Marker’® Owidation of pseudo
sarsasapogenin leads to pregnane 3 20 dione and persulphate oxvidation
of 4 bromopregnane 3 20 drone (LVII) 1n acetic acid produces the
17 acetoxy compound (LVIII) which loses hydrogen bromide on
treatment with pyridine to give testosterone acetate (LIX)

CO—CH, O-CO-CH 0-COCH,
AN oa
g g 1
AEEN ‘/V/ ey /\‘/
AN oL oA
Br Br
(LVID {Lvn (LIX)

Progesterone  [ernholz?® showed m 1933 that stigmasteryl ace
tate can be converted into the 5 6 dibromude (LX) which when sub
matted 3} dd gaved® 3 acetoxyt ‘hol,
aad (LXI) An ester of this acid was converted by Butenandt v estphal
and Cobler®® through the diphenyl carbinol 1nto the unsaturated
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o—co—cﬂ,
)\)/& - \{C@ \'):\> -
Hojw/f CH,CO
(XLIV) (\LVID GLVID
O-CO-CH oco—cy,
e o WL e
(XLIY) (3

In the reduction of defiydrousvandrosterone to androstendiol @ new
asymmetric centre has been created and the product will therefore
consist of a ruxture of two stereoisomeric androstendiols both of which
are capable of conversion to the corresponding androsten 17 ol 3 one
In the synthesis of testosterone 1t 15 therefore necessary to separate the
correct stereochemycal variety of androstendiol The second 1somende
leads to the less active androsten 17(a) ol 3 one

An important improvemment m the above synthesis was subsequently
reported by Ruzicka Wettstein and hagt”¥ who reduced dehydro
woandrosterone acetate (LI) to 3 acetoxyandrosten 17 ol (LII) and
comverted the latter to the 17 benzoate which mixed ester proved to be
more suttable for partial hydrolysis than the 3 17 dacetate The
resulting 17 benzoyloxyandrosten 3 ol (LII1) was then oxdised and
debenzoylated to give testosterone (L)
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Progesterone may also be synthesised from 45 pregnen 3(8) ol 20

one acetate {LXIII) a by product from the chromuc acid oxadation of
lesteryl acetate dik

drosterone by hydrolysis
and ouadation®?
CH, CH,
é‘O &0
- —> LIV
H H
CH,CO, N HO
(LXIID

Butenandt?®® has described a synthess of progesterone from dehydro
1soandrosteronc acetate (LI) which on treatment with hydrogen
cyamde grves the cyanhydrin (LXVII) whichis then dehydrated to the
nitrile (LXVIIT) The unsaturated nitnle reacts with methylmagne
stum bromide to give the ketone (LAIX) which 1s converted to
pregnenolone acetate (LXII) on reduction The pregnenolone acetate

obtained mn this way 15 converted into progesterone (LXIV) as des
cribed above

‘ OH N
\ /\l
- No
SO0 Oy
CHCO N cHCO CHCO
an v (Lxvin
cH cH,
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H H
CHCo N CH CO
(LXIY)

(LXD



90 HORMONES

compound (LXII} Protection of the double bond between positions §
and 6 by the addition of brommne followed by oxdation debromunation
and hydrolysis gave the acetate of 45 pregnen 3(8) ol 20 one (LXIII)
This compound  after protection of the double bond by bromination
was then oudised and subsequent deb gave

(4% pregnen 3 20 dione) (LXIV) identical with the natural product

N COH
N - -
| CHy
e .
cH co VR CH co
.

Br
LX) [1AY)
© <C H, CO-CH,
CH
— —
e
H 0 CH,CO ™
CH COy N
(@LXID (LI
CO-CH CO-CH
N
-
H
cH coy Mg o”
Br
LX)

In the removal of the bromine with zmc dust the double bond 15 not
regenerated at the original 5 6 position but appears at the 4 5 position
in conjugation with the ketone group at the 3 positon A sumilar
synthesis was reported independently by Fernholz®* Details of this
process with many improyements have been published®

Butenandt®® 83 also prepared progesterone from pregnane 3 20 diol
(LXV) a reduction product of progesterone 1solated from human
pregnancy unine In one such method 1t was oxidised to pregnanedione
(LXVI), which on b an q t with pyn
dine to remove hyd b de gave p (LXIV)




CHEMISTRY OF THE STEROID HORMONES 93

CHBr CH
NFAN
%H ‘[/\ c
~
CPh > "] CPh —> (LXIV)
:
t
oV o
W AXXVY
followed by with N bre de affords the bromo-

compound (LXXV) which on loss of hydrogen bromide gives the
ketone (LXXVT) This on oadation yields progesterone (LXIV) The
method provides an interesung example of the use of N bromosucain
1mide which effects the removal of three carbon atoms 1n the side chain
1n one stage

An entirely new synthetic route to progesterone from certain sapo
gemns has been provided by the investigations of \larker®? Diosgenmn
{LXXVII) obtained from tnllin a glycoside 1n the reot of Trillum
erectum may be 1somensed by heating with acetic anhydnde at 200 to
the pseudo form (LNXVIII) which on mild owdation with chromic
aad gives mamly 4518 pregnadien 3(8) ol 20 one (LXXIX) Hydro-
genation of the latter over a palladmam barium sulphate catalyst gries
45 pregnen 3(B)-ol 20-one (LXxXX) which can then be converted to
progesterone (LX1IV) by oxidauon Alernatine routes from diosgenn
usolated from Duwscorea tokoro (Makino) have also been reported?®®

Sarsasapogerun has sumilarly been used for 4 synthesis of pregnan
320 drol®? (LXWV)

CH,
| CH-CH
CH—/ CH-CH
5 No—CH
~ ’\(
b ~>
H
H!
(LXXVID
[> cH
| ,CH -CHp |
c=c CH-CH co
! HOCH i
o 1
[ -> [ T
H n N\
¥ 2L

{LXXvIID (LXXTI%)
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The degradation of 4% 3 acetoxybisnorcholenic acid to progesterone
on a commercial scale was also 1chteved by Ruschig who converted
the acid to the acid chlonide and thence to the azide (LX) The latter
evolved mitrogen when heated and gave the wocyanate which was
converted to the amme (LX\I) on hydrolysis The amme was con
verted to the chloramine (LXXII) with hypochlorous acid and treat
ment with sodium ethowide gave the hetimine, which was readily
hydrolysed to pregnenolone This can be converted to progesterone
(LXIV) by oxidation with alummium fert butoxide 1n the presence of
acetone and benzenest

cH, CH, CH,
CH-CcOCt CH CON, &HAI\H,
N N
O - ) - —

H )\/\t’ T om
caco ~7 7 enco v/ cngeo,

LXY) (LXXD
CH cHe
:CH-NHU co

— > (LXIV)
N
H H
Jo \
CH €Oy Ho

(LXXIN

A number of new synthetic routes to progesterone have recently been
reported by Meystre Wettstein and Miescher®® In one of the.e
45 3(a) hydroxycholemc aad (LWXIIT) 1s converted through 1s
methyl ester and reacuon with phenyl magnesium bromide nto the
diphenylethylene (LXXIV) Owudation of the hydroxyl group

CH
COH ] “CP}I;
HO ' g HO -
1 N H

(LANTID XNV
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Deoxycortone The comersion of dehydrowoandrosterone {LI)
mto deoxycortone was achieved 1n 1939 by Serim Logemann and
Hildebrand®? who first prepared the add pound with acety
lene (LXXXVII) namely ethinyl androsten 3 17 diol which was then
partly reduced catalytically to the corresponding vinyl compound
(LXXXVII) After oudation of the hydroxyl group at postton 3 the
vinvl group was converted to the glycol (LXXXIX) and then to the
di acetate from which one molecular proportion of acetic acid was
removed on heating with zinc dust to give deoxycortone acetate
(XC) by molecular rearrangement Deoxycortone acetate can be

<[) OH C=CH OH CH=(H,
|| = - m)l g
H H
1o’ \/ HO H N
Ly (LXXXVID (LAXXVIIY)
CHOH CH O0-CO-CH CH,0-CO-CH
OH CHOH OH CHO-CO-CH, ko
BCCa ﬁ(@
AV 0/(\/ oA
(LXXXIN) X0

more convemently prepared from 3 hydroxy 45 ztiocholenic acid
{XCI) a by product from the chromuc acid owdation of cholesteryl
acetate dibromide which after acetylation 1s converted to the acid

(I:HN FH 0-CO-CH
/iOH co Cco
i
- -
H N n N H
HO' ™ CH CO HO
xcn XcIn xcun

chloride and then treated with diazomethane to give the diazo ketone
XCIN) After hydrolysis and treatment with acetic aad mitrogen 1s
evolved and the pregnendiolone acetate (XCII) 1s formed which may
then be oudised by the Oppenauer method to give deoxycortone
acetate® % 2 (XQ)



94 HORMONES

cH,
do
—> (L\IV)
H
HO N
(LXXX)

Corticosterone  The partial synthesis of corticosterone has been
reported by von Euw Lardon and Rewchstein®® The action of lead
tetra acetate on pregnane 3 11 diol 20 one (LXXXI) gave pregnane
311 21 triol 20 one 21 acetate (LXXNII) which on oudaton with
aluminium phenoxide 1n acetone afforded pregnane 11 21 diol 320
dione 21 acetate (LAXXIH) Bromunation n acetic acid solution and

bseq! dehydrobr: on with pyndine yielded corticosterone
acetate (LXXXIV) which was hydrolysed to give corticosterone
(LXXXV) The pregnane 3 11 diol 20 one (T XXXI) was obtamed
from the methy] ester of the appropriate 3 11 dihydroxybisnorcholanic
acd (LXAXVI) which i turn was ok d from bisnord hol
acd®

CH, CH, CH

KI,H—CO H (IZsCPh

o
HO HO HO, /\
- ; - -
H\ H N H.
HO HO HO

(LXXXVI) (LXXXI)
CH 0-CO-CH; CH O-CO-CH, CH O-CO-CH

o Lo bo
HO. HO, HO,
VSN e
H
HO o7 oV

(LXXXID (LXXXIIT) (LXXXIV)
CH,0H
co
HO

[
LXxAV)
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Deoxycortone The conversion of dehydrosseandrosterone (LI}
mto dco'(ycortonc was achxeved 1n 1939 by Serm Logemann and
d who first p d the addi d with acety
lcnc (LXXXVID) namely cl}unyl androsten 3 17 diol which was then
partly reduced catalytically to the corresponding vinyl compound
{LXXXVIII) After ouudation of the hydroxyl group at position 3 the
vinyl group was converted to the glycol (LXX\XIX) and then to the
di acetate from which one molecular proportion of acetic acid was
removed on heating with zmne dust to gne deoxycortone acetate
{XC) by molecular rearrangement Deoxycortone acetate can be

OH C=CH OH CH CH,

<r§p YRt A

wn (LXXXVID (LXXXNVII

CH OH CH 0O-CO-CH I(,H,O-C07CH
OH EHOH OH CHO—COvCH

et ﬂ?”

(LXRRIY)

more conveniently prepared from 3 hydroxy 4% mtiocholemc acid
{XCI} a by product from the chromic aad owdation of cholesteryl
acetate dibromude which after acetylation 1s converted to the acid

CHN CH,0-CO-CH
CO,H

2530 1

xcn (\CID) {XCIII)

chioride and then treated with diazomethane to give the diazo ketone
(XCII) After hydrolys:s and treatment with acetic acid mtrogen 1s
evolved and the pregnendiolone acetate (MCIII) 1s formed which may

then be owdised b
acetatem 1 9 (%G y the Oppenauer method to gmve deoxycortone
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CH,
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H
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Corticosterone  The partial synthesis of corticosterone has been
reported by von Euw, Lardon and Reichsten?® The action of lead
tetra acetate on pregnane 3 11 diol 20 one (LXXXI) gave pregnane
3 11 21 tnol 20 one 21 acetate (LAXXII) which on owdation with
alumimum phenoxide 1n acetone afforded pregnane 11 21 diol 3 20
dione 21 acetate (LXNXXIII) Bromination 1n acetic acid solutron and
subsequent dehydrobrommatton with pyridine yielded corticosterone
acetate (LXXXIV) which was hydrolysed to give corticosterone
(LXXXV) The pregnane 3 11 diol 20 one (I xXXI) was obtamned
from the methyl ester of the appropriate 3 11 dihydroxybisnorcholanic
aad (LXXXVI) which 1n turn was obtained from bisnordeoxycholic
aad®

o, o, CH
ncon Ecen,
(LXXXVD) (LXXRD
CH 0-Co-CH, CH 0-CO-CH, CH,O—CO—CH
(LXXXID) (LX3XIID (LXXXIV)
CHOH
co
HO.
oV

(LXXXV)
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Cortisone  Two methods for the synthesis of this compound have
been reported by Sarett In his first method?® the diketone {CI) was
condensed with acetylene and then subjected to partial reducnon
with a subsequent allylic rearrangement to give (CIE) The 2t hydroxyl
group was protected by succinoylation after which the hydroxvl group
at position 3 was oudssed to gne (CIIL) which was treated with
acetic anhydnde and osmium tetroxide 1n order to hydroxvlate the
double bond The resulting compound (CIV) was treated successivelv
with bromine and pyndime to introduce the double bond nto rmg A
and the diacetate (CV) was hydrolysed and partally reacetylated to
grve the 21 monoacetate (CVI) which was then cautiously oxidised
at the 20-hydroxy] group to grve cortisone acetate (CVII) Adreno-
sterone was obtained as a by product

CHOH
o (I:E:CH CH
! |
LEAPVN O A /R O0H Oy /JL
| 4= - 1=
CHCO CHCO HO

(&1} (CID
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Deoxycortone acetate (XC) can also be obtained from pregneno
lone obtained from 3 acetoxy 4% bisnorcholenc acid by condensa
tion with ethyl oxalate followed by hydrolysis of the resulting ester
and treatment of the acid with todine and alkal: The 10do compound
(XCIV) 1s then botled with potassum acetate and acetone this
gwves 21 acetoxypregnenolone (ACV) which 15 oxidised wath alum
mum fert butoxide 1n the presence of gelshexanone and toluene to

ONa

Keocn
‘CH, <|:H CHI
Co (&s) [ole]
- — -
ANANST ﬁ A
H H. H.
N @ \(X/(
HO K N HO \ HO\W
Xc
CH,0-CO-CH
Cco
pp 5 oo
“(
\,
S VA
Cv)

deoxycortone acetate5 (XC) Most of the other steroids 1sofated from
the adrenal cortex contain erther a keto or a hydroxyl group at position
11 and for these purposes cholesterol 1s not a suttable starting matenial
Deoxycholic acid however has been successfully used as a starting
matenal for the preparation of compounds for use mn the synthes:s of
dehydrocorticosterone and cortisone

Dehydrocorticosterone In the synthess of this substance the
methyl ester of bisnordeoxycholic acid {XCVI) 1s oadised and de
hydrated by pyrolysis of the 12 benzoate to give the ester (XGVII)
Addition of hypobromous acid at the double bond followed by oxuda
tion and debrommation gives the 3 11 diketo ester (NCVIII) The
3 Leto group 1s reduced to the secondary alcohol the acetate of which
15 then converted to the acid chlonde {(ACIX) This 1s subsequently
treated with diazomethane as in the synthesis of deoxycorticosterone
from 3 hydroxyztiocholemc acid Finally after oxidation the double
bond 15 intreduced 1nto ring A by bromination and subsequent elimina
tion of hydrogen bromide with pyndine which gives dehydrocorti
costerone (C) on hydrolysis®®
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Improved methods of synthesis which avord the use of the expensive
osmum tetroude have been outlined by Kendall?®  Sapogemns such
as botogersn and the cardiac actse prnaple sarmentogema have also

been d as raw Is for possible h of cortisone
Sarmentogenn obtained from the seeds of the tropical vine Strophan
thus the great advantage of having an hydroxyl

group attached to position 11

ArTrFiciaL Horvioves

In the precedmng pages 1t has been shown that most of the natural
hosmones have now been synthesised 1n the Iaboratory Viany of these
syntheses are m reality partial syntheses since they depend on a stero}
bile acd or sapogentn as the starting matenal but in a few cases a
total synthesis has been achieved as for example with equilerun and
cestrone A large number of artificial hormones or compounds possess-
1ng hormone like action have been synthesised 1n the laboratory These
belong mamly to the cestrogen senes since the cestrogenic response 18
perhaps the least speafic of all hormone reactions They have been
referred to as h g but arufical gens 1s a more
appropnate termn These compounds are not found in nature and
mostly they differ from the natural hormones m that they retam therr
activity when admmistered by mouth A comprehensne review of the
chemustry of the artifictal cestrogens and the relation between structure
and activity has been published by Solmssen!®®

The fact that five different eestrogeruc compounds had been ssolated
from natural sources namely (+ J-eestrone @ -ccsu-adxol cestriol

equilin and (+)-equil d that the ! 1 reactions
associated with cestrus did not mvoh e a high degree of spccxﬁcm, This
observation led Dodds and his collab to look for com

pounds of simple structure which would be capable of reproducing all
the known biological reacutons of the natural cestrogenic hormones
Among the earlier compounds investigated was 1 keto-1 2 3 4-tetra
hydrophenanthrene which showed postive cestrogemic actvity of a
low order of potency Subsequently a large number of cestrogentcally
active substances were prepared some of which such as 9 10-di
hydroxy 9 10 di 7 propyl 9 10 dihydro-1 2 5 6-dibenzanthracene were
found to be almost equal to cestriol 1n activity!®l It was also demon
strated that the presence of the phenanthrene nucleus was not essential
for cestrogenic activity and thata posm\c response was obtaned even
with such sumple lesasd 4 dihy diphenyl 4 4 dxh)droty
diphenylmethane 4 4 -dihydroxydibenzyl 2nd 4 4 -dih
benel®?

Further elab. of the stilbene molecule led to the prep by

Dodds Golbcrg Lawson and Robimson*®? of the }ughly actne 44
M

dihyd. it known as sulbeestrol or
drethvlstilb 1
This P d 13 more acuve than cestrone when
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CH,0-CO-CH, CH 0-CO-CH,
CHO-CO-CH CHO-CO CH,
)SOH o ~ Jcon
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(crin c1v) [(%4%)
CH,0-CO-CH, CH 0-CO-CH,
(|3HOH 0
Oy “—OH Oy OH
1 -
A 0"\
vy [(1941]

In the second synthes:s®? 98 pregnane 3 21 diol 11 20 dione diace
tate (CVIII) was converted to the cyanhydnn and then dehydrated
and hydrolysed to give (CIX) This was acetylated at the 21 position
hydroxylated with osmium tetroxide followed by treatment with
aqueous sodium sulphite owidised at the 3 posion and subsequently
hydrolysed 10 grve (CX)  The 21 acrtate was treated successvely with
bromine and bothng pyradine to introduce the double bond into ring A
thus giving the acetate of cortisone (GVIL) The yrelds obtaned m the
final stages were subsequently mproved by employing the method of
Mattox and kendall®® for the dehydrobrommation stage In both
methods of synthests the ultumate starting material 1s deoxycholic acid
Some thirty consecutive stages are mvolved and the overall yield 1s of
the order of 0 I per cent

CH 0-CO-CH, CH,0H
Lo ﬁ.CN
Oy R
L]~
H H
CHCO HO
(CVIIN) (CTY)
CHOH
|/CH 0-CO-CH |
I\Cb’ [«
» -OH
CNPN! s OH o 0
- J
H\O y
Ho NS o/
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(|3 H, (I:xH:
CH,OJ\‘J}-C —_ Q—OCH, —
CH CH

Ho—(}(l: — ‘@0}1
o

A more direct method of synthesis 1s due to Kharasch and Rleiman1os
who treated ancthole hydrot le (VII) with sodamde m liquid
ammonta The resulting product regarded as (VIII) gave stilbaostrol
on demethylation nd rearrangement

CH,O—@—C}HBp—) cH 0—<j\/’c‘:ﬂ~lcn—(f>—ocn > ®

CH CH CH,
| { é
CH CH CH,

v {200

Hencestrol(I1) 1s prepared from anethole (IX) by addimon of
hydrogen bromide followed by a condensation of two molecules of the
bromo compound 1 the presence of a metal such as sodium or mag
nestum The resulting dimethyl ether of hexcestrol 1s demethylated with
alcoholic potassum hydrowde or wath 2 solution of hydrobromic acd
1n glacal acetic acid The active product 1s the meso form of dihydro
stilbeestro]108 107 108

CH CH
(|:H (’,H
cH MH + HB —> CH C*\_/\—(‘JHHr -

[CAN]
CH
&n, cn
CHO*\F}E!I—CHf\_ —OCH, —» (1)

Diencestrol (III} The preparation has been described by Dodds
Golberg Lawson and Robmson'®? who reduced p hydroxypropio
phenone with an aluminium amalgam to the pinacol {(\) which on
dehydration with acetic anhydride and acetyl chlonde gave the
diacetyl dernvatve of diencestrol Hydrolysis with alcoholic potassium
hydrowude gave diencestrol (IIT)

(’ZH (‘3“: CH,
(EH (‘:H (EH
_ — I -
o Dto > w0 b — b on
OH OH
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admimstered subcutancously and retamns tts activaty when grven by
mouth In an attempt to effect a further ssmplification of the molecule
by the elimunation of one of the hydroxyphenyl groups in stilbeestrol
anol (p hydroxypropenylbenzene) was mvestigated and found at first
to be lughly active but further investigation showed that this activity
was due to an mmpurity which was later 1dentified as4 4 dihydroxy

78 diphenyl n hexane (IT) also known as hexcestrol which 1s a reduc
tion product of stilbeestrol!®? Another compound of sumlar type with
high oral actiaty 15 4 4 dihyvdroxy yo diphenylhexachene or dien

cestrol (IIT)

CH, CH CH, CH,
CH CH CH CH
= ! 1 — — 1 —
HO—  —C(—C —C\AOH HO—O—&H-CH@——OH
m an
e cn,
|
CH CH

= I | =
Ho—~~ —c—¢~ " —on
i

Stilbeestrol (I) 1s prepared from amsaldehyde which undergoes
a benzom tvpe condensation to give amsom (IV) Reduction with
stannous chlonde gives deoxyanisomn (V) which 1s treated successively
with ethyl 10dide and ethylmagnestum bromide The resulting tertiary
alcohat (VI) 15 dehydrated to give the dimethyl ether of stilbeestrol
which 1s demethylated with alcoholic potassum hydroade!®® The
active product obtamned in this manner has the trans configuration

oH
- 0~ " s—li-co-"" —ocH, >
CH 0—<\_J —CHO —>  (HO—~__ 7 3
(Iv)
c,0-¢ " >- c-co—~ - 0CH, —
")
cH
— | —
cn o~ >—¢u-co~_ - ocH —
cH cH
CH 0-(}},—415—/:/\ OCH —»
L bn
D
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Sterold Derivatives Attempts have also been made to synthe
sise active compounds based on a steroid nucleus Among such com

pounds may be d methyl one etk and
cthinyleestradiol  Methyltestosterone which 1s not found mn nature
male activity Ett also 1s not a natural

1 1 1

hormone but 1t shows the reactions of p,
Ethinyleestradiol 1s said to be a slightly more active cestrogen than

« cestradiol Unlike the natural hormones all three compounds re
tam therr activity when adi d by mouth although at a some
what lower level of activity

Methyltestosterone or 17 methyl 44 androsten 17 ol 3 one (XV)
1s prepared from dehydroiseandrosterone acetate (\III) whlch on
treatment with methyl brormide and sub
gives 17 methylandrostene 3 17 diol (XIV) Owdation of the latter
with alummmum wepropoxide 1n the presence of giclohexanone and
toluene gives methyltesmszcmne (xv)ne

OH CH, OH CH
cHco” C 5 M C(SV

(X1t
Et one T 1 hydrohydrox cthmyl

testosterone  or 17 ethinyl 44 androstcn 7ok 3 ot (AVID) 15
prepared from dehydroiseandrosterone acetate (\III) by treatment
with potassium acetyhde i hquid ammonia the resulting ethinyl

d diol (V1) bemng subjected to oxidation by the Oppenauer
reaction’ 120 iz1 122

OH C=CH oH C=CH
(ﬁg ﬁ@ -
CH,CO 0/
D (A% xXvID

Ettunyleestradiol (AVIII) 1s obtamed by the action of potassium
acetylde on cestrone in hiquid ammoma
OH C=CH
m much the same way that ethinyl
androstendiol 15 obtamed from dehydro
rsoandrosterone? 3

HO!

(LVIID
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CH, lca,

%H (‘:H
cHr-co-0— € — é@—o—co-cn,—» am

Subseq p were duced into this process by
cffecting the reduction to the pinacol with sodium amalgam or potas
stum amalgam 1n aqueous alkaline solution and by benzoylating the
crude pinacol prior to dehydration and hydrolysis1®® 119 The chemustry
of the artificial astrogens of the stilbcestrol type has been reviewed by
Jonesmt

Triphenylethylene Derivatives An entirely different group of
arufiaal eestrogens 1s found n pounds of the triphenylethyl
series Triphenylethylene (XI R=R =H) was shown to be highly
active by Doddst!  and independently by Robson and Schonberg!!®
and subsequently improved properties were claimed for triphenyl
chloroethylene (XI R=H R =C1)M4, tr1 p amsylbromocthylenc
(XI, R=0OMe R =H)!1s 16 and g8 bromo f phenyl oa di (p ethoxy
phenyl) ethylene (DBE) (XII)'7 Artificial cestrogens of this type are
active by mouth and are charactenssed by having a prolonped tction

SON o= aHO< O Be
Sc = Ne - c(
RO/ R cH O_O/ \O
XD

I
The pre of aruficial of the triphenylethylene

series can be readily effected either (a) by the acton of a benzyl mag
nesium halide on a benzophenone (b) by the action of a phenyl
magnestum halide on an ester of phenylacetic acd or (¢} by the action
of a phenyl magnesium halide on a deoxybenzomn with subsequent de
hydration of the resulung tertiary alcohol in each case thus
(a) Ar CH, MgCl + Ar CO Ar —> Ar, C(OH) CHAr

—> Ar,CCHAr
(b) 2Ar MgBr + Ar CH, CO,C,H, — Ar, G(OH) CHAr

— Ar, C CHAr
(c) ArMgBr + Ar CO CH, Ar  —> ArAr C(OH) CH,Ar

—  ArAr G CHAr

(Ar—an aryl group)
These reactions are capable of giving rise to a wide variety of subst
tuted tnphenylethylenes of varous types and the corresponding
chloro or bromo ethylenes may be obtamned by the chlonination or
bromination of either the carbinol or the ethylene'® In the former
case the reaction 1s accompanied by loss of water
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Bisdehydrodoisynolic acid (X\I) and 1ts methyl ether have been
synthesised by Miescher’?® @ (6 Methovynaphthyljethyl bronude
(XXII) was converted 1n six st1ges into the keto ester (XXIII) which
was then treated with ethylmagnesmum bmmxde This keto ester
(AT was also 11 Bach hesis of equilenin®®
The resulung carbinol (XXIV) was deh\,dml?d with formic acid to
give the ester (XAV) which on hydrolysis and reduction gave racemic
bisdehydrodoisynohic acid (\\I) This acid was subsequently resolved
and the {(—) aad was found to be identical with the acid prepared
from equlenin

CHBe
CH, cH
CH co cH, MO c
—Ch -cn
N\, S xstages v
- oH —»
cH 0(\ CH, or )I\/ ot 0(/K/l
(XXI) RS N16 (AXIV)
CH, cH
0 CH, 4co H /\ ‘—co H
~Ch-CH, cu CH I~CH-cH
CH,OQ HOK/ (\\(
XXV RS

An  alternative synthesis'?* utilses B (6 methoxynaphthyljethyl
bromide (\XII) and methyl « propionylpropionate and proceeds by
the following sequence of reactions giving the same carbinol (XXIV)

lCH Br
CH H

N bncocn —» N
cx-;o()() + loen CHO[) \&H:H

?H
N-COCH —

e J—co ocH

cuof N OH
(XXIV)
A detailed report on the stereochemustry and syntheuss of these acids

and of a large number of closely related compounds has been published
by Shoppeels
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Dossynolic Acid and Derivatives A number of highly active
cestrogenic acids have been obtained by the partial degradation of
natural cestrogens on fusion with potassium hydroxade The most active
cestrogens at present known are found 1mong these compounds the
constrtutions of which have been proved by total synthesss

In 1932 Marman and Haslewood! ¢ isolated a dicirboxyhe and
(CyeH, Of) (XTIX) since termed marranohe acid by the fusion of
cestriol with potassium hydroade and shortly afterwards MacCorquo
dale Levin Thayer and Dotsy! 3 obtained a similar monocarboxyhic
acad (C;,H ,04) (X%) since termed doisynohic acid from similar treat
ment of (4-) cestrone More recently this latter acid has been obtained
by Heer and Miescher 1 50 per cent yield by fusion of () cestrone or

o cstradiol with potassium hydrowude at 275 126

CH, cH, CH
—CO H —CO H —COH
, —CH COH N FCH CH; “CHrCH,
H I H H
HO[\) ) Ho! H()f\ J
&I9 X et

While marnanolic actd (XI%) 1s mactive doisynolic acd (XX) 15
practically as actwve as (+) cestrone by subcutaneous admnistration
(—) Bisdehydrodoisynolic acid (XXI) obtained from (4} equilenin
by fusion with potassium hydroxude!®? 1s even more potent being fully
acuve 1n rats at a threshold dose of 0 05 microgram The figures m
Table X indicate the relationship between the actiaty of these com
pounds the natural cestrogens and stilbeestrol

TABLE X
COMPARATIVE ACTIVITY OF SoME NATURAL AND ARTIFICIAL (LSTROGENS

Esirus MY;J}IDIJ
lue by sn led se
fo] m o
Comprund up iyl (mucrog ams)
aleoh 1
Subcutaneous 0al
Busdehydrodoisynolic ac d
(symyhenc) ™ 159 to 160 | —116 005 005
—) Bisdehydrode synol ¢ acid
¢ (}'rorxn eqz.\l mn)y 161 10162 | —117 005 005
r Bisdehydrodo saolic acid
methyl ether 187 — 005 003
{+) Estrone 259 +10%| 07 20-30
o« (Estrad ol 176 0178 | + 81 0304 ]
Stlbeestrol 168 to 171 — 0304

* 1n dioxan
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excretion of both androgens and cestrogens and 1 particular of
dehydrotsoandrosterone

e main ketonic constituents of normal male and female urine are
androsterone (I) 3 hydroxyztiocholan 17 one (II) and dehydroiso
androsterone (II1) These three compounds are 17 keto sterords and
are interrelated stereochemucally as shown mn the following formule

o] o] o]
AN '
Ho N A HO H
H H H: H HO
m an (11D
‘Whereas and one and dehyd ne are and. 11

actne 3 hydroxyztocholan 17 one has no such actiity In order to
esimate the total 17 keto steroid content of urine 1t 15 therefore not
possible to use a method of bio assay but recourse has to be made to
chemical and physical tests A colorimetric method introduced for this
purpose by Zimmermann®3? and modified by Callow and Callow!®®
depends on the production of a transient coloured complex with
m dimitrobenzene n the presence of alkali By use of suitable colour
filters this test can be made reasonably speafic for 17 keto sterowds
More accurate determunations can be made by the polarographic
analysis of a solution of the dernvatives which the 17 keto steroids form
with a Girard reagent The total 17 keto steroid fraction can be further
classified 1nto 3(x) and 3(8) hydroxy 17 keto sterord fractions by
treatment with digitomin  which will precipstate preferentially the
dehydrousoandrosterone (III) which alone of the three has the 3(8)
configuration Improved methods for the determination of the qualita
tive and quantitative varations 1n the pattern of sterord excretion in
human urme 1n health and disease have been reported!3? and the
chemical charactenistics of some thirty five (¢) heto steroids and seven
{B) keto steroids have been described!?8

In normal males the average output of neutral 17 keto steroids has
been given as 14 mulhgrams a day whereas the average figure for
normal females 1s 9 mulligrams Removal of the ovaries does not appre
cably affect the elirmnauon of 17 keto steroids but in Addisons
disease their elimnation 15 markedly reduced which ponts to the
adrenal cortex as the origin of these compounds i the female In the
male they are considered to be derived 1n part from the adrenal cortex
and 1n part from the testes Female patients with cancer of the adrenal
cortex excrete excessive amounts of 17 keto steroids whereas male
patients show an increased elimination of cestrogens
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ExcreTion Probucts

The steroid hormones and their degradation products and derna
tives are chmimnated from the body mamly 1n the urine and there 15
much evrdence to mndicate that in many cases androgens and esstrogens
are mactivated by combination with glucuronic acid or sulphuric acid
Much valuable information has been obtamed from qualitative and
quantitative studies on the sterord content of human urme both during
pregnancy and under normal and pathological conditions As a result
of these investigations 1t has been possible to use the hormone content
of urine (and of other body fluds} as a basis for various diagnostic tests
of physiologrcal and pathol 1 i

The excretion of cestrone commences before puberty but after
puberty there 15 a marked increase m cestrogenic substances m the
urine which vary in quantity at different stages of the menstrual cycle
Durmng pregnancy the ehmmation of cestrogens increases steadily and
both cestrone and cestriol are excreted 1in combination with glucuronic
acd but after partunition the excretion decreases very rapidly and
reaches normal levels within seven days Similar changes have been
observed with the cestrogen content of feces Appreciable quantities of
cestrogens continue to be found i urmne after the menopause An mm
proved methed for the d of mhumanp
urine has been described by Stevenson and Marrian™®

Progesterone seems to be rapidly metabohsed i the body and much
of 1t 1s excreted 1n the urme as pr diol gl de Pr diol
1s normally excreted only when the corpus luteum 1s actively producing
progesterone and the quantity increases rapidly during pregnancy
There 1s evidence however that the corpus luteurn may not be the
sole source of progesterone since Marker!® has shown that pregnane
drol 1s present m appreciable quantity in the urine of bulls A gradual
fall 1n pregnanediol excretion duning pregnancy indicates that the
production of progesterone 1s inadequate and may result in abortion
Estimations of pregnanediol 1n urme which can be carried out by the
method of Vennmg!® can also be of value 1 the early diagnosis of
pregnancy An mmproved method of esimation has been reported by
Huber?¥

The androgen content of urme increases gradually from early child
hood both 1n males and females The excretion m adults varies within
wide limits and women excrete about two thirds of the quantity excre
ted by men Both andr and dehydr d have been
solated It 13 known that 1s rapdly bolised 1n the
body and part of 1t 1s excreted as androsterone

Numerous 1nvestigations have been carried out on the excretion of
hormones 1n menstrual irregularities and abnormal conditions durning
pregnancy It has vlso been shown that changes in the ac[hv:t)y of the

1 of

adrenal cortex freq ly result in
and 1n patients with adrenal tumours there 15 a marked increase 1n the




CHEMISTRY OF THE STEROID HORMONTS 109

Rescustery T Iehy chm {10 1935 19 1107

Rurzeca M H and Cartiavo G T Endoen vlogy 1030 24 525

Rewnsteee T el ehm 1t 1937 20 978

Rewcnsson T Hefe chim Acta 1936 19 29

Corvrorti J W and Rosmson R Mata e Lond 1947 160 737

Invorren H'H and Zowwspover G Jr dish chem Ces 1941 74 5911

Isnoerey H H and 2Z81csoonse G Ber disch chem Ges 1043 76 233

Freld Tnformation Agency Techmcal Final Report No 096

Woos 3 L oand Dierasst G 7 dmer chem Sor 1945 68 2125

Dizrasst C andSciore G R dmer chere Sac 1947 69 2404

AMER G and Misscusr R Experientia 1948 4 25 Heiv chim lote 1948
3% 7173 1040 32 1857

Robrvson 1 and Watnes J 7 chem Sac 1936 147

Back vy W E husver S and Syevenson A C F lmer chem Soc 1042
64 072

Heresas MM otaf Saience 1344 180 312 7 bl Chom 1046 564 785
Bacnuany W E Gore W andWies A L F tmer chem Soc 1840 62

82.
Jostsson W S Perzesex J W andGursesie C D 7 Amer chen Soc 1947
69 2942

Cattow R & and Deavesy R Bochen F 1635 29 147

Marxer R E 7 dmter chm §¢c 1933 57 1755

Marxez R E Wurmworz F © and KAt O 7 dmer chem Soc 1035 57
2358

Dawxver O vox Wennen ¥ Howie uax H and Hevns B Ber dfs  shem
Ges 1935 68 1814

RuzickA L and Wermsters A Hely chim let2 1930 18 886

Warws E°S and Ferwnorz J dme hem Soc 1835 57 1379 1,04

Oresxavnn RV Aatwe Lond 1933 135 1033

Maxker R E etal J mey chem Soc 1997 64 1276

Ruzicka L and S prrstery | J Amer chem Suc 1935 87 2081

Ruzicsa L and Werrstery A 5ol rhom deta 1935 18 1264

Butevanor A and Haxsenn G X phycol Lhem 1935 237 83 Ber dish
chet Gos 193, 68 1859

Ruzicha L Wrrrstene A and hkct B Fl chim deta 1933 18 1438

Szmant A and hosry H Ber 44 chem Ces 1938 T4 1766

Marken R E 3 Amer chem Soc 1940 62 7543

Feanuorz B Fibw {n 1933 507 128

Butexanor A Wesrrsan U and CopLer H Ber disch chem Ges 1934 67
161}

Fernnorz L Ber disch chems Cos 1934 B7 18a5 202¢

UTENANDT A and Scinmpr 3 Ber dts & chom Ges 1934 67 1893 1097
Putevanor A andWesserst, U B disch fem Ges 1634 47 2085
Ruzena L and Fscumg M H Hlo chem deta 1937 20 1281
Burenanor A and S MO THOME ] Ber disch chem Ges 1039 72 18>
Messrre € Werrsray A and MNisscusr b Hel e 1 1947 30 o2z
Marxzz R L etal J Amer thm Soc t049 62 3340 1935 63 774
Mazner 1 E Tsuwaworo T and Toaner D L 7 fmer chem Soc 1940

2525

h(z;xtx R E and Roum ans F Amer chem $5 1936 61 3597 yn40
518

\v;';l)l!\ J Lawoaw A and Rucusveiy T Hel  kum 4cta 1044 27 821
37

Larnov A and REscustery T Hely chen Arta 1944 27 113
Sz;g;i % Loozmaws AV and Hpearany W 2¢ dtsch chem Ges 1939 72

Srmiczr M and Reicisyene T Hd chm A12 1937 20 1030

rescen N5 and Rewcustere T I io chom dors 139y 30 164

LARoos A and Racustess T ffaf Fire Actx 1943 26 607 705 747

Saxerr AL 7 Bl Chem 1945 162 691

SaRErt L H T Amer hem Soc 1942 70 1454

Fresen L F nd Fresen M Nata al_Products Related 1o Ph nantbrenc
ThidLdton 1543 New York Page 450



HORMONES

REFERENCES

SuorpEE C W Rep Pro r Chem 1946 43 200

Brocu K and Rirrenserc D J bl Chem 1042 143 207 1042 145 625

Brocst h Berc B N and Rrrienserg D biol Chem 1943 149 511

Brocn K J bl Chem 1945 157 661

BuTENANDT A and HILpEBRANDT F_ physiol Chem 1931 199 243

Marsisn G F etal Buockem J 1030 24 435 10°1 1936 30 57 2250

Girarp A and Savpuiesco G Helo chim Acta 1936 19 1095

Curtis J M MacCorguopate D W Traver S A and Dosy E A
J bl Chem 1934 107 191

Beatr D and Manrian G F 7 Soc chem Ind Lond 1934 53 409T

Carreanp G F Mever R b Miier L C and Rurz M H 7 bol
Chem 1935 109 213

Comen S L and Marwiax G F Bio hem J 1934 28 1603

Doy E A VELER C D and THAYER S ~dmer 7 Physiol 1979 90 379

BUTENANDT A Naturwissenschafien 1929 17 870

Dvcemamse F_ De Jonon 5 E Koser S and Laguevk E Disch med
Thsch 1930 56 301

Zonoex B Fhn Wschr 1930 9 2285

Zonuvek B Mature Lond 1933 133 200 404

Disorsanse E- Lagueor E and Monisock O Aatue Lond 1938 141

7

BuTenannT A and Jacom H < physwo!l Chem 1933 218 104

Scuwenk E and HILDEBRANDT F  Aaturwissenschaften 1933 21 177

MacCorguopate D W Taaver S A and Dosy b A Proc Soc exp Bl
NT 1035 32 1182

MacCorguopsre D W Twaves S A and Dows E A J bl Ciem 1936

435

MaRrian G F Chem and Ind 1930 49 237 515

Marrian G F and Hastewoop G A D Buockem J 1932 26 75

Conen § L Marrian G F and Ooere A D Buochem § 1936 30 2250

Skarzynskl B Nature Lond 1933 131 766

GIRARD A etal CR Acad St Pais 1932 194 909 1020 1932 195 98(
1933 196 137 Bull Sor Chim bol Paris 1933 15 562

ButenantT A and TscHERNING K & phvstol Chm 1934 229 167 185

Cattow N H and Cattow R K Buckem 71938 32 1759 1939 33 931

BurewanoT A Danwensavs H Hawscr' G and Ruoszos H & physol
Chem 1935 237 57

Do I Dicewanss B Freon J and Lagueow E £ phsl Chem 1935

3 281

Butenawor A and TscrErminG b 2 an ex Chem 1931 44 005

Ruztcna L etal H1Q chm Acta 1934 17 1382 1395 1407

Burenanor A and Dannensaus H 2 phys ol Chem 1934 229 197

ALLEN W M etal 4mer ¥ Physil 1979 88 326 1930 92 174 1933 106
55 7 bl Chem 1932 98 591

ALLen W M and Goztscr G J bol Chem 1936 116 653

Burenanpr A Wesspiac U and Hontwee W 2 phosiol Chem 1934 227
81

Butenanot A 15 n Flir Thschr 1934 30 934

BurenanpT A and WesteiaL U Ber disch chem Ges 1934 67 1440

Storra h H Ruscuic H and Fets F Ber disch chem G s 1933 67 1270

ALten W M and WinTERsTEINER O Saeme 1034 80 190 7 bl Chem
1934 107 321

Harmsan~ M and Werrstey A Helo chom Acta 1934 17 878 1365

Swinote W W and Priesner J ] Amer J Phvs 1 1931 96 153 164 180

Prirener ] ] ctal J biol Chem 1934 106 625 645

Carreand G F and huizenoa M I 7 bol Chem 1936 116 57

Rescusten T Laguevr E Uvipert I E D Frr teay P and Sravorr
1 W Proc Kom H Aederla d Vet nschap_1936 39 1218

Masow H L Myers C S and RenoatL T C 7 biol Chem 1936 114 613

Masov H L Myers C § and henoawr E C 7 bl Chem 1936 116 267

WivtersterER O and Prrener ] J J b [ Chem 1936 116 201



CHAPTER V
STANDARDISATION

DURING the past few decades there have been rapid developments 1in
the technique of biological standardisation Researches into the vita
mins and hormones have played an important part in sumulating these
1mprovements the more so because of the need for accurate assessment
of the potency of commercial preparations At first attempts were
made to define potency 1n terms of ammal umts and there arose a
welter of rat mouse and other umts for varsous hormones deed 1t
still seems almost mevitable that the potency of new substances will
continue to be defined n such terms despite their demonstrable
adequacy A rat or mouse umt of cestrogen for instance has been
variously defined 1in different laboratones as the mummal amount
which causes vaginal cornification 1n all of a group of ammals as the
amount causing 1t i the majorrty of a group or as the amount causing
50 per cent of the anmmals to react Quite apart from the vagueness of
defimtion mherent 1n some of these requirements the vanabihty of the
same stock of ammals from one time to another makes any such umt
unstable Burn! for instance has shown how the frog unit for digitahs
varied n the course of a year from 1310 to 2940 umts per gramme
and Emmens how the mouse umt for cestrone simularly vaned from
0 64 to 1 50 international units

These difficulties are largely resolved by the recogmuon of the need
for standard preparattons with which any other substance of simular
activity may be compared In theory solong as the mode of action of a
sample of unknown potency 1s the same as that of the standard an
estimate of the unknown potency derived from the simultaneous com
panson of the actions of the standard and unknown should be mdepen
dent of the test object used and of the particular reaction chosen as a
response  This situation 1s for the most part reahsed i practice
although differences sometimes occur between estimates of potency
when different species of ammals or routes of admimstration are used
These are often demonstrably due to the heterogeneity of one or both
of the preparations being compared or to the presence of impurities in
the unknown which affect its action differentially m varous spectes of
ammal

International Standards The current international standard
P d d for refe 1n the dard of hormones
or hormone like substances are histed 1n Table \I

The preparations are kept at varous centres under conditions
designed to preserve therr full potency and are made available to
laboratories all over the world The distribution of standards 1n Great
Brrtain 15 made from the Natonal Institute for Medical Research 1n

3]
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commeraial scale n a stmular stmc of purity Oncc the production of
the hormones as pure ch 8 d there 1s no
object in continuing to use biological methods of estimation nor when
1t 18 achievable should manufacturers be content to produce impure
preducts

BroLoGICAL AssAx
A satisfactory biological assay must fulfil certan speafic require
ments the relaxation of which should be permussible only in very
special arcumstances The minimal requirements are
(1) A standard reference preparation must be used simultaneously
with the preparation under test
(1) The assay must provide a valid unbiased estimate of the potency
of the preparation under test and of the hmts of error of tins
estimate at any required level of probability
(1) The assay must provide evidence that the actions of the prepara
t10n under test and of the standard preparation do not daffer
The first requirement guarantees that the companson of standard
and unknown shall be independent of secular vaniation i response
The second requirement concerns both the conduct of the test and
1ts statistical evaluation It implies n general that the hne relating
the Tesponse to the dose or the loganithm of the dose (log dose) should
be straight and that 1ts slope should be determuned on each occaston
that an assay 1s performed that the variance of the response should 1n
general be independent of the level of the response in assays based on
graded responses and that the statistical methads by which the potency
and 1ts imts of error are determined should be mathematieally sound
It 1lso imphes that the ammals or other test objects used m the assay
are assigned although perhaps within certain permusible restrictions
strictly at random to doses and substances
The third requirement 1s satisfied only when at least two different
dosage groups are used for both the standard and the unknown When
this 15 done the parallel nature of the two dose response lines can be
examuned and thus the ssmilanty of action of the two substances 1s
checked More than two dosage groups for each substance should be
used unless there 15 already sufficient evidence that the dose response
relationship 1s linear over the range encountered in the assay
Further characteristics of a satisfactory test method have been out
lined by Gaddum?® and by Bliss® These may be summanised as follows
() The most accurate test methad will be that for which the quan
uty s/b 1s mmmal where 5 15 the standard deviation of an
mndividual result and & 1s the slope of the dose response line
{v) The hving matenal recerving each dose of the standard and
unknown must be as uniformly distributed among such dosage
groups as 1s possible Potential sources of vanation such as
differences 1n response between Litter mates sexes or strains of
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London In order to conserve these preparations 1t 15 intended that
laboratories should use them for the careful standardisation of their
own local reference standards so that estimates of potency made by
comparison with these local standards shall be referable with little error
to the internanonal standard preparation

TasLe XI
INTERNATIONAL STANDARD HORMONE PREPARATIONS
T

Date | Lntt
ad pted } {mlls, rams)

P eparation

Insulin (crude dry insulin hydrochloride) 1925 0125
Inst 1 n (pure crystalline msulin) 1935 00455
1itwtary (posterior lobe) por der 1925 05
(Lstrone 1932 0 000t
(Fstrad:ol monabenzoate 1935 00001
Androsterone 1935 01
Progesterone (corpus luteum hormone) 1935 10
Lharionic gonadoteoplun 1838 a1
Serum gonadotrophin 1938 025
Prolactin (galactir or mammotrophin) 1038 01

For each standard there 1s also 1n mternational unit This umt is the
activaty of a specified weight of each standard different for different
standards and was usually defined for convenience with reference to
the 1pproximate quantity of standard required to elicit a response 1 a
particular iological test which was popular at the trme of determining
the umit Since vagmal cormfication 1n the mouse was and sull 1s a
method most frequently employed 1n the of the
mternational umt for cestrone became the very small quanuty 0 0001
mulliyram of the standard while the use of progestational changes
the rabbit uterus m the assay of progesterone led to the adoption of
1 0 mulligram of this substance as a umt There 1s thus no general
relationship betw een the weight of an international unit and the dosage
required 1n medictne When an international standard exasts however
the potency of a preparation must be stated in terms of the number of
units in one millilttre or gramme to whach 1ts action 1s equivalent The
introduction of these standards has therefore meant that the potency
of a preparation made anywhere can be accurately measured and
compared with that of another without their physical proximuty, 1nd
that the dosages of various drugs used 1n medicine can be so controlled
tht the safety of the patient and the reputation of the manufacturer
are guarded altke

It should be noted that such standrds are needed only when 1t 18

possible or to chi 1se a drug chemiclly Some
ewisting standards 1n particular those relating to the sex horr?oncs are

rapudly flling nto disuse since the lard prep
are pure crystalline substances which can now be produced on a
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The vanance of 2 probit 1s not constant for different percentages and
the dose response hine has therefore to be fitted by ustng weights which
are imversely proporttonal to the theoretical variance The Iine s fitted
by a sertes of successive approamations and although only one or two
cycles of calculation may be needed the anthmetic tends to become
wksome even when equal numbers of test objects have been placed at
each dosage level There are varous approxmate methods for estuna
ting relative potency which often give a suffictently good answer but
none 1s adequate for the assessment of hirmts of error

Choosing a Test method Factorssuchascost time and labour
requirements will often strongly influence the choice of a partcular
test method for assaying preparattons and 1t 1s rarely that a method

e optimal p with d ble levels of these other factors
High sensitivity 1s sometimes important as when insufficient quantities
would be available for a more accurate but less sensitive method but 1t
1s not otherwise necessary 1n standardisation Specificity 15 of course
of the hughest importance A response which can be measured quantita
uvely 15 usually to be preferred smce quantal responses are more
troublesome statistically and usually give less accurate estimates for the
same number of observations

A sumple measure of response such as the weight of an organ 15 more
Tikely to give a hmear log dose response relationshup than are less
natural measures such as percentage increase m size or weight It 1s
usually pomtless to express the response 1n terms of some other varniable
such as body werght until the proper relationship has been estabhished
Thus although 1t mught lead to a more accurate estunation of potency
1n a particular test if the weight of an organ be expressed as a percentage
of the carcass werght 1nstead of using the crude weight neither method
15 hkely to give as accurate a result as the use of a correction factor
denived by covanance analysis Simularly 1t seems to be widely assumed
that when both mmtial and final measurements of the test object are
possible 1n assays 1t 1s more accurate to use some such funcuon as the
duifference between them as a criterion of response Fhis may or may
notbe true frequentlystsnot Instead covanance analysis will enable
a cenitical apprasal of the situation to be made

Computation The lterature abounds with approxumate and
pletel methods of comy relatrve potency

and 1ts errors Most of the approxumate methods give no better an
answer than can be guessed by anyone accustomed to dealing with
assay data none of them gives a more accurate estimate of potency than
a sumple graphical fitting by a careful worker Moreover n actual
practice some of them are more time consuming than the exact com
putation of potency froma t assay although 1itmustbe ad d
that the computing of fiducial imuts of error usually takes somewhat
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ammal must be so allocated to dosage groups that ther 1n
fluence can be solated and examured in the subsequent
statistical analysis Doses should not 1n general be adjusted for
such factors as body weight by assumung some arbtrary and
perhaps incorrect relationship but from the internal evidence of
the test or group of tests of a like nature The statistical method
appropriate to the making of such adjustments 15 covarnance
analysis an excellent example 1s given by Bliss and Marks®
using the assay of msulin to exemplfy the procedure
In hormone assays 1t 1s usually found that the logarithm of the dose
1s hnearly related to the response Under these conditions there 1
rarely any pomnt tn failing to distribute test objects equally among the
same number of dosage groups of both standard and unknown and to
arrange doses so that successrve dosage groups for each substance are
spaced at the same equal logarithmuc intervals Thus if sixty anmals
are available for a test of 1 particular substance aganst the standard
1n an assay 1n which 1t 1s deemed advisable to use three doses of each
preparation each dose should be given to ten ammals and doses should
be 1n geometrical progression say 1 2 4 umts of standard and 2 4
8 mulligrams of unknown not 1n arithmetical progression say 1 2
3umtsand 2 4, 6 milligrams When this scheme 1s followed computa
tion 15 reduced to a minimum and the amount of mformation gamed
from the test 1s maxumal
When several unknowns are simultaneously compared with the
standard the rule requiring equal distribution of test objects betueen
t may be dified since the 1 amount of information
about the potency of each unknown will on an average be obtained
from an arrangement by which each dose of the standard 1s given to
VN times as many test objects as 1s each dose of each unknown where
N 1s the number of unknowns It 1s not worth worrying about this 1
practice unless many unknowns are used at a tume since the statistrcal
computations are more laborious and the gam n information 1s not
very great when N 1s small

Quantal Responses When all that is recorded about a group of
test objects is whether or not each of 1ts members exhibats some charac
tenstic effect such as death or vaginal cormfication the response 15
called quantal and special methods are needed 1 dealing with the
data If the percentage response 1s plotted agaimst esther the dose or log
dose the line relating the two 1s usually § shaped (sigmord) To obtain
a straight log dose response line 1t 15 necessary to convert the percen
tage of response to probus which are calculated on the assumption that
the loganithms of the mdividual effective doses of the preparations
under test are normally distributed® 7 Tables of probuts corresponding
to percentages of response from O 1 to 99 9 are given by Bliss and 1
more detail by Fisher and Yates®
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Limits of Error Itis usual to accept as the hmuts of error of an
assay a range which 1s esumated to include the true potency in erther
95 or 99 per cent of cases 1vhen large numbers of test objects are used,
this range 1s M + 1 96 5y, for the 95 per cent himuts and M + 2 58 5y
for the 99 per cent limuts With numbers below a hundred however
and particularly with small total numbers like twenty or thirty amumals
m a test the distbution of ¢ should be used as given 1n any modern
textbook of statistics and the range M + tsyy calculated Thus with a
total of forty ammals in a test, distributed between four groups ¢
would be based on 36 degrees of freedom (or even less if such a factor
as litter or strain difference 1s segregated 1n the test) the 95 per cent
range would be A + 2 03 557 and the 99 per cent range Af £ 2724y
In quantal assays however the value of ¢ remams 1 96 and 2 58 for
the two probability levels whatever the number of animals employed

The error of any particular single assay cannot be predicted except
within wide Iimits but the average error or the mmmal expected
error can be used for comparmg the precision of different methods In
the foll pages 1tismagmed thata dard assay using a graded
response 1s conducted with forty ammals which wall usually be distn
buted between four dosage groups two for each preparation When
possible the estimated mimmal error for P = 0 95 1s calculated for
each method of assay (P = 0 95 implies that the chance that the true
value hes outside the range given 1s only 1 1n 20) This error may be
substantially exceeded 1n practice in particular if the mean responses
to standard and unknown differ widely and if the value of the slope 15
not accurately known The mummal value expected for sy 1n such a

2
standard assay 1s iéT‘ m a log dose response test supposing b to be
determmned with sufficrent precision for the separate calculation of
fiducial inmts of error to be unnecessary This would often mean that
n average value of § from previous assays must be available and be con
sistent with the new estimate of 4 provided by the assay being examined

The use of Litter mates decreases error very derably n all tests
in which 1t has been v d This decrease 1s of such mag !

that 1t 1s always worth the trouble of using, litter mates when possible
since the average test employing them has two to four times the
aceuracy {te one half 10 one quarter of the vanance) of a corres
ponding test with ammals selected at random When possible 1t 15
similarly desrable to use cross over techmiques 1n which the same
ammals are used at different times on the standard and unknown
preparations mn a test which 1s so balanced that overall differences in
sensivaty between amimals and differences due to secular variation are

1 e of diffe between ammals may
reduce the error mean squarc to as little as one sixth of the value found
without such a technique The errors quoted below are not calculated
on a litter mate or cross over basis except where specifically stated
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longer The use of balanced test methods of the type briefly described
above permuts factorial analysis of the assay, which 15 completed i a
short trme

Approumate methods are of most help when quantal responses are
mvolved Here exact calculation tends to be more prolonged but the
appro tion 15 best fined to stmple phical of
potency No sumple and sufficiently accurate approximate method 15
available for the estimation of himits of error, however and as these
should be determined as a routine except 1n trivial crcumstances the
madental determmation of potency which their computation involves
makes the approumate deterrmnation of potency superfluous The
computational procedures for all types of assay discussed here are
described by Emmens® These computations consist m essence of the
determnation of the following quantities when one unknown 15 com
pared wath a standard

(1) The mean log dose of cach preparation X'and Y for standard
and unknown respectively

(1) The mean response to each preparation, 7, and T

(1) The common slope &

(1v) The standard deviation of a single observation s

(v) The standard error of the slope s,
The logarithm of the ratio of the potency of the unknown to that of the
standard AL 1s given by

M:(;_X),__(T;T)

where X ind X are measured in the same units such as milligrams
The error of M 15 inherent only 1n the second term on the right hand
side since there should be no fi error i g doses
If 5 15 estimated with relatively high accuracy which in practice means
that /s, 1s greater than about 8§ then sy the standard error of A 15
such that

el 1 T-T)a®
s f Qe )+ EH

where n and n are the numbers of observations on the standard and
unknown respectively It will be seen that a munimal value for £5¢
occurs when ¥ =7 and that the greater the difference 1 mean
response the lower the accuracy of the assay

If /s, be less than about 8 this formula for sy 1s not sufficiently
accurate for the determunation of mts of error and the so-called

fiducial limuts of error should be calculated by more exact means
These are discussed by Irwin!® The estimation of A however 1s not

affected
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laboratory and a dose response curve 1s given perhaps with standard
errors of groups often for one preparation only Sometimes no actual
assays have been conducted by a particular method and the reader 1s
unable to decide whether even 1n the author s hands 1t grves reliable
results In the absence of sound wnformation as to thewr reliability 1t 1s
therefore impossible to give more than passing mention or perhaps to
do full yustice to many suggested procedures

AntERIOR LoBr OF THE Prrurtary

Thyrotrophic Hormone The setting up of an international
standard for the thyrotrophic hormone was dec:ded on in 1938 but
has not yet been completed There 15 therefore no standard prepara
tion or international unit m terms of which thyrotrophic extracts of
the anterior lobe can be calibrated

There 15 only one method which can be particularly recommended
for the assay of the thyrotrophic hormone that utilising the increase in
weight of the thyroid gland of the gunea pig as described by Rowlands
and Parkes’? In gunea pigs ijection of the thyrotrophic hormone
causes hyperplasia of the thyroid gland (it does not do so in the rat
which 15 therefore unsmtable for this type of test) and the weght of
the stimulated gland 15 proportional to the loganithm of the dose over
a wide range The method 15 described by Burn?

Rowlands and Parkes!? used female guinea pigs approximately 200
grammes in weight but there seems to be no objection to using males
instead The werght of the unstimulated gland appears to be linearly
related to body werght and thus the use of animals of a relatively wide
weight range rught prove as accurate as long as the body weight 1s
used as a concomatant variable 1n statistical analysis Subcutaneous
njections are given for five days and the animals are killed on the sixth
day The glands are fixed 1n Bown s flud overnight and weighed at the
alcohol (70 per cent ) stage 1n upgrading It 1s necessary to know the
mean unstimulated weight of glands m the stock being used to ensure
that a response s 1n fact bewng produced by the lowest doses employed

There 15 msufficient evidence upon which to base relable estimates
of the error of this test but 1t would appear that the mmmal Limts of
error (P = 0 95) to be expected when two groups each of ten guinea
pigs are used with each substance (forty ammals all told) are bout 77
to 129 per cent of the estumated potency

The thyroid gland of the chich also responds to the thyrotrophic
hormone by an mcrease mn weight and the same general test method
may be employed using the chick thyroid as the test object as des
cribed by Bergman and Turner?® The authors state that this method 1s
not so good as the guinea pig test but that 1t 1s more convenient when
chicks are easily obtamned However from the standard errors and
slopes reported by Bergman and Turner 1t looks as if the chich test
using day old White Leghorns 1s more accurate in their hands than
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In quantal assnys the standard test 1s mcreased to eighty ammals
because no worthwhile degree of precision can usually be expected
with fewer test objects and the chance of obtarning 0 or 100 per cent
ofrrtsponscs with only ten anmals per group 1s too high for practical
safety

In such assays 1t s also assumed that the aserage weight factor® 1s
05 This gives 2 shphtly lower weight to a group thin it mught often
have i practice and shghtly wider limuts of error than might be
expected 1f 21l groups gave responses of between 20 and 80 per cent

MeTnODS OF AssayinG Retamive PoTency

The rest of this chapter 1s a survey of methods for standardising hor
mone prepirions These cannot be gnen i complete detail and
reference should be mde to the ongmal papers 1 1¢ 15 desired to carry
out an assay by a particular method or to descriptions gnven by Burn!
and the British Pharmacopeera 1f Burn or the Briush Pharmacopeeta has
described a method 1n full reference 15 made to the fact It should be
remembered however that many good assay methods have not been
described by therr authors 1n the hight of modern statisties and that
frequently the reader 1s advsed to use a single group of test-objects and
to refer to a standard curve given by the author of the method ortaa
sumlar curve which has been determned 1n his own laboratory or to
conduct hts assay by some other equally hazardous procedure Such
recommendations represent a phase 1n the development of the subject
which should by this time be disappearmg It will therefore bear
stressing agamn that satisfactory assays by whatever biological method
the response 1s obtaned supply mternal evidence of therr own reh
ability and that the primary basts of this 1s the simultaneous comparison
of. dard and unki prep 10ns with at least two dosage groups
for each

In selecting test methods for particular recommendation 1t has also
to be borne in mind that many methods recently developed for hormone
assay have been devised prmanly with the object of detecting small
quantities 1n extracts of unine or tissues Thus sensitivity has been 2
first requirement and much ingemous work has been put into con
verting such sensitive tests of the p ofak nto
quantitative methods of assay Frequently however these methods are
not as accurate as older techniques which use larger amounts of

matenial and are therefore not to be preferred for the purposes of
standardisatton In general histol 1 methods are not r ded
because they are troubl; and usually pable of factory

quantitative expression
There 15 a further difficulty which faces the reviewer of methods of
assay Many suggested procedures look very promising some of them
put forward as 1mprovements 1n existing methods others quite new
Too frequently however a method has been studied only i one
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1aboratory, and a dose response curve 1s grven perhaps with standard
errors of groups often for oue preparation only Sometimes no actual
assays have been conducted by a particular method and the reader 1s
unable to decide whether even in the author s hands 1t gives reliable
results In the absence of sound as to therr relabibty 1t s
therefore unpossible to grve more than passing mention or perhaps to
do full justice to many suggested procedures

ANTERIOR LOBE OF THE PITurTARY
Thyrotrophic Hormone The setting up of an internatonal
dard for the tk phuc h was decided on 1n 19381 but
has not yet been completed There 15 therefore no standard prepara
tion or nternatonal umt i terms of which thyrotrophic extracts of
the anterior lobe can be calibrated

There 15 only one method which can be partrcularly recommended
for the assay of the thyrotrophic hormone that utilising the increase in
weght of the thyroid gland of the gumnea pig as described by Rowlands
and Parkes'? In guinea pigs mjection of the thyrotrophic hormone
causes hyperplasia of the thyroid gland (1t does pot do so 1n the rat
which 1s therefore unsuitable for this type of test) and the weight of
the stimulated gland 1s proportional to the logarithm of the dose over
a wide range The method 15 described by Burn*

Rowlands and Parkes!? used female guinea pigs approumately 200
grammes mn weight, but there seems to be no objection to using males
instead The werght of the unstimulated gland appears to be Linearly
related to body weight and thus the use of ammals of a relatively wide
weight range mught prove as accurate as long as the body weight 1s
used as a concomutant variable 1n statistical analysis Subeutaneous
1njectrons are given for five days and the ammals are killed on the sixth
day The glands are fixed 1n Bown s flnd overnight and weighed at the
alcohol (70 per cent ) stage 1n upgrading It 1s necessary to know the
mean unstimulated weight of glands in the stock being used to ensure
that a response 1s 1n fact being produced by the lowest doses employed

There 15 msufficent evidence upon which to base reliable estimates
of the error of thus test but 1t would appear that the mnmal hrmts of
error (P = 0 95) to be expected when two groups each of ten guinea
prgs are used with each substance (forty ammals all told) are about 77
to 129 per cent of the estimated potency

The thyrord gland of the chick also responds to the thyrotrophic
hormone by an increase in weight and the sarae general test method
may be cmployed using the chuck thyroid as the test-object as des
cnbed by Bergman and Turner'® The authors state that this method 1s
not so good as the gumea pig test but that 1t 1s more convement when
chicks are easily obtained However from the standard errors and
slopes reported by Bergman and Turner 1t looks as 1f the chuck test
using day old Whate Leghorns 1s more accurate i therr hands than
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the gune pig test They also report a lincar dose response relationship
not 1 Linear log, dose response relitionstup  Males are preferred to
females beeuse of a stecper slope

Lactogenic Hormone The internation1l umit of the lactogeme
hormene (prolicun) 1s the speafic actnsty of 0 1 mulligram of the
miernational standard preparation

1t1s genernlly greed that the growth of the crop glands of male or
female prgeons provides a vahid estumate of the lactogemic 1ctnaty of
preparations of the anterior lobe this was the only test recogmsed by
the Third Confe e on the Standard of Hormones held
Genev an 1938" s giung sufficently quantitane results for the
comparison of preparations

The original method of Riddle Bates and Dykshorn?* was to mject
mtramuscularly once daily for four days and to kill 1t mnety six hours
The crop glnd weight i mulligrims was then muluplied by 150 and
divided by the body weight and was found to be hinearly related to
| ( dose x 150
i body wewht,
worhers have successfully used simpler relationships Body weight has
an influence on response and should be corrected for by covanince
analysis When six duly mnjections were given and the birds were killed
on the seventh dvy the mean slope relating crude crop gland weight
grammes to the loganithm of the dose for nine preparauons was approx
imately 7 {13 and the variance of the crop gland weight 1t the 4 gramme
level of response was about 1 92 The munimal expected limuts of error
1 a test using forty birds distributed equally betw een test and standard
prepirations 1s thus of the order of 75 to 133 per cent (P = 0 90) and
should be reduced 1f proper allowance be made for the correlation
between body weight and response

Various modifications of the pigeon test involving the local apphea
tion of the preparations under test have been tried s described for
instance by Reece and Turner?® VMestes Bergman and Turner?? and
Hall!® The general conclusion seems to be that although this type of
test 18 much more sensitive 1t 15 not very consistent Hall however
yects small doses locally over the crop sac either subcutaneously or
mtradermally using the left and right sides of the syme bird for the
standard and unknown and Tudes that this difi gies
reliable results Such a2 method could not readily be adapted for assaying
preparations however unless a technique using the design known as
symmetrical pairs were used as described by Bliss and Rose!® When
the figures submutted by the laboratories taking part i the examnation
of the contributions offered towards the international standard pre
paration were examned by Emmens?® 1t was clear that the intradermal
tests there reported were notas reliable as the more orthodox technique

) It1s not very clear why this was done and lter
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Summarzes of a variety of methods used 1n the assay of the lactogenic
hormone are grven 1n the Appendix to Emmens ¢

Growth Hormone No international standard ewsts for the esti
mation of the activity of growth promoting preparations of the anterior
lobe of the pituitary gland

The estimation of growth promoting activity 15 usually made with
rats erther normal or hypophysectomsed and the criterion of response
may be an increase 1n body weight or varous skeletal changes Marx
Simpson and Evans?! have made a careful companson of the use of

plateaued normal female rats as against hypophysectomised female
rats for the growth test A plateaued rat 1s one which has reached a
body weight of 220 to 280 grammes and 1s growing very slowly A raprd
burst of growth may however be sumulated by the mjectron of the
growth hormone Hypophysectomised rats are more sensitive to the
growth hormone than plateaued ammals but are more difficult to
prepare and handle (see Burn')

A reasonably steep slope for the dose response curve 1s attained only

after about fifteen days of injections which was adopted as a test
period Marx et al * present their data m a form which makes statistical
compansons difficult but by reading back from their figures and tables
1t has been possible to esttmate roughly the relative accuracy of the two
methods The approxumate slope of the line for plateaued rats 1s 27
and for hypophysectormsed rats 18 when the weight increase 1n
grammes 1s plotted against log dose The vanances are about 47 and 43
respectively The expected mimmal himuts of error (P = 0 95) 1f forty
rats are used in a balanced test are therefore 63 to 145 per cent for
plateaved arumals and 60 to 170 per cent for hypophysectomused
animals The authors say that the accuracy 1s  about the same for both
types of test or even somewhat higher for normal rats  They have
tested many preparations and find a remarkably consistent value for the
slope for plateaued rats which may therefore be recommended as surt
able test objects Griffiths and Young? have described a different type
of plateaued rat test Their rats received implantations of tablets of
stilbeestrol a procedure which arrests growth and stmulates hypo-
physectomy 1n many ways Such animals also respond to the action of
the growth hormone but no criuical evaluation of the accuracy of
assays by this method 15 possible at present nor 1s 1t recommended by
the authors as being particularly suitable

Evans Sumpson Marx and Kibrich?® have also elaborated a test

using hypophysectomised rats 1n whuch the criterion of response 1s the
width of Joafy phip . m the uba This test 1s
stated to be three times as sensitr e as the body weight method ona daily
dose basis and smce 1t takes only four days instead of fifteen 1t requires
only about one tenth of the total dose From the figures 1n the text this
method would appear to be quite accurate and the log dose response
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hine seems excellent giving 1 hnear relationship over a range of
from 5 to 200 micrograms of a local standard preparation ‘The mean
error of the test 1s stated 10 be 0 42 micrometer divistons but 1t 1s nat
clear whether this applies to means of groups or to individual obsersa
uons Since the slope reliting width of cartrlage in scale divisions to log
dose1s 4 3 the mimmnl expected error of an assay 1s (P == 0 95) 86 to
116 per cent 1f twenty rats arc used on the standard and twenty on the
unknown and 1f 0 42 15 1n fact the standard deviation for mdniduals
These hmts seem very nirrow for such a test, and 1t would appear that
the error aited 15 that of means but since no detays of the numbers
u}\‘VOl\cd are given 1t 18 not possible to estimate the probable errors of
the test

Adrenocorticotrophic Hormone There 1s no international
standard for the adrenocortcotrophic hormone 4 ork on the standar
disation of the hormone has been based on increases 1n adrenal weight
m rats by Moon?t 25 or in chucks by Bates Ruddle and Millerts No
detals of errors are given by Moon and the value of hrs tests cannot
therefore be esimated Bates et al  however present sufficient data for
a rough cstmate of the errors of the test to be made They mjected
two-day old W hite Leghorn cockerels subcutaneously three times a day
for five days The dose response relationship was found to be Linear
but from the look of the figures the log dose response relationship also 15
probably linear over a wide enough range for assay purpases However,
1t 15 often more accurate 10 use 1 linear dose response relationship 1f
this 1s posstble The best fitting Line for one series of chicks was adrenal
werght in milhigrams = 0267 1 ++ 10 1 where Y was the dose of 2
particular preparation m miligrams The standard error of the mean
of groups of ten chicks was sad to be usually less than 0 7 mulligram at
low levels and rarely over 1 0 milligram at high levels of response Ifwe
take 0 7 as the average standard error to be expected using the dose
response line above and distribute forty amimals equally among five
groups 1 a common zero 5 pomnt assay as described by Finney®? the
expected limts of error (P = 0 95) will be approximately 80 to 120 per
cent 1t being assumed that as wide a dosage range as 1s covered by the
dose response line (up to 40 milligrams) 1s used In this type of assay 2
fifth group on zero dose 18 included in the calculations and the two
dose responise lines for standard and unknown are constrained 10 mnter
sect at zero dose

The adrenal werght test using hypophysectomused forty day male
rats has been investigated by Stmpson Enans and La @ It was treated
by these authors as a test of the mamtenance of adrenal weight in
comparison with normal forty day controls but 15 adaptable as an
assay in which the actual adrenal werght 1s used as the response The
log dose response relationshtp appears Lincar when fifteen daily injec
tions are gren with a slope of about 9 5 when adrenal weight 1n
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mulligrams s plotted agamst the logarithm of the dose 1n mulligrams
The average variance was about 13 hence the mumimal ks of error
(P = 0 95} would appear to be 1n the neighbourheod of 57 to 174 per
cent with the usual forty amimal test used here as a basis for
comparison

Sayers Sayers Tsan Ying and Long?® have described a possible
assay method using the fall in adrenal ascorbic aad and adrenal
cholesterol which follows the admunistration of the adrenocorticotraphic
hormone to both rat and guinea pig A simular study has been made
by Rexss and Halkerston3®

Gonadotrophins  Methods for the assay of gonadotrophins of the
anterior lobe are essentially ssmelar to those described below for serum
gonadotrophin and chorionte gonadotrophin As the content of follicle
stmulating hormone and luteiusing hormone varies from speces to
speaies 1t 1s usually necessary to use hypophysectomused test amimals
for differentiating between the two 1n 2 mixture No quantitative data
are lable from which to d an assay procedure under such
arcumstances nor does 1t seem to be in demand for the examnation of
commercial preparations Thus any assay of an anterior lobe prepara
tion will as matters stand at present necessarily be approximate and
the answer will vary according 10 the conditions of the test There 1s no
mternational dard pitwitary d b

CHORIONIC GONADOTROPHIN
The 1n 1 umt of ch dotrophin 13 the speafic
gonadotrophic actvity of 0 1 mull of the 1 dard
Preparation and 1t 1s to be used only for recording the actraty of
preparations of human pregnancy urine
There 15 a great varsety of tests for gonadotrophic activity An oppor
tunty to compare the effictency of the more accurate methods occurred
when the international standard was set up® because the vanous
contributiens offered towards the standard were assayed by thirty two
different lab and many lab 1es used several test methods
However partly owing to the method of distribution of the contribu
tions they were not all compared with each other by simultaneous
assay and the errors of the assays examined are therefore not typical of
an optimal procedure Nevertheless little doubt remained that tests
! vagnal cor 1n the fernale rat or mouse
ovanan weight in the rat and the formation of corpora lutea 1n the
rator mouse were the most accurate probably in the order given The
vagmnal cornification test and the ovanan weght test did not differ
significantly in the magnitude of thetr error with the proviso that it was
not always clear exactly how many ammals had been employed 1n
making the companson 1n each case The numbers employed were
however approumately equal
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It has been decided to recommend the ovarian weight test using the
immature female rat The reasons for this recommendation are
(1) It1s more speaific and does not demand control tests on spayed
anmnals
(1) Itis a method which can also be recommended for the assay of
serum gonadotrophin
(1) When litter mates are used 1t 15 more accurate than any other
test yet described
This method onginally elaborated by Deanesly? 1s given 1n detl
in the Brtish Pharmacopaia It employs 40 to 80 gramme rats which
are injected daily for five days and killed on the sixth day The ovanes
are dissected fixed 1 Bown s flind and weighed at the alcohol (70 per
cent ) stage in upgrading Ovaran weight 1s Iinearly related to log
dose and a miuimal weight of about 40 smilhgrams 15 attaned with
chorionic gonadotrophin If Litter mates are available these should be
distnibuted between 1ll doses of standard and unknown The qualita
tive 1dentity of 2ction of the standard and unknown may be checked by
histologic1l examination of the ovaries the characterisuc action of
chorionte gonadotrophun 1» lutesmsation The minimal Iimuts of error
(P = 0 95) to be expected when hitter mates are used and there are
forty rats in the test are 84 to 119 per cent When htter mates are not
used, the Itmuts (P = 0 95) are 70 to 140 per cent
‘The vagmal cormfication method has the advantage that no dissec
tron 1s required and that the ammals need not be killed Its disadvan
tages are the need for control tests to ensure the absence of cestrogenic
material in the preparation under test and the fact that mn the hands of
some investigators 1t has often proved quite unreliable This 1t should
be noted was not so i the many laboratories taking part i the
assays mentioned above In these laboratories the slope of the probit
log dose Iines varied between 5 0 and 8 5 Wath the lower value of the
slope, the limuts of error (P = 0 95) of a test with twenty ammals toa
group would be 1t a mimmum 75 to 134 per cent With the higher
value the limits would be 84 to 119 per cent
Heard and Winton?®? used adult female rats which had been placed
on a diet deficient 1n vitamuns of the B group and had ceased to exhibit
cestrus cycles The slope for tests with these ammals was 8 7 so that the
expected vanumal Liwuts of ecror for an assay with ewghty such ammals
would also be about 84 to 119 per cent
It may be noted that the range of slopes reported for these vaginal
cornification tests 1s on the whole higher than those found when
vagmal cormfication 1s used as the craterion of response 1n the assay of
aestrogens (see below) This 1s quite feassble and would apparently
mply that equal increments m log dose ehicit more than equal wcre
ments in log aestrogen production in the ovaries of the test ammals
Tests involuing uterine weight the weights of male organs or vagal
opemng mn rodents ovulation 1n the rabhit and histological changes of
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varous types n these species are not 1 general to be recommended
They are exther maccurate or ncomement and often both Vanous
test methods are however summansed 1n the Appendix to Emmens¥

SeruM GONADOTROPHIN
The nternational umt of serum gonadotrophin s the specific gonado
trophic actvity of 0 25 mulligram of the international standard pre
paration and 1t 1s to be used only for recording the actiity of prepara
tions of pregnant mares serum

The same tests may be used for 3 serum dotrophuns as
for ¢ 1 dotrophtns When the assays of contnibu
tions towards the mnternational dard were dH

prep
1t was found that the method using ovaman weight in the rat was
sigmficantly more accurate than the general run of other tests There
were 1sufficient data from which to judge the accuracy of the vaginal
cormification test separately There was however no evidence that the
various less accurate tests were giving biased estumates and 1t was
concluded that independent of therr accuracy they were measuring
the same thing This means that since preparations of the serum of
pregnant mares are known to exert both a follicle simulating and a
luteinising actinaty (although predominantly the former) the various
contnibutions to the dard must be supposed to have 1 the
two principles 1n an approximately constant ratio 1f in fact there be two
separate hormones

Under the stimulus of serum gonadotrophin the ovaries of the
immature female rat may reach a weight of about 220 mulligrams It1s
not however advisable to use the upper half of the dose response line
because the vanance 15 igh and there 1s danger of rupturnng large
follicles when dissecting or handling the ovanes It 15 not necessary to
give daily ijections since a single subcutaneous dose of serum gonado
trophun given six days prior to killing the ammals 1s effecuve The
quahtain e wdentty of the standard and unknown may be checked by
histologrcal examination of the ovaries the characteristic action 15
stimulation of follicular growth In a forty rat test with litter mates
the mummal hmuts of error (P = 0 95) to be expected are 93 to 108
per cent When litter mates are not used these kmuts of error are 84
to 119 per cent

PosteriorR Lore oF THE Prruitary
The tnternational unit of extracts of the posterior lobe 1s the speafic
actvity {oxytocic antidiuretic or pressor) contamed 1 0 5 milligram
of the standard preparation when extracted by the prescribed method
which 15 given in the Briish Pharmacopecia

Oxytocic Activaty The usual methed of assay employs the uterus
of the virgin guinen pig and 15 described 1n the Britsh Pharmacopaa



126 HORMONES

It depends on the contractions of 4 uterine horn suspended n a bath
contunmng Tyrode solution 1n response to the addition of an extract
of the posterior lobe As 1t stands this assay 1s more an art than a
science and cannot be ssigned definite imuts of error It would appear
that so long 1s 2n experienced worker 1s s1tisfied with the way 1n which
hus particular utenie preparation s responding and so long as he makes
vald comparisons of the type xy y x where x 1s 1 dose of the standard
and y adose of the unk givenin that temporal order the error of
the test (P = 0 95) 1s usually about + 15 per cent 38

Hamburger®® has descnibed a method 1n which the as erage height of
the contractions produced by several determinations at each of several
dose levels of both stindard and unknown 1s measured and the test1s
put on a more self contuned and quantitative basis Hamburger
measured tuenty to thirty contractions with each uterus ten to fifteen
on exch preparation and constructed dose response curves for each
These curves were either approximately hinear or contained a suffi
ciently linear scgment to allow of the application of the usual statistical
methods for companing two substances although in actual pracuce
Hamburger made graphical compansons Repeated determnations of
the potency of three unknown dlutions of an extract of the posterior
lobe were made by this method ¢ach with 2 different uterus The true
potencies were 025 080 and 0 35 and the means of seven or eight
tests were 0 24 0 77 and 0 31 respectnely The percentage standard
devintion of these three groups of tests was 135 10 6 and 100 The
limts of error (P = 0 95) of a single test with one uterus are therefore
approumately + 20 per cent to + 30 per cent but only when the
technique of Hamburger 1s followed The usual techmque would be
expected to have a greater error thin this because 1t employs less than
twenty to thirty contractions 1n the total companson and 1t 1s rather
surpristng that Gaddum® found 1 smaller error Bachinsky et af 37

d the herght of resp 1 a test 1n which each uterine horn

was cut into four segments the eight pieces from the two horns being
attached to eight scparate levers With two doses of the standard and
two of the test preg the dard error of the te of potency
was calculated to be less than 5 per cent 1n 18 out of 23 assays butin
fact the true potency was known to be outside the calculated hmits 1n
ten instances Holton3® used rat uter: n the more usual type of test
giving doses each of standard and unknown and obtamned standard
errors of about 3 per cent but httle 1s known about the differential
actions of vasopressin and oxytocin 1n such a test (see also Burn')

Antidiuretic Activity Tests for esimating antiduretic potency
are descrsbed by Burn? and 1n the Brtish Pharmacopesta Both use the
rat and are based on the oniginal work of Burn3® The test depends on
the comparison of the times elapsing until a maximum rate of excretion
ofurme 1s reached after the administration of water by stomach tube and
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extract of the posterior lobe by inyection Groups of four rats were used
1n a cross over techmque the rats which had recerved the standard on
one day recenving the unknown on the next day and zice zersa Potency
was calculated however with reference to a standard curve which was
based on sixty four rats 1ts position but not its slope being corrected 1n
each test from the results obtained with the standard The curve looked
as though a linear log dose response relationship held but no work
based on this assumption 1s krown It 1s not possible to estimate the
error of the test Burn states that eight comparisons yrelded results
within 23 per cent of the known value the average error being 12 per
cent Until the assay 1s put on a more satisfactory basis which allows of
the computation of error from the internal evidence of the test or until
many comparative assays are made by the present method this state
ment 15 the best that can be offered although much exploratory work
has been undertaken Thus Ham and Landis*® mvestigated vanous
factors and concluded that under certain conditions the estimation of
total chloride excretion 1s preferable to measurements of urine volume
but did not use modern 1 methods mn d tharr p |

or evaluating their results

Pressor Activity The catmethod for esumating pressor actwity
remains the only test which can be put forward at the present tme The
extract of the posterior lobe 1s injected 1nto a vein of a decapitated cat
but successive doses cannot be given frequently usually not more often
than once every thirty minutes sametimes not more often than once an
hour The nse in blood pressure which follows a constant dose decreases
with successtve injections at any rate 1f the injections are made mare
frequently than about once an hour This 1s an unsansfactory test for
only a few readings can be made with each cat and no statement 1s
possible about limuts of error The dog can be injected more frequently
about once every fifteen minutes and Stewart# reports that 1t 1s always
possible to disunguish differences of 20 per cent The rat behaves
sumlarly and Landgrebe ¢t af 42 may be consulted for the methods
employed which appear to discnminate between 10 per cent dosage
differences It would seem that rat methods are worth further
nvestigation

ADRENALS

Adrenal Cortical Hormones There are no international stan
dards for the hormones of the adrenal cortex They fall into two mamn
groups those which resemble deoxycortone and those which resemble
corticosterone Of the first group deoxycortone appears to be the
most potent substance for mawmtaimng the life of adrenalectormsed
ammals while of the second group 17 hydroxycorticosterone appears
to be the most potent 1n affe the bolism of organic 1
Clinical interest centres at present on deoxycortone which 15 best
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assayed by ats effect on the survinal ume or weight gamn of adrenal
ectomsed rits or the muntenance of normal conditions 1 adrenalec
tomised dogs No 1ttempt will be made here to cover the field 1n ats
entirety smcee the subject 1s undergoing ripid development A detailed
review by Thayeré? has been published

Grollman# found thnt the survinal of adrenalectormused animals 55
greatly influenced by the intake of sodum chlonde and potassium 1ons
He also found the gain in weight under standard dietary conditions to
be 1 better eritenion than survnal tme m rats but Thayer could not
obtain aceurate results by that method Thayer and his colleagues hae
not 1n fact found any test uulising survaval weight gam sodm
metabolism or renil function as measured by blood urea mtrogen
which promuses great accuracy Thus the charactenstic actions of
deoxycortone have not yet been made the basis of 1n assay method
which can be assigned ny but very approuimate and wide lumats of
error  Tests ntihsing a charactenstic actvity of corticosterone on the
other hind attan considerable precision Unfortunately this activity
the causing of an 1incrense 1n glycogen or total fermentable sugar in the
Iiver of ndrenalectomused rats 1s not exerted by deoxycortone at all

In statistierl companson of the glycogen agunst total fermentable
sugr test Eggleston Johnston and Dobriner®® find that the latter 1s
much more accurite They injected Adrenalectomised rats hourly for
7 hours ind killed 4t 7% hours from the start of the test and then deter
mined either the liver glycogen or total fermentable sugar The log
dose response line for the Iatter was much the steeper eich anumal
contributed about ten times as much informuion about relative potency
as compired with those of the glycogen series In a test with twenty
mice on the standard and 20 on the unknown the mimumal hmits of
error (P = 0 95) to be expected 1n the two methods are

Glycogen 51 to 195 per cent
Total fermentable sugar 83 to 121 per cent

The error for the glycogen test would appear to be in hne with that
found by Dorfinan Ross and Shipley 1 who used a simular technique
with adrenalectomised mice and referred the results of series of tests
with only one dosage level to 1 standrd curve They found that when
ten muce were used the error {P == 0 95) ranged from 50 to 250 per
cent The predicted error was 41 to 250 per cent Their predicted error
(P = 0 95) with forty mice per group (although all on one dose of the
unknown) would thus appear to be about 60 to 160 per cent However
a similar method employ ing the esumation of Inver glycogen grves lower
errors 1n the hands of Venning hazmin and Bell4? These investigators
modified the Remecke and Rendall#® test and gave mjections of the
hormones 1n 5 per cent glucose obtamng parallel log dose response
Tines for varous cortrcal steroids and mimmal expected himuts of error
(P = 0 95) of about 80 to 125 per cent for the hypothetical forty
mouse test used here as a standard of comparison
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Adrenahine  There » no 1 dazd prep of
adrenaline The sub may be d from adrenal glands or
syntk d and ct d as a pure fe 1 For the purp of

dard 2 brol fiestae anty to ensuse that asample

has the full actinity of pure adrenaline when the methods desenbed hy
Burn! may be used The blood pressure of the atropimsed cat or dog
gEves very ik Y with dard errars of about 2 per
cent ¥ while the frog heart method®® has about the same precision
In ths lanter test wanter male frogs were found to be preferable and
assass of the x ¥ y x 1ype were used ¥t s a simple method and appears
1o be very useful when frogs of the nght type are avaddable although no
data were given as to the relative errors of other than winter male
froge It would seem to be unnecessary to attempt modifications of
these tzsts whach would give nternal esumares of error so long as the
jaboratory performing them s vegulatly doing the same type of work
and can keep a cherk on conssstency The hmuts of error (P = 0 95)
can apparently be kept withun about 95 to 103 per cent f care be
exercised and the idennty of the substance concerned 3 not usuatly in
guestion

Tuyromw

There 13 o mternational standard for thyroune or thyrsd prepara
wons The latter are usually assayed chemucally on the baus that alf
the acwd nsoluble sodine 15 combined as thyrownz However the
recent use of aruficrally wodimnated protens has led to a revival of interest
1 biological tests because not all the acid msoluble sedine wn such
protems 18 d n thy or other sub of supular
actuvity

Several methods for auwayny thyrod preparations are given by
Burn? none of them 1s rery accurate and most are unwieldy “Vfore
recently two pronusing new tests (descnbed below) have been devised
for whuch detarls of huts of exror can be gren The first one 13 an
adaptation of the tadpole test first proposed by Lenhart®! the second 13
a Lan test so far i d with albwo myce

(1} Xenopus Tadpole Method This method was developed by Deanesly
and Parkes®? who descnbe methods for obtammg and reanng the
tadpoles at any season of the year They deaded to use eruptson of the
front legs as the response to thyroud activity Groups of five tadpoles
18 1o 23 mutlimetres n length are placed i 200 muliditres of dustlled
water to which the substance to be assayed 15 added as a fine smpen
sion The disutled water 1s changed to tap water after three days and
the percentage of tadpoles showing eruption of one or both front lege 1s
recorded on the seventh day The slopes for thyrone and arious

d prowns are the same but are affected by
temperatire steeper slopes being obtamed at 24 than at room
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temperature At 24° the mean slope of nine tests was 5 95 With this
slope 2 test using four groups of twenty tadpoles two groups on the
standard and two on the unknown will have minimal kmuts of error
(P = 0 95) of 78 to 128 per cent

The biological actnity of eight preparations of 1odinated plasma
ardem or casemn as measured by the tadpole test agreed very closely
with the capacity of these preparations to sttmulate milk yield i cows
(Deanesly and Parkes’®) However ditodotyrosine 15 actne
mammals so that some shight doubt 1s cast on the spectfiity of the
test This was one reason for the development of 2 new mammalan
test

() Inclosed Vessel Techmgue urth Mice This method 1s described by
Smuth Emmens and Parkes® Young male 1lbino mice are injected
with the substances under test on days | 3 and 5 and the test 1s per
formed two or three days after the last injection, that 1s on the seventh
or eighth day Each mouse 1s placed 1n a separate 2 1b glass jar with
an air uight id  the response 1s the survival time m munutes Ths 1s

¢, the temg ure and by of thyroune
or an 1ochnated protein The test 1s performed 1t 23 which gives
survival times of convenient length and about 1 rumimal varance The
preliminary results with the test using male mice which are less
vaniable than females indicate that with ten mice per group the munt
mal limits of error (P = 0 95) are about 73 to 137 per cent

The peculiar feature of this mammalian test 15 that the early death
of treated mice 1s not due to 1 rise 11 metabolic rate even with more
prolonged periods of treatment (up to three weeks) but to ther in
creased sensttivity to anowa or carbon dioxide poisoning It has yet
to be shown how highly the factors responsible for early death in this
assay correlate with metabolic effects and whether such a test 15 1n
fact to be preferred to the tadpole test

ParaTHYROIDS

There 1s no international standard for extracts of the parathyrord
glands Several test methods are described by Burn® but 1t 1s not at
present possible to compare their relatne accuractes The two most
promusing methods would appear to be that utibsing the effect of para
thyrotd extracts in diminishing the narcotic action of magnesium sul
phate to mice and that utthsing the esumation of urinary calcium m
the rat®s

The potency of Parathyrord Injection U S P XIV 1s assayed by ats
effect on the serum calcsum of normal dogs and 1s expressed i terms of
U S P Parathyrord Umts Each unit represents one one hundredth of
the amount of imjection required to raise the serum calcium by 1 milli
gram per 100 mullilitres wathin 16 to 18 hours of admimistration
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Pancreas
Insulin (Ordinary Insulin) Thenternational umt of insulin 18
the activity of 0 0455 mmll of the 1 dard (pure

crystalline 1msulin 1935) preparation The new umt was defined m
relation to the 1925 crude standard of which the umt was 0 125
milligram

The two standard methads for the assay of insulinthe mouse convul
ston method and the rabbit blood sugar method are outhined below
Details for the laboratory procedure and general references are grven
by Burn! and for a modified mouse convulsion method by Y oung and
Lewis®®

(1) Afouse Con ulsion Method This uses a quantal response namely the
proportien of mce exhibiting convulsions after iyjection with msuln
under standard conditions The muce are placed in a thermostatically
controlled cabinet at between 29 and 37 usually at 32 m modern
work Details of a standard procedure are given 1n the British Pharma
copesia The error of this method was investigated by Irwin$? who found
a mean slope of 3 01n the serzes of assays with which he dealt and re
ports fully on expected errors and the actual fiducal hmts of error
found 1n the tests A slope of 3 Q1slow according to present standards
the mean of a sertes of slopes found 1n the laboratories of one wsultn
producer 1n the course of recent routine work was 53 With Irwms
data the minumal limets of error (P = 0 95) to be expected with a test
usin,, forty mce for each sample are 62 to 162 per cent with a slope
of 53 these hmuts are 76 to 132 per cent The standardisation of
batches of msulin 1s normally carried out with a total of several hundred
mice for each batch neither the facturers nor the 1
authonues would be content with fiduuial hmats of error (P = 0 93)
wider than about 85 to 115 per cent and they are usually expected
to be within 90 to 110 per cent of the mean estimate of potency

() Rabbut Blood Sugar Method Thus method depends on the reduction
1n the blood sugar level of ribbits which follows the mjection of mnsulin
As at present used 1t imvolves the measurement of the minnl blood
sugar level and the hourly blood sugar level or the blood sugar level
of pooled hourly samples for five hours subsequently Tull detuds of
a standard procedure are given in the British Pharmacopeeia and of the
varous laboratory reagents and techniques by Burn' The Brnitish
Pharmacopeia procedure uses the cross over design elaborated by
Marks and hus o workers (sec Marks and Pak®%) In this test the same
rabbits are used with the standrd and unknown on different days so
that differences 1n the mean sensitivity of individual rabbits are segre

gated m the analysis of the test and do not contribute to the estimate of
error The form of test recommended 1s the twin cross over test full
stahstical examination of which 1s due to Smuth Marks Fieller and
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Broom®® Four groups of ribbsts are used and high and Jow doses of the
standard and unknown are each 'dmimistered to one of these groups on
the first d1y of the test On the second day of the test the group which
recerved thie lugh dose of the stindard receives the low dose of the
unknown while the group which recerved the low dose of the standard
recenves the hugh dose of the unknewn The ather two groups are

crossed over 1n 1 sirmilar fashion

The ervor of thus type of test was investigated by Tieller Irwin
AMarks and Shrimpton®® and 1 varous papers by Bliss and Marks®
These quthors agree remarhably well in that although Bhiss and Marks
found higher values for the slope therr error mean squares are also
higher and esumates of lumues of error from the two sertes are almost
sdenicl I the standard test with twenty ammals for ench sample 15
modified 10 view of the cross over procedure to ten ammals for each
sample five arumals a group 1n 1 twin ¢ross over test and two obsena
tions per ammal the expected minimal limits of error (P = 0 95) are
82 to 122 per cent

Delayed Action Imsulins  Globin zinc insulin and protamine
zinc msulin have a more profonged actton than ordinary msulin the
degree of prolonganen bemg greater with protimne zinc ansubin
There are at present no standard preparations of these modified nsu
hns which are therefore compared with ordinary msulin using the
rabbit test The test of the Brish Pharmacopeera sequires that when the
average blood sugar of the rabbits recenving the standard preparation
hns Just returned to the mital level as judged griphically, that of the
rabbuts recerving protarmine zinc wsulin should not be more than 80 per
cent of the corresponding ymnal value This s not an exact method of
companison and the setting up of switable standards for the delayed
action msulins 1s 1 progress which will make possible the performance
of tests giving precise estimates of potency and hnuts of error without
reference to the present standard preparition It should be noted that
the amount of ordinary tnsulir used m prepanng the delayed acuon
forms 15 carefully controlled so that the present tests are tests of the
delaying factor not of the unitage m terms of the ;nternational standard
preparation for ordmary nsulun

Gonaps

(Bstrogiens ‘There are two iernational standard preparations
for the assay of astrogenic actwty  eestrone and asstradiol mono
benzoate [he iternational umt 1s 1n each case the actvity of 0 0001
mithgram of the standard preparation The astrone standard 1§ 1
tended for comparison with non estertfied cestrogens and the cestradrol
monobenzoate standard for companson with benzoylated prepara
nons It has been shown however that with the usual test methods 1t1s
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vahd only to compare eestrone with eestrone and estradiol mopo-
benzoate with cestradiol b e smce the infl of the route
of admmstranon the solient the test-object and the particular test
meshod used 3s o great that even pure crystalline sterawds cannot
uscfully be compared with one another~ ¢ This has led to no great
difficulues 1n pracuce because the estrogens are usually prepared as
pure substances and can be characterised physically The potency of
such & preparation may therefore be cheched if necessary by reference
to the standards or to another puse sarsple of the compound beng
examined if 1t 1s not @strone or wstradiol benzoate

The most frequently used assay fard 1s the Allen Dosy
test for vagmal cormfication sn the mouse or rat®  This test exsts in
vanous modifications the most useful of shich would seem 10 be the
myection of the substances under test 1 one or two dasly doses i oy
solution preferably 1 myce and the talung of vaginal smears twice a
day on the third and fourth days of the test A smear with no leucocytes
and with cormfied epithelial cells 1s scored as positne all others as
negatre the response 15 therefore quantal There is wide general agree
ment thay the value of the slope of the log dose response hine 1 (with
Few excepnions) between 5 and § Ifaslope of 5 515 found the maumal
Linusts of error {P = 0 93; to be expected i a test + 1th forty mice per
substance are 77 to 130 per cent

Vartous other tests exust many founded on the increase i uterine
weight of tnmature or spayed anarmals afier mjection of wstrogens Of
these the Astnood six hour test®3 15 of 1nterest because of 1ts speed
Immature female rats tenty-one to twents three davs old are injected
with the oestrogen and the uterus weighed six hours afterwards This
method seems quute accurate but unforrunately the data are not pre
seated s such a form 25 to allow of the cstimaton of the ervors of the
test

Progesterone  The internahional umst of progestational activiry
15 that contained 1n 1 0 mulligram of mternauonal standard proges
tevane

‘There 15 no method of assaying progesterone biologically from which

b2 dat are lable for errors The McPhail test®t
gres arbitrany grades 10 the degree of progestanonal prolferauon of
the uterus of the cestrogen primed rabbait This test could probably be
made the basss of a successful quanial or exen graded response assay
but since 1t involies histological examunarion of the uferus 1t would
alsays be rather laborious It s described by Burn! Another promising
1est 38 that of Astwood®® which uthses the deciduoma reaction in the
rat and conld presumably also be adapted for precise wark There 1s no
general demang for such tests howeser becamse erystalline proges
terone 25 now produced commerenlly and the excrenon product
human urine pregnanediol s esumated chemmeally
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Androgens The international unit of androgenic actrvity 1s that
extubited by 0 1 milligram of inter 1 dard and, The
same situation as discussed above with reference to the astrogens 1s
found when dealing with androgens There 15 no commercally
prepared androsterone for climcal use the compound used almost
exclusively 1n medicine 1s testosterone propronate for which no bio
logical standird ewsts or 1s needed and which cannot be directly
compared with androsterone The practical need for standardisation of
androgens 1s therefore very hmited

The introduction of growth in the atrophic comb of the capon was
the only test recognised by the 1935 Confe e on the Standard
of Sex Hormones® as being sufficiently specific and precise  As usually
performed the test requires the mjection of the androgen for three to
five days The response 1s the mcrease i comb size measured in various
ways by different my A detailed of the test by
Emmens showed that when the response 1s the added increase 1n
length plus height of the comb 1t 1s hnearly related to dese (not log
dosc) and that the vanance mcreases with the age of the burds Basing
an estimate on the average standard deviation n the three day tests
an assay with twenty birds per substance would have mimmal expected
himuts of error (P = 0 95) of about 62 to 138 per cent These Limits
should be reduced by using a cross over techmique and further
reduced 1f a common zero slope ratio method of assay could be
employed

The capon comb test although undoubtedly the most appropriate
of all tests available for standardisation requires facilities often not
available to the bio assayist Various tests employing the rmmature or
castrated rat or mouse are current the responses most frequently used
are the weight mcreases of seminal vesicles or prostate glands under
androgenic sumulation Relatively rapid tests utiising seminal vesicle
weight seem to be as accurate as the more prolonged tests first evolved
and two recent examples are of interest Greene and Burnll®? use
mmmature male rats twenty to twenty two days old and mject once
with androgen Forty eight hours later the semunal vesicles are dis
sected and weighed fresh The log dose response relationshup 1s linear
from 5 to 50 micrograms of testosterone propionate and calculations
from Greene and Burnills data indicate that the mimmal expected
limats of exror (P = D 95) are 64 to 157 per cent i a forty rat
test of the usual design DMathieson and Hays$® used castrated
young male rats wm a sumdar test Thewr data indicate that the
limuts of error 1 a forty rat test would be 74 to 136 per cent
as long as differences between groups of rats castrated at the
same time are 1f necessary segregated in the analysis of varance
In two pracucal examples using only thirty two rats per assay the
Tumats of error (I == 0 95) were found to be 70 to 140 per cent

approamately
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RELATIVE ACCURACY OF TEST METHODS
The approumately mmmal numbers of ammals required to give
an accuracy of 80 to 125 per cent at the 95 per cent level of signifi
cance 1n different tests in which groups of ammals are used are shown
1n Table XIT

TABLE \I1

Approwmate total numbers of animals (not htter mates) ne ded to achieve mummal
Tumats of error (P=0 95) of 80 1o 195 per cent n var ous assays

No
Substance l Anmal Method required
Thyrotroph ¢ hormone Guinea pig | Thyroid s exghtit 50
Lactogemc hormone P geon Crop gland weight * 65
Growth hormene (a) Plateaued rat | Body weight 1o
{b) Hypophysecto
‘sed rat Body we ght? 220
Ad enaco ticotrophic
ho mone (a) Chick Adrenal weight 35
(b) Hypophysecto
‘Tmsed rat Adrenal we ght 8 240
Chor omic
gonadotrophin a) Rat O 2 1an weight$? 90
(b) Mou ¢ Y ag nal smear® 45-130
S um gonadot optun Rat O apan weight 25
Ad enalco tcal
ext acts (a) Rat Laver glycogen 350
(b) Rat Total fermentable
sugar 30
(c) Rat Laver glycogen ol
Thyroune and
1od ns (a) Tadpole Eruption of front legs 95
(b) Mouse Survival time 80
Insul n (a) Mouse Convulss ns 120
(b} Rabb t Fall 1n blood sugar® 6+
Estrogens Mouse or rat Vaginal smear® 110
Androgens (a) Capon Comb growth? 130
(b} Rat Seminal ves cle
e 75-130

Cross ove te t

These numbers are dircctly proportional to the mherent precision of
various methods of assay as estimated from available data It should be
noted that the sicteen rabbuts required on the average m msulin assays
are each used twice n the cross over technique and that the preaision
of this method 15 greatly enhanced by the elimnation of differences
between the mean sensitivity of individual rabbits m the assay The
accuracy of the assays of gonadotrophins {and doubtless other sub
stances) 1s also much mmproved 1f litter mates can be used and the

ponding litter diffe 4 d from the estimate of error
Thus the most accurate of this group of tests when ktter mates are
used would seem to be the assay of serum gonadotroplun by the
method employing rat ovarran weight It 1s rarely advisable to use less
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than twenty ammals 1n an 1solated assay, however, because the fiducial
fimuts of error widen rapdly with small numbers of observations
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Greeve R R and Burrie H W Endocrinolo,y 1941 29 402

Marsmeson D and Havs H W Endocrinology 1940 37 275
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CHAPTER VI

ACTION AND USES

PURING recent years the action and uses of hormones hav e been studred
extensively using the standardised extracts and pure natural and syn
thetic comg Is now available to the cl Since hormone pre
parations do not necessarily produce the same effects 1n patients as they
do 1n expenimental animals their chimical use 13 frequently empincal
The treatment of glandular underactivity consists in the admristration
of the correct amount of a standardised extract or synthetic compound
to make good the deficiency Overacuwity of a gland 1s corrected by the
surgicl removal of a part of the glhind or by admimistering preparations
which have an antagomsing action for example thiouracil 1 hyper
thyroidism Treatment with hormones must be regulated for individual
patients since the correct dosage necessanly depends on the degree of
hormene production of the deficient gland and on the degree of acti
ity of other mterrelated glands Hormones from the antertor lobe of
the pituitary stmulate many other glands and large doses of cestrogens
and other hormones can depress the activity of the pituntary The
complicated mteraction of the different glands and the vartable re
sponse to therapy impose difficulties and hmutations in the way of
satisfactory treatment with hormones

Before commencing hormone therapy an accurate diagnosis Is essen
tial and local causes of disease must be excluded Treatment with
hormones can be curative only if the diseased gland 1s capable of
functioming on discontinuation of therapy Most hormone preparations
however act by substitutton only  they do not have a permanent effect
and the fact that they can inhibit the hormone production of other
glands must be taken mto deration After the prol d admimus
tration of some hormone preparations their further use 1s followed by a
marked reduction or even absence of the physiological response The
doses of hormone preparations should therefore be suffictent to correct
the defictency only since cxcessive doses may make any subsequent
treatment relatively ineffective Collip and Andersont showed that labe
ratory ammals became non responsive to the thyrotrophic hormone
after prolonged treatment and if the blood of these non responsive
ammals was injected 1nto untreated ammals these nlso did not respond
1o imjections of the thyrotrophic hormone owing to the presence of ant1
hormones Clintcally 1t 1s hnown that the conunued use of some
hormone preparations particularly those of a protemn nature such as
the gonadotrophins can result m a state refractory to further injections
Leathem and Rakoff” showed that the antihormones which develop
following the admuimistration of pregnant mares serum gonadotrophin
are hormone specific and with the appearance of the hormone mhiby
von should be suspended or a g dotrophin from another
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source should be ad ¢ Zondek® ders that antthormones
are unlikely to eccur wath the steratd hormones or insulin

Tuyrom
‘The thyrard gland intensifies the action of the meracellular metabolse
enzymes thus increasing & sue metabolism It has a specific affinty for
wdimne and this element m addon 10 the thyrowd harmone thyroxme

must be considered in the of thyroud disorders A defi y
of sodime 1 the diet produces an enlargement of the thyroid gland
s ! 53 known as end: gonre because of s

frequent occurrence s districts in which there 15 a deficiency of rodine
1 the soil and water Sumple gotire can be prevented by gnang small
dases of 1odmne w the form of potassium or sodwm sodide which 1s
usually added to common salt in the proportion of 1 part i 5000 1o
20 000 of salt Treatment with wdine ttself 1s not so sansfactory  but
sorne workers have obtained beneficsal results with smalt doses of
thyrod
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Hypothyroidism A deficient secretion of the thyroxd hormone,
or hypothyrotdism may occur at any age and may be due to injury of
the gland either by accident or disease Occasionally 1t may occur
after the removal of too much of the gland n operations for hyper
thyroidism In children the thyroid gland may be deficient from birth
when the disease 1s known s cretimsm 1f howeyer, thyroid deficiency
oceurs 1n young children 1t 1s called infantile myxcedema

The symptoms of creuntsm which may not be obserscd immeduately
are a slow gam i weight retarded mental development and a distur
bance 1n bone formauon which can be demonstrated radiologically

Fic 26

TyricAL MyxaDpEMA

Duc to underactnty of the thyroid Haw bruitle and coarse skin puffy and dry
general lethargy due 1o slowmng down of the metabol ¢ processcs

Cretins are always dwarfed persons with a sallow complexion pufly
eyelids and a dry skim Thyrod if gven carly promotes normal
growth and physical deselop but mental develor frequently
remains retirded owing to the damage to the brain which has taken
place during embryonic hife The dosc of thyrord must be adjusted to
the individual needs of the patient approumately 30 milligrams
(3 gram) daily may be sufficient for nfants and 60 mulligrams (1 grain)
or more for children of four to twelve years of age Normal growth can
be restored 1n mfantile myxeedema if treatment 15 given early

Thyroid deficiency 1n adults or myxcedema was first described by
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Gull 1n 1873 and » sometimes known as Gulls disease The name
myxxdema (mucous cedema) was given (o st by Ord wn 1878 Persons
with hypothyroidism usually have a placsd drowsy evpression with
slow speech and mtellectual processes The features are coarse and
the skin thick In contrast 1o persons with hyperthyrodim  they have
= small appette and consupitton 1s common The treatment of
myxedema with thyrerd produces excellent results and the effects of
treatment appear wathm a week As with all other hormone deficsency
states the dose requred vanes conmderably with the patent Treat
ment 15 cammenced with a dose of 60 milligrams (1 gram) daily and
this 15 gradually mereased unul the symptoms disappear A dose of
0 2 gramme (3 grains) daily s sufficient for most panents but larger
doses may be required It 13 important 16 snererse the dose slowly
because the thyrord hormaone requares at feast twenty four hours to take
effect and cumulative effects may occur To guard aganst these
thyroid therapy 3s sometunes omitted every fourth week Treatment 15
best controlled by esumation of the basal metabobhie rate or more
eastly by deter of blood chot 14

Th 15 d in the treatment of hypo
thyrovdrsm s thyroxine sodium but this 1ppears to have no advantages
when given by mouth over tyroid preparations . Thysowune sodum
which 1s avadable tn tablets contaming 0 03 and 0 | mibgram equna
lent respectively 10 about § and 1 gramn of thysoid 15 more active than
o thyroune sodam and s thexefore preferable to the racemuc
thyrowne sadwam desertbed 1 the Baush Pharmacapea 1932 Thy
rovine sodmm s also admumstered by mtravenous myection as an
aqueous solution As with thyroid treatment with thyroune sodium
should be controlled by determining the basal metabolic rate or bload
cholesterol

4

Hyperthyroldism  The essence of treatment 1s to cantrol the
overactivity of the gland erther by the surgical remonal of a part of the
gland or by drug therapy Iodine 1 freq) y given before aperation:
for removal since it lowers the basal metabolic sate and temporarily
reduces the size of the goitre The mechamsm of the action of sodme m
hyperthyrordism s not clearly understood

Interest in drugs whach can minbit thyrotd actsvaty was stumulated by
the observation that the admumstration of thwourea denvatives to
laboratory ammals was followed by typical signs of thyroid defi
cency’ and hundreds of different compounds have been prepared and
tested 1n thus respect® These compounds act by blocking the uptake of
free sodine i fhe thyrod cells before the todimaton of tyrosine The
first of these compaounds to be used climscally was thioures but this has
been replaced by the more actine and less touc dernatives thiouracid
methylthuouracsl and propylthiouracl

The admimistration of anuthyro:d drugs le1ds to the following series
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of events (a) the production of thyroune by the thyrod gland 1s
decreased (b) the control of the pitwtary glind by thyroxine is dim
mished (¢) increased amounts of the thyrotrophic hormone are excreted
by the thyroid glind nd (d) the thyroid gland becomes hyperplastic
As 1 result the thyroid gland remuns enlarged although st 1s not
producing an abnormal amount of thyroxne

Fie 27

TYPIGAL THYROTOXIGOSIS

(Exophthalmic Goitre Graves Disease)

Due to overactivity of the thyroid Eyes

bulging general state of anxicty and
restles ness

There 1s a close mterrelationship between hormones and vitamuns
and an intagomsm between vitamin A and tyrosine 1 known
Simkins? used vitamin A 1n massive doses to treat two patients with
hyperthyroidism and stated that he considered 1t a promusing thera
peutic agent for this condition

Certaun chemotherapeutic agents can control hyperthyroidism but
they rarely cure the condinon surgery has the advantage that a cure
can be quickly obtained A useful comparison of the results obtamned
with antithyroid drugs 1s given by Williams® The most potent prepara
tions were propyltt 1 and gclopropyltt 1 and Villlams
considers that they are the most destrable ones to use
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Radioactive sodine has been used to apply radmtons directly
within the cells of the thyrowd gland of patents with hyperthyroidism
and there 15 no doubt that 1t 13 an effective way of producing a remss
sion but an appranal of sts value as compared wath other methods
cannot be made until more pauents have been treated over a long
perod

Other Uses of Thyrowd Thyroid has been recommended for
many condiians not derectly awocated with an underactive thyrod
gland Obesity although seldom evndence of glandular disorders 15
not necessanly due to hypothyrosdism and successful treatment with
thyrosd may be due to 1ts diuretic action Thyraid has also been used in
the treatment of a vanety of gy nxcological conditions such as amenor
rheea stenbity abortion and menstrual disorders and there may be
some justsfication for s use in these conditions because 1t 1s known that
there 13 a close interrelationship between the gonads and the thyrod
gland

Thyroid Preparatzons Murray® who first used thyred in the
treatment of myxedema gave a glycenn extract by sebcutaneous
mjection It was soon discovered howerver that thyrowd preparations
were effecitve by mouth and 1 davdised prey af
thyroid have been wadable for some tune The potency of different
preparations is usually esumated from the amount of iodine which they
contain as thyroane but biological assavs are also employed by some
manufacturers The doses of thyroid tn the above sections refer to the
poudered defatted standardised thyrmsd of the Britash Pharmacopoeia
and not to the fresh gland (sce page 183}

PARATHYROIDS
The surgical removal of the parathyroid glands produces tetany

This s due to a reduction 1n the blood caleum  the symptoms of
which can be relieved by the intravenous or oral admnustration of
calcrum salts They can also be relieved by the admmstration of an
extract of the parathyroid glands which produce 2 hormane capable
of use 1n seplacement therapy The paratbyrod hormone plays an
important part m regulating the caloium level in the blood bones and
urme but the mechamsm of 1ts action i3 sull debatable

Hypoparatiyroidism  Extreme hypofunction of the parathy rosd
glands produces hyperexcitability of the nervous system with pamful
tone spasms of the muscles The hands wrists and ankles are usually
affected first spasms occurning later 1n the face trank and sometimes
the laryngeal muscles Tetany may be latent although typical symp-
toms are not present muscular spasms can be induced 1 suscepuible
indnaduals by canstricting the upper aun with a tourmquet when a
typical spasm in the hand 15 produced This 13 known as Trousseau s
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of events (a) the production of thyrouine by the thyrod gland 1s
decreased (&) the control of the pitwitary glind by thyroxine 1s dims
mushed (¢} increased amounts of the thyrotrophic hormone are excreted
by the thyroid gland and (d) the thvroid gland becomes hy perplastic
As 1 result the thyroid glnd remains enlarged although 1t 15 not
producing tn abnormal amount of thyroune

Fic 27

TYPICAL THYROTOXICOSIS

(Exophthalmic Gaitre Graves Discase)

Due to overact sty of the thyrod Eyes

bulmng general state of anxiety and
restlessness

There 15 1 close nterrelationship between hormones and vitamins
and 1n antagomsm between vitamun A and tyrosine s known
Simhins? used vitamin A 1n massne doses to treat two patients with
hyperthyroidism 2nd stated that he constdered 1t a pronusing thera
peutic agent for this condition

Certain chemotherapeutic agents can control hyperthyroidism but
they rarely cure the condinon surgery has the advantage that a cure
can be quickly obtamed A useful comparison of the results obtained
with antithyrord drugs 1s given by Walltams® The most potent prepara
tions were propyltt 1 and ¢yclopropylthiouricil and Willtams
considers that they are the most desirable ones to use
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Calciferol 1in Tetany  For the treatment of patients with chronic
tetany calaiferol (vitamin D ) has been employed although its action
on calcium and phosphorus metabolism 15 different from that of the
parathyroid hormone Shelling! states that therapeutic amounts of
calaiferol 1mvanably cause a positive balance of calcium and phos
phorus and produce healing 1n the metaphyses of the bones 1f rickets
be present whereas parathyroid hormone causes a negative calcrum
balance and a retardation m osstfi Schul and Chr 18
used large doses of calaiferol to treat eleven patients suffering from
parathyrowd tetany and found that 1t had an effect on calcium meta-
bolism simlar to that of dibydrotachysterol The preparation used was
an aily solution contarmng 300 000 untts of calaferol equalto 7 5 milh
grams 1n | millihtre Subsequent patients were grven 5 nulligrams of
calaiferol daily supplemented by wintravenous imjections of calcium
lactate during the first few days There was a prompt rise n the serum
calcium concentration but from one to five months elapsed before the
mawumal effect of calciferol was obtained When adjusted the patients
were yust as well under treatment with calaiferol as with dthydrotachy
sterol and showed no signs of tetany or other morbid conditions The
final daily dose of calaferol was from 1 5 to 4 5 mulligrams and the
concentration of serum calcium 1n all patients after adjustment 9 to
11 5 mulligrams i 100 mullilitres  Although the symptoms of tetany
may be alleviated with either calaiferol or parathvrord hormone 1t 1s
only the former which increases the amount of calcium 1n the bady

Hyperparathyroidism  An excessive secretion of the parathyrord
hormone results in an increased amount of calcrum in the blood serum
and a decrease of phosphorus Calcwm is withdrawn from the bones
which become cystic and deformed Von Recklinghausen!? first des
eribed the bone disorder which 15 also known as generalised osteitis
fibrosa cystica It 1s an advanced stage of hyperparathyroidism
characterned by gradual rarefaction and softenmg of the bones with
development of cystic areas and deposition of caleium 1n soft tissues
Hyperparathyroidism can be produced experimentally by continued
overdosage of the parathyroid hormone but the cause of the over
activity 1s not known A deficiency of calaferol 1s thought to sumulate
hyperplasia of the parathyroids with resulting adenomata which may
or may not produce the hormone If they do svmptoms of hyperpara
thyroidism result Treatment which consists of the surgical removal of
the tumour usually grves rehief Keating and Cook'® i an analysis of
twenty four cases showed that mn only seven was there classic evidence
of disease of the bones but calaification of the kidneys or renal calcult
occurred i twenty two of the panents They emphasise that 1n hyper
parathyroihsm 1mvolvermnent of the urtnary tract 1s a more common
and important symptom than bone mnvolvement and they suggest that
every patient who has renal calculi should be suspected of having
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sign and 1s used as 1 diagnostic test Other diignostic tests ate based on
Chvostek s sign 1 which a slight momentary twitch 1s obtained by
tapping the cheek over the facial nerve in front of the ear with a per
cussion hammer and Erb s sign 1n which there 1s increased irntabshity
brought about by electrical sumuli Hypoparathyrordism 1s always
accompanied by numbness of the extremities

One of the most reliable diagnostc tests 1s the decrease 1n the con
centration of calcium 10ns 1n the blood serum The normal serum
calcium level 1s 10 mulligrams per 100 mullilitres :n tetany 1t may be
4 to 6 mulhgrams per 100 mmiblitres but the seventy of symproms does
not always vary in proportion to the level of serum calesum  Although
the phosphorus content of the blood may remain unchanged the ratio
of phosphorus to calerum 15 altered so that the amount of phosphorus
1s reltively increased

The admuimistration of the parathyroid hormone alone 15 not a satis
factory treatment for most patients with parathyroid deficiency, and 1t
15 usually used as an adjuvant to other forms of therapy The para
thyroid hormone 1s ineffective when given by mouth, and its effects by

are ve The sub of 1 to 3 mill

Litres (100 to 300 unuts) of a preparation such as Parathyroid Imjection
(see page 176) usually results in raising the serum calcium to normal
for a period of exght to eigh hours diately foll g the ijec
uon?® For the treatment of tetany calcium salts and dihydrotachy
sterol and calciferol wath or without the parathyrotd hormone are also
employed The intravenous myection of a 10 per cent solutton of
calcium gluconate causes an mmmediate nise 1n the caleium concentra
tion n the serum but this nise 1s not maintained There 1s a slower but
more prolonged effect with the parathyroid hormone but there 1s also
a gradual loss of effect following continued treatment, probably due to
the formauon of antthormones in the blood

Dihydrotachysterol 1n Tetany Dihydrotachysterol (AT 10)
was first observed by Holtz mn 1934 to exert an antitetanic action It1s
used 1n the form of a 0 5 per cent solution i o1l the dose being from
1 to 2 rullilitres (15 to 30 minims) by mouth at the commencement of
treatment with smaller doses for mamtenance MacBryde! reported
that a normal blood calaium level was mamntained 1n seven pauents
over a penod of three months to a year with doses of from 03 to 1
mullihtre (5 to 15 minims) of dthydrotachysterol solution daily supple
mented by 4 to 10 grammes (60 to 150 grains) darly of caleyum lactate
or calcium gluconate During treatment frequent estimations of serum
calcium are necessary to avord hypercalcemia and regulation of the
diet to contain a high intake of calcrum and a low 1ntake of phosphorus
1s considered 1mportant by some authorities Foods which should be
avorded to mamntan a low phosphorus ntake 1nclude milk meat
cheese potatoes and cocoa



AGTION AND USES 147

readjustment of the equilibrum and there 1s probably an increased
supply of adrenaline which has an antagomising action on nsulin

Diabetes Mellitus Hypo wsulmism  or diabetes mellitus  the
classieal symptoms of which are polyuna and loss of weight 1s a com
paratively common illness and may develop at any age Many author1
ties stress obesity as a predispostng factor Patients with sugar n their
urine are not necessarily diabetic The condition can be diagnosed
and differentiated from renal glycosuna and other non diabetic cond:
tions by means of the glucose tolerance test and an estimation of the
amount of sugar 1n the blood (see page 22) Marble!® points out that
patients with bemgn condtions may be ncorrectly diagnosed as having
diabetes mellitus He finds pentosuria and fructosuna to be compara
tively rare harmless conditions having no relation to diabetes
mellitus and describes procedures for 2 differennial diagnosis

Insulin Preparations Attempts to produce insulin compounds
which are not destroyed by the digestive enzymes 1n the stomach have
proved unsuccessful and although claims have been made for sub
stances which are actnve by mouth 1nsulin preparations for parenteral
use remam the only therap ally effectrve sut for use in the
treatment of diabetes mellitus Three types of preparations are avail
able Injectron of msulin (Injectio Insubm B P) 15 a sterile solution of
crystaline msulin hydrochloride contarmng 20 40 or 80 umits per
mullilitre to avoid confusion 1t 1s sometimes called ordinary regular
soluble or unmedified insubn Injection of protamine zinc nsulin
(Injectio Insulini Protammnats eum Zinco B P) mtroduced in 1936 1s
a sterle suspension of a compound of insulin and 2 suitable protamine
with the addition of a trace of zinc chloride 1t contains 40 or 80 umts
per mullilitre The 2me chloride increases the stabihity of the prepara
tion nd delays the action of the msulin probably by interfering with
an enzymatic process concerned 1n the separation of insulin from the
suhin protein precipitate which 1s formed in the tissue flmds Globin
zinc 1nsulin introduced 1n 1940 15 a clear solution of a compound of
msulin and globm a protein obtamned from hzmoglobin with the
addivon of a trace of zinc chlonide Mixtures of injection of msulin and
njection of protamine zinc msulin are also employed Patients react to
the different wsulin preparations m a umform manner but they vary
1n the amount required to produce simular responses owtng to differing
sensitivities to msulin

Action of Different Insulin Preparations  The action of ordt
nary nsulin 1s rapid m onset and a marked lowering of the blood sugar
level occurs soon after injection gning mmmediate rehef from the
symptoms of hyperglycarma Insulin 15 quickly absorbed from the site
of injection through the lymphatics nto the blood stream The
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hyperparathyroidism  Rogers'® described two pttents with hyper

parithyrordism not recogmsed during Iife and without 1 lustory

suggesting osseous or renal disease The first patient had an a1denoma of
the parathyrord glnd and the second hyperplasia of the parathyroids

Both patients show ed metastatic calafi mn the kidneys compl d
by coewsting duodenal ulcers Treatment for the ulcer included a diet
Ingh 1 calaum and phosphorus and 1t produced 1n each nstance an
exacerbation of symptoms

Pancreas

Action of Insulin  For many years after the expenimental pro
duction of diabetes mellrtus 1n dogs by von Mering 1nd Minkowsht 1n
1890 1t was assumed that diabetes mellitus was purely of pancreatic
ongin being due to lack of the hormone later termed insulm The
effect of 1nsulin on carbohydrate metabolism 1s well known 1t stimu
lates the oxidative breakdown of glucose has 1 sumulating effect on
the synthesis of liver 1nd muscle glycogen from glucose and mhibits
the brenkdown of Iiver glycogen but how 1nsulin acts 1s sull letle
understood 1n spite of a vast amount of experrmental work It has not
yet been possible to determine accurately how much nsulin 1s being
produced by the pancreas or to study the factors which control the
activity of the islets of Langerhans It 1s hknown that other glinds are
mvolved and that glycosurta occurs as the result of diseases of the
antenior lobe of the prtuitary and the adrenals A nervous factor s also
concerned and as long ago as 1855 Claude Bernard by puncturing the
floor of the fourth ventricle of the bramn induced glycosuna in the
rabbit showing that a centre i the hypothalamus was mvolved 1n
the control of the blood sugar On the other hand it 1s possible to matn
tain carbohydrate metabolism 1n depancreatised dogs by pancreatic
grafts separated from their origmal nerve and blood supply

Himsworth!? m a senes of articles deals with the mechanism of
diabetes mellitus and discusses the role of the hier 1n the control ot
the blood sugar level the mmportance of the anterior lobe of the pritw
tary and the reason for the varying response of different patients to
msulin He shows that the fasting blood sugar levels of both normal and
drabetic persons are maintained within definite muts The maintenance
of the blood sugar at this particular level 1s so ymportant that attempts
to change 1t by physical means are by the body 1nd
that the blood sugar level existing at any particular time 1s that which
approaches nearest to the optmum for the needs of the body This
raises two questions (1) Why should the optimal blood sugar levels
vary? and () How are changes in optimal levels brought about? It has
been suggested that if the ability of the tssues to utiise sugar is
diminshed by lack of insulin or impairment of insulin action compen
sation 1s made through an appropriate increase 1n the blood sugar
level In abnormal conditions the nerve centres in the brain cause a
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hyperglycemza after a few days or 1t 1s becomung worse treatment
with ordinary insulin should be started with 5 to 10 umts night and
mortang After a few days the progress of the patient should be surveyed
and the dose of nsulin adjusted accordingly This process should be
repeated untl the patient 1s stabilised on the diet he 15 taking ¥ this
diet 1s madequate 1t 1s raised to 150 grammes of carbohydrate and the
necessary adjustment made 1n the insulin dose It 1s important not to
alter the diet and the dose 1 ly Dunng stabil 1t s
adwvisable to control the process by means of bloed sugar estimauons
but once the patient 1s stabilised urine tests are a sausfactory gwde
WWhen changing from ordinary to protamne zinc msulin the imtial dose
of protamine zinc msulin should be half the total daily dose of ordmary
1nsulm given in one injection before breakfast For severely ill patrents
ordinary 1nsulin should not be omtted altogether until the protamine
zinc nsulin has begun to exert 1ts full effect and the change should
only be effected under close observation with frequent blood sugar and
urme tests When a muxture of ordmary and protarmune zinc msulin 1s
admumstered 1t 1s 1mportant to draw the erdinary insubin mnto the
syringe first

Vitamins and Blood Sugar There 1s some evidence that cer
tain of the vitammuns of the B group and ascorbic acid have an effect on
the blood sugar level but this effect after injections of insulin appears
to be vanable Martin ¢ believes that aneunine and niboflavine play a
fundamental role but Demole and Silberschmudt? state that they have
no effect on the blood sugar level m rabbits Dienst ¢ studied the effects
of aneurine and ascorbic acid he found that aneurme reduced the
blood sugar resulting 1n less msulin being needed and considers that
the dret of drabetics should be nich 1n both aneurine and ascorbic acid
Kodicek®? treated twenty patients with aneurme and msulin and
showed that aneurine did not affect the fasting blood sugar or increase
the response of diabetics to msulin Parr and Shipton?® describe five
patients in which brewers or bakers yeast increased the sensity to
msulin  mmproved the carbohydrate tolerance and dimnished the
amount of nsulm required

Hypoglycemia When the blood sugar level falls below 70

i per 100 mulkl p of hypogl may occur
namely weakness and giddiness distress or even epileptiform convul
sions and coma The prompt admmstration of at least 16 grammes
(240 grains) of glucose or sucrose by mouth will relieve these symptoms
and the dose should be repeated in half an hour if the hypoglycemc
effect of the 1nsulm sull persists When the hypoglycermua 1s severe an
1ntravenous injection of 10 mulhlitres (150 mimms) or more of mjection
of dextrose (5 per cent ) should be given Protamine zinc 1nsuhn 1s less
Jikely than ordinary msulin to produce hypoglycemia during the day
and the hypoglycemua 1 usually less severe than with ordinary 1nsuhn
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disidvantage of ordinary msulin 1s that two, or perhaps threc njections
daily may be necessary to maintain a s1tsfactory control of the blood
sugr level Nevertheless for more than ten years before the introduc
tion of the newer types of insulin ordinary nsulin permitted many
thousands of diabetic to lead a comparatively normal hfe Ordinary
wnsuhin 15 the most satsfactory preparation for use in emergencies when
1 prompt action 1s essential

The action of protamine zinc insulin 1s more prolonged than that of
ordin1ry insulin and 1ts rate of onsct 1s slower In severe cases of dia
betes mellitus this delaying action may cause hypoglycemc reactions
which may occur with few warning symptoms Protamine zinc insulin
15 less regular than ordinary nsulin 1n 1ts 1ction from day to day,
probably due w0 vanauons in abserption Because of 1ts slow onset of
acuon 1t should not be used 1n the treatment of hyperglyczmic coma

Globrn zinc snsulin 1s a long acting msulin with 2 durauon of effect
and rapidity of onset intermediate between that of ordinary msulin and
protaruine zinc isulin A lower blood sugar level ts obtuned sooner
after the admimistration of globin zinc nsulin than after protamine
7inc nsulin- The action of globin zinc 1nsulin lasts about twenty four
hours 2nd with shght modifications of diet some patients with
drbetes mellitus can be satsfactorily controlled by one injection a day
Ut for umt globin zinc insulin has 2 quanutatvely greater effect than
protamine zinc insulin 1ts action being slower during the first few hours
afier ijection than that of corresponding doses of ordinary 1nsulin but
quicker than that of protamine zinc msulin  Chnical results over a
number of yers have shown that globin zinc msulin although often
2 most useful preparation 15 not suitable for 11l patients with diabetes
mellitus The faults of globin zin¢ msulin are shown particularly m
severe diabetes mellitus'® In large single doses 1t may cause late after
noon hypoglycermia which may be countered by adjustment of the
diet moreover the effect often wanes so rapidly during the might that
heavy glycosuria appears before and after breakfast

Mixtures of protamine zinc msulin and ordinary nsulin have alo
been employed and Colwell ¢f af 2° reported that in these mixtures an
excess of ordinary msulin 1s necessary to produce appreciable altera
tions 1n the effect of protamune zinc msulin It was then shown that
these mixtures d new z 3 ds with acceler

p nc
ated actvity!® Some authorities ! 2 2% consider that muxtures of
protamune zinc insulin and ordinary 1nsulm give a better control than
globin zinc msulin and the use of two parts of protamine zinc insulin
with one part of ordinary msulin seems to be most suitable

Dosage There 1s no hard and fast rule for dosage and each
pitient must be considered individually It 15 usual to study the effect
of diet first startng with 100 grammes of carbohydrate daily If on
such a diet there 15 no appreciable fall in the degree of glycosuria or
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post anzsthetic toxic symptoms actdoss and pulmonary tuberculosis
but its value 1n these conditions 18 questionable

Pirustary
The pitustary gland or hypophysis secretes a number of important
hormones which stumufate or inhibat other endoerme glands The
hormones of the antertor and postersor fobes duffer wadely m therr
physiclogical acuions and are therefore chscussed separately

ANTERIOR LoBE
Overactnty of the aadophd cells of the aantentor lobe of the
prturtary before the bones are fully set results in gsganusm and after

Fio 28
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{Preutary Basoph § )
The ol nical sgms_nedude ads
posty of face neck and trunk
abnormal tawe growth s fe
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lthough severe attachs tend to oceur without warning owing to the
slow and gradual lowering of the blood sugar level to below the ertical
level Hypo,lycemua following protymine zine insultn may occur much
Iater than with ordinary msulin nd at unusual umes for example
during the mght before the next day s myection or before breakfast
With smll doses 1t m1y occur aeight to twelve hours after the dose
(1 ¢ before the afiernoon or eveninyg, meal) and with large doses fourteen
10 twenty two hours alter the dose (1 ¢ a mormng dose causes hypo-
glyexnut in the early hours of the following morning) Hypoglyezmn
following globin zine msulin usually occurs late in the afternoon
Spontaneous hypoglycenua can result from tumours of the islets of
Langerhans when the symptoms are the same as thoseassocinted withan
overdose of wsulin These tumours are however rare nd palliatie
tr consists 11 ad ring glucose

Diabetic Comn  Dinbetic (hyperglycemic) coma 1s one of the
emergenctes in medicine nd the outcome depends very largely on the
speed with which adequate treatment 1s 1nstituted The essentials of
try are the liate ad 10n of full doses of insulin If
the pauent 1s actually unconscious 1t 15 usually advisable to give the
sulin intravencusly Dosage depends on the requirements of the
ndividual patient Lawrence and Oakley? found that with three
patients with diabetic coma 124 142 and 196 umts of insulin adminis
tered 1n divided doses every four hours over « period of twenty four
hours removed ketosis controlled blood sugir and restored con
sciousness

Insulin in Non dinbetic Conditions Insulin has an impor
tant application 1n the treatment of schrzophremn Its use followed the
observation of Sakel?® that 1t had 1 quietening effect 1n morphine
addicts deprived of opiates 2nd when unintentional severe hypo-
glycermic shocks occurred there were remarhable mental changes The
effects of msulin were tried 1 the treatment of schizophrenta and
although other methods of treatment such as electro convulsive therapy
and the use of leptazol which stimulate the central nervous system
directly are also used 1nsulin coma therapy 1s widely employed either
alone or combmed with convulsion therapy for this purpose The
treatment conssts of four phases m the first of which increasing doses
of msulin are admimstered The second phase 1s characterssed by
shocks on each treatment day the third consists of rest periods and 1n
the fourth small doses of msulin are gnen and the hypoglyczmma
interrupted carly3®

Tt 1s known that some diabetic patients under treatment with tnsukin
gawn rapidly 1n weight, and snsulin in small doses (5 to 10 units twenty
rinutes before meals)3! has been used 1n non diabetic pauents ta
sumulate the appetite Insubn has also been used 1n the treatment of
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a pure form and chnical treatment with them has been disappointing

The effects produced in fboratory ammals are not necessanly
reproduced in humans and the relative ttnaties of samples trom
different species of ammals vany constderably The action 1nd uses of
the followins hormones os fractions will be cansidered growth lacto

geme adrenocorticotrophic  thyrotrophic and gonadotrophic

Growth Hormone The growth factor of the anterior lobe of the
pitmitary sumulates the anabolic phase of protein metaboksm and
bears a staular rel:mcn fup ta protern metabolism as that of insubin to

carbohydrat Querpreducton of the growth hormone 13

Tie 30

Car sNTI8Y

The result of o ersecretion of the gro th hermane
before the bones arfully ¢t The person on the
sght 18 31 feet three inches

responstble for gigantism and acromegaly The use of a standardised
growth hormone preparation in the treatment of dwarfed children has
given poor resuls3? 34 3 T\m mullihitres (400 growth umis Collipy
are given daily by and with rest
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ossificition 1s complete 1n acromegaly Oweractivity of the basophil
cells produces 1 condition known as Cushing s syndrome or pitwtary
basoplulism which 1n many patients 1s accompamed by hyperplasia
or adenomata of the adrenal cortex Cliical differentintion between
overactity of the acidophul cells and of the basophul cells 1s difficult

Underactvity of the anterior lobe (hy popiturtanism) in children 1s
the cause of certun types of dnarfism In adults 1t results in Ssmmonds
disease or pituntary cachexia Frohlich ssyndreme or dystrophsa adiposo
gemtahs 1n which there are abnormal deposits of fat and undeveloped
sexual organs 15 a form of hypopitwitansm

Although many physiologieally actinve fractions have been isolated
from the anterior lobe of the pituitary gland few have been obtamed 1n
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that the admnistration of certain cortical hormunes wall cause remus
sion of symptoms m rh(um.auc diseases has led to thc use of the

i the exp of
d arthrins and 1k fevers®

i) ot 3
Fame et
' 2 3
Fo 32
Dyiansssu

Caused by undersecretion of the gro _th hormene (1) A norm.ﬂ gl ag d 9 12} the
patent aged 9 (3) the pauentss te aged

Thyrotrophic Hormone The thyrotrophtc hormone stimulates
the production of thyrowine by the thyrowd gland thus mcreasing the
basal metabohc rate Thyrad wvalution, which (:llo\«s prolonged
thyrond ad 18 probably due to intub of the d
of the thyrotrophtc hormane Bodarc and Fellmg:r" shcwcd that the

of the d 1n the blood of
pauents with hypo(hymxdum and Swwcn"’ found that the hormone
does not produce a rise 1 the basal bolic rate i myn
patients and that a refractory tate frequently occurs after about ten
days treatment due to the formation of antthormones (sec page 138)
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wmntervals has to be continued for a period of up to twelve months It1s
of no value when the bones have fully set

Fis 31

ACROMEGALY

O ersecretion of the growth hormone after the bones are fully set causes enlargement
of feet hands and Jaws with coarsening of the features The patient 13 shown before the
onset of acromegaly and a few years later

Lactogenic Hormone The lactogeme hormone prolictn 15
also known as the luteotrophic hormone It stimulates lactation and 1s
secreted 1n 1ncreased amounts during pregrancy Desclin®® considers
that the lactogenic hormone plays an important part n sex physiology
being responsible for the persistence of the corpora lutea and secretion
of progesterone during pregnancy He confirms the work of Evans
¢t al 37 that in addition to being a hormone of lactation 1t also regulates
the cycle of pregnancy and he suggests that more attention should be
given to 1t when the luteal function requires stmulation Clincally 1ts
use to tncrease Jactation has proved disappointing

Adrenocorticotrophic Hormone The function of the adreno
corticotrophic hormone {ACTH) 1s the stimulation of hormone produc
ton by the adrenal rortex Theorenically 1t should find appheation m
the treatment of hypofunction of the pituitary adrenal system and 1ts
use 1n Simmonds dnease has been recommended The demonstration
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but there 1s a risk of protesn reactions 1n sensitive patents partcularty
with the less pure preparavons Chononte gonadotrophin has a brief
action s rapidly destroyed 1n the body and should be gnen day to be
effective It should be given dunng the second half of the menstrual
cycle and 15 usually admmstered itramuscutarly

Claesson ¢ al % stucied the acton of crystathe human chorrome
gonadotrophin  with 1 potency of six to eight thowsand unus per
muthgram Thete ohseriations on the biological effects are important
and do not agree with the results of earher observers whose mmvestiga
tions were carrzed out with relatively impure products Many workers
have stated that the chorionic hormone does not stimulate the follicles
10 the ovartes but Claesson and his co workers showed that the intra
senous snjection of large doses of erystathine chorionie gonadotrophin
(1200 umts on three successive days) gave rise (o mereased folicular
growth i the human ovary and to forced production of estrogeme
hormones The growth of the follicles 1s due to a symergism between the
chorionic gonadotroplun admuntstered and the ratact ammals ouwn
gonadotrophc hormones This was confirmed by the fact that after
mgection hypophysectormsed animals showed no growing follicles even
with large doses of chonionic gonadatrophin \oreover when chortonte
gonadotrophin was combined with small doses of serum gonadotrophin
there was an extensive development of the follicles These expersments
sndicate that i the treatment of amenorrheea suceessfnl resulis are
most ltkely to bc oblamcd with thc use of large wtravenous doses af

bined with serum

In the absence of gemla] hypophisia Peelt rcccmmcnds the mjec
uon of 500 to 1090 umts of seram gonadotrophim every thard day for
three days followed by 200 to 500 uruts of choromc goradatrophin
datly for three days to shmulate the normal functoning of the ovary
If menstruation follows the first course of injections further courses
should be given on the unth eleventh thirteenth fifieenth seventeenth
and mneteenth days of the induced cycle Bishops 4¢ although not
enthusiastic about trentment with gonadotropluns states thae there s

some th Y] fi fcr the foll xounnc up to 2000 units
of serum s y for seven days
combired an lhc ﬁi‘lh sixth and sc\cmh days mth 1000 unts of
chnnomc datroy by utar of

3 hin are then d alone !’or a funhcr four

days Rydbcrg and Pedersen Bergaasd?? found that the mjection of
3000 amis nf serum gohado\mphm dax\y for five days followed by

pt 1500 unuts every
other day for three chcuon'i produced ova and corpora tuter in the
magortty of patients suffertng from arnenorrheea Large doses should
howeser always be given with discretton since there 55 a danger
of overstimulation of the ovanes Doses of 500 umts of serum
gonadotrophin daily for ten days followed by 500 unnts of chonomc

.
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Gonadotrophins  Climcally the most mmportant hormones of
the antenior lobe of the pitwitary gland are the gonadotrophins or
gond stumulrung hormones which sumulate the ovarics in the female
and the testes in the male to secrete their natural hormones They can
be extricted from the glind only with difficulty, but two standardised
preparitions obtained from other sources and having a somewhat
simtlr 1cuon to the natural hormones of the anterior lobe are des
cribed i the British Pharmacopeeia They are serum gonadotrophin
(Gonzdotropk Sericum} ol d from pregnant mares serum
and chorionte gonadotrophin (Gonad 1 Chor ) ob-
tuned from human pregnancy urme

Serum gonadotrophin 15 considered to have 2 predommantly
follicle sumulating action on the ovary In the male 1t sumulates the
germunal epithelium of the testes Chonionic gonadotrophin formed by
the chorion or lining membrane of the placenta during pregnancy has
2 predominantly lutetmsing action In the male 1t stimulates the
secretion of testosterone by the testes Serum and choriome gonado
trophins have been 1n use for some time but contradictory statements
1 the Literature make 1t difficult to assess their chmical value Treat
ment with them has not proved generally satsfactory but now that
more highly refined standardised preparations are avaulable and larger
doses are employed they should have 1 place 1n sex hormone therapy
when the gonads are capable of being sumulated

Before treatment wrth the gonadotrophins 1s commenced an accu
rate diagnosis 1s essentral Ideally this should iclude tests for the
gonadotrophin content of the urine or blood 2nd endometrial biopsics
over a period of at least three menstrual cycles Pedersen Bjergaard and
Tonnesenst describe techmques for cestrogenic androgentc
and gonadotrophic substances mn the urine 1nd state that hormone
secretion may be regarded 1s potentially pathologrcal when the follow
1ng values occur

(1) More than 30 Rat Unuts of gonadotrophic hormone for women
before the menopause

() Less than 20 Mouse Units and more than 400 Mouse Units of
cestrogenic hormone in the intermenstrual period

(u1) More than 25 Mouse Unts of cestrogetuc hormone for women

after the menopause

fiv} More than 25 Capon Umts of androgenic hormone
Guterman and Schroeder! grve details of 2 simplified techmque for
the qualitative colorimetric estimation of pregnanedol

The method and tming of admimstraton and the dosage of
gonadotrophic hormones 1s also important Serum gonadotrophin as
long actng and a smgle myection 15 as effective as five divided doses
given on consecutive days although daily injections have [rcql‘xcmly
been rec d ) may be empl

d

nti
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a conditton 1m which there 1s 1n excessive excretion of urnine a suttable
dose 1s 1 mullihtre (15 mimms) daily rdmumstered one hour before
retinng Diabetes insiprdus can also be treated by nnsal admimstration
of pitwitary (posterior lobe) powder Chony and Choay*® who treated
more than a hundred patients confirm the efficacy of the nasal admins
tration of prtwitary {posterior lobe) powder and aduisc the use of fre
quent doses (four 10 six daily) of 0 1 to 0 2 gramme (14 to 3 grains)

Although extracts of the posterior lobe of the pitwitary gland produce
valuable effects when mjected there are few diseases which can be
directly associated with the under or over activity of the gland Hypo
function of the gland or lestons of the muddle fossa leads to diabetes
mspidus and hyperfunction assocated with inadequate excretion of
water by the kadneys has been nimed diabetes tenmflws by Sumpsont®

Metz and Lachey®® report on sisty seven patients with peptic ulcer
treated by the intranasal nsufflation of 40 milhgrams (5 gram) of
putmtary (posterior lobe) powder four umes daily before meals No
other medication was employed and regular meals omuttung only the
most indigestible foods were taken three times daily This however 1s
not a generally accepted method of treatment for peptic ulcers

ADRENALS

The adrenal or suprarenal glands are associated with the name of
Addison who first observed the chinical effects of destructive disease of
the glands whicn he considered were essential to life The adrenal
glands contain two distinct types of tissue which are structurally and
functionally as different as the thyroid and parathyroids It 1s now
known that the cortex 1s essential to hfe but that the medulla may be
removed without any sertous effects

Adrenaline  The chief hormone of the medulla adrenahne pro
duces effects which are similar to those obtained by sumulating the
sympathetic nervous system When tnjected intravenously 1t causes a
rapid rise 1n blood pressure largely due to constriction of all the blood
vessels innervated by the sympathetic nervous system together wath
acceleration of the heart beat dilatation of the pupil inhibition of move
ment of the stomach intestine and bladder and the Iiberation of sugar
from the hver Adrenaline and related sut are therefore termed
sympathomimetic compounds Adremline disappears rapidly from the
blood stream and 1ts action lasts for only a few mnutes Although small
amounts of adrenaline produce profound physiol 1 effects there 1s
hittle clinical evidence that hypofunction of the adrenal medulla exists
and paroxysmal hyperfunction caused by a tumour of the glands 1s
comparatively rare \lan 1s much more sensittve to adrenaline than
laboratory antmals 05 to 1 mulligram causing 1 nise 1n systohe blood
pressure whereas this amount does not affect the blood pressure in
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gonadotroplun daily for ten d1ys have been used n the treatment of
sterthty due to ovulatory failure

In the male serum gonadotrophun has been used in the treatment of
stenihity due to defective spermatogenesis the suggested dosage beng
1500 umts of serum gonadotrophin intramuscularly weckly or twice
weekly for four to si< weeks, followed by 500 unuts once weebly for three
or four weeks For the treatment of cry ptorchidism the best age for the
imstitutton of sumulation therapy 1s nine to ten years and provided
there 15 no anatormical obstruction testicular descent 1s frequently
brought about by the admimstration of 500 umts of chonome
gonadotrophin twice weehly Tor pnmary eunuchoidism choromie
gonadotrophin i doses of 500 units twice weekly for a period of four to
six weeks sometimes produces hypertrophy of the intesstitial tissue of
the testis resulting 1n ancrensed secretion of testosterone with con

1mpr t in the dary sex ckh 1sties, 1nclud!

growth of the genitalia and deepening of the voice Frohlich s syndrome
has been treated with chenionic gonadotrophin 500 units two or three
times weekly for several weeks [his s sometimes effectrve 1n the male
but less so 1n the female

Postertor Lose

Extracts of the posterior lobe of the pituitary when mjected produce
a gradual and prolonged nise mn blood pressure and powerful contrac
tions of the uterus They also have an antdiuretic action and mcrease
mtestinal tomety and penstalsis Three preparations of the posterior
lobe of the pituttary gland are described 1n the British Pharmacopeera,
injection of pitwitary {posterior lobe) (Imectio Prtustarn Posterionss) a
sterile aqueous etract of the posterior lobes of mammalian pitutary
bodies standardised to contun 10 unts (oxytocic) m 1 milliitre mmjec
tion of vasopressin (Injectio Vasopressint) a stenle aqueous solution
contamning the pressor and antid 1C | pl dardised to con
tain 10 units (pressor) in 1 milklitre and injection of oxytocin (Injectio
Oxytocim) a sterile aqueous solution contarning the oxytocic principle
standardised to contan 10 umts {oxytocic Jin 1 millilitre

The two fractions oxytocic and pressor, have not been hughly purs
fied but are used instead of the whole extract when speaific actions are
required Tmjection of pitustary {posterior lobe) and jection of
vasopressin are used in obstetnics to sumulate uterine contractions and
to control post partum hzmorrhage After an abdominal operation
they assist the intestine to recommence perstalsis and cause evacuation
of the bowels Extracts of the posterior lobe should never be given
before parturiuion 1f there 15 a possibility of an obstacle to delwery and
should be admunistered with caution and 1n small doses if there are
symptoms of cardiac vascular or renal disorder The dose varies from
02 to 1 millhtre (3 to 15 mmms) mtramuscularly Generally 02
mulliliere (3 numms) 15 employed before delivery In diabetes msipidus
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1

of adrenal cortical tivity and i g between adreno-
corneal tumours and Cushing 3 syndrowe (pitwsiary basophulsm)ss 37

Adrenal cortical extracts were first thought to contan 2 single
hormane which Hartman®® called cortin Many erystalhne fractions
have however beenisolated and synthenc compounds prepared which
ndicate that the adrenal cortex exerts many chfferent acuons The
most important hormones 11 the cortical extracts are deovycortone and
corusone

Adsenal cortical extracts are parucularly recommended for the
treatment of adrenal erises with or without deoxyeortone acetate®?
Dunng the acute state of crus up to 60 mxlhhxxcs (2 ﬁuxd ounces} or
more daly by mt 5 or tatr 13
with large doses of normal saline and dextrose to restore the nerwal
blood volume As the patient s condition improy es the dose 1s reduced
slowly untsf the patwent ss finally mamntamed on wgections of deoxy
cortone acetate every fow days with the supplementany admuntstration
of sodium chlonde daily Imjection of suprarenal cortex {Injectso
Suprarenal Cortiss BP C) will correct the deficiency 1 Addison s
disease crease the serum concentranon of sodaum and chlonde and
cause a drop 1n the serum potassum

Deoxycortone Acetate  Although imection of deow contane ace
tate does not give complete replacement therapy it 1s used with success
in many patients with Addison s disease and 1t 18 cheaper than natural
extracts In a discussion at the Royal Socety of Medictne Sumpson®
confirmed the value of deoxycorione acetate in the treatment of
Addison s disease and dered tha: 5 mull B lent to
10 nulhl of of sup I cortes 18 alksnson® stated that
deoxy cortone acetate was more satisfactory than injectson of suprarenal
cortex and 5 rulligrams was equialent 10 20 mihbires of the natural
extract Soffers? states that the dady dosc should not exceed 5 muth
grams {7% gran) unless adeq 1 control is bl

Durmg treatment with deoxycortone acetate an excess of sodum
chiortde should be avoided and adequate potassium should be ad
mustered Gordon® suggests that sodwm salts should be ginven spar
ingly and should not exceed 5 grammes {75 gramns) daly 1n addition o
that already cantaised in the food (Edema and hypertension are
knowa to be affected by the saltintake and of they develop a restric
ton of salt 1s adwsable Thorn and Fuor®? state that when wdema s
:euam mereased ehmnation of sodwm fram the body can be

d by the ad ton of p salts

Implantatien When panents have been treated for several seeks with

njections of dcovqconom: acetate and the ap}mmmate dosage 13

known the most of
peliets of deoxycorione :xv:ct:m: wader the skin The muhod 18 cconom.\
cal the need for repeated web and many f:
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ammals Hypodermic injection causes little increase in blood pressure
since absorption 1s restricted by local vasoconstriction

Injection of adrenaline (Injectio Adrenaline B P) 15 a solutton of
adrenaline tartrate contaming adrenaline 110 1000 A dose of 1 muill
litre (15 miums) may be used 1n conjuncuon with the parenteral or
or1l admimstraton of dextrose in the treatment of hypoghcemic
artacks  Adrenaline relaxes the smooth muscle of the bronchs and
05 to 1 milhlitre (8 to 15 munims) of injection of adrenakine 15 usually
effective 1n providing relief 1n asthma nd 1n the treatment of ana
phylacuc and allergic reactions such as urticaria hay fever and serum
sichness In severe asthmauc paroxysms the hypodermic needle may be
left under the skin 2nd 0 05 mullilire injected every munute {up to
10 mulhlutres) untl the attack 1s controlled®! To prolong the action of
adrenaline 1t has been admumistered as a suspenston of adrenaline
ascorbate 1n 1 muxture of wool fat wax 1nd ol (sce prge 185) The
2wverage dose 1s 0 3 mulhlitre (5 mimims) and 1ts effect hsts for six to
eight hours’2 Adrenalie (1 1n 100) 1s 1lso admimistered 1n the form of
1 nasal or throat spray for prophylaxis and treatment 1n asthma Intra
cardiac injection of adrenaline directly 1nto the cavity of the heart
preferably the night aurrcle 1s used 1n the resuscitation of patients in
whom the hearts action has apparently cetsed through drowning
porsoning or anasthetic accidents It 1s contra tndic ited when chloro
form has been used since the adrepaline may cause ventmcular
fibrilation and 1t 1s not recommentled in the treatment of shock®

Solution of adrenaline hydrochlonde (Liquor Adrenaliie Hydro
chlordi B P) contains adrenaline 1 1n 1000 and 15 used locally 1s a
hxmostatic 1nd with local anasthetics to locrlise and prolong thar
action and reduce hamorrhage In dentstry the concentratton used 1s
usually adrenaline 1 m 30000

Cortical Extracts Adrenal cortical deficiency usually attry
butable to tuberculosis or atrophy of the adrenal glinds, produces
Addison s disease characterised by pigmentation hypotension loss of
weight nd anorexia with a disturbed sodium, potassium and carbo
hydrate metabohism Hyperfunction of the adrenal cortex or hyper
coricahsm produced by a tumour of the adrenal cortex or by 2
pitutary basophul tumour which stmulates n incrensed secretion of
the cortical hormone leads to sexual precocity femmtsation i men
and vinthsm m women The hormones of the 1drenal cortex and the
gonads are closely related chemically and biologieally The ovartin
hormone progesterone can prolong the life of adrenalectomised anumals
and androgens and cestrogens can be obtuned from the adrenat
cortex
Uninary excretion products ealled 17 Letosteroids can be estrmated
colorimetricallys® and the relative amounts present compared with
novmal levels®s are useful in the differential dragnosis of vartous forms
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Deoxycortone Acetate 1n Shoch  There 13 expenmental ev
dence that the symptoms of shock are partly due to cortiotl insuffictency
brut there 18 3nsufficient clsnucal evidence to justify the use of cartical
preparanons i the prevention or treatment of surgrcal shock”s 78
although feetal shock 1 twelve infants was satisfactontly treated with
normal saline and deoxycortone acetate™

Govans

The gonads comprising the ovartes i the female and the testes
the male secrete steroid hormones whose actions have been studied
miensively i laboratory ammaly The gonads the antenor lobe of
the prmtary and the adrenal glands are so interdependent that ther
actians should be considered torzther So called male and female sex
harmanes are secreted by the ovarmes testes aud adrenal glands and
for the normal development of an indvadual there must be a balanced
production of gonad hormones and of the pitustary gonadotrophuc

Fio 33
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results have been reported®® ® 64 ¢ The hormone requirement by
implantation 1s about 60 to 75 per cent of that required by injection
but the amount of hormone absorbed depends upon many factors
ncluding the surface area and density of the pellet®® Pellets weighing
100 mulligrams (13 grans) release approumately 03 millgram
(+Ap gramn) daily and mplanted pellets Jast from six to fen months
The supplementary admimstration of sodium chloride 2 to 5 grammes
(30 to 75 grains) daily provides some measure of control since the salt
can be withdrawn 1f there are signs of overdosage or increased when
the pellets are becoming exhausted

Techmques of implintation have not been standardised Strict
asepsts 15 of course essenttal Some authorities recommend a simple
nasion through the skin pticing the compressed tablets or pellets 1n
pockets made on either side of the masion with a parr of fine, blunt
ended scissors Others use a trocar and cannula of a diameter into which
the cyhndrical pellets just fit the pellets being placed deeply 1nto the
underlying muscle In other cases the pellets are placed mn the fat of the
abdominal wall or beneath the rectus sheath The operation can be
performed 1n from seven to ten rmnutes and should be carried out 1n
the theatre Smaller doses can be inserted 1n the mguinal region by
filtrating a small area with procame hydrochloride and makng 2
stab mcsion through the skin The pellet 15 then inserted into the stab
wound

Sublingual Admunstration Deoxycortone acetate has been admims
tered sublingually dissolved n propylene glycol (2 milligrams mn 1
milhilitre)” The dose required 1s three to five times that necessary by
mjection the solution should be retamned for at least five minutes and
administered several times a day 57 &8 62 70 71

Cutaneous Inunchion psont® reports factory results in selected
patients with Addison s disease by rubbing the contents of one ampoule
contaiing 20 mulligrams of deoxycortone acetate 1n 100 mullihtres of
benzyl alcohol into the skin of the thigh abdomen or arm the process
taking about ten to twenty minutes The dose required by this route
13 four times that required by 1

Deoxycortone Acetate in Rheumatism In 1949 Lewin and
Wassen™ described the use of deoxycortone acetate combined with
ascorbic acid 1n the treatment of rheumatism Although this and subse
quent papers reported successful results other workers failed to confirm
the efficacy of the treatment Copeman ¢f al 72 reported that 1t was of
no fi benefit in r} i arthntis and in contrast to adreno
corticotrophic hormone and cortisone produced no more improvement
than could be observed to follow the mjection of procane or even

normal saline
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{named after Doisy who with Aflen ntroduced the vaginal smear

hnug! traphenylchl which has a very prolonged acton
on smection and DBE & smubw cowpaund witeh veed be guen
only gnce 2 week

Action of (Estrogens Nawral and artfical estrogens have
1ly the yame physiol i action They are responsible for the
normal development of the reproductise organs and for the develop
ment of the secondary sex characteristies (Estrogens play an impaortant
part in the comphicated physiotogy of mensteuation {see page 43)
During the first half of the cycle they sumulate the regeneration of the
endometrium and render 1t sepstisve to the acuion of the corpus luteum
hormone progesterone which acts during the second half of the eycle
Estrogens also asuist in matntaniag the ¢orrect acwdity of the vagina
and mobilise the glycogen in the sagwal epithehum® A sudden
withdraw al of sirogen which normally occurs at the end of the cycle
amtiates menstruanon  The natural hormone cestradiol 1 excreted in
the urine mamly 1n the forat of estrone and cestriod both of whach
passess cestrogenic artiaty Although wstrogens are alse produced n
males® large amounts beng exereted m the unne of salhions higle s
known of therr funcuian mn males They appear to act synergistically
with androgens®? Lut when used 1 the sreatment of prostatie carct
noma they have aither a direct action on the mahgnant cells or snhdnt
the acuon of androgens produced by the testes®® Lasge doses of cestro
gens bt the zehan of the antertor lobe of the pitmtary and produce
symptoms sumlar w those produced by hypophysectomy

Methods of Admmnistratzon The natural and artifscial cestro
gens have been adnumstered by mouth by mjection w5 2 soluton m
ot a suspensian of fine crystals or solutwon an water by percutaneous
apphcation s a water Tuscible omntment or wn a swiable orgasmic
solvent by vaginal or rectal insertion as pessaries ot supposstories and
by the sabcutaneous inplantauan of tablets or pellets

The most effects € way of admumstering natural cestrogens 13 by the
wyection of an ester such as cestradiol monobenzoate Estrone may be
administered by mouth and 1 useful when a small dose will suffice
Percutineous or vaginal appheations are reserved for use v hen a lugh
loval contentration s desired and the vnplantation of 1ablets 18 a
surgacal procedure which 1s used onty when 18 13 desired 10 produce a
contmuows and prefonged systesic action the complet~ absorpuion
of 2 100 mulugram (13 gram) tablet of slboestrol takang about esght to
sune months and a 100-muligram (1§ grarn) tablet of cestradiol up to
o years

Artifical estrogens are as potent by mouth as by myretion and
parenteral admunmstration s rarely ifever necessary They hive beea
gven as & compound tablet with hewbarbitone (16 pulligeams) and
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good results with a lower meidence of nauser are clarmed with the
use of hexeestrol phenobarbitone®t

Table XTI gives the relative doses of the costrogens The figures are
approximate only and vary according to the condition to be treated

HORMONES

and the response of the pauent

TasLe XHT

Rerarrve Doses oF (TsTrOGFNS

Fstrogen

Dose

(Estrone

Sedm (Estrone Sulphate
{(Estradio] Dipropionate
(Estradiol Monobenzoate
Eth nylerstradio)
Stilbeestrol

Diencestrol

Hexcestrol

2 milligrams daily by mouth

3 mtlligrims daily by mouth

5mull grams every five days by imjection
5 mulligrams every three days by inject on
0 I malligram darly by mouth

1 milligram daly by mouth

4 mill grams daily by mouth

18 mulligrams daily by mouth

5 m lligrams darly by mouth
100 il grams daily by mouth
300 poull grams weekly by mouth

Dehy droxydosynolic Acid
Teiphenylchloroethylenc
DBL

— 1

Toxicaty The natural cestrogens are unlikely to produce any
toxic eflects 1n the doses normally employed Arufictal cestrogens
sometimes produce mild nausea and vomiting which usually pass off
after a few days of treatment The toxicty of artificial cestrogens 1s
related to the dosage employed and some workers believe that any side
effects are closely associated with the cestrogenic potency of the pre
paration and cannot be dissoctnted from 1t85 Although there s evidence
that dieneestro) and hexastrol re specifically less toxic than stilbeestrol
1t seems likely that the main reason why hexastrol only rarely produces
touc effects 15 due to 1ts relatively low potency There has been a
tendency wn the past to give excessive doses of arnfical cestrogens and
this would account for some of the untoward reactions which have heen
reported Artific1al eestrogens are best given late at mght so that the
patient may sleep through the period when toxic effects are most likely
to occur Nausea and vormting are never encountered in pregnant
women and very rarely in men

Clinical Applications  (Estrogens are of proved ‘alue m the
treatment of menopausal symptoms and inflimmatory states of the
vagina after the menopause to prevent breast engorgement and mnhibat
lactation and 1n the treatment of gonorrheeal vulvovagimtrs in chil
dren They are useful incertamn patients with delayed puberty secondary
amenorrheea and dysmenorrhesa In the male they gne rehef in

prostatic carcinoma
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Menopausal Duorders The vasomotor and psychne disturbances whach
are so 1y found at the T are due to d
secretion by the ovaries and can, 1n most pauents be controlled by the
admunstration of either natural or artificral cestrogens The meno-
pausal woman t very sensitive to cestrogens and the dosage used should
be minsmal and reduced over a pertod of months Bishop® recommends
0 25 mulhgram (3} gram) of stitboestrol daidy for a formught and af
there 15 no mmpravement n symptoms an ncrease mn the dose to
0 5 milligram {3 gram) dady for a further fortmght If necessary the
dose may be further increased to I miligram (% gram) dady during
the turd fortmght VWhen an smaprovement 13 nouced the daby dose ns
reduced by 0 25 milhgram (35 gram) every fortnght of there 15 no
return of the symptoms Because of their effect on the ragunal mucous
membranes estrogens are of value i the treatment of the menopausal
sequele semle vaginins and krauross It s usually gecessary to give
tugh doses znd an accurate diagnoss s essental to exclude early
mabgnant disease Treatment may consist of tablets of sutbastrot 1 to
5 milhgrams (& to & gram) daly or imecuons of § mulligrams
(% gramn) of wstradiol monobenzoate weekly for one month (Estrone
pessanes 8 ) mibgram (g grain) or an omntment contamng natural
or aruficzal eestragens alsa help ta clear up these condiuons# &9

Excessite Uterme Hemorrhage 1t1s possible to stop bleeding 1n pausenis
with menorrhagia which has persisied for some ume by grang high
doses of stbeestrol commencing with 16 10 20 malligrams (§ to § gram)
during twenty four hours, and then 5 mulligrams (% grasm) daly for
three weeks with four wyections of progesierone 10 milbigrams
{} graun) on alternate days m the next week shich will be followed by
bleeding wiuch ss nosimal 1n amount Repesied courses of 5 mulligrams
{1y gram) of sulbersirol danly for three weeks followed by progestesone
may ude ever a difficult phase of metropathia®? Indeed 1t may bc
possibie to achieve tdus with the prog course alone
every twenty eighe days

Preceation of Hreast Engorgement Many workers hase descrined the use
of natural and artifioal cestrogens to ntubrt lactation Lactatmn
depends on the lesel of p and g phins at
parturshion and also on the of the 1 h by the
antenior lohe of the prwntary It 15 mamtamed by the mechimecal
process of suckhing and when established cestrogens even in hugh doses
will not mhibst lactation They are however most useful sn preventing
painful engorgement of the breast 1 non nursing mothers¥ £ Tablets
of sulboesirol 16 mulbigrams (} gram) on dae first day 30 matligrams
{2 gram) on the second day and B mulligrams (& gram) datly for the
rest of the first week are recommended Preseont and Basden consider
that parenteral treatment with heveestro dipropronate i1s more effective
than hexosssrol or stilbeestrol by mouth ar by injecnion They found
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that 1n most patients a single injection of 12 5 nulligrams (} gran) gven
within three days of deltvery was sufficient to suppress lactation

Gonorrheal Vultoragimites in Children The object of treatment 1s tem
poranly to convert the vaginal mucosa from the child to the adult type,
thereby making 1t resistant to the gonococcus Brown®9 states that there
15 a wide vanaton i the dosage and the use of cestrogens is not advised
after the age of ten years Pessaries prepared with a glycerm gelatin
basis have been recommended®!

(Estrogens and Cancer (Estrogens are 1n some respects chem
cally related to the carcinogenmic hydrocarbons and thetr prolonged
admnistration to highly susceptible stratns of mmice 1s sometimes
followed by malignant changes® When tested for carcinogenesis by
panting on the skin however they are not carcinogemc They are
carcinogentc only under special conditions usually in organs concerned
with reproduction y 1s known to
occur 1n certain highly tumour sensitive strains of mice and s develop
ment 1s dependent on three factors (1) a genetic factor {2) a factor
posstbly a virus which 1s passed on1n the mulk (3) an excrting agent or
cestrogen  In humans there 1s no evidence that cestrogens used mn
therapeutic doses are likely to produce cancer

Use n Prostatic Carctnoma An interesting and rather unexpected use
of cestrogens 15 mn the treatment of prostatic carcinoma It had been
known for some time that when the testes were removed the prostate
gland decreased 1n size The use of aestrogens as a means of neuttalising
the action of testosterone or producing physiological castration was first
suggested by Hugguns ef al #3 94 95 It was soon shown that the artifi
cral eestrogens had the same action as natural cestrogens 1n this condt
tion and most of the published work on the treatment of prostatic
carcinoma deals with the use of stilbeestrol although hexcestrol and
drencestrol have also been employed Huggins®® summanises hus results
after five years and a review of the chemotherapy of cancer 1s given by
Haddow®? (Estrogens are a valuable pallative measure they do not
cure the condition but there seems httle doubt that under treatment the
foct of the disease may become quiescent life can be prolonged and
rehabihitation can be achieved®® Surgery s sull considered the proce
dure of choice when the original growth can be removed completely
and cestrogens are best reserved as a post operative measure following
radical surgery and for the relief of symptoms tn termmal cases of
noperable prostatic carcinoma  (Estrogens are of no value 1 the
treatment of simple enlargement of the prostate gland

The mode of action of the cestrogens 1s not clearly understood 2

change 1n the level of the serum acid phosphatase indicates that the
bolism of the mal cells1s d ed?® and Fergusson and
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Pagel'® have shown that eestrogen therapy does bring about a reduc
tion 1 the number and size of tumour cells (Bstrogens may also act
through the anterior lobe of the puwtary by depressing the activity of
the wnterstitial cells of the testes The desage vares conuderably
usually a lugh dosage up to 16 mlhgrams (1 grain) or more daly 18
recommended which frequently results 10 the nuld gynzcomasba con
sidered desirable as an indication that treatment 15 proving effective

Use ‘[ammavy Carcinoma Some success bas been achueved by the

with of m elderly
p:mcnts but st 15 too early to assess thew mlue m this condstion
Bunmuet® behieves that suth oL bined with rad therapy

gives better results than if esther 1s used alone OF 168 patients reported
by vanons workers'®  forty one smproved and in six of these the
rmprovemient was spectacular  The dosage varted from 1 to 16 mulls
grams (z' to } gram) of sulbeestrol dasly but Beaumont and Dodds®®
state that in responding cases 1 to 5 mull (a% 10 P> graw) daly
will usually suffice to bring about rehef

PROGESTOGENS
Progesterone the naturally oceurning progestogen s secreted by the
corpus hateum 1n the second half of the menstrual cycle and by the
placenta and choronic with duning pregnancy It converts the prol
{eraunve endometrium xo a secretory phase and asuists 1 the mamn
tentance of p i d m the unne as an
nactne \wattr mlublc Compound of pregnanediol and the amount
excreted 15 a measure of the production of progesterene by the corpus
luteum and the placento chorome system  Excrenon begins about
twehee days before the onset of menstruation {2 day or two after ovula
tion) and reaches a peak abﬂuk fise days Iater Dunng prcgnam:y the
output of an very
conslderably Pro"estcrone 15 csscnu:xl for the dev dopmmt of the pre
tum of of
the uterus and dimunution of its pawer of contraction prohferation of
the glandular tissue of the breast and the ihibntion of ovulation dunng
pregnan
Progesterone 15 gisen ntr laxly 1s my of p
{Injectio Progesterom B P} whach 13 1 stenile solution in exhy! oleate or
a sutable ol and by the nmplantation of tablets For orat admumstra
on ethisterone s employed usnally as tablets comammng § mehgrams

Clinicat Applicattons  The mamn use of progesterone and ethus
terone s 1n the freatment of aboriton In habitual abortion treatment
should be d as early i pregy y as possible or even before
the patient becomes pregnant ln]fmlan of progesterone 5 to 10
wuthgrams (% to } gram} two or three tmes weekly 1s recommended
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The dose of ethusterone by mouth 15 1pproximately six times the dose of
progesterone by mjection the daily dosage should be dvided into three
or four doses and taken at tntervals during the twenty four hours Six
25 milhgram (¢ grain) pellets of progesterone may be implanted assoon
asa period s issed The treatment of threatened abortion 1s not wsually
so successful as the prophylactic treatment of habitual abortion and a
higher dosage 1s usually required thus 10 to 16 mull (4 to} gram)
should be given until the cessation of bleeding followed by a gradual
reduction 1n the dosage v

Progesterone has been used 1n the treatment of menorrhagia when
the condition 15 due to a deficiency of the progestational phase of
menstruation as determined by uterine biopsy®¢ It 1s also used 1n the
treatment of metropathia hemorrhagica 1n doses of 16 to 25 milligrams
(} to ¢ gram) daily for several days until the bleeding 1s under control
when the dose 1s dimimshed Progesterone 1s not indicated 1n the treat
ment of dysmenorrheeat®

ANDRGGENS

The chief action of the androgens 1s to promote the growth of the
external gemtal and other sexual organs they also control thesecondary
sex characteristics They depress the function of the anterior lobe of the
prturtary and antagonse the cestrogenic hormones

The most commonly used androgen preparation 1s the propionic
ester of testosterone administered as 1njection of testosterone propionate
{Injectio Testosterom Propionatis B P) by mtramuscular injection An
orally active dervative of testosterone methyltestosterone was intro
duced 1n 1935 and 15 given mn the form of tablets nsually containing
5 milligrams the dosage being three to four times that of testosterone
propionate by injection

Sterord hormones such as methyltestosterone are also given sub
lingually by placing tablets under the tongue and allowing them
to dissolve slowly10® Testosterone and testosterone propronate are also
applied locally 1 an omntment base the strengths used bewng from 2 to
25 milhgrams per gramme Implantation tablets of 100 mulhigrams
(1% gramns) are used when a prolonged sustained action 1s required and
testosterone supp 165 each 11 (} gram) of

have oc ily been r ded Although 1

compounds having an action simular to that of the natural cestrogens
have been discovered no analogous synthetic androgens have so far

been prepared

Climical Applications  The principal use of androgens 1s for the
treatment of primary hypogonadism 1n the male for example eunu
chism and eunuchoidism The dosage vares from patient to patient
usually 25 milligrams (¢ grain) three imes weekly or the oral admims
tration of methyltestosterone 1n doses of 30 to 60 mulhgrams (§ to 1
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grain) dasly 1s requred to produce a mamuimal effect Implantaton
tablets of 100 sulligrams (14 grams} are employed when a very pro-
longed acton 15 destred

Fic 34

Ecnicnomse
Charactensiscs ofthiscon
dton are the excessive
length of hunt  poor mus.
cular deelopement b gh
putched e 2nd Jack of
facial and pobre hawr

MethyRestosterone W goses of 20 to 50 mulhgrams (3 o 3 gram)
datly kas gren good results i the treatment of eunuchism and
eunuchordism®®t 195 Androgens have also heen used i the treatment
of selected cases of undescended testes and they are stated to be effecine
m rehevng the subjectne symptoms of the male chmactenct®
Androgens are of no value w the treatment of sterthty associated with
aspermatogenes and although they have been reported to gne
symptomatic rehef in benign prostauc hypertraptny they are not a
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substitute for surgery They have given satisfactory results in a number
of gynwecological complamnts notably functional hzmorrhage and pamn
ful chromc masutis and are useful 1n doses of 25 milligrams (3 gram)
or more twice daily for one to three days for the suppression of lacta
ton'®” Methyltestosterone an doses of 25 mulligrams (g grain) every
four to six hours may be used twenty four hours after delnsery mstead
of testosterone propionate to inhubit lactation Androgen therapy in
women may give rise to undesirable masculimsing effects and 1s not
recommended when cestrogens may be effective

Use in Cancer of the Breast Androgens in the form of testos
terone propionate by njection testosterone by implantation and
methyltestosterone by mouth have been used in the treatment of car
cimoma of the breast m young and middle aged women A dose of
100 milligrams (1} grans) of prop by 1
ection three times a week for ten weeks followed by 1 mamtenance
dose of 40 to 60 mulligrams (3 to ! grain) of methyltestosterone by
mouth for eight weeks produced palliative results and n two patients
with metastases to bone there was relicf of pamn a feeling of well being
and general symptomatic improvement!® Massive doses of up to
0 2 gramme (3 grains) of testosterone propionate daily produced no
satisfactory improvement 1n six patients treated by Herrmann and
Adair’® and in two patients treated by Wyatt!1® It has been shown by
several workers that androgens may be of value 1n the treatment of
osseous dary to of the breast’! They have
annfl on the growth p of y carcinoma although
chnical results have usually been disappointing but the fact that
chemotherapeutic agents do have some action on the cancer cell may
Iead to a new approach to this problem

ArLercy To HORMONES

Zondek ¢f al 112 found that patients suffering from typical allergic
ymp were hyp ¢ to their own hormones the
d of end allergy being d d by the it
njectron of 0 1 mulligram (ri5 gram) of steroid hormone dissolved 1n
0 1 mulhihitre (14 mimms) of olive o1 Tests with different hormones for
the presence of hormone allergy 1n six patients with keratitis rosacea
showed hyp to only D
with small gradually increasing doses 0 01 to | milligram (a3s to
2% gram) in a sertes of twentv injections of hormone produced an
improvement in the condiion of every patient Rebef1s obtamned only
when the testosterone 15 given 1n low gradually increasing doses the
administratton of large doses sometimes causes a severe exacerbation
When desensitisation has been achieved Zondek recommends the

pl of pellets 10 mull ( grain) at intervals
of three to six months to prevent recurrence of the allergic condition
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substitute for surgery They have given satisfactory results 1n a number
of gynacological complaints notably functional hxemorrhage and pain

ful chronic mastitis and are useful 1 doses of 25 milligrams (¢ gram)
or more twice daily for one to three days for the suppression of lacta

tion'®” Methyltestosterone m doses of 25 nulligrams (% grain) every
four to six hours may be used twenty four hours after delivery nstead
of testosterone propionate to inhubit lactation Androgen therapy in
wormen may give rise to undesirable mascultnising effects and 1s not
recommended when cestropens may be effective

Use n Cancer of the Breast Androgens n the form of testos
terone propionate by mjection testostcrone by implantation and
methyltestosterone by mouth have been used 1 the treatment of ear
canoma of the breast 1n young and middle aged women A dose of
100 muthgrams (13 gruns) of testosterone propionate by intramuscular
injection three times a weeh for ten weeks followed by a muntenance
dose of 40 to 60 mulligrams (} to 1 grain) of methyltestosterone by
mouth for eight weeks produced palliatne results and 1n two patients
with metastases to bone there was rehief of pain a feeling of well being
and general symptomatc improvement!®8 Massiwe doses of up to
0 2 gramme (3 gramns) of testosterone propionate daily produced no
satisfactory mprovement m six patients treated by Herrmann and
Adair'®® and 1n two patients treated by Wyatt'1® It has been shown by
several workers that androgens may be of value 1n the treatment of
osseous metastases secondary to carcinoma of the breast!! They have
an mfl on the growth pr s of y & lthough
clinical results have usually been disappointing but the fact that
chemotherapeutic 1gents do have some action on the cancer cell may
lead to a new approach to this problem

ArLLErGy To HORMONES

Zondek et al 1'2 found that patients suffering from typreal allergic
symptoms were sometimes hypersensitive to their own hormones the
condition of endocrine allergy being detected by the intracutaneous
1njection of 0 I mulligram (35 gran) of steroid hormone dissolved 1
01 oulliheze (12 mumms) of olive o1l Tests with different hormones for
the presence of hormone allergy 1n six patients with keratiuis rosacea
showed hypersensitivity to testosterone only Desensitisation treatment
with small, gradually mcreasing doses 001 to 1 milligram (755 to
% gramn) 1n a series of twentv of hormone produced an
improvement 1n the condition of every patient Relief 1s obtained only
when the testosterone 1s given 1n low gradually increasing doses the
admunstratron of large doses sometimes causes a severe exacerbation
When d tion has been achieved Zondek r ds the
1 10n of pellets 10 mulligrams (} grain) at intervals

of three to s1< months to prevent recurrence of the allergic condttion
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Injectio Insulime B P (Injection of Insulin Insulinum Insulin) 1s also
called ordinary regular soluble or unmodified insulin It consists of a
sterile solution of the speaific antidiabetic principle of mammalian
pancreas m water of pH 3 to 4 containing an anuseptic to mhibit the
development of any organism mtroduced during use

The active principle may be prepared from finely divaded fresh or
frozen pancreas by extractton with acdified aqueous alcohol followed
by filtration The filtrate which contamns the msuln 15 freed from
unwanted proterns by concentrating to low bulk and adding more
alcohol Much of the unwanted protein matenal 1s precipitated when
the concentration of ethyl alcohol 1s between 60 and 70 per cent and
filtered off The concentration of alcohol 18 then increased to 92 per
cent and the preciprtated matenal collected and dissolved m water
From this solution the actne matenal 1s obtained by adjusting the
reaction to the iso-electric point which is between pH 5 and pH 6 and
filtering Instead of separating the actne matenal from aqueous solu
tion by the 1so-electric point method 1t may be obtained by adding
trimtrophenol and precipstating as a complex The complex 1s decom
posed by dissolving 1n acidified agueous alcohol and pouring the solu
ton mto an excess of acetone The preupitate obtamed by either
method 15 dried and powdered and the powder 1s dissolved mn water of
#H 3 to 4 to which the required antiseptic 1s added It 1s stenlised
by filtration assayed biologically and adyusted to contan 20 40 or 80
units 1n each mullilitre It 15 packed 1n stenle glass muluple dose con
tamers which are sealed with rubber caps or by other methods to allow
the withdrawal of doses on different occasions The labels on the con
tainers should state the strength the date of manufacture and the date
after which the mjection should not be used Imjection of insulin 15 a
clear colourless hquid and should not be used 1f 1t develops a turbidity
It should be stored at a temperature just above 1ts freezing point and
nat exposed to temperatures above 20 Under these conditions 1t
should retan us potency for at least two years 1f the reaction of the
solution remains between pH 3 and 4 Injection of insulin 15 usually
gnen by subcutaneous injection but may be ginen intratenously 1n
certain circumstances The dose 1s deterrmined by the phvsician
accordance with the needs of the patent Unless othen 1se stated
mjection of insuln contaimng 20 umts 1 each millilitre should be
dispensed

Inyectio Insulime Protamunatt cum Zimco B P (Injection of Protamine
Zinc Tosulin Protamine Zinc Insultn) 1s a stenile suspension of a com
bination of insultn and a swtable protamine such as that obtained from
the mlt of the salmon trout together with a small proportion of zinc
chlonide The suspension also contans glycertn sufficient sodwum phos-
phate to maintain the reaction between pH 6 9 ard 7 3 and an anti
septic o inhibit the development of any orgamism mtroduced during
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PHARMACY

PREPARATIONS of hormones may be divided for pharmaceutical pur
poses into two groups The first group comprises those m which the
active principle 1s of unknown chemical constitutton and includes the
protens of the parathyrord pancreas and pituitary glands and the
gonadotrophins The second group comprnses those 1n which the active
principle s of known chemical constitution and includes thyroxine
adrenalne and the steroid hormones of the adrenal cortex and gonads
together with their artificial analogues With the first group of prepara
tions the chief concern of the pharmacist 1s with the preservation of the
potency and storage since they are usually supplied by the manufac
turers ready for use With the second group there 1s ample scope for the
application of pharmaceutical skill 1n presenting the active principles
1 the most sutable form for the particular purpose required and 1
ensurng maxumum actvity and stability

PrePARATIONS OF HormoNES oF UnsnownN CoONSTITUTION

Parathyroids The parathyroid hormone 1s ineffective by mouth
and 1s usurlly administered intramuscularly as parathyroid mjection

Parathyroid mjection 1s official in the US P XIV and consists of a
stertle aqueous solution prepared from the fresh parathyrord glands of
ammals used for food by man The glands are removed immediately
the ammals are killed nd extracted at once or kept frozen unul
extracted They are freed from fat and connective tissue ground and
extracted The extract 1s stertlised preferably by filtration and ad
Jjusted to a potency of not less than 100 U S P Parathyroid Umits per
mullibtre The injection should be packed mn hermetically sealed con
tainers preferably contaimng a single dose, and stored at a temperature
not greater than 15 It may become shghtly turbid or form a shght
precipitate An expiry date after which 1t 15 to be regarded as unsut
able for use 1s not given but most manufacturers allow eighteen months
The average dose 1s stated as 25 US P Parathyroid Umits by intra
muscular 1njection

A parathyroid extract prepared 1n a somewhat stmular manner was
described 1n the Briish Pharmaceutical Codex 1934 but has been
omitted from the Brtish Pharmaceutical Codex 1949

Pancreas The hormone of the pancreas msulin resembles the
parathyroid hormone 1n that 1t 15 destroyed in the alimentary tract and
cannat be green by mouth In the treatment of diabetes mellitus 1t 15
admumstered by mjection 1n one of the forms described below Itisalso
used m the t of certarn d by local 1

176
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Ingectio Insulim B P (Ingection of Insulin Tnsulmum  Insulm) 1s also
called ordinary regular soluble or unmodified insulin It consists of @

sterile solution of the specific diab principle of
pancreas in water of pH 3 to 4 contaiun  an antiseptie to inhbat the
develop of any duced dunng use

The active principle may be prepared from finely divided fresh or
frozen pancre s by extraction with acidified aqueous alcohol followed
by filtration The filtrate which contatns the insulin 15 freed from
unwanted protemns by concentraung to low bulk and adding more
alcohot Much of the unwanted protemn matenal 15 precipitated when
the concentration of ethyl alcohol 1s betwween 60 and 70 per cent  and
filtered off The concentration of alcohol 15 then increased to 95 per
cent and the preapitated matenal collected and dissolved 1n water
From this solution the acuve materal 15 obtained by adjusting the
reaction to the 1s0 electric point, which1s between pH 5 and pH & and
filtersng  Instead of separating the active materal from aqueous solu
tion by the 1s0-electric pont method 1t m1y be obtained by adding
trinitrophenol and precipitating as a complex The complex 15 decom
posed by dissolving mn acidified aqueous alcohol and pounng the solu
tion into an excess of acetone The precipitate obtained by either
method 13 dned and powdered and the powder 15 dissolved 1n water of
#H 3 to 4 to which the required anusepuc 15 added It 1s stenlised
by filtration assayed biologically and adjusted 1o contan 20 40 or 80
units i each malbhtre Its packed i stenle glass muluple dose con
tainers which are sealed with rubber caps or by other methods to allow
the withdrawal of doses on different occasions The labels on the con
tamers should state the strength the date of manufacture 1nd the date
after which the injection should not be used Injection of insthn 1s a
clear colourless hquid and should not be used 1 1t develops a turbidity
It should be stored 1t a temperature just abote s freezing point and
not exposed to temperatures above 20 Under these conditions 1t
should retan 1ts potency for at least two years if the reaction of the
solution remans between pH 3 and 4 Injection of msulin 15 usually
ghen by subcutaneous injection hut may be given intravenously m
certun The dose 15 d by the pt m
accordance with the needs of the patient Unless otherwise stated
injection of insulin contarmng 20 umts i each millibtre should be
dispensed

Iyyectio Insubmt Protaminats cum Jinco B P (Injection of Protamine
Zune Insulin Protamine Zinc Insulim) 1s a stertle suspension of 1 com
bination ofinsulin and a switable protammne such as that obtamed from
the mult of the salmon trout together wath a small proportion of zinc
chionde The suspension also contains gheenn sufficient sodiam phos
phate to mamtain the reaction between pH 6 9 ard 7 3 and an 1nt
septic 10 inhubit the development of any orgamism ntroduced dunng
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use It1s n almost colourless turbid liquid containing 40 or 80 units m
each millilitre and should be packed labelled and stored in the manner
described for ordimry insulin except that the label should also drect
that the contaner be well shaken before use Injection of protamine
zinc msulin 1s always gnen by subcutineous injection The dose 15
determined by the physicran i accordance with the need of the patient
Unless otherwise stated taection of protamine zine insulin contanng
40 unus m each mullilitre should be dispensed

Injectto Insulim Globint eum Zineo (Injection of Globin Zinc Insulin
Globin Zinc Insulin) 1s a sterile aqueous solution of a combimation of
nsuhin nd the proten globin obtained from hxmoglobm together
with a small proportion of zinc chloride It also contuns glycerin and
an antiseptic to mhubit the development of any orgamsm nireduced
during use 1nd the reaction 1s adyusted to about pH 3 5 Tt s sterahised
by filtraton Injection of globin zinc msulin 1s 1n 1lmost clear, colour
less hquid It has approvimately the same stability as ordinary nsulin
and the same conditions of packing labelling and storage should be
applied

Preservation of Insulin There has bccn considerable controversy about
the desirability of adding antisep preparations of insulin
Leyton and Poulton® and Bennett? daubt the necessity of any additton
and Sandor? states that the compulsory addition 1s injurious On the
other hand Hartley® showed that whereas preparations of pH 3 to 4
are gerrmadal a shght increase 1 alkahmty nulbfies the germiaidal
action and 1f no antiseptic 1s present converts the preparition mto a
culture medum

Hentificabion of Insuln Packs To facilitate recogniuon of the vanous

types of mnsulin the colour scheme for labels and packages described in
Table NIV has been adopted by the manufacturers :a Grext Britain

TazLe XIV
InenTIFICATION COLOURS FOR INSULIN PACKS
Typeand Ste th Colour of Lobel and Packogr
Injection of Tnsulin
20 units per mullilitre Baflt
Blue

40 umts per milhlitre
}» 80 umits per mill 1 tre. Green

lrutdwn a/Glabxn Zine Insutin
40 untts per mullilitre
80 umu per mlhil tre

Blue and brown
Green and brawn

Tngection of Protamne Zm Insul n
40 un ts per mulll fre Blue and punk
80 unsts per milliitre Greenand p

| I ——
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Insulin Tablets Insulin may be made into tablets using an inert sub-
stance such as lactose or dextrose as diluent The tablets should be
sssued 1n sealed sterile containers labelled with the number of umts 1n
each tablet and should yield a clear stenle solution when dissolved in
water for injection

Insulin for Local Appheation Insulin has been used locally 1n the treat
ment of vartcose ulcers either as a wet dressing or as an omtment
wool fat or omtment of wool alcohols

Antersor Lobe of the Pituitary  Preparations of those hor
mones of the anterior lobe which are available commercially consist
manly of muxtures of the hormones 1n which one particular effect
predomunates

Grouth Hormone This 1s available in concentrated forms usually con
taiming traces of the thyrotrophic and gonadotrophte hormones The
preparations are standardised 1n rat growth units and are usually
supplied m multple dose containers which should be stored n a
refnigerator They should be used withm six months of manufacture

Gonadotrophic Hormones Several p are Iat
what 1s called the gonadotrophic hormone  esther alone or 1n varous
combinations and standardised 1n a varety of umts There 1s httle
mformation concermung the stability of the gonadotrophic hormones
and they should be hept 1mn a cool place

Lactogensc Hormone (Prolacun Luteotrophic Hormone) This hormone
1s stable under ordinary conditions and may be stored at room tempera
ture Lyons® reports thata 1 per cent solution at pH 7 6 may be heated
at 100 for twenty minutes without loss of potency

Thyrotropinc Hormone Preparations of this hormone either alone or
with gonadotrophic hormones are 1ssued 1n multiple dose containers

Adrenocorticotrophic Hormone (ACTH) 1s supplied as a solution or as
a sterile powder to be dissolved before use1n an aqueous solvent con
tamning an antiseptic It ts stable to heat and may bestored at ordinary
temperatures A method of preparation 1s described by Reiss and
Halkerston® The best source 1s pig pltultzn, 1 kx]ogramymldmgcnough
for 600 to 800 25 A crude s first
obtawned by extracung the manced fresh or frozen glands three or four
times with acetone and hydrochlonic acid diluting the solution thus
obtained with acetone and filtering A furtheryield 1s obtained from the
filtrate by treatment with trmitrophenol followed by ammonia and a
large excess of acetone The combined precipitates constitute the crude
preparation which 1s free from the gonadotrophic growth and thyro
trophic hormones but contammated with a small amount of the
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lactogenic hormone and with the hormones of the postenior lobe The
Inctogenic hormone 1s removed by precipitation with sodium chloride
At pH 3 The posterior lobe hormones are removed by extraction with
nmmomact! methyl aleohol 1n which they are more soluble than
adrenocorticotrophic_hormone  The described method grves three
apparently distinct fractions of the adrenocorticotrophic hormone
all nearly completely free from oxytocic actnaty The fractions are
washed with acetone dried assayed and packed into ampoules The
powders may be heated at 180 to 200 1n 2acuo without loss of actraty
but with loss of solubility this effect may be uscful in reducing the very
rapid rate of excretion of the hormone Concentrated solutions may be
filtered thraugh 2 Seitz filter or wrradinted by 1 30 watt ultraviolet
Iamp wathout loss of activaty

Pituitary Iahe Gonadotrophins Two gonadotrophic hormones
from other sources hawve been descnbed 13 pituitary ke because of
therr close resemblance 1n action to the follicle sumulating and luteins
ing hormones They are choromic gonadotrophin from human preg
nancy unne and serum gonadotrophm from the serum of pregnant
mares

Gonadotroplanum Chorwomeum B P (Chorionie Gonadotrophm) 1s ob
tuned from the urine of pregnant women The urine 1s freed from mert
materil alcohol 1s added and the reaction s adjusted to pH 5 The
precipitated matenial 1s collected washed and dred It s nssayed bio
logically and diluted 1f necessary with a neutral powder to a potency
equnl to that of the standard preparation Itisa white or fwn coloured
powder soluble 1n water and provided 1t is stored m hermetically
sealed contamers at a temperature not ligher than 20 retuns sts
potency for twelve months Containers must be labelled with the total
number of umits and the date of manufacture Injection of choriome
gonadotrophin (Imecno Gonadotrophimt Chorronics B P) 1s prepared
immedtately before use by dissol the of 1 sealed
1n the required amount of water for injection containing 0 5 per vent
of phenol The dose of chortonuc gonadotrophin is 100 to 500 umts by
mtramuscular injection

Gonadotrophnum Sericum B P (Serum Gonndotrophin) 1s prepared
from the blood taken from pregnant mares between the sixtieth and
seventy fifth days of pregnancy 1n a manner simlar to that used i
preparing chonome gonadotrophin It 1s assayed biologienlly and
adjusted to a potency equal to that of the standard prepirition Itisa
white powder, soluble 1n water and 1s subject to the same storage 1nd
labelling req as chorionic g {otrophin Injectron of serum
gonadotrophin (Injectio Gonadotrophini Serici B P ) 1s prepared imme
diately before use by dissolving the contents of a sealed contuner in the
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required amount of water for ugection contauming 5 per cent of
phenol The dose of serume govadotrophin 1 200 1o 1000 sms by
ntramusewdar igection

Mingures of Gonadotrophe Hormones A muxture of chorane ponado-
tropun and an extract of the anterior lobe contmmng the follicle
stmulating hormone 15 asailable as a dry powder and m bquid form It
shouid be stored m # cool place The powder retams ws acuvety for
seseral years but the hqud preparation should be used within six
months of the date of manufacture

Posterior Lobe of the Pitustary  Extractsof the pastenior lobe
contam the oxytocie pressor and antidretic prineiples The oxytoeic
principle can be almost completely separated from the pressor and
antidiuretsc principles and all three preparations {total extract oy
tocre extract and pressar and antdretic exivacy) are wsed as pharma
cologreal or therapeutic  tools  sather than for replacement therapy

Injectio Prtutarn Posterions B F (Injection of Puuitary (Postenior
Tobe) Extractum Prusrs Ligmdum  Prtucary {Postertor Lobe)
Bxtract Prasary Extract  Posterior Prtwtary Ingection) s the com
plete nqueous exiract of the pestenor lobes of mammahan pitwtary
glands The glands are remaved from the antmals as soon as posssble
after death and mumeditely frozen The posterior fobes are separated
subdnided and esther used at once or debydrated and powdered The
extract 5s prepared by tmimersing the frozen matenat or the dry powder
n distitled water atidified to pH 3 1o 4 with acetic acid and sufficiently
hot to ceagulate protemns and destroy autolytic emzymes After filtra
tion the extract 15 assayed and of necessary  diluted to a potency of
10 wmis {ovytoae) per mulhltre and the reacton agan adjusted to
#3 3 to 4 The extract 35 sterhsed esther by filtratnn before being
placed i gloss contumners or by heating in an autoclave after sealing m
the conamers The coptapers should be sealed glass ampovles or
muluple dose 1p When the 3s stershised by §
or when 1 s supphed n muluple dose contuners 1t must contan a
bactenostatic Injection of pituitary (posterior lobe) 15 a clear colour
tess hqued wath a famnt odour Proveded uts reacuon remams between
£H 3and 4 andatas stored pust above 1ts freezing pomt it should cetan
1ts acusity for erghteen months It should be tabelled with the number
of urats {oxytocte) 1 a millthtre the date of manufacture and the date
after which 1t 1s not to be used and may akso hear the number of wmis
{axudiretic) and units {pressor in each mililitye The dose of mjectson
ofpnmtary {posterior lobe) 15 0 2 to 03 nublalutre (3 to § mumms) by

or ¥

Tyectio Optocm B P (Imyection of Owvtoern Ovytocn) 15 a stenile
aqueous sobutton of the ovytocie fraction of an extract of the postersor
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lobe of mammalian pituitary glands adjusted to a potency of 10 units
(oxytocic) i a mullilitre Any pressor activity must not be greater than
that corresponding to 0 5 unit (pressor) in a milhlire The methods of
stertlising, packing labelling and storing are similar to those for mjec
tion of pitwtary (posterior lobe) The dose of injection of oxytocn 1s
0 5 to 1 mullilitre (8 to 15 rmmms) equivalent 10 5 to 10 units (oxytoae)
by sut or 1ntr: 1

Ingectio 1 asopressime B P (Ingection of Vasopressin Vasopressin) 1s a
stenle solution containing the pressor and antidwretc fraction of an
extract of the posterior lobe of mammalian pituitary glands adjusted
to a potency of 10 unuts (pressor) i a mullihitre Any oxytoac actvity
present should not be greater than that corresponding to 1 umt
(exytocic) per milliitre The methods of stenlising paching labelling
and storing are simlar to those for mjection of pitwitary (postenor
lobe) The dose of injection of vasopressin1s 0 5 to 1 5 milliheres (8 to
25 mnums), equivalent to 5 to [5 units (pressor) by subcutaneous or
mtramuscular mjection

For a prolonged anuduretic action the most sutable preparation
consists of an o1ly suspenston of the tannate of the pressor prmaiple A
solution of the pressor principle 15 treated with tannic acid and the
resulung precipriate suspended m arachus o The suspenston 1s usually
adjusted to a potency of § umts {pressor} per millilitre and 1s stable at
room temperature”

Putwatary (Posterior Lobe) Emulsion has also been used to obtain a pra
longed antidwuretic action but 1t has several disadvantages when com
pared with the tannate suspension chiefly the formation of paraffino
mata and 15 now seldom used’ ® It may be prepared accordmg to
the following formula

Ingection of Prtuntary (Posterior Lobe) 40 m1
Lactic Aad 04mt
Wool Fat 05¢g
White Beeswax 02g

Chloraxyleno ootg

! eOl a sufficient quant ty

Mx the injection of p tuntary (posterior lobe) and the lactic acid and concentrate in
Lacuo over sulphuric acid to 4 m llilitres Mix the remamning gredients using sufficient
olive o1l to produce 6 milli] tres 11 a wade mouthed stoppered bottle and heat at 150
for one hour Allow the mixture t0 <ool to 40 and gradually add the pitwitary con
centrate shaking between each addition to emulsify On cool ng the emulsion solid fies
and must be warmed to about 40 before admin straton To avoid dest uction of the
actve principles care must be taken not to overheat the preparation

Pitustayy (Postertor Lobe) Pouder 1s used as a snuff’ Itis prepared from
mammahan pituitary bodies by immersion 1n several changes of
acetone drymg, powdenng and assaymng The powder s usually
diluted with lactose It occurs as a yellowish or greyish powder with o
characterstic odour A water miscible nasal jelly has also been used as
a means of administering the antidiuretic principle of the posterior lobe
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A surtable preparation may be made by dissolving 0 5 to 1 per cent of
sterculia or about 3 per cent of tragacanth 1n a soluuon of vasopressin
contaiung 10 umits per millilitre and adding a preservative such as
05 per cent of chlorbutol It should be supplted 1n callapsible metal
tubes fitted with nozzles suitable for nasal use

PreparaTIONS OF Horsmones oF haown Constrrurion
Thyroid Although thyroxine the hormone of the thyroid gland
18 available as a pure crystalline substance 1t 1s usually admunstered as
the dried gland

Thyradeun B P (Thyroid Thyroideum Siccum  Dry Thyrod
Thyroid Extract Thyroid Gland) 1s prepared from the thyroid glands
of oxen sheep and pigs by drymng powdering defatting and agam
drymng It 13 assayed and diluted with lactose to contain 0 09 to 0 11
per cent of 10dine 1n combination as thyroxne It occurs as a buff
coloured powder and should be stored 1n well closed contasners n a
cool place It 1s almost mvariably adminstered as tablets (Tabelle
Thyrorder BP) if the strength of the tablet 1s not prescnibed * gram
tablets should be dispensed The dose of thyroid 1s 30 to 120 mlligrams
(3 to 2 gramns)

A glycenmn extract of thyroid was described 1n the Briish Pharma
copeeta 1898 under the title Liquor Thyrotder and had a considerable
use although 1t has now fallen out of favour It 1s occasionally used to
make a thyroid by 1ncorp with of wool
alcohols using 1 rmlllitre to each gramme of ointment of wool
alcohols

Thyroxine 13 usually admumstered as the sodwm salt which was
included in the British Pharmacopeeia 1932 under the name thyroxine
sodium (Thyroxinsodium} but was omutted from the British Pharma
copeera 1948 The substance described consisted of the sodium salt of
racemuc thyrosune which wis much less active weight for weight than
the naturally occurrning L thyroxine L Thyroxine 1s now available
commercially as the sodium salt and 1s used as tablets contarmng 0 05
and 0 | mulbgram It 1s also given by injection as a solution of the
sodium salt 1n water for mjection The Bnush Pharmaceutical Codex
1934 directed that solutions for wjection should be prepared imme
diately before use by dissolving in water for mjection New and Non
offictal Remedies 1947 states that a solution of freshly prepared
thyroane sodium may be sterihsed by immersion in boiling water
Thyroune ointment 1s prep ared by dissolving 2 mulligrams of thy roxine
sodium in 1 mulhlitre of water and tncorporating the solution 1n 1
pramme of ointment of wool alcohols

used n the of hyperthyroidism n

clude th 1 hylth and propy 1l They are
usually admimstered as tablets
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Adrenals  The hormone adrenaline secreted by the medulla 1s
used as a pharmacological and therapeutic tool  whereas the steroid
hormones of the cortex are used for replacement therapy Since the
cortical hormones are similar to the natural sex hormones they are
treated together under the section entitled Steroid Hormones

drenalina B P (Adrenalime Adrenlinum Epmephrine) 1s prepared
from an acid extract of adrennl glands or by synthesis It 1s a colourless
or pale buff crystalline powder sparingly soluble 1n water Adrenaline
1s stable 1f stored 1n dark glass containers neutral or alhaline solutions
rapidly become red on exposure to the air Tor local application 1t 15
used 1s solution of 1drenaline hydrochlonide and for parenteral ad
munistratton as myection of adreniling

Liquor Ydrenaline Hydrochlond: B P (Solution of Adrenaline Hydro
chloride Epinephrine Solution) 1s an aqueous solution of adrenaline
hydrochloride contaning, chlorbutol sodum chlonde sodium meta
bisulphite and adrenaline 1 1n 1000 It should bestored m small well
filled contammers 1n a cool place and protected from light It1s not a
sterile preptration and 1s intended for topical use either alone or added
to other preparations

Injectio Adrenaline B P  (Injection of Adrenalne Imjection of
Adrenaline Tartrate) 1s a sterile aqueous solution of adrenaline tartrate
sodium chloride sodum metabisulphite and adrenaline !
1 1000 The tartrate 1s more swtable than the hydrochloride for the
preparation of an ijection because provided the solution contains 0 [
per cent of sodium metabisulphite and the reaction 1s mamntamed at
#H 3 6 1t c1n be sterthsed by heating 1n an autoclave? In preparing
the mjection the pharmacopeeal method should be strictly followed
since 1f the tartaric acid solution 1s too dilute the adrenaline dissolves
with difficulty and if the adrenaline 1s added before the sodium meta
bisulphite 1t may be owudised If rubber caps are used to close the
contamners they should be previously immersed 1 a 0 I per cent
solution of sodium metabisulphite for forty eight hours Injection of
adrenaline should be stored protected from light

Other Adrenaline Preparations Numerous attempts hayve been made to
devise preparations of adrenaline which can exert thewr effect over a
prolonged peniod A suspension of adrenalme 1n o1l prepared by tritu
rating adrenaline with sterile arachis oil has been used usually about
0 25 per cent of adrenalne 15 incorporated Other preparations used
for the same purpose contain combinations of adrenaline with mucic
acid and with ascorbic acd

Injection of adrenaline mucate may be prepared from the following
formula using the method of the Britsh Pharmacopaia for injection

of adrenaline
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Adrenat ne oig
Muce Aad oildg
Sod um Metabisulphate o1g
Sodiom Ctlonde o8
Chiorocresal atrg
Water for Ingecuon to 100 st

A prepiration contaimng adrenabine ascorbate was described by
hennedy’® who gave the followmg formula

Adrenat ne oot g
Ascorbre Sesd eolog
$¥hute Breswax eo2g
Word Fat ao1g
Asachs Ol i mt

Heat together the s 11 e beeswax, th woal fatan b a poruon of the arach s ot at 1,0
for ane haur and coel Al the adrenaline an i the ascorbic a w and poy der very f nehy
1 a sterile mocr Thtureat  the pawders with the remainder of the arachis o pre
viously heated at 150 for one bour and cooled and add the muxture of - axes

‘The final injection ss semys solid at ordinary temperatures and should
be warmed to about 40 beforc use the syringe should also be warmed
to the same temperature

Preparatons for the eve wnclude a compound fouen Collyrium
Adrenalinz Compositum B P (. ; and an eye omntment a smtable
formula for which s

Aurenaline 487y
Chlorbutot 208
re % uolsg
Dhs dlled Water 2umt
Woul Fat a0g
Liqued Pacaffia 2008
Whne $ ft Paraffin to 3000 0

Dissol ¢ the ad rnabine and the boric a :d i the water and i e ctlortwiol o the
hx'utd paraffn Mux the wool fat wath the + b te soft paraffin and sncorporate the two
solutions

Adrenaline 35 admunistered as a nasal spray esther alone (Nebula
Adrenal B } or wombined with atropme and papaserme
Nebula Adrenabinz et Atropma Comg BPC, Itisaboapphed
to the pose as a compound oatment prepared according to the
follewn,, formula

Solution of Adrenatine Hidrochl side 4wl
Lhte buest g
20ca0 4
Woud Fat 12g
Y Bow Soft Pasaflin to1a0g

Nux the s ool fatan JyeBuw & ft paraffin and incorporate a m xiure of the chivrbutol
and benzocame 15 Fne powder and then the solution of adrenal ne bydsochlor de

Tor rectal appliation adrenaline 15 u ed as supy {Suppos:
l;;lgn Adremlinz BP C  and Suppositerium Adrenalinz et Cocaine
)
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Sterold Hormones In this scction the method of presenting
the sterard hormones from the adrenal cortex and the gonads and the
artifical aestrogens are briefly reviewed In general these substances
are all stable crystaliine and well defined and present few problems
in pharmacy Their chief mterest lies i the wide range of forms n
which they are used n contrast to most of the hormones previously
discussed On account of this 1t 15 convenient to arrange ths section
according to the route of admunustration

Oral Admimstration In general the natural esstrogenic hormones lose
much acusity when given by mouth, and except for cestrone are seldom
guven by this route The artificial hormones on the other hand, lose
Iittle activity and have proved effective by mouth They are usually
admunistered as tablets and the following are described 1n the British
Pharmacopeein

Tabellze Lthisteront
Tabellz Diencestrolis
Tabelle Hexeestrols
Tabellx Methyltestosteront
Tabellz Stlbeestrohs

Tablets of cestrone (Tabelte (Estromy) are also descrsbed in the

Britsh Pharmacopeeia

Sublingual Adr These suk which are readily absorbed
by the rich network of capillaries under the tongue can be introduced
directly 1nto the systemic airculation without rish of destruction by the
enzymes of the ahmentary tract or the Iner Among the substances
thus ad d are etk and methyl , which are
supplied 1n special tablets for sublingual adminsstration They should
be allowed to dissolve slowly under the tongue as httle as possible of
the saltva being swallowed Deoxycortone acetate has also been 2d
mnistered sublingually as a 0 2 per cent solution n propylene glycol

Percutancous Adminstration The sex hormones are readily absorbed
through the intact skin when applied as ointmens or solutions Several
omtment bases have been tried and the most suitable appear to be
hydrous omtment and ontment of wool alcohols although an il m
water base such as emulsifymg omtment 15 also used Stilbastrol and
diencestrol are also absorbed through the skin particularly through the
breasts and are frequently adounistered in this way

A selection of suitable formula are given below

Diencestrol Cream

Dienaestrol 50g
TPropionic Acid 20g
Oleic Acd 200g
Wool Far 15¢g
Arachis Oil 100 0 ml
! add the diencestrol and gently beat unnl

d 75 ml of the arachis ol
di;;:::exggst:: mooln;at allow to cool and adjust to volume with the arachis o1l
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(Estrad of Ountment
(Y.m:dml Monobenzaatc (3]
Asachss O 10 Og
Hydrous \\ ool Fat to D0
Dissubve the eestradiol monbenzoate mn the arachis oif with tF ad ofgende heat
and ncorporate the solution s the bydrous wor § fat
(Estrone omiment may be prepared in & swmlas manne

Stilbestrol Cream

(a) Stalborstrol 505
Olese Acd 10 emi
Waont Fat

758
10 380 0 m!
Mux the ol ¢ acxd and 50 mi of the aractts o} add the stulbxstral and gendy beat
untsd dissolved  3dd the wool far, allow to <20l and adjust to volume with arach s o

(5) St bastrof 02g
Emuufne Wax 1005

63 Ol Wo0g

Dustalled Water Wil

Mokt the emulofy ng wax m the arachis ot add the stidbastrol and contnn ¥ eaung.
unt ] solunnn 13 ¢ff ceed Allow to cool and add 1 ¢ dist lled + ater 1 small portions
shakmag between each addihion

Ouly solauons are also used for percutancous admumstration Deoxy

cortone acetate 13 sometumes given by rubbing 1 0 U2 per cent solution
1 benzyl alechot 1nto the skin of the thugh arm or abdomen

¥ agmal ond Rectol Admimstraticn (Estradiol cestrone ang the artifical
strogens are used as pessanes the basis being either ol of theobroma
or glycertn suppo itory ma s of the Bniush Pharmacopxua The esters
of the hormones are soluble 1 ot of theobroma and may be made in the
usual way Whra glycerin uppository ma s1s used the hormones should
be dissolved 1n prop, lene glycol before mcorparation since they are not
very soluble in water

The only hormunr which appears to bave been admumstered rectally
Iy of are used to duce the
hormone mto the blood stream and not fot a loval effect They usually
have an o1} of theobroma base

MNasal Admumstration (Estrone has been used 13 a solution m arachrs
ot contasmng 100 rmerograms in a mulhtre for Iocal nasal apphea
tion! Sulberstrol has been used simiarly asa 0 1 per cent solution in
arachs oil

Parenteral  Adminsstration The Mlumlly occurring sex  hormones
are chiefly ad; by usually as the
acetate benzoate or propionate For this purpose the esters are dsssolved
m 2 surtable od such as arachis or olive ot or in ethy! oleate and the
selutton 18 steralised by heating, a1 150 for one hour or 1f the volume of
solution in a contaner exceeds 30 mullibitres for a loager pertod of tume
suffizent 10 ensure that the whole of the contents are heated a1 150

lor one hour The following injecttons are de ersbed in the Brnush
Pharmacopata
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Injectio @atradiohs Dipropionatis
Injectio Estradrolis Monobenzoaus
Injecto Progesterom

Injectio Testosterom Propionaus

Deoxycortone acetate 1s 1kso given intramuscularly 1n an oily solution
prepared m a similar way {Injectio Deoxycortont Acetats BP) A
water soluble glycosidic dernnative of deoxycortone for intravenous
mjection 1s also available

Artificin] cestrogens although usually grven by mouth are sometimes

ed by int I 1ny Sol m o1l for this pur
pose are prepared 1n a manner stmular to that described for the natur
ally occurring hormones

Aqueous solutions of natural and artificial hormones when required
for injection are stertlised by heating 1n an autoclave Where the solu
bility of the substance 1n water 1s very low a muxture of propylene
glycol and water 1s often satisfactory as a solvent

Deoxycortone acetate 15 sometimes given by imtravenous mnjection
as a 0 1 per cent solution i propylene glycol the solution may be
sterilised by heating at 150 for one hour in the final closed container

Certam sex hormones are admimstered by 1njection as a suspension
of a microcrystalline powder 1n water When so ijected the hormones
are only slowly absorbed and therefore exert their effect over a pro
longed period  Cortisone 1s similarly used mainly as the acetate which
15 prepared 1n the form of mrcrocrystals 5 to 10 mcrons in drameter and
suspended 1n normal saline solution 1n a concentration of 25 milligrams
per mllditre?

Impl The most £z y method of ok a continuous
and prolonged effect 1s by implanting a pellet of the hormone subcu
taneously Pellets are supplied stertle in sealed glass tubes and the
¥ usually ad ed 1n this way are cstradiol cestrone
progesterone testosterone and deoxycortone acetate Methods of 1m
mmplantation are described on page 161 Flat implantation pellets are
sometimes preferred to fused pellets

Hormone Allergy Test Sets for diagnosts and for the desensitisation of
patients with hormone allergy (sce page 172) are available For drag
nosis the sets contan solutions n olive o1l of cholesterol deoxycortone
acetate cestradiol monobenzoate cestrone progesterone and testos
terone dipropronate 1 0 5 mullilitre ampoules containmng 0 005 or
005 mulligram together with ampoules of ohve ol for control The
sets for desensttisation consist of symular solutions contaming 01 or
1 0 milhgram per nullihtre and are supplied in rubber capped bottles

Lecar REQUIREMENTS
In Great Britain a number of hormones and thewr preparations are
subject to certain forms of legal control Insulin and prtutary {posterior
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lobe) extracts are controlled by the Therapeutic Substances Act 1923
and wnsultn and the actise principles of the pstuitary suprarenal and
ihyrord glands together with the sakts of the actne printiples of the
suprarenal and thyroid glands are included m the Pasons List 1950
{ST 190 No 1213} and vanous Schedules to the Porsons Rufes 1949
(81 1949 Mo 539)

Therapeut:c Substances Aet 1925 This act contrals the
manufacture sale and tmportation of those therapeutie substances the
punty or potency of which cannot be adeguately tested by chermeal
means The requrements of the Act are supplemented by regulations
lsswd under the authonity of the Act for hormonm the most important

are the Th: % 1931 (SR
and O 1931 Do B33) Which define the general and special require
ments for insuhin and putustary {postenor lobe) extracts These requre
ments spearfy  ter alta the conditions under which the preparations
must be manufactured the types of contawner the method of labelling
and tests for strength guality and stenbity

The contaners for liquid preparatsons must be sealed glass con
tainers made of non alkalne resistance glass and 1f muluple dose con
tamners are used the preparabon must contam a bactertostanic to
prevent the growth of any organtsm sntroduced dunng the remoral of
part of the contents

The label on the contaner must state the proper name of the sub-
stance as defined by the reguiations the hicence and batch rumber and
the strength in umts per nutblitre the containers of insulin tablets must
state the number of units in each tablet The label on the contasner or
the label or wrapper on the pickage must state the name and address
of the manufacturer the date on winch the manufacture of the batch
was completed the date up to which the preparation may be expected
under suttable conditions to retain its potency the storage condirons
necessary to retan this potency and the name and proportion of any
2dded hacterostatic Prepacations may not be sold after the date of
expiry stated on the label except to a medical prachitioner who has
been acquamted with this fact and s satisfied that the sale 1s required
by the urgency of the case

Other specsal requirements for insulin forbid s tssue 11 a miture
with any other therapeuuc agent without the consent of the Licensing
authonity and stipulate that if sssued for tjection as a suspension 1t
shall be tested before suspenston

Pharmacy and Poisons Act 1933 The followmg substtnces
are included 3n Part 1 of the Porsons Last
Insubn
Pruuttary gland the actne prinaples of
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Suprarenal gland the active prmciples of  ther salts
Thyroid gland the active prinaiples of their salts
These substances do not appear 1n the First or Fourth Schedule to
the Poison Rules 1949 but are included 1n the Sixth and Seventh
Schedules
The Sixth Schedule specifies a permussible form of disclosure for the
proportion of the poison, and the relevant entries are as follows

Insulin The number of unts of activity as defined 1n the Briush Pharmacoperta
contaned tn a speaified quantity of the preparation

Pitustary gland the actree principles of Eather

(a) The sumber of umts of activty as defined m the British Pharmacopeera contained
1n a speaified quantity of the preparation or

(5) the proportion of pituitary gland or of anterior or of postersor lobe of the gland
as the case may be contained in the preparation or

() the amount of prtuatary gland or of antertor or of posterior labe of the gland 2s
the case may be from which aspecified quantity of the preparation was obtaned
together with an indication whether the amount relates to fresh or to dried gland

Suprarenal gland the actue prinesples of therr salts Exther

(a) the proportion of suprarenal gland o of the cortex or of the medulla of the gland
as the case may be contained 1n the preparation or

(3) the amount of supracenal gland or of the cortex or of the medulla of the gland
as the case may be from which a specified quantity of the preparation was
obtained together with an indication whether the amount relates to fresh or to
dnied gland substance

Thyrord Jfand the actiee principles of thew salts Exther

(a) the proportion of thyrord gland contawned 1n the preparation or

(8) the amount of thyrord gland from which a specified quantity of the preparation
was obtained together with an mdication whether th amount relates to fresh
or todried gland

The Seventh Schedule gives the special wording to be used on the
labels of certain preparations in place of the word  Poison  Medreines
made up ready for the mternal treatment of human ailments must be
labelled wuth the words Cautron It 1s dangerous to take this prepara
tion except under medical supervision  1f they contain one of the
following

Insulin

Pituttary gland the active principles of

Thyroid gland the active principles of their salts
If they contam the ictive principles of suprarenal gland or therr salts
the prescribed wording 1s Caution It 15 dangerous to exceed the
stated dose When the medicines are not made up readv for the
internal treatment of human ailments the cautionary phrases given
above do not apply and the word Poison must be used instead

When erther of the cautionary phrases or the word Poison 15 used
1t must not be modified m meanng by adding any other words or
marks and 1t must be either on a separate 11bel or surrounded by a line
withmn which there must be no words other than those required by law

REFERENCES

1 Levron O and Pourtow E P Lancet 1931 1 996
2 Bewwerr T 1 Lancet 1931 1 1053
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Suprarenal gland, the active principles of therr salts
Thyroid gland the 2ctive principles of their salts
These substances do not 1ppear in the First or Fourth Schedule to
the Porson Rules 1949 but are included 1n the Sixth and Seventh
Schedules
The Sixth Schedule specifies a pe ble form of disel for the
proportion of the poison and the relevant entries are as follows

Insulin The number of units of activity as defined 1n the Briish Pharmacopeeia
contained 1n a specified quantsty of the prep iratron
Pitwrtary gland the actie principles of Ether
(a) The number of unuts of activty as defined in the Briush Pharmacopania contaied
1n a specified quantity of the preparation or
(5) the proportion of pitutary gland or of anterior or of posterior lobe of the gland
as the case may be contaned n the preparation or
(¢) the amount of pittary gland or of anterior or of postenior lobe of the gland as
the case may be from which a specified quantity of the preparation + as obtained
together with an indication v hether the amount relat s to fresh or to dried gland
substance
Suprarenal gland the actie prinaaples of therr salts Eather
(a) tt e proportion of suprarenal gland or of the cortex or of the medulla of the gland
as the case may be contained 1n the preparation or
(b} the amount of suprarenal gland or of the cortex o1 of the medulla of the gland
a3 the case may be from which a specified quanuty of the preparation was
obtained together with an indication whether the amount relates to fresh or to
dried gland substance
Thyrord gland the actue principles of the rsalts Eather
(a) the proportion of thyroid gland contained in the preparation or,
(8) the amount of thyroid gland from which a specified quantity of the preparation
+ as obtained together with an indication whether the amount relates to fresh
or to dried gland
The Seventh Schedule gives the pectal wording to be used on the
labels of certain preparations m place of the word Poison  Medicines
made up ready for the mternal treatment of human ailments must be
labelled with the words Caution It 1s dangerous to take this prepara
tion except under medical supervision 1f they contamn one of the
following
Insulin
Pitwitary gland the active principles of
Thyrowd gland the active principles of thexr salts
If they contain the actrve prinaiples of suprarenal gland or their salts
the prescribed wording 1s Caution It 1s dangerous to exceed the
stated dose  When the medicines are not made up ready for the
internal treatment of human ailments the cautionary phrases given
above do not apply nd the word Poison must be used instead
‘When etther of the cautionary phrases or the word Poson 15 used
1t must not be modified n meaning by adding any other words or
marks and 1t must be erther on a sep irate l1bel or surrounded by a hne
within which there must be no words other than those required by law

REFERENCES

1 Leyrot O and PourtonN E P Lancet 1031 1 996
2 Besmerr T T Lanet 1931 1 1053
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Adreph ne A\mpoules 1 ml ampoules contain ng adrena
Iin 1 in 2500 ephedrine hydro-
chlortde 3 per cent and Chlore
tone 0 5perc ne

EpFetonogen 1 m' ampoules conta mng adrena
ine gr and eph dnne
hydrochlonde } gr

Ephetonogenn Fo te 1 ml ampo les contaming adrena
ne 35 gr ephed ne hydro-
chlonde 4" gr  and atropme

¥ BT
Hyperdunc \drepa 3 and 1 m! ampoules and 5 ml
lin wials contamning adrenaline 1 1n
1000 as the mucate
Putahn 1ml ampoles contaming 1ny
tion of pitustary (postertor lob )
©5ml and myection of adrenaline
0 36 ml
Pitrenalin Tmampoules contain g S i
of p tuitnin and 0 36 m! of adren

< a]m chlorldc solution (1 in 1000}

ngadrena
lmc 1in 1000
Vas constnictme 1ml ampoules and 30 ml vals
conta mng adrenaline 1 m 1000
Ontrents
Adtenal n and. Adrenal ne 11 4000 1th Chlore
Chloretone Eye tone 3 per cent,
O ntment
Adr nahin and Adrenaline 1 10 1000 with Chiore
Chloreton tone 5 per cent
QO ntment

Adrenalin Ointment  Adrenaline 1 1n 1000
usan Contains adrenatne phenol and
zinc oade
V aso-constrictune Ad naline ! 1n 1000

Sol tion
8 )1\1! on of Adrenzl ne BP conta ns adrenaline 1 i 1000
valiand} { 2 and4 oz hottles)

Adrenalne Borate 16 o botile
Solut on
Adreph ne 10ml vial and 10 o bottles

¢ ntamng adrenal ne 1 n 10 000
eph d nesulphate 2 per cent and
Chl etone 0 5 per cent

Supa naln 111 oz and 1 ] tre bottles contam
ng adrenal ne 1 1n 1000
Vaso-const ct ne 16l 0 botiles contmmng adrena
Tin 1 01000
10 5
(Adnn me suppws to es BPC contam adrenalne gr)
Adren Inaj Adrenabine | n 1000 th G bre
Chlor e tone 3 gr
Supposito_es

‘renalin Suppos  Adren In  hydro londe 1y
g equval nt to adrenal ne 1 n
1000

Anu Contan_adrenal ne phenol and

2inc oude

Pa ke Davs

Richet r

Ruchter

All n and Hanburys

Pames and Byme

Parke Dawis
Armour

Duncan Flockhart
Parke Davis
Parke Davis
Yarke Davis

Allen and Hanburys

Duncan Flockhart

1t 35 supp! ed 1n 10 ml
British Drug Houses
Parke Davis

Armour

Duncan Flockhart

Parke Davs
Parke Dawis

Allen and Hant urys
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COMMERCIAT PRLPARATIONS

10sT of the hormones and related substances which have been des
cribed 1n earlier pages are obtamable i 1 vanety of pharmaceutical
forms sometimes under officnl or accepted names and sometimes
under trade names The following ist gives the names of a number of
these preparations and the supphers together with a brief deseription
where necessary of the composition strength and type and size of
contuner the full names and addresses of the supphiers will be found at
the end of the chapter The hst 1s not comprehensive and many of the
preparations of the British Pharmacopeera and British Pharmaceutical
Codex may be obtained by pharmacists from thetr usual drug supphers
under the officsal titles
The preparations are grouped according to the substance they con

sist of or contain  the substances concerned being arringed alphabett
cally under the gland or part of gland to which they correspand the
glands themselves are also arranged alphabetically

ADRENALS
Adrenaline
Inkalants
Adrenalime Chloride 5 ml wials larke Davis
Solution 1 1n 100
Adrenalin Inhalant 1 fl oz bottles conta n ng adrena Parke Davis

line 11m 1000 with Chlorctone
Adrenaline Inbalint 5 and 10ml bottles contammg  Burroughs Wellcome
adrenal ne [ 1n 100

Adrenaline Solution 5 ml and 1 fl oz vials Evans
n 100 {for Ovo
halation) 15 ml vaals Fanes and Byrne
Adrenaline Tartrate  10- and 25 ml botiles contaimng  Burroughs \\ellcome
Spray Solution adrenal ne 1 m 10
Adrephime Inhalant 10 m! vials contan ng adrenalne  Parke Davs

1 1 10000 ephednne hudro
chlorde 1 per cent benzoca ne
1percent and Chloretone 0 5 per
cent an glycern

Ingections
{Injection of Adrenaline BP conta ns adrenaline 1 1000 1t1s suppled n05
and 2ml ampoul sandm 5 10 15 20 and 30 ml vials
\drenalin Chlo de 05 and Iml ampoules 10ml ~ Parke D s
Solution vl and 1A oz bottles contan
1ng adr naline 1 1n 1000 1 ml
ampoules containing alr nal ne

1

11 10 000 ot D
Adrenalin in Onl 1'ml ampoules contaning 2 mg ~ Park  Davi
Adrenaline Suspen 10 m! vials contanng adr nalne  Br tsh D ug Hou
sion witl Asco bic 1 n 101

Injectable suspension contaning  Frans
1or2mg perml

192

Aci
Adrenutol
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(Tab!eu of Mcthyl(cslostcmn: BY contam 5 mg unless oth 1y se o dered)
Methvltestosterone oots

5 10 250r 50 mg {Brmsh Drug Houses
5mg Burroughs Wellcome
Erugon S Tablets 5 mg aver
Glosso Sterandryl 510 25 or50 mg Rouss 1
Neo Homb eol (M) 5 10 25 or 50 mg
O av ron 5 10 25 or 50 mg Pnu T Seherme
Perandren Linguets 5 10 25 or 50 mg
Virormone Oral 510 25 o 50 mg Pames and Byrne
Testosterone
Impl nt hon Tablets
Testosterone 25 50 100 150 200 300 or Organon
350 mg
Injections
Virorm ne Ampoules contaming 5 10 25 50  Pawes and Byrne
100 or 750 mg
\ ro mone X\ 2 m! ampoul s contanng 50 mg  Pa nesand By ne
n Aqueous suspension
O nim nt
Perand en 2mg perg Ciba
Virormone § lve 2mg pe g Pames and Byrne
Suppostortes
“ rrormone 15mg Pamnes and Byrne

Testosterone Propionate
Implantation Tabl ts

Perandren Implants 100 mg Ciba
Sterandryl Implant 100 mg Roussel
Testosterone 100 m Br t sh Drug Hou
Propionate 25 35 100 150 %00 300 or Organon
350 mg
Injecto 5

(Inject on of Testosterone Prop onate B P contans 10 mg per m! unless otherw se
o dered )

Testo teron 1 ml ampoul s cont nng 5 10 gBoots
P op onate o 5Smg {Purrovghs Wellcome
1ml ampoules contan ng 1 Oxo

10 25 0 50 mg 2ml ampoules

containing 100 mg.

1ml ampoules ontanng 5 10  Briush Drug Houses
250 50me 2 ml ampoul s con

tanng 100 mg 10ml alscon

taanung 500 my
Tugon S Ampouies contanng 5 10 or  Baye
25 m
Neo-Hombreol 1 ml ampoules containng 5 10 Organon

$or50mg 2ml amp ules con
tanng 100mg 10 ml v als con
taming 50mg p rml

Pantestin Ampoulcs contanng 5 10 or Rcht
5 my

Perandren 1 mt ampoulrs contaming 5 10 Cha
25 0 50 mg 2ml  mpoules

containng 100 mg 10 ml vals
conta n ng 50 mg pe ml
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Tablets

Adrenalin and Co
cane Hypodermc
Tablets

Adrenalin Hypoder
muc Tablets

Adrenaline Tablets

Suprarenalin

Vaso constnictine
Hypotabs

v
Cortical Extracts
Cortigen
Eschatin

Eucortone
Supracort

Suprarenal Cortex
Extract
Deoxycoartone Acetate
Implartation Tablets
DocCA
Deoxycortone \cetate
Percorten Implants
Syncorty] Implants

Inyections

(Injection of Deoxycorton Acctate BP contans 5 mg per

ordered
Decy cortone Acc tate

Cortiron

DOCA
Perco ten
Percorten Crystules

Percorten Water
Soluble
Syncoetyl
Sublin_ual Tablets
Doch

Pe corten Linguet,

Methyltestosterone
Injection

Mucryston
Methyltestostercne

HORMONES

Adrenaline 005 mg  cocaine
hydrochloride 0 01 g

03o0rimg

1obn OF o 8F

Teho O dugr

Adrenaline y45 gr
Adrenal Cortex

3 m} ampoules and 10 and 30 md
vials

10 ml vials contamning 200 po of
cortisone per m

10 ml via!

Tach ml 13 equuvalent to 75 g of
fresh gland 1 m! ampoules and
10 ml vals

10 ml vaals

25 o0 100 150 700 or 300 mg
100mg
100 mg
100 mg

1 ml ampoules containns 5 ¢
1 10 ml wials contam ng
10 mg perml

1 m! ampoules contaiming » 5 or

D mr
1 ml ampot les contaming 2 5 or
10 mg 5ml wals conta mao
5meg perm!

1ml ampoules contaming 2 5
or 10 mg 10m! wvial contan
g 10mg p rml

2mt ampoules contain ng 50 mg
1n aqueous Suspension v Jth 2 mg
of Nupercaitig

5ml ampoules conta ning deoy
cortone  glucoside 1 aqu ous
olution

1ml ampoiles contamng 5 cr
16 mg

1me
1mg

Gonabs
Androgens

gml vials contamng 5 mg per
ml suspended in normal saline

Farke Davis

Parke Davis
Tamnes and Byrne

rmour
Duncan Flockhart

Rachter

Parke Davis

Allen and Hanburys
Taines and Byrne
Brush Drug Houses

Organon
Brish Drug Houses
Ciba

il
Roussel

ml unless othen 1se

Brit sh Drug Ho 1ses

British Schering

Organon
Ciba
Ciba
Ciba

Rou sel

Organon
Cha

Coates and Cooper
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Hexeestrol
4} tanr
‘Hexastral tml ampoules contamng 1 or  [Boots
5mg ¥ nth Drog Houses
Paines and Byme

Tebl ts
(Tablets of Hexestrot B ¥ contawn 1 g unless otherwye ordered }

Boots
Hexastrol Vordmg {8 vrouchs wetlzomae
05 torsmg Bosh D Houwrs
Qriganan
PI9350 Smg Paincs and Brroe
Heweal 3img with 20 mg of phenoka b Orshe Pharmacett
e cal
Thetesirol Jimg with 20wy of phenobarbs  Cartrick
tone

Hexcestral Dipropronate
tngect m
Hesost ol Dp opio- 1§ 5-ml ampoules contatung 15 Durroughs Welleome
nate =g

Estradiol
Implanta oa Tablety
Tynowtny] Implants 20mg Roussel
(Estrad of Implansa 10 3 20 20 SO or 100 my Orgason
tion Pedlets
Exteofarm Peliets 20mg B tsh Drue Houses
Ovorychn Implants 26 mg Cabn
Ountment
Chocyelin Dimg perg Che
Progynon Olmg pe g Baash S F nng
P ganer
Pogynon Vagwat B 36my Pestish Sch g
Supposttones
Subl nguat Tabt 1
Ovoryeln Languers 004 010 img Cta
Fudlts
Glandubo! n 0t 05 orimg Rachser

Gistradiol Dipropronate

ang
{Inyeckon of Geisad ol Dip opranate BF contavs § g pe o} usiess oshens sc

DumenformonDip o= 5-ml vals contanag 2 mg tn Otganon
pronate
Glandubol n 1mi amponles contaning 0Y 3 Rucheer
o Smg
Cuocyetn P 1ol ampoulss conamng 1o Gia
g 0o
T ogynan DP 173 gmpovies otz 1 20000 i wah S 1enng
thy

Ieemc atbenzma o
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Ierandren Crystuls 2 ml ampoules containing 50 my,  Ciba
n aqueous su pension 3 ith 2 mg
of \¢ percainc

St randed 1 ml ampoules contaiming 5 10 Roussel
"Sor50mg 2ml ampoules con
taining, 100 mg 10 ml vials con
taming 500 mg

lestvirn 1 m] ampoules contatmng 5 10 British Sct erng
or 25
\ alotest 1'ml ampoules contumng 5 10 Wallace
or 25 mg
Ouwntments
Neo H mbreol 2o0r2omg perg Oiganon
Eerandren 2mg perg 1ba
Testosterane 25 per cent Boots
Omtment
Testoviron 2mg perg British Schenng
Suppositories
e»Hombr ol 15 mg Organon
(Estrogens
Diencestrol
Ontment
Diencesteol Gintment 2 5 per cent Briush Drug Houses

(Tableu of Diencestrol B P contain 0 1 mg unless othen 1se ordered )
Diencestrol 0103 lorsmg [z\l]en and Hanburys

Briush Drug Houses

o
Panes and Byrne

0030103 lorh Organon
Armo Neestrol 01 mg vaih 18 mg of pheno  Sraonrs
bt T5ae
Armo-Neestrol Forte: 03 mg 1 ath 16 mg of pleno-  Armou
Larbitone
Ethinyleestradiol
Ela
Exugvn 609 my, per 60m Britsh Drug Houses
(Tablcts of E(hmykxs(mdlol n P contain 0 02 mg _unless othen 1se ordered}
Amen 1 mg with 10 mg of Roussel
dhlslcmnc
Barbestrol 001 mg with 16 mg of pheno Roussel
barbitone and of papayertne
Esugyn 001 0050r I mg Dru h Drug Ho ses
Cthudol 01 or 0 05 mg Britt h Schering
Fthn Estry) 001 005 or I mg Rou el
Cibimylesstradiol 001 or 0 05 mg Armour
001 00501 or I mg o
001 005 or i mg la‘n,nes and By ne
Eucyelin 1 mg iba
Euqdm Linguets 001 or 0 05 mg Cita
Lynoral 001 0050c1 ng Orza on
Ohasecron 00,mg witt 10mg ofeth terone  Brutish Schering
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Orntments
Menformon 05mg perg Organen
troform 10001 u perg Brtsh Drug Houses
Estrosal ¢ 10 0001 u per oz Pames and Byrne
Estrosahe Concen 250014 perg Paines and Byme
trated
Unden 50001u perg Bayer
Pessant s
holpon Vagmnal ©1mg Organon
Bougies
Estroform 10001 1 (adultor child size) British Drug Houses
Estrone: 1000 or 50001 u Panes and Byme
Sol ¢
Menformon 10-ml  bottles conlzlmng 1 mg  Organon
prrml fororal
Oleumketodestrin O Iy solut o comtaming 50001y Pa nes and Byrne
Sol hetodestrn §or bottles of aqueous wlut on  Panes and Byme
contaming 10001 u
Solestrin 15 and 3-ml botlles of alcoholic  Pames and Byrne
sofut on conta n ng about 13001 u
per drop
S ppo stories
Menformon Glorlmg Organon
T blets
(Tablets of (Estrone BP contan 1 mg unless otherwise ordered )
Menformon 005010310 5mg Organon
Estrn 10005 O
Estroform 1000 5000 o Boti b Drug Houses
(Estrone 500 1000 3000 0000r 100001u  Pavmcs and B
Progynon 1000 3000 or 10 0001 Entish Scherug
Strog ne 1 mg of conug ted estrogens  Wyeth
calculated as sodwm  cestrone
sulphate
Unden Pellets 100 500 or 1000 u Bayer
Stilboestrol
Inpect
Pabest ol 1 ml ampoules contaming 1 or  Pames and Byme
5mg
Stlbeest of 1ml ampoules contamng 1 o [Alcn and Hanburys
>mg Briush Drug Houses
1 ml ampoules conta nung 5 ml  Burroughs Wellcome
035ml ampoules containing 05  Crookes
mg 1ml ampoules conta ming
tor5mg
niments
Pabestrosal e Ontm ntcontanng 0 2percent  Pamnes and Bvme
with benzoca ne 2 5 per cent
Stilberstrol Omntment 05 or 1 per cent Boots
Sulbesstrol Salve 0 {mg perg Crookes

Pess s
Sulbeestrol and Lac Sulboestrol 1 mg with lacic acd ~ Crookes
teAad 1 per cent

Spay
Stlbastrol Sp y 05mg per ml 1n il Crookes
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stradiol Monoben~oate

Imections

ord
Benzo Ganorstry]

Benztrene

Disecron

Dimenformon

Gynformonc
Gynformone Ferte
Estrn

Fstroform
Orocyctin B

Ovocyclin B Crys
tules

Progynon B Oteosum

Unden

Ountment
D menform 1

Estriol
Capsudes
Theelol

Gstrone

Ingections.
Ketodestrin

Menformon

Micryston (Est one

Theehn (Aqu-ous
Suspens on

Theeltn m Ol

Unden

tml ampoules contuming 1 or
5mg
T ml ampoules contaming 1 2 or
5

I ml ampoules and 10 ml vials
contamng 2 5 mg v 1th 12 5 mg
rfprogr-slcrone per ml

I'ml ampoules and 5 ml vials
contuming 10000 1bu per ml

1 and 2 ml ampoules and 5 and
10ml vab contamng 50 000
1bu perm

t ml ampoul s contaiung 10 000

hu
tml ampoules contuning 50 000
b

I ml ampoules contarmuing 1000

10 000 20 000 or 50 0001

1 ml ampoul s ccntaiming 1000

10600 20 060 or 50 0001 bu

1 ml ampoules conta ning 1 or

5mg ol

20 ml ampoules contaming 10

mg n_aqueous suspension with

2me of Nupercaine

1 ml ampoules ind 5 and 10 ml
sals contaiming 10 000 or 50 000

thu perml

1 mt ampoules and 10-ml bottles

containing 10000 11 u per m
ml ampoul s contaimng 50 000

ibu

2mg perg

019°mg

1 ml ampoile containing 0 05
01 05and I mg

I ml ampoul s conta n 2, 0 £ my
(squeous) 1 ml ampovles and
5ml wvials contain g 1 mg per
ml 1nan organic olvent

8 ml vial contaiming 1 mg per
ml suspended in no mal saline

I nl ampoules conta ning 2 mg

tml ampoules contammg 01

02 050rImg
1 ml ampoules containing 1000

11 1n aqueot s solut on

(Inj(’ct&on of Wistradio] Monobenzoate BP contawns t mg per ml unless otherwise

Roussel
Paines and Byre

Briush Schenng

Organon

Waltace
Wallce

Oxo

British Drug Houses
Ciba

Ciba

Britush Sch ning

Baver

O guiim

Parke Da 1

Paines and Byrn

O ganon

Coates and Cooper
Park Davt
Pa ke Dav

Bayer
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byections
Corpus Luteam Smi ampoules and 10~ and  Armour
Exteact 20-tal wrals (2 tal 15 e alent o
about 3 gr of dried gla
05 and t m! ampoules and 10 Oxo
and 20-ml bottles (1 ml 1 equiva
lent to 2 ge of dned gland)
i1ml ampoules contamng the  Paes and Byme
equivalent of 1 g of fresh gland
Tablets
Corpus Luteum 31 2oesgr Armour
1 2oc5pr Pasnes and Byrne
Corpus Lutcura Sub» 0 1206 g of dried gland Armour
sance Glanules
Luteomensin Tables contaimung § or § gz of  Pamnes and Byme
extract
Ethsterone
{Tablets of Ethisterone B P contan 5 mg unless otherwse ordered )
Etbisterone 5or 10mg Boots
5mg Burraughs W ellcome
5 100r 2omg Brnsh Drug Houses
Gestone Oral 5 100r 25 mg Pames and Byrme
Lutocyehn Linguets 5 10or 25 mg Ciba
Lutogy! Oral 5 1Qot 25mg Roussel
Oraluton 3 tac 2 mg Brut sh Scheang
Progestoral 5 0o Zamg Organon
Progesterone
Implansotun Tabl 15
awtocycla Implants 100 mg Ciba
T utogyt Implasts 100 g Rousse!
Imjections
(Ingect o of Progesterone B P contam § g per ml vnloss otherwse ordered }
Progesierone § 1 ampoules conta ning 2 S or (Boots
0 mg Burroughs W Reome
1 mt awpoules contaming § Z 8 Oxo
10 25 or 50me
1 ml ampoules cantatmng 5 ot Parke Davi
16 mg  $0wn! suals contan ng
Smg per
Dhsecron 1 ml ampoules and 10-m) vials  Britwsh Scherng
conta ning 125 mg with 25 my
of eestradiof monobenzoate per ml
Gestone 1 ml ampoules contamagt 2 5  Paes and Byme
100r 25wy
Glanducorp n 2 5 or 10mg ampoules Richter
Gynoluton 1 m} ampoules contumng 2 mg  Wallace
Gynalatone Forte § ml ampoules contan ng 5 g Wallace
Lutcomens n 1 ml ampoufes comammng 1 g Paircs and Bymne.
Lutocychn 1m! ampoules contaning 2 5 Ciba
t0or 25my 10l vials eontam

ing 25 me per

Lytocychn Crystules 2 m) ampoulescontamng 50mg  Ciba
with 2mg of Nupercame:

Lutogyl xon-u ampoules contuaing 2 5or  Roussel

10 mg
Lastren tml ampouwles contamng 2 or  Bayer
Smg
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Tablets

(Tablets of Sulbeestrol BP contain 0 5 mg unless otherwise ordered )

Stlbcestrol Tablets 05 1or5mg

0105 tor5mg
01or5mg
Enseals Diethylsul 0 5o0r 1 mg
berstrol
Ovendosyn Tablets containing 05 mg with
calum phosphate 200 mg.
Ovendosyn Forte Tablets contaming 5 mg  with
calcium phosphate 325 mg
Pabestrol 065 01 05 1 or5m,
Pabestrol EC Enteric coated tablets containing
05 lor5mg
Sedestrol Tablets contaming 0 1 mg with
16 mg of phenobarbitone
Stlbeestrol Tablets contaming 1 mg with
Compound 16 mg of phenobarbitone

St:lbcestrol Dipropronate

Tgections
Pabestrol D 1 ml ampoules contaiming 1 or
5mg
Stilbeestrol 1 ml ampoules contaimng 1 or
Dipropionate 5mg
0 5-ml ampoules contaming 6 5
mg 1ml ampoules contaiming
1or5m,
Ouly solution ampoules contain
1ng 1 or 5 mg 25 m! bottles con
tamnig 10 mg
A 1 1or5mg
Orwntment
Stilbofax 0 05 per cent
Syntestrm 30mg peroz
Su[)[mma 15
Syntestrin 1 mg
Tablets
Pabestrol D 0105 lor5mg
Stilbeestrol 0105 lor5mg
Dipropionate 051 or5mg
011 or5mg
0162505 tor5mg

Syntestrin

Trphen lethylene Derssatives
o o Tablets contaning 05 g of t

phenylchloroethylene
Progestogens
Gt Lo 4 1orde
Powder
Cnpml 2 5or10gr

‘Corpus Luteum

{Allen and Hanburys
Brinsh Drug Houses
|Burcoughs ielicome

{Graaocn

Crookes

Lilly

Menley and James
Menley and James

Paines and Byrnc
Parnes and Byrne

Geigy

Boots

Pames and Byrne

‘Boots

Bnitsh Drug Houses

rganon
Craokes

Oxo

R chter

Burroughs Wellcome
Ruchter

Richter

Paines and Byrne

Boots

Briush Drug Houses
s

Crooke:
Richter

Imperial Chemcal
(Pharmaceuticals)

Armour

Armour
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Miscellaneous
Ambinon &

A\mb non B

Ant

Angerior Pawu tary
Extract

Antoxybm

Putexan Smoff
Putwtary Anter or
Lat

Symapmd n

1ml ampoules contasmng  the
egu alent f 100 o 300 gunea
P uns of 8 yrorophic hormone
and about 10 synengie rat umss ¢f
gonad trophic hormone supphed
with ampeules contasmng 100
umts of chonon ¢ gonadowoph n
Symular to \mt o A bus without
1hie chonoruc gabadotroph 7

1 ml ampoules of extract

3 m§ ampoules

65 and ¥ ! ampoules and 16
and 20-ml _sah conta mng the
equnatem of 2 gr of dr e gland

por mi

\ntenor lobe o der

1 mi ampoules and 10- and 2omi
Vials containing the equr atem of
1} gr of dned gland

Ym! ampoules coptan ng th
quvalentof 2 of frevh gland
$9md vaals contaming a combina
ton of th follcle symulanng
hormene from the antertor lob
and chononc  gonadatroph n
comtans 5 SROEE 3l umis
per ml

203

Oroanon

Organon

Rachter
Parh Dan

o

Pames and Byrne
Armaour

Fanes and Byrne

Parke Da »

Gonadotrophing from Other Sources
Charviemic Gonadotrophin

Antoxylin (8)
Antutnn S

{Antro chn}
Glanduant n
Gonadoteaphon L §
Gonady! Charanic
Conan
Physostabs
Pregnyl
Profan

Synapo d n

\mpquk‘!tan!amlng(ﬂ(lm‘ﬁﬂm u
Wemt v als conta mng 1
per ml 5Sml vl «mzanmq

m
Awpoules ¢ nta mag 107 or 500
froe

Anapoules comzm ng 100 500
Hi0 o 1500 )
Ampoutes contan g 1000 11
Ampaulescontam ng 1(Gor 5 o
Smpoules contain ng 500 or 1000

\mpﬂulrs contan ng 190 500 o
1500

Ampoules conta neng 100 500 or
2000

u
10-ml vials conta mng a comt ina
ton of the fllele sumulaing
hormone from the ant nor lobe
anl chonenc  gonadotoophm
contans 15 ynenyc rat s per

Sexum Goradotrophn

Antostab
Gent

Goradotraphon
S H

Ampou! s ontamng 500 or
1505

s comta ning 200 400
1ty or 3000y
\u poyles toma ung 400 1000
154 o 3000

Oxo
Psk DUa s
Ruchter

Pa nes and Byre
Roussel

Brtth Drug Hoises
Raots

Org non
Baver
Parke Da s

Poots
Organon

3 e and Byme
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Micryston 8ml vials contaming 125 mg
Progesterone per ml suspended 1 normal salne
Progestin 1 ml ampoul s containing 1 2 §

10 or 25 mg 10 ml vials con
taming 20 mg
1 ml ampoules contaning 1 2 §
100r 25 mg 5 ml vials contain
g2 50r t0mg perml 10 ml
vials contaming | or 25 mg per
Proluten 1mt ampoulcs containg ? 5 m
or 25

PANCREAS
Inyection of Insulin
Insulin 20 40 or 80 umts per mi
Unmodificd Insulm 20 40 or 80 units per ml
Injection of Globin Zinc Insulin

Globin Insulin (with 40 or 80 umts per ml
Zinc)

Irgection of Protamne Zine Insulin

Protamune Zine 40 or 80 unuts per ml
Insulin

Other Insulin Prepamtmns
Delay Insulin A B Protamme msul n with solution of
sodium phosphate to be added
immediately before use 40 and
80 units per ml
Insulin Omtment 1or 10 umts per g

PARATHYROIDS

15 ml sials contam ng 125 mg
perml 1n ol Capsules contaming
0625 mg n ol

Dipydrotachysterol
YT 10

Parathyrowd Extract

Para thor mone 5ml vals coptaming 20 unts
per ml
Paroid n 5ml vials contaming 100 units
per m]
Parathyroid 5ml vals contamng 20 unis
ormone p rml
PrTuitary

Anterior Lobe

Adrenocorticotrophic Hormone
Cortrophin —

Growth Hormone

Antuitrin Growth 20ml vals conta ung 8 rat

growtt un ts per m

Coates and Cooper
British Drug Houses

Organon

Brutish Schering

Allen and Hanburys

Boots

Briush Drug Houses

Burrough Vi elicome

[All n and Hanburys
t

Boot
1Bnush Drug Houses
Burroughs W ellcome

o0ts
British Drug Houses

{ \lNen and Hanburys
Burroughs Wellcom

British D ug Hous 5
Organon
Bayer

Ly
Parke Davi

Parnes and Byrne

Organon

Parke Davis
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Br tish Drug Houses
Methylthiourac 1 50- 100 or 200-mg tablets {Impmal Chemical
Pharmaceut cal }
50- or 200 mg tablets ‘Organon
100 or 200 mq tablets Burroughs Wellcone
(Tablets of Methyltt ouracil BP contan 01 g unless otherwise ordered }
Propylthiouracil 25 myg tablets Genatosan

(Tablets of Propylthiouracil B P contam 25 mg unless otherwise ordered )

and Related
D odotyrosine 100-mg tablets Organ

on
1 and 14 gr tablets Pamne and Byrne

Ehtyran Tablets 015 mg organc lodme and Bayer
009 mg_thyroune equnalent to
90 me of thyrowd

Thyroglobulin igr Oxo

Tab
Thyroxne Tabl 1s contaming 03 or 1mg of  Bnt sh Scher ng

DL thyroxine
Tablets contaiirg 02 or 08mg B tish Drug Houses
of bL thyrox ne sodium  bypoder
mctablets 1 me
Thyroune sod um 1g or 10-g bottles Burroughs Wellcome
L Thyroune sod um  Tablets contam ng 005 or 1 mg  Glaxo
of 1 thyroxne snd um

Whole Gland

Thyroid 1s suppl ed 1n tablets ranging n content { om i gr to 5 gr by vanous
manufacturers

Liquor Thyroide; Represents 20 fer cent of fresh ~ Oppenhe mer
substance
Paromin Emcnc coated tablets conta ning  Paines and Byrne

gr of organ cally com|
mgme and } gr of thyroid
Thyranon Tab! tscontain ng 3 1 1lor2gr O ganon
Thy ocol Capsules conta n ng active collod ~ Oppenhe mer
equ valent to 5 gr of thyro d

MANCFACTLRERS

The full names and adres es of the manufactu s of th p eparauons i the abo

hista e as follows

Allen and Haslurys Ltd Pethnal Green London E 2

Armour Laboratones Ltd L ndsey St t London EC 1

Bayer P oducts Ltd AfncaHous h ngsway London W C”

Boots Pure D ug Co Ltd Stat on Street Nott ngham

B tshDrug Houses Ltd G aham Street C ty Road London N1

Brit tSche nv Ltd 229-231 ken ngton High Stre t Londnn \\ s

Burroughs Wellcome and Co 183-193 Euston Road London N

G W Camnick and Co Newa k New Jersey (D.smbutors Bmoks and Warburton
Ltd 40 Vauxhall B dgc Road Lﬂndon SWi)

C ba Laboratones Lul Horsham Sus

Coatesand Coope Ltd Py mdW ks West Drzy(on M ddlesex

C ookes Laboratorses Ltd Pa k Royal London N W 1

Duncan Flockhartand Co Ltd 104-103 H lyrood Road Ed nbu gh

Evan. Medical Suppl es Ltd Speke Liverpool

Ged on Rlchle (G eatBrt ) i W dne nzlon Road London N W 5

Graqu boram es Ltd Greenford M ddl

Imprnal Chem cal (Pharmac ut cals) Ltd Ful haw Hall Wilmslo v Manchester
Lillyand Co Ltd Bas ngstoke

nts
Menley and James I td ll‘-’—lB Coldharbour Lan London SE5
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Gonadyl Seric Ampoules containing 400 or Roussel

Lutecantin Ampoules contaning 100 or 400  Ruchter
uny

Serogan Ampoules contatning 200 or Britsh Drug Houses
1000 1 u

Posterior Lobe
Injection of Oxytocin
(anccmm of Oxvtoan B P Sontams 10 umts {oxytocic) per ml )
Titoc hand 1 ml ampoulesand 5 m! = Parke Davis
vial

Iyection of Pitwstary (Posterior Lobe)
(Injecuon of Pyturtary (Postenior Lobe) B P contams 10 unts (oxy louc) perml)
05

Glanduitnn and 1ml ampoules and = Ruc
10-ml vials
Infundibul n 05 and 1'ml ampoules and 10- Evans
and 25 ml vaals
Infundin 05 and I m! ampoules Burroughs W ellcome
Pitbulm 05 and I m! ampoules Allen and Hanburys
Pitwtary (Posteor 05 and 1 ml ampoules and 10-  Armour
Lobe) Extract and 20-ml vials
05 and 1 ml ampoules Boots
05 and 1ml ampoules and Bnth Drug Houses
15 ml vials
05 and I ml ampoules Panes and Byrne
Pituten 05 and Iml ampoules and Parke Davis
10-ml wials

Injecﬂon of Vasopressin
he BP imjection contains 10 umts per ml The commercral preparation most
nearly resembl ng it 13 the follos mg
Pitressin 05 and l ml ampoules contain Parke Davis
g 20 pressor umts per ml

Snuffs
Disipid n 100 gr bottles or 1% gr capsules  Pawnes and Byrne
Glandustrin 5001u perg Richter
Piton Powder 500 1u perg n lactose Organon
Putuitary (Po terior  § gr capsules Armour
Lobe) Snufft

Other Posterior Lobe Preparations
Pitoxyhn Extract of the posterior fobe sup-  Oxo
phed 1 05m! ampoules con
tamng 5 units per ml 05 an
1 ml ampoules and 10-ml bottles
containing 10 units per ml  and
10 ml bottles contawrung 20 unuts

per ml
Putressitn Tannate n 1 ml ampoules conta ning 5 pres Parke Davis
il sor units

Tuyrom
Antithyroid Substances

Imperial Chem ca
(Pharmac:uncah)
50- or 200-mg tablets ‘Organon
(Tablets of Thiouract] BP contain 0 1§ uness otherwise ordered)

B atish Drug Houses
50 100 or 200 mg tablets {

Thiouracil
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