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L ISTORICAL INTRUDUCTION

Our knowledge of the hypophysis cerebri or
pltuitary gland dates back to the early anatomists,
Gelen, who considered that the gland acted as a filter
for the mucous fluid of the brain which was secreted in
some way into the naso-pharynx,adopted the name glandula
pituitaria. It is interesting to note that the name has
persisted to the present although the early theory of its
function has been discarded. These ideas of the specific
function of the pituitary were based on theorsetical
speculation and observation rather than experimental ex-
perience and consequently.were not easily corrected.
Other theories of its function were upheld from time to
time, but they did not threaten the theory of Galen and
“his followers very seriously. Uith the advent of the
microscope systematic investigation of the gland was
undertaken by Rathke (1838) and for the next fifty years
anatomists studied its embryological development, and
described its structure.

In the early eighties of the last century when

\the whole science of endocrinology was just beginning to
take form the clinical observations of Pierre Marie (118)
in cases of acromegaly and their association with

pitulitary tumors established a relationship between the
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pituitary and body growth. The work of Rogowitsch (1Ll)
on thyroidectomy also led to the establishment of a
relationship of the pituitary with the thyroid. However,
the experimental phase ol pituitary investigation which
ushered in the modern sera, albeit slowly, started with
the successful removal of the pituitary from two dogs by
ﬁorsley in 1886, (86)

From the time of Horsley's removal of the
gland until Smith described its successful removal in
rats forty years later the specific symptomslresulting
from hypophysectomy were never adequately or fully des-
cribed. ‘U“orkers too numerocus to mention hypophysectomized
cats and dogs and reached no unanimous opinion of the
symptoms definitely associated with removal of the gland
and their compatability with life. All the investigation
on experimental hypophysectomy prior to 1910 formed the
basis of a review by Cushing and co-workers (39). The
operative techniques employed in removing the gland from
various specles and the resulting symptoms as well as the
conclusions reached by the numerous investigators on the
physiological essentiality of the pituitary are contained
in the review., Cushing on the basis of his experimental
work expressed the opinion that the anterior lobe was
responsible for the preservation of physiological equil-

ibrium. The diffiéulty of the opserative technique resulted
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in injury to the brain tissue in the region orf the
hypophysis and this gave rise to symptoms wiich we now
recognize as not being due to loss of the pituitary.
Similarly the idea that pituitary removal was'incompat-
ible with the survival of the animal resulted from the
death of the animals through inanition. The muscles
employed in mastication wefe destroyed by the operative
approach to the pituitary. Aschner vho employed the
buccal route of hypophysectomy succeeded in keeping his
animals alive and has given an excellent review of the
knowledge of pituitary function as it existed in

1912 (9).

"hile clinical evidence and evidence of the
reciprocal action of other endocrines on the pituitary,
as well as experimental knowledge of pituitary function
were gradually accumulating, definite proof ol the role
played by the pituitary, especially with regard to the
trophic influence it exerts on other endocrine jlands,
was lacking. Smith's work in 1926 on the results of
hypophysectomy upon growth, the thyroid, adrenals and
gonads was the long sought answer of anterior pituitary
research (171). :The early historica; evidence for the
pituitary's relationship with other endocrines before
Smith's famous publication, and a complete survey of

the established anterior pituitary principles are treated



under separate headings.

A few yoears prior to Smith's investigation of
pituitary function evidence from another source was
important in its contribution to pituitary research.

After many failures to produce results DYy oral adminis-
tration of the pituitary to mammals -vans and Long (L5)
were successful in preparing an extract of anterior
pituitary which on injection stimulated growth 1in

normal rats. They subsequently obtained evidernce that
this extract influenced‘other endocrines apart from its
growth effects. Uther workers were also engaged in the
preparation of pituitary extracts and <the study of their
effects,

By 1930 the stage was sel as a result of
smith's work and the preparation of extracts by others
for the investigation of pituitary function By replacement
therapy. The gradually accumulated evidence, both clinical
and experimental,then formed the basis for the successful
solution of pituitary problems., In the relatively short
space of time which has elapsed since then the sreatest
strides have been made in pitultary investigation. The
ability of pituitary extracts to prevent the changes
characteristic of hypophysectomy and to restore those
structures where regression had occurred led wcrkers %o

investigate the principles present in the extracts responsible



for these effects. Althoush the existence of factors in
the extracts distinct from those which influenced growth
and the gonads was speculated upon,their existence still
remained to be proved., The éfforts of investigators in
this field were not only rewarded by the establishment
of the existence of these factors, out others whose
existence was not even suspected were shown to be
definite entities.

The protein or protein-like nature of thevarious
principles and the difficulty.in separating specific
factors uncontaminated with other active principles
greatly handicapped pituitary investigation. Despite
all efforts the active principles could not be accepted
as definite substances until they could be prepared in a
chemically pure form. In the‘investigation of other
hormones of the endocrine system the work had been part-
icularly successful. Not only were the substances pre-
pared in the pure state, but they were successfuly
synthesized. Pituitary research was veritably at a stand-
still, Various workers who appreciated the protein nature
of the anterior pituitary principles set themselves the
task of purifying the active principles and studying their
chemical properties. =~s a result of their efforts they
have succeeded in preparing the active principles in

either a chemically pure form or with only the slightest



contamination. The physical and chemical character-
istics have Dbeen studied and as a result of puriZication
our knowledge of the biological properties has greatly
improved. The appreciation of the protein-like nature
of these principles and t.ie application of methods
employed by physical chemists in the study of structure
has been of untold advantage in the final elucidation

of the s roblem.

The problem of isolating and studying the
principles in tine pure state was undertaken in two
ways. workers either set about preparing a single
factor or else they attempted the fractionation of -
anterior pituitary extracts to isolate as many as possible
of the active principles. The majority of workers have
employed the former method. The extraction procedures
employed were such that they ruled out contanination
with other factors as much as possible. In a word,
they were selective, and tie other principles were dis-
carded. After suitable extraction and isolation they
then proceeded to purify the active substance and to
obtain it in as active a {orr1 as possible., The means
taken to effect this were the use of isoelectric precip-

itation or salting-out procedures.,



More recently the tendency of workers has been
to isolate and prepare as many as possible of the active
principles from an anterior pituitary extract. Such
a method is not new. It was successfully applied by
Collip ten years ago (3l) . However those now using
this method of preparation and investigation have the
advantage of knowing the physico-chemical properties

of the active substances,

The main procedures used in fractionation are
isoelectric precipitation and salting-out the protein
by use of (uH) ), SOj . Thile isoelectric precipitation
was formerly most popular, the salting-out procedure
appears to wvc the method most generally used in the
fractionation of extracts and the preparation of

purified principles,

The protein nature of the active ur’nciples of

the anterior nituitary necessitates care in handling the

material prior to extraction. Although acetone desicecated

or frozen zlands can be used as a source material it is
advisable to use fresh anterior pltuitary tissue. The
species of the gland employed in investigation is also

important. Beef glands are recognized as a poor source
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of gonadotrophic principles and woriers interested in
the preparation of these factors use eithsr slhieep or
swine pituitaries. Recent -rork nas shown that the
gonadotrophic princinles extracted from Jdifferent
species while possessing similar biological properties

are slijntly Jdifferent cihiemically.

The chemical procedurses used in the preparation
of hormones are as numerous as the »orkers in this
field. The maln procedures in tie preparation of any
hormone or hormoncs are the cxtraction, isolation and
purification, The main methods employed for each

hormone will be found under the separate headings,
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THE NUMBER OF ANTERIOR PITUITARY HORMONES

It is impossible.to state the number of hormones
actually secreted by the anterior lobe of the piltuitary
gland. The various physiological and.éharmacological
effects produced by injection of the cruder extracts of this
tissue have led to the postulation of a great number of
active principles. These principles are said to exert a
control over the various endocrine glands as well as a direct
or indirect control over general body metabolism. It is in-
conceivable that one tissue could actually be the source of
so many separate and distinct factors, and there is a great
deal of speculation on the possibility. However, the
complete answer to the problem will be attained only when
investigators have succeeded in isolating the various factors
of the anterior hypophysis in pure form. Within recent years
a number of fractions have been obtained vhich are almost
completely free of contamination with other principles., The
hormones of the anterior hypophysis have been the subject of
80 much investigation and study, yet, they, of all the
hormones of the endocrine system, are most resistant to
isolation,

All investigation both physical and chemical points

to the protein or protein-like nature of these substances. It
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has been suggested by Collip that the various active fractions
must of necessity bevderived from or be altered products of large
protein molecules produced by the cells of the living gland.
He believes that all the physiological activitiee of the
anterior lobe are represented by different groupings of two
or three protein substances secreted by the gland. "It would
be possible to visualize the act of secretion of the normal
gland in situ in one or two ways. Elther the individual
physiologically active groups may be liberated by sone
hydrolytic process, probably enzymatic, from the native
protein carrier, or elce the secretion consists of native
proteins each carrying many active groupe. For example, in
the former case relatively small molecules could be visual-
1zed, representing the corticotrophic substance being set
free in the circulation and being picked up by and acting
upon the cells of the adrenal cortex; in the latter case, 1%
would be inferred that different peripheral structures are
acted upon by different groups in the hormone molecuie, a
specific group always having a specific physiological effect!
( 35 ).

Investigation to date allows for the conclusion
that there are six separate physlologically active principles
secreted by the anterior hypophysis. These are the growth,

tﬁ%otrOphic, corticotrophlic, lactogenic and gonadotrophic
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fractions, The last fraction is divided into a follicle
stimulating factor and a luteinizing or interstitial cell
stimulating factor. The history of these factors will be
treated in detail under separate headings. In the present
investigation these are the only principles whose separation
was sought by the fractlonation procedure employed and upon
which assays were subsequently conducted.

THE METABOLIC FACTORS

In addition to these six effects, anterior
pituitary extracts have been credited with other activities
of a metabolic nature, and the principles supposedly pro-
ducing them are generally grouped under the heading metabolic
hormones. Since Houssay first noticed the anti-insulin
effect of anterior pitulitary extracts many investigators have
turned to a study of the control over carbohydrate, fat and
protein metabolism exerted by the anterior hypophysis. It
should be mentioned that the existence of some of these
factors is questioned, and in the majority of cases the
principles in anterior pituitary extracts responsible for
them have not been clearly identified. Some of the effects
ascrived to separate metabolic principles may be either a
function of one or more of the already accepted factors, or

else result from breakdown products of pituitary proteins which

arise during preparation.
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In this investigation the various metabolic
factors now mentioned have not been studied. They are re-
viewed here rather briefly to complete the anterior pituitary
picture. The role in metabolism ascribed to the anterior
hypophysis is an important ons, and as reports on this
particular topic continue to be published one is amazed
at the variety of functions governed by this relatively small
structure.

CARBOHYDRATE METABOLISM

Prior to Houssay'!s report in 1929 the posterior
lobe of the pituitary was considered the important factor in
the regulation of carbohydrate metabolism. At this time
Houssay and Potick ( 87 ) demonstrated the great sensitivity
of hypophysectomized animals to insulin. The following year
Houssay announced the ameliorating effects of hypophysectomy
upon pancreatic diabetes. This phenomenon is now generally
recognized by the name of its discoverer ( 88 ). 1In 1932
Evans et al ( 50 ) reported the blood sugar raising effect
of anterior pituitary extracts. A few years later Young
( 192 ) ( 135) reported that certain anterior pituitary ex-
tracts were capable of producing a permanent dlabetes in dogs.
The mechanism by which such effects are produced by the ex-
tracts has been studied by Campiell and Best ( 26 )« These

authors find regressive changes in the islet cells of the
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pancreas accompanied by a fall in fheir insulin content,
The diabetogenic and anti-insulin effects of anterior
pituitary extracts are but a few of the many ascribed to
this gland which control one phase or another of carbo-
hydrate metabolism. Russell ( 17 ) described a factor
responsibie for the retention of carbohydrate stores in
muscle and Young has described a similar one for liver

( 193 ).

The role played by the adrenal cortex in carbo-
nhydrate metabolism, and the regulation of its function by
the anterior pituitary was reported by Lukens and
Dohan ( 198 ). The intimate relation of carbohydrate and
protein metabolism has been extensively studied since that
time and interest has shifted from the pituitary to the
adrenal cortex. Tne net result of these studles is the
postulation of a direct and indirect role of the pituitary
in carbohydrate metabolism,

PROTEIN METABULISM

The effects of anterior pituitary extracts upon
protein metabolism, particularly those rich in growth
activity were studied by Teel and Watkins ( 101 ). Gaebler
and Galbraith and others ( 182, 75 ). The nitrogen retain-
ing effect is demonstrated by a fall in the non protein

nitrogen of the blood and a decrease in urinary excretion.



Although most workers considsar this an effect of the growth
principle there are a few workers who think a specific
principle is responsible for the effects on nitrogen meta-
bolism.

A recent report of Young et al ( L1 ) would seem
to indicate that they consider some factor in pitultary ex-
tracts distinct from the growth principle responsible for
nitrogen retaining effects. ©Speculation is still rife as
to the method in which the pituitary controls protein meta-
bolism ( 121 ). Evans et al ascribe control of some phases
of nitrogen metabolism to their purified growth preparation
( 71 ). The pituitary also exerts an indirect effect upon
protein metabolism through the adrenal cortex ( 109 ).

FAT TUTABOLISM

Carbohydrate, fat and protein metabolism are so
closely interrelated within the organism that it is incon-
ceivable that an alteration in one component would not affect
the others. A separate factor of the anterior hypophysis
which influences fat metapnolism has been designated as the
ketogenic factor. Burn and Ling ( 199 ) first described a
property of anterior pitultary eéxtracts which caused increased
ketosis in animals on a high fat diet. This factor has been
extensively studied by lieufeld and Collip,(128 ) (129 )

Shipley ( 160 ) and others. Various workers report that
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their more purified growth preparations possess ketogenic
activity ( 20 ) ( 190 ). Shipley distinguishes the two
activities by differences in stability to heat.

As workers continue to prepare more purified
fractions of the various principles it is hoped that thel
identity of the metabolic hormones will be established
satisfactorily and that separate pfinciples will be
postulated or they will be associatéd with the already

existing ones.
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TIIE GROWTH HORMONE

EXISTENCE OF A GROWTH HORMONE

Of the six separate physiologically active prin-
ciples of the anterior hypophysis which have been postulated
the growth hormone is the one whose existence is questioned.
Among the foremost workers who deny that the pituitary
secretes a specific growth-promoting substance one can
mention Riddle ( 12 ) and Turner ( 16 ). It seems para-
doxical that the function first associated with the pituitary
should have been one of growth. The observations of larie
( 118 ) in which acromegaly was associated with pltuitary
tumors drew attention to the role of the pituitary in the
regulation of body growth.

The different criteria used by various investigators
in judging growth 1is responsible for the confusion attached
to this term. A mere increase in body weight is considered
by some a true indication of growth, while others insist
that an increase in skeleton size 1s a necessary criterion.
In the strict sense other factors such as nutrition and
heredity, not to mention the influence of other endocrine
glands such as the thyroid, exert a control over growth. It
is the belief of some that "the hormone stimulus of growth
is not vested in a single pituitary factor, but rather results

from a synergistic effect of several pituitary factors which
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influence directly and indirectly general metabolism and the
metabolism of fat, carbohydrate and protein" ( 16 ). Such
objections were understandable in the early days of pituitary
investigation when adequate test animals were not available
and the growth=-promoting extracts were contaminated Wiéh
other pituitary principles. However, with the advent of
newer physico=-chemical methods of extraction and the prepara-
tion of a growth principle contaminated to only the slightest
extent with other anterior pituitary factors ( 69 ) the
denial of a growth hormone is absurd. The pituitary is the
most important and essential regulator of growth.

EARLY STUDIES ON PITUITARY-GROWTI RELATIONSHIP

Although clinical evidence first supplied an indic-
ation of the probable role of the pituitary in growth reg-
ulation the experimental stage lagged far behind because of
the difficulty of the operative technigue in hypophysectomy
and the failure of animals to withstand the operation. The
experimental investigation of growth regulation may be said
to have been inaugurated by the successful removal of the
pituitary in puppies by Aschner in 1912 ( 9 )« The
excellent review by Cushing ( 39 ) on the earlier attempts
at hypophysectomy has been mentioned previously. The studies
of Cushing ( 4O ) and Smith ( 171 ) firmly established

that the removal of the pituitary results in an abrupt
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cessation of growth,

In the years intervening between Aschner and
Smith investigators turned their attention to a study of
growth regulation in flies, worms, fowl, amphibia and
mammals. The relative ease of ablating the hypophysis in
tadpoles suggested their value in the study of growth. In-
vestigators seeking the substance in pituitary tissue
responsible for growth administered either the whole gland
or the anterior lobe to normal animals and hypophysectomized
amphibia. Feeding rather than the parenteral mode of ad=-
ministration was used. The results of these investigations
were rather confusing, but the main conclusion seemed to
be that feeding pituitary was ineffective in accelerating
growth except in the case of amphibia,

Aldrich ( L ) in 1912 reported that growth
acceleration was not produced in mammals by feeding pituitary.
His work was amply confirmed by other investigators such as
Evans and “ong ( L6 ) and most conclusively by Smith ( 173 )
in 1927. A retardation rather than an acceleration of growth
was the result of feeding the anterior pituitary to fowls,
This was reported by Wulzen ( 19%X- ), Pearl ( 132 ) and
Maxwell ( 123 ). The results of feeding in amphibia differed
from those in the other species. Smith ( 167 ) fed fresh

anterior lobes to normal and hypophysectomized tadpoles and



produced increased growth. Uhlenhuth ( 184 ) later con-
firmed these results in salamanders.

Evans and Long ( 45 ) first demonstrated that
the growth rate of normal mammals could be increased by the
injection of an alkaline extract of the anterior pitultary
gland (1921). Their extract was the first growth-promoting
extract although it was contaminated with a variety of
pituitary principles. Since that time the efforts of this
group have been devoted to the systematic investigation of
methods of extraction and purification of the specific
principle. It was not until Smith was successful in'demon-
strating growth stasis 1In hypophysectomized rats and the
Yestorative effects of anterior pituitary implants ( 171 )
and Pituitary extracts ( 175 ) that final evidence for the
pituitary!s effect on growth was presented.

While the growth produced by piltuitary extracts
was not denied?nevertheless, the crude extracts employed
did not rule out the possibility that the effects were not
due to a specific growth-promoting substance. Even the
purest extracts available tended to stimulate other endocrines
when administered in high dosage ( 35 ). Recent progress in
the purification of this principle and the specific results
produced by these products definitely proves the existence

of a specific growth promoting substance (69, 61, 20),
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CHEMICAL PROPERTIES OF THE GROWTH HORMOANE

Growth promoting extracts may be extremely labile
under certain conditions. Heating an extract in alkaline
medium at 80 deg. C. for 15 minutes destroys growth activity.
The growth principle does not dialyze through collodion and
other membranes. It is euglobulin in nature and can be
precipitated from 0.25 M (NHu)2 Suh solution at pH 7 by
dialysis or increased concentration of (NHA)2 Sou, crowth
hormone is largely precipitated by 1.6 M (NHLL)2 Su), and
completely by 1.8 M ( 61),

Treatment with cysteine allows the growth hormone
to be separated from other active pituitary principles. The
isoelectric point of cysteine treated growth hormone lies
between pH 6.2 to 7.l. Untreated fractions precipitate over
a wider range, pH lL.6 to 9. The presence of $-S bonds is
indicated by loss of activity when treated with urea and
cysteine ( 69 ). |

BIOLOGICAL PROPERTIES OF THE GROWTH HORMONE

As in the case of other pituitary principles more
effort has been devoted to a study of the biological prop-
erties of growth hormone than to attempts at isolation and
purification. An active growth preparation when administered
to an immature hypophysectomized animal enables it to grow

at a normal rate. Growth in this instance being judged by
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both the increase 1n body weight and skeleton size.

The increase of body weight produced by growth
extracts is indicative of metabolic chanées within the
animal. The studies of Teel and TWatkins ( 181 ) Teel and
Cushing ( 182 ) and Gaebler ( 75 ) show changes in the
nitrogen-containing constituents of the blood represented
by changes in urinary nitrogen excretion. The fall in the
blood non=-protein nitrogen is largely due to a reduction in
the amount of urea and amino acids. The reduction in the
excretion of urine nitrogen shifts the nitrogen balance in
a positive direction. Recent publications from Evans'
laboratory ( 71, 121 ) shows that nitrogen retention is
produced by the injection of a purified growth hormone prep-
aration. Young ( i1 ) seems to be of the opinion that
growth and nitrogen-retaining properties are represented
by separate anterior pituitary principles. His argument
rests on the destruction of nitrogen-retaining activity after
treatment with 85% methanol. Paschkis (131 ) also suggests
the existence of two factors but on different evidence. Howe
ever, the bulk of evidence still points to the association of
growth and nitrogen-retaining properties,

The most potent as well as the least contaminated
extracts recently prepared all report an association of growﬁh

activity with diabetogenic as well as ketogenic activity, the
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latter particularly ( 69 ) ( 20 ). However, the recent
report by Shipley strongly suggests the separate identity
of the growth and ketogenic factors ( 160 ).

Assay of Growth Hormone

Growth hormone can be assayed by two main methods
both of which depend upon a weight increase response.
Normal female rats which have reached a period of growth
stasis or hypophysectomized rats are used in assaying this
principle.

USE OF PLATEAUED RATS

When female rats reach an age of five or six months
"they cease to grow and their body'weight becomes stationary.
Such animals are known as "plateaued" rats. Injection of a
growth stimulating extract into plateaued rats causes a re-
sumption of growth and the activity of the preparation is
judged by the weight increase. In distinction the male rat
does not attain a plateau, but continues growth at a slow
rate. It is therefore an unsatisfactory test object in
judging growth response.

Evans et al ( 17 ) introduced the use of plateaued
rats for a rapid and satisfactory method of assay. T'orkers
interested in the investigation of the growth principle ceon-
tinue to use normal animals despite the introduction of hypo=-

physectomized rats for assay purposes. Evans and co-workers



( 53 ) conduct their assay over a period of twenty days;
the total number of injections during this time being
seventeen. More recently they have employed a fifteen day
period of assay which proves to be equally satisfactory

( 120 ). oOther workers have introduced their own modifi-
cations into the assay procedure. Van Dyke et al ( 27 )
recormmend a ten day assay period while Light, de Beer and
Cook find a five day period satisfactory ( 103 ). The
longer assay period is probably more satisfactory since daily
weight variations in the animals do not assume as much
prominence.

USE OF HYPOPHYSKECTOMIZED RATS

Hypophysectomized rats, about ten days postoperative,
are really the more satisfactory animals for assay of the
growth principle. The use of such animals, although more
difficult to procure, has many advantages over that of normal
animals. Animals of either sex can be used since the same.
response is given by both. Hypophysectomized rats are ten to
twenty times more sensitive than normal rats to growth ex-
tract and their use rules out the possibility of an augment-
ing action of the animals'! own pituiltary. An interesting cor-
relation and comparative study of the two assay methods has

been made by Evans ( 120 ).
van Dyke and “allen Lawrencse (187 ) introduced the



,‘lél
S
;

hypophysectomized rat in the assay of the growth principle.
Their period of assay was only three days. Collip et al

( 31 ) employed hypophysectomized (100 gms.) rats ten days
post operative and recommended a fifteen day assay period.
Evans et al ( 120 ) use immature hypophysectomized rats
ten to twelve days after operation. They claim that at an
age of 26 to 28 days growth continues for only a few days
after hypophysectomy. These workers formerly recommended a
ten day assay period, but it is interesting to note that a
fifteen day period as suggested by Collip is now found more
satisfactory. Bulbring also uses hypophysectomlized animals
but her assay period is only five days ( 2L ).

Freud ( 200 ) has introduced another criterion
of growth apart from body weight response. Ile uses the
increase of taill length in the assay of growth hormone.
Griffiths and Young ( 81 ) have found this a satisfactory
method since tail growth in the rat is proportional to the
increase in body weight. It seems unlikely that this

method will replace the weight response methods.

PREPARATION OF GROWTH PROMOTING SUBSTANCE

Until 1933 attempts at purification of a potent
growth promoting extract were confined to a few workers.

Investigation of this problem was carried on in LEvans' lab-

oratory from 1921, and by 1929 he and co-workers ( 48 )



had prepared a potent alkaline extract from which the bulk
of inactive protein had been removed. The main problem
which then confronted them was the necéssity of removing

all specific contaminants as well as increasing the growth
stimulating potency of extracts. The alkaline extract was
the starting point for further purification both by use of
precipitation methods and organic solvents ( L9 ). Teel

( 180 ) who had originally worked with this group intro-
duced armmonium sulphate in the preparation of the growth
stimulating substance from anterior pitui@ary tissue., Several
other workers immediately introduced modifications of this
technique which is still the most widely used method in the
fractionation of anterior pituitary hormones ( 1{7; 23).
About the same time Janssen described the péeparation of a
potent acetone powder ( 92 )o Even in the early days of
hormone purification there was difficulty in evaluating the
potency of preparations due to the introduction of modifica-
tions in assay procedure.

The ability of Ca;(POu)Z to adsorb the growth
hormone from a pituitary extract was utilized by Collip ( %3 )
in the preparation of a growth extract contaminated to only
the slightest extent with other principles. The poor yield
of active suostance, in some cases as low as 5 pser cent,
showed the inmpracticability of such a method of preparation.

within the last few years rapid strides have been made in the



Ppreparation of growth promoting substance contaminated
to only the slightest degree with one or two other prin-
ciples. As knowledge of the chemical nature of the growth
hormone is gradually acquired by investigators 1t is
immediately applied to advantage in future work. Fevold
et al ( 61 ) recognizing the euglobulin nature of this
factor applied the principles of protein chemistry to its
fractionation. They separated the growth factor by care-
ful control of the ammonium sulphate concentration and the
pH of the solution from the other principles which were
present. Their final product represented the total activity
of the original tissue and a hundred and sixty-fold increase
in potency. The material appears to be free of céntaminants
and assays 115 units per mg. of dried powder (Lee's method)
(61 ).

The cysteine treated growth preparation of Evans
( 68 ) is essentially free from the thyrotrotrophic, lacto-
genic and corticotrophic and follicle stimulating hormones.
It is contaminated with the 1 C S H principle to the extent
of ten per cent. The cysteine treated preparation assays
100 hypophysectomized rat units per mg. (Evan's method)
( 120 ).

These two preparations represent the most potent
preparations to date. It is interesting that Fevold uses

sheep glands while Evans uses the customary beef glands.
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The main principles in the separation of this factor are
the alkaline extraction of either fresh or acetone
desiccated glands, the former being preferable and the
isolation of this principle from the extract by suitable
regulation of ammonium sulphate concentration and pH.
Evans recommends high alkalinity pH 11.5 to 1ll.7, in a
calcium oxide solution. le claims it has a denaturing
effect on inactive protein so that less appears in the
neutralized extract. PFevold uses a (NHu)zuH solution at
pH8 for extraction. The success of the work of invéstigat-
ors in this field appears to be due to modifications in
the general technique which permit maximum extraction
coupled with a great increase in the growth actlvity of
the final product, and freedom from other pituitary

principles.
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THE THYROTROUPHIC HORMONE

The existence of the thyrotrophic hormone as a
separate physiologically active principle of the anterior
hypophysis is generally accepted. In 1889 Rogow itch
( 1y ) noted cell changes and enlargement of the anterior
pituitary of thyroidectomized dogs and rabblits and wrongly
attributed these changes to the vicarious action of the
hypophysis. The clinical and experimental findings of
other investigators have confirmed his observations of
pituitary changes after thyroidectomy ( 104, ) ( 22 ).

As a result of Adler's ( 3 ) successful ablation of the
pituitary in amphibia (191l) Allen and Smith studied the
results of hypophysectomy in larval amphibia (5; 166)

( 166 ). They observed atrophic changes in the thyroid
gland and assocliated them with the failure to metamorphose.
In 1912 Gudernatsch ( 8% ) had produced precocious meta-
morphosis in tadpoles by feeding thyroid. The theory of a
pituitary-thyroid relationship in amphibia was strengthened
by these observations and further confirmed Dby the thyroid
repair Smith ( 169 ) produced by the implantation or
injection of anterior pituitary extracts in hypophysectomized
tadpoles. The injection of anterior hypophyseal extracts

into amphibia by Spaul ( 176 ) in 192l produced acceleration
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of metamorphosis associated with hypertrophy of the
thyroid. Uhlenhuth and Schwartzbach ( 185 ) confirmed
his findings a few years later.

The investigation of the pitultary-thyroid
relationship was soon extended to mammals. Aron ( 19¢& )
and Loeb ( 105 ) induced hyperplasia of the guinea pig
thyroid by injection of anterior pituitary extracts (1229 ).
Subsequent to their reports numerous investigators observsd
hyperplasia of the thyroid in a variety of laboratory ani-
malss Janssen and Loeser ( 93 ) and Junkmann and
Schoeller ( 96 ) in the guinea pig, Houssay et al ( 89 )
and Putnam, Benedict and Teel ( 1. ) in the dog, and
Riddle and Polhemus ( 137 ) in the pigeon; Anderson and
Collip ( 6 ) in the rat and Schockaert ( 152 ) in the
duck., The result of this work was a stimulation to in-
vestigate further the principle present in anterior
pitultary extracts responsible for the thyroid effects,

The existence of a specific principle was confirmed by its
separation from other pituitary factors and subsequent

investigation has resulted in the preparation of potent

fractions almost completely free of contamination.,
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THE CHEMICAL PRUPERTIES OF THE THYROTRUPHIC SUBSTANCE

The thyrotrophic hormone is soluble in water
and dilute solutions of acid and alkali. It is soluble in
aqueous solutions of ethyl alcohol, acetone and pyridine,
but is insoluble in concentrated solutions of organic
solvents, a property that has been used tb advantage in
purification of the active principle. Cohn et al ( 61 )
have shown that the hormone appears to be completely
precipitated when the concentration of ammonium sulphate
reaches 2.0 at pH 7. When an extract is heated in
neutral solution to 100 deg. C its activity is destroyed.
Chemical analyses of an almost pufe fraction show that the
protein contains 13% nitrogen; 3.5% carbohydrate and 2.5%
glucosamine. Cysteine treatment, under conditions

favorable for the reduction of 5=3 bonds was found to

inactivate the hormone ( 72 ).
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THE BIULOGICAL PROPERTIES OF THZ THYRUTROPHIC HORMONE

The biological properties of the thyrotrophic
hormone have been amply studied both in normal and hypophy-
sectomized animals. The administration of a suitable
amount of this principle to a normal animal produces hyper-
trophy of the gland associated with histological changes
indicative of hyperactivity ( 196 ) (105 ). This results
in an increase in the metabolic rate ( 1561 ) and increase
in the heart rate ( 151 ) reduction in the iodine content
of the gzland ( 152 ) and exophthalmus ( 107 ). This
principle repairs the effects of hypophysectomy on the
thyroid gland.

A great species variation exists in the response %o
thyrotrophic hormone. The guinea pilg is the most sensitive
mammal while the normal rat is almost insensitive to injected
extract. It is interesting to note that a study of the
thyrotrophic content of these two species shows that the more
sensitive animal contains the least hormone ( 3l ).

The specific effects produced by the injection of the
thyrotrophic hormone are credited as an activity of the
interstitial cell-stimulating or luteinizing hormone ( Siy;%5 ).

The results obtained by Fraenkel-=Conrat ( 72 ) with an
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almost purified preparation of thyrotrophic hormone as
well as those of Cohn et al ( 61 ) do not support the

contention that these two hormones are identical,
Similarly the studies of Van Dyke on selective enzymatic
inactivation shows their separate identity ( 28 ) e
Marx, Evans and Simpson ( 119 ) found that the purified
thyrotrophic hormone enhanced the growth effect of a

purified growth hormone.

METHODS OF ASSAY OF THE THYRUTRUPHIC HOURMONE

The various biological effects of this principle
are the basis for the numerous methods used in the assay
of the thyrotrophic substance,

The most popular method of assay is based on the
weight increase of the thyroid gland produced by the thyro-
trophic principle. The use of guinea pigs for this test
was introduced by Rowlands and Parkes ( 145 ). MNore
recently the thyroid weight increase of newly hatched
chicks has been introduced by Smelser ( 10L.; 1¢5).

The chick is more sensitive to the action of the hormone
and the method is gaining widespread use in the assay of

thyrotrophic activity. ©Smelser's work has been confirmed

by Turner and others ( 163 37).



25

Since the histological changes wrought in the
thyroid gland by the pituitary principle were among the
first effecés noted by the early investigators it was only
natural that they should serve as a criterion of response.
Among those using such methods in the estimation of
activity are Loeb and Bassett ( 106 ), Aron ( 197 ),
Junkmann and Schoeller ( 96 ) and Heyl and Laqueur
(85 e

Another biological effect of the active principle
is the decrease in the iodine content of the gland.
Stimmel ( 177 ) makes use of this effect as an index of
activity. The increase 1in metabolic rate produced by
the thyrotrophic hormone has besen used by Anderson and

Collip in assaying the hormone ( 7  }.

PREPARATION OF THE TIIYROTRUPHIC JIORMONE

Despite all the investigation devoted to a study
of the thyrotrophic substance the literature on the prepara=-
tion of this principle is in a confusing s tate. Very few
investigators have attempted to prepare the principle in a
pure form uncontaminated by other factors, and the majority
of those who report active preparations neglect to give all

the details of procedure. The variety of assay methods
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available and the failure to correlate newer methods with
the already accepted ones serves to complicate the picture
further,

Smith ( 175 ), Schockaert ( 153 ) and Foster,
Gutman and Gutman ( 66 ) made use of fairly crude extracts
in thelr investigation of the thyroid-pituitary relation-
ship. A saline extract of beef anterior pituitary, con-
taminated by a variety of pituitary principles, was used
by these workers. Putnam, Benedict and Teel ( 1l ) as
well as Houssay and co-workers ( 89 ) used modifications
of the alkaline extract originally described by Evans.

Loeb ( 10% ) showed that the same effect was produced in
the thyroid by use of either acid or alkaline extracts.

The neutralization of either acid or alkaline
extracts caused the removal of inactive protein material from
the solution. Attempts were also made to free thyrotrophic
material from other active contaminants. Uhlenhuth ( 186 )
brought his acid Ringer extract to the boil, filtered and
injected the extract immediately. The heating process was
effective in removing other pituitary principles, he claimed.
The use of iron hydroxide as an adsorbent resulted in a
highly purified preparation. Junkmann and Schoeller, are, {56)
however, vague concerning the details of procedure. Anderson

and Collip ( 7 ) prepared a potent extract, free from



growth, by repeated saturation with ammonium sulphate and
subsequent washing of the precipitate and precipitation of
the active principle by alcohol, Differences in solubility
in higher concentrations of alcohol served to separate the
thyrotrophic from the adrenotrophic principle with which

it was associated. Rowlands and Parkes ( 1,5 ) by means

of pyridine extraction removed thyrotrophic and gonado-
trophic principles from growth and prolactin. Greep( 77 )
succeeded in separating the thyrotrophic from the gonado-
trophic principles of the anterior pituitary, particularly
the follicle stimulating hormone with which it was closely
associated as a result of the particular extraction procedure,
Lambie and Trikojus ( 97 ) describe a potent preparation by
precipitation with tungstic acid and subsequent removal of
the active principle by alcoholic benzoic acid. Fraenkel-
Conrat ( 72 ) has recently reported the preparation of the
thyrotrophic hormone in a practically pure state. The final
product represents a hundredfold purification with recovery
of about one-third the total thyrotrophic activity of the
starting material. It was found to contain about 10 per cent
of the interstitial cell-stimulating hormone, but only small
amounts of growth, prolactin, adrenocorticotrophic and

follicle stimulating hormones. The gain 1in weight of the

chick thyroid has been used in assaying the potency of the



preparation. An excellent correlation of this method with
five other well-known methods of assay is given by these
authors.

Beef glands because of their high thyrotrophic
content are used in the preparation of the thyrotrophic
principle. Rowlands ( 145 ) has shown their superiority

over sheep glands,
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Prolactin or The Lactogenic Hormonse

The study of prolactin or the lactogen’c Loruonz,
nas provsed the most successful in the waole field of
pltuitary investlgation. Prolactin differs from the other
pltultary factors which exsrt a trophic influence on their
specific end-organs. It is merely a secretagogue causing
initiation of lactation in sultably prepared mammary tissus.
This active principle has besn prerared as a crystalline
substance as well as an amorphous powdnr, and investigation
‘by electrophoretic and other methods has shown them to be
homogenseous substances. The physico-cherical as well as
the biological properties will be trsatad separately in
greater detall.,

Before t.is report of Stricker and Grueter in
1928 ( 178 ) a relationshir of the pitultary with milk
secretion had been hinted at. Ott and Scott in 1910
observsed increased lactation in a goat after intravsnous
injection of an extract of the pocierior lobe { 130 ),
Stricker and Gruater, however, showed a relationship between
the anterior pituiltary and lactation when they produced milk
secretion in a pseudo-pregnant rabbit by injections of an
anterior lobe extract. Within the next year they extended

their observations to dogs and swine (179;62). Other workers

such as Turner and Gardner ( 183 ), Nelson and Pfiffner
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( 126 ) and Corner ( 38 ) were quick to confirm their
results In different specles such as the rat, guinea pig
and goat.

The first studies on lactation were intimately
tled up with studies of-the gonadal pituitary relationship.
Following high doses of oestrus-producing substances
lactation was noted in gulnea pigs by Laqueur and co=-workers
( 98 )+ The necessity of the presencs of the gonads in
mammals s0 that their secretions could produce the proper
conditions in mammary tissue for prolaétin to be effective
was soon recognized. Generalizations along this line were
impossible since a specles differsntiation was soon
recognized, Somé species merely required the action of
oestrin on mammary tissue ( 73 ) while others required
progesterone ( 21 ) in addition.

Riddle ( 136 ) in 19%1 while investigating the
effects of an alkaline pituitary extract on pigeons noted
stimulation of the pigeon crop gland., The only recognized
pituitary hormones at that time were the growth and
gonadotrophic factors, and Riddle thought the latter was
probably responsivle for the effects produced. Subsequent
study by Riddle, Bates and Dykshorn (139 ) showed that
a separate piltuitary factor, which thejy called prolactin,‘
was responsible for the initiation of milk secretion in

mammals, and pigeon crop gland stimulation, Lyons and



Catchpole ( 110 ) confirmed the existence of a separate
pitultary factor responsible for lactogenic function and
named the principle mammotrophin,

Gardner and Turner ( 76 ) described the
chénges in mammary tissue of the rabblt during lactation
and ascribed the name galactin to the effective agent. The
1dentitj of these three substances 1s now definite,

Apart from the work of varlous investigators in
the preparation oﬁ the active principle and suitable assay
methods others tufned their attention to a study of the
mechanism and control of milk secretion. The role of the
pituitary was investigated by Collip and co-workers ( 33 )
who showed the necessity of this structure for continued
lactation. The effects of ovarlectomy and Caesarian section
late in pregnancy, as well as the part played by suckling,
was studied by these investigators and greatly contributed
to our knowledge of the interrelatlionship of pitultary and
mammary tissue in lactation (156;157).

Within recent years the efforts of investigators
in this field'have besn directed to the preparation of the
active principle in a pure form, uncontaminated by other
factors, and possessing a high degree of potency. In this

they have been highly successful as wlll be shown.
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Assay Methods for Prolactin

Since the establishment that the principle
responsible for crop gland stimulation in the dove or
pigeon 1is the same as that causing milk secretion in the
prepared mammary tissue of mammals, two general methods
of assay may be used. One is based upon crop gland
response in pigeons and the other on the production of
lactation in mammals. Various modifications of the two
methods have been introduced.

The more sultable method of assay would appear
to be that based on crop gland stimulation since pigsons
of elither sex can be used whereas the female mammal must
be employsd, The marmary tissue of the mammal must be
sultably prepared before lactation will result, but
stimulation of the pigeon crop gland requires the obser-
vance of only a few simpldyprecautions. The response in
pigeons can be strictly quantitative especlally if judged
by weight increase while it is rather difficult to judge
the amount of lactation, particularly in a small animal,

Riddle, Bates and Dykshorn ( 139 ) introduced a
crop response method based upon the weight increase of the
crop gland of doves and pigeons after a uniform period of
injection with an anterior pitultary extract. These

authors excise the stimulated portion of the crop wall,
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the crop gland, and compare its weight with normal controls,
Selected birds 2 to 3 months old are injected intra-
muscularly once daily for four days with autopsy about 96
hours after the first injection. They found that a linear
relation exists between the crop weight and the logarithm
of the dosage, and thelr unit is the extrapolated wvalue
for the threshold dose in an average sample of their doves
of many races.

McShan and Turner ( 115 ) propose as their
pigeon unit "the total amount of hormone injected during
a period of four days which will cause a minimum, but
definite proliferation of the crop glands of 50 tn per
cent of 20 common pigeons weighing 300 & !0 gns." Lyons
( 113 ) uses a similar minimal stimulation unit. Positive
stimulation is indicated by the presence of typical
parallel strands of thickened mucosa. This method of
assay is subjective whereas that of Riddle and Bates is
objective. Lyons and Page ( 111 ) Introduced a more
sensitive assay method by modification of the route of
injection., The method is essentlally a minimum stimulation
method, but by injection of the extract intracttaneously
over the crop sac a response can be evoked with 1/1000 of
the systemic dose. Others using local stimulation methods
are Burrows and Byerly ( 25 ) and Resce and Turner ( 134 ).

As far as lactation in mammals is concerned Gardner



and Turner ( 76 ) proposed the use of the pseudo-pregnant
rabbit in assaying the active principle. lelson (127)
uses the hysterectomized pregnanﬁ gulnea piy ana finds
that it only takes 1/5 of the dose required to produce a
similar response in the pseudo=pregnant rabbit.

4t the Third international Conference on the
Standardization of Hormones it —wus agreed to set up an
international standard preparation ( 36). Lyons ( 11l)
reports that his purified prolactin preparation is twice
as active in guinea pigs and three times as active in

pigeons as the standard preparation.

CrEMICAL PROPERTIES OF PROLACTIN

Prolactin was the first pituitary hormone that
investisators have succeeded in preparing in a pure state.
The soclubility of prolactin as well as its loss of potency
when treated with pepsin and trypsin ( 116 ) and its
thermal instability at various hydrogen ion concentrations
is an indication of its protein nature ( 190 ). BRlectro-
phoretic studies by Li, Lyons and ®vans ( 101) on a
product which they consider pure snovs it to oe homogeneous
and possessing a molecular weisht ol approximately 25,000,
Analysis of their product shows that it contains 2.5
tryptophane, 8.31% arginine, 3.U% cystine, 5.7 tyrosine

and 1.,79% sulphur. These figures agree quite well with tle



results of White, Bonsnes and Long ( 190 ) whose
crystalline preparation contains 5.5¢ tyrosine, 1.3%
tryptophane and 3.3%% cystine. They report the molecular
weight of their preparation as 32,000,

Prolactin was formerly reported insoluble in
all fat solvents, however, the recent report of Fleischer
( 64 ) indicates its solubility in 99.8% methanol and
95%‘ethanol at a pH below its isoelectric point. rrolactin
is soluble in HyU except at its isoelectric region pH5=06.
The isoelectric point values of pH 5.6 ( 101 ), 5.7 ( 100 ),
5.73 ( 159 ) have besn reported for both amorphous and
crystalline prolactin fractions. White et al ( 190 ) report
the isoelectric point to be between pH 5.65 and 5.70.

The data collected on both the amorphous and
crystalline fractions indicate the identity of these two
products on the results of bioassay, solubility, sediment-
ation and electrophoretic studies ( 190 ). Riddle and
Bates ( 14,3 ) have shown that a prolactin solution may
be heated at pH 8 to 100 deg. C for one hour or at 60 deg.
C for five hours. uhite et al ( 190 ) using their highly
purified prolactin report it to be stable to heat in 0.0L%
solutions of pH 1 to 9 for 15 minutes in a boiling water
path. With a %0 minute heating period there is a definite

destruction of prolactin activity at all pHe.



BICLOGIC:L PRUPERTIES 0 PROLACTIN

Certain well-known effects are definitely assoc-
iated with prolactin. l.ost notable among these are the
effects upon lactation, crop-sac, gonads and certain
organs as well as metabolic effects.

The érop sac of pigeons is markedly stinulsted
during.the last week of brooding and for three weeks
after hatching. %This results in the formation of crop
milk which is regurgitated by both parents to feed their
offspring. Injection of prolactin into pigeons can bring
about all these effects and its action would appear to be
a direct one on the crop gland ( 139 ). Similarly in
mammals prolactin exerts a direct effect upon suitably
prepared mammary tissue so that milk secretion results
(76 )

Riddle et al ( 12 ) have observed a splanchno=-
megaly in pigeons treated with prolactin. There 1is a
definite overgrowth of liver, and increase in length of the
intestinal tract. These authors have also been successful
in inducing broodiness in fowl of suitable genetic con-
stitution, The testes of adult pigeons are reduced in
weight by injection of prolactin ( 14,0 / and the ovaries
stop production of yellow ova, and those already formed

dre resorbed (11 ). Riddle, Smith, Bates, loran and
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Lahr ( 141 ) noticed a marked calorigenic action in
pigeons. Prolactin'exerts a definite effect on carivo=-
hydrate metabolism. It has been found to increase the
blood sugar in doves, pigeons and rabbits ( 142 ), but
Young ( 194 ) has shown it is not the factor responsible

for pituitary-induced diabetes of normal dogs and rabovits.

PURIFICATION OF PROLACTIN

Prolactin was the first pituitary hormone to
be prepared in the pure state. Riddle ( 128 ) and Turner
( 76 ) showed that the active principle could be ex-
tracted from fresh or acetone-desiccated glands by means
of an aqueous acid or alkaline solution. The use of non-
agueous media for extraction was soon found to result in
clearer extracts. Lyons and Catchpole ( 110 ) intro-
duced the use of 66% acetone in acid medium pH 2, and Bates
and Riddle ( 10 ) used 60 to 70% ethanol in an alkaline
medium pH 9-10. The latter procedure was reported ( 15 )
to give the Dbest extraction of the active principle both
from the point of view of yield and unitage per mg of
extracted solids. The acid acetone procedure described
by Lyons in 1937 ( 112 ) has subsequently proved the most

efficient method of extraction. In the hands of many

investigators (190; 101; 159 ) 1t has Dbeen the starting
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point for the crystallization and preparation of highly
purified fractions. A recent publication by Fleischer

( 6y ) reports the preparation of a highly purified
fraction by rather an unusual procedurs. The active
principle was removed from pituitary tissue and separated
from the majority of other principles by acidic chloro-
form. Extraction of prolactin from the chloroform gel
by acid methanol (99.8%) and subsequent purification by
salt fractionation results in recovery of thirty five per
cent of the original activity and a thirty fold increase
in the activity of the final product,

Subsequent to any extraction procedurse it is
necessary to isolate the prolactin from other pituitary
factors, particularly the corticotrophic factor with which
it is closely associated. The extréction procedures
generally employed result in the presence of a minimum
number of active principles in the extractive. The sep=-
aration of prolactin and the corticotrophic principle is
generally accomplished by isoelectric precipitation. The
isoelectric point of the corticotrophic factor was formerly
thought to be pH 6.5, while that of prolactin, as previously
mentioned, is pH 5.65. It is interesting to note the points
of minimum solubility between acid and alkaline extracts,

The isoelectric point of acid extracts is around pH 6-7



(110;138) while in alkaline extracts it is between pH 5-5.6
(1%9;76)

After isolation from contaminating principles the
prolactin is ready for further purification. This is
usually accomplished by reprecipitation from salt solution
or treatment with a mixture of pyridine and acetic acid or
precipitation with acetone in an acid medium. The product
that results from these procedures is either an amorphous
preparation or a crystalline one. Vhite et al ( 189 )
first reported the preparation of crystalline prolactin
which they considered highly active. Riddle and Bates
later found that their amorphous powder contained 10
Riddle-Bates units per mg. as compared with 6.5 similar
units in %hite'!s crystalline preparation. The purification
of prolactin has advanced rapidly within the past few
years. The recent crystalline and amorphous preparations
have been found to possess the same activity. & com-
parative study of the various purified prolactin prep-
arations showed their identity and similar activity

( 190 ). The majority of preparations possessed 30-31

international units per mg. ( 36)
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THE CURTICUTROPHIC PRINCIPLE

The corticotrophic or adrenotrophic principle
refers to that factor in anterior pituitary tissue which
has as its special function the maintenance of the adrenal
cortex. This factor was the last of the six accepted
pituitary factors to be identified and established as a
specific entity. Its close association with both the
thyrotrophic and prolactin fractions of anterior pituitary
extracts was responsible for the delay in its recognition.

The stimulating action of the pituitary on cortical
tissue was first reported by Smith. Hypophysectomy was ob-
served to cause atrophy of the cortical, but not the medullary
tissue of tadpoles ( 168 ). Smith in his renowned study of
the effects of hypophysectomy in the rat reported regression
of the cortex ( 171 ). In a more complete report a few
years later he showed that implants of anterior pituitary
were effective in restoring the atrophied cortex to normal
while saline extracts of bovine anterior piltuitary were with-
out effect (175 ). Evans and associates reported that their
growth extracts were capable of restoring the atrophied cor-
tex of hypophysectomized rats, but gonad stimulating prep=
arations from pituitary origin were ineffective ( 51 ) e

The number of non specific agents capable of causing

adrenal cortical hypertrophy was borne in mind and while



most investigators thoﬁght that a specific principle could
exist they lacked final proof in the matter. The production
of cortical adenoma iﬁ expserimental acromegaly produced

in dogs by pituitary extracts strengthened the argument as
did the reports of adrenal hypertrophy in other animals.

The work of IHoussay ( 90 ), Anselmino, Herold and Hoffman
( 8 ) and Emery ( li ) reported stimulation in normal
animals. Clinical evidence of a pituitary-adrenal relation=-
ship also existed ( 148 ).

From the observations of those interested in the
study of the thyrotrophic hormone the adrenal stimulation
was considered a secondary effect of this principle. Loeser -
( 108 ) claimed that his thyrotrophic extract induced
adrenal hypertrophy in all his treated gulnea pigs and quoted
this as evidence that this principle was the causative agent.
e then retracted his statement. Friedgood ( 7Tl ) observed
that the hyperthyroidism of guinea pigs produced by partially
purified alkaline extracts was accompanied by adrenal hyper-
trophy.

Collip et al ( 32 ) while working on a thyrotrophic
preparation succeeded in separating from it a factor respons-
ible for cortical stimulation and repair. They presented
evidence for the existence and separate identity of this
specific principle, Riddle and associates ( 143 ) in their

studies of prolactin observed adrenal stimulation, but con-



sldered it one of the numerous effects of prolactin. They
discredited the evidence of Collip for the existence of a
specific principle until Lyons ( 112 ) succeeded in sep-
arating an adrenotrophic fraction from prolactin. loon

( 12y ) described the preparation of this principle and

its biological effects,

BIOLOGICAL PROPERTIES OF TIIE CORTICOTROPHIC PRINCIPLE

It is generally accepted that the only function
of this principle is the maintenance of the adrenal cortex,
The regressive changes initiated by hypophysectomy can be
restored to normal by the injection of the active principle
( 32 ). There is a restoration of the cytoplasm of the
cortical cells, an increase in the fat content and the dis-
appearance of pycnotic nuclei. The injeétion of an active
preparation into normal immature rats produces an increased
fat content throughout the whole cortex,but particularly, in
the normally fat-free zone between the glomerulosa and
fasiculata. There is hypertrophy and hyperplasia of the
cortical cells particularly in the zona glomerulosa and
outer zona fasiculata ( 12 ).

The adrenotrophic principle has been reported to
partly restore the work capacity which is subnormal in hypo-

physectomized rats ( 91 ). Jensen and Grattan ( 95 )
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showed that the adrenotrophic fraction of the anterior lobe
has an anti-insulin action and increases liver glycogen.
Extracts from the adrenal cortex and crystalline corticos-
terone acetate produce definite glycotrophic effects so one
can conclude that these actions of the corticotrophic
principle are mediated through the adrenal cortex,.

CHEMICAL PROPERTIES OF THE CORTICOTROPHIC PRIWCIPLE

The corticotrophic principle is the last of the
six accepted pituitary factors whose separate identity has
been established. 1It, like the other hormones, is protein
or protein-like in nature. The study of the chemical prop-
erties of this hormone has been retarded by the relatively
small yields of purified material which have been obtained.
Receni reports indicate that two laboratories have succeeded
in preparing pure corticotrophic substance and the results
of chemical study will be published shortly ( 102; 150).

The chemical properties of this principle resemble
very closely those of prolactin with which it is usually
agssociated. Like prolactin the corticotrophic principle is
soluble in 60-T70 per cent ethanol even in its isoelectric
region ( 32 ). Its high solubility at pH 3.5 in the
presence of HpS0), differentiates it from prolactin. Lyons
reported that the isoelectric point of the corticotrophic
principle is pH 6.5 ( 112 ). Riddle et al criticize Lyons

description of this protein as a typical aqueous isoelectric-
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ally insoluble one (13 ). They found that at the
reported isoelectric point some active material remained
in the supernatant. Solubility of this principle at pH 6.5
has been intimated by two investigators ( 13%; 95).

In view of this the recent reports of Evans et al ( 102 )
and Sayers, White and Long ( 150 ) are of interest. BRBoth
groups have obtained the principle in a pure state as in-
dicated by electrophoretic studies and solublility tests
and they report the isocelectric point at p H li.7.

| The tryptophane content is ten times less than
that of prolactin which is 2.5 per cent. The hormone was
reported by Collip to be very stable on heating in aqueous
solution over a wide p H range ( 25 ). Even in the
purified state the heat stability of this principle is
exceptional, Its biological activity is not diminished
when a 1 per cent solution in p H 7.5 phosphate buffer

is heated on a water bath at 100 deg. C for 2 hours.

ASSAY OF THE CORTICOTROPHIC PRINCIPLE

Several methods of assay may be used for the
corticotrophic principle., They are based upon the hyper-
trophy of the adrenal cortex in normal animals treated with
the specific principle and on the maintenance or restoration
towards normal of the atrophic cortex after hypophysectomye.

In the opinion of most investigators the use of

the hypophysectomized rat is the most satisfactory method for
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the assay of this principle. A period of two weeks after
hypophysectomy is sufficient for regressive changes to take
place in the cortical tissue. This layer becomes thinner,
the cells become disorganized and there is a loss of their
fat contents. The injection of the active principle

brings about a restoration so that the cortex assumes its
normal appearance. Collip ( %2 ) introduced the use of
hypophysectomized rats for assay purpose when he reported
the existence of a specific pituitary factor exercising a
trophic effect on the adrenal cortex. The assay consists

in the removal of the left adrenal from rats ten days to

two weeks after operation. Injections of the active
principle is carried on for six days when thé right adrenal
is sectioned and weighed. The difference in weight between
the right and left adrenals, together with the histological
picture is indicative of the degree of stimulation. The

use of a large number of hypophysectomized animals in the
assay procedure eliminates the removal of one gland prior

to treatment since the degree of regression in animals of
the same sex and age is fairly constant., Evans ( 102 ) uses
immature rats fourteen days post operative and after four
days of injection kills his animals on the fifth. The degree
of activity is judged by the histological picture of repair.,
White et al ( 150 ) employ mature rats as suggested by
Collip. The activity is calculated on the minimum dose



effecting cortical repair by both Evans and White.

Modifications in the welight of the animals at hypo=
physectomy have been introduced in the maintenance method
of assaying the corticotrophic principle. The animals are
treated with the active substance immediately after hypo-
physectomy for a period of two weeks. The minimum dose
which 1s effective in maintaining the adrenal weight of
these animals at the level of normal controls of the same
age is determined. The histological picture is also an
important criterion ( 1023 150).

The variety of agents which lead to a stimulation
of the adrenal cortex in a normal animal does not allow one
to consider hypertrophy of the gland under the influence of
an extract as a specific effect., 1oon (12 ) introduced
the use of twenty-one day old normal rats for assay of the
corticotrophic principle. Injections are made intraperiton=-
ally for three days and the production of a 100 per cent
increase in adrenal weight above that of untreated animals
is considered a unit response. More recently he has intro-
duced the use of four day old rats (125 ). uvther workers
have introduced modifications particularly with reference
to the number of injections per day ( 20 ) e

Bates, Riddle and lMiller ( 13 ) make use of white
Leghorn cockerels in their assay of the active principle. The

chicks are two days old at the start of injections which



PREPAKATION OF THE CORTICOTROPHIC PRINCIPLE

Since the announcement by Collip 1n 1933 of the
existence of a corticotrophic principle of anterior
pltuitary winich has as its specific function the maintenance
of the adrenal cortex, this hormone has been almost ignored.
it has not received the amount of concsntrated investigation
directed toward the other pituitary principles, and very
few investigators have turned their attention to 1its prep-
aration and study. The dearth of interest might have been
due to lack of foresight of the possibility of clinical
application, but the stress recently placed upon the im-
portance of the adrenals seems to have overcome the
lethargy in its investigation,

As with the other hormone preparations the method
employed in extraction determines the procedure to be used
in its isolation and purification. 4As a result of the
extraction procedurss employed by the investigators of the
thyrotrophic principle the biological actions of the cortico-
trophic principle were wrongly assoclated with it before
Collip ( 32 ) succeeded in establishing the separate
identity of the two factors. The corticotrophic principle
was separated from the thyrotrophic factor by virtue of

its solublility in 70 per cent ethanol and 50 per cent



continue for five days. Their unit 1s the total amount
causing a 25 per cent increase in weight when injectlions
are made three times daily. Riddle et al claim that non-
specific agents are incapgble of causing a response in
baby cockerels under sinilar conditions, It must be
admitted that normal animals whether rate or cockerels are
more easily available for routine cesays than hypophysecto-

mized animals two weeks postoperative.
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acetone. After removal of the thyrotrophic precipitate
Collip worked up the alcoiol and acetone filtrates. sfter
adjusting the pH of an agueous alkalins extract to 6 and
allowing it to stand at O deg. C isoelectric precipitation
of the acﬁive principle took place. It is interesting to
note that Collip described its solubility at pH 5, a
property recently used to advantage by Riddle et al in its
purification ( 13).

In the extraction procedure employed by Lyons
( 112 ) a more selective extraction of the active principles
of the anterior pituitary took place. He used a high con=-
centration of acid-acetone which resulted in the extraction
of both the corticotrophic and prolactin fractions. By -
adjustment of an alkaline aqueous extract to pH 6.5 he
succeeded in separating the corticotrophic factor as an
isoelectric precipitate., It was only with its successful
separation from prolactin that Riddle et al accepted the
existence of a corticotrophic factor distinct from prolactin,

The extraction procedure introduced by Lyons has
been successfully employed just as described above or
slightly modified by those who have succeeded in preparing
the corticotrophic principle in the pure state. Saysrs,
White and Long ( 150 ) used Lyons original method of ex-

traction in the preparation of their highly purified fraction.
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Bvans and associates use acidified 80 per cent acetone
as the extraction medium. Isolation of the cortico=-
trophic principle from its chief contaminant, prolactin,
is accomplished by precipitation with saturated ammonium
sulphate. Frequent reprecipitation of the principle
results in a highly active preparation. Evans usés sheep
glands as a source material while Sayers et al use hog
glands., The preliminary studies indicate that the active
protein of the two species has the same isoelectric point.
Biological tests also show their similarity of activity.
Riddls, Rates et al have worked on the prep-
aration of highly purified extracts for some time. They
use alkaline alcohol as an extraction medium. Beef
anterior lobes are extracted with 65 per cent ethanol
at pH 9.5. This was their extraction procedure in the
preparation of prolactin. Their extPacts have not the
same degrée of purity vossessed by the more recent

preparations described above.



THE GONADOTROPHIC PRINCIPLES'OF THE ANTERIOR PITUITARY

The history and study of the gonadotrophic principles
of the anterior pituitary constitute one of the most interest-
ing chapters in the whole of endocrine investigation. The
proof of the existence of two factors, the so-callsd follicle
stimulating (FSH) and the interstitial cell stimulating (ICSH)
or luteinizing hormone (LH), their relationship with the
gonadotrophins extracted from the blood and urine of normal
men and women, and their similarity with gonadotrophic substan-
ces from other sources are some of the main features of
investigation in this field. Interesting as they are, it is
impossible to deal with the complete study of gonadotrophic
substances. unly those factors obtained directly from
anterior pituitary tissue have been treated here.,

That a pituitary-gonadal relationship of some sort
existed was shown by the clinical evidence of Cushing ( Lo )
and the observations of Addison ( 2 ) and others. They
described changes in the number of basophil cells of the
anterior lobe after castration, as well as typical changes in
their appearance, giving rise to what is known as castration
cells. Evans and co-workers ( l}5 ) in their early invest-
igation of growth—stimulating extracts observed that continued

injection of these products into rats caused extensive
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luteinization of their ovaries and disturbances in their
oestrus cycles. As early as 1923 they reported separation
of an ovary stimulating principle from the growth factor
in anterior pituitary extracts ( 65 ).

The real proof that the pituitary exerted a
stimulating effect upon the gonads was that introduced by
Smith in 1926 ( 170 ) and by the European workers Zondek
and Ascheim ( 195 ). They succeeded in producing precocious
sexual maturity in immature rats and mice by implantation of
pituitary tissuve., Smith ( 172 ) then showed that the atrophic
genitals of hypophysectomized rats could be restored by
pituitary implants. His report of negative results on in-
jection of bovine alkaline pituitary extracts in similarly
operated animals was rather disconcerting, particularly when
it had proved effective in tadpoles ( 175 ). American
and European investigators continued their study of the
gonad-stimulating substance of the pituitary, and as the
conflicting reports gradually accumulated it became evident
that two effects were being produced in the gonads. The
great variation in specles response, as well as the
different results produced by modifying the route of in-
jection and the number of injections, to say nothing of the
source of the pitultary tissue employed, produced a great

deal of confusion. The existence of two pituitary factors was
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postulated by many, but denied by others. In 1931 pevold and
Hisaw offered evidence for their existence and succeeded in
separating the F S Hand LH ( 57 ). This was the first
great step in the solution of the problem that had tantalized
investigators for é decade. Efforts to effect the complete
separation of the two pitultary principles and to purify

F S Hand I C S H or L H, and to obtaln a clear concept of
their specific function have occupied investigators to the

present day.

THE ACTUAL NUMBER OF FPITUIFARY GONADOTROPHINS

The number of postulated pituitary gonadotrophins
has been greater than two. Evans et al ( 52 ) formerly
believed their I C S H to be a separate factor. Recent in-
vestigation has proved the identity of Evans' 1 C S H and
Fevold's L H (99; 158; 63 ). Despite the actual preparation
of two separate gonadotrophic principlss from anterior
pituitary and the strong evidence of their specific biological
properties and separate chemical identity there are some who
refuse to accept the existence of the F S H and I C S H. These
workers belisve that all the biological effects attributable
to two factors can be produced by a single factor, and they
deny that I C S H possesses any specific function. The

majority of their arguments rest upon the regulation and rate



of dosage of unfractionated pituitary extracts or purified
F'S H alone.

In 193l Maxwell ( 122 ) showed that by manipulating
the rate at which the unfractionated pitultary extract was
allowed to reach the ovary, lutein changes could be abolished
or made made to appear. The action of salts such as zinc and
copper sulphate, and other non-specific substances in augment-
ing the effect of injected I S H is generally accepted by
the proponents of the single and dual theory. (2013 5&; 18; 13)
However, there are some who claim that the augmenting effects
of non-specific substances when administered with F S H
produce greater augmentation than when I C 3 H is administered
in combination with it ( 1,9 ). The F S H used by these
workers has since been shown to have been contaminated with
I C S H, and that further augmentation with this substance
was impossible. Bischoff ( 19 ) is one of the foremost
probonents that P S H is responsible for all the multiple
hormone effects.

It is interesting to note that all the arguments on
the augmenting effects of non-specific substances are based
upon evidence in female animals. Non-specific substances
have not been shown capabls of simulating the effects of
I ¢ S H on the interstitial cells of the testes, and the

accessory sex glands of the male rat. The experiments of



Rowlands ( 146 ) and the evidence of Du Shane, Levine
and Pfeiffer ( L3 ) give further support to the dual
theory. The purification of two separate principles by
numerous workers (158312236768 ) seemsto give definite

proof of the existence of two distinct pituitary gonado=-

trophins.

BIOLOGICAL PROPERTIES OF GONADOTROPHIC PFACTOURS

The description of the biological properties of
the two separate gonadotrophic principles must take into
account the synergistic action of these two hormones in
mammalian physiology. Each hormone plays a particular
roles in the maintenance of the genital system whose normal
function is dependent upon the proper balance of the two
gonadotrophic principles. It was not possible to obtain
a clear picture of the specific biological properties of
each hormone while they were contaminated with one another.
Effects formerly attributed to the action of one factor
are now known to result from a combination of both factors.
The advent of highly purified preparations of both
principles has allowed a detailed and more clearly defined
study of the biological properties of both the F S H and

I C 3 H.

In considering the biological effects of injectlon

one must bear in mind the sex of the animal, the length of



treatment, the site of injection, the rate of adsorption,
the dosage, and above all, the purity of the injected
material. The age of the animal, whether immature or adult,
and its condition, whether normal or hypophysectomized are
also important sonsiderations.

The properties of each factor will be considered

separately and then their combined effects.

PROPERTIES OF P S H

When administered to an hypophysectomized female
rat a pure preparation of F 3 H causes growth and develop=-
ment of numerous follicles associated with an increase in
ovarian weight ( 67 )s The complete absence of any
accompanying lutein changes is dependent upon its freedom
of contamination with I C S H. Pure F S H does not inltiate
any oestrogenic effects on the accessory sex organs (158;60 ).
Fevold et al ( 58 ) intimated that the development of the
accessory sex organs formerly believed to result from an
increased oestrogen secretion of the ovary was due to
contamination of the injected F S i with ICSH.

The results of injection of F S H into the hypo-
physectomized male are analagous to those in the female.
The‘epithelium of the seminiferous tubules 1s maintained

or repaired and sperm formation is at least carried to the



stage of secondary spermatocytes. (67368 ). The accessory
sex glands as well as the interstitial tissue of the testes
are not influenced by F S H administration.

It would seem that follicular development within
the ovary of the normal female and maintenance of the
seminiferous epithelium in the normal male are the specific

functions of ®» s H.

PROPERTIES OF ICSH

“When I C 8 H is administered to the hypophysectomized
male rat it effects repair of testicular interstitial tissue,
but tubular stimulation does not result. Some accessory
development occurs as a result of secretion of testosterone
(22;683162 ). The administration of I ¢ 8§ H immediately
after hypophysectomy in the male rat maintains the inter=-
stitial tissue of the testes and the accessory sex organs,.
Sperm formation in the adult rat is maintained under these
circumstances ( 162 ).

| In the hypophysectomized female rat I C S H can
maintain ovarian interstitial tissue or restore it when
atrophy occurs as a result of the operation. (54; 67)
It does not affect follicular development. In the normal
adult rat I C S H increases the amount of lutein tissue,

.prolongs the dioestrus interval and delays parturition in



pregnant animals,

COMBINATICH OF FSH AND ICSH

The synergistic action of P S Hand I C S H was
'recognized by Fevold and Hisaw ( 57 ). The augmenting
action of I C S H when combined with F 8 H is well known
and has been used as a basis of assay ( 58; 163)

“hen I C S H is combined with F S H and administered
subcutaneously to hypophysectomized raté synergism is
Observed. The ovarian hypertrophy and follicular development
is increased above that resulting from the administration
of F S H alone, and the interstitial tissue is repaired.

The amount of I C S H required is small and luteinizing
effects are not produced by this amount. At higher levels

of I C S H adminlstration luteinization results ( 54 ).
Similar effects are observed in normal immature rats (68 ).
Pronounced uterine development 1is observed when a combination
of P S dand I C S H is administered to both types of
animals (80 ).

The antagonistic action of I C S H and F S 7 when
administered intraperitoneally to hypophysectomized rats
is rather generally accepted. Rather than augmenting the
action of ¥ 8§ H follicular development is inhibited ( 62)

Evans et al ( 162 ) claim that the antagonism of purified
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I C 5 H against gonadotrophins from other sources cannot be
demonstrated against pituitary 7 § H.

ASSAY METHODS POR I C S H

| The fact that two pitultary gonadotrophins act uson
the gonads to produce physiologically related effects makes
it absolutely necessary to use as a criterion of activity some
response which is absolutely specific for each factor. With
the advent of purified P S Hand I C S I it was soon realized
that effects formerly attributed to the action of a single
factor were in reality4due to the combination of gonadotropiiic
factors.

There are various methods available for assaying ICSH.

Some utilize normal rats while others use hypoprhysectomized rats.
Assays are not limited to rats, chickens and pigeons may also be
used. The sensitivity of the test differs in the various methods
employed. Evans et al have successfuily prepared I C S H in a
purified form and assayed it on hypophysectomized Iimrnature fe-
male rats (163). The criterion of activity is the minimal dose
that initiates repailr in the-ovarian interstitial tissue which
has atrophied as a result of hypophysectomy. Fevold (58) sug-
gested that the augmentation of F S H by I C 3 H be used as a
method of assay. Evans et al use the augmentation effect as an
assay procedure on smmature female rats hypophysectomized 6=8

days previously. They find that I C S H activity can be recog-

nized with 1/5 the amount necessary to produce interstitial re-

pair (163). For accurate assay results an uncontaminated prep-

gration of F S H is demanded.
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The other assay procedures make use of males
rather than females. Fevold ( 60 ) uses normal immature
male rats for I C S H gssay. The response 1is measured by
the increase in the weight of the seminal vesicles, It
should be mentioned that all strains of rats are not suitable
for this assay ( 68 ), Greep et al ( 79 ) also use the
response of the secondary sex organs of the male for assay of
1 C S He These workers use immature male rats two days
after hypophysectomy and measure I C 8 H activity by the
increased weight of the ventral lobe of the prostate. Intra-
peritoneal injections are much more sensitive than sube-
cutaneous injections in this assay.

Contrary to the effects of I ¢ S H in the hypo=-
physectomized female this factor is only partially effective
in restoring the interstitial tissue of the testes after
degenerative changes have taken place ( 162 ). However, it
can maintain the size and function of the testes if injected
immediately after hypophysectomy. Simpson, Li and Evans
plan to standardize the results in hypophysectomized mature
rats and use them as a basis of assay.

Riddle first reported the great sensitivity of the
pigeon testis to pituitary gonadotrophins ( 136 ). (uan-
titative data are however lacking, although weight response

occurs on injection with I ¢ S H ( 163 ). =vans and
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assocliates suggest this as a method of assay and present
evidence of its sensitivity which is superior to chick
methods. Riddle ( 154 ) doubts the ability of pure I C S H
to stimulate testis weight in normal and hypophysectomized
pigeons, and Greep ( 80 ) also offers evidence to the
contrary. VWhite leghorn chicks cah also be used for I C S H
assay. The criteriop of response is the increment of testis
weight ( 17 ). Methods of assay for I C S H employing
hypophysectomized females are more sensitive than methods

employing male rats.

ASSAY METHODS FOR F S H

Fevold introduced an assay method for F S H based
upon the ovarian weight increase in irmature female rats
treated with this fraction ( 59 ). %vhen one realizes the
augmenting action of I C S H in such a procedure the
necessity of a pure F S H preparation is obvious. Evans
recommends the use of hypophysectomized animals for assay
of pituiltary gonadotrophins since the posslbility of inter-
ference by the animals own pitultary is obviated. For
assay of F S H Rvans et al ( 68 ) use the hypophysectomized
smmature female rat. The minimal dose which causes resumption

of ovarian follicular development in such an animal is the

standard response.



ASSAY OF PITUITARY GONADOTROPHIIS 1! UNFRACTIONATED LXTRACTS

To test the gonadotrophic activity of unfractionated
pitultary extracts the older and less specific methods of
assay can be used. The use of the immature female rat accord-
ing to the method of Van Dyke and VWallen Lawrence ( 188 ) is
probably most general. The increase in the ovarian and
uterine weight is the index of gonadotrophic activity. All
investigators have smployed this test and introduced their
own modifications. The mouse assay is also widely used
( 84 ). The criterion of activity is the increase in the
uterine weight of mice. One day old cockerels are also used
for assay of unfractionated extracts. J.S. Evans et al
( 56 ) have compared the sensitivity of these three methods
of assay of unfractionated pituitary extracts. They find
the mouse uterus about sixty-six times as sensitive as the

rat ovary and ten times as sensitive as chick testes.

CHEIICAL PROPERTIES O I C S H

"ithin recent years investigators have succeeded in
completely separating the I C S H from F S H. The resulting
preparations appear to be homogeneous on the basis of electro=-
phoretic, solubility and ultracentrifugation tests, and
evidence for the identity of the hormone and protein 1is

presented (158;29;99 ). Sheep or swins pituitaries are
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used as the source material, The isoelsctric point of
1 C S H prepared from sheep glands is reported by Evans et
al to be pH L6 to L8, and Chow and associates estimate
it to Dbe about L8 to 5.0, The latter authors use swine
rituitaries as their source material and report the isu=-
electric poiant tu be pH 7.45. e suggest that T ¢ S #
from sheep and swine glands are different proteins. Their
biological activity appears to be similar, Chow estimatss
the molecular weight of his protein to be about 100,000,

I C S H gives positive biuret, xanthoproteic;
«illon and ninhydrin reactions. The carbohydrate content
of TC S H is less than that of 7 § H, a property that mey
contribute to it being less soluble. Chemical analyses snow
that the active protein contains liJt5 per cent hexose, and
this appears to be mannose. Fevoid et al ( 61 ) siow
that the globulin can be precipitated from solution 0y L6
to 2.0 M (Nhh)zsuh at pH 7. The active protein appears to
contain free amino groups since inactivation occurs on treat-
ment with ketene. The action of prouteolytic enzymes on
I C S H has also been studled. Crystalline trypsin destroys
the activity of this protein and ptyalin is rithout

effect ( 1; 117 ).
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CHEMICAL PROPERTIES OF FSH

The chemical nature of ® S H has not been studied
to the same extent as I C S He 1t has been prepared in
fairly pure form by a nurber of investigators ( 78; 5l; 70)
who give evidence of its protein naturse.

The most striking characteristic of I S H is its
high solubility. It is the most soluble of all the active
fractions of the pituitary. It is soluble in water and
in the absence of electrolytes in 50 per cent acetone and
70 per cent alcohol. Fevold et al report its globulin
nature and precipit;;é it from 2. to 2.8 M (NE&)ZSOA
solution at pH 7 ( 61 ).

Evans et al ( 55 ) have studied its carbohydrate
content and find that thei;“preparation contains 13 per cent
and 8% glucosamine. Cysteine which attacks 5-8 bonds in-

activates F S H., Crystalline trypsin destroys the activity

of this protein and so does ptyalin ( 1 ) e



PREPARATION OF GONADOTROPHIC PRLINCIPLES OF ANTERLOR'PITUIT.LY

In the twenty years since Evans and Long noted the
gonadal effect of their crude pituitary extracts, and more
particularly since the establishment of a pituitary-gonadal
relationship by Smith and Engle and others, the literature
that has accumulated on the prgparation of gonadotrophic
extracts from pituitary tissue and isolation of the active
crinciples is voluminous. It is impossible to do more than
generalize on the principal procedures.

The effective, although crude, separation of two
pituitary gonadotrophins by Fevold and Hisaw gave the
impetus to further investigation. The majority of workers
have concentrated their efforts since that time on the
separation and purification of the active principles. 7The
contributions of some workers have been spasmodic and not
particularly valuable, however, the continued investigatiomns
of the principal workers have been attended with success.
Those who have contributed most to the particular problem

are Fevold and associates, Chow and van Dyke, and Evans

-~

and co=-workerse.

It was soon realized that the main difficulty in

separating the two factors was their great solubility. The

two protelins are chemically similar and their solubilities
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in any medium tend to overlap so that a clear=-cut
separation cannot be effected with a simple precipitation
procedure., Numerous reprecipitations of either factor
are necessary to free it of its contaminant.

The deficiencies of bovine pituitary in the
gonadotrophic factors has led to the use of/sheep and hog
pituitaries as starting material., Either acetone desiccated
or fresh glands may be used. Numerous extraction procedures
have been employed but they have gradually narrowed down to
the use of aqueous alkali, or 2 per cent nNaCl or 10 per cent
alcohol.,

All the principal workers have used aqueous alkall
as a method of extraction at one time or another. Fevold
continues to use aqueous pyridine, but he now uses 2 per
cent rather than 50 per cent. It has the advantage of
serving as a preservative. Any pH above 9 tends
to destroy activity so dilute aqueous solutions are em=-
ployed. Vaﬂ Dyke et al formerly used (NHh)UH in diluts
solution while Evans and his group made use of Ba(VH)o.

The tendency in recently published procedures seems to be
the use of 2 per cent saline solution, This has been
employed with success by Van Dyke et al. Extraction at
pH 6 has been reported by Fevold to lead to no loss of

activity. The employment of dilute alkaline solutions



and neutral saline has the tendency to bring down a great
deal of protein material which makes isolation and purif-
ication of the active principles more difficult. ToO
avoid this Rvans uses |0 per cent alcohol as an extraction
medium and lessens the content of other protein material.
With whatever method of extraction used the bulk
of inactive protein material is removed subsequent to ex-
tpaction. This allows the active fractions to be isolated
more easily. Evans et al then reriove tae active fractions
from the /|0 per cent alcohol powder by extraction with
acetic acid pH lt. The separation of F S T and T C S I
is then accomplished by regulation of the degree of
saturation of the -solution with ammonium sulphate. The
precipitates obtained at the appropriate saturation point
are then redissolved ahd reprecipitated several times to
vield purified preparations. The vield of activity does
not represent much more than 10 per cent of the original
activity, but the potency of the preparations is increased.
+3le the initial extraction nrocedure of Van
Dyke and his associates is different they also isolate
the active factors by control of ammonium sulphate con-
centration. Separation ig effected by precipitating 1 C S H
with 1 M acetate buffer pl li.j1 and 2 volumes of j1 per cent

Nazsqu. The F S H which remains in solution is then



precipitated with (NHh)gSOM.

Fevold et al use benzoic acid to separate the
active principles and then precipitetion with enmonium
sulphate. The protein fractions obtained by the principal
workers have been studied by electrophoretic, solubility
and ultracentrifugation tests, and the purity of the
I C S 7 fractions in particular is established. The
minimum effective dose with hypophysectomized rats as
test objects is a fraction of a milligram and the activities

of the preparations are about equal.



INTRODUCTIOUN

The protein or protein-like naturs of the various
principles of the anterior hypophysis is borne in mind when
fractionation methods are applied to extracts of this tissue.
The use of dilute aqueous alkali, among other media, is satis-
factory for complete extraction of all the active principles
of the anterior pituitary. liethods of separating the
principles present in the extraction medium are usually based
upon precipitation in various concentrations of inorganic
salts, or precipitation by alterations in hydrogen ion con-
centration or by the use of organic solvents. The method
used 1n the present investigation 1s essentially a combination
of the last two. It is based upon a method for the prepara-
tion of normal human serum albumin by E.J. Cohn. The various
protein components of blood plasma as well as certain pigments
are separated in various stages by virtue of differences of

solubility in increasing concentrations of alcohol and hydrogen

ions,

PURPOSE OF THE INVESTIGATIuw

It was suggested that Cohn's method for blood

proteins might be successfully applied to the separation of the
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proteln.or protein-like principles in an extract of anterior

lobe tissue. This study was undertaken primarily to ascertain

the value of the Cohn procedure in preparing fractions of the
anterior pituitary. The present work includes assays on the
fractions obtained by the application of Cohn's method in

an attempt to ascertain

l. Vhat activity is associated with each fraction.

2. The percentage recovery of such activity as compared
with the original tissue which was used throughout as
reference material,

and finally

3. The effectiveness of separation of specific hormonal

activities.

Dr. Cohn kindly granted permission to Dr. Collip
to apply the blood plasma method to fractionation of an ex-
tract obtained from anterior pituitary tissue.

Fig. 1 shows a draft of the Cohn method for the
preparation of normal human serum albumin and the products
resulting at each stage of the precipitation procedure.

Fige. 2 shows the application of the Cohn method to

an anterior pituitary extract and the fractions obtained at

each step in the procedure.



FIGURE I

COEN METHOD FOR PREPARATION OF NORMAL HUMAN SERUM ALBUMIN

Material:- Blood Plasma

?.
.)
Add 0.231 1. of 53.3% ethanol or 129.6 cc. of 95% ethanol at -5 degree C.'of
plasma at O degree C. slowly and through a capillary. The temperature retained at -2

to -3 degree C. The ethanol concentration of the solution 1s 104 and the pH,7. . The

solution is allowed to stand and is then centrifuged.

[
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covered by 10% ethanol SUPERNATANT
conteining 0,5% Na.Cit.
stored at -5 deg.C.

Add 0.530 1. of 53.3% ethanol or 297.5 cc. of 95% ethanol at -5 deg.C. per 1. of
supernatant at -1 deg.C. through a omuwHHmdw.ﬂ The ethanol concentration of the solution
is 25% and the temperature must not rise muoqm -1l deg. C. The solution 1s allowed to stand

for a periocd before being centdfuged.

mmdwguaomrwq globulins
most of the othrombin SUPERNATANT
and certain \m globulins
stored at -5 'deg.cC.

_ o I.IIIIIIllllLIIIIIIIIll — ——

Add 1.13 1. of 53.3% ethanol or 634.5 cc. 95% ethanol at =5 deg.C. and 0.076 1.

of acetate buffer I at -5 deg.C. per liter of supernatant through a capillary at about

100 ces. per minute. The ethanol concentration of the solution is moo and the ﬁmavmwmwcﬂm

must not rise above -5 deg.C.

The pH should be 5.75 on five-fold dilution with Ho0. If pH reaches 5.75 be-

fore all the solution is added the addition of ethanol only is continued. The solution
is allowed to settle for 24 to 36 hours,

_
PPT IV & 4 globulins

mcmmerebze
also cholesterol and carotens Am 8% albumin Jowcﬂwong

ry until the pH is 4.7 after five-fold dil-

Buffer II is added through capilla
ution with Hs0

i Ll dezEHb SUPERNATANT
|

Precipitate V should be 974 albumin. If in the presence of 0.06 N sodium

acetate buffer the salt content is too high then it is dissolved at 0 deg.C. in aqueous

0.02 N sodium acetate buffer (II) at pH 4.7 and brought to 15% ethanol, using sufficient

mowdmsﬁ wo quo a dedes nonnmSadmeon ow u& The solution is agitated gently for mmqumH

wOﬁwm mn 0 mmm.o. mbm the vumoavunmwm centrifuged at § deg.cC.

One may also use vacuum distillation at low temperature after precipitate IV

has been removed with a PH of 5.5 - 5.9. Proteins are in solution and the pH and high

salt content render this an excellent starting point for the crystallization of albumin.

The mother liquor from precipitate V may also be reduced to 1/50 the volume

at 17 deg.C. It is then dialysed and the mwooWOH_OOBambwwmwMon of 15 to 40% gives

b A
fraction VI which consists mostly of albumin, some s=né mHowcHHammnawowwwowmmnwazwmnu

hbm hormecne,

BUFFER I 250 ces. 4 M. sodium acetate ( 136.07 gms)
40 ccs.10 M. acetic acid ( 23.04 cc.)
420 ccs.95 % ethanol diluted to 1 1. with Ho0
On twenty-fold dilution with HoO pH = 5.50 - .02 @ 25 deg.C.

BUFFER II 90 ccs. 4 M. sodium acetate ( 27.214 gms.)
100 ces,.10 M. acetic aeid M5 7:6 ces.)
420 ccs.95 4 ethanol diluted to 1 1. with Hg0
On twenty-fold dilution with H20 pH - 4.00 - 0.02 @ 25 deg.Ce




‘LTHOD OF PREPARATION OF HRACTIONS

Lo2h g AP, calf

148 nrs.

{
RESIDUE

.5 1. 0.9% HaCl
pH 8 { @ 0 deg.C
vol. 1 in §
I
~2UPERNATANT

1|8 s

PRECIPITATE T

R =

= -
Lyophilized 1,8 nhrs.

SUP
A

To 5 1. added
650c.c, 95p EtOH
PH 7.0 & 0 deg.C
= 10% alcohol

AT T

,LJ.,__J_

18hrs

PRECIPITATE TI

RZ - 1105 gInSo
Lyophilized L8 hrs.

To 5.5 1. added
1632 ce. 95% EtOH
pH 7.0 @ =1 deg.C
= 25% alcohol

T0 647 7 1. added

110 ceo 95% Et0OH

and 55 ccs. BUFFER I

pH 5.75 on 5=-fold diltn
with HpoO & -1 deg. C

= ;0% alcohol

"PRECIPITATE III

LRECIPITATE IT1
R =
TophiTlized h8 hrs.

{1

SRNATANT

To 10 1. added 200 CC.
BUFFER II until

pH 1170 on 5-fold dil'n
with HgO

l= abt. 1417 alcohol

PRECIPITATE IV

Rh = 1
vyophilize

'8 hrs.

Fag

g m'\r.d,_.‘ ‘\'.I 1

volume reduced to
300 cc8. on high
vac. pump

DIALYSED for 18 hrs

YOPHILIZED for I8 hrs

r
PRECIPITATE V

2,6 .
7E§bph1ITE_HEE§—hrs.



PREPARATION OF MATERIAL

DISSECTION AND EXTRACTION

Calf pitui%ary glands which had been stored in a
frozen state in an atmosphere of hydrogen were carefully
dissected when frozén and the anterior lobes processed as
indicated in Fig. 2.

The dissected anterior lobes were thoroughly ground
in a chilled mincer with the addition of a small amount of
dry ice. They were then transferred to a chilled containser
and alkaline physiological saline at pH 9 was added. The
pH of the mixture was then adjusted to pH 8.7 by the addition
of I N NaUH and allowed to stand in an automatically controlled
refrigerator at -% deg. C for 1,8 hours. The solution was
stirred frequently and the pH adjusted during this period,.
A1l pH determinations were made with a Beckmann glass elec-
trode apparatus. The final pH of the solution was 7.U and

the supernatant was removed from the residue by centrifugation.

PRECAUTIONS ORSERVED

Since temperature and hydrogen ion regulaticn are
important in the preparation of protein fractions, all pre-
cautions were observed to maintain the conditions stipulated

in Cohn's procedure., Prior to centrifuging the metal cups and
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glass bottles were chilled thoroughly and chopped dry ice
was placed in the centrifuge Curing the fifteen—minute
rotation at high speed. These precautions nrevented the
temperature from rising more than a few degrees, The same

procedure was followed in all subsequent centrifugation,

FRACTIONATION

The successful removal of the active principles of
the anterior pitultary when a slightly alkaline ;xtraction
medium was used has been reported ( 61 ). It was, therefore,
assumed that under the conditions employed in the present pro-
cedure the supernatant after extraction at pH&.7 would contain
all active principles of the anterior pituitary. The addition
of alcohol to the supernatant obtained by centrifugation and
adjustment of the pH coused the precipitation of a protein
fraction (Ry). After its removal various fractions were ob-
tained'by higher concentratione of alcohol and increase in
acldity..

The resulting precipitates were suspended in a
small amount of distilled H20 and equal volumes cf the sus-
pension were added tc small Erlenmeyer flasks. These con-
tainers were frozen rapidly in an ether—CO2 mixture and placed
in a lyophilizing unit. A forty-eight hour perilod in this
apparatus insured complete drying. COo, was then introduced

and the flasks stoppered in this inert atmosphere. They were

gsealed with collodion immediately and stored in the refrigerator
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at a temperature from 3 - 10 degrees below zero Centrigrade.

While all precautions have been taken to obgerve
the conditlons set forth by Cohn, 1t is realized that our
laboratory facilities compare poorly with his. The advan-
tages of a cold room and automatically cooled centrifuge
are obvious when one congiders the importance of preserving
a low temperature in the protein solutions.

PREPARATION OF EXTRACTS

The dry powders obtained by lyophilizing the
fractions of anterior pitultary extracts have been labelled
Rl; Re; RB; RH; R5. It should be ncted that there ie a
slight change from the corresponding Cohn fractions,

Fractlon Ry corresponds with Cohn's precipitates II and
IITI and the subsequent numbers are changed accordingly.

For assay purposes the various fractions were
weighed on an analytical balance and then dissolved in physio-
logical saline at pH 8.5. It was difficult to obtaln complete
solution of these dried powdere, particularly when high dosage
wae employed. Since the majority of injections were sub-
cutaneous, a fine suspension of thematerial to be tested was
used for injection. When not in use these solutions were
stored in the refrigerator, and since most assays were con-

ducted over a lengthy period, it was declded to make up fresh
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preparations every three days.

YIELD OF LYOPHILIZED MATERIAL

A record was kept of the amount of powdered material
removed from the various flasks. Since the same volume of
material had been added to each flask béfore drylng, it was
possible to calculate the total yield of each powdered
fraction, and to compare this with the original fresh material.,

The total yield of dried material was roughly L5 gms.
(Fig. 2); this allows for loss of precipitate clinging to the
sides of flasks and centrifuge bottles. The weight of start-
ing material was 1235 gms. of calf anterior lobes. The
yield of dry material, L[5 gms. therefore represents 3.6l per
cent of the original material, or each gram of dried material
is equivalent to 27.L gms. fresh anterior pituitary tissue.

PREPARATION OF REFERENCE EXTRACTS

500 gms. of the original batch of calf pituitary
glands were preserved in the Ifrozen state at -10 deg. C. An
extract was prepared as needed by carefully dissecting the
anterior lobes and grinding with sand in a mortar until the
tissue was completely macerated. Alkaline saline was then
added to the mixture, pH 8.7, and the extraction allowed to
proceed overnight in the ice-box at | dege. C. The final
concentration of the extract was 250 mgs. of fresh anterior

pituitary tissue per cc. of solution. The sand and glandular
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residue were removed by centrifugation and solutions of
sultable concentration were stored in the ice-box. As in
'the case of lyophilized material it was customary to prepare
fresh extracts every three days.

It is an accepted fact that there is a variation
of the potency of the active principles frpm one batch of
glands to the other, and for this reason, fresh tissue ex-
tracts were prepared from the original shipment of calf
anterior pltuitary glands. The use of such material allowed
one to compute the yield of activity in the lyophilized
fractions in terms of the original tissue.

The use of the original pituitary tissue over a
period of several months, despite its preservation in the
frozen state, is open to criticism. The lyophilized material
was less apt to deteriorate since the protein was free from
moisture, and an atmosphere of CUp was used for storage. The
container in which the calf pituitaries were stored was opened
frequently, and the variations of the temperature of the
refrigerator over a period of several months may have permitted
slight thawing. Dry ice, when available, was added to the
container, but an atmosphere of COp was not maintained through-
out the storage period. The use of acetone desiccated glands
would perhaps have been more advisable under the circumstances.,

It is generally accepted that glands treated in this way suffer



no great lose of potency in any of the active principles.
Other alternatives would have been the use of an
acetone powder from an alkaline saline extract of the gland
similar tc the one fractionated by the Cohn method. And
finally, an alkaline saline extract, after diglysis, could
have been lyophilized in the same manner as the fractions
obtained by Cohn's procedure. This last alternative was
followed and the results will be given subsecuently.

USE or' STANDARDIZED PRITARATIONS

The use of standardlzed preparations of the various
principlec of anterior pituitary in conducting the assays
would have allowed the expression of results either in terms
of internaticnal unite or as standardized units set up by
numerous investigators. The value of the Cohn procedure
in fractionation would then have been evaluated in compari-
son with cther methods. The preliminary assay tests showed
that the dose of eny fraction necessary to produce changes
indicative of activity was so much larger than the dose of
standardized preparations necessary to produce comparable
results that future assays were not based on any standardized
preparations., The assays were conducted along standard lines,
but the results were not expressed even as arbitrary unite.
The yield of activity in terms of original tissue wag calcu-

lated by a comparison of these assay results with those produced

by the use of a crude saline extract of oricinal tTilesue.



STUDY U "B VARIOQUS FRACTICUHS

NITROGEN CONTENT

The micro-Kjeldahl method was used to determine
the nitrogen content of the various fractions&?able ;)
Unfortunately the total yield of R), was so small that
material could not be spared for this determination.

20 mgs. of sach fraction were dissolved in 10Occs.
of distilled HpO with the addition of a drop of alkali to
facilitate solution., To 2 ccs. of sach solution 2 ccs, of
digestion mixture were added and the usual procedure
followed., 41l determinations were made in duplicate,

Determinations of the ash content were made by
combustion of the dry powder in a muffle furnace. It was
possible to determine the true nitrogen value of the dried

fractions from the ash content.



TABLY

frl

NITROGEN SONTENT OF LYOIHTLIZLD PITUITARY TRAOTDIONS
Lixpressed oo MI:g 7ci- cent N per 100 #es Dried Powder
NITROGL 7 A8 TRUE NITROGEW
12.10 8.35
Ry av. 12.45 av. C.56 1%.63
12,82 C.77
1:4.20 L7k
R av. 1l.70 av. 5.15 15.10
e 15,50 5.66
| S
1.10 .20
R av. 1l.00 av. 2.0 1lL.5.2
5 15.90 2,64
P= —
.30 10.00 \
7+ ave. 9.35 av. 11.55 10.506
5 9.1.0 15,10
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CONTALINATION WITH POSTERIOR PITUITARY

It has been the experience of all investigators that
no matter how carefully the anterior lobes are separated Ifrom
the posterior lcbes their preparations are contaminated to
the slightest extent with posterior pituitary principles.

All precauticns were observed to keep the anterior lobes free
from posterior tissue during dissection but it was thought
advisable to investigate if the dried fractions were con-
taminated to any extent with posterior pitultary principlsas,
and if so, what fractions were affected,

The pharmacoclogical effects of posterior pituitary
principles are quite striking. The most notable effects are
the contraction of smooth muscle, particularl; that of the
uterus, under the influence of the oxytoclc principle, and
the diminution of urine excretion after treatment with the
anti-diuretic princinle.

The oxytocic effects of the various lyophilized
fractions were assayed on the virgsin guinea plg uterus accord-
ing to the method of Dale and Laidlaw § %2 (. A standard
ozxytocic preparation was used as a reference dose. Tavle T_
contains the results of these assays. Bacause of the small
vield of fraction Ru it was not investigated. Fractions R
Rp and Rz in the dosage employed falled tO produce any con-

traction of the uterine muscle. Apart from the possibllity

of contamination of RA the oxytocic principle was confined



XYTOCIC ASSAYS ON LYOriILIZED ANTULICH rITUITAILN, IOACTIONS

Standard Oxytocic Preparation Used

-

Preparation Dose Response Remarks
Wﬁ
g 0.1; 0.2; 0.4 mgs. ione
R2 0.2 mgs None
R5 0.2 mgs None
Corres- Traction R§ pos-
ponded sesses ovyiccic
Re 0.1 mg to activity equiva-
/ .01 u of lent to .1 u per
standard mg. dry powdser
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to fraction R5 which represented the bulk of material remaln-
ing in solution after treatment with 41 per cent ethanol at
pH L,7. Assays were not conducted for the pressor and anti-
diuretic content ¢ the various frectionec.

The degree of contamination with the postericr lobe
oxytocic »rinciple is rather gsmall. Fraction R5 possesses

sxytocic activity eauivalent to O.1 unit per mg. of dry powder.
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SENSITIZATION OF GUINEA PICS

The usefulness of any protein preparation is
limited if 1t is capable of sensitizing an animal. The
guinea plg 1is senerally uzed for sensitization tests of
tiis sort. The methods and modifications of methods trat
have been introduced by various investigators are too
numerous to mention; however they are all more or less
similar, The majority of methods do not allow for study
of a faint reaction should this be necessary. The in-
jection of the extract to which the animal has been sensit-
ized results in a spectacular seizure wiiich culminates

in Immediate death. In the present investigation a method

»

was employed whiich allowed for the study of slight reactions

by fall in rectal temperature if it were necessary.

-
4

R

R -UD

+

Fairly mature female gulinea pigs were Injected in-
traperitoneally with 5 mgs. of the various lyophiliczed
fractions three times at three day intervals., Four weeks
later 250 rius. of the same material was injected intraven-
ously. The results of these sensitization tests are con-
tained in TableII__'f . It was not necessary to study the
reaction oy rectel temperature. In all cases the anirals
died during the intravenous injection. Fraction Rj ™=s not

tested due to the scarcity of material. It should De
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TARLE  II

SENSITIZATION OF GUINEA rIGS

GUINEA ATTTER

PIG FRACTIONW DOSE h WIS RaSULDS

# 10 Rq 5 mgs 3 times - 3 cday intervals 250 nss. Died during injesction
# 1L Ro 5 mgs 3% times - % day intervals 250 mgs Died during injsection
# 18 R5 5 mgs 3% times - 3 day Intervals 250 mgs Died during injection

ﬂ 77
# 30 R5 5 mgs 3 times - % day intervals 250 mgs Died during injection
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mentioned that in preparation of the 250 mge. cdose for
intravenous injection the customary suspenceion was not uced,
The powder was dissolved in saline and allowed to extract
overnight. It was centrifuged and filtered before use to
prevent any occlusion of blood vessels with suspended
particles.

It is realized that 5 or 6 guinea pige should have
been employed in testing each fraction; however, these few
resulte indicate the presence nf gome sensitizing substance
in the fractions separsted from an anteriocr lobe extract by
the Cohn procedure. It ie generally acceprted that the crude
saline extract which was used as the standard reference material
1s incapable of sensgitizing zuinez pigs. It is unfortunate that
such material was not investigated in this case. However,
grantins that the general assumption i1s correct, the question
then arises concernings the agents in these fractlons responsible
for the effects produced. Denaturation of the protein may have
resulted in the many steps of the Cohn procedure or in the drying
process. However, the various activities possesced by these frac-
tione would not seem to indicate denaturation of the active rnterial
to any great extent, and particularly so when one considers the
creat lability of some of the anterior lobe principles. Sensltl-
zation of these animals may have resulted from the presence cf
serum proteins in the lyophilized fractions. Since the method of

fractionation was an adaptation of a specific method to precipitate

the proteins of blood plasme, tiiere 1ls a possibility that the dried

fractions were contaminated in this waye.



LYOPHILIZED CRUDE AL¥ALTINE ANTERICR DPITUITARY I TRACT

e

Since all the lyorhilized fractions obtained by

The aprlication of Cohnt'e procedure to an anterior nituitary
extract were to be tested against a similar extract of original
Tissue, it wae decided to attempt the lyophilizing of such gn

extract and to determine if it could cerve as satisfactory

reference material.

PROCID' I

150 gms. of calf anterior pituitary were ground with
sand in a large mortar while still in the frozen condition and
extracted with alkaline saline for 24 hrs. At various inter-
vals during the extraction perioa the solution ves stirred
and the pH adjusted to &.7. The finel concentration of the
solution was 250 gns. of anterior pitultary rer cc. The
residue wae removed Dy centrifﬁgation and all precautions
were taken to avoid any great rise in temperature. The |
gsupernatant was placed in a collzdion membrane and dialysed
aceinst running tap-water (3-1°C) for 24 hrs. The dialysed
solution was equally distributed 1into 125 cc. Erlenmeyer

flasks and lyophilized. Each mg. of the resulting powder
was ecuivalent to 10 mgs. of fresh tissue.

RLSUIYS
The effects produced by injection of this lvoprhilized

crude extract were compared in a few agsays with the effects

produced by a fresh e xtract of the same tissue. The activity



TABLE IV

LYOPHTLIZED CRUDE ANTERIOR PITUITARY EXTRACT

Equivalent of Effect of Effect of
Dose in lgs. Fresh Tilssue Lyophilized Tiscue
ASSAY Fresh Tissue Extract Extract

Expressed as Mgs. Cron Sac/100 Gms. Body Wt.

120 63

Prolactin 100 g0 Av, 100 59 Av., 61
Expresced as Percentage Increace of Thyroid Wt,
627 50% 15% 2bg

Thyrotrophic 60 894 70% Av, 68.0% 9% Av. 16%

Wt. Ovaries in Mge./100 Gms. Body Wt.
Gonadotrophic 100 63.3 (4)% Los 22,4

y

33.7; 30.9 Av. 35,

‘1

¥ Number of Animals.
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of thie material vas found to be less than that possessed

by the fresh tissue extract. Since the yield of activity

of the lyophilized fractions obtained by the Cohn method

was to be compared vith that possessed by the original tissue
it would have been unsuitable to substitute the lyophilized
crucde alkaline extract. Unfortunately the small number of
a?imals avallable for assay purposes did not peruit an ex-
tencsive comparison of the dried extract. A few of the results
obtained are given in Table IV.

The same evitraction procedure was used in the crude
gsaline extract which has been used throughout as the reference
material and the crude saline extract which was subsequently
lyophilized. Loss of half the activity in the lyophilized
extract can hardly be attributed to incomplete extraction
under these circumstances., The loss of activity can cnly be
explained as having taken place during the drying process. Pre-
cautions similar to those employed in drying the fractions were
obgserved when drying the material. The dry powder was not

expoced to the atmosphere, and it was used in some assays

after a few days' storages.
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ASSAY OF GROWTH ACTIVITY

It was decided to use the more sensitive test
animal in assaying the growth activity of the various
fractions obtained by the application of Cohn's method to
an anterior pituitary extract. Normal rats require much
larger doses of extract and were not available in sufficient-
ly large numbers within suitable age limits.

METHOD

Male or female hooded rats welghing about 130 gms.
were hypophysectomized and used for assay ten days later.
In addition to the standard laboratory diet of purina they
were allowed a supplement of rolled oats. During the post-
operative period the weight of the animals was checked
every three days and any rats that showed an increase were
discarded. At the end of the post-operative period the
majority of animals showed an average loss of 25 or 30 gms.
body weight. Unly those animals that appeared in good con-
dition were employed for assay. Because of the fine sus-
pension rather than solution that resulted when physio=-
logical saline was added to the powdered fractions‘the
injections were administered subcutaneously. The growth
response has been found the same after subcutaneous or intra-

peritoneal routes of injection ( 120 ). A total of seventeen



injections was made in the period of twenty days; a longer
period than is usually amployed for hypophysectomized
rats, but it was thought advisable to allow for op timum
response should adsorption of the powder have been slow.
During the assay it was customary to weigh the animals at
the same time every three days.

At the end of the assay period the rats were
autopsied and the s83lla checked under a binocular dissection
eye=piece for pituitary remnants. If any were found the
results were discarded from the assay. Due to the presence
of a certalin amount of corticotrophic activity the adrenal
welghts could not be used as an indication of total hypo=-
physectomy. The weights of the adrenals and gonads were
recorded in some cases to indicate which fractions possessed
these specific activities.

The five dried powders were injected in rather
high dosage to determine whether growth stimulating activity
was confined to a single fraction or spread over a few. 'hen
the results of the assays indicated which fractions possessed
growth activity, assays were conducted for more definite in-
formation. It should be mentioned that the high mortality of
hypophysectomized animals in the interval before injection
cut down the number of available animals to a considerable

extent. All doses of a given fraction could not therefore be
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assayed at the game time.

REFERENCE MATERTAL

A crude alkaline saline extract (pH8.7) of original
tlssue was used as the standard reference dose. The use of a
dally dose of this extract equivalent to 2.5 mgs. of fresh
tissue falled %o produce any weight increase. The animals
recelving such a dose either died or their weight remained
stationary. A dose equivalent to 5.0 mgs. produced a weight
response,but higher doses (10 and 15 mgs.) caused the death
of the animals. The normsl animal is much more resistant %o
any toxic substance than the hypophysectomized animal. Death
on high dosage may have resulted from toxic effects of the ex-
tract in operated animals.

The failure of the 2.5 mg, dose to produce a weilght
increase was surprising when one considers the reported sensi-
tivity of hypophysectomized animals to the growth factor.
Collip (35) reported that a crude extract contalning the
equivalent of 0.5 mgs. of tissue may produce a positive growth
responsge in the hypophysectomized rat.

To explain the unexpected results with the 2.5 ng,
dose three reasons presentced thenselves:-

1. The dose was so large that any welght increment was
neutralized by the toxic effects of overdosage. However,
the production of weight gain by a 5.0 mg. dose overruled

this argument, and narticularly so when larger doses caused



TABLE V

GROWTH ASSAY - CONDUCTED ON HYPOPHYSECTOMIZED RATS
TEN DAY POST-OPERATIVE - CRUDLE SALINE A.P. EXTRACT

Dally Dcse

Equiv.Orig. Total Increase in Body Welght During Assay(l)
Tissue
Mgs. Tncrease in Grams per Dalfe) Average
2.5% 19; 15; 15; 14; 13 ()
«953.753.753.70; .60 (2) - 0,76 Gms./Da;
ITncrease
5e0 oli: 30 27; 32; 32; 18&;21; Ul;20;26.7;26.7; 2¢;1¢; 28; 23; 34
1.2:1.5;1.35;1.6;1.6;0.9; 1;2.2; 1;1.3; 1.351.85,9;1.051,451.7; = 1.36
Gns./Day
- Increase.
He OX 4o, H1,; 39; 3o
2:2.25:;1.95;1.8 — 2 Gms./Day

Increase

X FRESH SHIPVENT OF CALF ANTFRIOR PITUITARY.
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the death of the animsls curing the injection period.
2. Complete extraction of the growth material may not have
been effected under the conditions employed. It would have
been interesting to determine whether a more strongly alka—
line medium would have yielded a more potent extract. Since
the conditions of extraction were to resembleas closely as
possible the extraction procedureé used in the preparation of
the lyophilized material the use of a medium at p.H 10 or 11
was not feasible. Some investigators have employed highly
alkaline media in the preparation of the pgrowth principle.
However, recent reports ( g%o) show successful extraction at
pH 7 and &, and 1t was therefore assumed thet the extraction
procedure in the present investigation was capable of removing
the growth principle.
3. The only remaining explanation that can be offered for the
necessity of such high dosage was the deterlioration of growth
activity in the original glands. I% should be remembered that
the glands were stored in the frozen state for a length of %time,
and were subject to changes in temperature despite all precau-
tions. To test the possibility of deterioration a fresh shipment
of glands was obtained from the same source and the response tc
their injection wascompared with the original glands.

From Table V it will be seen that the 2.5 mg. dose of
the fresher tissue did not result in the death of the animals;
however, the response did not equal a growth increase of 1 gm.

per day. The higher dose of 5.0 mgs. did not produce a response



‘3f Lpog °smp) OOT/*sS3H 00G2 = *4M ST188] TBWJION
“3/ Lpog *swph QOT/*S8R 00f = +q4 eutasqn TBUION
"34 Lped °swh OOT/*S3J 0f-/2 = *a/ UBTIBAQ TBUWION
*3M Lpod *swd QOT/*B3H 02—9T = *44 TBUSJIDY TewJoN W¥
*Lsdoqn®y oy *STBUTUB 4 UT 98BOJOUT ON [ 0*0OT mm
*Lodoane oy ‘STBUTUB f; UT 98®AJIOUT ON | §*2 mm
*STBUTUR-§ UT 98BaJOUT ON oG\ g
(2) G6° 7 9*ig*1
{1f9g | 0"06 %u
(2) 8* = £ Tin* ¢
92+'g | 0°02 %y
2°9T G9*
«IT " Tl - 0%0T mm
o, Lpog* swp
00T/ " 8uH (€) €°1T = *gfCT! ﬁ.mﬁ (€) ¢9+ = GLriGL)mE)Ge ¢
MoTTR T _ .m 4T *GT:G 4TS TIT| 0°G d
‘pBap 4 €
—- 3u3ten utesd o1 peTlRJ mﬁwaﬂq4 g2 d
(2) . g*T % £ Tiq &
92+ mj 03T 48
_ , (£) ke 1°2:2h*e:2 f
94T He | 0°0OT ©u
009 ‘058 Amv OSTIN ; sien SO0 ‘
g0L:#*0T:2T: m OT:2°TT:9°TT| (9)ER°T=LII6°Ti2*TiH T{G0°TIgT T | i
TL0T - g TR 52T ~ %€ HT-G° L Gweige ‘T2 G2z | 42 H
G:£56729 £ T 8%TI0%T | (£) 0°¢T = SRILig er:6*T|  (8) T ™ BN A W
Se.  9°G4lGIG9  GaTieriGa S, i e e R - ASGENTITT O
" *sfep ¢ ut _
D3Tp STeWIU® ¢ [0Tx0q ATueptam | %04 Iy
*sfep ¢ ut
PaTp STRUTUB 4 $0TX03 ATJUSDTAE 02 Iy
(2) 89°T =& Trgige"
, Snice | oot Ty
(1)6°GT = 9°GQTi4"L1! BT T | (G) ifte Signt2ig6°1:9°2iz 2o
lTéoz ‘91 mm.mﬁ 1G0gniG 60 tE7GiGH ‘99 | G2 Ty
§l4 G*29:85 £el1ig g1 (&) 6°TT W 2L:9T0TiB*2E | ML) l1%e = GE*Tigrptiyey 1
Gl G988  RTi4eg9T SELTY @1 GG 4%¢y | o°1 H
m.ommm.om B*6:c°Te| %(2) £°2T = H*HTE 0L | {1 )ooBtT = G6°1:28°TiG2 Tign e | T
650/ G*6:Gce fT: 91 6CiG%0L G2 iGtgq | G g
(£ a2 g T3 T T +
X ‘09z | ¢* Y
58189 8SnNJaq[] S8TIBAD oBBISAY = 1U3IToM hdom STBUTUY JO *ONY uo Tl
*supd O0T/*83H s -0BJIJ
audiep Lpog pessaadxy pzmﬂar TBUIDY o3Baaay = feq/*swh utes *3 31
*swd QQT/*83| swe ¥¥ 3uyStes TBUBJIDY g,
posssJadxy Judiep prUOH *sup - qudtep Lpod uy uled TRIOL LT TRq
¥¥ spruod qudtep

BuoTioeful snosuwinoqng

skeq Og Ul SucTljoelul m{

£1T80 — 9atyeaado-qsog Led—-0T -

18700

384 peziumoloesfydodiy uo pajonpuod

(QOHIEW NHOD)

AVLINLIL BOTIUX

IA 1YL

LNV 40 SNOILOVHMI QIZITIHAOXT — AVSEY HIMOWD



96.

which exceeded a 2 gm. per day increase, and such an effect had
been produced with the older glands in some instances. The
fresher glands had been stored in the frozen state in an atmos—
phere of hydrogen before delivery to the laboratory.

One can only conclude that the growth activity ertracted
from both gland shipments was not as great as expected, and that
some deterioration of growth activity had taken place in the origi-
nal glands during storage at the laberatory.

LYCPIILIZED FRACTIONS

The growth response obtained with various doses of the
lyophilized powders is contained in Table VI. The results pro-
auced by high doses of the various fractiones indicated that growth
activity was not limited to a single fraction.

Fractiong R) and R5 failed to produce any growth response
with the dosage employed, and the animals succumbed during the
assay period. The extremely high doses of fraction R3 (50 mgs.)
necessary to produce a slight response indicated that the amount
of growth activity present was negligible. Fractions Ry and Rp
obviously possessed the significant growth activity and the greater
portion was in fraction Rj.

From Table VI it can be seen that Rl in daily doses of
10 mgs. and over was evidently toxic and such results were not
considered. Similarly the results with 20 mgs. of R, were dlscarded.,

YIELD OF ACTIVITY

The discrepant velues 1n the growth activity extracted

from the old and new shipmentis of beef anterior pituitaries led
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tc conrusion in the choice of a reference value. Coupled with
this difficulty was the pauclity of data on various doses of the
crude extract. In an atteunt to cvercome the latter difficulty
and yet employ all data to the bect advantage, i1t was decided
to plot tone prowth in grams per day resulting frem treatment
with Ry and Ro agalnst the logarithm of the dcee of These
fractlons in milligrams.

Graph I shows the regression lines for fractions Rq
and Xo. It will be noted that fractlon Ro #ives & straiéht
line while 2 gives a slightly curved line,

If we take the results given in Table V for the 5
ng,. S2illy dose of extréct prepared fror the fresh shipment of
glarnds and intersect the regression line of R, 2t the 2 grame
per day level, we find that the equivalent dcse of Ry is (.56 ngs,

The total Qeight of Ry was 13 grams and this 1s equi-

valent to 13 x 5 or 98.5 grams of crude materizal.
0.60
And the yield of growth activity is therefore

5 x 100 or roughly & per cent.

Tf on the cther hand we use the values resulting from

doeace of the crude extract prepared from the old shipment of

[62]

glands, we Zfind thet the regression line is intersected 2%t a v»oint
where its trend is rather uncertain. One wonderc 1if perhaps line

n. ehould not be more parallel to Rp at this point. ‘hen the

grame increase ;er day vith fractions Ry and Ro were plotted

acainst the log., log. 40c°e of these fractions in milligrams there
(W] 2

aid not appear'to be any striking improvement in their relstion-
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ship. I% was therefore decided to assume that the trend ol Rl
at the low level of response is as indicated in Graph I. Fron
this one finds that the equivalent dose of Rl is about .31l mgs.
per day.

The total amount of Ry, 13 grame, is therefore equiva-
lent to 210 grams of crude material, and this represents a yileld
in growth activity of 21 per cent.

Following the same procedure and comparing the results
given by the crude extracts prepared from the new and old ship-
ments of pituitary glands with the regression line of Rpo one can
calculate the yield.

WThen the extract from the new shipwent is used for
comparison the percentage yield of growth activity 1is B.é.

In the case of extract from the old shipment the yield
of growth activity is 3.5 per cent.

Using the values obtained with the new shipment of
glands as abasls of comparison, Ry contains about 2.5 times
the activity of Ro.

With the old shipment of glands fractlon Rq contains

6 times the activity of Ro.
gince the weight of fractions Ry and Ro is roughly

25 grams then the degree of nurification is roughly 50 times.

DISCUEESION

From the foregoing, it i1s evident that the growth

activity of the original tissue 1s represented by the



lyophilized fractions Ry and Ro vhich resulted from the
application of the Cohn fracticnation procedure to an
extract of this tissue. This answers the first auestion
of assoclation of activity with a narticular fraction.
The second cuestion of yield of activity in terms of
original tiscue isg more difficult. The calculation of
assay data using both the extract of the original gland
shipment as well ag that of a fresher gland shipment
precents a dilemma.

In the assa? of the cther anterlor pituitary
principles, the old ehipmen®t compared favourably with the
fresher one. In this case, there is a discrepancy in the
calculated values for vield of activity. Since the methods
of extraction employed in the reference extracts and the
extract vhich was sgubsecuently fractionated are the same,
one can aseume that some deterioration of growth activity
nust have texen place in the original tiesye before refer-
ence extracts were prepared from it. If this is the cace,
then the growth activity of the fresher tlssue would resemble
that of the fractionated material more closely. The lability
of the growth hormone is recognized and the corditlons of
gstorage of the original tisgsue could very likely cause some

loge of activity. For these reasons the data calculated in

terne of the fresher ;land shipment are accepted.
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The total yield of growth activity in terme of
original tiesue is, therefore, 10.5 per cent. TFraction
P] contains € per cent and Ro 2.5 per cent.

Before proceeding to & discussion on the appear-
ance of activity in these fractions it chould be mentioned
That the yleld of activity in terms of the original tissue
1s poor. Aside from the fact that the extraction procedure
may be inadequate, nevertheless it was the came in the
crude extract and the extract which was fractionated. Thieg
oives a relative 100 ner cent value to the reference material
and the ftotal vield of 10.%5H per cent in the lyophilized frac-—

tion represents a great loss.

The third guection cnncerns the value of the Cohn
procedure in effecting a separation of growth activity Irom
tne otner active principles of the anterior rituitary extract.
It is evident that the procedure has not led to The isolation
of growth activity in a single fraction, although the creater
portion 1s 1in &;.

The various reports on the chemical nature of the
growth hormone as well ae the recent finding of L1 and Evans
(20%3) that the iscelectric point of the pure hormone is pH6.8 -
6.9 would lead one to expect its appearance in the precipitate
resulting from addition of 109 ethenol at the neutral point.
Fraction Ro recsulted from a concentration of 25 per cent

etranol and a similar pH.
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Tne lossof activity hardly seems due %o rise in
temperature. Although all precautions were observed to
maintain temperatures at zerc C or helow, the rise of a
few degrees in handling would not have reculted in this
loss. VYvane et a2l carry out their procedure at 2 tc 30C.
Similarly the concentration of alcchol emnloyed cannot be
the cause of such a loge. Investigators have useC higher
concentration without serious loss.

Ruling cut conditions of temperature and alcohol
concentration as contributory to the loss, one can only
conclude that the drying process was resp-nsible. This
cannot be explained since the operation wes carried out
carefullv, but some condition must have resulted in destruc-

tion of a rreat amount of the growth activity,
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ASSAY OF THYROTRUPHIC PRINCIFPLE

Method

The method of Rowlands and Parkes was employed
in assaying the content of thyrotrophic activity in the
various fractions obtained by the application of the Cohn
Plasma liethod to anterior pituitary tissue. The welght in-
crease of the guinea pig thyroid possessed certain advantages
over other methods for estimating the thyrotrophic activity.
Guinea pigs were easily available as test animals whereas the
use of day=0ld chicks presented difficulties. Methods based
on histological study alone allowed for a great deal of sub-
jective error and required an experienced investigator. The
fractions obtained by the Cohn method were not sufficiently

pure to warrant study of the iodine content by Stimmel's

method.

All guinea pigs were obtained from the same dealer
two weeks or so prior to the assay period. They were placed
on a standard diet of dry hay to which ascorbic acid had
been added. Their weight on arrival was such that they
reached the required 200 gram weight by the end of the two
week standard feeding period. The living conditions of the
animals were standardized as closely as possible, but it

should be mentioned that the room in which they were kept was



=
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subject to temperature fluctuation.

As with the other fractions it was necessary to
perform spot tests to ascertain the distribution of the
active principle and then conduct assays in finer detail.
Due to the inability to obtain and quarter large numbers
of these animals it was necessary to conduct numerous
assays so that all the results with one particular fraction
or dose were not obtained at the same period of time. Such
a procedure should not introduce too great an error since
all the animals were of the same strain and received the
same diet and it has been shown that there is not a great
deal of variation in the thyroid weights of normal guinea
pigss

Procedure

200 gm, female guinea pigs were injected subcutan-
eously twice daily for five days and killed on the sixth.
The thyroid gland was dissected and the fresh weight recorded.
The glands were then fixed in Bouin's solution for histolog-
ical examination according to the method of ileyl and Laqueur.

Rowlands and Parkes define a unit as the total
amount of material which produces in six days a 1lUU per cent
increase in thyroid weight. Thirty milligrams is considered
the nofmal thyroid weight of a 200 gram female guinea pig.

weight changes during the assay period are corrected by the



TABLE VII

THYROTRCPHIC ASSAY

Thyrotronhic .issay of Crude Saline Extract of Calf A.P.

Daily Dose Average Body Welght Gus. Histolosical Examination
Crude Saline| % Increaege in Average Degree of
Ant.Pit. Thyroid Welght Range Before After Stimulation
20 Mgs. 35 (L)X 0 - &3 21k 22k Slight
70 73 () 50 - 131 226 227 "
bo o 75 (3) 59 ~ 97 208 212 !
50 M 85.2 (W) B6.5 -~ 112 223 219 Fair
60 " 105.2 (4) 65,5 - 162 218 207 "
g0 M 103.6 (3) 87 - 12k 206 208 "
Normal actual Thyroid Wis. ligs.
Controls 30.3  (9) 20 - 36 209 220 No Stimulation

X Number of Guinea Pigs.
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addition of 1 mg. to the thyroid welght for each 6 gms, increase
in body weight. The percentage increase is calculated from the
actual and computed weights of the thyroid at autonsy. In
studying the histological picture of the thyroid gland that
portlon of the gland described by Heyl and Lagueur as the
mlddle zone was routinely used. From the histological appear-
ance the activity of the gland was scored and correclated with
the weight increase.

The amount of stimulation induced in the gland was
Judged by the height of the acinar eplthellum, the presence
or absence oIl colloild and the general shape of the various
acinii. Maximum stimulation results in the absence of colloid,
and the presence of high columnar epithelium with papillary
folds in the acinar lumen.

REFERENCE DOSE

A crude saline extract of dissected anterior lobes
from the original batch of glands, at pH 8.5, was used as a
standard reference dose. All the resulte which were obtailned
on injection of the various fractions were referred to this
preparation from original tissue. Table VII shows the results
of injection with the crude saline extract. These results
which have been expressed as percentage increase in thyroid
weight have been plotted graphically against the logarithm of

the dose of crude saline extract in milligrams (Graph IT)
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From this regression line which was drawn by inevnection 1%
vas possible to calculate the percentage yield of activity
in terms of the original pituitary tissue.

From Table VII it will be observed that only a
small number of gulnea plgs were available for each dcse of

the crude preparation. The range in the percentage increase

in thyroid weight is rather large and would appear to intro-
duce a large deviation in the results. This value would have
been diminished to a great extent if larger groups of animals
had been emploved.

Wherever the extract was effective in causing notice-
able thyroid stimulation the animals as a group failed to gain
welght and in some cases there was a weight loss. Metabolic
studies were not conducted on these animals, but the lack of
welght increment can probably be attributed to an increase
in metabolic rate. It will be noted that untreated controls
gain on the average two grams per day during the six day period.

The histological picture of the thyrold, even when
the dose of extract vas effective in causling a 100 per cent
increase in gland weight, was not indlcative of maximum stimu-
lation. The constancy of the histologlcal picture in animals
treated with the same dose of extract, but over a period of
. months,was surprising. The middle zone of the gland was

routinely used in inspection as reconnended by lHeyl and Lacueur,
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but the classification of stimulation was rather subjective.

Table VIII shows the results of injection with the
lyophilized pitultary fractions. The results are expressed
in the same manner as those obtalned on treatment with the
crude extract.

As a group the animals failed to show a weight in-
crease where stimulation of the gland had been »roduced.

The range of the percentage increase in thyroid
welght 1s large, and here again one nust remark that the use
of a greater number of gulnea pigs per group would have reduced
the deviation. It is evident that within the administered dose
range, 40 mgs. daily of the dried powders of fractions Ry and
R5, the thyroid glands did not show any welilght increase indica-
tive of stimulation, and the histological picture confirmed
this obsgservation. One nay therefore conclude that these frac-
tions are devoid of thyrotrophic activity to some degree.

From a consideration of Table VII] one observes that
thyrotrophic activity 1s not assocliated with a particular frac-
tion, but is spread over fractions Rl, Ro and R3' However, the
activity is not present to the same extent in each fraction,

The effects produced by high dosage of fraction R;p
and R3 are less than those obtalned with a smaller dose, It

would appear that some toxic or deleterious results are pro-

duced by overdosage.
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THYROTROPHIC ASSAY

THYROTROPHIC ASSAY OF ANTERICR PITUITARY FRACTIONS

Daily Dcse ~ Average Body Weight Gms.
Mgse. % Increase in Average Histological Exami

Fraction Thyroid Welght Range Before After Degree of Stimuls
Ry 1 Mg. bo.2 (3)&x  15.5 - 67 205 210 Slight

" 2 93,0 (6) 67.0 - 140 200 207 Fair

" 10 163.0 (5) 81 - 247 205 207 Good

" 20 ! 135.0 (2) 112 ~ 158 213 212 Fair

" ho 150.0 (2) 107 - 196 190.5 181.5 Fair

Ro 1 65  (3) hg  ~ 73 216 211 Slight

" o 79 (7)) 23— 167 209 208 Fair

L 10 119.7 (5) hg.e - 240 213 223 Good

Ry 2 350 (L) 0 - 64,5 208 227 3light

" 10 123.0 (5) 67 =~ 170 203 207 Fair

" Lo 106.0 (2) 93.5 —~ 120 188 200 Good

Ry 2 o (2) 199 216 No stimulation

" 10 0 (3) 202 213 " "

" 4o 58 (U4) hg - 67 196 209,.7 Slight

Ry o 3.0 (R) 0 - 7 208 226 No Stimulation

" 10 8.5 (2) 0 - 1 190 200 " L

" Lo 3.0 (2) 0 - 182.5 183 " !

%X NUMBER OF GUINEA PIGS.

TABLE VITT
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The next question that arises is the division of
activity among groups Rl’ Ro and RB’ and also its vield in
terms of original tissue activity.

YIELD OF ACTIVITY

The regression line shown in Graph II was obtained
when the percentage increase in thyrold welght was nlotted
against the lorarithm of the dose of crude extract in milli-
grams. Since the yield of thyrotrophic activity of the various
fractions in terms of the original tissue is souzht, one can
compare the results contvained in Table VIII with this 1ine and
find the dose of crude extract which produces an eaulvalent
effect. It 1s admitted that such a comparison is a rough
approxinmation, but it does serve to answer the question of
yield of activity.

When the results obtained with the lower doses of

fractlon Ry are read on Graph II, one obtains the following

results:-
Dose of % Increase in  Log.Dose Equivalent  Expressed per
Fraction Ry  phyroid Veight Mes. of Crude AP. Hg. of Ry
1 ng. 40.8 1.295 19.5 19.5
2 93,0 1.750 5640 28.0
10 163.0 243 220,0 22.0

One may therefore say that 1 mg. of Rl has approxinately the
notency of 20 to 28 mgs. of crude extract. Since the total

yield of 31 wvas 1% gnms., one can conclude that 1ts potency

represented 260 to %64 gms. of crude extract.
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Taking the average of the results above, it would
appear that 1 ng., of Rl poscesses the potency of 25 mgs. of
the crude extract and the total yield of Ry has the potency

of 325 gms. of crude extract.
The total yield of Ry, 13 gms., was obtained from
1235 gms. fresh AP. tissue, and the yleld of thyrotrophic

actlvity possessed by Ry in terms of this original tissue is

325 x 100 = 26 per cent.
1235 |

Takling the results obtained with fraction Ro and

reading them in the same way one obtaine the following results:-

Dose of % Increase in Log.Dose Equivalent ©=xpressed per
Fraction Ro Thyroid Weight Mgs. of Crude AP. Mg. of Ro
1 ng. 65 1.505 2.0 32
2 N 79 1.628 2.0 - 21
10 120 1.975 9k.5 Se5

The agreement of results produced with Ro 1s not as good as
that of Ry; however, one may take 21 mgs. of crude extract
as equlvalent to 1 mg. of Ro.

And since the total amount of Ro obtained from 1235

gms., of fresh tigsue was 1l.%, one can calculate The yield of

thyrotrophic activity as 241.5 x 100 or 19.5 per cent.
1235

Similarly with R3'

Dose of ¢ Increase 1in Loge.Dose Eauivalent Expressed per

Fraction 35 Thyroid WVelght ligsa ?f Crude AP. Mg. of R3

2 me. 35,5 1.255 14 9
10 * 123.0 2.000 100 10




.
l ne a‘f e (" ] han o 1 e
rage may be exrresced 9.5 mpe, of crude extract

equivalent to 1 mg. of 93.
The total yield of R was 1% gms. which is enui-
+ 2
valent to 12%.5 gms. of crude extract and the per cent

vield is therefore 10,

The total yield of thyrotrophic activity possesced
by fractions Ry, Ro and R3 may be rouchly totslled to give
S per cent.,

Since the total weight of Ry, Ro and R3 1s rouchrly
grams, the degree of purification is about 22 times.

2
P :

DISCUSSIOH

The question of et fraction or fractions of the
procecsed anterior pituitary extract are associated with
thyrotronhic activity as well as the percentage yield of
this activity in teris of original tissue have been sie-
cuately answered in the previous sectiocn.

The total yleld of thyrotrophic activity in terns
of ariginal tissue i1s 5% per cent. Thie represents a rather
good yield and is the largest of any activity associated
vwith the Cohn fractions. It doeeg not compare with the
hundred per cent recoveries of investige®tors whe heve
1 golated the hormone in the pure state, but it should rve
remembered tha® their isolation and purification techniaue

ig enecific. The yileld obtained here 1t the recult of a



¢eneral fractionation procedure, and in the 1light of this,
the vield ig aood.

The next cuestion vhich ie »f concern ic *the
effectiveness of the Cohn procedure in separating thyro-
trophic activity from the other anterior lobe principles.
The method is not as efficient in this respect as one coculd
desire. The activity is spread over the first three frac-
tions with the pgreatest portion in Rie arart from the
epread oi activity over these three fractions 1t doeg not
exist alone but is combined with growth, gonadotrophic and
corticotrophic activities. The cnly other activity spreed
over three of the lvophilized fractions is the gornadotrophic
activity. This is rather interesting since tire twc tend to
be closely asscciated, and this has led to the postulation
of the icdentity ol the thyrotrophic and ICSH »niinciples.

mhe reported water solubility of the thyroftrophic
horrione 2aé 1ts solubility in lov concentrations of alcohol
would not lead one to expect its precinitation in Rl or Rg.
However, the globulin nature of this principle resulted in
ite precipitation under the conditions set forth Ly Cohn.
It is unfortunate that the fractionation procedure did not

recult in a more definite as<oclation of thyrotrophic activity

with e particular fractlon.
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One can ccnclude that the Cohn procedure as here

applled is ineffective in confining thyrotrophic activity

to a pearticular fraction.

The loss of some ectivity in terms of that poscessed

by the original tTissue leads one to suczpect the drying process;

D

othervice fractions Ry &nd R5 would have pccosessed some acti-

vity.
Vratever the conditicn ceusing loss of activity,
the thyrotrophic activity was the lesst aflected of all the

principles investigated.
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::SSAY OF PROLACTIN

Tine prolactin assays were conductel on the lyo-

|

piilized fractions to determine the vyield of activity of

ct

nis

o]

=

inciple in terms of original tissue and to ascertain
wit@ which fraction the greatest portion of activity was
assoclated. Since there was no knowled e of what would
constitute a dose of extract sufficlent to oring about crop
sac stimulation it was necessary to do a number of spot

tests on rather high dosagse.
L.ET=Z0D

The crop sac stimulation iiethod vas emiployed in
the prolactin assays. Pigeons were injected iIntrapectorally
on alternative sides for l} days and were killed on the fifth
day. Jreat care was taken 1in the dissection of the crop
sac to standardize its removal as much as possible. The
fatt;y tissue adhering to the outer wall was removed, and
the sac mashed free of its contents and weisnad., The interior
wall in the region of the crop gland was examined for signs
of stimulation and results were recorded when evidant,

The pigeons used for assay were obtained Ifrom a
dealer, and i.lle they appeared to Le of the same strain
there was not any guarantee of this., It was also impossible

to know the age of the birds. ~he race of pigeon as well =s



INTFAPECTORAL INJECTIONS FOR FOUR DAYS — AUTOPSY ON FIFTH

TABLE IX

PROLACTIN ASSAY

PIGEON CROP SAC STIMULATION METHOD

Eaulvalent Crop 8ac Wt.
Material Number Dose in Mgs. /100 Gams.
Dally Dose of Terms of Body YW<t. Evident
Mgs. Pigeons Original Average Range Stimulation
Normal Controls ! 499 460 - 585 No
Crude Saline
A.P. Extract 2 50 910 730 - 1040 Yes
" 3 75 963 690 ~ 1200 Yes
" 3 100 1100 800 - 1300 Yes
Ry 2 1 540 No
" 10 1 720 No
n 20 2 710 690 - 740 No
Ro 2 1 600 No
" 10 1 790 No
" 20 2 560 No
33 2 1 750 No
! 10 1 600 No
" 20 2 605 595 - 615 No
Ru P 1 770 No
L 10 1 &70 No
R 2 1 7€0 No
b 10 1 670 No
" 20 3 683 658 — 720 No
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the age 1is recognized as an important factor in the resoonse
to the actlve principle, and this was a definite disadvant:ze
in conducting the assay. The response of virious oreeds of
pigeon has been standardized by Riddle znd other Torkers in

this field so that their assay results iave a definite

P

meaning. Considering all thils on assay conlducted on wigeons
of unknown strain and aze can be of a qualitative nature
only. TYhe variation in the bod; wsight of the pigeons was

found to be large, and it was decided to express tne crop

zlend welght as mgs. per 100 gms. body welght,
REFERENCE MATEMILAL )

in the prolactin assays t.ae crude alkaline saline
extract of original tissue was used as reference material,
The results are contained in Table TIX . The number of
animals on each dose was necessarily small so that the
spread of results appeared large. The necessity of ewploy-
ing such high dosage of the original tissue to produce
noticeabls stimulation was rather surprising. .lthough the
rap;e of results on any dose was large tnere nevertheless
seemed to bDe some correlation of crop sac weli_ ht and dosage

employed. Exanmination of the crop wall showed a definite

thickening of the secretory epithelium, and in the case of

the largest dose, some crop milk.
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LYOPHILIZED MATERIAL

In the preliminary assay studies the lyophilized
material was administered in high dosage to insure a def-
‘inite stimulating effect. Table IX does not show any
great stimulating effect with high dosage and there was
not any evidence of crop milk secretion in the injected
pigeons. The crop sac weights do not differ greatly from
those of normal control pigeons; and only in one instance
did it even approach that produced by a dose equivalent to
50 mgs. of original tissue. As a result of these prelim-
inary aséays on the lyophilized fractions it was decided to
discontinue the prolactin investigation. The doses that
had béen adrministered were sufficiently large to indicate
the presence of prolactin activity to some extent, and
when these failed to do so it was worthless to try the
effects of higher dosage. The yield of prolactin activity
i1f determined in terms of original material would certainly

have been negligible.,

DISCUSSION

For all practical purposes the l;ophilized fractions
obtained by application of Cohn's method to anterior pitultary
extracts are devoid of any stimulating effect upon the crop
sac of pigeons, The chemical properties of prolactin resemble

very closely those of the corticotrophic princinle, and one
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would expect them to be rather closely ascociated in this

[

fractionation procedure. Corticotrophic activity is found
in fractions Rl and RE’ the greater portion being present

in Ryj. Nelther of these fractions appears to possess any

prolactin activity.

From the results of preliminary assay of the
lyophilized fractions, it would appear that some activity
may have been present in Ry« This fraction resulted when
the pH of the supernatant containing 40% alcohol was lowered
from 5.75 to L.70, by the addition of a buffer mixture .

The total yleld of this particular fraction was so small
that 1t was used sparingly in assay work. However, the
effects produced by a 10 mg. dose of Ri were not as great
as those resulting from a 50 mg. dose of the crude alkaline
extract, and there was no evidence of stimulation.

It is rather difficult to account for the loss of
prolactin activity. The extraction procedure should have
been effective, Investigators formerly used agueous acld
and alkeline media for extraction of this principle.

The fractionation procedure is not drastic and
it is inconceivable that it should have resulted 1n a con-
plete loss of prolactin activity.

A solution to the loss of prolactin actlvlity cannot

be offered.
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ASSAY OF THE CORTICOTROPHEIC PRINCIPLE

The corticotrophic activity of the various lyo=-
philized powders was assayed by the weight restoration of
the atrophic adrenals of hypophysectomized rats. 'hen this
metnod proved to be unsatisfactory a weight maintenance
metnod was then used. The assay procedures will be

described,

RESTORATZION LETHUD

The left adrenal was removed from hypophysectomized
rats two weeks post-operative and subcutaneous injections
of the various fractions were given twice daily for a period
of ten days. The right adrenal was removed and weighed on
the eleventh day. The percentage increase in weizght of the
right adrenal over the left was then calculated. Both
male and female rats were used in tnis assay since each
animal served as its own control, Strictly speaking,animals
of one sex only should be employed for any assay. Thae
adrenal cortex of hypophysectomized animals of either sex
responds to the active principle and it is felt that the
use of both sexes did not introduce any discrepancy in

the results. The control and stimulated gland were examnined

histologically in a few instances. It was considered that



the weight increase woulg give sufficient indication of

stimulation,

MAINTENANCE METHOD

Fale rats weighing around 125 gms. were hy;o-
physectomized and the injections commenced the following
day. The fractions to be assayed were given once daily
for two weeks., At the end of this time the animals were
killed and the weight of both adrenals recorded. 4
group of opsrated animals which had not received treatment
were xilled at the same time. Due to the wvariation in
body welght at the end of assay it was decided to express
the adrenal weight in terms of 100 gms. body weight. The
initial rather than the final body weight was used in
this calculation. Such a procedure may be criticized,
but some fractions, ovecause of their growth activity,
brought about weight increase while others were ineffective
in thils respect. ¥Yhen the adrenal weights wers compared
with those of normal controls they were found to be lower,
so that 100 per cent maintenance was not obtained by the
administered fractions. Despite the loss in adrenal
weight the animals gained in body welght and it was felt
that the more accurate picture could be ovtained by cal-

culations involving the initial body weight.



CORTICOTROPHIC ASSAY

TABLE X

RESTORATION OF ADRERNAL WrhiGHZ OF HYPOPHYSECTOMIZED RATS

TWO WERKS POST—_OPERATIVE - TwO DAILY INJECTIONS FOR TEN DAYS

Average
% Increase of Number

Dally Dose Mgs. Right Adrenal of
Material Over Lef® Range Aninals Remarks
Crude Saline A.P,,‘ |

5.0 L7 36 —~ 60 5
R 50 20.9 5 — B0 Y
10,0 62.8 4o — &3 3
" 50.0 97.0 g2 - 113 2
R 245 2520 18 - 33 2
"2 5'0 2{5‘.8 5 bl 60 3
" {+5 154 0 - 35 E
" 10.0 98.7 20 — 166
R 5«0 15.7 11.5 - 20.0 2
" 10.0 76.0 67.0 - 84,0 3
" 500 Lz,0 43,0 « 1 Two animals died.
Ry, 10.0 65.0 50 - 80 2 Two animals died.
R5 5e0 - - - Three animals died.
" 10,0 1640 7 - 25 2 One animal died.
" 50.0 43,0 b3 1
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MAINTENANCE OF ADRENAL WEIGHT OF HYPOPHYSECTOMIZED MALE RATS

TABLE XI

CORTICOTROPHIC ASSAY

Average Body Welght Gms.,
Adrenal W<u. Humber Average
Daily Dose - Mgs{Mgs,A00 Gms. of Weipht of Average
Material Body Weight  Range Animals | Testen (Gus. Before After ~Gain
Crude Saline A.P§
5.0 9.16 7.6 — 10.3 7 1.411 130.5 146 16
10.0 12.10 10.9 - 14.8 o 1.679 121,0 124 3
15.0 13,10 11.6 - 14.6 1R 1.625 124,0 121 7
Ry 1.5 14,60 14,2 —~ 15.4 E 2.060 129.6 166 36
" 3.0 15.70 13.2 — 17.4 2.281 116.2 152.9 BZ
" 5.0 15,80 144 - 19.8 5 1. 350 116.0 179.7 el
Ry 3.0 12.40 11.3 -~ 13,6 E 1,462 118.0 126,0 8
" 5.0 14,90 12.6 - 16.5 1.137 121.2 152, 32,5
R3 5.0 9.20 8.7 = 9.7 5 1.375 124,0 122.1 g.1
Operated Loss
Controls 9.3 7.75-10.4 6 954 128, 2 119.2 9.0
Normal Gain
Controls 22.6 21.6 - 23,4 4 2,675 125.0 162.0 37 .0
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it should be mentioned that in both these
methods the completeness of hypophysectomy was checked
by binocular examination of the sella for pitultary

remnants. The assay results were discarded if pituitary

tissue was present,

REFERENCE NATERIAL

The crude alkaline extract of original pituitary
tissue was used as the reference material in both the
assay zrocedures, In the weight restoration method it
was declded to use a 50 per cent increase in weight as the
standard response as suggested by Collip. The dose of
extract equivalent to 5.0 mgs. of original tissue was

found to produce such an effect. TABLE

I><l

In the weight malntenance method it was necessary
to determine the dose of this extract that would be capable
of maintaining the adrenal weight. The results of this
assay are contained in Table XTI + Since a dose equi-
valent to 5. mgs. of original tissue had proved effective
in producing a 50 per cent increase in weight 1t was
thought that a similar dose would serve to maintain the
weight of an adrenal that had not suffered atrophy. The

regults of such a dose showed failure of the extract to

maintain weight. In fact the weight of these adrenals was



not any greater than the adrsnsal weight of operated
controls. Doses equivalent to 10 and 15 mgs. of original
tissue were therefore given. There was not a great deal
of difference in the effects produced by the two doses,
nor were they particularly striking.

The question then arose whether storage of the
original glands in the laboratory had resulted in loss
of corticotrophic activity. ‘hen a fresh shipment of
calf pituitaries was received from the same source, doses
equivalent to 5, 10 and 15 mgs. were assayed. Of the
li hypophysectomized animals injected with the 15 mgs.
dose only 1 survived the assay. The other % probably
died from toxic effects of the extract. It will be re-
membered that hypophysectomized animals treated with
similar doses of this extract in the growth assay also
succumbed. Two of the four animals on the 10 g e dose
also failed to survive. The 5 mg. dose did not result in
the death of the animals. In all the surviving animals
at the end of the assay period the adrenal weights cal-
culated per 100 gms. initial weight failed to siiow any
difference from those resulting from the original jland
extract.

The original glands did not contain any less

corticotrophic activity than the new shipment. Either
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deterioration had not taken place in the laboratory
stored glands or else it had proceseded to asiailar ex-
tent in the more recently recsived glands. Due to the
small number of animals that survived injection with
the new extract and the similarity of response it vas
decided to combine the results,

The effects produced by the dose equivalent
to 5 mgs. of original tissue in the two assay procedures
1s puzzling. In the weight restoration metaod this dose
was effective in producing a 50 per cent increase in
adrenal weight. Under its influence the cortical tissue
was partially repaired. ‘lhen the same dose was injected
into an animal immediately after hypophysectomy, when
atrophy of the cortex had not taken place, it was in=
affective in maintaining adrenal weight. It would seem
that the latter method would require a smaller dose of
material since cortical repair does not have to Le pro-
duced in the normal gland. Mo logical reason can be

offered for this paradoxical effect.

LYOPHILIZEED FRACTIONS

From Tavle . it will be seen that the results
of the assay of the five fractions for corticotrophic

activity were far from satisfactory. The wide range of the



results on any given dose was extremely high as i1s evidenced
by the range. 1In order to overcome this to some extent it
would have been necessary to employ large groups of animals
on each dose, The number of hypophysectomized animals
avallable for assay was limited,so a more satisfactory
method of assay was sought, The large variation is hard

to explain. It 1is true that the animals were of both sexes,
but it hardly seems possible that this could have been the
sole contributing factor. -

When the weight maintenance method was adopted
it necessitated that 211 animals be of the same sex, and
male rats were employeds The results of this assay pro-
cedure using the lyophilized fractions are contained in
Teble XI. From a consideration of the effects produced
by these fractions in the weight restoration assay method
it was decided that the corticotrophic sctivity was
contained in the first thfee fractions. Assayc were
therefore conducted only on fractions Rl, Rg and RB' Since
in all these assays the results were compared with a crude
extract of original tiscue in order to determine the per-
centage yleld of activity it wae necessary to produce a
degree of welght maintenance that corresponded with that
resulting from the crude extrect. The higher doses of the

crude alkaline extract had failed to maintain the adrenal
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welght above thirteen grams and it vas necegsary to find a

dose of the lyophilized fractions that would produce a similer

effect.

LYOPHILIZED FRACTIONS

From a consideration of Table XI, it is obvious
that fraction R3 was devold of any corticotrophic activity.
The adrenal weights after treatment with this fraction were
ecual to those of operated controls whose adrenals had been
allowec to atrophy. Fractions Rl and 32 produced some
maintenance of adrenal weight. It is interesting to note
that fraction Ry produced the greatest body welght increase
during the period of assay and that Ro produced weight increase,
but to a lescer extent, These effects on body weight bear out
the findings of the growth assay on the lyophilized fractions.
Fraction Ry was also successful in maintaining the testes at
a welght very close to normal, while “raction Rp was not cuite

co effective.

YIELD OF ACTIVITY

Although the adrenal weight maintenance method
gave more satisfactory aseay results, 1t is rather interesting
to calculate the yileld of activity by both assay methods.

In the weirht restoration method, which wes finelly
abandoned, we can plot the percentage increase in adrenal

welght arainst the log. dose 1n mgs. of the varioues fractions.
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These resultes are shown in Graph III.

Ry glves a good log, doce/response relation. The
points of R2 are rather scattered and the resnonse lines of
both Ro and 33 are scmewhat steeper.

If one intersects the Ry responee line at the level
of response of the 5 mg. dose of crude extract, *hen 5 mgs.
of crude material 1s about equivalent to 10 mgs. of Ry.

This represents a rield of activity in terme of
original tiseue of 0.5 per cent.

Although fractions Ro and RB possess slightly more
activity, the total yield for Ry, Rp aund R3 in terms c¢f ori-
ginal tissue cannot be much more than 2 per cent.

In the maintenance assay which is also included in
Graph III, the results have teen calculated “:fferently.

The adrenal weight per 100 gms. body welght was
plotted graphically againstthe log. dose in mgs. of crude
extract, and the resulting straight line was graphically
extrapolated. Thie allows a comparison with the resnonse

lines <f R, and R2 which have been sinmilarly plotted,

1
By comparing the lowest point of the R; response

line with a ccrresponéing point on the crude extract line,

one finde that 1.5 m¢se of Ry 1s ecuivalent to 21 mgs. of

o

crude. In other words, the total amount of =&y, 13 gme,, 1s

equal to 182 gms, of crude material.
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The yield of activity in terms of original tissue

1s, therefore, 182 x 100 or 15 per cent.
1235

By comparins a point on the response line R, vith

the crude extract line, one findc 3.3 ngs. of Ro equivalent
to 14 mgs. of criginal meterial.

The yield of activity of Ro in terms of coriginal
tissue 1s, therefore, 4 per cent.

The total yield of corticotrophic activity calcu-
lated from the results of adrenal weight maintenance assay
is represented in fractions Rl and R2 and equals 19 per cent,

DISCUSSIOL

The Cohn fractionation procedure was not successful
in isolating corticotrophic activity in a particular fraction
of the anterior pltuitary extract. Although the greater yield
of activity is in Ry , a small amount 1s present in Roe

The total yield of activity, 19 per cent, is not
as great as that obtained with some of the other rrinciples.
The extraction procedure, 0.9% NaCl at pH8.7, should have
removed all corticotrophic activity. Early investigators
successfully extracted this principle in combination with
prolactin by using an adueous alkaline medium.

If the extraction procedure dild succeed 1n extract-
ing all the activity present in the tissue, then one wonders

what subsequent step in the fractionation procedure was
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responsible for the loss of activity. In the adrenal welght
maintenance assay, R3 was devoild of activity in the dosage
empioyeds In view of the results obtained in the restora-

tion assay, 1t hardly seems likely that Ry and R5 would have

proved effective.

The Cohn fractionation procedure can hardly be
called drastic. The concentration of alcohol and range of
pH are moderate. Temperature changes duri:as handling were
reduced to a minimum., Unless denaturation resulted during
the addition of ethanol in the fractionation process, the
only suggestion that can be offered for the loss of activity
is denaturation during the drying process. All precautions
were taken to prevent thawing. It hardly seems possible
that if slight thawing were produced in one fraction it

could have occurred consistently without observation.
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GONADOTROUHIC ASSAY

Studies on the gonadotrophic principles of anterior
pituitary tissue are complicated by the close relationship
of the two factors, the so-called follicle stimulating
hormone (FSH) and the luteinizing (LH) or interstitial cell
stimulating hormone (ICSH). NoO other pituitary principle
can be studied by such a variety of methods. Animals of
either sex and of numerous species can be used in demonstrat-
ing the presence of these principles. Since the fractions
used in the present investigation did not possess specific
activities but showed contamination with other pituitary
fractions no attempt was made to assay for FSH and ICSH
separatelye.

METHOD

The standard maturity test using the twenty-one day
0old female rat was employed in assaying the gonadotrophic
activity present in the fractions obtained from pituitary
extract by application of the Cohn method. The animals were
injected subcutaneously three times daily for three days
and killed on the fourth day, seventy-two hours after start-
ing the test. The subcutaneous route of injection 1s an

important condition for the success of the assay.

Vaginal smears were taken before killing the animals.
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The smears were examined for the typical oestrus signs -
the absence of leucocytes and presence of cornified
squamous cells. The results were subjective and were
scored by a 1 to lf plus classification. Smears were taken
when the vaginal orifice was not patent. The fresh weights
of ovaries and uterus were recorded. All welghts have been
expressed as mgs. per 100 gms., body weight because of the
great variation in the body weight of immature rats in

our colony.

As with the other assays it was necessary to per-
form a few spot tests to obtain information about the
fractions that possessed activity, and the effective dose,
The five fractions were tried in this manner, and then more
detailed assays were conducted on the fractions showing
gonadotrophic activity.

REFERENCE DuSE

A crude saline'extract was used as the reference
dose material. It was prepared as previously described
and administered in various dilutions. Although it was
realized that bovine anterior pituitary‘is not particularly
potent in gonadotrophic activity it was rather surprising
to note the high dosage that had to be employed before
noticeable stimulation could be produced. The first effect-
jve daily dose was 50 mgs. of crudse saline extract. Higher

dosage was not particularly effective in producing greater



TABLE XTI

GONADOTROPHIC ASSAY OF CRUDE SALINE EXTRACT OF ORIGINAL A.P.

REFERENCE DOSE ASSAY

Average Wt. Average Ut, Vaginai Examinatioc
Dally Dose Nunber Ovaries Uterus
Crude Saline of Mgs./100 Gms. HUgs. /100 Gms. Average
A.P. - Mgs, Animals| Body YWelght Range Body Welght Range Orifice Smear
2.5 4 21.5 21.6 - 35,0 53.5 50.0 - 63,0 Al. Patent 1 Plus
5.0 3 29,8 34,3 . U7.8 71.0 63.0 - 84,0 Al. Patent 1 Plus
10.0 4 39.6 5.3 - 47.2 74.7 49,2 - 101.0 Not Patent 1 Plus
20,0 L 8.8 27.% - 50.0 5645 52.0 - 90,0 Not Patent 2 Plus
5040 L 57+5 47.8 - 57,6 7543 5&.6 - 105.0 Not Patent 1 Plus
50.0% I 40,5 71.3 - 42.9 59.9 H52.8 —~ 70.5 Not Patent 1 Plus
100.0 L 6643 59.2 — 770 107.4 81,2 — 143.0 Some Patent 2 Plue
100.0 % L 4g.0 ho.8 - 54.8 72.0 65.5 = 79.9 Some Patent 2 Plus
150.0 5 5h,1 45,6 - 67.7 96.8 76.5 — 125.0 Not Patent 1 Plus
200.0 5 8.1 38,0 - 78.1 139.8 77.8 - 246.0 Not Patent 1 Plus
Normal
Controls 6 2,9 28.% - 45,8 57.6 6.4 - 96,7
S——

X FRESH CALF A.P. 1USED.




TABLE XITT

GONADOTROPHIC ASSAY OF LYOPHILIZED PTITUT

TARY FRACTIONS

CONDUCTED ON 21-DAY OLD FEMALE RATS

Vaginal Examination

Daily Dose Number Vt. Ovariles Wwt. Uterus
Mgs. of Mgs. /100 Gms. Mzs. /100 Grs. Averag

Fraction Animals| Body Velght Range Body Welght Range Orifice Smear
R 1.0 2 0.4 254 - 35.5 67.1 61,2 — 73.0 Not Patent Nege
wt 2.5 2 2.1 41.1 - 33.1 60.6 57.8 - 63.4 Not Patent Neg.

L 5.0 2 L7.5 79.5 — EE'O 73.2 63.1 ~ 83.3 Al. Patent 1 Plus
"o 10.0 2 1.7 294 .0 76.8 79.6 — 74.0 Al. Patent 1 Plus
" 20.0 3 59.1 6.2 - 77.8 79.8 66.6 — 101.0 Al. Patent 1 Plus
Ro 1.0 2 503 42,0 - K&,6 8348 78.0 — 89.6 Not Patent 1 Plue
" 2.5 2 F0.7 Yy,2 - 5H7.2 77.0 77.0 — 7740 Not Patent 1 Plus
L 5.0 7 Kgnl 32,6 — 7540 91.8 69.5 — 122.0 Al, Patent 1 Plus
" 10.0 5 25.6 Ke.o - 133,0 180.5 149.0 -~ 212.0 Patent 4 Plus
W 20,0 6 143,0 2,0 - 223.0 231,7 114.0 - 365.0 Patent 4 Plue
Ry 3.5 2 ho.7 72,9 - U48.6 68.1 59,5 — 7647 Al. Fatent

5.0 5 50. 2 1.0 - 55.3 101 8  #2.5 - 105.0 | Al. Fatent

" 10.0 5 71.2 hg,2 - 81,3 132,73 68.5 - 182.0 Patent L Plus
" 20.0 5 101. 51.3 - 152.0 154.7 30.7 - 274%.0 Patent 4 Plus
RL 2.5 3 53,5 5l.7 ~ 27.9 78.3 72.1 - 39.5 Not Patent Neg.

" %00 3 L3, 29.4 - 16,0 gh.5 80.5 — 88.0 Not Patent Neg.

- 2eb 2 36,1 33,8 - 38.9 66,4 57.8 — 75.0 Not Patent Neg.
5.0 2 3u.3 0.6 - 38,1 21,5 52,5 — 130.5 Not Patent Neg.

" 20,0 2 B, 2 oo - 7,2 1h6.2 137.5 — 155.0 Not Patent Nec.
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stimulation. Table XII

It was thought that the necessity of such high
dosage might have been the result of deterioration of
gonadotrophic activity in the stored glands. To answer
this objection fresh calf anterior pituitary extract was
employed in the same dosage. The assays using new and
old glands were carried on simultaneously. ‘The results

are indicgted in Table I « It was rather surprising

to note that the original stored glands produced more
stimulation than the fresh glands. It 1s generally accepted
that a variation in any specific activity can exlist between
two separate shipments of pituitary glands. This is the only
reason that can e offered for the lower results obtained
with the fresh pituitaries.

In normal controls the ovarian weight is 3l.9 s mgs
per 10U gms. body weight. In all daily doses below 5V mgs.
the crude saline extract failed to produce ovaries above
normal weight. The doses of 50 and 100 mgs. of original
glandular tissue showed stimulation. In the latter case
the ovarian weight was inéreased 100 per cent. The failure
of doses of 150 and 200 mgs. to produce at least an effect
equivalent to a 100 mg. dose 1is unexplainable, The high
dosage assay was performed about three weeks later, but it

is inconceivable that such a changs could take place in the

glands during that period, particularly when they were kept
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under the same conditions of storage. The greatest ovarian
responseés were produced by daily doses of 50 and 100 mes.,
The ovarisasn response is more esatlsfactory then
the uterine welght response. In the case of the uterus there
did not appear to be any correlation betwveen docage used and
effect produced, 1In addition the individual variatiocns were
larger than those for ovarian welght. One rather strange
finding was the ahsence 9f » full oestrus vaginal smear even

on the highest dosage.
LYOPHILIZED FRACTICN

Table XIII shows the ovarian and uterine weight
responce produced by the lyophilized anterior pituiltary
fractions. The number of female immature rats avallable at
any time did not allow one tc conduct concurrent assays of
the variouse fractions nor on all doeses of a particular fraction.

A consideration of these results indicates that
fraction 35 failed to produce any stimulation of ovarian
weight in the dosage employed. The ovarlan weights on each
dose fzsiled to exceed those of normal control rats. In each
case the vaginal smear was not tyrical of oestrus and the
orifice wae not patent., As far as the uterine weighis are
concerned, there appeared to be an increase in weight with
higher dosage. The variation was so large 1n all the uterine

*

welghts that these changes could not ke considered of an;

gignificance,
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Fractione Ry to Ry inclusive appeared to produce
some stimulating effect upon the ovaries of immature rats.
However, the amount of activity possessed by each does not
appear to be the same. The nexsg cuestion is the division of
activity among these fractions, and aleco its yield in terms
of original tissue ectivity.

YIELD OF ACTIVITY

The increase in ovarian weight produced by the
crude saline extract and the various dosges of the lyophilized
material have been plotted graphically against their reepec-
tive log. doses in mgs. These results are shown in Graeph IV,
Because of ingufficient cata, R4 could not be included here.

Since the crude extract of the original zland ship-
ment gave better results it wae plotted. The resulting log.
dose/response line ie rather good. The response line of Ry
ig almcet parallel to the crude extract line except for the
10 mg. point.

If we chooge a vnoint on the response line R; eculvalent
to a 10 mge dose of this fraction, we findé thet this corresponde
to a point equal to a 50 ug. cose of the crude extract. Cne
can say, therefore, that 10 mgs. cf Ry 1is equivcient to 50 mgs.
of crude extract or 1 mg. of Ry can be said to eocual 5 mgs. of

thics extract.
Since the total yield of Ry was 1% gms., this reprecsents
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65 gms, of crude extract. The total yield of gonadotrophic
activity of Ry is, therefore, 65 x 100, or slightly over 5

1935
per cent. 1235

Fraction R, assayed poorly. The first three doses
produced almost similar ovarian response. While the response
produced by.the 20 mg. dose extends beyond this graph, never-
theless an almost straight line relationship exists between
it and the responses to the 10 and 2.5 mg. doses of this
fraction. This line 1s much steeper than those given by Rl
and the crude extract. However, the steep line of Rp 1s
almost parallel.to the excellent response line given by the
four points of R}.

If one chooses conservative points on lines Ro and
R3 and compares them with the crude extract response line,
then the vield of activity can be calculated. From this one
obtains the rather conservative estimates 'of 17 and 9.5 per
cent yield of activity for fractlons Ro and R3 respectively.

The total yield of gonadotrophic activity for
fractions Ry, Rp and Rz in terms of original tissue 1s,
therefore, 31.75 per cent. Fraction Rl obviously possesses

a'slight gmount of activity, but this has not been calculated.



129,

ASSAY FOR ICSH ACTIVITY

It was previously stated that an attempt was not
made to differentiate the yilelds of activity of the two
pituitary gonadotrophic factors since the fractionation
procedure had not led to a definite separation of the other
active piltuitary principles. The synergistic action of the
F SHand I C S H on the immature rat ovary 1s generdlly
recognized, and 1t was felt that such an assay would give
sufficient indication of the yield of activity. However,
the L H or I C 8 H content of bovine pitultary is greater
than the F S H content and it was decided to conduct at
least a preliminary assay for this activity by using the
semlnal vesicle stimulating effect.

METHOD

Twenty-one day old male rats were injected sub-
cutaneously twice daily for five days and killed on the
sixth. The fresh weights of seminal vesicles and testes
were recorded. Yhen the seminal vesicles are greatly stimu-
lated and contain fluid 1t is customary to fix them in
Bouin's smlution prior toweighing. The degree of stimulation
produced in this ascay did not demand such a procedure. From
a consideration of the results produced in immature female
rats 1t was decided to use only those lyophilized fractions

that exhibited some gonadotrophic activity. Similarly high



TABLE XIV

ICSH OR LH ASSAY

21-Day 01ld Mele Rats Injected Subcutaneously
Twice Dally fcr 5 Days — Autopsied on Sixth Day

Weight Seminal Vesicles

Welght Testes per

Daily Dose per 100 Gus.Body Weight 100 Gms.Body Weight
I’i Coe
Matirial Average Range Average Range
Crude Alk,
Ant. Pit.
50 32,5 (4)x 71.2 - 34,8 701 (4) 600 - %50
100 22,2 (U4) 23.7 —- 39.7 740 (W) 681 - 873
R, 10 30.5 (4) 27.3 - 32.L 775 (&) 735 - 792
R 75,2 (W) 71,2 - 16,8 265 (4) 7°5 — 1050
1° 10 hz,7 (4) 39.0 - 52.1 gzg (k) 836 - 915
R 5 2L, 6 (L) 21,0 - 25,7 998 (4) g71 - 1050
w16 31.5 (L) 27.0 - 35.0 501 é”) 8&5 - 1olo
Normal
Controls 26.1 (3) o, 3 . 24,2 739 686 — 781

X Number of Animals.
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doses of crude extract of original tissue were enployed.

The results were expressed as mgs. per 100 gms. of body
welght because of the wide range of body welght in these
animals. Table XIV shows the results of I ¢ S H assay.

The semlnal vesicle weight produced by injection of high
doses of the reference material did not differ greatly from
that of normal controls. Injection of the lyophilized frac-
tions did not produce any estriking effects, but it was observed
that the fractions most effective in producing ovarian stimu-
lation also showed greatest activity in stimulating seminal
vesicle weight,

YIELD OF ACTIVITY

From the small amount of data avallable 1t 1is
impossible to calculate the yield of activity by construc-
tion of a log. dose/ response curve. The results produced
with 50 and 100 mg. doses of the crude salline extiract are
about the same and do not differ from the normal range to
any great extent.

From the values obtained with the lyophilized
material it is evident that Rp and R3 possess about equal
activity. Fractlon Rl contains less activity than R2 or R3°

The results of this preliminary assay showed that

no advantage would be gained by conducting a separate assay

for I C S H Gonadotrophic activity as assayed by immature
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female rats answered the auestion quite adeauately since
the Cohn fractionation procedure vas not effective in

separating the two gonadotrophic principles.

DI SCUSSION |

The total yield of gonadotrophic activity is
roughly 32 per cent. This activity is not confined to a
particular fraction, but 1is spread over Ry, Ro and R3.

From a consideration of Table XIII and Graph
IV, we observe the striking difference in activity between
the crude extract and Ry on the one hand and Ro and R3 on
the other. Ry, which contains the lowest yield of activity,
parallels the log. dose/response line given by the crude
extract. The two fractions which have greater activity,
Ro and Rz, give lines which are parallel to each other, but
much steeper than the line for R1. It will be remembered
that conservative estimates of the yield of activity of
Ro and R3 were made. The lowest region of each line was
used for comparison with the crude extract,

If either Ro or R3 gave a regponse line which was
strikingly steeper, it would seem fortuiltous, but the simi-
larly steep narallel relationship of the two response lines
leads one to geek an explanation. The slope diflers so
from the crude extract and fraction R; that it leads one

to speculate. It would appear that the removal of some
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substance present in the crude extract anad Ry 1s effected

by the Cohn fractionation procedure. This substance probably
plays an inhibitory role and prevents maximum ovarian stimu—
lation. Whatever it ls, a concentration of 10% ethanol at
the neutral point isg successful in removing it, since it is
absent from Ro , which precipitated at a concentration of 25
per cent ethanol and a similar pH.

One could say that the increased response to Ro
and R3 was due to the presence of I ¢ 8 H which acted
synergistically with FF 8 H to produce larger ovaries.
However, the failure to produce similar results with the
crude saline extract vitiates this theory. The preliminary
assay for I C S H also falled to show any striking content
of this principle in Ro and RB‘

This "inhibitor" substance is probably a protein
and one cannot add more than this concerning its nature.

If such a substance does pleay a physiological role in the
pltuitary-gonadal relationship, nothing is known of its
mode of action. It would be interesting to determine if

this substance is also found in the pituitary tissue of

ma ture animals.

The total yield of gonadotrophic activity is not

too poor when one considers that general extraction and

fractionation procedures were employed. Bovine anterior



133,

pitultary is admittedly a poor source of the gonadotrophic
hormones. The method of extraction, 0,9% NaCl at pHE.7
should have been adequate. Fevold finds that pH6 does

not give a poor yield, but recommends a more alkaline
medium. The gonadotrorhic nrinciples are globulin in

nature and are extremely water soluble., It is difficult

to effect a clear-cut separation of the two principles

due to their similar chemical properties and the tendency

of their solubllities in any medium to overlap.

From the assay results presented, one can conclude
that the application of the Cohn fractionation procedure 1is
ineffective in separating ¥ S H and I C S H activity and
gonadotrophic activity is not confined to a particular

fraction.
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SUMMARY AND CONCLUSIONS

The present investigation wes undertaken with a
three-fold purpose. It was undertelen to determine the
activity associated with the various fractiong obtained by
the application of Cohn's blood plasma method to an alkaline
sellne extract of calf anterior lobe tissue. In conjunction
with this, the percentage recovery of the activity of each
specific principle in terms of that poseessed by the original
Tissue was also sought. And finelly, it was undertaken to
evaluate the effectiveness of the Cohn method as a procedure
in fractionating anterior lobe extracts.

Permission to adapt the Colin blood plasma method
to an anterior piltuiltary extract was obteined. Cohn urges
careful regulation of temperature, control of pH and con-
centration c¢f alcohol when fractionating proteiln solutions.
Recommendationg sinmilar to those géesented 1n his Monorrarh
can be found in earlier published work (204). The importance
of adhering to these experimental conditions was recognized,
and all care was taken to obeerve the necegsary precautione
as closely asthe laboratory facilities would permit. N

The apnlication of the Cohn fractionation procedure

to an alkaline extract of anterlor lobe tissue is described.

The resulting fracticns, wiilch have Dbeen named Ry 0 Zg

inclusive, form the basls for the present investiration,



TABLE XV

Distribution of Activity in Lyophllized Fractions

Percentage Yield of Activity in Terms of Original Tissue

Totel Degree of
ACTIVITY Rl R2 R3 R4 Yield Purification
Growth 8.0 2.8 - - 10.80 50 times
Thyrotroghic 26.0 19.5 1.0 - 55.00 22 times
Prclactin - - - ~- - -
Corticotrophic 15.0 i o - - 19.00 50 times
Gonadotrophic 5.2h 17.0 9.5 - 21.75 22 tTimes
=S ——— == === e = w
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Each fraction was dried under high vacuum when in the frozen
state, and the yleld of the various powders frcm the original
crude extract is recorded. The extremely small yield of R
necessitated its exclusion from some prelininary studies
~which were conducted, so *.at sufficient would remain for
'the assay work,

The nitrogen content of the various fractions
was studled. Slight contamination of R5 wlth the oxytoclc
principle of the posterior »nituitary 1s shown, and the
presence of some sensitizing substance in all the fractions
studied is evidenced by the few results obtailned on guinea
pigs.

Before assaye for the various recognized pituiltary
principles were undertaken, i1t was necessary tc decide upon
a reference material so that the percentage yleld of acti-
vity in terms of original tissue could be determined. A
crude alkaline saline extract of celf anterior pitultary
from the original shipment was used throughout as thie
reference standard. It was decided to use thlis material
as a standard when a similarly prepared, but subsequently
lyophilized fraction, showed some loses of activity.

The reference extract was freshly prepared every
three days from the undissected glands which were preserved

in the frozen state., The use of such a reference standard
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may be subject to criticism since cdeterioration of activity
could probably take place in the whole glands during the
storage period., Deterioration was suspected on several
occaslons and led to assay difficulties; however, on invecti-
gation, the stored plands exhibited as much activity in the
ma jJority of instances ae a fresher gland shipment.

Any investigator of the anterior pitultary prin-
ciples 1s confronted by a variety of assay procedures. In
the present investigation the methods used in the estimation
of the growth, thyrotrophic, prolactin, corticotrophic and
gonadotrophic content of the various lyophilized fractions
were the standard methocds recommended by numerous investi-

zators. The chosen methods have a trustworthy reputation,

and it was felt they would yield the best results.

All assays were carefully conducted. The nécessity
of using such enall groups of animals on variocus doses greatly
handicapped assay procedure and the results of assay. It was
impossible to obtain a sufficiently large number of animals
of one age and sex from our rat colony at any one Time.
Coupled with the small number of availlable animals, the
rather difficult technique of hypophyeectomy and the dearth
of such suitably prepared animals was a further handicapn.
Rather than perform all the tests on a certain dose at the

same period of time, 1t vas sometimes necescary to spread
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the results out over a perlod of monthe. iiovever, all
attempts were made to standardize the eXperimental conditions
ae cloeely as Pessible, and the results checked rsther well
even after a few months! interval.

Hypephliysectomized rats of either gsex wvere used in
the investigation of growth activity in the various frac-
tilons. InjJections were started ten days after operation
and confinued daily for twenty daye. The weight increase
obtained with various doses of the lyophilized material was
compared with the results produced with the crude alkaline

extract of original tissue.

Guinea pigs were employed in the thyrotrophic
assay. The percentage increase in thyroid weight produced
by dosace with the crude extract or the various lyophilized
fractions above that of normal untreated guinea pifs vas
the basis of ascay. These results were correlated with
histolo;ical evidence of thyrcic activity.

The futility of the prolactin assay which was based
upcen crop sac welght increase was coon evident. Only a negl:i-
cible amount of lactogenic activity vae present in the
lyophilized material. The prolactin ascays could not have
given more than a gualitative result under the circumstances.
The necessity of using a single strain of p»igeon of a parti-

cular ave is stressed by various workers.
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Hypophysectomized rats were also employed for *he
corticotrophic assay of the lyophilized material. A weight
restoration method proved unsatisfactory and finally an
adrenal weight maintenance method was adopted. The results
of assay were compared with the degree of weight maintenance

produced by the crude alkaline extract of original tissue.

In the investigation of the gonadotrophic activity
of the various fractions immature female rate were employed.
The uce of hypophysectomized rats is recomuended by those
working with purer hormone fracticns. The degree of separa-
Tion of the two gonadotrophic factors dic¢ not warrant the
use of operated animsls in conducting the assay. The ICSH
activity was inveatigated by the effects on seminal vesgicle
welght of immature male rats.

The results of all these agsays are contained in
detail in the correcgponding tables. In Table AV a sunmary
of the results with the five lyophilized fractions is given.
This answere the cuestion of division of activity among the
varioug fractione as well as the percentace yleld of activity
in terms of original tiscue.

The »ercentage yleld of activity was obtalned by
calculation from the results of Thre various acssays which were
plotted graphically in terme of a log. dose response llne,

Detalls of calculation are included in the experimentsl cection,



139.

Growth activity 1s found in fractions Ry and Rp,
the greater portion being in Ri. Deterioration of the
growth activity of the original stored tissue led to the
use of a reference extract prepared from a fresh gland
shipment. 1In the light of the yield of activity of some

of the other principles, the total yield of growth activity,
10.€ per cent, is low.

The thyrotrophic activity is represented by
fractions Ry, Ro and R3, the greatest activity being in
Ry» The total yleld of activity, 5% per cent, is the
largest for the nrinciples investigated.

CorticotrOphic activity, as ascayed by the adrenal
weight maintenance method, is present in the first two frac-
tions. Although the degree of purification is about fifty
times,the yield of activity, 19 per cent, 1s not high.

Gonadotrophic activity 1s present in the first
three fractions, but the greatest yleld is in Rp. About
one-third the activity of the original %tissue 1ls recovered.

It is interestiug to note that all the principles
investigated are present in the first two fractions. Only
in the case of the thyrotrophic and gonadotrophic princlples
does R3 possess significant activity. The almost complete
absence of activity from Rl, and its definite absence in

R5 is rather puzzling, particularly when the yileld of
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activity in the other fractions does not approach that of
the crude extract.

Fraction R), precipitated when the supernatant
containing 41 per cent ethanol at PH5.7H was furthe£
acldified by a buffer mixture to pHY.7. In fraction Rg
which represents the residue of the protein which was

extracted from the anterior pitultary, one would expect

to find any active material which had not been precipitated

-~

by the other steps of the Cohn fractionation procedure.
It should be mentioned that the volume of super-

natant,before concentration under high vacuum, was 6 litres.
This was reduced to 300 ccs. in a water bath whose tempera-
ture did not rise above 40°C. The evaporation of such a
large volume took many hours, and the temperaturé within

the flask may have risen above the required 17°C, thus
producing loss of activity. Dialysls was not carried out
prior to evaporation so that the salt concentration increased
considerably when the volume was reduced to one-twentieth of
the original. Prolonged heating in such a medium could very
likely result in destruction of activity. However, 1f R)
posgsessed activity anad R5 did not, one would attribute its
absence to destruction during the concentration process,

but the negligible amount of activity possessed by Ry leads

one to question the truth of this speculation.
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The presence of so many principles in the first

- three fractions, and the lack of a clear—cut separation of
these principles, was rather disappointing, It was hoped
that a particular fraction might contain a certain prin-
ciple to the exclusion of others. The number of active

" proteins present in the pitultary, as well as their close
chemical relationship, added to the difficulty of fractiona-
tion.

The successful fractionation of any ?rotein solution
1s atfended with difficulties. By slight alteration of salt
content, temperature and pH, the nature and yield of a
fraction can be altered. This is evident when one considers
Cohn's published work on the preparation and properties of
serum and plasma proteins by an ethanol-water fractionation
method which is essentially the same as that employed in the

present investigation (204).

Apart from conditions that may have led to denatura-
tion of the protein fractions and consequent loss of activity
(addition of ethanol and rise in temperature), it should be
stressed that the conditions of temperature, alcohol concen-
tration, pH and lonic strength set forth by Cohn relate
specifically to the components of serum and plasma. The
number of pituitary proteins as well as thelir chemical
properties probably require slight variation of the condi-

tions suggested by Cohn.
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From the results of investigation of the Cohn
method applied to the fractionation of an anterior pitui-
tary extract one can conclude that certain modifications
must be introduced before it can prove of definite value
in this respect. By careful control of temperature and
the observance of precautions to maintain low temperatures,
as well as the avoldance of denaturation when adding the
ethanol, the yield of activity may possibly be greatly
improved, Similarly, better fractionation of the varlous
active protein principles may be obtained by modification
in the ethanol-water fractionation procedure,

In conclusion the author wishes to state that

although the method of protein fractionation employed is not
original, nevertheless, its application to an extract of
anterior pituitary constitutes an original investigation.
While low temperature alcohol precipitation methods have

been employed by Mellanby (205), Hardy and Gardiner (200),

and many subsequent investigators, some of whom were concerned
with the preparation of ‘antibodies, and vhile 1t has been
successfully applied to the preparation of serum and plasma
proteins, the literature does not contain any reference to

1ts application in the preparation of anterior pitultary

hormone fractions.

The three-fold purpose of the investigation has
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been fulfllled, and while the results obtained are not of
a startling nature, they offer promise that, with modifica-

tions, the method may prove highly successiul.
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