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HISTORICAL INTRODUCTION 

Our knowledge of the hypophysis cerebri or 

pituitary gland dates back to the early anatomists• 

Cilen, 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 theoretical 

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. Nith 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 

pituitary tumors established a relationship between the 
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pituitary and body growth. The work of Rogowitsch (lljij-) 

on thyroidectomy also led to the establishment of a 

relationship of the pituitary with the thyroid. HoiTever, 

the experimental phase of pituitary investigation which 

ushered in the modern era, albeit slowly, started with 

the successful removal of the pituitary from two dogs by 

Eorsley in 1886. (86) 

Prom the time of Horsley's removal of the 

gland until Smith described its successful removal in 

rats forty years later the specific symptoms resulting 

from hypophysectomy were never adequately or fully des­

cribed. Workers too numerous 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-workei?s (39) • The 

operative techniques employed in removing the gland from 

various species 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 difficulty of the operative technique resulted 
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in injury to the brain tissue in the region of the 

hypophysis and this gave rise to symptoms which 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 were destroyed by the operative 

approach to the pituitary. Aschner who 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). 

V<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 of the role 

played by the pituitary, especially with regard to the 

trophic influence it exerts on other endocrine glands, 

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 historical evidence for the 

pituitary1s 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 years 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 by oral adminis­

tration of the pituitary to mammals 3vans and Long (I4.5) 

were successful in preparing an extract of anterior 

pituitary which on injection stimulated growth in 

normal rats. They subsequently obtained evidence that 

this extract influenced other endocrines apart from its 

growth effects. Other workers were also engaged in the 

preparation of pituitary extracts and the study of their 

effects. 

By 1930 the stage was set 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 greatest 

strides have been made in pituitary investigation. The 

ability of pituitary extracts to prevent trie changes 

characteristic of hypophysectomy and to restore those 

structures where regression had occurred led workers to 

investigate the principles present in the extracts responsible 



for these effects. Although 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 efforts 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 
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contamination. The physical and chemical character­

istics have been studied and as a result of purification 

our knowledge of the biological properties has greatly 

improved. The appreciation of the protein-like nature 

of these principles and the application of methods 

employed by physical chemists in the study of structure 

has been of untold advantage in the final elucidation 

of the problem. 

The problem of isolating and studying the 

principles in the 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 contamination 

with other factors as much as possible. In a word, 

they were selective, and the 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 form 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 (rlB^)2 SO^. *7hile isoelectric precipitation 

was formerly most popular, the salting-out procedure 

appears to be the method most generally used In the 

fractionation of extracts and the preparation of 

purified principles. 

The protein nature of the active principles of 

the anterior pituitary necessitates care in handling the 

material prior to extraction. Although acetone desiccated 

or frozen glands can be used as a source material it "is 

advisable to use fresh anterior pituitary tissue. The 

species of the gland employed in investigation is also 

important. Beef glands are recognized as a poor source 



of gonadotrophic principles and workers interested in 

the preparation of these factors use either sheep or 

swine pituitaries. Recent work has shown that the 

gonadotrophic principles extracted from different 

species while possessing similar biological properties 

are slightly different chemically. 

The chemical procedures used in the preparation 

of hormones are as numerous as the workers in this 

field. The main procedures In the preparation of any 

hormone or hormones are the extraction, isolation and 

purification. The main methods employed for each 

hormone will be found under the separate headings. 



9. 

THE NUMBER OF ANTERIOR PITUITARY HORMONES 

It is impossible to state the number of hormones 

actually secreted by the anterior lobe of the pituitary 

gland. The various physiological and pharmacological 

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 which are almost 

completely free of contamination with other principles. The 

hormones of the anterior hypophysis have been the subject of 

so 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 be derived from or be altered products of large 

protein molecules produced by the cells of the living gland. 

He believes that all the physiological activities of the 

anterior lobe are represented by different groupings of two 

or three protein substances secreted by the gland. ,fIt would 

be possible to visualize the act of secretion of the normal 

gland in situ in one or two ways. Either the individual 

physiologically active groups may be liberated by some 

hydrolytic process, probably enzymatic, from the native 

protein carrier, or else the secretion consists of native 

proteins each carrying many active groups. For example, in 

the former case relatively small molecules could be visual­

ized, 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, it 

would be inferred that different peripheral structures are 

acted upon by different groups in the hormone molecule, a 

specific group always having a specific physiological effect11 

( 35 )• 

Investigation to date allows for the conclusion 

that there are six separate physiologically active principles 

secreted by the anterior hypophysis. These are the growth, 

throtrophic, corticotrophic, 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 fractionation 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 pituitary 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 

ascribed 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 one, 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 ). In 1952 

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 diabetes in dogs. 

The mechanism by which such effects are produced by the ex­

tracts has been studied by Campuell and Best (26 ). These 

authors find regressive changes in the islet cells of the 
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pancreas accompanied by a fall in their 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 ( 1I4.7 ) described a factor 

responsible 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

hydrate 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. The net result of these studies is the 

postulation of a direct and indirect role of the pituitary 

in carbohydrate metabolism. 

PROTEIN METABOLISM 

The effects of anterior pituitary extracts upon 

protein metabolism, particularly those rich in growth 

activity were studied by Teel and Watkins ( l8l ). 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. 
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Although most workers consider 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 ( lj.1 ) would seem 

to indicate that they consider some factor in pituitary 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 ( 131 )• 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 METABOLISM 

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 metaoolism has been designated as the 

ketogenic factor. Burn and Ling ( 199 ) first described a 

property of anterior pituitary extracts which caused increased 

ketosis in animals on a high fat diet. This factor has been 

extensively studied by Neufeld and Collip^( 128 ) ( 129 ) 

Shipley ( l60 ) 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 the 

identity of the metabolic hormones will be established 

satisfactorily and that separate principles will be 

postulated or they will be associated with the already 

existing ones. 
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THE 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 Marie 

( 118 ) in which acromegaly was associated with pituitary 

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 is 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 is 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 ftthe 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" ( l6 ). 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 with 

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-GROWTH 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 technique 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 ( 3 9 J on the earlier attempts 

at hypophysectomy has been mentioned previously. The studies 

of Cushing ( i|.0 ) and Smith ( 171 ) firmly established 

that the removal of the pituitary results in an abrupt 



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 ( 1+ ; 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 ( lj.6 ) 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 ITulzen ( 191> ), 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 
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produced increased growth. Uhlenhuth ( l8lj. ) later con­

firmed these results in salamanders. 

Evans and Long ( I4.5 ) first demonstrated that 

the growth rate of normal mammals could be increased by the 

injection of an alkaline extract of the anterior pituitary 

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 in hypophysectomized rats and the 

restorative 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 pituitary 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 HORMONE 

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 (NH^J2 SOL^ solution at pH 7 by 

dialysis or increased concentration of (NĤ _)p SOK. Growth 

hormone is largely precipitated by 1.6 M (JMHĵ ^ S0L and 

completely by 1.8 M ( 6l). 

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 7.1. Untreated fractions precipitate over 

a wider range, pH 1+.6 to 9. The presence of S-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 in body weight and skeleton size. 

The Increase of body weight produced by growth 

extracts is indicative of metabolic changes within the 

animal. The studies of Teel and Watkins ( l8l ) 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 Evans1 

laboratory ( 11, 121 ) shows that nitrogen retention is 

produced by the injection of a purified growth hormone prep­

aration. Young ( [4.1 J 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, how­

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 growth 

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 ( lj.7 ) introduced the use of plateaued 

rats for a rapid and satisfactory method of assay. Workers 

Interested in the investigation of the growth principle con­

tinue to use normal animals despite the introduction of hypo­

physectomized rats for assay purposes. Evans and co-workers 
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C 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 ). Other workers have introduced their own modifi­

cations into the assay procedure. Van Dyke et al ( 27 ) 

recommend 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 HYPOPHYSECTOMIZED RATS 

Hypophysectomized rats, about ten days postoperative7 

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 animals1 own pituitary. An interesting cor­

relation and comparative study of the two assay methods has 

been made by Evans ( 120 ). 

Van Dyke and fallen Lawrence ( 187 J introduced the 



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 hypophysectomized animals 

but her assay period is only five days ( 2I4. ). 

Freud ( 200 ) has introduced another criterion 

of growth apart from body weight response. He uses the 

Increase of tail 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 Evans' lab­

oratory from 1921, and by 1929 he and co-workers ( J4.8 ) 
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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 necessity 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 ( 1+9 j. Teel 

( 180 ) who had originally worked with this group intro­

duced ammonium sulphate in the preparation of the growth 

stimulating substance from anterior pituitary 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 ( ll>7; 23). 

About the same time Janssen described the preparation of a 

potent acetone powder (92 )•' 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 Oa^(POL) to adsorb the growth 

hormone from a pituitary extract was utilized by Collip ( 33 ) 

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 P0** cent, 

showed the impracticability of such a method of preparation. 

Within the last few years rapid strides have been made in the 
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preparation 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 it is 

immediately applied to advantage in future work. Fevold 

et al ( 6l ) 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 contaminants 

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 I 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 11.7* in a 

calcium oxide solution. He claims it has a denaturing 

effect on inactive protein so that less appears in the 

neutralized extract. Fevold uses a (jMHĵ ôH solution at 

pH8 for extraction. The success of the work of investigat 

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 activity of 

the final product, and freedom from other pituitary 

principles. 
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THE T'HYRuTRuPHIC HORMONE 

The existence of the thyrotrophic hormone as a 

separate physiologically active principle of the anterior 

hypophysis is generally accepted. In 1889 Rogow itch 

( IJ4J4. ) noted cell changes and enlargement of the anterior 

pituitary of thyroidectomlzed dogs and rabbits 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 ( I0I4. ) ( 22 ). 

As a result of Adlerfs ( 3 ) successful ablation of the 

pituitary in amphibia (I91I4.) Allen and Smith studied the 

results of hypophysectomy in larval amphibia (5; 166) 

( 166 ). They observed atrophic changes in the thyroid 

gland and associated them with the failure to metamorphose. 

In 1912 Gudernatsch ( 83 ) 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 by 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 ( 1?6 ) in I92I4. 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 pituitary-thyroid 

relationship was soon extended to mammals. Aron ( 196 ) 

and Loeb ( 105 ) induced hyperplasia of the guinea pig 

thyroid by injection of anterior pituitary extracts (1929 

Subsequent to their reports numerous investigators observed 

hyperplasia of the thyroid in a variety of laboratory ani­

mals; Jans sen and Loe3er ( 93 ) a ^ Junkmann and 

Schoeller (96 ) in the guinea pig, Houssay et al ( 89 

and Putnam, Benedict and Teel ( lij. ) 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 

pituitary 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 PROPERTIES OF THE THYROTROPHIC 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 to advantage in 

purification of the active principle. Cohn et al ( 6l ) 

have shown that the hormone appears to be completely 

precipitated when the concentration of ammonium sulphate 

reaches 2.Î M at pH 7. When an extract is heated in 

neutral solution to 100 deg. C its activity is destroyed. 

Chemical analyses of an almost pure fraction show that the 

protein contains 13% nitrogen; 3*5% carbohydrate and 2.5$ 

glucosamine. Cysteine treatment, under conditions 

favorable for the reduction of s-& bonds was found to 

inactivate the hormone (72 )• 
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TEE BIOLOGICAL PROPERTIES OF TKB THYROTROPHIC HORMONE 

The biological properties of the thyrotrophic 

hormone have heen 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 ( lol ) and increase 

in the heart rate ( 151 ) reduction in the iodine content 

of the gland ( 152 ) and exophthalmus ( 107 ). This 

principle repairs the effects of hypophysectomy on the 

thyroid gland. 

A great species variation exists in the response to 

thyrotrophic hormone. The guinea pig is the most sensitive 

mamraal 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 ( 3I4. j. 

The specific effects produced by the injection of the 

thyrotrophic hormone are credited as an activity of the 

interstitial cell-stimulating or luteinizing hormone ( 9̂ ;9? )• 

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 ( 6l ; 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 ). 

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 THYROTROPHIC HORMONE 

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 ( 1I4.5 )• More 

recently the thyroid weight increase of newly hatched 

chicks has been introduced by Smelser ( lolj.; 165). 

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 ( 16; 37)• 
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Since the histological changes wrought in the 

thyroid gland by the pituitary principle were among the 

first effects 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 j, 

Junkmann and Schoeller ( 96 ) and Heyl and Laqueur 

( 85 )• 

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 in metabolic rate produced by 

the thyrotrophic hormone has been used by Anderson and 

Collip in assaying the hormone ( 7 >• 

PREPARATION OF THE THYROTROPHIC HORMONE 

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 state. 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 their 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 ( ll}. ) as 

well as Houssay and co-workers ( 89 ) used modifications 

of the alkaline extract originally described by Evans. 

Loeb ( 105 ) 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, (96) 

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 ( 1I4.5 ) 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 i describe a potent preparation by 

precipitation with tungstic acid and siabsequent removal of 

the active principle by alcoholic benzoic acid. Fraenkel-

Conrat ( "J2 ) 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 in weight of the 

chick thyroid has been used in assaying the potency of the 
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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 ( 1)4.5 ) ̂ as shown their superiority 

over sheep glands. 
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Prolactin or The Lactogenic Hormone 

The study of prolactin or the lactogenic honuono, 

has proved the most successful in the ^hole field of 

pituitary investigation. Prolactin differs from the other 

pituitary factors which exert a trophic influence on their 

specific end-organs. It is merely a secretagogue causing 

initiation of lactation in suitably prepared mammary tissue. 

This active principle has been prepared as a crystalline 

substance as well as an amorphous powder, and investigation 

by electrophoretic and other methods has shown them to be 

homogeneous substances. The physlco-cher.iical as well as 

the biological properties will be treated separately in 

greater detail. 

Before the report of Strieker and Grueter in 

1928 ( 178 ) a relationship of the pituitary with milk 

secretion had heen hinted at. Ott and Scott in 1910 

observed increased lactation in a goat after intravenous 

injection of an extract of the posterior lobe ( 130 )• 

Strieker and Grueter, however, showed a relationship between 

the anterior pituitary 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;82). 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 species such as the rat, guinea pig 

and goat. 

The first studies on lactation were intimately 

tied up with studies of the gonadal pituitary relationship. 

Following high doses of oestrus-producing substances 

lactation was noted in guinea pigs by Laqueur and co-workers 

( 98 )• The necessity of the presence of the gonads in 

mammals so that their secretions could produce the proper 

conditions in mammary tissue for prolactin to be effective 

was soon recognized. Generalizations along this line were 

impossible since a species differentiation was soon 

recognized. Some species merely required the action of 

oestrin on mammary tissue ( 73 ) while others required 

progesterone (21 ) in addition. 

Riddle ( 136 ) in 1931 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 responsible for the effects produced. Subsequent 

study by Riddle, Bates and Dykshorn (139 ) showed that 

a separate pituitary factor, which they called prolactin, 

was responsible for the initiation of milk secretion in 

mammals, and pigeon crop gland stimulation. Lyons and 
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Catchpole ( 110 ) confirmed the existence of a separate 

pituitary factor responsible for lactogenic function and 

named the principle mammotrophin* 

Gardner and Turner ( 76 ) described the 

changes in mammary tissue of the rabbit during lactation 

and ascribed the name galactin to the effective agent. The 

identity of these three substances is now definite. 

Apart from the work of various investigators in 

the preparation of the active principle and suitable assay 

methods others turned 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 ovariectomy 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 interrelationship of pituitary and 

mammary tissue in lactation (156;157). 

Within recent years the efforts of investigators 

in this field have been 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 will 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 is 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 suitable method of assay would appear 

to be that based on crop gland stimulation since pigeons 

of either sex can be used whereas the female mammal must 

be employed. The mammary tissue of the mammal must be 

suitably prepared before lactation will result, but 

stimulation of the pigeon crop gland requires the obser­

vance of only a few simple precautions. The response in 

pigeons can be strictly quantitative especially 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 pituitary 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 their unit is the extrapolated value 

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 i 11 per 

cent of 20 common pigeons weighing 30° i I4.O gms." 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 essentially a minimum stimulation 

method, but by injection of the extract intracrtaneously 

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 Reece and Turner ( l$\± ). 

As far as lactation in mammals is concerned Gardner 
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and Turner ( 76 ) proposed the use of the pseudo-pregnant 

rabbit in assaying the active principle, kelson (127) 

uses the hysterectomized pregnant guinea pig and finds 

that It only takes 1/5 of the dose required to produce a 

similar response in the pseudo-pregnant rabbit. 

At the Third International Conference on the 

Standardization of Hormones it was agreed to set up an 

International standard preparation ( 36). Lyons ( lllj.) 

reports that his purified prolactin preparation is twice 

as active in guinea pigs and three times as active in 

pigeons as the standard preparation. 

CHEMICAL PROPERTIES OF PROLACTIN 

Prolactin was the first pituitary hormone that 

investigators have succeeded in preparing In a pure state. 

The solubility of prolactin as well as its loss of potency 

when treated with pepsin and trypsin ( ll6 ) and its 

thermal instability at various hydrogen ion concentrations 

is an indication of its protein nature ( 190 )• Electro-

phoretic studies by li, Lyons and Evans ( 101) on a 

product which they consider pure shows it to be homogeneous 

and possessing a molecular weight of approximately 25,000. 

Analysis of their product shows that it contains 2 #5/* 

tryptophane, 8.31/S arginine, 3.0^ cystine, 5.7;; tyrosine 

and 1.79/? sulphur. These figures agree quite v/ell with the 
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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 32,0U0. 

Prolactin was formerly reported insoluble In 

all fat solvents, however, the recent report of Fleischer 

( 6I4. ) indicates its solubility in 99*8^ methanol and 

95% ethanol at a pH below its isoelectric point. Prolactin 

is soluble In Î u except at its isoelectric region pH5~6. 

The isoelectric point values of pH 5.6 ( 101 ), 5*7 ( 100 ), 

5.73 ( 159 ) have been reported for both amorphous and 

crystalline prolactin fractions. White et al ( 190 ) report 

the isoelectric point to be between pH 5*65 a^d 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 ( li|-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. White et al ( 190 ) using their highly 

purified prolactin report it to be stable to heat in 0.0lj$ 

solutions of pH 1 to 9 for 15 minutes in a boiling water 

bath. With a 30 minute heating period there is a definite 

destruction of prolactin activity at all pH. 
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BIOLOGICAL PROPERTIES OF PROLACTIN 

Certain well-known effects are definitely assoc­

iated ^ith prolactin, host notable among these are the 

effects upon lactation, crop-sac, gonads and certain 

organs as well as metabolic effects. 

The crop sac of pigeons is markedly stimulated 

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 is 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 ( 1̂ .0 ) and the ovaries 

stop production of yellow ova, and those already formed 

are resorbed (11 )• Riddle, Smith, Bates, Moran and 
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Lahr ( li+1 ) noticed a marked calorlgenic action in 

pigeons. Prolactin exerts a definite effect on carbo­

hydrate metabolism. It has been found to increase the 

blood sugar in doves, pigeons and rabbits ( llj.2 ), but 

Young ( 19J4. ) has shown it is not the factor responsible 

for pituitary-induced diabetes of normal dogs and rabbits. 

PURIFICATION OF PROLACTIN 

Prolactin was the first pituitary hormone to 

be prepared in the pure state. Riddle ( 138 ) 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

aqueous 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 best extraction of the active principle both 

from the point of view of yield and unltage 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 (19O; 101} 159 > it has been the starting 
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.point for the crystallization and preparation of highly 

purified fractions. A recent publication by Fleischer 

( 6I|_ ) reports the preparation of a highly purified 

fraction by rather an unusual procedure. 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 procedure it is 

necessary to isolate the prolactin from other pituitary 

factors, particularly the corticotrophic factor with which 

it is closely associated. The extraction 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 

(139;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. White 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 Unite'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. A 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 CORT_ICUTROgHIC 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 pituitary 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 ). 

The number of non specific agents capable of causing 

adrenal cortical hypertrophy was borne in mind and while 
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most investigators thought that a specific principle could 

exist they lacked final proof in the matter. The production 

of cortical adenoma in experimental acromegaly produced 

in dogs by pituitary extracts strengthened the argument as 

did the reports of adrenal hypertrophy In other animals. 

The work of Houssay (90 ), Anselmino, Herold and Hoffman 

( 8 ) and Emery ( I4J4. ) reported stimulation in normal 

animals. Clinical evidence of a pituitary-adrenal relation­

ship also existed ( 1J4.8 ). 

Prom the observations of those interested in the 

study of the thyrotrophic hormone the adrenal stimulation 

was considered a secondary effect of this principle. Loeser -

( 10b ) claimed that his thyrotrophic extract induced 

adrenal hypertrophy in all his treated guinea pigs and quoted 

this as evidence that this principle was the causative agent. 

He then retracted his statement. Priedgood ( 7I]. ) 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 ( ll+3 ) in their 

studies of prolactin observed adrenal stimulation, but con-
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sidered 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. Moon 

( I2I4. ) described the preparation of this principle and 

its biological effects. 

BIOLOGICAL PROPERTIES OP THE 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 injection 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 ( 12I4. ). 

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 OP THE CORTICOTROPHIC PRINCIPLE 

The corticotrophic principle is the last of the 

six accepted pituitary factors whose separate identity has 

been established. It, 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. 

Recent 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 

associated. Like prolactin the corticotrophic principle is 

soluble in 60-7Q per cent ethanol even in its isoelectric 

region (32 ;• Its high solubility at pH 3.5 in the 

presence of H2SOJ, 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 ( 133; 95). 

In view of this the recent reports of Evans et al ( 1U2 ) 

and Sayers, White and Long ( 150 ) are of interest. Both 

groups have obtained the principle in a pure state as in­

dicated by electrophoretic studies and solubility tests 

and they report the isoelectric point at p H I+.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 (55 ) • 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 OP 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 hypophysectomy. 

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 ( 32 ) 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 the 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 
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effecting cortical repair by both Evans and White. 

Modifications in the weight 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 is 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 ( 102; 150). 

The variety of agents which lead to a stimulation 

of the adrenal cortex in a normal animal does not allov/ one 

to consider hypertrophy of the gland under the influence of 

an extract as a specific effect. Moon ( 12i|. ) 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 ) • other workers 

have introduced modifications particularly with reference 

to the number of Injections per day (20 j. 

Bates, Riddle and Miller ( 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 



56. 

PREPARATION OF THE CORTICOTROPHIC PRINCIPLE 

Since the announcement by Collip in 1933 of the 

existence of a corticotrophic principle of anterior 

pituitary which has as its specific function the maintenance 

of the adrenal cortex, this hormone has been almost ignored. 

It has not received the amount of concentrated investigation 

directed toward the other pituitary principles, and very 

few investigators have turned their attention to its 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. As a result of the 

extraction procedures employed by the Investigators of the 

thyrotrophic principle the biological actions of the cortico­

trophic principle were wrongly associated 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 solubility in • 70 per cent ethanol and 50 per cent 
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continue for five days. Their unit is the total amount 

causing a 25 per cent increase in weight when injections 

are made three times daily. Riddle et al claim that non­

specific agents are Incapable of causing a response in 

baby cockerels under similar conditions. It must be 

admitted that normal animals whether rats or cockerels are 

more easily available for routine assays than hypophysecto­

mized animals two weeks postoperative. 
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acetone. After removal of the thyrotrophic precipitate 

Collip worked up the alcohol and acetone filtrates. After 

adjusting the pH of an aqueous alkaline extract to 6 and 

allowing it to stand at 0 deg. C isoelectric precipitation 

of the active principle took place. It is Interesting to 

note that Collip described its solubility at pH 3> 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. Sayers, 

White and Long ( 150 ) used Lyons original method of ex­

traction in the preparation of their highly purified fraction. 
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Evans 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 reprecipitatlon of the principle 

results In a highly active preparation, Evans uses 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. 

Riddle, Bates 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 extracts have not the 

same degree of purity possessed by the more recent 

preparations described above. 
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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-called 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, only 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 ( I4.O ) 

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 ( I4.5 ) in their early invest­

igation of growth-stimulating extracts observed that continued 

iniection 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 Aschelm ( 195 )• They succeeded In producing precocious 

sexual maturity in immature rats and mice by implantation of 

pituitary tissue. 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 J. 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 species 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 pituitary 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 Fevold and 

Hisaw offered evidence for their existence and succeeded in 

separating the F S H and L H (57 ). This was the first 

great step in the solution of the problem that had tantalized 

investigators for a decade. Efforts to effect the complete 

separation of the two pituitary principles and to purify 

F S H and I C S H or L H, and to obtain a clear concept of 

their specific function have occupied Investigators to the 

present day. 

THE ACTUAL NUMBER OF PITUITARY GONADOTROPINS 

The number of postulated pituitary gonadotrophins 

has been greater than two. Evans et al ( 52 J formerly 

believed their I C S H to be a separate factor. Recent in­

vestigation has proved the identity of Evans' I C S H and 

Fevold!s L H (99; 15&; 63 ). Despite the actual preparation 

of two separate gonadotrophic principles 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 believe 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 
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of dosage of unfractionated pituitary extracts or purified 

F S H alone. 

In 193U. Maxwell ( 122 ) showed that by manipulating 

the rate at which the unfractionated pituitary 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 F S H is generally accepted by 

the proponents of the single and dual theory. (201; 5I1; l8; 1>) 

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 S H is administered 

in combination with it ( 1I4.9 ). 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 

proponents that F S K 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 capable of simulating the effects of 

I C S H on the interstitial cells of the testes, and the 

accessory sex glands of the male rat. The experiments of 
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Rowlands ( 1I4.6 ) and the evidence of Du Shane, Levine 

and Pfeiffer ( I4.3 J give further support to the dual 

theory. The purification of two separate principles by 

numerous workers (15^;i22;67;68 ) seemsto give definite 

proof of the existence of two distinct pituitary gonado-

trophins. 

BIOLOGICAL PROPERTIES OF GONADOTROPHIC FACTORS 

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 

role 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 S H * 

In considering the biological effects of injection 

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

The properties of each factor will be considered 

separately and then their combined effects. 

PROPERTIES OF FSH 

When administered to an hypophysectomized female 

rat a pure preparation of F S H causes growth and develop­

ment of numerous follicles associated with an increase in 

ovarian weight (67 ). 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 initiate 

any oestrogenic effects on the accessory sex organs (158;80 ). 

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 II 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 is maintained 

or repaired and sperm formation is at least carried to the 
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stage of secondary spermatocytes. (67;68 ). 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 F S H. 

PROPERTIES OF ICSH 

When I C S 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 

( 32;68;l62 ). The administration of I C S 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. ( 5I+; 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 
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pregnant animals. 

COMBINATION OF FSH AND ICSH 

The synergistic action of F S H and ICSH was 

recognized by Fevold and Hisaw ( 57 ) • The augmenting 

action of I C S H when combined with F S H is well known 

and has been used as a basis of assay ( 58; 163) 

When I C S H Is combined with F S H and administered 

subcutaneously to hypophysectomized rats 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 administration luteinization results ( 5I4. ). 

Similar effects are observed in normal Immature rats (68 ). 

Pronounced uterine development is observed when a combination 

of P S H and I C S H is administered to both types of 

animals (80 ). 

The antagonistic action of I C S H and F S H when 

administered intraperitoneally to hypophysectomized rats 

is rather generally accepted. Rather than augmenting the 

action of F S H follicular development is inhibited ( 62j 

Evans et al ( l62 ) claim that the antagonism of purified 
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ICSH against gonadotrophins from other sources cannot be 

demonstrated against pituitary F S H. 

ASSAY MET}-OPS FOR I C S H 

The fact that two pituitary gonadotrophins act upon 

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. T.Vith 

the advent of purified F S H and I C S II it was soon realized 

that effects formerly attributed to the action of a single 

factor were in reality due to the combination of gonadotrophic 

factors. 

There are various methods available for assaying ICSH. 

Some utilize normal rats while others use hypophysectomized 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 successfully prepared I C S H in a 

purified form and assayed it on hypophysectomized immature fe­

male rats (163). The criterion of activity is the minimal dose 

that initiates repair 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 S H be used as a 

method of assay. Evans et al use the augmentation effect as an 

assay procedure on immature 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

aration 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 assay. The response is 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 (6b ). Qreep et al ( 79 ) also use the 

response of the secondary sex organs of the male for assay of 

I C S H . These workers use immature male rats two days 

after hypophysectomy and measure I C S H activity by the 

increased weight of the ventral lobe of the prostate. Intra­

peritoneal injections are much more sensitive than sub­

cutaneous injections in this assay. 

Contrary to the effects of I C 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 ). Quan­

titative data are however lacking, although weight response 

occurs on injection with I C S H ( 163 )• Evans and 
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associates suggest this as a method of assay and present 

evidence of its sensitivity which is superior to chick 

methods. Riddle ( 1^ ) 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. White leghorn chicks can also be used for I C S H 

assay. The criterion 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 FSH 

Fevold introduced an assay method for F S H based 

upon the ovarian weight increase in immature female rats 

treated with this fraction (59 )• ^hen 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 pituitary gonadotrophins since the possibility of inter­

ference by the animals own pituitary is obviated. For 

assay of F S H Evans et al ( 68 ) use the hypophysectomized 

immature female rat. The minimal dose which causes resumption 

of ovarian follicular development in such an animal is the 

standard response. 
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.ASSAY OF PITUITARY GONADOTROPHINS IN UNFRACTIONATED EXTRACTS 

To test the gonadotrophic activity of unfractionated 

pituitary 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 Wallen Lawrence ( ibb ) Is 

probably most general. The increase in the ovarian and 

uterine weight is the index of gonadotrophic activity. All 

investigators have employed this test and introduced their 

own modifications. The mouse assay is also widely used 

( 8I4. ). 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 tliree 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. 

CHEMICAL PROPERTIES 0? ICSH 

T.7ithin 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 electron 

phoretic, solubility and ultracentrifugatlon tests, and 

evidence for the identity of the hormone and protein is 

presented (158J29J99 >• she0P or * w i n Q Pituitari9S a r Q 
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used as the source material. The isoelectric point of 

I C S H prepared from sheep glands Is reported by Evans et 

al to be p H l|-6 to 1^«, and Chow and associates estimate 

it to be about 1..8 to 5.0. The latter authors use swine 

Pituitaries as their source material and report the isu-

electric point to be pH 7.1,5, T?iey suggest that I C S H 

from sheep and swine glands are different proteins. Their 

biological activity appears to be similar. Chow estimates 

the molecular weight of his protein to be about 100,000. 

I C S H gives positive biuret, xanthoproteic; 

Dillon and ninhydrin reactions. The carbohydrate content 

of I C S K is less than that of F s H, a property that may 

contribute to it being less soluble. Chemical analyses show 

that the active protein contains i|.lj.5 per cent hexose, and 

this appears to be mannose. Fevold et al ( 6l ) show 

that the globulin can be precipitated from solution oy 1#6 

to 2.0 M UH]^)2S0^ at pH 7. The active protein appears to 

contain free amino groups since Inactivation occurs on treat­

ment with ketene. The action of proteolytic enzymes on 

I C S H has also been studied. Crystalline trypsin destroys 

the activity of this protein and ptyalin is without 

effect ( 1; 117 ). 
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CHEMICAL PROPERTIES OF FSH 

The chemical nature of F S H has not been studied 

to the same extent as I C S H. It has been prepared in 

fairly pure form by a number of investigators ( 78; 5I4.J 70) 

who give evidence of its protein nature. 

The most striking characteristic of F 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 precipitate it from 2.1; to 2.8 M (NH^^SOL 

solution at pH 7 ( 6l )• 

Evans et ai ( 55 ) have studied its carbohydrate 

content and find that their preparation contains 13 per cent 

and 8$ glucosamine. Cysteine which attacks S-S bonds in­

activates F S H . Crystalline trypsin destroys the activity 

of this protein and so does ptyalin ( 1 ). 
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PREPARATION OF GONADOTROPHIC PRINCIPLES OF ANTERIOR'PITUITARY 

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 pitultary-gonadal 

relationship by Smith and Engle and others, the literature 

that has accumulated on the preparation of gonadotrophic 

extracts from pituitary tissue and isolation of the active 

principles 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. The 

contributions of some workers have heen spasmodic and not 

particularly valuable, however, the continued investigations 

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-workers. 

It was soon realized that the main difficulty in 

separating the two factors was their great solubility. The 

two proteins 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 NaCl or I4.0 per cent 

alcohol. 

All the principal workers have used aqueous alkali 

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. Van Dyke et al formerly used (NH^jOH in dilute 

solution while Evans and his group made use of Ba(oH)2. 

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 



75. 

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. To 

avoid this Evans uses Ij.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

traction. This allocs the active fractions to be isolated 

more easily. Evans et al then remove the active fractions 

from the J|.0 per cent alcohol powder by extraction with 

acetic acid pH I4.. The separation of F S H and I C S H 

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 and reprecipitated several times to 

yield purified preparations. The yield of activity does 

not represent much more than 10 per cent of the original 

activity, but the potency of the preparations is increased. 

•Thile the initial extraction procedure of Van 

Dyke and his associates is different they also isolate 

the active factors by control of ammonium sulphate con­

centration. Separation is effected by precipitating I C S H 

with 1 M acetate buffer PH 1^1* and 2 volumes of In per cent 

N a S 0 V The P S H which remains in solution is then 



76. 

precipitated with (NE}|)2S0̂ . 

Fevold et al use benzoic acid to separate the 

active principles and then precipitation with sr.monium 

sulphate. The protein fractions obtained by the principal 

workers have been studied by electrophoretic,solubility 

and ultracentrifugation tests, and the purity of the 

ICSH 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. 
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I ^ S K I M E ^ T A L 

INTRODUCTION 

The protein or protein-like nature 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. Methods 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 in the present investigation is 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 IflVESTIGATIuiM 

It was suggested that Cohn's method for blood 

proteins might be successfully applied' to the separation of the 



protein,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 : 

1. What 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. 

Fig. 2 shows the application of the Cohn method to 

an anterior pituitary extract and the fractions obtained a-t 

each step in the procedure. 
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PREPARATION OF MATERIAL 

DISSECTION AND EXTRACTION 

Calf pituitary glands which had been stored in a 

frozen state in an atmosphere of hydrogen were carefully 

dissected when frozen 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 container 

and alkaline physiological saline at pH 9 w a s added. The 

pH of the mixture was then adjusted to pH 8.7 by the addition 

of I IM iNlaoH and allowed to stand in an automatically controlled 

refrigerator at -3 deg. C for J4.8 hours. The solution was 

stirred frequently and the pH adjusted during this period. 

All pH determinations were made with a Beckmann glass elec­

trode apparatus. The final pH of the solution was 7.0 and 

the supernatant was removed from the residue by centrifugation. 

PRECAUTIONS OBSERVED 

Since temperature and hydrogen ion regulation 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 during the fifteen-minute 

rotation at high speed. These precautions prevented 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 pituitary when a slightly alkaline extraction 

medium was used has been reported ( 6l ). It was, therefore, 

assumed that under the conditions employed in the present pro­

cedure the supernatant after extraction at pH2*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 caused the precipitation of a protein 

fraction (R^). After its removal various fractions were ob­

tained by higher concentrations of alcohol and increase in 

acidity. 

The resulting precipitates were suspended in a 

small amount of distilled H20 and eaual volumes of the sus­

pension were added to small Erlenmeyer flasks. These con­

tainers were frozen rapidly In an ether-COg mixture and placed 

in a lyophlllzing unit. A forty-eight hour period in this 

apparatus insured complete drying. C02 was then introduced 

and the flasks stoppered in this inert atmosphere. They were 

sealed with collodion immediately and stored in the refrigerator 
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at a temperature from 3 - 1 0 degrees below zero Centrigrade. 

While all precautions have been taken to observe 

the conditions set forth by Cohn, it 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 considers the importance of preserving 

a low temperature in the protein solutions. 

PREPARATION OF EXTRACTS 

The dry powders obtained by lyophilizing the 

fractions of anterior pituitary extracts have been labelled 

R1; R2; R7; R^; R_. it should be noted that there is a 

slight change from the corresponding Cohn fractions. 

Fraction R2 corresponds with Cohn
!s precipitates II and 

III 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 S.5. It was difficult to obtain complete 

solution of these dried powders, particularly when high dosage 

was employed. Since the majority of injections were sub­

cutaneous, a fine suspension of the material 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 decided 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 before drying, 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 I4.5 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, Ifi gms. therefore represents 3.6I4. per 

cent of the original material, or each gram of dried material 

is equivalent to 27•!+ gms. fresh anterior pituitary tissue. 

PREPARATION OF REFERENCE EXTRACTS 

500 gms. of the original batch of calf pituitary 

glands were preserved in the frozen 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 k &Q&. G* 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 

suitable 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 from one batch of 

glands to the other, and for this reason, fresh tissue ex­

tracts were prepared from the original shipment of calf 

anterior pituitary 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 CO2 was used for storage. The 

container in which the calf pltultaries 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 C02 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 
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no great loss 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 to the one fractionated by the Cohn method. And 

finally, an alkaline saline extract, after dialysis, could 

have been lyophilized in the same manner as the fractions 

obtained by Cohnrs procedure. This last alternative Tiras 

followed and the results will be given subsequently. 

USE OF STANDARDIZED PREPARATIONS 

The use of standardized preparations of the various 

principles of anterior pituitary in conducting the assays 

would have allowed the expression of results either in terms 

of international units 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 other methods. The preliminary assay tests showed 

that the dose of any 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 units. 

The yield of activity in terms of original tissue was calcu­

lated by a comparison of these assay results with those produced 

by the use of a crude saline extract of original tissue. 
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STUDY UF THE VARIOUS FRACTIONS 

NITRUGEN CONTENT ' 

The micro-Kjeldahl method was used to determine 

the nitrogen content of the various fractlons.(bable l) 

Unfortunately the total yield of R»_ was so small that 

material could not be spared for this determination. 

20 mgs. of each fraction were dissolved In lOOccs. 

of distilled H£0 with the addition of a drop of alkali to 

facilitate solution. To 2 ccs. of each solution 2 ccs. of 

digestion mixture were added and the usual procedure 

followed. All determinations were made in duplicate. 

Determinations of the ash content were made bj 

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. 



TABLE I 

NITROGEN CONTENT OF LYOIHILIZUD PITUITARY FRACTIONS 

Expressed SG -.igs -ocr cent N per 100 jfes Dried Powder 

Rl 

R2 

R5 

R5 

NITROGEN 

12.10 
av. 12.J+5 

12.01 

14.20 
av. 1I+.50 

llf.liO 

li+.lO 
av. ll+.OO 

15.90 

9.50 
av. 9-35 

q 1 0 
7 «H- J 

,0 JlOil 

8-55 
av. 8.56 

C.77 

k*7k 
av. 5̂ 15 

5.66 

5.20 
av. 2.?5 

2.63 

10.00 
av. 11.55 

15.10 

TRUE NITROGEN 

13.65 

15.10 

JLi-j. • Ltz~ 

10.58 
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CONTAMINATION WITH POSTERIOR PITUITARY 

It has been the experience of all investigators that 

no matter how carefully the anterior lobes are separated from 

the posterior lobes their preparations are contaminated to 

the slightest extent with posterior pituitary principles. 

All precautions were observed to keep the anterior lobes free 

from posterior tissue during dissection but It -̂ as thought 

advisable to investigate If the dried fractions were con­

taminated to any extent with posterior pituitary principles, 

and if so, what fractions were affected. 

The pharmacological effects of posterior pituitary 

principles are quite striking. The most notable effects are 

the contraction of smooth muscle, particularly that of the 

uterus, under the influence of the oxytocic principle, and 

the diminution of urine excretion after treatment with the 

anti-diuretic principle. 

The oxytocic effects of the various lyophilized 

fractions were assayed on the virgin guinea pig uterus accord­

ing to the method of Dale and Laldlaw \ )-,2 i. A standard 

oxytocic preparation was used as a reference dose. Table II 

contains the results of these assays. Because of the small 

yield of fraction R^ it ^as not investigated. Fractions R2 

R2 and R3 in the dosage employed failed to produce any con­

traction of the uterine muscle. Apart from the possibility 

of contamination of RJ, the oxytocic principle -as confined 



TABLE II 

OXYTOCIC ASSAYS ON LYOPHILIZED ANTERIOR PITUITARY FACTIONS 

Standard Oxytocic Preparation Used 

Preparation 

"l 

R2 

R5 

Dose 

0.1; 0.2; 0.I4. mgs. 

0.2 mgs 

0.2 mgs 

0.1 mg 

Response 

None 

None 

None 

Corres­
ponded 
to 

.01 u of 
standard 

Remarks 

Fraction Re pos­
sesses oxytocic 
activity equiva­
lent to .1 u per 
mg- dry powder 
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to fraction Rc which represented the bulk of material remain-
0 

ing in solution after treatment with ^1 per cent ethanol at 

pH 4-.?» Assays were not conducted for the pressor and anti­

diuretic content of the various fractions. 

The degree of contamination with the posterior lobe 

oxytocic principle is rather small. Fraction R^ possesses 

oxytocic activity equivalent to 0.1 unit per mg. of dry powder. 
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SENSITIZATION OF GUINEA PIGS 

The usefulness of any protein preparation is 

limited if it is capable of sensitizing an animal. The 

guinea pig is generally used for sensitization tests of 

this sort. The methods and modifications of methods that 

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 which culminates 

in immediate death. In the present investigation a method 

was employed which allowed for the study of slight reactions 

by fall in rectal temperature if it were necessary. 

METHOD 

Fairly mature female guinea pigs were Injected in-

traperitoneally with 5 mgs. of the various lyophilized 

fractions three times at three day Intervals. Four weeks 

later 250 mgs. of the same material was Injected intraven­

ously. The results of these sensitization tests are con­

tained in Table Til . It was not necessary to study the 

reaction by rectal temperature. In all cases the animals 

died during the intravenous injection. Fraction R^ *?as not 

tested due to the scarcity of material. It should be 



TABLE III 

SENSITIZATION OF GUINEA PIGS 
- - " • - li" ^ ^ i ^ — i I n mm \ i - f i" •-— — _ t m 

GUINEA 
PIG 

# 10 

# 111 

# 1« 

# 3u 

FRACTION 

Rl 

R2 

R5 

R5 

DOSE 

5 mgs 3 times - 3 day intervals 

5 mgs 3 times - 3 day intervals 

5 mgs 3 times - 3 day intervals 

5 mgs 3 times - 3 day intervals 

I. •.•rv\T'v5 

250 ngs. 

25O mgs 

250 mgs 

250 mgs 

RESULTS 

Died during injection 

Died during injection 

Died during injection 

Died during injection 
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mentioned that in preparation of the 250 mgs. dose for 

intravenous injection the customary suspension was not used. 

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 pigs should have 

been employed in testing each fraction; however, these few 

results indicate the presence of some sensitizing substance 

in the fractions separated from an anterior lobe extract by 

the Cohn procedure* It Is generally accepted that the crude 

saline extract which was used as the standard reference material 

is incapable of sensitizing guinea pigs. It is unfortunate that 

such material was not investigated in this case. However, 

granting that the general assumption is correct, the question 

then arises concerning the agents in these fractions 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 possessed by these frac­

tions would not seera to indicate denaturation of the active Linterlal 

to any great extent, and particularly so when one considers the 

great lability of some of the anterior lobe principles. Sensiti­

zation of these animals may have resulted from the presence of 

serum proteins in the lyophilized fractions. Since the method of 

fractionation wa3 an adaptation of a specific method to precipitate 

the proteins of blood plasma, there is a possibility that the dried 

fractions were contaminated in this way. 
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LYOPHILIZED CRUDE ALKALINE ANTERIOR PITUITARY EXTRACT 

Since all the lyophilized fractions obtained by 

the application of Cohn1? procedure to an anterior pituitary 

extract were to be tested against a similar extract of original 

tissue, it was decided to attempt the lyophilizing of such an 

extract and to determine if it could perve as satisfactory 

reference material. 

PROCEDURE 

150 gms. of calf anterior pituitary were ground with 

sand in a large mortar uhlle still in the frozen condition and 

extracted with alkaline saline for 2k hrs. At various inter­

vals during the extraction period the solution v:as stirred 

and the pH adjusted to g.7. The final concentration of the 

solution was 2̂ 0 gms. of anterior pituitary p ^ cc. The 

residue was removed by centrifugation and all precautions 

were tal̂ en to avoid any great rise in temperature. The 

supernatant was placed in a collodion membrane and dialysed 

against running tap-water (3-^0O for 2^ hrs. The dialysed 

solution was equally distributed into 125 cc. Erlenmeyer 

flasks and lyophilized. Each mg. of the resulting powder 

was equivalent to 10 mgs. of fresh tissue. 

RESULTS 

The effects produced by injection of this lyophilized 

crude extract were compared in a few assays vith the effects 

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



TABLE IV 

LYOPHILIZED CRUDE ANTERIOR PITUITARY EXTRACT 

ASSAY 

Prolactin 

Thyrotrophic 

Gonadotrophic 

Equivalent of 
Dose in Mgs. 
Fresh Tissue 

100 

60 

100 

Effect of 
Fresh Tissue 
Extract 

Effect of 
Lyophilized Tissue 

Extract 

Expressed as Mgs. Crop Sac/lOO Gms. Body Wt. 

120 
go Av. 100 

53 
59 Av. 61 

Expressed as Percentage Increase of Thyroid Wt, 

62,1 50? of. 
&Sf* JOfo Av. 6g.0$ 3% Av. i6# 

Wt. Ovaries in Hge./lOO Gms. Body Wt. 

63.3 (^)* 
33.7; 30.9 Av. 35.5 

& Number of Animals. 
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of this material was 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 with that possessed by the original tissue 

it would have been unsuitable to substitute the lyophilized 

crude alkaline extract. Unfortunately the small number of 

animals available for assay purposes did not permit an ex-

tensive comparison of the dried extract. A few of the results 

obtained are given in Table IV. 

The same extraction procedure was used in the crude 

saline 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 only be 

explained as having taken place during the drying process. Pre­

cautions similar to those employed in drying the fractions were 

observed when drying the material. The dry powder was not 

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

after a few days1 storage. 
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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 weighing 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 2*5 or 30 gms. 

body weight, only 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 j. A total of seventeen 
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injections was made in the period of twenty days; a longer 

period than is usually employed for hypophysectomized 

rats, but it was thought advisable to allow for optimum 

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 salla 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 certain amount of corticotrophic activity the adrenal 

weights 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. When 

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 same time. 

REFERENCE MATERIAL 

A crude alkaline saline extract (pHg.7) of original 

tissue was used as the standard reference dose. The use of a 

daily dose of this extract equivalent to 2.5 mgs. of fresh 

tissue failed to produce any weight increase. The animals 

receiving such a dose either died or their weight remained 

stationary. A dose equivalent to 5»° mgs. produced a ifeight 

response^but higher doses (10 and 15 mgs.) caused the death 

of the animals. The normal animal is much more resistant to 

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 weight 

increase was surprising when one considers the reported sensi­

tivity of hypophysectomized animals to the growth factor. 

Collip (35) reported that a crude extract containing the 

equivalent of 0.5 mgs. of tissue may produce a positive growth 

response in the hypophysectomized rat. 

To explain the unexpected results with the 2.5 mg. 

dose three reasons presented themselves:-

1. The dose was so large that any weight increment was 

neutralized by the toxic effects of overdosage. However, 

the production of weight gain by a 5-0 mg. d o s e overruled 

this argument,and particularly so when larger doses caused 



TABLE V 

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

Daily Dose 
Equlv.Orig. 
Tissue 
Mgs. 

Total Increase in Body Weight During AssayU) 

Increase in Grams per Dayv 
(2) 

19; 15; 15; l^; 13 (1) 

•95;-75;.75;.70;.6o (2) 

Average 

2^; 30; 27; 32; 32; lg;21; kk;20;26.7 J 26.7 J 2g;ltf; 2g; 23; ̂ k 

i.2;i.5;i*35;i«6;i.6;o.9; -;2.2; i;i-3; lO;!^;^;!.
11;!^;!-?; 

5ol WTi 39; 3̂  

2;2,25;1.95;1*2 

O.76 Gms./Da: 
Increase 

I.36 
Gms./Day 
Increase. 

2 Gms./Day 
Increase 

A FRESH SHIPMENT OP CALF ANTERIOR PITUITARY. 
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the death of the animals during 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 resemble as closely as 

possible the extraction procedure 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 growth principle. 

6l 
However, recent reports ( ̂ Q ) show successful extraction at 
pH 7 &nd &, and it was therefore assumed that 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 aosage wa3 the deterioration of growth 

activity in the original glands. It 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 to 

their injection was compared 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 
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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 extracted 

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 laboratory. 

LYGHilLIZED FRACTIONS 

The growth response obtained with various doses of the 

lyophilized powders is contained in Table VI. The results pro­

duced by high doses of the various fractions indicated that growth 

activity was not limited to a single fraction. 

Fractions Rij. and Rf- failed to produce any growth response 

with the dosage employed, and the animals succumbed during the 

assay period. The extremely high doses of fraction R^ (50 mgs.) 

necessary to produce a slight response indicated that the amount 

of groitfth activity present was negligible. Fractions Ri and R2 

obviously possessed the significant growth activity and the greater 

portion was in fraction R-̂ . 

From Table VI it can be seen that R^ in daily doses of 

10 mgs. and over was evidently toxic and such results were not 

considered. Similarly the results with 20 mgs. of R2 were discarded, 

YIELD OF ACTIVITY 

The discrepant values in the growth activity extracted 

from 
the old and new shipments of beef anterior pituitaries led 
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tc confusion in the choice of a reference value. Coupled with 

this difficulty was the paucity of data on various doses of the 

crude extract. In an attempt to overcome the latter difficulty 

and yet employ all data to the beet advantage, it was decided 

to plot t^ft growth in grams per day resulting from treatment 

with R-j_ and R2 against the logarithm of the dose of these 

fractions in milligrams* 

Graph I shows the regression lines for fractions R]_ 

and Rp. It will be noted that fraction R2 gives a straight 

line while P,-j_ gives a slightly curved line. 

If we take the results given in Table V for the 5 

mg. daily dose of extract prepared from the fresh shipment of 

glands and intersect the regression line of R-j_ at the 2 grams 

per day level, we find that the equivalent dose of R-^ is 0.66 rags. 

The total weight of R^ was 13 grams and this is eaui-

valent to 13 x 5 or 9^.5 grams of crude material. 
075£ 

And the yield of growth activity is therefore 

92*5 x 100 or roughly & per cent. 

If on the other hand we use the values resulting from 

dop^re of the crude extract prepared from the old shipment of 

glands, we find that the regression line Is intersected at a point 

where its trend is rather uncertain. One wonders if perhaps line 

Ri should not be more parallel to R2 at this point- When the 

-rams increase per day with fractions R-, and R2 were plotted 

against the log. log. do«e of these fractions in milligrams there 

did not appear to be any striking improvement in their relation-



2.5 GRAPH I 

2.25 

R 

2.0 

1 / 

level of n 
to 5 mgs. ( 
crude 

ssponse 
3f new 

E L2 

PU 

1 
H 
w 

o 

1.75 

1.5 
-̂  

1.25 

<& 

R-

level of response 
to 5 nigs, of old 
crude 

1.0 

0.75 

2 

-1.0 -0.5 0 0.5 1.0 
LOG. DOSE IN MGS. OF R, AND R„ 



92. 

ship. It was therefore decided to assume that the trend of R, 

at the low level of response is as indicated in Graph I. From 

this one finds that the equivalent dose of R is about .31 mgs. 

per day. 

The total amount of R^ 13 grams, is therefore equiva­

lent to 210 grams of crude material, and this represents a yield 

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 R2 one can 

calculate the yield. 

When the extract from the new shipment is used for 

comparison the percentage yield of growth activity is 2.S. 

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 a basis of comparison, R-̂  contains about 2.5 times 

the activity of R2. 

With the old shipment of glands fraction R-j_ contains 

6 times the activity of Rg. 

Since the weight of fractions R]_ and R2 is roughly 

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

DISCUSSION 

From the foregoing, it is evident that the growth 

activity of the original tissue is represented by the 
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lyophilized fractions Rx and R2 which resulted from the 

application of the Cohn fractionation procedure to an 

extract of this tissue. This answers the first Question 

of association of activity with a particular fraction. 

The second Question of yield of activity in terms of 

original tissue is more difficult. The calculation of 

assay data using both the extract of the original gland 

shipment as well as that of a fresher gland shipment 

presents a dilemma. 

In the assay of the other anterior pituitary 

principles, the old shipment compared favourably with the 

fresher one. In this case, there is a discrepancy in the 

calculated values for yield of activity. Since the methods 

of extraction employed in the reference extracts and the 

extract *rhich was subsequently fractionated are the same, 

one can assume th&t some deterioration of growth activity 

must have taken place in the original tissue before refer­

ence extracts were prepared from it. If this is the case, 

then the growth activity of the fresher tissue would resemble 

that of the fractionated material more closely. The lability 

of the growth hormone is recognized and the conditions of 

storage of the original tissue could very likely cause some 

loss of activity. For these reasons the data calculated in 

terns of the fresher gland shipment are accepted. 
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The total yield of growth activity in terms of 

original tissue is, therefore, 10.5 per cent. Fraction 

Rl contains g per cent and R2 2.5 per cent. 

Before proceeding to P discussion on the appear­

ance of activity in these fractions it should be mentioned 

that the yield of activity in terms of the original tissue 

is poor, Aside from the fact that the extraction procedure 

may be inadequate, nevertheless it was the same in the 

crude extract and the extract which was fractionated. This 

gives a relative 100 per cent value to the reference material 

and the total yield of 10.5 per cent in the lyophilized frac­

tion represents a great loss, 

The third question concerns the value of the Cohn 

procedure in effecting a separation of growth activity from 

the other active principles of the anterior pituitary extract. 

It is evident that the procedure has not led to the isolation 

of growth activity in a single fraction, although the greater 

portion i s in B.-j_. 

The various reports on the chemical nature of the 

growth hormone as well as the recent finding of Li and Evans 

(203) that the isoelectric point of the pure hormone is pH6.g -

6.9 would lead one to expect its appearance in the precipitate 

resulting from addition of 10% ethanol at the neutral point. 

Fraction RP resulted from a concentration of 25 per cent 

ethanol and a similar pH. 
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The loss of activity hardly seems clue to rise in 

temperature. Although all precautions were observed to 

maintain temperatures at zero C or below, the rise of a 

few degrees in handling would not have resulted in this 

loss. Fvane et al carry out their procedure at 2 to 3°C» 

Similarly the concentration of alcohol employed cannot be 

the cause of such a lose. Investigators have used higher 

concentration without serious loss. 

Ruling out conditions of temperature and alcohol 

concentration as contributory to the loss, one can only 

conclude that the drying process was responsible. This 

cannot be explained since the operation was carried out 

carefully, but some condition must have resulted in destruc-

tion of a great amount of the growth activity. 
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ASSAY OF THYROTROPHIC PRINCIPLE 

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 Method to anterior pituitary tissue. The weight 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-old 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 Stimmelfs 

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 

pigs. 

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 10U per cent 

increase in thyroid weight. Thirty milligrams is considered' 

the normal thyroid weight of a 200 gram female guinea pig. 

Weight changes during the assay period are corrected by the 



TABLE VII 

THYROTROPHIC ASSAY 

Thyrotropic Assay of Crude Saline Extract of Calf A.P. 

Daily Dose 
Crude Saline 
Ant*Pit. 

20 Mgs. 

30 » 

ko « 

50 H 

60 M 

SO M 

Normal 
Controls 

Average 
;"b Increase in 
Thyroid Weight Range 

35 {k)& 0 - SS 

73 (4-) 50 - 131 

75 (3) 59 - 97 

S5.2 (it) 56.5 - H 2 

105.2 {k) 65.5 - 162 

103.6 (3) 87 - 124-

^ctual Thyroid Wts. Mgs* 
30.3 (9) 20 - 36 

Body Weight Gms. 
Average 

Before After 

214- 224-

226 227 

20S 212 

223 219 

218 207 

206 20 & 

209 220 

Histological Examination 
Degree of 
Stimulation 

Slight 

11 

it 

Pair 

11 

11 

No Stimulation 

i\ Number of Guinea Pigs. 
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addition of 1 mg. to the thyroid weight for each 6 gms. increase 

in body weight. The percentage increase is calculated from the 

actual and computed weights of the thyroid at autopsy. In 

studying the histological picture of the thyroid gland that 

portion of the gland described by Heyl and Laqueur as the 

middle zone was routinely used. From the histological appear­

ance the activity of the gland was scored and correlated with 

the weight increase. 

The amount of stimulation induced in the gland was 

judged by the height of the acinar epithelium, the presence 

or absence of colloid a,nd 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 6.5* was used as a 

standard reference dose. All the results which were obtained 

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 II) 
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From this regression line which was drawn by inspection it 

was 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 guinea pigs were available for each dose 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 employed. 

Wherever the extract was effective in causing notice­

able thyroid stimulation the animals as a group failed to gain 

weight and in some cases there was a weight loss. Metabolic 

studies were not conducted on these animals, but the lack of 

weight increment can probably be attributed to B.n 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 thyroid, even when 

the dose of extract was effective in causing a 100 per cent 

Increase in gland weight, was not indicative of maximum stimu­

lation. The constancy of the histological 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 recommended by Ileyl and Lacueur, 



104-* 

but the classification of stimulation was rather subjective. 

Table VIII shows the results of injection with the 

lyophilized pituitary fractions. The results are expressed 

in the same manner as those obtained 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 produced. 

The range of the percentage Increase in thyroid 

weight is large, and here again one must remark that the use 

of a greater number of guinea pigs per group would have reduced 

the deviation. It is evident that within the administered dose 

range, 4-0 mgs. daily of the dried powders of fractions R14. and 

Rp-, the thyroid glands did not show any weight increase indica­

tive of stimulation, and the histological picture confirmed 

this observation. One nay therefore conclude that these frac­

tions are devoid of thyrotrophic activity to some degree. 

From a consideration of Table VIII one observes that 

thyrotrophic activity is not associated with a particular frac­

tion, but Is spread over fractions R1, R2 and R-j. However, the 

activity is not present to the same extent in each fraction. 

The effects produced by high dosage of fraction R^ 

and R-z are less than those obtained with a smaller dose. It 

would appear that some toxic or deleterious results are pro­

duced by overdosage. 



gUYROTROFHIO A S S A Y 

THYROTROPHIC ASSAY OF ANTERIOR PITUITARY FRACTIONS 

Dally Dose 
Mgs. 

Fraction 

Rx 1 Mg. 

" 2 H 

.1 io H 

II 20 " 

it ko H 

R 2 1 " 

it 2 » 

H io H 

R 3 2 « 

II io H 

ti k Q ti 

Rk 2 H 

n io II 

II kQ » 

R5 2 » 

II io M 

n ko II 

Average 
% Increase In 
Thyroid Weight 

4o.3 (3)A 

93.0 (6) 

163.0 (5) 

135.0 (2) 

150.0 (2) 

65 (3) 

79 (7) 

119.7 (5) 

35-k (k) 

123.0 (5) 

106.0 (2) 

0 (2) 

0 (3) 

53 (4) 

3.0 (2) 

3.5 (2) 

3.0 (2) 

Range 

15.5 - 67 

67.0 - i4o 

31 - 237 

112 - 153 

107 - 196 

43 - 73 

23 - 167 

43.5 - 240 

0 - 6̂ .5 

67 - 170 

93.5 - 120 

43 - 67 

0 - 7 

0 - 17 

0 - 6 

Body Weight Gms. 
Average 

Before After 
205 210 

200 207 

205 207 

213 212 

190.5 131.5 

216 211 

209 223 

213 223 

203 227 

203 207 

133 200 

199 216 

202 213 

196 209.7 

203 226 

190 200 

132.5 133 

Histological Exaid 
Degree of Stimula 

Slight 

Fair 

Good 

Fair 

Fair 

Slight 

Fair 

G-ood 

Slight 

Fair 

Good 

No Stimulation 

11 11 

Slight 

No Stimulation 

11 11 

11 11 

A NUMBER OF GUINEA PIGS. 

TABLE VIIT 
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The next question that arises is the division of 

activity among groups R±, R2 and R^, and also its yield in 

terms of original tissue activity. 

YIELD OF ACTIVITY 

The regression line shown in Graph II was obtained 

when the percentage increase in thyroid weight was plotted 

against the logarithm 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 sought, one can 

compare the results contained in Table VIII with this line and 

find the dose of crude extract which produces an eauivalent 

effect. It is admitted that such a comparison is a rough 

approximation, but it does serve to answer the question of 

yield of activity* 

When the results obtained with the lower doses of 

fraction R-̂  are read on Graph II, one obtains the following 

results:-

Dose of eg increase in Log.Dose Equivalent Expressed per 
Fraction Rx Thyroid Weight Hgs. of Crude AP. Mg. of Rx 

1 mg. kO.8 1*295 19.5 19.5 
2 » 93*0 1*750 56.0 2g.O 
10 « 163.O 2.34-O 220.0 22#0 

One may therefore say that 1 mg. of R. has approximately the 

potency of 20 to 2& mgs. of crude extract. Since the total 

yield of PL was 13 gms., one can conclude that its potency 

represented 260 to 364- gms. of crude extract. 
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Taking the average of the results above, it would 

appear that 1 mg. of R1 possesses the potency of 25 mgs. of 

the crude extract and the total yield of Rx has the potency 

of 325 gms. of crude extract. 

The total yield of R1, 13 gms., was obtained from 

1235 gms. fresh AP. tissue, and the yield of thyrotrophic 

activity possessed by R-j^ in terms of this original tissue is 

325 x 100 = 26 per cent. 

1235 

Taking the results obtained with fraction Rg and 

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

Dose of fo Increase in Log.Dose Equivalent Expressed per 
Fraction R2 Thyroid Weight Mgs. of Crude AP. Mg. of R2 

1 mg. 65 1.505 32.0 32 
2 " 79 1.62S 42.0 ' 21 

10 •• 120 1.975 9̂ -5 9*5 

The agreement of results produced with R2 is not as good as 

that of Rn; however, one may take 21 mgs. of crude extract 

as equivalent to 1 mg. of R2. 

And since the total amount of R2 obtained from 1235 

gms. of fresh tissue was 11*5, one can calculate the yield of 

thyrotrophic activity as 2*11.5 x 100 or 19.5 per cent. 
1235 

Similarly with Ry 

Dose of fo Increase in Log.Dose Equivalent Expressed per 
Fraction R^ Thyroid Weight llgs. of Crude AP. Mg. of R 

3 , , — — • • • ' ^ — 

2 mg. 35-5 l-255 1* 9 
10 H 123.O 2.000 100 10 
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The average may be expressed 9.5 rags, of crude extract 

equivalent to 1 mg. of p . 
3 

The total yield of R^ was 13 gms. which is eaui­

valent to 123.5 gms. of crude extract and the per cent 

yield is therefore 10, 

The total yield of thyrotrophic activity possessed 

by fractions Rll R2 and R7 may be roughly totalled to give 

55 P-r cent. 

Since the total weight of Rn , R2 and R-, is roughly 

Y6 grams, the degree of purification is about 32 times* 

DISCUSSION 

The question of wh^t fraction or fractions of the 

processed anterior pituitary extract are associated with 

thyrotrophic activity as well as the percentage yield of 

this activity in terms of original tissue have been ade­

quately answered in the previous section. 

The total yield of thyrotrophic activity in terms 

of original tissue is 55 per cent. This represents a rather 

good yield and is the largest of any activity associated 

with the Cohn fractions. It does not compare with the 

hundred per cent recoveries of investigators who have 

isolated the hormone in the pure state, but it should be 

remembered that their isolation and purification techniaue 

is specific. The yield obtained here IF the result of a 
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general fractionation procedure, and in the light of this, 

the yield is good. 

The next ouestior; which is of concern is 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 could 

desire. The activity is spread over the first three frac­

tions with the greatest portion in R-̂ . Apart from the 

spread of activity over these three fractions it does not 

exist alone but is combined with growth,gonadotrophic and 

corticotrophic activities. The only other activity spread 

over three of the lyophilized fractions is the gonadotrophic 

activity. This is rather interesting since the two tend to 

be closely associated, and this has led to the postulation 

of the identity of the thyrotrophic and ICSH principles. 

The reported water solubility of the thyrotrophic 

hormone and its solubility in low concentrations of alcohol 

would not lead one to expect its precipitation in R1 or P.p. 

However, the globulin nature of this principle resulted in 

its precipitation under the conditions set forth by Cohn. 

It is unfortunate that the fractionation procedure did not 

result in a more definite association of thyrotrophic activity 

with a particular fraction. 
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One can conclude that the Cohn procedure as here 

applied is ineffective in confining thyrotrophic activity 

to a particular fraction. 

The loss of sorie activity in terms of that possessed 

by the original tissue leads one to suspect the drying process; 

otherwise fractions Rij. <c,nd Rp- would have possessed some acti­

vity. 

Whatever the condition causing loss of activity, 

the thyrotrophic activity was the least affected of all the 

principles investigated. 
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.iSSAY OF PROLACTIN 

The prolactin assays were conducted on the lyo­

philized fractions to determine the yield of activity of 

this principle in terms of original tissue and to ascertain 

with which fraction the greatest portion of activity was 

associated. Since there was no knowledge of ̂ hat would 

constitute a dose of extract sufficient to bring about crop 

sac stimulation it was necessary to do a number of spot 

tests on rather high dosage. 

L-ETHOD 

The crop sac stimulation nethod was employed in 

the prolactin assays. Pigeons were injected intrapectorally 

on alternative sides for k days and were killed on the fifth 

day. Great care was taken in the dissection of the crop 

sac to standardize its removal as much as possible. The 

fatty tissue adhering to the outer wall was removed, and 

the sac washed free of its contents and weighed. The Interior 

wail in the region of the crop gland was examined for signs 

of stimulation and results were recorded when evident. 

The pigeons used for assay were obtained from a 

dealer, and w|xlle they appeared to be of the sane strain 

there was not any guarantee of this. It was also impossible 

to know the age of the birds. The race of pigeon as well as 



TABLE IX 

PROLACTIN ASSAY 
PI&EOM CROP SAC STIMULATION METHOD 

INTRAPECTORAL INJECTIONS FOR FOUR DAYS - AUTOPSY ON FIFTH 

Material 
Daily Dose 

Mgs. 

Normal Controls 

Crude Saline 
A.P. Extract 

u 

R 2 
1,1 10 
" 20 

R? 2 
" 10 
" 20 
R3 2 
»J 10 
» 20 

Rl̂. 2 
" 10 

K 2 

"5 io 
» 20 

Number 
of 

Pigeons 

j i. 

3 
3 
l 
l 
2 
1 
1 
2 

1 
2 

1 
1 

1 
1 
3 

Equivalent 
Dose in 
Terms of 
Original 

50 
75 
100 

Crop Sac wt* 
Mgs./lOO Gms. 
Body Wt. 
Average Range 

^99 k&o - 525 

910 730 - io4o 
963 690 - 1200 
1100 goo - 1300 

540 
720 
710 690 ~ jko 
600 
790 
560 

750 
600 
605 595 - 615 

770 
270 

760 
670 
6S3 65s - 720 

Evident 
Stimulation 

No 

Yes 
Yes 
Yes 

No 
No 
No 

No 
No 
No 

No 
No 
No 

No 
No 

No 
No 
No 
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the age is recognize-d as an important, factor In the response 

to the active principle, and this was a definite disadvantage 

in conducting the assay. The response of various breeds of 

pigeon has been standardized by Riddle and other workers in 

this field so that their assay results have a definite 

meaning. Considering all this en assay conducted on pigeons 

of unknown strain and age can be of a qualitative nature 

only. The variation in the body weight of the pigeons was 

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

gland weight as mgs. per 100 gms. body weight. 

In the prolactin assays tne crude alkaline saline 

extract of original tissue was used as reference material. 

The results are contained in Table Tx • The number of 

animals on each dose was necessarily small so that the 

spread of results appeared large. The necessity of employ­

ing such high dosage of the original tissue to produce 

noticeable stimulation was rather surprising. Although the 

range of results on any dose was large there nevertheless 

seemed to be some correlation of crop sac weight and dosage 

employed. Examination of the crop wall showed a definite 

thickening of the secretory epithelium, and In the case of 

the largest dose, some crop milk. 



111. 

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 assays on the lyophilized fractions it was decided to 

discontinue the prolactin investigation. The doses that 

had been administered 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 

if determined in terms of original material would certainly 

have been negligible. 

DISCUSSION "' 

For all practical purposes the lyophilized fractions 

obtained by application of Gohn's method to anterior pituitary 

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 principle, and one 
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would expect them to be rather closely associated in this 

fractionation procedure. Corticotrophic activity Is found 

in fractions Rx and R2, the greater portion being present 

in R1# Neither 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 R^. This fraction resulted when 

the pH of the supernatant containing kofi alcohol was lowered 

from 5.75 to k.fO, by the addition of a buffer mixture . 

The total yield of this particular fraction was so small 

that it was used sparingly in assay work. However, the 

effects produced by a 10 mg. dose of R\± were not as great 

as those resulting from a 5° 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 aaueous acid 

and alkaline media for extraction of this principle. 

The fractionation procedure is not drastic and 

it is inconceivable that it should have resulted in a com­

plete loss of prolactin activity. 

A solution to the loss of prolactin activity cannot 

be offered. 
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ASSAY OF THE OQRTICOTROPKIC PRINCIPLE 

The corticotrophic activity of the various lyo­

philized powders was assayed by the weight restoration of 

the atrophic adrenals of hypophysectomized rats. V/hen this 

method proved to be unsatisfactory a weight maintenance 

method was then used. The assay procedures will be 

described. 

RESTORATION IvlETEuD 

The left adrenal was removed from hypophysectomized 

rats two weeks post-operative and subcutaneous Injections 

of the various fractions -.TOre given "twice daily for a period 

of ten days. The right adrenal was removed and weighed on 

the eleventh day. The percentage increase in weight of the 

right adrenal over the left was then calculated. Both 

male and female rats were used in this assay since each 

animal served as its own control. Strictly speaking,animals 

of one sex only should be employed for any assay. The 

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 examined 

histologically in a few instances. It was considered that 
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the weight increase would give sufficient indication of 

stimulation. 

MAINTENANCE METHOD 

Male rats weighing around 125 gms. were hypo­

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. A 

group of operated animals which had not received treatment 

were killed at the same time. Due to the variation in 

body weight 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, because of their growth activity, 

brought about weight increase while others were ineffective 

in this respect. V.hen the adrenal weights were 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 weight and it was felt 

that the more accurate picture could be obtained by cal­

culations involving the initial body weight. 



TABLE X 

CORTICOTROPHIC ASSAY 
RESTORATION OF ADRENAL WEIGHT OF HYPOPHYSECTOMIZED RATS 

TWO WEEKS POST-OPERATIVE"- TWO DAILY INJECTIONS FOR TEN DAYS 

Daily Dose Mgs. 
Material 

Crude Saline A.P. 
5.0 

R-, 5.0 
11 10.0 
" 50.0 
R? 2.5 
» 5«o 
" 7-5 
» 10.0 
R-z 5»o 
"̂  10.0 
» 50.0 
Rĵ  10.0 

Re; 5.0 
"̂  10.0 
•• 50.0 

Average 
% Increase of 
Right Adrenal 
Over Left Range 

U-7 36 - 60 

20,9 ,5-50 
62.g 4o - S3 
97.0 32 - 113 

25.O 18 - 33 
2g.fi 5-60 
15.4- 0-35 
9g.7 20 - 166 
15.7 11.5 - 20.0 
76.0 67.0 - g4.o 
43.0 4-3.0 ~ 

65.0 50 - So 

16.0 ' 7 - 25 
43.0 4-3 

Number 
of 

AnimalB 

5 

4 
3 
2 
2 
3 

I 
2 
3 
l 
2 

2 
1 

Remarks 

. 

Two animals died. 

Two animals died. 

Three animals died. 
One animal died. 

http://2g.fi


TABLE XI 

CORTICOTROPHIC ASSAY 
MAINTENANCE OF ADRENAL WEIGHT OF HYPOPHYSECTOMIZED KALE RATS 

Daily Dose - Mgs, 
Material 

Crude Saline A.P, 
5.0 

10.0 
15.0 

R-L 1.5 
" 3.0 
" 5.0 

R2 3.0 
" 5.0 

R3 5.0 

Operated 
Controls 

Normal 
Controls 

Average 
Adrenal Wt. 
Mgs.y4.00 Gms, 
Body Weight Range 

9.16 7.6 - 10.3 
12.10 10.9 - l4.g 
13.10 11.6 - 14.6 

l4.6o 14.2 - 15.4 
IS.70 13.2 - 17.4 
15.go 14.4 - 19.g 

12.40 11.3 - 13.6 
14.90 12.6 - 16.5 

9.20 g.7 - 9.7 

9.3^ 7.75-10.4 

22.6 21.6 - 23.4 

Number 
of 

Animals 

7 
0 

4 

I 
5 

I 
5 

6 

4 

Average 
Weight of 
Tested Gran. 

1.411 
1.679 
I.625 

2.060 
2.2gl 
1.350 

1.462 
1.137 

1.375 

.95^ 

2.675 

Body Weight Gms. 

Average 
Before After Gain 

130.5 146 16 
121.0 124 3 
124.0 131 7 

129.6 166 36 
116.2 152.9 37 
116.0 179-7 64 

llg.O 126.0 g 
121.2 153.5 32.5 

124.0 132.1 g.l 

Loss 
12g.2 119.2 9.0 

Gain 
125.0 162.0 37.O 

http://Mgs.y4.00
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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 pituitary 

remnants. The assay results were discarded if pituitary 

tissue was present. 

REFERENCE MATERIAL 

The crude alkaline extract of original pituitary 

tissue was used as the reference material in both the 

assay procedures. In the weight restoration method it 

was decided to use a 5° 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 X 

In the weight maintenance 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 XT . Since a dose equi­

valent to 5. mgs. of original tissue had proved effective 

in producing a 50 per cent increase in weight It was 

thought that a similar dose would serve to maintain the 

weight of an adrenal that had not suffered atrophy. The 

results of such a dose showed failure of the extract to 

maintain weight. In fact the weight of these adrenals was 
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not any greater than the adrenal 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. V.hen a fresh shipment of 

calf pituitaries was received from the same source,doses 

equivalent to 5> 10 anc* 15 m S s • were assayed. Of the 

I4. hypophysectomized animals injected with the 15 mgs. 

dose only 1 survived the assay. The other 3 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 mg. 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 show any 

difference from those resulting from the original gland 

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 proceeded to a similar ex­

tent in the more recently received glands. Due to the 

small number of animals that survived injection with 

the new extract and the similarity of response it was 

decided to combine the results. 

The effects produced by the dose equivalent 

to 5 mgs. of original tissue in the two assay procedures 

is puzzling. In the weight restoration method this dose 

was effective in producing a 50 per cent increase in 

adrenal weight. Under its influence the cortical tissue 

was partially repaired. -hen the same dose was injected 

into an animal immediately after hypophysectomy, when 

atrophy of the cortex had not taken place, It was in-, 

effective 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 be pro­

duced in the normal gland. No logical reason can be 

offered for this paradoxical effect. 

LYOPHILIZED FRACTIONS 

From Table X 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 



113. 

results on any given dose was extremely high as is evidenced 

by the range. In 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 

available for assay was limited,so a more satisfactory 

method of assay was sought. The large variation is hard 

to explain* It is 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 adapted 

it necessitated that all animals be of the same sex, and 

male rats were employed* The results of this assay pro­

cedure using the lyophilized fractions are contained in 

Table XI. From a consideration of the effects produced 

by these fractions in the weight restoration assay method 

It was decided that the corticotrophic activity was 

contained in the first three fractions. Assays i:ere 

therefore conducted only on fractions R1, Rg and R-. Since 

in all these assays the results were compared with a crude 

extract of original tissue in order to determine the per­

centage yield of activity it was necessary to produce a 

degree of weight maintenance that corresponded with that 

resulting from the crude extract- The higher doses of the 

crude alkaline extract had failed to maintain the adrenal 
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weight above thirteen grams and it was necessary to find a 

dose of the lyophilized fractions that would produce a similar 

effect. 

LYOPHILIZED FRACTIONS 

From a consideration of Table XI, it is obvious 

that fraction R7 x̂ as devoid of any corticotrophic activity. 

The adrenal weights after treatment with this fraction were 

ecual to those of operated controls whose adrenals had been 

allowed to atrophy* Fractions R and R produced some 

maintenance of adrenal weight. It is interesting to note 

that fraction R^ produced the greatest body weight increase 

during the period of assay and that RQ produced weight increase, 

but to a lesser extent. These effects on body weight bear out 

the findings of the growth a-ssay on the lyophilized fractions. 

Fraction R^ was also successful in maintaining the testes at 

a weight very close to normal, while fraction R2 was not cuite 

so effective. 

YIELD OF ACTIVITY 
— * 

Although the adrenal weight maintenance method 

gave more satisfactory assay results, it is rather interesting 

to calculate the yield of activity by both assay methods. 

In the weight restoration method, which was finally 

abandoned, we can plot the percentage increase in adrenal 

weight against the log. dose in mgs. of the various fractions. 
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These results are shown in G-raph III. 

Rx gives a good log. dose/response relation. The 

points of R2 are rather scattered and the response lines of 

both R2 and R^ are somewhat steeper. 

If one intersects the R̂_ response line at the level 

of response of the 5 mg. dose of crude extract, then 5 mgs. 

of crude material is about equivalent to 10 mgs. of R1# 

This represents a yield of activity in terms of 

original tissue of 0.5 per cent. 

Although fractions R2 and R7 possess slightly more 

activity, the total yield for R-̂  R2 and R? in terms cf 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 been calculated differently. 

The adrenal weight per 100 gms. body weight was 

plotted graphically againstthe log. dose in mgs. of crude 

extract, and the resulting straight line was graphically 

extrapolated. This allows a comparison with the response 

lines cf Rn and Rn which have been similarly plotted. 

By comparing the lowest point of the R^ response 

line with a corresponding point on the crude extract line, 

one finds that 1.5 nigs, of R± is equivalent to 21 mgs. of 

crude. In other words, the total amount of R^, 13 gas., is 

equal to lg>2 gms. of crude material. 
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The yield of activity in terms of original tissue 

is, therefore, lg2 x 100 or 15 per cent. 

1235 

By comparing a point on the response line R2 with 

the crude extract line, one finds 3.3 rags, of R2 equivalent 

to Ik mgs. of original material. 

The yield of activity of R2 in terms of original 

tissue is, therefore, k per cent. 

The total yield of corticotrophic activity calcu­

lated from the results of adrenal weight maintenance assay 

is represented in fractions P^ and Rg and equals 19 per cent. 

DISCUSSION 

The Cohn fractionation procedure was not successful 

in isolating corticotrophic activity in a particular fraction 

of the anterior pituitary extract. Although the greater yield 

of activity is in R^ , a small amount is present in R2. 

The total yield of activity, 19 per cent, is not 

as great as that obtained with some of the other principles. 

The extraction procedure, 0.9$ NaCl at pH2.7> should have 

removed all corticotrophic activity. Early investigators 

successfully extracted this principle in combination with 

prolactin by using an aqueous alkaline medium. 

If the extraction procedure did succeed in 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 weight 

maintenance assay, R-j was devoid of activity in the dosage 

employed. In view of the results obtained in the restora­

tion assay, it hardly seems likely that Rij. and Re 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 during 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. 



GONADOTROPHIC 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). JMo 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 

separately. 

METHOD 

The standard maturity test using the twenty-one day 

old 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 is an 

important condition for the success of the assay. 

Vaginal smears were taken before killing the animals. 



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 ij. plus classification. Smears were taken 

when the vaginal orifice was not patent. The fresh weights 

of ovaries and uterus were recorded. All weights 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 DuSK 

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

ive daily dose was 50 mgs. of crude saline extract. Higher 

dosage was not particularly effective in producing greater 



TABLE XII 

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

REFERENCE DOSE ASSAY 

Daily Dose 
Crude Saline 
A.P. - Mgs. 

2.5 

5.0 

10.0 

20.0 

50.0 

50. o* 

100.0 

100.0 * 

150.0 

200.0 

Normal 
Controls 

Number 
of 

AnimalB 

4-

3 

4-

4-

4-

4-

4-

4-

5 

6 

Average Wt. 
Ovaries 

Mgs./lOO Gms. 
Body Weight Range 
31.5 21,6 - 35.0 

39.g 3̂ .3 - 4-7. g 

39.6 35.3 - 4-7.2 

3S.g 27.g - 50.0 

57.5 ^7.S - 57*6 

4o.5 31.3 - 4-2.9 

66.3 59.2 - 77.0 

4-g.o 4-2.g - 54-.g 

54-.1 4-5.6 - 67.7 

58.1 3S.0 - 7g.i 

34-, 9 2g.3 - 4-5. g 

Average Wt* 
Uterus 

Hgs./lOO Gms. 
Body Weight 

53-5 

71.0 

7̂ -7 

56.5 

75-3 

59.9 

107.4-

72.0 

96.g 

139.3 

57.6 

Range 

50.0 - 63.O 

63.O - S4-.0 

4-9.2 - 101.0 

52.0 - 90.0 

5g.6 - 105.0 

52.g - 70.5 

gl.2 - 14-3.0 

65.5 - 79.9 

76.5 - 125.0 

77.g - 24-6.0 

36.4- - 96.7 

Vaginal Examinatlo 

Orifice 

Al. Patent 

Al. Patent 

Not Patent 

Not Patent 

Not Patent 

Not Patent 

Some Patent 

Some Patent 

Not Patent 

Not Patent 

Average 
Smear 

1 Plus 

1 Plus 

1 Plus' 

2 Plus 

1 Plus 

1 Plus 

2 Plus 

2 Plus 

1 Plus 

1 Plus 

A FRESH CALF A.P. USED. 



TABLE XIII 

Dally Dose 
Mgs. 

Fraction 

R-
ir 
H 

II 

»l 

R2 
It 

R 3 

R4-
II 

lt: 

II 

1.0 
2.5 
5.0 
10.0 
20.0 
1.0 
2.5 
5-0 

10.0 
20.0 

3-5 
5-0 

10.0 
20.0 

2.5 
s.o 

2.5 
5.0 
20.0 

GONADOTROPHIC ASSAY OF LYOPHILIZED PITUITARY FRACTIONS 

CONDUCTED ON 21-DAY OLD FEMALE RATS 

Number 
of 

Animals 

2 
p 

2 
o 
3 

2 
2 
7 

1 
2 
5 
5 
5 

3 
3 

2 
2 

Wt. Ovaries 
Mgs./lOO Gms. 
Body Weight Range 

30.4-
4-2.1 
4-7.5 
4-1.7 
59.1 
50.3 
50.7 
48.1 
5.6 
3.0 

1! 

4o.7 
50.2 
71.2 
101.6 

53. 
4-3. 

36.1 
34-. 3 
34-. 2 

25.4- -
4-1.1 -
39.5 -
39.*u 
4-6.2 -

35.5 
% . l 
55.0 
4-4-. 0 
77.s 

Wt. Uterus 
Mgs./lOO Gms. 
Body Welpfrt Range 

4-2.0 
4-4-. 2 
32,6 

I 2.0 ~ 2.0 -

5g.6 
57.2 
75.0 

133.0 
223.0 

32.9 
4-1.0 
4-3.2 
51.3 

4-g.6 
55-3 
81.3 
152.0 

51.7 
39.4- ^6.0 

33-s 
30.6 
34-. 2 

32.9 
38.1 
V\-.2 

67.I 
60.6 
73-2 
76.g 
79.g 
g3.g 
77-0 
91.g 

igo.5 
231.7 
bg.l 

101. g 
13,2.3 
154--7 

14b \ 

61.2 -
57.g -
63.1 -
79.6 -

73.0 
63.4. 
S3.3 
74.0 66.6 - 101.0 

7g.o 
77.0 
69.5 

14-9.0 
114-.0 

g9.6 
77-0 
122.0 
212.0 
365.0 

59.5 
S2.5 
6g.5 
go.7 

76.7 
129.0 
lg2.0 
27^.0 

78.3 
g4-.5 

72.1 - g9.5 
go.5 - fig.o 

66.4- 7.8 -
52.5 

137.5 

75.0 
130.5 
155.0 

Vaginal Examination 

Orifice 

Not Patent 
Not Patent 
Al. Patent 
Al. Patent 
Al. Patent 

Not Patent 
Not Patent 
Al. Patent 
Patent 
Patent 

Al. Patent 
Al. Patent 
Patent 
Patent. 

Not Patent 
Not Patent 

Not Patent 
Not Patent 
Not Patent 

Ave raj; 
Smear 

Neg. 
Neg. 
1 Plus 
1 Plus 
1 Plus 

1 Plus 
1 Plus 
1 Plus 
4- Plus 
4- Plus 

4- Plus 
4- Plus 

Neg. 
Neg. 

Neg. 
Neg. 
Ner. 



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 indicated in Table XII • It was rather surprising 

to note that the original stored glands produced more 

stimulation than the fresh glands. It is generally accepted 

that a variation in any specific activity can exist between 

two separate shipments of pituitary glands. This is the only 

reason that can be offered for the lower results obtained 

with the fresh pituitaries. 

In normal controls the ovarian weight is 3k.9 - 6 mgs 

per lOu gms. body weight. In all daily doses below 50 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 increased 100 per cent. The failure 

of doses of 150 and 200 mgs. to produce at least an effect 

equivalent to a 100 mg. dose is unexplainable. The high 

dosage assay was performed about three weeks later, but it 

is inconceivable that such a change 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 

responses were produced by daily doses of 50 and 100 mgs. 

The ovarian response is more satisfactory than 

the uterine weight response* In the case of the uterus there 

did not appear to be any correlation between dosage used and 

effect produced. In addition the individual variations were 

larger than those for ovarian weight. One rather strange 

finding was the absence of r full oestrus vaginal smear even 

on the highest dosage. 

LYOPHILIZED FRACTIONS 

Table XIII shows the ovarian and uterine weight 

response produced by the lyophilized anterior pituitary 

fractions. The number of female immature rats available at 

any time did not allow one to conduct concurrent assays of 

the various fractions nor on all doses of a particular fraction. 

A consideration of these results indicates that 

fraction RP failed to produce any stimulation of ovarian 

weight in the dosage employed. The ovarian weights on each 

dose failed to exceed those of normal control rats. In each 

case the vaginal smear was not typical of oestrus and the 

orifice was not patent. As far as the uterine weights are 

concerned, there appeared to be an increase in weight with 

higher dosage. The variation was so large in all the uterine 

weights that these changes could not be considered of any 

significance. 
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Fractions R-̂  to R]x 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 next question is the division of 

activity among these fractions, and also its yield in terms 

of original tissue activity* 

YIELD OF ACTIVITY 

The increase in ovarian weight produced by the 

crude saline extract and the various doses of the lyophilized 

material have been plotted graphically against their respec­

tive log. doses in mgs. These results are shown in G-raph IV. 

Because of insufficient data, Ru could not be included here. 

Since the crude extract of the original gland ship­

ment gave better results it was plotted. The resulting log. 

dose/response line is rather good. The response line of R1 

is almost parallel to the crude extract line except for the 

10 mg. point. 

If we choose a point on the response line R-j_ eauivalent 

to a 10 mg. dose of this fraction, we find that this corresponds 

to a point equal to a 50 mg, dose of the crude extract. One 

can say, therefore, that 10 mgs. cf R± is onuivrlent to SO mgs. 

of crude extract or 1 mg. of R± can be said to equal 5 mgs. of 

this extract. 

Since the total yield of R± was 13 Rms. , this represents 
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65 gms, of crude extract. The total yield of gonadotrophic 

activity of R]_ is, therefore, 65 x 100, or slightly over 5 
1235 

per cent. 

Fraction R2 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 nig. doses of this 

fraction. This line is much steeper than those given by R-

and the crude extract* However, the steep line of R2 is 

almost parallel*to the excellent response line given by the 

four points of R.3. 

If one chooses conservative points on lines R2 and 

R-z and compares them with the crude extract response line, 

then the yield of activity can be calculated. From this one 

obtains the rather conservative estimates of 17 and 9.5 per 

cent yield of activity for fractions R2 and R^ respectively. 

The total yield of gonadotrophic activity for 

fractions Ri, R2 and R-j in terms of original tissue is, 

therefore, 31.75 per cent. Fraction RI4. obviously possesses 

a slight amount of activity, but this has not been calculated. 
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ASSAY FOR IQSH ACTIVITY 

It was previously stated that an attempt was not 

made to differentiate the yields of activity of the two 

pituitary gonadotrophic factors since the fractionation 

procedure had not led to a definite separation of the other 

active pituitary principles. The synergistic action of the 

F S H and I C S H on the immature rat ovary is generally 

recognized, and it was felt that such an assay would give 

sufficient indication of the yield of activity. However, 

the L H or I C S H content of bovine pituitary 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 

seminal 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. When the seminal vesicles are greatly stimu­

lated and contain fluid it is customary to fix them in 

Bouin1s solution prior to weighing. The degree of stimulation 

produced in this assay did not demand such a procedure. From 

a consideration of the results produced in immature female 

rats it was decided to use only those lyophilized fractions 

that exhibited some gonadotrophic activity. Similarly high 



TABLE XIV 

ICSH OR LH ASSAY 

21-Day Old Male Rats Injected Subcutaneously 
Trice Daily for 5 Days - Autopsied on Sixth Day 

Daily Dose 
Mgs. 

Matfir1al 
» 

Crude Alk. 
Ant. Pit. 

50 
100 

Rl 1 0 

R 2 5 
" 10 

R-z 5 
*? 10 

Normal 
Controls 

Weight Seminal Vesicles 
per 100 Gms.Body Weight 

Average Range 

33-5 (*0* 31-2 - 3̂ .2 
32.2 (k) 23.7 - 39.7 

30.5 (io 27.3 - 32> 

35.2 (h) 31.2 - i!-6.g 
^3-7 (*0 39.0 - 52.1 

3̂ .6 (JO 31.0 - 35-7 
31.5 (k) 27.0 - 35.0 

26.1 (3) 2̂ .3 - 22,2 

Weight Testes per 
100 Gms.Body Weight 

Average Range 

701 (10 600 - 2*0 
fko (*0 621 - 273 

775 (M 735 - 792 

265 (io 7?c, - 1050 
222 (10 236 - 915 

992 (k) 271 - 1050 
961 (i+) 235 - io4o 

739 626 - 721 

& Number of Animals. 
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doses of crude extract of original tissue were employed. 

The results were expressed as mgs. per 100 gms. of body 

weight because of the wide range of body weight in these 

animals. Table XIV shows the results of I C S H assay. 

The seminal 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 striking 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 available it is 

impossible to calculate the yield of activity by construc­

tion of a log. dose/ response curve. The results produced 

with 50 and 100 rag. doses of the crude saline extract 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 R2 and R3 possess about equal 

activity. Fraction R± contains less activity than R2 or R^. 

The results of this preliminary assay showed that 

no advantage would be gained by conducting a separate assay 

for I C S ft.Gonadotrophic activity as assayed by immature 
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female rats answered the question quite adequately since 

the Cohn fractionation procedure was not effective in 

separating the two gonadotrophic principles. 

DISCUSSION 

The total yield of gonadotrophic activity is 

roughly 32 per cent. This activity is not confined to a 

particular fraction, but is spread over Rlf R2 and R,. 

From a consideration of Table XIII and Graph 

IV, we observe the striking difference in activity between 

the crude extract and R± on the one hand and R2 and R-z on 

the other. Rl9 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, 

R2 and R-5, give lines which are parallel to each other, but 

much steeper than the line for R]_. It will be remembered 

that conservative estimates of the yield of activity of 

R2 and R-z were made. The lowest region of each line was 

used for comparison with the crude extract. 

If either R2 or R-z gave a response line which was 

strikingly steeper, it would seem fortuitous, but the simi­

larly steep parallel relationship of the two response lines 

leads one to seek an explanation. The slope differs so 

from the crude extract and fraction R1 that it leads one 

to speculate. It would appear that the removal of some 
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substance present in the crude extract and Rx i s effected 

by the Cohn fractionation procedure. This substance probably 

plays an inhibitory role and prevents maximum ovarian stimu­

lation. Whatever it is, a concentration of io* ethanol at 

the neutral point is successful in removing it, since it is 

absent from R 2 , which precipitated at a concentration of 25 

per cent ethanol and a similar pH. 

One could say that the increased response to R2 

and R-5 was due to the presence of I C S H which acted 

synergistically with F S 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 failed to show any striking content 

of this principle in R2 and R-z. 

This "inhibitor" substance is probably a protein 

and one cannot add more than this concerning its nature. 

If such a substance does play a physiological role in the 

pituitary-gonadai 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 

mature animals. 

The total yield of gonadotrophic activity is not 

too poor when one considers that general extraction and 

fractionation procedures were employed. Bovine anterior 
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pituitary is admittedly a poor source of the gonadotrophic 

hormones. The method of extraction, 0.9^ NaCl at pHS.7 

should have been adequate. Fevold finds that pH6 does 

not give a poor yield, but recommends a more alkaline 

medium. The gonadotrophic principles 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 solubilities in any medium to overlap. 

From the assay results presented, one can conclude 

that the application of the Cohn fractionation procedure is 

ineffective in separating F 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 was undertaken with a 

three-fold purpose. It was undertaken to determine the 

activity associated with the various fractions obtained by 

the application of Cohn«s blood plasma method to an alkaline 

saline extract of calf anterior lobe tissue. In conjunction 

with this, the percentage recovery of the activity of each 

specific principle in terms of that possessed by the original 

tissue was also sought. And finally, it was undertaken to 

evaluate the effectiveness of the Cohn method as a procedure 

in fractionating anterior lobe extracts. 

Permission to adapt the Cohn blood plasma method 

to an anterior pituitary extract was obtained. Cohn urges 

careful regulation of temperature, control of pH and con­

centration cf alcohol when fractionating protein solutions. 

Recommendations similar to those presented in his Monograph 

can be found in earlier published work (20*!). The importance 

of adhering to these experimental conditions was recognized, 

and all care was taken to observe the necessary precautions 

as closely as the laboratory facilities would permit. 

The application of the Cohn fractionation procedure 

to an alkaline extract of anterior lobe tissue is described. 

The resulting fractions, which have been named R1 to P^ 

inclusive,, form the basis for the present investigation. 



TABLE XV 

Distribution of Activity in Lyophilized Fractions 

Percentage Yield of Activity in Terms of Original Tissue 

1 
ACTIVITY 

Growth 

Thyrotrophic 

Prolactin 

Corticotrophic 

Gonadotrophic 

R i 

2.0 

26.0 

*—• 

15.0 

5>?-b 

R2 

19.5 

-

n. 0 

17.0 

R3 

— 

10.0 

— 

— 

9.5 

R ^ 

— 

— 

-

— 

— 

R5 

^^ 

— 

_ 

— 

— 

Total 
Yield 

10. go 

55.00 

-

19.00 

31-75 

Degree of 
Purification 

50 times 

32 times 

— 

50 times 

32 times 

. . 5" 1 
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Each fraction was dried under high vacuum when in the frozen 

state, and the yield of the various powders from the original 

crude extract is recorded. The extremely small yield of Ra 

necessitated its exclusion from some preliminary studies 

which were conducted, so that sufficient would remain for 

the assay work. 

The nitrogen content of the various fractions 

was studied. Slight contamination of Re with the oxytocic 

principle of the posterior pituitary is shown, and the 

presence of some sensitizing substance in all the fractions 

studied is evidenced by the few results obtained on guinea 

pigs. 

Before assays for the various recognized pituitary 

principles were undertaken, it was necessary to decide upon 

a reference material so that the percentage yield of acti­

vity in terms of original tissue could be determined. A 

crude alkaline saline extract of calf anterior pituitary 

from the original shipment was used throughout as this 

reference standard. It was decided to use this material 

as a standard when a similarly prepared, but subsequently 

lyophilized fraction, showed some loss 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 deterioration of activity 

could probably take place in the whole glands during the 

storage period. Deterioration was suspected on several 

occasions and led to assay difficulties; however, on Investi­

gation, the stored glands exhibited as much activity in the 

majority of instances as a fresher gland shipment. 

Any investigator of the anterior pituitary prin­

ciples is 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 methods recommended by numerous investi­

gators. The chosen methods have a trustworthy reputation, 

and it was felt they would yield the best results. 

All assays were carefully conducted* The necessity 

of using such small groups of animals on various 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 available animals, the 

rather difficult technique of hypophysectomy and the dearth 

of such suitably prepared animals was a further handicap. 

Rather than perform all the tests on a certain dose at the 

same period of time, it was sometimes necessary to spread 
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the results out over a period of months. However, all 

attempts were made to standardize the experimental conditions 

ae closely as possible, and the results checked rather veil 

even after a few months1 interval. 

Hypophysectomized rats of either sex were used in 

the investigation of growth activity in the various frac­

tions. Injections were started ten days after operation 

and continued daily for twenty days. 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 dosage with the crude extract or the various lyophilized 

fractions above that of normal untreated guinea pigs was 

the basis of assay. These results were correlated with 

histological evidence of thyroid activity. 

The futility of the prolactin assay which was based 

upon crop sac weight increase was coon evident. Only a negli­

gible amount of lactogenic activity wa? present in the 

lyophilized material. The prolactin assays could not have 

given more than a qualitative result under the circumstances. 

The necessity of using a single strain of pigeon of a parti­

cular a.̂ e is stressed by various workers. 
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Hypophysectomized rats were also employed for the 

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 rats were employed. 

The use of hypophysectomized rats is recommended by those 

working with purer hormone fractions. The degree of separa­

tion of the two gonadotrophic factors did not warrant the 

use of operated animals in conducting the assay. The ICSH 

activity was investigated by the effects on seminal vesicle 

weight of immature male rats. 

The results of all these assays are contained in 

detail in the corresponding tables. In Table XV a summary 

of the results with the five lyophilized fractions is given. 

This answers the question of division of activity among the 

various fractions as well as the percentage yield of activity 

in terms of original tissue. 

The percentage yield of activity was obtained by 

calculation from the results of the various assays which were 

plotted .graphically in terms of a log. dose response line. 

Details of calculation are included in the experimental section. 
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Growth activity is found in fractions R± and R2, 

the greater portion being in Rx. Deterioration of the 

growth activity of the original stored tissue led to the 

use of a reference extract prepared from a fresh gland 

shipment. In the light of the yield of activity of some 

of the other principles, the total yield of growth activity, 

10.2 per cent, is low. 

The thyrotrophic activity is represented by 

fractions R1# R2 and R-z, the greatest activity being in 

R-j_. The total yield of activity, 55 per cent, is the 

largest for the principles investigated* 

Corticotrophic activity, as assayed 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, Is not high. 

Gonadotrophic activity is present in the first 

three fractions, but the greatest yield is in R2* About 

one-third the activity of the original tissue is recovered. 

It is interesting to note that all the principles 

investigated are present in the first two fractions. Only 

in the case of the thyrotrophic and gonadotrophic principles 

does R3 possess significant activity. The almost complete 

absence of activity from Rî , and its definite absence in 

R5 is rather puzzling, particularly when the yield 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 kl per cent ethanol at PH5.75 was further 

acidified by a buffer mixture to pH^.7. In fraction R*, 

which represents the residue of the protein which was 

extracted from the anterior pituitary, 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 4-0°C. The evaporation of such a 

large volume took many hours, and the temperature within 

the flask may have risen above the required 17°C, thus 

producing loss of activity. Dialysis 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, if R̂ . 

possessed activity and Rp- did not, one would attribute its 

absence to destruction during the concentration process, 

but the negligible amount of activity possessed by R^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 pituitary, as well as their close 

chemical relationship, added to the difficulty of fractiona­

tion. 

The successful fractionation of any protein solution 

is attended 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-rwater fractionation 

method which is essentially the same as that employed in the 

present investigation (201!-). 

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 Ionic strength set forth by Cohn relate 

specifically to the components of serum and plasma. The 

number of pituitary proteins as well as their 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 avoidance of denaturation when adding the 

ethanol, the yield of activity may possibly be greatly 

improved* Similarly, better fractionation of the various 

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 (20b), 

and many subsequent investigators, some of whom were concerned 

with the preparation of antibodies, and while it has been 

successfully applied to the preparation of serum and plasma 

proteins, the literature does not contain any reference to 

its application in the preparation of anterior pituitary 

hormone fractions. 

The three-fold purpose of the Investigation has 
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been fulfilled, and while the results obtained are not of 

a startling nature, they offer promise that, with modifica­

tions, the method may prove highly successful. 
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