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Part l

INVESTIGATION OF SOME FACTORS AFFECTING THE

PrI'Ul'rARY-ADRENAL SYSTEM



A. Introduction

The purpose of' this study vas to investigate the mechanism of

secretion of the pituitary-adrenal system by studying some factors

which modify the response of these glands to stress. Two such factors

were considered: (a) exogenous cortical hormone (represented by

desoxycorticosterane) and (b) dietary proteine Both these agents

had been previously studied by other investigators, but it was thought

-- - - - - - - - -O:f.'-int eres t -±~inves_tig~tELthem further because some of the results

reported were contradictory. Furthermore, the possibility that these

glands may play an important rôle in the pathogenes ia of the so-cal1ed

diaeases of adaptation, made it of interest ta know how their secretory

activity can be modified by external agents.

With the introduction of the concept of the General. Adaptation

Syndrome by Selye (1,2,3) a rather large maas of independent observations

vas unified within the confines of a single theory. Brieny this

concept postulates that wen subjected to stress, an animal, basides

undergoing adaptive changes specifie to the particular stress, also

mdertakes a general non-specifie defense which is mediated by the

pituitary-adrenal system. The pituHary-adrenal reaction is believed

to be a defense or resistance mechanism common to a1l types of stress

and to consdef of four phases: shock, countez-shock, resistance and

exhaustion, terminating in death should the stress be sufficientIy

severe. Either adrenalectomy or hypophysectomy affects only the

resistance stage by considerab1y shortening it, but -does- nor m fiuence- - - - - - - ­

the shock and countershock phases (4).

As early as 1940 Selye and his collaborators concluded that the

resistance to stress of normal animals could be increaaed by cortical
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extracts (5) and by corticosterone, a carbohydrate-active hormone of

the adrenal cortex (6,7). These authors concluded that in general

the gluco-corticoids (having an oxygen atom at "carbon eleven" of the

steroid nucleus) vere more active in raising the res istance of non­

adrenalectomized animals above normal values than the mineralo­

corticoids (which have no o:xygen atem at "carbon elevenp
) . These

conclusions have not gone unchallenged, and many attempts to prove

that cortical extracts or purified corticoids incraase the resistance

of the intact animal to stress have failed (8-15); nevertbeless,

rapeatedly reports haTe appeared in the literature demonstrating the

beneficial effect of cortical hormones against the damaging action

of stressful agents (16-19).

Representative of this controversial situation are Ingle's ex­

periments (2» demonstrating the inability of adrenocortical extract

to improve the work performance or to prevent hypoglycemic coma in

forcibly exercised normal rats. Simllarly the sarne author found that

large doses of adranocortical extract did not incraase the survival

t:1me of rats subjeeted to sedding (10); wbereas the seme treatment

increased the incidence of survival of normal rats after intraperi­

toneal administration of peptone solution (21).

Despite these inconsistent resul.ts, it is generally admitted t~t

the adrenalectomized animal has a decreased resistance to damaging

stimuli (22,23), and therefore it may be concl'Uded that cortical

secretion contributes to the animal 's defense in stress; although it

is not quite clear whether or not this is the factor limiting the

abllity of the normal organism to withstam severe stress.
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Since under stress the adrenal cortex beeomes hyperactive (23,

24,25) it appeared of interest to investigate what factors can

modif'y the gland's secretory activity, in an effort to e1ucidate

the mechanisms that regulate the secretion of cortical hormones.

Tvo such factors have been studied: one hormonal and one dietary.

B. Hormonal Studies

1. Review of the Literature

The regulation of the rate of secretion of the hypophyBeo­

adrenal system is not as yet fully understood, and severaI bypotheses

have been advanced in an effort to exp1ain the pertinent exper1mental

observations.

It bas been estab1ished that the adrenal cortex mcresses its

secretory activity under the innuence of stress (23,24,25), and

that in the absence of the pituitary, stress does not bring about the

morpho1ogical and biochemical changes that characterize its action

on the adrenal cortex (25,26,27). The pituitary, however, 1a not

essential to maintain a minimal. secretion of cortical. hormone, as

shawn by the inab111ty of adrenalectom.ized animals to survive the

operation for more than a fev days (28,29); whereas after hypophysectolll1,

the animal may survive for long periods of t1me (30,31). Furthermore

the administration of adrenocortical extract incresses the resistance of

the hypophysectomized animal to stress (32,33). This much, at 1east,

is comon to the different controversial theories which attempt to

explain how stress results in cortical hyperactivity.
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An interpretation that has reoeived considerable experimental

support in recent times Ls the "peripheral-humoral concept" of Sayers

(23). Briefly, it suggests that adrenocortiootrophin secretion by

the pituitary varies inversely with the concentration of circulating

cortical hormone. This hypothesis is based on the reasonable assump­

tion that under conditions of stress there is an increased peripheral

utilization of cortical hormone, which results in a temporary decrease

of circulating cortical hormone. This drop in concentration sti.nmlates .

the hypophysis to discharge adrenocorticotrophin and thus brings the

blood titer of corticoids back towards its initial leveI.

The experimental evidence supporting the peripheral-hwnoral theory

can be divided into two main types: (a) chronic experiments in which

the morphological and histological changes that the adrenal cortex

undergoes after stimulation are inhibited by the administration of

cortical substances, and (b) acute experiments in which the biochemical

changes that stress induces in the cortical tissue are partially or

totally prevented by the administration of cortical substances.

To the firet clsss belong the experiments of Ingle and his co­

workers (34) who shoved that the administration of adreno-corlical

extract (ACE) resulted in adrenal atrophy; a condition that could be

reversed by the simultaneous administration of pituitary extracts.

ACE also prevents the adrenal hypertrophy caused by thyroxine treat­

ment (35). Desoxycorticosterone acetate (DCA) has been shown to cause

adrenal involution in the normal animal (36,37) and to inhibit the

adrenal hypertrophy that follows exposure to non-specific stressing

agents such as: exercise (3$,39) oestrogen overdosage (40), and
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electroshock convulsions (41).

The first quantitative studies in the biochemical composition

of the stilmùated adrenal cortex vere reported by Sayer l s group in

1942 (42). These authors showed that the administration of adreno­

corticotrophin (ACTH) to rats resulted in a decrease of both the

ascorbic acid and the cholesterol concentrations of the adrenals.

Stress was shown to induce simllar biochemical changes in normal

rats. (43).

The administration of ACE prevents the decrease in adrenal

ascorbic acid that follows exposure to cold, but fails to do so

after administration of ACTH (44). Sayer l s interpretation of this

observaticm is that the cortical extract inhibits A.CTH release by

the pituitary, and that it does not directly Interfere vith cortical

activity; since exogenous ACTH can st:lmulate the adrenal cortex in

the presence of a high corticoid titer in the blood. The folloving

crystalline cortical steroids have I!Ù.SO been shown to inhibit the

adrenal-ascorbic-acid response to stress: hyàro~-corticosterone,

17-hydroxy-ll-dehydrocorticosterone, corticosterone, and desoxy­

corticosterone. (4.3). Presumably these cortical substances act by

maintaining a high enough concentration of hormone in the blood to

prevent an increase in the secretion of ACTH.

Further evidence is offered by LongiS experiments shoving

that ACE prevents the depletion of adrenal ascorbic acid folloving

exposure to cold or atter unilateral adrenalectomy (45), or

follov.l.ng the administration of epinephrine (46).

A rougbly quantitative relationship bas been shown to exist
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between the stress applied and the dose of corticoid required to

prevent adrenal eacorbâc acid depletion (41,47), and Sayers con­

cludes that the extent to which circulating corticoids, whetœr

exogenous or not, can block the release of ACTH b,. the anterior

pituitary, i8 a i'unction of the rate a~ which the periphery utilizes

cortical hormone.

A corollary of the peripheral-1:mmoral concept is that by its

self-regulatory natl1re the corticoid titer of the blood is maintained

within physiological limits, provided the pituitary-adrenal axis

ean cope with the variations in peripheral demand far adrenocortical

secretion.

If this is the onl,. mechanism that regulates the rate of

secretion of the pituitary-adrenal system, it should be impossible

to arrive at a condition in which the organism wotü.d be exposed to

an abnormall,. high concentration of circulating corticoids for pro­

longed periods of time. This very condition, however, WB the basis

of the interpretation of the pathogenesis of the diseases of adapta­

tiœ he1d by Selye about 1947 wben the present work vas done , The

cordiovascu1ar, rana! and joint lesions which Selye bas grouped and

defined as Itdiseases of adaptation" are, in bis opinion, the result

of endogenous hormonal overdosage (4).

The concept of the diseases of adaptation was arrived at from tlB

similarity of the pathological changes observed in experimental an:1ma1s

after hormonal overdosage or exposure to stress and conditions found in

l:mman pathology. Selye and his coworkers have shown that DCA overdosage
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(partieular1y :in sensitized animals) produces cardio-vascu1.ar lesions

(48,49,50,51), hypertension (49,50),arthritic joint 1esions (49,52),

and nephrosclerosis (48,50,53,54), all of which f:ind their counterpart

:in html.aD patho1ou.

Selye has f't1rtber shawn that similar renal, cario-vascular and

joint 1esions could be e1icited :in sensitized rats by chronic treat­

ment with a crude anterior pituitary preparation (55,56) which also

causes hypertension (57). These effects of anterior pituitary

preparations are either mediated bythe adrenal cortex or require the

presence of cortical hormone, sinee they do not produce renal or cardio­

vascular damage in the adrenalectomized animal (58). Sey1e suggested

that anterior lobe exliracts aet through their action on the adrenal

cortex, causing it to re1ease an excessive Bmom1t of salt";'active

cortieoids which in tom would reproduee the symptans e1icited bY' DCA

overdosage (4).

These observations pointed to the possibility that the diseases

of man which eould beexperimentallY' reproduced by overdosage with

DCA or anterior pituitary preparations, eould be the result of an

excessive production of endogenous mineralo-corticoids. Thus these

diseases wOlÙd reslÙt trom the efforts made by' the human organism to

adapt to intense am pro1onged stressful situations. Support of this

view ia aff'orded by experiments showing that such stressing agents as

exposure to co1d, formaldebyde injections and exercise, e1icit hyper­

tension aild nephrosc1erosis :in sensitized animals (59). The b100d

chloride changes in bath normal (60) and adrenalectomlzed a.rrimals (61)
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subjected to stress, and the abllity of diets rich in sodium chloride

to exacerbate the pathological changes due to DCA overdosage (48,50,54,

62), led Selye to the conclusion that the diseases of adaptation were

the result of an excessive production of endogenous mineralo-corticoids.

On the other band the changes in carbohydrate metabolism which occur

during the general adaptation syndrome suggested that an increased

secretion of gluco-corticoids may result as a defensive respanse to

stress (4, t<> ,61) •

The observations reported here were made in 1947 and sinee then

the interpretation of the pathogenesis of the diseases of adaptation

has been somewhat reviewed by its originator in the light of new

experimental data. The work of Hench, Kendall et al. (6.3,64,65) threw

new light on the collagen diseases. These authors established that

ACTH and particularly Kendallls compound. E (17-hydroxy-ll-debydro­

corticosterone, also known as cortisone) could reverse the course of

rheumatoid arthritis and related diseases, producing a rapid regression

of the articular and systemic manifestations. Since then numerous

investigators have confirmed these results (66,67) and have added to

an increasing list of maladies to which either ACTH or cortisone

bring relief.

Cortisone and ACTH have been shown to reverse most of the

pathological changes produced by OOA or crude anterior pituitary

treatment, with the exception of renal damage, which Ls aggravated

by gluco-corticoids (68). This action of ACTH is incompatible

with the rôle Selye assigned to it in the pathogenesis of the diseases

of adaptation. Furthermore there is evidence that the zona glomerulosa
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of' the adrenal cortex selective1y secretes mineralo-corticoids (37,69)

and that 1ts secretory activity is partially regulated by the Na/K

ratio of' the b100d (70,71) and 15 somewhat independent of the anterior

pituitary, since bypophysectomy does not result in atrophy of this

zone. (72). Stress and anterier pituitary preParations primarily

stiDIlÙate the zona fascicu1ata which ia thought to be the site of

secretion of glucocorticoids (7'3,74), vhose protectlve action in

situations of stress has been ref'erred to above (6,7,68). Corcoran

and his collaborators have pointed out other serious objections to

Selye's original c1aim that chronic treatment vith pituiatry pre­

parations elicit patho1ogicù lesions by increasing adrenocortical

secretion of DCA-1ike steroids. These authors have shown that ACTH

tends to decrease the b100d pressure of hypertensive rats (75) am

they have aleo pointed out some qualitative diff'erences in the

response of sensitized rats treated vith either DCA or anterior lobe

preparations: (a) only a small nurnber of animale deve10ped hypertension

after pltuitary treatment vhereas aU animale responded to DCA

administration; (b) DCA produced severe diuresis while anterior

pituitary treatment induced only a slight initial inorease in urine

formation (76).

To corre1ate these findings vith his own observations that crude

anterior pltuitary preparations produce joint 1esions simllar to

c1inical collagen diseases and the other patho1og1cal changes noted

above , Selye nov proposes that a factor nx" secreted by the pituitary

selectively stiDIlÜates the secretion of minerale-corticoids by the
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adrenal cortex, vhile ail the purified preparations of ACTH so far

obtained are "gluco-corticotrophic". The possibilit1' has been

considered that this factor "X", may be similar to anterior

pituitary growth hormone (77). EssentiaU1', hovever, the concept

of the diseases of adaptation still stands or ralls on the assomp­

tion that stress eventually leads to an overproduction or mineralo­

corticoids whatever the mechanism.

It ia obvious that if the pituitary-adrenal relationship is

regulated sole11' by the mecbanism. proposed by Sayers, the over­

production of cortical hormone is prec1uded. It follows as a

corollary that in the presence or excessive amounts of circu1ating

cortical hormone stress should not be able to stim:u1ate the anterio­

hypophysis to secrete ACTH.

These opposed interpretations or the existing experimental

data prompted the re-examination of the possibilit1' of inducing a

hypophyse.o-adrenal response to stress in the presence of a higb.

corticoid concentration.

2. Experimental York

The experiments vere designed to estab1ish if, in tb9 presence

of very high concentrations of deaox;y-corticosterone acetate in the

body fluids, stress could induce a re1ease of ACTH (as indicated b1'

the adrenal ascorbie acid method of Sayers (42,78,79).

The anesthetic effect of DCA (80,81,82), vhich ls only obtained

vith excessive doses, served aS an independent crlterlon to establish
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that the amount of hormone admin1stered vas greatly in excess of the

animals' requirements even under stress.

(a) Materials and Methods

(i) Ascorb1c Acid Determinatign - Carruther's ascorbic acid

method (8.3) is based on the rapid reduction of 2,6-dichlorophenolindo­

phenol by ascorbio aoid. The specificity of this reaction is inoreased

by performing it at a pH between 2 and .3 and in the presence of mercm-7

and cadmitml salta, which inhibit the aotion of interf'ering substances.

The dye was dissolved in a phosphate buffer solutlon (66 mM) which

but'fers 1t at pH 6.5 to 6.6,at whioh pH the dye ls blue. To 5 ml. of

this solution vas added 1 ml. of a solution containing oadmium. and

mercuric ohloride in a concentration of o.eX)! M with respeot to each

meta]. ion. After the additon of 2 ml. of either tissue extraot or

standard ascorbic acid solution in 2% metaphosphoric aoid, the pH drops

to a value of 2.5 to 2.7 and the reduction takes place immediately. The

unreduced dye bas a light pink colour at this pH whi.le the reduced

leucobase imparts no colour to the solution. The addition of 6 ml. of'

phosphate buf'f'er (pH S) brings the pH of the mixture back ta a value of

6.5 to 6.6 and the excess unredueed dye becomes blue. The optioal

density of this solution W8B determ.1ned with an Evelyn photoelectric

oolorimeter, setting the instrument vith a blank solution prepared as

above, except that pure 2% metaphosphorie aoid replaced the tissue

extraot.

According to Carruthers, unknown amounts of ascorbic acid can he

analyzed by determining the optioal density of the blue dye bafora

the addition of the metaphosphoric ac1d and again after reduction and
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readjustment of the pH at a value of 6.5-6.7. The ascorbic acid

equivalency of these readings is obtained from a percent transmittance­

concentration curve, and t aking into account the change in the volume

of the solution the amount of ascorbic acid present can be calculated.

The atandard curves exhibited perfect linearity within the dilution

range employed. Changes in the ascorbic acid equivalency of the dye

due to age did not affect the linearity of the curve and recoveries

were found to vary between 96 and 102 percent.

Since a large number of determinations were being done simul­

taneously it became of interest to determine if the presence of the

heavy metal solution induced a change in the optical density of the

dye upon long standing. Leaving this mixture at room temperature for

as long as 5t hours did not change the optical density of dye solutions

of varions concentrations; this allowed the preparation of the mixture

weIl in advance of each experiment.

(ii) Experimental Plan - Thirty male albino rats weighing

gO to 100 gm. and previous1y fasted for 24 hours, were divided into

three groups of 10 animals each. The first group received intra­

peritoneal1y 6 mg. of DCA dissolved in warm corn oil, and repeated

doses of 2 mg. were similarly administered to each animal to maintain

it in a state of anesthesia during the 6 to 7 hours that the experi­

ment 1asted. These rats were intermittently exposed to cold (ID! 10C)

for one heur at a time, and between exposures they were allowed to

recuperate for about hal.f an hour. During the rest periods ail animale

recovering fram the anestbetic effect received an additional dose of
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2 mg. of DCA,and those animals that vere profoundly narcotized vere

al10wed longer rest periods. Most of the animals vere exposed for

a total of 4 heurs and none for less than 3; the total dosage of

DCA administered ranged from. 12 to 14 mg. per animal. Group 2

received exactly the same cold treatment as Group 1 but no DCA vas

administered to it. Group 3 received no treatment and thus served

as an absolute control. The results of this experiment are pre­

sented in Table 1 as Experiment 1. The same experimental plan vas

repeated using more acute conditions: the exposure to cold was

lengtbened to 4t haurs and the total DCA dosage increased to 16 mg.

par animal. Twenty rats vere divided into two groups of 10 anima' s

each: one group vas exposed to low temperature and received DCA, 1he

other group received no treatment. This is Experiment 2 in Table 1.

At the end of the experimental period the animals vere sacrificed

vith chloroform., the adrenal glands rapidly removed and freed of the

encapsulating fatty tissue by pressing the gland gently vith the

forefinger between two pieces of filter paper and popping Othe intact

gland out. Eaoh gland vas transferred to a oentrifuge tube containing

a small amount of acid-washed sand,to facilitate maceration,and 5 mls.

of 2% metaphosphoric acid,and vas thorougbly gronnd vith the aid of a

mechanical stirrer. After centrifugation 2 ml. aliquots of the

supernatant vere taken for the determination of ascorbic acid..

(b) Results and Conclusions

In both Experiment 1 o <0.05) am Experiment 2 (p <0.02) the

difference in adrenal ascorbic acid betveen the DCA-treated cold­

exposed group and the normal controls is significant.
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TABLE l

Adrenal Ascorbic Acid
%decrease

mg/100 gIn fresh tissue from. normal.
EXIl. Groue No.of rats Treatment (inean j: standard error) control

1 r 9 DCA + co1d 320 ! 12.0 12

II 10 Co1d 3~ ! 13.6 12

III 10 Normal control 362 .!. 12.3 -
2 r 10 DCA • co1d 259 .!. 15.0 18

II 10 Normal control 317 • 14.4 -

In Experiment 1, exposure to co1d alone (Group II) brought about

a decrease in adrenal ascorbic acid of the same order as the decrease found

in animals which, sinmltaneous1y vith the cold treatment, received DCA

overdosage (Group 1).

It should be mentioned that the co1d-treatment did not significant1y

change the weight of the adrenals whether the animals received DCA or not,

as shovn in Table II.

TABLE II

Exp. Group No.of Rats Treatment Leit Adrenal (mg):A: Probabilit;y

1 r 9 DCA • co1d 5.2.!. 0.25 (1 - III) P >0.4

II 10 Cold 5.4 .!. 0.26 (II - III) P> 0.3

III 10 Normal control 5.7! 0.16

Total Adrenal Tissue
mg

2 l 10 DCA • cold 11.3! 0.44 P >0.2

II 10 Normal control 12.2 ! 0.52

*- mean ! standard error
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These results indicate that ACTH can he released from the pituitar,y

of stressed animals even in the presence of a high OOA concentration in

the body fluids •

.3. Discussion

These f1ndings are incompatible with the assumption that the

discharge of ACTH by the pituitary ia solely regulated by the cortical

hormone concentration of the body fluids. On the other band these

experiments point to the possibl1ity that in the presence of excessive1y

high corticoid concentrations (as at times of very acute stress) the

regulation of the discharge of corticotrophin may become relatively

independent of circulating cortical hormone.

Sayers (2.3) bas criticized these experiments, pointing out that the

decrease in adrenal ascorbic acid which occurred in the untreated

animals exposed to co1d (Experiment l, Group II) was surprisingly small.

Dr. Sayers (4.3) reports a decrease of 50 per cent in adrenal ascorbic

acid in rats exposed to a temperature of - 8 ! 10C for one heur,

hovever, in the same publication he also reports a decrease of only 14

par cent in rats exposed to a tempe rature of + 7 .! 10C for one heur.

This latter respanse ls very simllar to the values presented in Table l,

vhere it is seen that exposnre to a temperature of + 10 ! lOC for 4

hours resulted in a decrease of 12 per cent in adrenal ascorbic acdd ,

Furthermore, the 10v adrenal ascorbic acid response by the normal

animals vorïld indicate that the stress vas not extremaly acute. In

spite of this, DCA overdosage did not prevent the release of ACTH by

the anterior pituftar,y.
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More reoently, D'Angelo, Gordon am Charipper (85) have reported

a similar inability to inhibit oortiootrophic activity in stressed

guinea pigs. These authors gave as much as 15 00. of Upjolm's aqueous

cortioal extract (2.5 rat units per oc.) daily for 4 days to fasting

guinea pigs, in an effort to inhibit the adrenal hypertrophy' pro­

duoed by inanition. Their results were negative either with this

treatment or when 15 mg. DCA daily for 6 days was substituted for the

extract. It must be pointed out that either of these treatments

signifioant1y depresses adrenal weight in the normal fad guinea pige

D'Angelo et al. conc1uded that the ineffectiveness of oortical

hormones in preventing adrenal hypertrophy suggested that the caba­

bo1ic reactions in starvation are such that ACTH secretion either

cannot be appreciably inhibited, or that muoh greater amounts of

cortical hormone than those effeotive in the fed animal are necessary.

A further objection raised by Dr. Sayers in the aforementioned

review (23) is of a more serious nature: "The physio1ogioal signifi­

canee of such an experiment remains in doubt. It would not he at

aIl surprising to find that physiological 1evels of the cortical

steroids have an inhibitory influence upon the pituitary, whereas

toxioo1ogieal doses, whioh produce general eollapse of the organism,

exert a toxic aotion on the adenohypophysis with release of stored

ACTHII.

The criticism that the experiments reported above are more

pharmacological than physio1ogical must be accepted. In this con­

nection it is noteworthy that whereas the dosage of oortisone effeotive

in the olinical treatment of the collagen diseases is of the order



- 17 -

of 100 to 200 mg. a day (65), Bergenstal and Huggins have demonstrated

that adequate replacement therapy in the bllatera11y adrena1.eetomized

human can he obtained with as little as 25 mg. of cortisone par day

(84). The actua1. physiological significance will remain in doubt until

information is available concerning the titre of cortical hormone, in

the body fluids of animals undergoing the various stages of the alarm

reaetion.

However, to this writer's knowledge, there i8 no experimental

evidence to support the statement that steroid anethesia is the result

of a "general collapse of the organism" or that overdosage with

adrenocortical substances exerts a toxic action on the anterior pitui­

tary leading to the re1ease of stored AOTH.
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C. Dietar:y Studies

1. Review of the literature

One of the earliest observations on the effect of dietary protein

on the adrenal cortex was made by Fahr in 1912 (86,87). This investi­

gator noted that the adrenals of rabbits fed a diet of milk an:1 eggs

doub1ed in size. The experiments or Orten (88) are cited by Tepperman,

Enge1 and Long (87) as evidence that a high protein intalœ .induces

adrenal hypertrophy. In these experiments, Orten found that the

adrenals of femal.e rats receiving an 18 per cent protein diet under­

vent marked hypertropl1y' when compared to similar animals receiving

3.5 per cent dietary protein; although both groups of rats 'Were on the

same caloric intake. Increasing the caloric intake whlle keeping the

protein content at 3.5 per cent did not result in adrenal hypertrophy.

These observations indicate that the protein content of the diet

contributes in determining the size of the adrenals.

In a review of the agents that cause adrenal hypertrop!ly',

Tepperman, Enge1 and Long (24) conc'Iuded that any condition or agent

that resul.ts in an increase of the products of protein cataboJ.ism

induces an enlargement of the adrenals. They point out that man.y

apparently unrelated conditions whioh stimulate adrenal hypertrophy,

auch as secondary hypermetabolism due to thyroxine administration, 001d

exposure, exercise, lactation, etc., all bad in common a rise in the

produots of endogenous catabolism. Relative carbohydrate deprivation

fo11owing starvation, phlorizin treatment or the administration or

insu1in a1.so incraases the breakdow of endogenous protein and resul.ts
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in adrenal enlargement • Conditions which secondarUy induce tissue

breakdown (bnrns , anoxia, hemorrhagic or tramnatic shock, infections,

toxins, etc.) also result in adrenal hypertrophy. The origin of the

protein catabo1ic products ean be endogenous or exogenous, since a

high protein diet also induces adrenal enlargement.

These authors put forth the explanation that excessive amo1mts

of a substrate (S), derived either from the animal's own tissues or

from dietary protein, requires the presence of cortical hormone for

its catabolism and thus serves as a stinmlus for adreno-cortical

secretion. They further propose that this substance might aeb by',

ftmobUizing cortical hormone either by' vay of the end organ in which

it is catabolized, or by acting directly on the adrenal cortex".

To elucidate this problem Tepperman, Engel and Long (87) studied

the effect of high protein diets not only on the size of the adrenals

but also on the gland's morpho10gy, in an effort to find whether or

not this dietary regime resulted in adrenal hyperactivity. Further,

they compared the metabolic behaviour of animals on a high protein

intake with that of animals reeeiving physiological1Y' actiVe cortical.

substances. The authors used tbree high protein diets: one containing

ground bae!' (55% protein), and. two made up of 75 and 60% caseân , AlI

tbree diets produced adrenal enlargement wben compared to animals

receiving laboratory ehov (24.4% protein). The final body weights

of these animals were not essentially different !"rom the control groups,

indicat1ng that the various diets vere capable of supporting adequate

growth. Histologically the enlarged glands were characterized by
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widening and lipoid depletion of the cortices. These changes confOrDl

to the descriptions givan of actively functioning glands (89,90).

These authors also report experiments in which they compared the

fasting carbohydrate levels of meat-rad and chev-red rats,together

vith normally-fed animals receiving cortical exliract or Compound E.

They state that "the changes in the meat-fed animals are in the sane

direction as those produced by the injection of cortical exliract and

Canpound Eit. Both the fasting blood sugar' and liver glycogen con­

centrations were higher in the meat-fed rats than in those receiving

chov,

These metabolic observations and the histological studies suggest

that concomitant with the enlargament of the adrenals thare is an

increase in hormonal secretion, which these authors interpret as being

required for the metabolic disposaI of substrate (S), a catabolic

product derived from proteine

This interpretation bas not gone unchallenged, and wo types of

objections have been raised. Firstly, some authors have reported

that high protein diets do not induce adrenal enlargement (91,92,93,94).

Secondly, adrenalectomized rats have bean show to survive and grOY

on a high protein diet (93), a fact that appears to he incompatible

with the interpretation that the adrenal cortex is essential for

protein metabolism.

It is not readily apparent why contradictory results have been

fOlmd by different authors in a relatively simple experimental pro­

cedure. Benua and Howard (91) studied the effect of high protein

diets on the size and histologicaI appearance of the adrenal of the
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meuse ,and arrived at the conclusion that the protein content of the

diet had no effect on the glands. One of the diets used by these

authora vas identical to Tepperman' s Casein A diet (78% protein);

however, no adrenal enlargement vas observed, and body growth 'W'8S

normal. Anotber diet tested, containing 67% protein, bebaved simi­

larly, but a third dietary regime 'W'ith 89% protein did not support

body growthadequately in the unilaterally adrenalectomized mouae,

although the adrenal weight per body weight ratio remained normal.

The authors propose that since growth retardation 'W'8S observed in

the unilaterally adrenalectomized monse but not in the intact animal,

the operated animals vere undergoing relative adrenal, insufficiency.

A second explanation put forth to explain this impaired growth W'as

the possible toxicity of the diet. It is difficu1t to visualize

eitber one of these situations not leading to compensatory adrenal

hypertrophy', am therefore these hypotheses are not altogether

satisfactory•

What this study did show clearly, was that the monse did not

undergo adrenal hypertrophy when fed Tepperman's high casein diet.

Leatham also failed to observe adrenal hypertrophy after feeding

Teppermanls Casein A diet to rats of the Long-Evans strain (94). The

control anima] s received a meat-supplemented diet with a total protein

content of 32-33% which ia about 10% higher than the control diet of

chow ussd by Tepperman et al. In all but one of the experiments

reported by tbese workers the animals studied vere considerabl;r larger

(225-300 gm.) than the animals observed by Tepperman et al. It is

interesting to note that.although the high protein diet did not induce
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adrenal enlargement in the younger rats (90 gm. body weight), it

caused greater rena! hypertrophy than in the older animals, and also

a significant rise of the blood non protein nitrogen not observed

in any of the other experiments.

Such differences in experimental procedure as race, strain, and

age of the animals, and differences in the control diets ean hardly

be called upon to explain these contradictory results in the light

of Ingle's experiments (92,9,3).

This investigator studied the effect of various diets on adrenal

size in the rat and on the capacity for survival of the adre'naJ.eo­

tomized animal (93). He notes that the high protein diet (65% protein)

resulted in slightly greater adrenal weights when compared to the

action of a high carbohydrate regime. On close inspection of bis

results, however, it appears that there is no difference in adrenal

weight between the animals fed the high protein diet and those fad

a mixed diet (16% protein).

This author studied the effect of different test diets on sur­

vival following adrenalectomy. Normal rats were kept on four different

diets (high protein, high carbohydrate, high fat and mixed) for a

period of one week, then operated, am the aame feeding regimes main­

tained until the time of death. The time of survival was the same

in aU four cases, which may be interpreted to mean that:

(1) The high protein diet did not require a higher level of

cortical secretion than the other diets;

(2) The high protein diet ws not particularly toxic to the an:ùnals.

Adrenalectomized rats receiving the high protein diet aId 1% sodium
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cbloride instead of drinking water grew as weIl as s imilarly treated

animals receiving mixed or high carbohydrate diets. This is indirect

evidence that the extra dietary protein does not require more corti­

cal secretion to be adequately metabolized.

In a later publication (92) Ingle presents results of a com­

parative study done on Tepperman 1 s Casein A diet (78% protein) am

another high protein diet (5'7% casein) • Unfortunately this latter

diet is different from the one used in his previous experiments,and

as a result it 1s not possible ta establish too close a comparison

between his reports.

He confirmed the results of Tepperman et al. by inducing

adrenal hypertrophy with the Casein A diet and also with another diet

having the same protein content, most of vhich vas made up by lactal­

bumin. His own Casein C diet (57% caseân) was not effective in

inducing adrenal hypertrophy. In these experiments Ingle used rats

of the same strain, sex and body we1ght as Tepperman f s. The author

is 'lm.able to give an explanation for these discrepancies but he points

out some fiaws in the interpretation given by Tepperman, Engel and

Long (24), purporting to explain adrenal hypertrophy following

various forma of stress by the common pathway of a substrate of pro­

tein catabolism.

Inglets arguments against this hypothesismay be summarized as

follows:

(1) The hypothesis does not distinguish between the action of

the glucocorticoids and tb3 cause of adrenal enlargement.

(2) Ali high protein diets do not result in adrenal hypertrophy.
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(3) Adrenalectomized rats receiving sodium cbloride survive

and grov normally on a high protein diet.

Yet, the fact remains, that under certain not too vell defined

conditions, some protein diets elicit adrenal hypertrop~ and that

the numerous stressing agents mentioned above are characterized by

increased protein catabolism. In his concluding remarks Ingle

emphasizes that "none of these arguments against the hypothesis of

Tepperman, Engel and Long are inconvertible •••••• (it) deserves f'urther

testing" •

Other evidence of the action of dietary protein on the activity

of the adrenal cortex bas been presented by Selye and his group.

These authors studied the effect of the composition of the diet on

the pathological lesions elicited by the administration of crude

anterior pituitary' preparations, deso:xycorticosterone acetate or the

exposure to damaging stimuli.

It ia questionable to what extent the experiments of Selye t s

group are comparable to those reported above • What the Montreal

invest.igat.ors ref'er to as a "high protein diet" contains 30% protein, .

which is only a slightly bigher percentage than ordinary laboratort

chow; furthermore it Ls between 1/2 to 1/3 of the protein concentra­

tion foum in the "bigh protein diets" discussed above , Another

point of dissimilarlty lies in the sensitization to LAP that Selyels

animale were subjected to. In some experiments on aduIt, male rats

this vas acbieved by castration, unilateral nephrectomy and the

replacement of drinking water by 1% Saline. Just hov Itphysiological"
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such experiments are, is a question of cqntroversy.

It will be recalled that when sensitized rats are overdosed

with OOA there results cardio-vascu1.ar lesions (48,49,50,51),

hypertension (49,50), arthritic joint lesions (49,52) and nephro­

sclerosis (48,50,53,54). These pathological changes can also be

produced by chronic treatment with a crude anterior pituitary

preparation (LAP) (55,56) which also elicits hypertension (57).

Further, damaging agents auch as exposure to cold, formaldehyde

injections, and exercise elicit hypertension and nephrosclerosis

in sensitized animals (59). Finally, Selye contends that corres­

ponding lesions found in clinical pathology are the result of

overadaptation by a stressed individual.

Beman, Hay and Selye found that the nephrosclerosis and

periarteritis nodosa,normally elicited within 40 days after the

implantation of three 50 mg. pellets of OOA in female albino rats.

were almost completely inhibited by the daily administration of

2-3 ml. of 25% dextrose solution by stomach tube (95). The i'act

that the animals were specii'ically sensitized to the damaging action

of DCA by unilateral nephrectomy and by the daUy administration of

2-3 ml. of 6% NaCl solution per os, adds weight to this observation.

Throughout the experiment the animals received a prepared laboratory

chow which according to the manufacturer contains approximately 25%

proteine The glucose treatment also reduced the increase in cardiac

weight but had no action on body growth.

In another experiment the authors sensitized rats to the

damaging action of LAP by unilateral nephrectomy and the administration

of 1% NaCl solution to drink instead of tap water. The animals received
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30 mg. LAP subcutaneously per day and either one of two diets;

one consi.sting of ordinary laboratory ehow and the other a high­

carbohydrate (70%) lov-protein (15%) diet. This latter diet pro­

tected the rats from the fatal nephrosclerosis induced by the

treatment in the animals receiving the normal, mixed diet.

The conclusion was drawn that if "the carbohydrate content of

the diet is increased at the expense of the protein content, the

resistance of the rat against nephrosclerosis and a1lied vascular

phenomena is greatly augmentedn •

These findings were confirmed in experiments in which rats

sensitized to the nephrosclerotic action of LAP were fed exclusively

on the following diets: skeletal muscle, cardiac muscle, "Purinalt

fox chov, peas, lentils, corn, lima beans, or rice (96). The

animals received daily subcutaneous injections of 20 mg. of LAP

durâng 17 days , The degree of nephrosclerosis and. the final veights

of the kidney, heart and adrenal were roughly proportional to the

protein content of the diets; and inverse1y proportional to the

carbohydrate content. The magnitude of these pathological changes

decreased in the order in vhich the diets are listed above.

Hay, Prado and Selye made a systematic study of these dietary

effects in an effort to determine vhether the lesions observed

following LAP treatment vere due to the high protein concentration

or to the concomitant reduction in carbohydrate (97). They also

introduced synthetic diets of well-controlled composition vhich vere

more closely comparable than those previously studied in their

laboratory. When these diets, differing only in their relative
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carbohydrate and protein content were fed, only those LAP-treated

rats tbat consumed a regime containing 30% casein and 54% cornstarch

developed nephrosclerosis. Rats simUarly treated and kept on a 15%

casein and 69% cornstarch diet did not develop these lesions • Evi­

dence that the action of the diet is due to the protein concentration

vas derived from ex:periments in which the cornstarch was substituted

by wheat starch, or 15% of it was replaced by an equicaloric amount

of fat, without innuencing the development of renal lesions •

It should be pointed out that in these and subsequent experiments

from this group of workers, the male rats used were sensitized to the

LAP treatment by castration, unilateral nephrectomy and the adminis­

tration of 1% saline instead of drinking water.

The blood pressure of rats following LAP treatment was found. to

increase only when the animals were fed the 30% protein diet, while

those on the 15% protein diet remained normotensive (57).

The high protein diet (30%) per se did not result in either

nephrosclerosis, hyPertension or marked adrenalenlargement; although

i t did have a renotrophic action. The administration of crude

anterior pituitary preparation resulted in significant adrenal hyper­

trophy, irrespective of the protein intake, but the high protein diet

induced a signlficantly greater increase in adrenal weight.

A simUar study conducted to elucidate the rÔle played by the

diet on the pathological lesions following DCA overdosage, revealed

tbat neither the hypertension nor the nephrosclerosis produced by

this means were al1eviated by a low protein diet (98).



The working hypothesis guiding these studies of Selye and his

co11aborators was that non-specific stress acting on the anterior

lobe of the hypophysis through an unknown mechanism may be one of

the stimuli which ultimate1y 1ead to the diseases of adaptation.

Since the adrenals are essential in the pathogenesis of LAP­

nephrosc1erosis (58) and since the high protein diet accentuated

adrenal hypertrophy due to LAP (57) it was tentative1y conc1uded

that the dietary protein acted in one of the fo11owing manners:

(a) inducing increased ACTH secretion;

(b) increasing the responsiveness of the adrenal cortex to the

same dose of LAP; or

(c) potentiating the peripheral damaging action of the DCA­

like steroids produced by the adrenal cortex.

This 1ast possibility was ruled out by the experiments described

above (98) in which it was shown that the protein content of the diet

did not affect the nephrosc1erosis or the hypertension produced by

DCA treatment.

It was thought of interest, therefore, to attempt to elucidate

the meehanism of action of the dietary protein as a regulator of adreno­

cortical activity. This approach could throw light not only on the

pathogenesis of the diseases of adaptation, but also on the relation­

ship between the hypophyseo-adrenal system and stressful agents.

2. Experimental Work

The experiments reported below were directed at the following

question: does the high protein diet render the adrenal cortex more

responsive to pituitary stimulation or does it induce increased

corticotrophic activity?



- 29 -

It was decided to investigate first whether the protein content

of the diet had any effect on the adrenals of animals with endogenous

cortieotrophic hyperaetivity. This was done by determining the rate

of regeneration of the remaining adrenal after unilateral adrena­

lectomy in animaIs receiving high or low protein diets but not other­

wise sensitized.

The action of the diet on the response of the hypophyseo-adrenal

system to stress was investigated. The adrenal ascorbic acid de­

pletion after exposure to cold was studied in rats following a prepara­

tory feeding period on either one of the two experimental diets.

Finally, the responsiveness of the adrenal cortex to a fixed

dose of exogenous ACTH was determined by the ascorbic acid mathod in

bypophysectomized animaIs pretreated with either of the two diets.

(a) Materials and Methods

(1) Ascarbic ecid determinetiop:

The determinations of adrenal ascorbic acid were carried

out as previously des eribed under "Methods" in Section B.

(il) Diets

The composition of the diets ls given in Table 3. The

mineral mixture is that of Steinbock and. Nelson (99). Approximate1y

10 mg. alpha-toeopherol was given once a week to each rat by intro­

dueing it with a dropper into the animal' s mouth. The bulk was

contributed by "Cellu-flourtt ; the fat by "Criseo", a eonnnercial

hydrogenated vegetable fat. In preparing the diets, the amounts of

stareh and casein weighed were greater than the theoretical amounts
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required; this was done to compensate for the moisture content of

these constituents which vas found to be approx:ima.tely 5%.

TABLE 3

COMPOSITION OF TWO BASIC SYNTHETIC DIETS

(parts par cent)

Diets r il

Casein 15 30
Corn Starch 78 63
Fat l l
Cod liver oil 1 l
Bulk 1 l
Mineral mixture 4 4

Supplements: Thiamine chloride
Riboflavin
Pyridoxine
Ca pantothenate
Nicotinic acid
CholÎJle chloride
~-Tocopherol acetate

0.8 mg./lOC gm, diet
0.8 mg./IOC gm. diet
0.8 mg./IOC gm. diet
4.0 mg.,/loc gm. diet
1.0 mg./100 gm, diet

100.0 mg./1OC gm, diet
10.0 mg./rat/wekly

The diets vere prepared fresh every third day, made into

biscuits and stored in the cold. The animals vere allowed to eat

the biscuits ad libitum.

(ili) Preparation of ACTH

ACTH was prepared fram lyophilized cattle pituitary by the

method of Fishman (100). This method vas originally applied to hog

pituitary and its application to bovine glands vas not expected to

give comparable yields, for tbis latter material has been reported

poorer in ACTH (101).
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Fishman 1S method uses crude prolactin as starting material [as

prepared by White, Bonsnes and Long (102)] and accordingly this was

first prepared , Three 50 gm, batches of lyophilized cattle anterior

pituitary yielded a total of 4.4S gm , of crude prolactin. 2.5 gm,

of this material extracted according to Fisbman' 6 procedure, yielded

94 mg. purified ACTH. According to this author a similar quantity

of crude prolactin from hog pituitaries would yield about 325 mg.

of purified ACTE. Tbe low yield obtained was expected for the

reasons mentioned above.

This purified preparation was tested by the method of Sa,yers

and found to be biologically active. The results of these tests are

reported below under sub-section (b).

(iv) E:rnopltvsectom.y

The pituitary was removed by the standard laryngeal operation

essentiallyas described by Ingle and Griffith (103).* At the time

the animals were sacrificed they were examined for pituitary remnants,

and rats in which the operation had been incomplete were discarded.

Cv) AdrenalectomY

The gland was removed through a lateraI incision under ether

or Nembutal anesthesia. The adrenal was freed of its enveloping fat

layer and capsule by gently pressing on a piece of fil ter paper ,

(b) Experimental Plans! Resulta and Conclus ion

(i) Tests on purified ACTH

Twenty-four hours after hypophy8ectomy the left adrenal vas

removed under Nembutal anesthesia and the gland extracted for ascorbic

acid determination. Imnediately after the operation 10 p.g. of the

i: Thanks are due to Dr. Georges Masson for performing these operations.
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ACTH preparation, dissolved in 0.5 ml. wter (pH adjusted to 7) 'Jas

administered into the jugular vein. Exactly one hour later the

remaining adrenal "'as similarly removed undar ether anesthesia and

treated as above , The results are presented in Table 4.

TABLE 4

Test on Biological Activity of Purified ACTH

Adrenal Ascorbic Acid
mg!l00 gm gland

Rat 1aft gland right gland difference

1 533 456 -77
2 590 312 -;2.78
3 584 495 -89
4 565 472 -93
5 470 420 -50
6 392 328 -64
7 502 37.5 -IV
8 398 315 -83
9 472 456 -16

10 367 385 .18
Il 408 416 • 8
12 425 419 - 6

Of the twelve animals tested, 8 gave a marked response, ",hile

the remaining four were essentially unresponsive. The reason for

this discrepancy is not known but it may he significant to note that

animals 10-12 were tested with the sarne solution on the same day.

Neverthe1ess it ws conc1uded that the preparation ",as suitable for

the experiments to folIo",.

(ii) Action of Dietary Protein on Adrenal Compensatory HypertrophY

Forty male albino rats (80-100 gm.) ",ere divided into four

groups: the first t",o groups received diet l (15% casein), and the

last two, diet II (30% casein). After a preparatory period of one
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week, the 1eft adrenal ",as removed from al1 animals 01' groups 2 and

4, while groups 1 and 3 were kept as contro1s. Five animals 01' each

group were killed on the fi1'th day at'ter adrenalectomy and the other

animals on the tenth day. The remaining adrenals of the operated

rats and the right adrenals of the control anima1s were fi:x:ed in

"Suzan for 24 hours, dissected and weighed on an analytical balance.

This experiment was repeated twice: the second time al1 the animals

were sacrificed 10 days after unilateral adrenalectomy and in the

third experiment, 15 days at'ter the operation.

TABLE 5

EFFECT OF THE DJETARY PROTEIN CONCENTRATION ON THE
DEGREE OF ADRENAL COMPENSATORY HYPEffi'ROPHY

(Average and Standard Errors)

Adrenal
Autopsy Final body Right adrenal "lei ght

Treatment Diet No.of days after weight weight mg/loo gm..
rats Adr-ect. gm. mg. of body

weight

Control t r 4 139 ! 3.8 10.0 ! 0.81 7.2
Adr-eot. 5 5 days 12S .! 4.9 10.2 .! 0.39 7.9
Control II 4 145 .!. 5.8 10.9 .!. 0.76 7.5
Mr-ect. 4 130 ! 6.6 11.6.!. 0.91 9.0

Control r Il 155 ! 3.9 9.9 .!. 0.36 6.4
Adr-ect. Il 10 days 154 .!. 5.6 11.7 .!. 0.63 7.2
Control II 10 178.! 4.1 9.8 .!. O.Z? 5.6
adr-ect. 13 173 ! 2.3 13.7 .!. 0.50 8.1

-
Control r 10 179 ! 3.9 9.7 ! 0.23 5.4
Adr-ect. 9 15 days 168 ! 4.4 10.6 ! 0.46 6.4
Control II 8 187 .!. 3.9 9.2 ! 0.32 4.9
Adr-ect. 9 170 .!. 5.2 13.3! 0.45 7.8

t Adr-ect. =adrenalectomized.
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The combined results of ail three experiments are presented in

Table 5. These findings indicate that the degree of adrenal. compensa-

tory hypertrophy \laS marked1y aff'eeted by the composition of the diet.

The proliferation of the remaining adrenal gland \laS more rapid in

the animals receiving diet II (»% casedn) than in those f'ed diet l

(15% casedn) , This diff'erence is significant ten or fif'teen deys

following the operation, whether calculated f'rom the absolute or

f'rom the relative weights of the glands (mg. adrenal tissue per 100

gm. body wight) as shown in Table 6.

TABLE 6

Signif'icance of diff'erences in average adrenal weight

5 days

10 days

15 days

10.2! 0.39) •••••••••••••••• p =0.2
l1.6! 0.99)

11.7 ~ 0.63) •••••••••••••••• p : 0.02
13.7 ! 0.50)

10.6 • 0.46) •••••••••••••••• p <0.01
13.3 i 0.45)

The regeneration curves shown in Fig. 1 are obtained by plotting

the percentage increases in relative adrenal weights against the

experimental periods folloW'ing unilateral adrenalectomy. From this

graph it can be seen that fif'teen days after the operation the adrenals

of the animals recei ving the higher protein diet had regenerated almost

f:IJ%, while the glands of rats on the lower protein diet enlarged by less

than 20%. It was not established whether the regeneration curve or

adrenaJ. tissue of' the animals receiving the 15% casein diet would

eventually reach the curve of the 30% protein group or whether it would

permanently remain at a lower level.
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It is of interest that the final body weights of either control

or operated animals on these two diets are practically the sarna,

indicating tbat the animals on the low-protein diet were not deficient

in nitrogen.

(iii) Influence of the Dietary Protein upon the Response

of the Hypophyseo-Adrenal System tQ CQ1d

- - - - - - - - - - - Another- group_QLexperime~ts_w~ des_igl!ed~~stuc!Z t~

responsiveness tQ stress of the hypophyseo-adrenal system of rats

receiving either high or 1QW protiedn diet.

Four groups of male, albinQ rats (70-85 gru.) were fed the

experimental diets during a periQd Qf 3 weeks. GrQups 1 and 3 re­

ceived the 15% casein diet, while groups 2 and 4 were fed the .30%

casein ration. At the end of this tilœ the animals were fasted for

24 hours and groups 1 and 2 were exposed tQ a tempe rature Qf 4 ! 1 0C

fQr one hour, while the remaining tWQ groups were kept at room tempera­

ture as contro1s. .AlI animals were then sacrificed vd.th chl.oroform,

and the ascQrbic acid concentration of the adrenals vas determined.

The same experiment was repeated subjecting the animals to a more

intense stress (0 .! lOC). These results appear in Table 7.

Another experiJœnt was perf'ormed in order tQ ascertain the effect

of the dietary protein concentration on the adrenal res:ponse to a

given amourrt of exogenous corticotrophin. T'Wo groups of adult, male,

albino rats -(70 to 85 grn:-r \lere respectiVe1.Y-feâ-aie~s-I -and-H-durlng- - - - - -­

a three-week preparatory period. The animals were hypophysectomized

am 24 hours later, the right adrenal vas removed UDier Nembutal

anesthesia, and immediately after, 10 p.g. ACTH was injected intra-
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venously. One hour later the contralateral gland was also removed

and the ascorbic acid concentration of each gland was separately

determined. Care WB taken to prepare the extract of each gland as

it was extirpated. These results appear in Table S.

TABLE 7

INFLUENCE OF DIET UPON THE RESPONSE OF THE

HYPOPHYSEO-ADRENAL SYSTEM TO COLD

Adrenal ascorbic acid
lI12 .1100 mn.f 'esh tissue Decrease

Group; Treatment Diet No. in per--
of

Average ! S.E '!-
Decrasse cmtage

rats :t'rom
control level

1 Cold (e~osed to 4 ! 1°C .for 1 hr. r 5 247 ! 5.2 32 ! 13.3 11.5
2

;
before i1ling) II 4 212 ! 15.0 73 ! 15.6 25.6

3 Unexposed controls r 5 Z79 ! 12.2
4 II ., 285 ! 29.2

1 Cold(exposed to 0 .! lOC.for 1 br. r 7 326! 5.5 48 .t 17.0 12.8
2 before ki1ling) II 6 286 ! S.7 148 ! 25.2 34.1

3 Unexposed controls r 5 374 ! 16.0
4 II 6 434 • 23.8

Il
S .E. = Standard Error.

Examination of Table 7 shows that exposure to cold caused a

greater reduction of the adrenal ascorbic-acid concentration in

animals receiving the high-protein diet than in rats fed the low-

protein diet. If the decrease in adrenal ascorbic aedd is expressed

as the percentage of the control value, the dif'ference between each
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exposed group and its respective control is of the asme order of

magnitude in both experiments l and 2, in spite of the admittedly

unexplained, low control values observed in the first experiment.

It can also he seen that the dietary regimes per se did not affect

the resting concentration of ascorbic acid in the adrenals.

These results suggest that the hypophyseo-adrenal system of

animals receiving a high-protein diet gives a greater response to

stress than that of animals fed a low-protein diet.

From these experiments it was not possible to establish whether

dietary protein acted directly on the adrenal cortex or on one of the

linksbetween stress and this gland, such as the anterior pituitary

or the hypothalamus. In order to study the effect, if any, of the

dietary protein concentration on the responsiveness of the adrenal

itself, the saroe amount of ACTH was administered to hypophysectomized

rats receiving one or the other of the two experimental diets. The

results of this experiment appear in Table 8.

:fABLE 8

INFLUENCE OF THE DIET UPON THE RESPONSE OF THE
ADRENAL TO EXOGENOUS ACTH

No. Adrenal ascorbic acid %
Treatment Diet of mg/100 gm, t resh tysue Decrease

Rets Averarte j S.E. after
Before After Injec-

ACTH ACTH tion
(left (right
adrenal) adrenal)

Hypophysectomy; 10 }lg.ACTH r 6 450 .! 10.2 325 .!:. 18.8 30
(àrter unilateral adrena-
ectomy &1 hr.before kiTIing) II 11 416 .! 18.8 3;;D .! 16.4 231

t
S.E. =Standard Error
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It can be seen that f'ollolNÎ.llg the administration of' 10 pg. ACTH

to animals pratreated with diets l and II the decrease in adranaJ.

ascorbic acid was not signif'icant1y dif'f'erent (p : 0.1). It appeared,

therefore, that the dietary protein concentration did not modify the

adrenal rasponse to exogenous corticotrophin.

It is of interest to note that in this experiment, as in those

described above , pretreatment of the animals with the experimental

diets did not induce a change in the resting concentrations of adrenal

ascorbic acid CP> 0.1). The total adrenal tissue was 11.6 mg. for the

15%-casein group and 12.0 mg. for the animals receiving the 3O%-casein

diet, and the dif'ference vas not signif'icant (p> 0.6), indicating that

the dietary regimes did not noticeab1y affect the non-stimulated gland.

Final1y, it should be mentioned that in three veeks , the animals on

the 10w-protein diet grew from an initial average body weight of 73.7

to 167.9 gm., while the rats receiving the 3O%-casein diet had an

average initial body weight of 74.6 gm, and a final body weight of

176.3 gm, The difference in final body weights between the two groups

was not signif'icant CP =0.2) which indicates that during the 1ength

of time that the experiment 1asted, the low-protein diet didnot

result in impaired somatic growth.

To summarize the experiments described above , it can be conc1uded

that the 3O%-casein diet is more effective than the 15%-casein diet

in stimulating some 1ink in the chain of reactions 1eading from stress

to cortical hyperactivity. This stimulation does not appear to con­

sist in an increase in the responsiveness of the adrenaJ. cortex

itse1f. Furthermore cortical hypertrophy fo110wing unilateral adrenalec-
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tOIllY' is promoted by the higher protein diet, indicating ag~in that

the mechanism responsible for adrenal activity is stinrulated.

III Discussion

The possibility that the decreased responsiveness of the bypo­

physeo-adrenal system of rats receiving the lower protein d iet may

be due to a state of malnutrition cannot be ignored. This possibility,

however, seems unlikely as an explanation of the findings presented

above, sinee during the relatively short feeding periods studied (a

maximum of three weeks) the rats receiving the 15%-casein diet grew

as weIl as those receiving twice that amount of proteine Further­

more, these concentrations of casein are not marked1y different from

the protein content of standard commercial diets for rats (approxi­

mately 25% protein) and therefore it MaY he advanced, that the

anima1s were not subjected to an unphysiological nutritional regime.

The diets used by some earlier investigators are not comparable

to diets l and II presented above , since in general "hâgh protein"

diets described in the literature have a protein content exceeding

50% and not infrequently levels as high as 80% have been studied (87,

91,92,93,94). For this reason it Ls felt that the present experiments

throw no light on the action of "high-protein» diets on adrenal hyper­

trophy. On the other hand evidence is presented indicating that

moderate alterations in the dietary protein content exert a marked

influence on the normal animal' s response to stress.

It i8 noteworthy that the animals studied in the experiments

above were not sensitized to the action of stress or ACTH whether

endogenous or exogenous. It will be remembered that studies on the
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influence of the diet on the development of diseases of adaptation

have generally been conducted under highly abnormal conditions; the

animals being sensitized by castration, unilateral nephrectomy and

high sodium chloride intake (57,95,96,97,104).

The data presented above can be analyzed in the light of Tepper­

man's theory of the adrenal enlargement due to high-protein diets (24).

It can be argued that the 3O%-protein diet requires a higher secretory

level of cortical hormone for its metabolism and. that the stimulus for

this increased activity is provided by a product of protein catabolism.

There is, however, evidence that this explanation does not conform

to facto Ingle (93) demonstrated that survival time after adrena­

lectomy was not affected by the protein content of the diet; an

observation hardly compatible with Tepperman' s theory•

It is, nevertheless, possible that a high concentration of

circulating catabolic products derived from protein could serve as a

stimulus to the hypophyseo-adrenal system. Tepperman, Engsl and Long

fotmd that the administration of a casein hydrolysate to animals

receiving a meat diet (55% protein) induced a hyperglycemia reaching

lBO mg%, whereas the blood sugar of identically treated control rats

did not change appreciably over a period of 4 hours after the parenteral

administration of the hydrolysate (87). This effect could not he

reproduced after adrenal demedullation and it was concluded that the

action of the protein hydrolysate was mediated by the adrenal medulla

as had previously been noted by Basiliou and Zell in 1931 (105).

More recently, other authors have put forth further evidence

that some amino acids stimulate the adrenal., Todd and his coworkers
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have shawn that rats fed diets in vhich 10 to 15% of the carbohydra'te

is replaced by glycine, maintain higher liver glycogen levels during

fasting 'than animals on a normal die't (106). This affect could not

be elicited after adrenalectomy. The same authors have shown that

following heavy doses of insulin the animals receiving glycine main-

tained higher muscle and liver glycogen stores, and underwent much

less marked hypoglycemia (107). It vas concluded that this effect

could not be accounted for in terms of a direct conversion of glycine

to glycogen. This interpretation is substantiated by experiments

in which glycine labelled vith C13 on the carboxyl group was fed to

mice and the radioactivity of the expired CO
2

and liver glycogen

determined. It was found that during the 16 hours following the

administration of the amine acdd , 50% of the C13 appeared as expired

CO2 and only a relative1y small part of it was incorporated into

liver g1ycogen. The conclusion was that glycine incraases liver

glycogen by promoting glyconeogenesis rather than by its direct

conversion to carbohydrate (108).

A direct action on the adrenal. medulla has been ascribed to

glutamic acid by Weil-Malherbe (109), who observed the classical

triad of adrenaline action: (1) fieeting rise in blood pressure

(2) fleeting rise in pulse ra'te

(3) rise in blood sugar

following the intravenous administration of a 25% neutral solution

of glutamate to patients in hypoglycemic coma fo11owing insulin shock,

Increase in the adrenergic activity of the blood vas frequently

observed after the administration of glutamic acid.
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On the other band there is ample evidence that epinephrine

stimulates the hypophyseo-adrenal system. Vogt has shown that intra­

venous infusion of epinephrine induces im.mediate and long-lasting

stimulation of the adrenal cortex (110). These effects vere produced

with dose levels vhich, ahe feels, oceur under physiological con­

ditions •

Many studies of the action of epinephrine on the pituita~adreno­

cortical system have appeared in the literature since Thorn and bis

group showed that the number of circulating eosinophiles decreases

after stress, and that the administration of small doses of epinephrine

induced a similar decrease in eosinophile count, provided the pituitary

and the adrenal cortex were intact (Ill). After adrenalectomy dogs

and rats did not respond to epinephrine.

It MaY be tentative1y put forth, that the effect of the high

protein diet is mediated by the action of some constituent amino acâd

on the adrenal medulla, which in turn stimulates the pituitary­

adrenal system via a hypothalamic hmnoral agent as suggested by Hume's

experiments (112). If it is assumed that the b100d amino-acid level

contributes to the regulation of epinephrine secretion, then it must

be concluded that the diets par se do not sufficiently disturb this

level to induce increased activity of the hypophyseo-adrenal system,

sinee no changes in adrenal size were detected in control animals

not subjected to stress. When stressed, however, the animals receiving

the high protein diet give a greater response. One possible eJqÙana­

tion of this could be that stress further raises the blood amino-acid

concentration to a threshold level that induces increased epinephrine
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re1ease. This critical concentration May be reached only when the

pre-stimulation concentration of amine acid has been elevated by

a high-protein diet. The evidence for this interpretation of the

findings presented above is mostly indirect, but there is enough

of it to suggest that protein catabo1ites may play a rôle in the

regtilation of the secretory activity of the adrenal cortex. The

b100d non-protein nitrogen of the rat has been fOl.md to reach a

peak during the 1ater part of the shock phase of the alarm re­

action (113). Fo11owing X-ray shock (114), surgical. stress (115)

muscular exercise (116) and traumatic shock (117,118) the N.P.N.

Ls raised. The b100d amino-acid 1evel bas been found to increase

after haemorrhage (119), protein starvation, administration of

thyroxine and treatment with 1ipo-adrenal cortex extract (120).

Converse1y, after hypophysectomy or adrenalectomy the amino-acid

level of the blood decreases (121).

Exposure to non-specifie stressing agents (co1d, muscular

exercise, formaline, urethane) for short periods of time, e1icited

a greater response from animals receiving a high amino-acid diet

than from rats fed a high carbohydrate regime (121). The high

amino-acid diet resulted in greater adrenal enlargement and more

extensive discharge of cortical 1ipids and 1ymphatic caryoc1asia

than the carbohydrate regime.

Attempts to identify the protein catabolite responsib1e for

cortical stimulation have not been successful. The addition of

commercial protein hydrolysates to 15%-casein diets to bring the

nitrogen content to the level of the 30%-casein preparation, proved

to be as effective as the high-protein diet in e1iciting the nephro-
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sclerotic and hypertensive actions of LAP on sensitized rats (122).

These findings pointed ta the amino acids of casein as the scurce

of activity. However in LAP treated rats receiving a diet which

contained 15% casein and one of the fol1owing amino acids in an

amounb corresponding to the nitrogen contained in a .3O%-casein diet,

nephrosc1erosis did not ensue: glutamic acid, glycine, methionine,

cystine, tryptophane, valine, histidine, lys ine, leucine, pheny­

lalanine, aspartic acid, iso1eucine, norleucine and arginine (122).

In experiments in which aIl the dietary nitrogen was supp1ied

in tp.e form of pure crystalline amino acids, Henriques and her

cowor}t~rs were able to elicit both nephrosclerosis and hypertension

in sensitized rats receiving LAP (123). The nitrogen content of

this diet corresponded to a 22%-casein diet and the control diet

contained an enzymatic protein hydrolysate (Amigen) in a corresponding

concentration. It is difficult to understand why this amino-acid

diet should prove effective in eliciting the pathological changes

induced by LAP, while a diet containing 15% amino acid plus 15%

casein was note A possible explanation for this discrepancy might

be the manner in which these regimes were administered, since the

synthetic diet containing only amino acide as a source of nitrogen

was administered by stomach tube three times a day at regular 6-

hour intervals while the other diet was f'ed ad. libitum.

At any rate, the amino acids themselves appear to be responsib1e

for the protein effect and other conditions that tend to increase

protein catabolic producte might he expected to result in increased

cortical activity. Thus the effect of inanition in the guinea pig
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has been round to result in adrenal bypertrophy, whicb is rouglü.y

proportional to the degree of body weight loss and duration of

starvation (85). There are cytological manifestations of high

secretory activity by the pituitary and in the absence of this gland

cortical hypertrophy was absent. Tt is of great interest that the

administration of high doses of cortical extracts whieh signif'ieantly

depress the adrenal weight in the normally f'ed guinea pig did not

prevent adrenal hypertrophy in starvation. The authors eoncluded

that in starvation there is an increase in the secretion of' ACTH

by the basophils of the pituitary.

Conversely, subtota1ly nephrectomized rats f'ed an 8%-casein

diet gave evidenee of' decreased ACTH secretion which presumably

aceounted for the normal blood pressure observed; a 30%-easein diet

administered ta similarly treated anima1 s resulted in hypertension

(124). Following the intraperitoneal administration of' 0.2 mg. of

epinephrine, the animals on the 10w protein diet showed a decrease

in circulating eosinophiles that was only bal! the drop observed

in the high-protein group; bath groups responded equally weIl to

ACTH. These experiments eonstitute further evidence that the

dietary protein concentration bas an effect on some part of the

non-specifie def'ense mechanism other tban the adrenal cortex.

The experimental results presented above indicate that normal

rats receiving a 3O%-casein diet give a greater adreno-cortieal

response to stress than animale on a 15%-caeein ration. This dif­

f'erenee is not due ta a change in responsiveness of the cortical

tissue but probab1y the result of an increase in ACTH release. The
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mechanism 'Wbereby the higher dietary protein concentration brings

about this activation is not clear, and little more than specula­

tion is possible untll more is knovn about the physiological path'Way

leading from non-specifie stress to bypersecretion of ACTH by the

pituitary.



Part II

STUDIES ON THE GLYCOGENOLITIC HYPERGLYCEMIe

HORMONE OF THE PANCREA§
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A. Introduction

There Ls a groving body of evidence suggesting that the so-caUed

Hyperglycemie Glycogenolytic Factor (HGF) of the pancreas may be

regarded as a hormone concerned vith carbohydrate regulation. When

the present study vas begun, one of the obstacles to 1'urther research

on the subject was the Lack of a method to obtain HGF from the pan­

creas in reasonably good yields. A second point of interest concerning

this factor vas the possibility of establishing vhether it pQayed a

rôle in the physiology of carbohydrate metabolism in man, or was merely

a substance with interesting pharmacological properties.

Accordingly the present study is divided into tvo parts:

(a) attempts to extract HGF fram a vaste product of lnsulin

preparation and -

(b) attempts to determine if this factor is present in the urine

of normal individual.s, 'With 8. view to the possibility that changes

in the rate of excretion might throw some light on disturbances of

carbohydrate metabolism.

It will therefore he convenient in revie'Wing the literature to

deal first vith reports concerned with hyperglycemic extracts derived

from the pancreas, and follow this vith a review of the work published

on hyperglycemic preparations derived fram urine.

B. Reviev of the Literature

The earliest report that a pancreatic extract produces hyper­

glycemia was published by Macleod (125) in 1922. The following year

Gibbs, Root and Murlin (126,12'7) demonstrated the sarne effect using

a different1y prepared extract. In the light of present knowledge
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it is questionable whether either of these preparations produced

hyperglycemia by virtue of their HGF content. Macleod used the

fasted rabbit as test object, and workers on the field are agreed

that without adequate glycogen stores HGF does not e1icit hyper­

glycemia. Murlin et al. obtained hyperglycemic preparations not

only from the pancreas, but also from muscle and even from brewerls

yeast, a fact which great1y detracts from the specificity of their

pancreatic preparations.

Other investigators prepared hyperglycemic materials from the

pancreas, but in general the extracts were s 0 impure, or the test

conditions such that their work is of questionab1e value.

By 1926, however, several authors agreed that commercial insulin

preparations induced transitory byperglycemia before lowering the

b100d sugar (128,129).

The first extensive experimental studies on this subject were

those of Bürger and his associates. In 1928 this author observed

that the administration to dogs of 0.4 units of insulin per kilo-

gram of body weight consistent1y induced transitory, moderate hyper­

glycemia prior to lowering the b100d sugar concentration. The highest

b100d sugar 1eve1 was reached about la minutes after the injection

and the hyperglycemic phase began 20 minutes after treatment (130,1.31).

Both the time re1ationships and the moderate rise in b100d sugar

are known today to he characteristic of purified HGF. Further study

revealed that amorphous commercial preparations of insulin invariab1y

shoved this hyperglycemic activity, but not sorne types of crystal1ine

insulin (132).
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This last observation, and the demonstration that insulin

activity was destroyed by heat in an alkaline solution.while the

hyperglycemic effect pers isted after the alkali treatm.ent (132),

convinced Bürger that the two effects were due to two distinct

substances .

Bürger observed that in the dog, the hypoglycemic effect of

insulin could be lessened by removing from the circillation certain

muscle masses (130). Since these experimental conditions did not

affect the hyperglycemic phase, the liver vas next investigated.

In a series of cleverly designed experiments this author \<laS able

to show that the site of action of the hyperglycemic component of

commercial insulin was the liver. Administration of crude insulin

into the portal vein of dogs produced a more marked hyperglycemic

response than vhen administered by other routes. Following the

injection of insulin he observed a decrease of liver glycogen which

was greater whan the initial glycogen concentration was high (133).

Neither adrenalectomy (134,135) nor denervation of the liver (1,36)

interfered with this response, but an intact hepatic circulation was

essential (1,36). Further evidence that the 1iver p1ays an essential

rôle in this effect was afforded by the demonstration that patients

suffering from cirrhosis of the 1iver showed a much lower hyper­

glycemic response than normal human subjects (137).

In later experiments Bürger found that depancreatized dogs

did not respond to the administration of pancreatic hyperglycemic

preparations, presumably because the liver glycogen is aIready

depleted (13S).
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His various experimental studies led Bürger ta conclude that'

the action of the hyperglycemic substance derived fram insulin was

due to its effect on liver glycogen,and that the blood. sugar rise

could be accounted for on the basis of glycogenolysis and release

of glucose into the blood. stream.

Sorne of the experiments reported by this investigator have been

justifiably criticized by Stewart (139), who pointed out that the

studies of liver glycogen changes in dogs were performed under such

unphysiological conditions as deep narcosis and surgical trauma.

An inconsistency on Bürger's part was the use of fasted rabbits as

test objects after demonstrating the importance of high glycogen

stores. Nevertheless the bulk of the German author' s work is weIl

planned and his results all point towards the same conclusion. It

is regrettable tbat ccntemporary investigators in general have

ignored his work, particularly since so many of the more recent

studies have been but confirmations of Bürger's observations.

Although BÜrger made the stimulating suggestion that the hyper­

glycemic effect ws brought about by a true pancreatic hormone,

possibly related to the etiology of diabetes mellitus (140), rela­

tively little work was done in this field from 1935 to 1945.

Two important publications appeared in 1945 giving a new line

of evidence for the existance of a pancreatic factor that opposes

the action of insulin on the blood. sugar concentration. R.-Candela

demonstrated that the insulin requirement of the alloxan-diabetic

dog 1s not affected by ligating the pancreatic duct bpt 16 marked1y

reduced if, following ligation, the remaining pancreatic tissue is
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surgically r emoved (141,142). The animals were rendered diabetic

by the administration of 70 mg. of alloxan per kilogram of body

ueight. When the diabetic state had become stabilized the blood

sugar level was regulated with crystalline insulin administered

three times a day before each meal. Several weeks later, when the

diabetes was under control, the pancreatic ducts were ligated and

sectioned. Sufficient time (6 to B weekS) wes allowed for fibrotic

degeneration of the pancreas before proceeding to remove this organ.

The author reports that this operation was frequently very difficult

because the pancreas, now a hard, fibrotic cord, tenaciously adhered

to the duodenum. Ligating the pancreatic ducts had no effect on

the insulin requirement but removal of the pancreatic rernnant

decreased the insulin requirement by 20 to -50%. This observation

led R.-Candela to postulate the presence of an anti-insulin sub­

stance in the alpha cells of the islets of Langerhans. In a later

publication this author repeated these experiments following the

sarne plan. The dogs were kept on a diet of bread and raw pancreas,

which allowed the animals to maintain their body weights reasonably

weIl. The decrease in Lnsul.Ln requirement following pancreatectomy

was again observed (142).

Simultaneously Thorogood and Zimmerman presented similar1y

conducted experiments in which they arrived at essentially the

same conclusions (143). These authors shoved that following pan­

createctomy in the alloxan-diabetic dog the insulin requirement is

decreased by 55 to 65%; glycosuria is decreased and ketonuria is

very marked1y raised. When the animals were not treated with

insulin, survival after al.Loxan was much longer than fol1owing
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pancreatectomy. Ligation of the pancreatic ducts did not affect

the course of aJ.loxan diabetes. Although the authors arrived at

the conclusion that the pancreas secretes an anti-insulin sub­

stance, the evidence they present that the alpha cells are respon­

sible for this function is not as direct as R.-Gandela's, because

technical difficulties prevented them from removing the pancreatic

remnant after duct ligation.

These experiments have been criticized by Mirsky et al. (144),

who point out that there are marked nutritional differences (and

necessarily metabolic differences also) in the alloxan-diabetic

dog before and after pencreatect.omy, He found a marked decrease

in glycosuria following the operation when the animals were kept

on the sarne food intake and insulin therapy; however the body weight

did not increase, as might be expected, during a post operative

period of 40 days. This finding led Mirsky to analyze the carbo­

hydrate and protein content in the faeces, and his results revealed

that the carbohydrate excretion was not altered by the operation;

the output of protein, however, was increased from 15.1% to 39.2%

of the protein intake. This difference was statistically signifi­

cant and the authors interpret it to mean that decreased glycosuria

following pancreatectomy is the result of reduced absorption of

carbohydrate precursors.

Furthermore, fasting induced a much greater rise in blood ketone

bodies and in glycosuria after pancreatectomy and the blood glucose

concentration was maintained at a higher level. The conclusion was

drawn that pancreatectomy aggravates the severity of the diabetic
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state of the aJ.1oxan-treated dog and tbat the decreased glycosuria

f'ound in the fed depancreatized animal receiving insulin is the

result of decreased absorption of carbohydrate precursors, which

masks the aggravation of the endagenous metabalic derangement.

The ability of the fasting, alloxan-diabetic dog to form ketone

bodies at a rate similar to that observed in the depancreatized

animal was shown by administering phlorhizin to the alloxanized

animal. This treatment was followed by a rise in urine sugar and

in blood ketanes quite similar in magnitude and rate to the changes

observed in fasting depancreatized animaIs. The explanation is

advanced that phlorhizin by depleting the liver glycogen stores,

raises the production of ketone bodies. According to MirSky and.

his collaborators the exacerbation of the diabetic state following

pancreatectomy 15 probably due to the removal of functionally-active

beta cells not previously destroyed by the alloxan treatment.

R.-Candela has answered this objection by re-stating his findings

that in the alloxan-diabetic dog, ligation of the pancreatic ducts

did not alter the insulin requirement, and he therefore concludes

that "the pancreatic enzymes do not play a rôle in the reduced insulin­

requirement of the alloxan-diabetic dog after pancreatectomy". The

author praceeds ta state bis conclusion that the pancreas produces

sorne factor which is responsible for the difference in insulin

requirement (145).

Since 1947 interest in this prob1em bas been renewed and severaI

investigators have turned their attention to it. de Duve and Hers,

restudying the action of insulin on glycogen stores, came ta the con­

clusion that some conunercial insulin preparations produced hyperg1ycemia
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by inducing 1iver glycogeno1ysis (146,147). Since the hyperg1ycemic

effect is a very transitory one, these authors round that it could

best be e1icited by continuous infusion. Their results agreed with

those of Bridge who had used a similar experimental arrangement (l4S),

and with those of Wiche1s and Laubervvho were able to produce pro­

longed hyperg1ycemia in rabbits by injecting repeated sma11 d06es of

commercial insulin at short intervals (149,150). de Duve et al.

pointed out that one brand of Danish commercial insulin ("Novo") did

not show the initial hyperglycemic phase, and they therefore conc1uded

that this preparation was free of the contaminant responsib1e for

this effect.

These findings were confirmed short1y afterwards by 01sen and

Klein (151), who in addition round that when such insulin preparations

are given intramuscular1y the hyperglycemic effect does not appear.

In 1945 Heard, Lozinski, Stewart and Stewart (152) reported that

an extract derived from the first isoe1ectric precipitation of

insulin [in the method of Romans, Scott and Fisher (153~ induced hyper­

glycemia and glycogenolysis in fed rats. These authors also present

results of in vitro experiments showing that rat liver slices incubated

in Ringer-phosphate medium re1ease 20 to 30% more glucose into the

medium in the presence of their extract. Since extracts of muscle or

1iver prepared by the same procedure failed to disp1ay these properties,

the authors conc1uded that a specifie pancreatic substance was responsible

for their observations.

Simultaneously there appeared the first of a series of studies

by Sutherland and his collaborators (154). These aubhors showed that

purified amorphous insulin and sorne crysta11ine preparations contain
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a factor which stimulates glycogenolysis in the isolated liver slice

suspended in phosphate-buffered saline. As little as 6 p,g. of a

crystal1ine zinc-insulin preparation gave a marked increase in the

glucose output of rabbit liver slices; hovever , "Novoll Inanl.In ,

purified by the manufacturer, did not show this effect even in doses

ten times higher.

The glycogenolytic factor, unlike instùin, was found to be

resistant to alkali or cysteine treatment. ·I t is non-dialyzable and.

precipitable by trichloroacetic acid in native insmin, but only

partially precipitable after alkali treatment. The authors suggest

that it may be a protein, since its action disappears following

treatment wi.th trypsine Intact ce1ltùar structure appears to be

essential for its activity since grinding or freezing and thawing

the test liver tissue prevents the appearance of increased glyco­

genolysis.

In a 1ater publication Sutherland and de Duve studied the dis­

tribution of the hyperglycemic factor in the pancreas of normal and

alloxan-diabetic animals (155). They succeeded in extracting a

hyperg1ycemic glycogenolytic substance from the pancreas of both

normal and a110xan diabetic dogs. In the dog, the distribution of

the active substance followed c10sely the distribution of the islet

tissue, being highest in the so-ca11ed Ittailll of the pancreas and

lowest at the Ithead" of that organ.

The fetal calf pancreas contains re1ative1y small amounts of

digestive enzymes and histologically the ratio of islet tissue to

acinar tissue is much higher than in the adult; the insulin contE!t
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is also higher in the fetal gland. As migbt be expected,the hyper­

glycemie. activity of extracts of fetal calf pancreas proved to be

considerably higher than that of similar1y prepared extracts derived

from adult tissue. Further evidence that the hyperglycemic activity

is associated with the endocrine tissue was derived from the obser­

vation that in the sclerosed pancreas following duct ligation, the

concentration of hyperglycemic material increased. It vas observed

that extracts derived from the pancreas of alloxan-diabetic rabbits

contained normal arnounts of the glycogenolytic factor.,and produced

prolonged hyperglycemia without subsequent hypoglycemia when ad­

ministered to normal rabbits. AlI this evidence 1ed the authors

to suggest that probably the alpha cells were responsib1e for the

elaboration of the hyperglycemic substance.

The glycogenolytic factor was also found in the upper three­

fourths of the gastric mucOSa of the dog, but not in the pyloric

mucosa; sma1l amounts were present in the duodenum and ileum. The

factor could not be demonstrated in seventeen other tissues tested.

In short the material seems to be present only in pancreatic islet

tissue and in parts of the gastric mucosa , Certain argentophil cells

are particularly numerous in the fundus mucosa of the dog, whereas

the pyloric mucosa and the rest of the gastrotntestinal tract ia

relatively free of them (156). Furthermore, it has been suggested

that certain pancreatic cells that stain with silver are' identical

with the alpha cells (157,158). Sutherland and de Duve concluded

that "the distribution of the glycogenolytic factor is apparently

closely related to the distribution of these argentophil cella Il •
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In these studies Sutherland et al. prepared their extracts

following one of the procedures used to purify insulin (159) and

the glycogenolytic activity vss measured .in vitro using rabbit

liver slices. The assay vas carried out by incubating slices

from the livers of weIl fed rabbits in phosphate-buffered saline;

the incubation was carried out in open tubes with air as the gas

phase, shaking at 110 oscillations per minute in a water bath at

37°C. After 45 minutes the reaction was stopped by the addition

of barium hydroxide followed by zinc sulphate and the fil trate

analyzed for glucose. The authors claim that the response to

different concentrations of the factor was found to be graded and

reproducible, a fact whieh allowed the use of the test as a

quantitative assay. The results were expressed as per cent of

maximal stimulation after subtraeting the glucose output of untreated

sliees. It is unfortunate, however, that the authors did not present

replicate deterrninations, sinee liver sliees are notoriously incon­

sistent in their metabolic responses.

Using a modification of this assay Audy and Kerly have found

that the glycogenolytic activity of pancreatic extracts from rabbit,

rat, eat, guinea pig and ferret are of similar potency (160). Further

evidence was presented to bolster the suggestion that the ialets

secrete HGF, by demonstrattng its presence in the endocrine tissue

of the te1eost Lophius piscatorius, a species in which this tissue

oceurs separate from the acinar tissue.

The methods of purification of HGF have, as a rule, followed

the same pattern as those used to purify insuline In faet, most
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investigators have used insulin preparations at various stages of

purification as starting material.

Sutherland, Cori, Raynes and Olsen (161) have purified the HGF

from amorphous insulin and obtained fractions which were 10 times

as active as the original material by the rabbit liver slice test.

A1kali-inactivated insulin was fractionated with ethanol, and at a

concentration of 8)% alcohol a very active fraction separated after

standing one day in the cold. Aleohol fractionation combined with

isoelectrie prcipitation (pH 6.4) gave a very active material which

showed half maximal activity at a dose of 0.9 pg.; this represented

a tenfold increase in potency over the starting material. Glyco­

genolytic fractions were prepared from the dog! s stomach by sub­

jeeting it to acid-alcohol extraction followed by armnonium sulphate

fractionation; however, these fractions were considerably less pure

than the preparations referred to above.

Alkali-inactivated insulin was fractionated with trich1oroacetic

acid; a considerable part of the factor was precipitat~d by 1.5%

trichloroacetic acid and the remainder when the acid concentration

was raised to 4.5%. This was al.s o true of gastric mucosa, The present

writer independent1y made simliar observations 'Working on a different

starting material and these findings were reported (162) at about

the sarne time as those of Suther1.and.

The "15% sodium chloride precipitate" of crude insulin in the

procedure of Romans, Scott and Fisher (153) bas been used as initial

material in the purification of HGF (163). It vas found that the

following fractions showed hyperglycemic activity:
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(a) 31% sodium chloride insoluble, non-dialysable

(b) 80% ethan01 soluble fraction derived from (a)

(c) 80-90% ethanol insoluble fraction derived from (a)

(d) 2.5% trich1oroacetic acid soluble derived from (c)

(e) 2.5% trich1oroacetic acid insoluble derived from (c)

AlI the fractions except the trichloroacetic acid insoluble one

exhibited insulin activity, a fact vhich suggests that this last

procedure may be adequate for the separation of HGF from insuline
,

Foa et al. have presented a procedure to extract HGF from

pancreas, not based on any of the common methods used to extract and

purify insulin (164). Lyophilized pancreas vas treated 'With liquid

amrnonia to extract the active material, and the insulin in the ex­

tract vas inactivated 'With cysteine. When dissolved in liquid

ammonia a given amount of insulin can be inactivated by 1/40 of

the cysteine required to destroy it vhen this hormone is disso1ved

in water. Foà and his collaborators feel that this milder form of

extraction might rule out the possibility that HGF i8 a c1eavage

product of insuline Similarly prepared extracts of liver or kidney

possessed no hyperglycemic activlty, but a preparation derived from

stomach tissue vas active. Besides the fact that HGF is extractable

by liquid ammonla this publication adds little to our knowledge of

this substance. The investigators state that this type of extraction

was undertaken because previous attempts at purifying HGF made use

of either the alkali or the high cysteine inactivation of insulin,

and both these operations have undesirable features of their own:

cysteine induces mUd hyperglycemia, and. they consider alkali

treatment drastic.
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From the communications reviewed above, it can be seen that

modern investigators have conclusively shown that insulin-free

pancreatic extracts stimulate liver glycogenolysis in vivo and

in vitro, which results in increased glucose output by this tissue.

The mechanism of tbis action has been elucidated by Sutherlard et

al. (154). These authors made the generally accepted assumption

that the secretion of glucose by the liver involves the following

reactions :

glycogen + P04~ glucose -1-P04-7 glucose -6-P04~ glucose.

From this it fol1owed that there were three possible sites of

action for HGF (at the position of each arr-ov in the schema above).

In vitro studies using liver slices showed that the presence of

phosphate in the medium was necessary to elicit the full glyco­

genolytic effect of HGF. The authors concluded that this obser­

vation "points to an action on the phosphorylase system". This

conclusion seems unwarranted. by these experiments, since stimulation

of either of the two reactions following implies an increase in the

conversion of glycogen to glucose -1- phosphate, which can only

teke place if sufficient inorganic phosphate is available ta the

tissue. However when glucose -1- phosphate was added to the slices,

the tissue was found to be quite capable of dephosphorylating it in

addition ta the endogenous ester derived from glycogen. This

suggests that phaspharylase, rather than phosphoglucamutase pr

phosphatase, is limiting the .over - all rate of glucose formation

from glycogen. Furthermore, HGF had no effect on the dephosphory­

lation of glucose -1- phosphate, which was shawn ta accumulate in



- 63 -

the tissue under the action of HGF (165). In the light of this

additional evidence an increase in glucose output in sliees Incu­

bated with HGF must, therefore, he due ta a stimulation of the

phosphorylase system.

In later experiments Sutherland showed that epinephrine also

increases glycogenolysis of liver sliees in vitro by stimulating

this sarne enzyme system (166).

Further investigation of the phosphorylase reaetion showed

that the concentration of active enzyme is inereased by HGF or

epinephrine (166). This was demonstrated directly by measuring the

phosphorylase activity of homogenates and extracts prepared from

slices preincubated with or without these agents. When liver slices

were preincubated as previously described for 20 to 30 minutes, the

phosphorylase activity decreased considerably. This decrease was

less pronounced when the ~l ices were incubated in the presence of

HGF or epinephrine. When either of these substances vas added to

preincubated liver sliees, the phosphorylase aetivity was restored

to the original level. Epinephrine was shown to increase the amount

of active phosphorylase in muscle.

It might be inferred that HGF has no effect on muscle phosphory­

lase since the injection of purified HGF into the rabbit induees no

change in the lactic aeid concentration in the blood,while a marked

hyperglycemia vas observed. Vuy1steke et al. have reported a

decrease in blood lactate fo1lowing the administration of HGF, but

they suggest that this effect may not be a specifie response sinee

i t can be elicited by induced hyperglyeemia (167).
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The action of a pancreatic hyperglycemic preparation on muscle

glycogen has been studied in vitro (168). Bat hemidiaphragms vere

incubated in the presence of insulin with and without the hyper­

glycemic material, according to the technique of Stadie et al. (169).

The authors report that the hyperglycemic fraction decreased the

glycogen deposition induced by insulin b7 as much as 75%. This

publication deserves severe criticism on seRral accounts. F!rst,

no results obtained vith untreated control tissue are presented for

the purpose of comparison; second,the action of the hyperglycemic

material par se on muscle glycogen vas not investigated,and as a

result the reader is left vondering if the preparation may not

inhibit insulin by eJœrting some chemical action that inactivates

this latter hormone. Little datai! is given regarding the procedure

fo1lowed in the preparation of the extract or its chemical properties,

and therefore it is not possible to compare this material vith

preparations described by other investigators.

The concentration of ketone bodies in the blood stream. has been

found to be infiuenced by the pancreatic hyperglycemic substance.

Thorogood and Zimmerman (143) showed that following Pancreatectomy

in the alloxan-diabetic dog, ketonuria is markedly raised, an

observation that might be interpreted to Mean that the decrease in

insulin requirement and ketone body formation are interrelated. The

administration of BOF has been show to cause an increase in the

blood concentration of ketone bodies in fasted pancreatectomized dogs

(171). The rise in ketone concentration Paralleled the changes in

blood sugar level, although the hyperglycemic phase was not very
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marked. The authors interpreted this parallelism as resulting from

the depletion of hepatic glyeogen stores, but admit that the rapidity with

whieh hyperketonemia oeeurs is surprising. It is erlremely diffieult

to reconcile these experiments with the observation that in the

absence of the pancreas there is inereased formation of these meta­

bolites. As previously mentioned Mirsky et al. (144) observed a

sharp rise in blood ketone levels when depancreatized dogs were

fasted, while alloxan-diabetic animals deprived of food registered

only a moderate inerease in blood ketones. It is Mirskyl s opinion

that residual beta-cell tissue surviving the a1loxan treatment is

responsible for this differenee.

The situation is further confused by Foà 1s experiments demon­

strating not only the hyperketonemic effeet of purified HGF,but also

the presence of a hypoketonemic substance in crude erlracts of pancreas

with hyperglycemic aetivity (172). It is probably too early to draw

any valid conclusions on this intricate phase of the metabolie

behaviour of HGF.

Apart from the metabolie properties described above, HGF has

been studied from the point of view of its relation to growth hormone.

Bornstein et al. (173) reported that portal blood fram normal cats

rendered diabetie by the administration of growth hormone, produces

a hyperglycemic response in alloxan-diabetie hypophysectomized­

adrenalectomized rats, (ADRA rats). Similarly, portal blood fram

ADRA rats treated with growth hormone was f'ound to induee hYPfJT­

glycemia in recipient ADHA rats. The authors tentatively conclude

that tmder the stimulus of growth hormone the pancreas releases HGF,
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since the direct administration of growth hormone to recipient ADRA

animals did not e1icit hyperg1ycemia. The physiological significance

of these experiments cannot be ful1y assessed; the ADRA rat is a

sensitive test object, but a very unphysdokogâcal, one. It should he

recal1ed that in metahypophyseal diabetic dogs, the diabetes is

associated with destruction of the beta ce11s of the pancreatic is1ets,

while other parts of the pancreas may be 1eft 1arge1y untouched (174).

At present, therefore, it does not appear 1ike1y t hat the diabetogenic

effect of growth hormone could be exp1ained sole1y through its action

as a stimulator of HGF secretion.

Another study attempting to estab1ish a re1ationship between

growth hormone and HGF, deals wi th the observation that HGF increases

the width of the epiphyseal cartilage of the hypophysectomized rat,

when assayed by the tibia test used for the bioassay of pituitary

growth hormone (175). The activity of HGF preparations by this assay

was found to paral1e1 their glycogeno1ytic potency in vitro. The

author reported three experiments,in two of which increasing the dose

of HGF did not result in a greater response, a behaviour which is

different from that of growth hormone. It i5 admitted that other

hormones (thyroxin, pro1actin and testosterone) also share this

property of inducing a 1imited widening of the epiphyseal cartilage

under the conditions of the test. From this information it appears

that the effect may we11 be a non-specifie one. In a third ex.periment

in which higher doses were used, the response increased with the dose;

however, the animals t ested vere too few for statistical analysis.

Furthermore, the dose 1eve1s tested in this 1ast experiment "l'ere very

taxie (mortality rate 20-60%), a fact which great1y detracts from the
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phys iological s ignificance these experiments might have. Therefore,

on the basis of the evidence available at present, the theory that

the effects of growth hormone are mediated by HGF released from the

pancreas, must be regarded as unproven .

The evidence presented above shows that it is possible to

separate a hyperglycemic glycogenolytic substance from pancreatic

tissue. The experirnents of R. -Candela (14]. ,142) and Thorogood and

Zimmerman (14.3) suggest that such a factor may be present in

functionally active islet tissue .in situ. But, rigorously considered,

these investigations do not establish HGF as a physiological entity

with bearing on the animal' s metabolism. Such evidence did not

appear untd.L 1949 when Fo~ et al. presented what is undoubtedly the

most important claim of HGF to the family of hormones (176). By

cross-circulation experiments in dogs, these authors showed that the

blood sugar of a dog receiving pa~creatic blood fram a normal donor

injected with glucose, decreases sharply, reaching a minimum level

in .30 ta 60 minutes and returning toward the normal concentration

about 2 hours after the anastomosis is disconnected. This observation

is consistent with the hypothes is that a rise in blood sugar stimulates

the secretion of insulin and by so doing regulates itself through a

negative feed-back mechanism. When in the same experimental arrange­

ment the normal donor "l'as replaced by an alloxan-diabetic animal, the

blood sugar of the recipient dog rose significantIy, reac'hing a

maximum value in .30 minutes. If in either experiment the recipient

dog received blood from the mesenteric vein of the donor, instead

of pancreatic blood, the effects described did not appear , These
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authors concluded that the hyperglycemia elicited in the recipient

dog by pancreatic blood from an alloxan-diabetic donor , indicated

the presence of a hyperglycemic agent secreted by the alloxan­

resistant pancreatic tissue.

Further studies using the aame experimentaI arrangement showed

that when the donor animal received insulin, and the recipient dog

received pancreatic bl.ood, the latterls blood sugar rose, while the

donor' s glucose level fell. When the donor received purified HGF,

its blood sugar concentration increased and the recipientls decreased

(177) •

When the cross-circulation was established between the donor's

mesenteric and the recipient's femoraI veins, the administration of

insulin to the donor resulted in hypoglycemia in both animals.

These experiments support the theory that, in vivo, a decrease

in the blood sugar level of the donor stimulates the secretion of

HGF by its own pancreas; the HGF poured into the pancreatic vein

induced hyperglycemia in the recipient doge Conversely when the

donor received HGF, the resulting hyperglycemia stim1.Ùated its pan­

creas to secrete insulin, which in turn produced hypoglycemia in

the recipient animal.

Fo1. and his collaborators conclude that HGF is a true pancreatic

hormone and that, like insulin, its secretion is regulated by the

concentration of glucose in the blood stream.

The question naturally arises: what is the clinico-pathological

significance of the hyperglycemic hormone of the pancreas? It is

generally accepted that the juvenile or labile diabetic represents
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a distinct clinical entity from the old, obese diabetic patient.

Lozinski (178) has suggested that the etio1ogy of the pathological

manifestations in the first type might be absolute deficiency of

insulin; whereas, the second group might weIl be suffering from

hyPersecretion of BGF.

This hypothesis is strengthened by the findings of Bornstein

and Lawrence (179) who determined the insulin content of the blood.

of patients from both these types of diabetics, using a very sensi­

tive insulin test (180). B100d sarnples \lere taken from patients 2

hours after the oral administration of 50 gm. of glucose and injected

into alloxan-diabetic-hypophysectomized-adrenalectomized rats. In

rive young patients with the clinical features of labile diabetes

(hyPerglycemic, glycosurie, emanciated, ketotic, insulin-depandent)

the assay showed no available insulin in the plasma. In 5 midd1e­

aged , obese women wose hyperglycemia and glycosuria (no ketosis)

could be controlled by an adequate diet without insulin therapy,

the plasma insu1in concentration varied from 0.19 to 0.29 milliunits

per milliliter. The authors suggest that the difference in clinica!

picture presented by these two groups of patients prec1udes the

assumption that the difference is one of severity of the sarne process.

The effect of exogenous HGF on these sarne two types of diabetic

patients has been investigated by Pincus (181). Five of six patients

with labile diabetes showed a rise in blood sugar significantly

greater than the rise elicited in either normal subjects or stable

diabetic patients. The author suggested that if the labile diabetic

is deficient in HGF secretion, lia certain amount of glycogen deposited
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in the 1iver is not used as adequately as in the normal individuaJ.. n

HGF presumably he1ps mobilize this liver glycogen and in this sense

assists the action of insulin by making available to it the hepatd,c

glycogen stores.

The possibility that von Gierke's disease might be due to a

deficiency of HGF is a tempting hypothesis. Patients suffering

fram this malady have been shovn to have adequate 1 i ver glycogen

stores yet their blood sugar levels are abnormally low, indicating

that they are unable to mobilize he~atic carbohydrate reserves.

However preliminary clinical tests administering HGF to these patients

have not proved successful (lB2).

To conclude this brief review of clinical investigations on HGF,

it may be mentioned that McQuarrie et al. have reported a tendency

to hypog1ycemia in patients with congenital absence of pancreatiC'

alpha cells (lB3).

It may be convenient at this stage to surmnarize the more important

and better studied properties of HGF discovered up to the present time:

(1) probably a protein

(2) alkali- and cysteine-resistant

(3) solubility properties similar to insulin

(4) stimulates liver glycogeno1ysis in vivo and in vitro

(5) stimulates the transformation of inactive to active phoa-

phorylase in 1iver

(6) hyperg1ycemic

(7) probab1y hyperketonemic

(B) probably formed by the alpha cel1s of the islets of Langerhans
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(9) apparently physiological1y e1aborated under the stirm.ü.us

of hypog1ycemia.

As mentioned in the introduction, one of the important aspects

in the investigation of a substance such as HGF, is the e1ucidation

of its rôle in human physio1ogy. The 'W'riter has approached this

prob1em by searching for HGF in the urine of normal human subjects.

It i8 necessary, therefore, to proceed to review the pertinent

1iterature.

In the course of investigations that 1ed to the discovery that

the anterior hypophysis has diabetogenic properties (184), Houssay

et al. studied the effect of urinary extracts on the b100d sugar of

diabetic toads (185). The urlnary extract was prepared by shaking

the specimen with kaolin in the co1d; separating the kaolin by centri­

fugation and washing it with water. The insoluble material vas

extracted with 66% alcohol; the ethanol solution separated by centri­

fugation and concentrated by evaporation. The activity of the con­

centrate was tested by injecting it into hypophysectomized-depancrea­

tized toads and determining the blood sugar 12 hours after the

injection. The b1aod sugar level was campared ta the 1evel round in

control animaIs which were not injected. The urine of 22 normal

subjects increased the blood sugar of the test animals by :;;P mg% or

more in 25% of the tests, ",hile urine from diabetics caused a similar

degree of hyperg1ycemia in 70% of cases. The effect Wa8 variable

from day ta day and a certain degree of overlapping between the tliO

groups was round. Since the animals were hypophysectomized and

dePancreatized it must be concluded that the action was not mediated

by either one of these glands.
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In the same year, 1933, Dingemanse and Kober investigated the

action of urinarl gonadotrophin on the b100d sugar concentration ot

rabbits (186). They found that the intravenous injection of a puri­

fied preparation of gonadotrophin derived from pregnancy urine d1d

not raise the b100d sug&r, even in doses as high as 1000 rat oestrus

unita. Crade preparations however increased the blood sugar level

by 25 to 58 mg%. Following heat treatment the gonadotrophic activity

vas destroyed but the hyperglycemic etfect persisted. Hyperglycemia

reached a peak li hours alter injection and ::ln general the inorasse

did not exceed 40 mg%.

The problem was independentl;y investigated b;y Mather, Katzman

and Doisy (187), who extracted the urine of normal men vith the &id

of eitber benzoic acid or tungstic acid and brucine. Either extract

WBS shawn to produce hn>erglycemia vhen injected !nto rabbits, but

the tungstic acid Preparations gave a more consistent response. It

vas tound that the activlty WBS lost 011 standing in the cold or

f'ollov1ng treatment witb acid, a1kali or haat. The actiVe material

vas soluble in water and in aqueous solutions of ethanol, methano1

or acetoœ; however, it vas insoluble in ether, absolute ethanol,

chloroform or strong acetone solutions. The dOSES used in these

tests vere extremel;y b1gh, corresponding to 1.6 to 14.5 liters of

urine. The material vas administered subcutaneous1;y to rabbits and

hyperglycemia reached a maximum value :3 to 6 hours later vith values

of 180 to .310 mg%. It 18 of lnterest that previous1;y tasted an i . , B

did not respond to the treatment, indicat:lng that the byperglycemia

vas depandent on adequate carbohydrate stores.
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Davis, Hinsey and Markee investigated the possibility that the

hyperglycemic aotion of urinary extracts oould be due to constitœnte

other than prolan (188). They observed hyperglycemia in rabbits

following the administration of crude prolan, untreated pregnancy

urine, urine fram. a normal man and fram a 2-year old male infant.

However, the effect did not appear a1'ter the intravenous administra­

tion of 50-100 units of higbly purified prolan. No rise in blood

sugar folloved the intravenous administration of solutions of sodium.

cbloride (2.5 m:g,/kg), urea (62.5 mg/kg) or creatinine (2.5 mg/kg).

Hyperglycemia was observed tolloving the administration of uric acid

(1.5 mg,/kg), sodium urate (4.5-5.0 mg,/kg), and sodium hipparate

(3.5 mg,/kg), vith rises in the b100d sugar leve! of 2) to JJ mg%.

The effect due to eitber these latter substances or man' surine did

not appear after destruction of the adrenal medulla by e1ectric

cautery; or after treating the animals vith 500 units of thee1in.

Boiling for JJ minutes destroyed the activity of either urate or

normal man's urine. From these observations it vas eoncluded that

the hyperglycemic action of urinary' extracts is not associated

vith the gonadotrophic activity present, but 15 probably due to urates,

hippnrates and POSsibly other substances. The action appears to he

mediated by the adrenal medulla, a fact which might mean that the effect

ia non-specifie.

In a series of publications that appeared between 1934 and 19.36,

Harrow and bis coworkers investigated both the hyperglycemic 8IId the

hyperketonemic properties of urinary extracts (189,192). In their

preliDlina17' experi.ments their extraet vas prepa,red essent1al1y in

the manner described br Funk (193,194), who had previously demonstrated
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the presence of a hyperketanuric substance in urine. Harrow eonc1uded

that the product of this preparation is the s8Jlle as Doisy' s extract

referred to above, and he called i t the IIfat-metabolism hormone". The

materisl iso1ated by this procedure elicits hypergl;yeemia and h1Per­

ketonemia when injected into rabbits in doses ranging from the equiva­

lent of 1.8 to :3 litera of urine. The time at which the JMD1'ftDII

blood sugar level vas reached, ra.nged betveen the firet and the sixth

hour after the injection" and did not seem to be re1ated to the dose:,

given. No relationship is apparent between the ùose administered and

the degree of increase in blood sugar, which varied between 2JJ7 and 19%

of the initial level; this 18 also true of the m.aximum rise in blood

acetone" which ranged frOID. 75 to 28.3% of the initial value and occurred

with:1n the firet tvo hours follow1ng the injection. other metabolic

changes observed vere a decrease in carbon diorlde combining power and

a raise in bloed lactate.

In the course of this work the authors modified the extraction

procedure on several occasions. The method stlDllllarized belov appears

to have been the Most satlsfactory one they found to prepare the crude

urinary extraet. Three liters of acidif'ied urine vas treated vith

benzoic acid dissolved in aloohol; the precipitate formed was separated

by filtration and resuspended in 95% ethanol. The insoluble material

was reextracted vith alcohol and the residue suspended in normal

ammonium hydrorlde. The mixture vas made alkaline te phenelphthalein,

centrifuged and the supernatant made up to 10 ml. befora injection.

Further purification by dialysis, alcohol precipitation andbariœa

acetate treatment produced a more potent but unstab1e fraction. A1'ter

assuming that the urinary substance that induces hYJ'erglyeemia 18 of
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pituitaI7' origin, Harrov et al. concluded tbat it is involved in

carbob,drate metabolism, primarily, and in fat metabolism, eeeea-

darUy (189).

The hyperglycemic activity of the urine of normal 1mman subjects

aM diabetic patients vas tested in dogs and rabbits by Werch and

Altshuler (195). The method of preparation of the extiracts vas

similar to the one described by Houssay et al. (185). The authors

found a blood sugar raising substance in the urine of severe diabetics

and to a lesser degree in the urine of mUd diabetic patients. In

normal urine they reported little or no hyperglycemic activity. The

active material vas found to be absorbable by kaolin or charcoal,

soluble in water and EIJ% ethanol, insoluble in fat solvents, heat

labile and not fUtrable tbrough a Berkefeld fUter. It vas con-

cluded that probably the substance vas not a protein because it gave

a negative biuret test, although it could be precipitated by ammoni'UDl

S1iphate and vas not dialyzable. The maximal incraase in blood sugar

vas found vith extiracts prepared tram the urine of uncontrolled

diabetics receiving insuline Table 9 presents the range of the average

blood sugar increases one hour a.fter injection for ail the e:xperiments

reported. The authors do not mention vbat procedure vas used to

determine the blood sugar, but changes as small as the ones reported

for normal subjects are vithin the experimental error of some methods.

TABLE 9

Tvoe of Patients
Severe diabetics recelving insulin
Mild diabetics receiving inslÜ:1n
Diabetics controlled by diet alone
Normal subjects

1 110 •

Patients
2
4
2
3

:a:Blood sugar increases
md

61 - 63
44 - 46
17 - 19

'; - 1"2

:a: The writer bas pooled the dog and rabbit eçeriments in this
table because the results vere similar.
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The possibllity must be considered that the ~erglycem1c activity

demonstrated :ln the ur:lne of patients from the first tvo groups coald

have come from the insulin administered. It nmst be remembered that

at the time this work vas done (1937) most cOJDJDerciaI insulin prepara­

tions were contaminated vith HGF.

Werch et al. further observed that increasing the dose of extract

e1icited an almost proportionally higher blood sugar respansej however,

no attempt vas made to develop a quantitative aBsay. Bolling the

extraet for one hour destro;red the activity, the incresse in blood

sugar one hœr aiter the injection being only 8 mg%.

The dose used in these experiments corresponded to about 3.5

hours of urine excretion. It appears,therefore,less 1ike1y that the

effect e1icited vould be a non-specifie torlc one tban in the e:xperi­

ments of Mather et al. (187) or Harrow et al. (190) who used doses

corresponding to severaI 1iters of urine.

It is surprising to t':lnd that none of the investigators who

stlldied the hyperglycemic activit7 of urinary- preparations appear

to have been avare of the contemporary- e:xperim.ents of Bürger et al.

Soma workers 1ike Harrow and Werch suggest that their preparations

derive their aotivity t'rom a pituitary- factor that Anse1mino 8.lId

Hoftman had concentrated at about that time (196,197).

It is difficul.t to evaIuate the full significance of these

ear17 studies, for, as mentioned above, the doses used b7 soma vorkers

were staggeringl7 high. Besides, no satisfactory bio-assa,. vas

designed and this makes it impossible to estab1ish rigorous quanti­

tative re1ationships between the 'Yarious preparations. One gathers
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the impression that some ot the exper:iJlents lIere designed to satist,­

a preconceived theory, and that the early contirmatory results vere

not critically dealt with in an ettort to test the the017.

Although the methods ot preparation were not very e1aborate

and in general somewhat simllar, the resu1ts were som.etimes discor­

dant. Houssay et al. (185), tor instance, reported hyperglycemic

activity in the urine ot 25% ot the normal subjects and in 70% ot

the diabetics tested b:r their sensitive technique. Werch et al., on

the other hand, present convincing evidence that a.1J. their assqs

of normal urine were ~egàtive; while none ot their specimens trom

diabetics tailed to raiee the blood sugar concentration ot their test

animals. This discrepanc:r is disquieting since both these groups ot

workers prepared their respective extracts tollowing essentiall:r tœ

Saille procedure.

In 1948 Meduna and Vaichlilis reported that the urine ot schiso­

phrenicB containe a greater amount ot a hyperglycemie substance

than the urine trom normal individuals (198). Tvo methods of prepara­

tion are presented: one based on absorption by kaolin in acid medium

tollowed by extraction with weak ammonium hydroxide; the other

procedure consisted in precipitating by the addition ot acid and

dry1ng the precipitate in an air current at room temperature. These

crude extracts were tested b;r intravenous1y injecting the extract

derived trom a 24-hour specimen into rabbits veighing 2 kg. mood

samples vere drawn 1,2,3 and 4 honra 1ater tor glucose determination.

Thirty tests vere carried out on schizophrenie patients and 2l

students am nurses served as contro1s.
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Alter the administration of extiraets derived from the urine of'

schizophrenies, the blood sugar level of the rabbits reaehed a

maximal value at 2 hours and the extraets .t'rom the control urines

produeed maximal changes one hour af'ter the injection. A graph 18

preserrted in which the per cent increase in blood sugar is plotted

against time; when the restl1ts are expressed in this manner, the

di.t'ference between the two groups 1s very marked. However, the

individual determinations .t'or any one time interval show a very vide

variation as indicated by the Standard Deviations included. The

greatest di.t'.t'erence between the two groups was .t'ound two hours

af'ter the injection, and the values are shown below:

Average Blood Sugar

Normal subjects
Schizophrenies

t
Standard Deviation.

%Rise

23 ! 29.s*
94 ! 39.9

It ia untortunate that the authors chose -to express their

results as per cent increase over the pre-injection concentration o.t'

blood eugar instead o.t' presenting both the initial and final glucose

levels. This would have allowed the reader to better appreciate bov

consistent the e.t'.t'ect vas; .t'or i t is well lmown that in rabbits the

resting blood sugar concentration Ls very variable. No attempt vas

made to analyze the results statistically, which would have helped

in the interpretation of their findings, particularly in view of the

vide variabUity round. The present writer has ealcu1ated the
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probabllit,. that the means presented above are ditferent sni bas

foœ1d them to be signif'ieantly sc,

From these observations the authors proeeeded to eonelude that

the inereased amount of hyperglyeemic fator found in the urine of

sehizophrenies is related to an anti-insulin factor previously

demonstrated in the blood of these patients (199,200). 'l'bey elaimed

that schizophrenie patients ean he classified into two groups, one

of which shows evidenee of disturbances of carbohydrate m.etabolism,

1ncluding insulin resistanee, a pseudodiabetie reaction to the Exton­

Rœe test and the presenee of "anti-insulin1c factor in the urine",

while the patients of the seeond group show none of these.

These findings have been confirmed by Walker and Mayer-Gross (201)

who prepared extraets fram the urine of psychotic patients following

Maduna's procedure. These authors present evidence that the crude

urinary preparations contain two hyperglycemic agents: a weaker, more

quickl,.-aeting one consisting of urates; and a stronger, more slowly­

aeting factor which ls associated with the amino-acid content of the

extract and migbt be a proteine No results vere presented regarding

the hyperglycemie actlvity of the urine of normal human subjects.

However, the relationship between the urie acid and amino-nitrogen

content of the extraets, on the one band, am the magnitude of the

blood sugar rise on the other, suggests that i t 1s the slower-aeting

but more patent factor, which is increased in the urine of psyehotic

patients. In this regard it is interesting to note that Med'DD8. round

that four hours af'ter the injection into rabbits of extracts derived

from normal urine, the blood sugar vas baek to the preinjectian level
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in 18 out of 21 subjects teated; while in the ease of the schizo­

phrenie patients the average blood sugar leve1 at f'our hours vas

61% above the initial value.

From the reports reviewed above, i t appears tbat a number of'

investigators have :5ound a hyperg1ycemie substance in the urine of'

normal h'wnan subjects, although some vorkers 1ike Wereh and. Altsbuler

f'ailed to do ao , The urinary excretion of a hyperglycemie agent bas

been reported elevated in diabetics (185,195) and mental patients­

(198,201) • Although ear1y reports aasoeiated the hyperglycemie

activity of urine vith gonadotrophic substance (186,187), 1ater reports

showed that highly pnrif'ied gonadotrophie preparations did not raise

the blood sugar (188). It bas fUrther been show that the intravenous

administration to rabbits of a solution eontaining salta of urie aeid

produces hyperglycemia (188,Z>l). Walker et al. however, presented

evidenee showing that in the urine of mental patients there is a

factor, ether than urie aeid, whieh eontributes to raise the bloocl

sugar of test animaIs (201).

The question arises: is this urinary byperglycemie substance

re1ated to the Panereatie Hyperglycemie Glycogeno1yt1e Factor? For

if both these agents are one and the sam.e, tben a 1ink ean be

estab1ished between the experimental studies on HGF rev1ewed above,

and human physio1ogy, and this could provide an approach to the

investigation of the rÔle that HGF may play in diseases of' metabolism.

The writer has attempted to anBWer this question by studying the

eff'ect of' urinar,y extracts on the blood sugar of' test anim.als, and

on 1iver glycogenolys1s in Vitro, in the 1ight of present know1edge

eoncerning the physio10gical properties of' HGF.
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C, Experimental V/ork

1. Methods and Materials

(a) Glucose Determination

Glucose determinations on eithar blood or incubation fluids

vere oarried out by the method of Folin and Malmros (202). In the

part of this ""ork which deals with urinary extracts the more specifie

method of Nelson (203) vas used. Although Nelson claims that the

use of Folin-Wu tubes is not neeessary, the writer found that ""ben

determining small amounts of glucose the use of these tubes vas

essential to obtain reproducible results.

(b) Glycogen Determination

The method of Good, Kramer and Somogyi (204) was used to

separate and hydrolyse glycogen. 'l'he glucose vas then determined by

Nelson's procedure using glucose standards that eontained bydrochloric

acid in the sarne concentration as the unknowns. AlI gl:rcogen values

are presented in terms of glucose.

(c) Nitrogen Determination

Nitrogen determinations were carried out by the micro­

modification of Johnson's method (205) suggested by Umbreit, Burris

and Staurfer (206).

(d) Uric Aeid Determination

Urie acid was analyzed by the method of Brown (207).

(e) Manometric Procedures

The determination of ox;ygen uptake and of aerobic and

anaerobic acid formation, ""as done by the Warburg technique (2)6).

'l'ha simultaneous œtiermination of oxygen uptake, acid formation and



- 82-

respiratory quotient vas carried out vith the aid of Dixon-Kellin

flasks and Smmnerson d1tferential manometers (206).

(f) Buf'fer Solutions:

Phosphate-buf'fered saline vas prepared by mixing 100 ml.

of 0.9% sod1tml ch10ride vith 20 ml. of 0.11 M phosphate btlf'fer (pH 7.4).

Krebs-Ringer-Bicarbonate solution vas prepared in the con-

ventional manner rlthout the addition of glucose.

(g) Crude Pancreatic Extract:

The starting material used to puriry HGF vas the mother

1iquor from the first isoe1ectric Precipitation of insulh1* in the

extraction proeess of Romans, Scott and Fisher (153). This materia1.

had been found by Stewart (139) to be rich in hyperglycem1c and

glycogenolytic activit,. and for this reason it vas chosen as a source

of HGF. 'l'he liquor, vhich will he referred to as FIP, vas shipped

from Toronto as a clear 1iquid but in transit a variable amount of

precipitate formed. FIP deri"f'ed from either beef or hog glands was

used in the course of this investigation,and the purer preparations

of HGF reported be1ov, vere obtained with hog extract. According to

the manufacturer each liter of FIP correspanded to 125 lbs. of rresh

pancreas. The pH on arrival invariably vas 5.15 and the nitrogen

content of cattle FIP vas round to be 1.62 mg./ml.

*supplied by ldndness of Drs . D.A. Scott and A.M. Fisher,
Connaught Laboratories, Toronto.
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2. Procedure te Assay Pancreatic Glycogenolxtic Preparations

BeroTe attempting to purify' FIP to s:ny extent, it vas necessary

to develop an assay procedure that would permit the evaluation or

potency or the various fractions. Considerable effort and time was

spent in this aspect of the work, and this considerably delayed the

original program, which vas to a t tempt the purification or HGF present

in the supernatant or the first isoelectric precipitation of insuline

When the present project was begun, two Methode of assay or HGF

had been previously described. Stewart' s method (138) determ1ned the

hyperglycemic activity of HGF preparations by injecting tham intra­

peritoneally into rats and measuring the blood sugar 30 minutes later.

In this procedure, each dose tested vas injected into two animals am

their response compared to that of untreated control rats. The

linearity of the Dose-Response curve obtained by this method appears

to be satisfactory, but the slope of the curve is low, which wOuld

indicate tbat the procedure is not very sensitive. In spite of this

disadvantage, the method appears to bave proved useful because the

agreement in response between simllarlytreated animals was quite

close. Another disadvantage of the method is that it requires rela­

tively large amounts of the material tested, particularly since the

low sensitivity of the test object would impose a nxultiple-dose assay.

For these reasons it was thought that the assay procedure of

Sutherland and Cori (154) ahould he prererred. This method of assay

determines the potency of glycogenolytic preparations bl incubating

liver alices in phosphata-buffered saline in vitro in the presence or

absence of the material under test, and comparing the amount or glucose
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released into the medium under these two conditions. The general

principle of the procedure appeared in the literature in 1948 (154,155),

at about the tim.e the present work was begun. Further technical detail

was published the following year by the same group of' workers (161).

However, in these studies no detalled information was given as to vbat

variability might be expected f'rom replicate determinations using

slices from the same liver. In their 1949 paper Sutherland et al. (161)

state, "Examples will he given for cODlparative assays of the same

preparation of H-G factor on liver slices of dif'ferent animals. The

agreement was satisfactory vith the exception of two cases in which

the variation was 25 to 30 per cent". This suggests that the agreement

f'rom animal to animal was better than 25%, and presumably also the

agreement between duplicate slices within each assay; however no

information is given on this latter point. The present writer is of

the opinion that such uniformity in response, from a body constituent

as variable as liver glycogen, can only he expected f'rom a pure strain

of animals, housed under rigidly controlled conditions. He has fotmd

more recently that the liver glycogen of' New Zealand white rabbits,

when determined after homogenizing the tissue in phosphate-buf'f'ered

saline, can vary t'rom 2 to 12%, even vhen the animals are of' the

same sex, approximate1y the same body' weight and kept on the same

diet8.l"1' regime f'ed ad libitum. It attesta to the difficulty of the

- - - - - - - - procedm-e-t-hat-ti- year-and.-a-halLafter-their_first_w.blication L _

Sutherland et al. vere still adding tec1mical directions on how to

perform the assay (161). In a persona! communication Dr. Sutherland

very ldndly supp1ied still more detailed directions, which proved

very useful to the writer.
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Before describing the assay procedure used in this \lork, it is

neeessary to diseuss some factors that \lere found to influence the

variability of response. One such factor vas the time required to

prepare and weigh the sliees. Aecording to Sutherland (161), this

eould be as long as 40 minutes provided the tissue had been proper17

cooled first. He also recommended that the preparation be earried

out by t\lO operators: one to sliee the tissue and the other to veigb

the sliees. To eircumvent the necessity of a helper, the slices vere

kept on a piece of bard filter paper (Whatman No.50) moistened vith

cold saline; the paper vas placed in a Petri dish which in turn was

kept in an iee bath. Although this arrangement eonsiderably decreased

the variability of response of replieate sliees, it was not untll

Dr. Marcel Chaput joined the projeet, and. assisted in the preparation

of the slices, that reasonablw. consistent results were obtained. In

eonnection with the effeet of lov temperature, it should be mentioned

that repeated pouring of cold saline over the tissue,during the slicing

operation, appeared to affect the results favorably, am therefore

this minor modification vas introdueed in the routine assays.

In an effort to maintain the tissue at a low temperature as long

as possible, iree-band slicing betveen pre-cooled glass plates WaB

preferred to the Stadie-Riggs microtome. The thiekness of the sliees

vas eheeked by weighing slices that had been cut to measure 1 square

centimeter in area, and from the veight, the thickness of the slice

vas calctùated. After a little practice it vas possible to eut slices

0.3 to 0.5 mm. thick quite eonsistently. However, it became apparent

after a time that an ordinary razor blade could not be used to eut more

tban 2 or 3 slices par edge, and considerable tearing of the tissue

vas observed if a longer series vas prepared with the same blade.
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The Lack of an adequate device to shake the incubation vesse1s

at a constant temperature, required the improvisation of the following

arrangement: slices were incubated in open test-tubes stood in a

constant ternperature bath, 8lld the incubation fiuid agitated by b10wing

oxygen through it. By means of a manifold as many as 12 tubes could

be aerated simultaneous1y. This arrangement proved useful, but not

infrequent1y uncontro11ab1e changes in œtygen pressure resulted in

violent bubb1ing and the Loas of fluid from some of the tubes. When

a long-awaited mechanical shaker arrived, the aerating procedure vas

gladly abandoned.

The initial choice of test animal vas an unfortunate one, for the

liver glycogen stores of the rat are lover than those of the rabbit.

Swensson (208) bas reported that rabbit 1iver conbadna about 9 per

cent glycogen, vhi1e the rat 1iver usually contains about balf that

concentration. The 10wer 1iver glycogen content of the rat may have

accounted for the irresponsive animale occasiona11y encountered , In

the latter part of this work the rabbit vas adopted as test animal, a

modification that reduced the number of irresponsive animals and

increased the sensitivity of the test.

The procedure used in most of the assays reported be10v will now

be described. To f'acilitate the comparison of different fractions

derived from the sarne starting material, and to obviate the neceesity

of doing nitrogen determinations on inactive intermediate fractions,

when~ver possible, the various sister fractions vere dlluted in 1ik:e

manner and the assay performed on the same volume of each solution.

As a. ru1.e the fractions were dialyzed bef'ore aseaying to remove
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extraneous crystalloids tbat could interfere vith the test, am

immediately before testing the PI was adjusted to values within 6.5

and. 8. The pH of the incubating fiuid containing the solution under

test was measured vith the glass electrode, and was invariably found

to be 7.4 ! 0.1. Wben solid fractions were assayed, the,. vere

dissolved directly in phoèphate-buf'fered saline.

New Zea1.and white rabbits weighing from 2 to 5 kg. were anaes­

thesized by an intravenous injection of Nembutal and the liver

immediately removed, eut in large pieces and cooled in isotonie saline

in an ice bath. .A!'ter cooling for 15 mimtes one operator eut slices,

eUher free band or with the aid of a Stadie-Riggs microtome, vhile

the other weighed them on a torsion balance to the nearest 0.2 mg.

Ten slices could be prepared in about 30 minutes, and during this time

they were lœpt on cold, m01stelled t'Uter papel' as described above. The

tissue vas transferred to large test tubes containing 2 ml. of phoa­

phate-buffered saline and 0.2 ml. or less of the solution tested. The

tubes vere shaken at a rate of 120 oscillations per minute in a constant

temperature water bath at YlOC for one heur. At the end of the incubation,

aliquots of the fluid vere removad for glucose determination. It vas

found possible to prepare another 10 slices whlle the first series vas

incubating, and this vas usually done , Table 10 presents the resulta

found in an assay dasigned to test the potency of fraction 1.6, the

preparation of vhich will be described lster.

It is apparent that the effect is graded but the variabUity

within each dose level made it difficult to establish the potency- of

the preparation. It vas possible, however, to oompare tvo preparations
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by repeated assays using more sliees at a single dose leveI. In spite

of this shorteoming the assay proved valuable, partieul.ar1y beeause

the more potent preparations were fortunate1y obtained through clean

separations of aetivity.

TABLE 10

Dose Response*wz./ml. Series l Series 2
)

400 110 96
117 1.49

200 84
170

100 73
57

10 24
19

I 0
-5

*Percent :1nerease in glucose output of individual
sliees over untreated slices.

The word ·series" on the table refers to the first and seeond

group of sliees prepared for this assay.

In retrospect the writer feels that possib1y too mueh vas

expeeted f'rom the testing procedure, and that statistieal analysis of'

the resulta plus adequate des igning of the exper:iments, would have

undoubted1y inereased the value of the method of aBsay. Recent1y Audy

and. Kerly have published resul.ts of quantitative assays of glycogeno­

1ytie aetivity eondueted by a similar teehnique (209). A single

preparation was tested on 8 rabbits, and in each experiment approxi-

mately four sliees were treated with a standard preparation, and four

others were incubated in the presence of the sarne dose of an unknown

preparation. Table 11 presents the results found by these authors
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vith the firet three rabbits tested in a series of 8. The remaining

an:1m.als are omitted sinee these tbree suffice to exemp1if'y the varia­

bility of the values obtained.

Rabbit
No.

15
17
20

TABLE 11

Standard

95,83,64,64
63,73,77,84
138,151,152
217,282

*Response
Unknown

42,40, zr, 21
12,30,38,19
30,39,71

ipereent inerease in glucose output of individual.
sliees over untreated sliees.

In spite of the great variability found with different animals

and with different sliees from the srone tissue, it vas eone1uded that

the method "gives an approximate estimate of aetivity". However for

greater aecuracy the authors propose a multip1e-dose method requiring

the aid of intrieate statisties.

The assay procedure used in the present york vas a reliable enough

index of activity to guide the exp1oratory purifi~ation york presented

ba1ov. As a rule 2 or even 3 rabbits vere used to compare the potency

of two or more preparations. The result of eaeh assay in the

fo11owing section represents the average of at least one pair of sliees.

When the ratio of dup1ieate determinations was greater than 1.15 or

smiller than 0.85, the resnl,ta vere diacarded.

3. Pre1iminarx Extraction Experimente:

FIP vas eoneentrated by freezing. The starting materia1 vas frozen

vith a mixture of dry iee and ethano1 untll the volume of unfrozen

solution vas approximate1y one tenth of the original volume. This
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concentrated nuid vas co11ected by centrifugation, and :f'ractionated

further.

200 cc. FIP vas transferred to a 500-ml. beaker vhich vas then

irmnersed in a 1arger beaker containing dry ice and ethano1. The

solution was allowed to freeze until a smal1 volume of unf'rozen f1uid

remained; this unf'rozen core was poured o:f'f' and measured (12 ml.);

the pH vas 5.1. The concentrate vas centrif'uged and a precipitate

separated, and resuspended :in 20 ml. distilled wateri this will be

re:f'erred to as :f'raction 1. Enough water ws added to make the volœe

of the supernatant fiuid up to 20 ml.; this is fraction 2. Af'ter

allowing the ice to melt at room temperature a precipitate sett1ed

out; it was co11ected by centrifugation and resuspended dn 20 ml.

water (fraction 3). Theae preparations were assayed by the addition

of' 0.2 ml. of each solution to 4 ml. of phosphate-buf':f'ered saline par

incubation tube. It can he seen from the results given in Table 12

that the activity appeared to be about equal1y distributed among aU

three :f'ractions. For this reason this 1ine of approach was not

pursued f'urther.

TABLE 12

Dose
Response*Fraction ml·

l 0.2 40
2 0.2 60
3 0.2 35

FIP 0.2 14

Spercent increase in glucose output over untreated slices.

Rendering the starting material alke1ine (pH 9) before :f'reezing

dissolved most of the solid in suspension, however the activity again
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appeared distributed over the various fractions. Attempts to con­

centrate the activity by freezing followed by alcohol precipitation

proved unsuccessful.

4. Fractionation with trich1oroacetic acid:

The addition of trichloroacetic acid (TCA) to FJJ> until a concen­

tration of 5% was reached resulted in the precipitation of' very active

material. Although the supernatant retained some of' the activity it

was decided to fractionate by these means with TCA concentrations

ranging fram 0 to 5%, since this procedure appeared to offer a selec­

tive means of concentrating the active material.

200 ml. FJJ> was chilled in an ice bath to .3-6°C. A 10% solution

of' TCA was then added in five 40 ml. portions frem a dropping funnel

with constant stirring. Each portion was added over a 20 minute period

and stirring continued for another five minutes. During this t:ime a

precipitate formed and was separated by centrifugation. Each precipi­

tate was dissolved in 15 ml. of 0.1 N sodium hydroxide, the pH adjusted

to 6.7 by the addition of dilute HGl and water added to a final volume

of 20 ml. The solutions were then dialyzed for 24 hours against dis­

tilled water in the cold. Five fractions 'Irlere prepared in this manner

at the f'ollowing TCA concentrations expressed in per cent: 1.6, 2.8,

.3.7, 4.4, 5.0. Fraction 1.6 vas f'ound to he by far the most active one

and therefore it was decided to fractionate bet'lrleen 0 and 1.6% TCA

concentrations, and al.so to collect all insoluble material at 5% TCA.

The procedure used in this fractionation was essentially the sarne

as described above, except that fractions were separated not at pre­

fixed TCA levels but at those concentrations at which precipitation
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occurred. As each precipitate formed the mixture was placed in the

cold until precipitation appeared to be complete. The precipitates

vere collected, dissolved, diluted and dialyzed, as described above,

and 0.2 ml. aliquots used for assay. The fractions will be referred

to by the TCA concentrations at which each precipitate formed. The

results of this assayare presented in Table 13, from which it can

be seen that fraction 1.6 is the most active one, containing almost

one balf the total activity found in the four preparations.

Fraction

0.4
1.1
1.6
5.0

TABLE 13

Responselt

3.1
1.8
5.6
2.1

12.6

%Total Activitz FOlUp

25
14
44

..u..
100

~. glucose per gm, fresh tissue, minus control value.

In the course of this preparation i t was observed that after

separating fraction 1.1, further addition of TCA produced no change

until the concentration was approximate1y 1.3%. At this point the

solution became progrel3l3ively more cloudy as the acid was added,untll

a heav;r precipitate flocculated. It vas decided therefore te separate

the material precipitable at a TCA concentration of 1.3% before pro­

ceeding te precipitate fraction 1.6. This was done as follows: to

200 ml. FIP was added 30 ml. 10% TCA over a 10 minute period, as

previously described, and stirring continued for 3 hours. The pre­

cipitate formed was separated by centrifugation, taken up in ~ ml.

of water, wshed vith ether and dialyzed against co1d distil1ed
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water for 48 hours vith repeated changes. This will he referred to

as fraction 1.3 (f-1. 3) • To the supernatant (21.8 ml.) was added 8

ml. 10% TCA over a period of 5 minutes and stiITing continued for 3

hours. Af'ter centrifugation the precipitate vas taken up in z) ml.

of water, washed vith ether and dialyzed against cold distll1ed water

for 48 hours vith repeated changes. This ie fraction 1.6 (f-1.6).

Nitrogen determinations on these fractions yie1ded the

following values:

Fraction mg.N/ml·

FIP
f-1.3
f-1.6
Supernatant from f-1.6

1.62
2.02
0.82
0.92

As a rule 85 to 95% of the nitrogen in FIP vas accounted for,

the values presented above being vithin this range.

Table 14 presents the results of assays conducted on fractions

prepared in this manner. Assays 1 to 3 vere conducted on the same

preparations and Assay 4 on fractions prepared at a 1ater date.

TABLE 14

*
Dose

AssaT No. Fraction ml. l1lIl.N Res'Donse

1 1.3 0.2 0.40 210
1.6 0.2 0.16 2/..0

2 1.3 0.2 0.40 63
1.6 0.2 0.16 51

3 1.3 0.2' 0.40 208
1.6 0.2 0.16 178

4 1.3 0.2 --- 56
1.6 0.2 --- Si..

:i:percent increase in glucose output over unt.reated slices.
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It appears that both these preparations are equal1y active par

unit of volume, but since the nitrogen content of fraction 1.3 is

considerab1y higher than that of fraction 1.6, it lofas decided to use

this latter preparation as starting material for future -purifications.

It was of interest to know whether fraction 1.6 (f-1.6) contained

insulin, and this lofas tested by injecting a diluted and neutralized

solution into rats and determining the b100d sugar concentration before

and 30 minutes after the injection as recommended by Hrubetz (210).

Table 15 presents the results of this experiment, from which it was

conc1uded that f-1.6 was contaminated lofith insuline

TABLE 15

Rat

1
2
3
4

Dose
mg.N

0.5
0.50

Decrease in B100d Sugar
mg.%

33

~
SB

5. Purification of t-L6

When the pH of fraction 1.6 was adjusted to 6.6, a precipitate

formed. This precipitate was co1lected by centrifugation, disso1ved

in dilute alkali, the pH adjusted to 6.1 and enough distilled water

added to make the volume up to the initial volume of t-1.6; this is

fraction 4. The supernatant fiuid after precipitating at pH 6.6 Ls

traction 5, which was found to retain an the activity as shovn by

the representative assay presented under Assay l, Table 6.

The glycageno1ytic activity vas faund ta be best preserved in an

acid medium at 10w temperature , but even under these canditians, the
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various fractions were found to become progressively lees active. It

vas decided to dry' a partially purif'ied preparation in an effort to

preserve the activity. Tvo procedures for drying vere employed:

lyophllization, and bloving air vith a fan on a dialyzing bag con­

taining the solution in question. An aliquot of fraction 4 vas

dialyzed against running tap water for 18 heurs at r>C; the dia-

lyzed solution ia fraction 6. Tvo 5 ml. aliquots of fraction 6 were

dried by the procedures described abave. The aliquot that vas air­

dried yielded 44.4 mg. of a brittle yellovish material; while 56.2-

mg. vere colleeted after lyophilization. These are fractions 7 and

8 respectively, and the results of two dif'ferent ~says conducted on

them appear under Assay 2, Table 16. These results indicate tbat no

appreciable amount of activity vas lost by dialyzing, but that approxi­

mately ane balf the potency disappeared vhen the solution was either

air-dried or lyophilized. Nevertheless dry preparations were

extensively used in the course of this work because of' their genera1

conveniency and etabUity. · It may be of interest to mention that

freezing previously dia1.yzed commerciaJ. insu1in did not marked1y

decrease its glycogenolytic activity.

Purifying f-1.6, as fol1ows, yie1ded a more active preparation

on a veight basis. After removing the materia1 precipitable at a

concentration of 1..3% TCA, f-1.6 was separated by centrifugation and

dissolved in 15 ml. of distilled water (pH 2.5). Sodium hydro~de (O.lN)

was added droprlse until a precipitate formed at pH 4.7. The insoluble

material vas separated by centrifugation and resuspended in 15 ml. of

vatm.- (fraction 9). More dUute alkali 'Ws added to the supematant
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until. the pH reaehed a value of 8.3; no preeipitate appeared and sinee

the activity was destroyed in a1kal:i.ne solutions the pH was not raised

beyond this value. A 5 ml. aliquot of the supernatant vas treated

TABLE 16

Assay Fraction Dose

ml. mg. (2)

Response (1)

1 4 0.2 120
5 0.2 8

2 4 0.2
~:5(3)

100,100
6 0.2 82,102
7 0.2 0.5 46,42
8 0.2 0.5 45.50

(1) Percent inerease in glucose output over untreated sliees
(2) mg/ml. ineubating fiuid
(3) estimated

with dilute hydroeblorie aeid to adjust the pH to 6.4, it vas tben

dial;rzed in the eo1d agamet disti11ed vater for 24 hours vith repeated

changes. After drying at room temperature in an air current , 3.0

mg. of solid vere obtained (fraction 10). Table 17 presents the results

of assays performed on these fractions.

Fraction

TABLE 17

:A:
Dose Response
ml.

1.6
9
10

31,39
22,-7
58,54,33,47

:A:percent inerease in glucose output over untreated slices

It appears fram the figures in this table that fraction 9 vas

inactive, Further, fraction 10 vas about 1~ times as active as f-1.6,
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since the dilution and dosage of both preparations vere identical.

On a veight basis f-10 was approximate1y 10 times as active as

fractions 7 or 8, since a comparable response was obtained vith only

55 pg. per ml. of incubating f1uid.

The Most active fraction obtained in the course of this work

was prepared as shown by the fiov sheet on Figure 2. Fraction 1.6

vas prepared as previoœ1y described. The trich1oroacetic acid vas

then removed by extracting vith ether and the aqueous solution

dialyzed against distilled water in the co1d for ~ days with repeated

changes. The solution had now a pB of 6 and on pro1onged standing at

room temperature (about 8 hours) a precipitate formed. After removing

the solid by centrifugation, further standing at room temperature

brought down a second crop of precipitate. The supernatant is re­

ferred. to as fraction 11 and the combined precipitates as fraction 12.

The first precipitate vas taken up in a vo1UI1lB of distilled water

equal te the volume of fraction 1.6 from which it had precipitated.

The second precipitate vas disso1ved in this solution (pH 5). Addition

of dUute H01 to f-11 until pH 4.3 vas reached produced a precipitate,

f-14, which vas separated by centrifugation. Fraction 13, the super­

natant at pH 4.3, vas immersed in a boiling water bath for 5 minutes

and allowed to stand in the co1d for li hours. At the end of this

time a precipitate had formed; it vas separated by centrifugation and

1abel1ed f-16. The supernatant will be referred to as f-15. Table

18 summarizes the results of assa:rs performed on the active fractions

11,13 and 15; fractions 12,14 and 16 vere found to be inactive. Doses

given on the table are comparable, since a11 fractions vere diluted.

to the same volume.
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Figure 2

Method of Obtaining f-15

TCA~I.3%

TCA---+l.6%

Precipitate

Dissolved H20
Ether vashed
Dialyzed

(pH 6)

Precipitation 20°C.
~----------------1

Boning 5 m1ns.

r-------------------! Cold 90 mins.
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TABLE 18

Assay No. Fraction Dose Response*
ml.

1 1.6 0.1 81
il 0.1 78

2 13 0.1 41
3 13 0.1 31

15 0.1 ?4

*Percent increase in glucose output over untreated slices.

During this procedure c1ean separations of activity vere obtained.

It may be seen from the table tbat there was litt1e Loaa of activit;y

in passing from f-1.6 to f-11, and from f-13 to f-15. Unfortlmately

it is not possible to compare fractions f-11 and f-13 as analyticsl

data are not available.

Fraction 15 vas found to be active at a dose 1evel of 7.1 pg. of

nitrogen par ml. of incubating f1uid and represents the purest fraction

prepared in the course of this study.

6. Miscellaneous Experiments

Since s ome of the fractions that vere prepared marked1y increased

the glucose output of liver slices, it was thought of interest to

study vhat effect they might have on metabolism as refiected by oxygen

uptake and acid formation in vitro. Table 19 presents the results of

exper:1m.ents on the effect of fractions 1.6 and 1.3 on the oxygen

consumption of liver slices incubated in phosphate-buffered saline,

using the Warburg technique. It appears trom these results that neither

f-1.3 nor f-1.6 marked1y affected the oxygen uptake of liver slices,

although both fractions induced an increase in the rate of re1ease of

glucose into the medium.
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TABLE 19

Experiment

1

2

Species

Rat

Rabbit

Treatment

f-1.3
f-1.6

Control

Dose
pg./ml.

400
400

400

O:xygen uptake~
Averan

160,138 149
164,152 158
152'~t 150

*pl .02 consumed /100 mg. fresh tissue /tIJ minutes.

The in vitro· effects of a glycogeno1ytic preparation were studied

with the aid of Dixon-Keilin vessels and differential Summerson mano-

metera, an· apparatus which permits the simultaneous determination of

the oxygen utilized by the tissue, the acid formed under Aerobic

conditions and the Respiratory Quotient. Representative results of

these experiments appear in Table 4).

TABLE 20

Dose Oxygen
(1)

Acid (2)E:xperiment Sœcies Treatment pg./ml. Uptake Formed R.Q,

1* Rat f-1.6 200 126 42 O.tIJ
Control 101 23 0.67

If 102 4) 0.68
2 Rat t-l.6 200 224- 67 0.5.l

Control 131 57 0.44
jt Rat 1"-1.6 2DO 137 13 0.73

" 200 134 6.5 0.72
Control 153 4 0.62

4 Babbit f-1.6 100 71 84 0.49
Cont~ol 4l 43 0.44

5 Rabbit r-r. 100 121 85 0.52

" 100 90 89 0.44
Control 122 44 0.83

Il 80 46 0.69

(1) pl.a2 consumed /100 mg. frash tissue /~ minutes
i2) Acid expressed as pl.e02 evo1ved /100 mg. f'resh tissue /90 minutes

1t0xygen Uptake" and "Acid Formed" values for tIJ minutes.

It can he seen from Table 20 that when liver sIiees were incubated'
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in Ringer-Krebs-Bicarbonate medium, the presence of r-i .s sometimes

induced an increase in the oxygen uptake (Experimenta 2 and 4);

however, the effect vas not constant and in soma experiments either

there vas a sma11 incraase of doubtful s ignificance or no change at

al.L, The action on the reepiratory quotient, in general, appears to

he too smaIl to be significant and it 15 not a consistent effect,

since in some experiments the R.Q. vas slightly raised and in others

somewhat depreeaed, The only consistent effect found was a marked

increase in acid formation, usua11y of the order of 100%. In only

one experiment (#2) vas a sman inorease found, and it ie perhaps

significant that in this instance treatm.ent with f-16 marked1y

increased the o:xygen uptake.

The action on aerobic aoid formation vas aIso found in simple

Warburg experiments in which the composite pressure changes were

plotted against time. Experiment 1 in Table 21 shows that under tbese

conditions, the gas evolution of rabbit 1iver slices incubated for

one hour in bicarbonate medimn vas marked1y increased by r-i ,s, the

diff'erance being 71% higher than the gas evo1ution of untreated slices.

The glucose outpa.t during the incubation (af'ter subtracting the glucose

released during the preincubation period) vas increased by 8.3% under

the influence of f-l.6.

Further investigation showed that the increase in acid formation

round vith f-1.6 vas independent of BllY effect this preparatdon may

have had on the oxygen consumption of the tissue, s ince vhen incubated

anaerobical.ly the slices formed more acid in the presence of f-1.6.

Theae results are illustrated by Experimenta 2 and 3 in Table 21.

"'-,: . ,- : , ~ -- _ . , . , ,,,,- -.,
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TABLE 21

Gas Do e Gas Evo1ution*
Exoeriment Phase Treatment n~./m1. 1I'.Iml. .!veraa

1

1 02 f-1.6 100 -- 52,;8,49 53

control -- -- 26,29,]7 31

2 N2 f-1.6 100 -- 72,72 72

Insulin -- 1 28,21 24-

Insu1.in -- 1 71,92 81
+ f-1.6 100 --
control -- -- 33 33

3 12 f-I.6 100 -- 105,136 120

Insulin -- 1 54,43 51

Insulin -- 1 171,129 133
+ f-1.6 100 --
control -- -- 66,84 75

*Experiment 1: composite pressure changes per 100 mg. fresh tissue per
hour, assuming rise in pressure entire1y due to acid
formation.

Experimenta 2 and 3: pl.C02 evo1ved /100 mg.fresh tissue /120 minutes.

From. the seme experiments it can also he seen that a connnercial

insulin preparation known to he contaminated with HGF did not stimulate

acid formation, but rather depressed it by about ~%, when added to

the medium in a concentration of 1 unit per mU1iliter. When rabbit

1iver sliees were treated with both insu1.in and f-I.6, the acld forma-

tien was increased to the level attained by' r-r.s alone. In view of

these experiments it appears possible that the effect of r-i ,s on

acid formation maY' be due to substance (a) other than HGF.
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No further studies were carried out on the purification of HGF.

Interest was tben focused on searching for this material :ln the urine

of normal human subjects.

7. Preparation and Properties of Crgde Urinary Concent:rates

Specimens of urine were co11ected from normal human subjects

during a 24--hour period and kept in the eold until the colleotion was

comp1eted. The untreated urine was dialyzed against co1d running tap

water for about 18 to 24 heurs, and dialysis continued for 12 to 24­

hours against oold distilled water with repeated changea, This solu­

tion was conoentrated by b10wing air around the suspended dialysing

baga at room temperature • The concentrates from the various baga were

poo1ed, the bags washed with small portions of distilled water, and

the resulting solution (about 100 ml.) lyophilized. The wight of

solid material obtained varied approximate1y from 300 to 700 mg. in

the seventeen concentrates prepared by this procedure.

Wben injected into rabbits these preparations raised the b100d

sugar concentration. Figure 3 show t'Wo representative exper:imente

'Where rabbita received intravenously 20 and 40 mg. of urinary con­

centrate per kilogram of body weight diesolved in 4 ml. of phosphate­

buffered saline. As a rule the blood sugar concentration was increased

by about 70 to 100 mg.% am. the max:imum value was reached ~ ta €iJ

minutes aiter the injection. Table 22 presents the ma.xi:mal blood suga.r

levels observed following the administration of different urinary

concentrates. The figures under "Minutes" indicate the time after

injection at which the maximum response was reached.
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TABLE 22

Experiment Concentrate Dose Maximum B100d St~ar Concentration
msz~/ke:. md Minutes

1 A-9-12-50 42 203 60
2 A-9-12-50 29 172 30
3 A-31-12-50 37 22) 120
4 A-31-12-50 42 192 60
5 A-3-4-51 43 169 30
6 A-3-4-51 43 271 90
7 A-15-7-51 2) 2)6 30

Examination of Table 22 brings out two points of interest. The

doses used to elicit marked hyperglycemia are very much lower than

any previous1y reported in the literature. In Experiment l, for

instance, the total amount of material injeeted was equivalent to 240

ml. of urine eorresponding to less than 3t hours of excretion. Seeondly

the time at whieh hyperglycemia was most marked varied eonsiderab1y,

even for the same preparation, and was possibly dependent on the livet"

glyeogen concentl'ation at the time of the experiment. In general the

hyperglycemie peaks reached at 30 minutes tended to he lower than those

reaebed at a 1ater time.

The possibility that this effect might not be a specifie one was

investigated by administering gelatin and ACTH in the eame manner.

Gelatin at a dose level of 40 mg./kg. produced no change in the blood

sugar. ACTH when given in doses corresponding to 10 or 20 mg. of

Armour' s Standard LA-I-A raised the blood sugar by 25 to 30 mg% only,

as shown in Figure 3. Furthermore, after heating an aqueous solution

of an active preparation at pH 5.5-6 in a boiling water bath for one

hour, it failed to affect the blood sugar level; this is shown in

Figure 3. For these reasons it vas eoncluded that the hyperglycemic
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activity of the urinary concentrates was not a non-specifie one.

The concentrates increased the rate of release of glucose by

rabbit liver slices incubated in vitro. Following the assay procedure

described above, it vas found that the amount of glucose re1eased into

the medium vas roughly proportional to the concentration of urinary

material. From Figure 4 it can be seen that a dose of 600 pg./ml.

e1icited approximately maximal response, while 150 p.g./ml. vas about

half as effective. These aJD.mmts of concentrate correspond to approxi­

mately 1.4 and 0.35 minutes of urinary excretion.

The values in Figure 4 were obtained from a series of 5 rabbits,

and each dot on the graph represents one pair of sliees that agreed

within 15% of each other.

Tbere appears to he no uric acid in these preparations, since

repeated attempts to demonstrate its presence failed. The concentra-

tion of the solution tested vas sufficiently high to allow the detection

of uric acid, aven if it constituted only 1% of the weight of cancentrata.

The nitrogen content of the crude concentratas vas found to be approxi­

matel,. 7%.

Following alkali treatment the material did not completely losa

its ability to stim:u1ate the output of glucose by liver slices in vitro.

The alkali treatment vas carried out as follows: 10 mg. of concantrate

A-9-l2-50 vas dissolved in 25 ml. of 0.08 N sodilDll hydroxide and

shaken at 37°C for 3t hours. The solution vas then neutralized, dialyzed

overnight against distllled water in the cold, and lyophilized. In

order to assay it, the dry material vas dissolved in 20 ml. of phosphate­

buffered. saline, and therefore each milliliter of solution contained

the equivalent of 500 pg. of original concentrate. The results of this

Assay appear in Table 24, under fraction D-27-l2-50.
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The active material was found to he precipitab1e by' ammonium

sulphate. Four milliliters of saturated ammonium sulphate (SAS)

was added dropwise and with stirring to 4 ml. of phosphate-buffered

saline containing 100 mg. of concentrate A-9-12-50. After standing

overnight, a precipitate was separated by centrifugation, disso1ved

in water, dialyzed free of sulphate ion and lyophilized. This will

be referred to as fraction A-27-12-50. To the supernatant, solid

ammonium sulphate was added until an excess remained tmdisso1ved.

The precipitate and the supernatant were separated by centrifugation,

dialyzed and lyophilized. They will be referred to respective1y as

B-27-12-50 and 0-27-12-50. The weight and nitrogen content of each

of these fractions appear in Table 23 and the assay of their potency

in Table 24.

Tbe combined weight of the ammonium sulphate fractions was 68.2

mg.; therefore about 'one third of the original 100 mg. of erude eoncen-

trate are not accounted for, and presumab17 were e1iminated in the

process of dialysis. The nitrogen content of each of these fractions

WB higher than that of the starting material.

Tt can he seen from Table 24 that the material precipit~ted at

half saturation with ammonium sulphate is as active as the original



(1) Incresse in glucose output as mg./gm. tissue (average
of two slices), after subtracting output of untreated
controls.*Corresponds to 500 pg. of concentrate before alkali
treatment.

concentrate on a weight basis, while the precipitate at 100% saturation

retains about half the activity. Little ean be said about the activity

of the materia1 soluble in saturated ammonimn sulphate, since it was

assayed at a dose lower than the other fractions. However this material

appears to be inactive, since by weight it was tested at 1/5 the dose

at which the starting material (A-9-l2-52) responded maximally, and yet

it did not produce a significant increase in glucose output.

The properties of the crude urinary concentrate that have been

investigated may be summarized as follows:

The materia1:

(l) is hyperglycemic when given to rabbits

(2) increases the glucose output of liver slices in vitro

(J) is non-dialysable

(4) is at least partially inactivated by heat

(5) is resistant to mild alkali treatment

(6) is partially precipitable by ammonium sulphate

(7) is frae of urie acid

(8) contains about 7% nitrogen.
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These properties are not incompatible with the interpretation

that the crude urinary concentrate oves its hyperglycemic action to

the presence of' HGF. However this information is f'ar too limited

to draw MY def'inite conclusions on the question. tater experiments

proved that these two hyperglycemic agents are not the same, neither

do tbey appear to have the same mechanism of' action.

The crude urinary concentrate described above appeared to be

very impure, as evidenced by the f'act that a maximal response could

be elicited only with 500-600 pg./ml. incubating fluide It vas

theref'ore decided to attempt extraction of' the urine, in an ef'f'ort

to produce a purer preparation.

8. Further Purification and Investigation of' Urinar:y Hyperglycemic
Factor.

It was found that the addition of' 2 volumes of' 95% ethanol to

natiVe urine, or urine rendered acid or alkaline, precipitated the

active material. The supernatant retained relative1y little activity.

A specimen of' urine was separated into two aliquots of' equal

volume. One aliquot vas dialyzed and lyophilized as described above;

this will be ref'erred to as f'raction A-30-9-51 (250 mg.). The second

aliquot vas f'Utered through Whatman No.2 paper, rendered acid (pH 5)

by the addition of 10% HCl, and 2 volumes of 95% ethanol added dropwise

am with stirring. The mixture ws a1lowed to stand at 4Oc overnight.

The precipitate f'ormed was separated by centrifugation and dissolved

in water, dialyzed as described above and lyophilized. This is f'raction

B-3O-9-51 (150 mg.). The supernatant f'ran the alcohol precipitation

vas similarly dialyzed am lyophilized, but onlya very small amount of

black residue remained after drying, and it vas discarded. The results
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of assays conducted on these fractions are shown on Table 25 under

Assays 1 and 2, from which it can be see that on a weight basds , the

alcohol-precipitatErlmaterial is more active. It can also be sean from

Assay 2 tbat the activity of 50 pg. of the alcohol precipitated material

is about the same as the activity of 400 pog. of the crude preparation.

From this it was concluded tbat vith the aid of alcohol approximately

an eight-fold purification could be effected.

TABLE 25

Dose
Assav Fraction Treatment UJl.l ml. Re

1 A-~-9-51 Dialyzed 150 1.1, 1.1
Lvonhilized

B-3)-9-51 EtoH insoluble 150 2.2• .2.~. 2.1

2 A~30-9-5l Dialyzed 400 4·7, 5.9
LYODhilized

B-3Q-9-'5l EtOH insoluble 1'50 '5.'3. '5.9

" " 50 '5.~. ~.O
ft " 10 1.2. 1.6

.3 a-a-u-si Dialyzed 50 2.0
Lvonhilized

B-2-ll-51 EtOH insoluble 50 .3.6, 4.8
Water soluble

C-2-l1-51 EtOH insoluble 50 .3.2, .3.4
Water soluble

4 A-12-2-52 Dialyzed 200 20.9, 21.2
Lvonhilized

A-2S-2-'52 Ins 01ub1e SAS 200 18.7. 17.9
B-28-2-52 Soluble SAS 200 16•.3, 16.8

* Increase in glucose output as mg./gm. fresh tissue (values of
individual slices), after subtracting output of untreated controls.

In the course of this preparation it vas observed tbat the alcohol

insoluble material did not completely redisBolve in water. Separation



- 112 -

at this stage did not prove advantageous f'or both soluble and insoluble

substances were about equa.lly active. Assay 3 in Table 25 presents

these findings.

Attempts were made to purifY the lyophllized alcohol precipitate

by means of' salt fractionation, but fractions both soluble and insoluble

in saturated ammonium suiphate (SAS) proved to be equa1ly active, as

show by Assay 4, Table 25. Fifteen milligrams of starting material

(A-12-2-52) was dissolved in 15 ml. of water and solid ammonium sulphate

added with stirring at room temperature untu excess solid remained

undissolved. Stirring was continued for 1 hour bafore separating the

precipitate by centrifugation. The precipitate was taken up in water

and both tbis solution and the supernatant fluid dialyzed against

running tap water for 28 hours, and against disti1led water in the cold

for 16 hours. At the end of this time the dialysates were free of'

sulphate and the solutions were lyophilized. The supernatant (B-28-2-52)

yielded 2.1 mg. and the precipitate 2.8 mg. (A-28-2-52).

The presence of uric acid in the alcohol-insoluble, dialyzed and

lyophllized material was investigated. Concentrated solutions of' this

substance (100 mg.%) did not contain detectable amounts of uric acâd ,

Further investigation revealed that the alcohol-insoluble material was

contaminated with this urinary constituent. However, following dialysis

overnight in the cold wi th four changes of dialysate, no uric acid was

detected in the impermeate. It appeared therefore that f'ollowing

alcohol treatment, uric acid could be removed even by relatively short

periods of dialysis, and that the preparations tested were free of

. uric acid. Uric acid added to the incubation medium in concentrations

up to 100 pg./ml. did not stimulate glycogenolysis by liver homogenates,

which responded normally to !PU.
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The amount of material obtained by the alcohol precipitations vas

usually between 50 and 150 mg. per twenty-four hour specimen, and the

nitrogen content vas approximately 5%. The preparations vere negative

ta the Hopldns-Cole test either in solution or in dry form, and the

xanthroproteic test vas also negative. A strongly positive reaction

vas observed in the Millon-Nasse test and a faint blue coloration

vith biuret reagent.

In an effort to standardize the testing procedure, i t was decided

to investigate the tissue glycogen changes during the incubation of

liver slices, vith the view in mind that glycogen changes might be

more consistent than the changes in glucose secretion. It waS found

that under the stimulus of the alcohol precipitate derived from urine

(APU), the mcrease in medium glucose over the output of untreated

slices, llaS sometimes not accompanied by an additional decrease in

liver glycogen; this is shawn by Experiments 1 to J in Table 26. The

total glycogen disappearance, hovever , exceeded by far the total glucose

secreted, and therefore there vas no direct evidence of increased carbo­

hydrate synthesis. In soma instances (Experiments 8-11, Table 26)

glycogen disappearance due to APU was considerably smaller than the

incraase in glucose secretion by the slice.

Only :ln four experiments out of li, (Experiments 4 to 7), ddd

sufficient additional g1.ycogen disappear t 0 account for the rise in

glucose output. The positive differences in Table 26 rapresent an

apparent increase in carbohylirate, and tllis additional glucose presumably

could be derived either t'rom gluconeogenesis or from diminished

utUization of carbohydrate by the tissue. The ability of the tissue
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TABLE 26

E eriment 6 8 10

Glycogen (1)
Decrease -0.6
Glucose ( )
Incresse 2

Difference +2.7 +.0 -10.0 +0.1

(l)mg. glycogen (as glucose)/gm. tissue. Net decrease af'ter subtracting
(2)decrease of untreated slices.

mg. glucose in medium/gm. tissue. Net increase after subtracting
increase of untreated slices.

to increase its glucose output and preserve its glycogen stores either

wholly or in part, could not he correlated with the initial glycogen

content, for it vas found in tissue in which the glycogen at the

beginning of incubation ranged between 3 and 9%.

It was tben considered that possibly the pancreatic and urinary

hyperglycemic factors vere two different substances, perhaps acting

through different mechanisms. Sutherland et al. (154) reported that

HGF did not increase the glucose output of liver homogenates, and. the

present writerfs attempts to demonstrate this effect with erude pan­

creatic extracts confirmed Dr. Sutherland' s findings. It vas decided

therefore to determine what effect, if any, the urinary substance had

on glycogeno1ysis and glucose secretion by 1iver homogenates. A homo-

genate and slices were prepared from the same 1iver and incubated in

the presence of either HGF* or APU; untreated control tissue preparations

were also inoluded in these experiments. The doses tested (10 pg./ml.

of HGF and 100 pg./ml. of APU) had been previously found. ta elicit

approximately the same glucose output. The results of three such

S Kind1y supplied by Eli Lilly Co. of Canada, Toronto.
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experiments appear in Table Z7. Another experiment 1s represented

graphically in Figure 5.

TABLE 27

Slices Homoe:mate
Exneriment Pancreatic Ur ua. "_y Pancreatic Urinarv

Glycogen
1 Decrease (1) -9.6 -4.9 -3.8 -61.6

Glucose ( )
Outout 2 7.9 4.'5 0.6 19.2
Difference -1.7 -0.4 -3.2 -42.4

G1ycogen
-64.0

2
Decrease -7.1 -3.3 -0.6
Glucose
OUtnut 6.8 7.1 0.3 20.'5
Difference -O. '3 +'3.8 -o. '3 -43. '5

G1ycogen

3 Decrease -4.9 -3.4 -2.5 -6S.9
Glucose
Outout 2.4 4.6 0.8 19.7
Difference -2.5 +1.2 -1.7 -J.Cj.?

(l)mg. glycogen (as glucose)/gm. tissue. Net decrease after sub-

( )
tracting decrease of untreated al.Lces ,

2 mg. glucose in medium!gm. tissue. Net increase after subtrac­
ting increase of untreated slices.

Examination of Experimenta 2 and 3 of Table Z7 shows that, although

APU appears to induce only 1imited glycogeno1ys1s in slices, the reason

for this 15 not a deficiency 'on the part of the tissue, for undeœ the

stimulus of HGF greater amounts of glycogen disappeared. In tvo out

of the three experiments presented, the increase in glucose output in-

duced by !PU cannot be accounted for by additional glycogen disappearance.

The inability of HGF to stimulate the glucose output of 1iver homogenates

vas confirmed; APU, on the other hand , induced most vigorous glycogeno1ysis

in homogenates, and under its effect the tissue lost 84 to 91% of the



GLUCOSE

1NCREASE 5

MG./GM.

GLYCOGEN

DECREASE 4

(AS GLUCOSE)

MG.lGM.

- 116 -

PANCREATIC

FACTOR

URINARY

CONCENTRATE

Figure 5 - Medium glucose and tissue glycogen changes after incubation
of rabbit liver slices with urmary concentrate and
pancreatic factor for 60 minutes. The bars represent the
net changes obtained by subtraotmg the values round .for
untreated slices .fram the treated slices.
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initial glyeogen, as opposed to deereases ranging between 4 ard 7%

in sliees treated in the same manner. These experiments show that,

whereas HGF requires intact tissue to stimulate glycogenolysis, APU

is not only capable of indueing 1iver glyeogen breakdown in homogenates,

but i t appears most active when the tissue is in this state. From

these observations it was eoneluded that, in ail probability, the

glyeogeno1ytie substance found in urine is not HGF.

To elueidate the meehanism of action of APU it vas deeided to

study hov it affected the oxygen uptake of Iiver sliees. The results

of these experiments appear in Table 28. In Experiment 1 a erude

urinary eoncentrate vas incubated with rat 1iver sliees. The second

experiment presents the results obtained vhen rabbit 1iver sliees vere

ineubated in the presence of HGF (Lilly) or APU.

TABLE 28
:Il:

Dose Oxygen Uptake
Experiment Species Treatment ug./ml.. Average,

Rat A-15-7-51 500 200, 189 195
1 " 250 234, 234 234

Control 185,180,195 1Cf7

Rabbit B-30-9-51 100 110, 132 121
2 HGF 50 126, 125 126

Control 120,117,108 115

:Il:
pl.02 consumed /100 mg. fresh tissue /'1J minutes.

From these manometric experiments it vas conc1uded that the oxygen

consumption of 1iver slices was not markedly affeeted by APU.

Calcium in a 0.6 mM concentration has been reported to have a

glycogendlytic effect on 1iver slices (211); therefore it vas decided
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to investigate the possibUity that the very active glycogenolysis

elicited by APU in liver homogenates may be due to this ion. Table

29 presents the results found when either slices or homogenate vere

incubated in the presence of calcium (0.6 mM final concentration,

whieh is equal to 24 pg. of calcium per ml.). The sliees were intro-

duced in tubes eontaining the calcium dissolved :in isotonie saline,

and the phosphate butfer was added immediately after. The homogenates

vere prepared in phosphate bu/ferad saline and the calcium, dissolved

in saline, added last. It can be seen from Experiment 1 in this table

that in agreement with Chaput and Heard, calcium vas found to increase

the glucose output of liver slices. However, the same calcium con-

centration had little or no effect on either glycogen breakdown or

glucose release by liver homogenates, as shovn in Experiment 2.

TABLE 29

Tissue Dose Glycogen Glucose
EXIS":iment PreparatiOl1 Trea'bœnt pg./ml. Decrease (1) Increase (2)

• Averaw

APU 20 -- -- 8.9
7.0 8.3

1 Slices 8.9
Calcium 24 -- -- 4.8

3.6 4.1
3.9

APU 200 .36.2 36.2 23·4 22.8
36.2 22.3

2 Homogenate " 20 19.9 19 .9 13.3
13.2 13.2

Calcium 24 0.0 -0.2 1.4 1.4-0.3 1.3

(1)

(2)

mg. glycogen (as glucose) /gm. tissue. Net decrease after subtracting
decrease of untreated slices.
mg. glucose /gm. tissue. Net increase after subtracting increase of
untreated slices.
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It is apparent from the carbohydrate changes in Experiment 2 tbat

calcium did not stimulate glycogeno1ysis by 1iver homogenate, when

added in a concentration at which APU e1icits marked glycogen breakdown.

From these expertments it was concluded that APU does not stimulate

glycogeno1ysis by 1iver homogenates by virtue of any calcium it may

contain, although direct analysis of calcium was not performed.

'Following heat treatment APU preparations failed ta increase the

amount of glucose re1eased by 1iver homogenates. The preparations were

inactivated by heating in a boiling water bath for one hOUT after

dissolving them in phosphate-buffered saline.

In vitro glycogeno1ysis by rabbit liver homogenates was not affected

by a preparation of growth hormone* in doses up to 200 p.g./ml. The

sarne tissue preparation responded to APU in the usual manner.

9. Assay of UrinarY GlICogenolytic Activity and Daily Excretion

by Normal Men

In view of the fact that the urinary extracts were found ta be very

active glycogenolytic agents when testedon 1iver homogenates, it vas

decided ta investigate the pasS ibility of using this tissue preparation

as test objecte

Homogenates prapared from rabbit and rat 1ivers were compared, to

determine which species oost suited the test procedure. At each dose

level 50 mg. of tissue, suspended in 1.2 cl. of phosphate-buffered sal ine,

vas incubated at 370C for one hour, air being the gas phase. From

Table 30 it can he seen that rat liver has low responsiveness and that

* Kind1y given by Dr. R. D. Stewart.
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maximal output is reached vith relatively low doses, thus decreasing

the useful range of the eurve , For these reasons it vas decided to

perform the assays on rabbit liver suspensions.

TABLE 30

Dose

Rat

Rabbit 8.1

The length of the period of incubation vas investigated next.

A rabbit liver suspension vas incubated as described above, in the

presence of 20 and 200 p,g./ml. of active material, and the incubation

vas allowed to proceed for different lengths of time (30, 60 or 90

minutes). The glucose content of the suspension medium was determined,

and the results appear in Figure 6. This graph show that, in an

untreated suspension, only about half of the glucose found at the end

of the experimental periods was actua1ly formed during the incubation,

the remainder having been present at zero time. After 60 minutes of

incubation, the tissue treated with the lover dose (20 pg./ml.) 'Ws

actively releasing glucose, but the tissue incubated in the presence

of 200 pg./ml. of !PU, showed a decreasing rate of glycogenolysis.

At 90 minutes, the higher dose seems to have exhausted the glycogen

substrate, while the rate of glycogenolysis induced by the lover dose

was in the decrease. The changes after the .3O-minute incubation were

quite marked, but the dif'ference between the control tissue and the

preparation treated with 20 pg./ml. was not very great. It was decided
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therefore to perform the assays by incubating the tissue for 60 minutes.

In the course of trial experiments it vas observed that the maximal

glycogen decrease c1ose1y corresponded to the initial concentration of

this substance in the tissue. At doses from 100 to 200 pg. of APU/ml.

of incubating fluid, close to 100% of the initial glycogen disappeared

during a 6O-minute incubation period. Figure 7 shows examples of the

responses obtained W'ith three different animals having different initial

glycogen concentrations. These concentrations are indicated by the

figures in parentheses at the extreme right of each curve , It can be

seen that in each case, under the influence of a sufficient1y high

concentration of !PU, glycogenolysis reduced the glycogen stores to a

value close to zero. The 1iver glycogen content in these rabbits ws

found to be exceedingly variable, and frequently undesirably low values

vere observed. To obviate this difficulty it was decided to pretreat

the animale with glucose to raisetheir carbohydrate stores.

The assay procedure finally adopted was as follows: a rabbit ws

anaesthesized by an intravenous injection of Nembutal, and this ws

followed by 2)% glucose solution (10 ml./kg. body wight) by the Sante

route over a period of approximately 30 minutes. Two hours 1ater the

animal was bled under Nembutal anaesthesia and the liver removed and

coo1ed in ice-cold saline for 15 minutes. A piece of tissue was

blotted dry with filter paper, rapidly cut into slivers, weighed on a

balance (sensitivity! 0.01 gm.) and homogenized in phosphate-buffered

saline. Aliquots of this suspension containing 50 mg. of tissue were

added to tubes (23 x 150 mm.) containing the material under test

dissolved in phosphate-buffered saline, the combined volume being 1.2

ml. Additional tubes were prepared to determine the initial glycogen
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content of the suspension. The tubes were incubated at sr» in a con­

stant temperature water bath provided with a shaking device, which was

adjusted at 120 oscillations per minute. At the end of one hour the

total suspension was treated with 1.2 ml. of 60% potassium hydroxide

and heated over a sma1l flame to dissolve the tissue. Glycogen was

determined by the method referred to above. The response vas calcu­

lated by subtracting the amount of glycogen found in each tube from the

initial glycogen present at zero time. Figure 8 illustrates a typical

assay, and it can be seen that the response is quite linear at dose

levels below 15 p.g. per ml. With each group of unknown extracts

assayed, a series of different concentrations of a reference prepara­

tion were tested and the potency of the unknown material read from a

curve similar to the one shown in Figure 8. A tmit of activity bas

been tentatively defined as the potency of l mg. of the reference

substance.

Using the assay procedure de~cribed above the daily excretion of

glycogenolytic substance has been tested in 24-hour specimens of urine

fram normal human subjects. A simplified method of extraction was

adopted, and it vas expected that by rigorously adhering to it, the

procedure itself would not introduce any variations.

Twenty-four specimens of urine were collected, s o that collection

vould finish with the first morning specimen of the second day. The

urine vas refrigerated during the time of collection. The following

characteristics of the specimen were noted: volume, colour, appearance

and pH; and the sugar, albtnnin and creatinine content determined. A

ID-ml. aliquot of mixed urine was separated and 20 ml. of 95% alcohol
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added ta it after adjusting the pH to 5 with 10% hydroehlorie acdd ,

The mixture was kept in a refrigerator for 4 hours, and was then

centrifuged. The supernatant was discarded and the tube eontaining

the precipitate carefully drained and wlped dry of residual fluide

The preeipitate vas dissolved in a volume of isotonie saline corres-

ponding to 10 minutes of excretion. This volume is calculated as

follows: V x 10, wbere V ls the total volume of urine and 1440 is
1440

the number of minutes in 24 heurs. The solution was dialyzed against

isotonie saline in the cold. Dialysis WaB begun at approximately 4 p.m,

and the saline changed at 9 pvm; , midnight, 3 a.m., 6 a.m. and 9 a sm,

In mid-morning the solution was centrifuged and any insoluble material

present was discarded. A 5-ml. aliquot of the supernatant was dilutad

with an aquaJ.. volume of saline and 2 ml. of 0.11 M phosphate buffer

(pH 7.4) was added , This is dilution A. The phosphate and sodium.

chloride content of this solution are those of phosphata-buffared saline.

This solution was assayed by mixing a 0.7 ml. aliquot with 0.5 m.l.

of tissue suspension (containing 50 mg. of liver) in phosphate-buffered

saline. The extract was also assayed at half this dose level by

diluting an aliquot of dilution A with phosphate-buffered saline and

taking a 0.7 ml. aliquot for the test. Each dilution was assayad in

duplicate.

Using this procedure of extraction a series of 17 specimens from

6 normal men ranging in age from 23 ta 43 years have bean assayed for

glycogenolytic activity. The daily excretlon has been found to vary

approximately from 20 to 200 units, aJ..l specimens but one contained 40

units or more. This aame range of variation was found in 7 specimens
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from the same individual, col1ected at different times over a period

of 9 months. This series of determinations is not extensive enough

to draw any conclusions from it, but it is expected that a 1arger

number of assays might serve ta estab1ish the normal rate of excre­

tian of this material. With this knowledge on hand it would then

he possible to investigate the rate of excretion in diseases invo1ving

derangement of carbohydrate metabolism, and this might he1p to

e1ucidate what rôle, if a:rry, this substance plays in human patho10gy.

D. Discussion

The experiments presented in Part II above can be divided into two

groups: those related to the study of the g1ycogen01ytic material

derived from pancreas; and those directed to e1ucidate what rôle, if

any, this substance p1ays in the regulation of carbohydrate metaba1.ism

in man.

The original project ta study pancreatic HGF called for its puri­

fication from the supernatant of the first isoelectric precipitation

of insulin in the method of Romans, Scott and Fisher (15.3). It was

further plarmed to study in vitro the biochemical properties of the

purified preparation. Only a modest meas ure of success was attained

in this phase of the work, for considerable difficulty was encounterec1

in setting up the assay procedure described by Sutherland et al. (154,

155,161), and as a result the purification work was much de1ayed. The

purest material obtained (fraction 15, p.9S) represented a marked

concentration and purification of the active materia1, since an

appreciable response vas obtained with as litt1e as 7 pg. of nitrogen
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par milliliter of incubating fluide However for purity, this material

can hardly be compared to some of Sutherland r s preparations which

elicited balf-maximal glycogenolytic respanse at dose leve1s under 1

}Ig. of protein par milliliter (161). Fractionatian with trichloroacetic

acid was shown to be an advantageous method of separating HGF from

much of the inactive material. This finding was reported at about tte

seme time as Suther1and's communication appeared, showing that TCA

in a concentration of 1.5% precipitated part of the HGF found in gastric

mucosa , It has been c1aimed (163) that extracting the "15% sodium

clùoride precipitate" of crude insulin in the procedure of ROJIIaI1S et al.

(153) vith SO-90% ethanol, and fractionating the insoluble material

vith 2.5% TCA, produces a precipitate which is hyperglycemic and insulin­

free. Under the conditions of the experiments reported here, it vas

found that the glycogeno1ytic material that precipitated from FIP at

a concentration of 1.6% was contaminated vith insulin.

Thus it can be seen from these studies that HGF could he concen­

trated and partia11y purified from FIP, a waste product of insulin

preparation, by a procedure different from those commonly used to pre­

pare insuline The active material vas further shawn to be stable for

many months after dialysis and 1yophilization.

The in vitro metabolic studies showed but one consistent and

pronounced effect, an increase in acid formation by liver slices

incubated under aerobic or anaerobic conditions. The significance of

this observation is questionable, since an insulin preparation that

had been shown to be contaminated with HGF, did not elicit this effect.

This makes it seern likely that the increased acid production is due to

sorne contaminant in the preparations tested.
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The search for HGF in the urine of normal human subjects was not

successful. A hyperglycemic, glycogenolytic preparation was obtained

from urine, but it does not appear to be HGF, though sharing some

properties with it. The best evidence of non-identity is the ability

of the urinary material to vigorously stimulate glycogenolysis by liver

homogenates, a property not sbared by HGF. On the positive side, it

can he claimed that a naturally-occurring hyperglycemic-glycogenOlytic

substance bas been found in the urine of normal men and women. This

substance does not appear to be epinephrine which, like HGF, requires

intact cellular structure to elicit glycogenolysis in vitro (166).

The urinary preparations were shown to he free of urie acdd , a sub­

stance previously shown to he hyperglycemic when injected into rabbits

(188). Furthermore, uric acid did not promote glycogenolysis by liver

homogenates under the conditions used to test APU activity. The

addition of calcium also failed to markedly affect glycogenolysis by

liver homogenates, and it was concluded, therefore, that APU did not

act by virtue of contamination with this ion. The test object used to

assay APU also failed to respond to growth hormone, which when highly

purified has been shawn to he diabetogenic in the dog (212), and in

the rat when combined with ACTH (213). The identity of the active

materia1 in !PU remaills unknown, but a few possibilities seern to bave

been ruled out.

Besides being precipitable by the addition of alcohol to acidified

urdne , crude preparations of the active substance derived from urine

have been found to be non-dialysable, partially precipitable by ammon~um

sulphate, resistant to mUd alkali treatment, heat-labile, soluble: in

water and isotonie saline, and to give positive tests in MUlon-Nasse
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and biuret co1our reactions.

Nothing can he said as to its origin, or concerning what its

physiological significance may be. The dai1y excretion by a few norm.a.l

men bas usually been found to be equivalent to 40 to 200 mg. of a

reference preparation.

The mechanism of action of APU remains obscure, but some obser­

vations described above deserve to be commented on. In this respect

the most salient result is the difference in hehaviour between 1iver

sliees and homogenates incubated in the presence of APU. In slices

the maximal glucose response to !PU was a moderate one and considerable

amounts of glycogen remained in the tissue at the end of incubation;

while in homogenates the only limitation to the increase in glycogeno1y­

sis appeared to be the amount of glycogen present, since a sufficiently

high concentration of APU invariab1y resulted in almost complete

disappearance of glycogen. It is therefore necessary in discussing

the action of APU on glycogenolysis in vitro to distinguish between

these two tissue preparations, and to consider the possibility that

the difference in response may be due to more than one substance present

in the crude extract. The results presented above appear to justify

the statement that APU is a very actdve glycogenolytic agent when tested

on liver suspensions.

When it comes to interpreting its action on 1iver slices, however,

the situation is not quite as we11 def'Lned , Evidence was presented

to show that the increase in glucose secretion by the slice was not

alwa.ys accompanied by a concomitant decrease in glycogen. This obser­

vation may he explained by assuming that in the presence of APU,
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either the tissue was synthesizing earbohydrate more aetively, or else

that the sliee utilized a smaller proportion of the glyeogen broken

down. In the event of this last posaibility it must be further assumed

that, if !PU inhibited carbohydrate utllization by the sliee, it did

so in a manner which did not disturb the overall oxidative proceases,

as refiected by the oxygen consumption of the tissue. However, no

experiments were carried out to investigate what action APU ma.y bave

on gluconeogenesis. The elueidation of the mechanism of action of

APU must await 1'urther experimentation , but the resulta presented above

indlcate that lts mode of action, in homogenates at least, ls unlike

that of HGF and epinephrine. However, the writer feels that this

aspect of the investigation ls secondary to the question of whether

!PU plays a raIe in human physlo10gy.
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GENERAL SUMMARY

1. The rôle of the pituitary-adrenal system in the pathogenesis

of the diseases of adaptation is reviewed, and the evidence pointing

to a hormonal regulation of corticotrophin secretion is presented.

2. Experiments are described 'With the object of showing that

stimulation of the adrenal cortex is possible even in the presence

of excessive amounts of cortical secretion, and the implications of

these results are discussed.

J. The effect of dietary protein on the responsiveness of the

adrenal cortex is discussed.

4. Experiments are described indicating that:

(a) a JO%-protein diet stimulates adrenal regeneration,

following unilateral adrenalectomy, to a greater degree

than a l5%-protein diet;

(b) rats pretreated with a .3O%-protein diet give a greater

adrenal ascorbic acid response to acute stress, than

animals receiving a l5%-protein regime;

(c) the protein content of the diets studied does not affect

the adrenal response of the hypophysectomized rat to

exogenous ACTH.

5. A hypothetical explanation of these reaulta is advanced and

ddacuased ,

6. The evidence pointing to the existance of a pancreatic hyper­

glycemic glycogenolytic factor Ls collected and discussed.

7. Previous investigations in which it is claimed that urine

contains a hyperglycemic factor are reviewed.
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8. Experiments are presented showing a procedure to concentrate

and partia11y purify HGF from a waste product of the preparation of

insuline An assay procedure is described, and in vitro manometric

studies are presented.

9. Experiments describing attempts to show the presence of HGF

in urine are reported.

10. Experimental evidence is presented aiming ta show that a new

hyperglycemic glycogeno1yt,ic substance i8 present in urine. This

material has the following properties: non-dialysab1e, heat-1abile,

resistant ta mi1d alkali treatment, partial1y precipitab1e by ammonium

sulphate, soluble in water and isotonie saline, free of uric acid,

precipitab1e from acidified urine .by addition of two volumes of ethano1,

and gives positive tests in Mil1on-Nasse and biuret co1our reactions.

11. The activity of this material does not appear to be exerted

by contaminants such as: HGF, epinephrine, uric acid, calcium ion

or growth hormone.

12. A method of assay is described and a procedure to determ~œ

the daily urinary output is presented. Figures are given showing the

24-hour excretion of this substance by normal men ta be generally

between 40 and 200 units. A unit of activity is tentative1y defined

as the activity found in 1 mg. of a standard reference substance.

1,3. The possible mechanisms of action of this material are

discussed.
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SUMMARY OF ORIaINAL WORK PRESENTED
- -

1. Experiments are presented wi.th the sim of showing that the

pituitary-adrenal system responds to stress even in the presence of

high concentrations of cortical hormone. It was conc1uded from

these results that the concentration of circulating cortical hormone

cannot be the only mechanism responsib1e for the regulation of

adrenocortical activity. These observations have been reported (213).

2. Experiments are reported showing that relatively small

deviations from the normal diet of the rat influence the responsive­

ness of the pituitary-adrenal system. A 3O%-protein diet vas found.

to be more effective than a 15%-protein regime in:

(a) stimulating adrenal regeneration fo11owing unilateral

adrenalectomy,

(b) eliciting adrenal response following acute stress.

The protein content of the diet, however, did not affect the adrenal

response of hypophysectomized rats to exogenous ACTH, indicating that

dietary protein does not act directly on the adrenal cortex. These

experiments have been published (214).

3. A method of concentrating and partial1y purifying HGF from

a waste product of insulin preparation is presented, together with

results of in vitro manometric studies carried out on one of the

fractions obtained.

4. Experiments are reported showing the presence of a hyper-

glycemic glycogenolytic substance in urine. Evidence is presented

to show that this substance is not one of the knovn , .nat urall y- occurring
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glyeogenolytie agents. This material bas been shovn to have the

following properties:

(a) non-dialyzable

(b) heat labile

(e) resistant to mild alkali treatment

(d) preeipitable from aeidified urine by ethanol

(e) partially preeipitable by annnonium sulphate

(f) soluble in water and isotonie saline

(g) urie aeid-free

(h) gives positive Millon-Nasse test

(i) gives positive biuret test.

An assay procedure is presented and the daily exeretion by normal

men reported.
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