
EXPERIMENTAL STUDIES OF THE EFFECTS OF 

CATECHOL AMINES ON GASTRIC SECRETION 

by 

Gertrude N. Prohaska, M.D. 

A thesis submitted to t h e Faculty of Graduate Studie s 
and Rese a rch in partial fulfilment of the requirements for 
a degree of Master of Science. 

Department of E xperimental Surge r y, 
M c Gi ll University , 
Montreal. A ugust, 1961. 



PREFACE 

A tremendous expansion of the investigation of 

the adrenergic mechanisms can be observed in recent years. 

This is undoubtedly due to the fact that the importance of 

the catechol amines in many physiological functions is 

realized to an increasing extent, as well as to the pursuing 

of the studies of the basic nature of chemical transmission. 

One must indeed agree with the statement of Sir Henry Dale, 

the discoverer of the action of adrenaline, that it is 

heartenine to see such a recognition and accelerated 

extension of studies in this fascinating subject. 

This development coincided with the recent 

reactivation of the investigation of gastric secretion. To 

use the words of Dr. D.R. Webster, Director of the Department 

of Experimental Surgery, McGill University: ''He have been 

living on the Pavlovian principles for many years and 

it is time that the older results were re-examined in 

the light of modern methods of research. 11 The eff'ects 

of Adrenaline and sympathetic nerve stimulation on gastric 

secretion have been studied at McGill by the late 

Professer B.P. Babkin and his co-workers, who have 

observed many principle facts of their action. Because 

of this tradition in our laboratory, as well as my 

personal interest, I have gladly followed the suggestion 

of Dr. Stanley C. Skoryna, Director of the Gastro-Intestinal 
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Research Laboratory at McGill University, to undertake 

the investieation of the effects of catechol amines on 

gastric secretion. The availability of many compounds, 

which affect both catechol amines and gastric secretion 

and which we~e not obtainable before, made this sugGestion 

even more challen~ing. I wish to thank Dr. Skoryna 

sincerely for his constant encouragement, supervision 

and guidance in carrying out this project. Without this 

the work could not have been completed. In the initial 

period of studies many difficulties have been encountered, 

particularly with reference to establishment of a satBfactory 

method of estimation of catechol amine levels. During 

this period I was greatly helped by the suggestions of 

Dr. B. G. Benfey, Assistant Professer of Pharmacology, 

and Dr. Sourkes of the Research La bora tory of the Allan 

Memorial Institute. These difficulties were finally over­

come with the advice from Dr. R. Hobkirk, Assistant 

Director of the Medical University Clinic of the Montreal 

General Hospital, who has kindly offered full co-operation 

in establishing of the use of catechol amine estimation 

in our laboratory. Mr. P. 1. Rojowski, M. Sc., has then 

added sorne modification and carried out all catechol 

amine estimations, for which he is sincerely thanked, 

particularly in view of the great deal of time he spent 

in perfecting the methods used. 
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Dr. D. R. Webster, Professor of Surgery and 

Surgeon-in-Chief of the Royal Victoria Hospital, is 

thanked for offering the facilities of the Department 

of Experimental Surgery as well as t hose of the Sure;ical 

University Clinic at the Royal Victoria Hospital, during 

the investigation of clinical cases. Although the 

clinical results are not presented here, their initiation 

will be undoubtedly of value for future workers in this 

field. 

Dr. Martin M. Hoffman, Consultant of the Laboratory, 

Dr. R. D. McKenna, Assistant Professor of Medicine, 

Dr. Schaffenburg of the Ci ba Foundation and Dr. v!illiam 

T. Irvine of London, England, have offered generously 

their advice and help during discussions of the subject 

and research studies. 

To Dr. F. c. Mcintosh, Professor of Physiology, the 

author is ereatly indebted for his stimulating teaching 

of physiology, which induced the author to study this 

subject in more detail than ever before. Dr. D. M. Edward 

was most helpful with numerous suggesti~ns on the bio­

chemical methods used. 

The inestimable help of Miss Anne ~Tatkins, Chief 

Biochemistry Tectnician, in carrying out accurately the 

estimation of eastric secretory components, and being 

most helpful in many other ways, is deeply appreciated. 
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I~. Michael Farrell, Mr. James Byers and V~. Serge 

Podymow have a ssisted the author in carrying out the 

numerous experimental surgical procedures (over 2,000 

operations have been done) and care of the experimental 

animals. Miss Unni Mttrer, Secretary of the Department, 

was most kind in carrying out of the correspondence 

on the subjectant ordering the laboratory supplies for 

the operation. She also contributed by her cheerful 

personality tot he atmosphere of friendship in the 

Department, which made the ups and downs of research work 

look easy. It was a pleasure to spend these two years 

of study with Drs. Beaudry, Wekselman, r.trakhani 
1 

Duaky, 

Wright, McSweeney, Rodriguez, Makonnen and ~~. Pierre 
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CHAPTER I 

INTRODUCTION 

The physiology of catechol amines bas been 

subject to intensive investigations ever since it was 

recognized or more precisely postu1ated that differences 

exist in the nature and actions of Adrenaline and its 

demetylated precursor the Noradrenaline. 

There are indeed fe1-v- subjects in physiology 

which have been studied and given rise to more contro­

versies. Part of the confusion which arose was probably 

due to different nomenclature of authors and compounds 

studied; part of it was undoubted1y due to the mu1ti­

plicity of actions and variability of effects under 

different experimental conditions. Over forty years 

have passed before Noradrenaline, v-rhich was synthetized 

by Holz (1904) was demonstrated by U.S. von Euler, as 

the active substance of adrenergic nerve fibres, 

Sir Henry Dale and his co-worker George Barger were 

first to describe the action of sympathomimetic amines 

in 1910. 

Numerous investigations have followed, but 

the great advances only began after 1946 - 1948, when 

U.S. von Euler demonstrated that Noradrenaline is the 

adrenergic transmitter. He first obtained definite 



2 

evidence of various actions of sympathicomimetic subs­

tances and this formed the basis for the rapid expansion 

of knowledge in this field. 

The following thesis does not claim to be 

complete, with respect to the more recent findings. In 

many cases the evidence available is neither definite 

nor has it been verified by independent groups of 

investigators. The emphasis has been laid on the effects 

of metabolic products which also affect gastric secretion 

and therefore, are of particular interest in the studies 

of their relationship. 



3 

CHAPTER II 

CHEMISTRY AND FORMATION OF CATECHOL AMINES 

Both adrenaline and noradrenaline originate 

from the amino-acid Tyrosin. The following steps in the 

formation of catechol amines in man have been demonstrated 

by Blashko (1939). 

1111 -t'II; ·-CII-\:11~ 

1[~' 

1 
t':oon 

Tyn•,..in•• 
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li ll - t 'li : 4 '11 -- :\ 11 

If t l 
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1] 11 

\ •l••·u:1iitw 
1/ ., •. , ,., .,, ,,.,, ,, .. ,,·,,,., ,,/, .......... : • . 1 . .,;.,. • • ,. 

In sorne species such as the octopus the 

formation of catechol amines begins with Tyrosin, with the 

difference, that the second phenolic nydrogen group is 

introduced. (Blaschke 1959). 
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Another possible mode of C.A. formation is 

by branching off from the main pathway. 

We have to consider the fact that Dopamine 

is also undergoing 0 - Methylation. There-

fore the occurence of a compound closely rel-

ated to Mescaline might be expected and its 

metabolism through partial demetylation, which 

is known to occur in the human body, rësults in 

the following compounds: (Clark 1959) 

·. 1· 1 • )ftO 
.~ 

llO( \,-CI!_- 1 11 \ , : 

)feO 
/:-

HO<' :- C il - ~ ·~~ ---~ il-< ' 11- C'O OI! 
\~ -

11 0 ( 11.-l l/.-- <' " ' i l_ 

It ha s been proved recently {Clark,l959), 

tha t all the pl a sma oxydases a ct on 

l-lescaline. 
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The latest findings concerning the 

formation of C.A. are described by Strauss 

and Wurm (1960). These authors claim that 

the two precursors of catechol ru~ines are 

Phenylala~ine and Tyrosine, both derived 

from dietary proteins. 

'.:. 

Through a series of enzymatic reactions, 

namely by decarboxylation, oxydation and 

deamination, which occur mostly in the 

liver and the kidneys, they are trans­

formed to Dihydroxyphenyialamine,(Dopa) 

and Dihydroxyphenylethylamine(Dopamine). 

The conversion to Noradrenaline takes 

place in the sympathetic nervous system, as 

well as in the adrenal medulla. Further 
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methylation which results in adrenaline formation, occurs 

only in the adrenal medulla and possibly in the extramedullary 

pheochrom system. Methyl donors for the latter process are 

mainly S-adenosylmethionine which also derive from alimentary 

sources. {Blaschko 194$). 

U.S. von Euler and Hamberg (1950) have studied 

the ultraviolet absorption curve and the X-ray diffraction 

pattern of Noradrenaline. The absorption curves of synthetic 

and isolated Noradrenaline in water containfug one equivalent 

of hydrochloric a~id, was depicted by these investigators • ....._ ____ ____ .. ·-· - · --- ··- · .... . ·---- •. -- .. -- . 
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.1l• ·111 J, , d, , ,.Jdo•li< o~ c id . ' "'· lkn.~strii111 . l ' :-.. \ . 
Lnl• ·• .u ul 1 ! l.uu l~~. · t~ . , /.1" /•ln ,,.,/_ •utlld!lut!' , _'YJ; III\. 

1' 1; 111 

Absorption curve of synthetic ( •.. )and 

isolated (ooo) Noradrenaline in water containing one 

equivalent hydrochloric acid. 
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X-Ray diffraction patterns of isolated (A) and 

synthetic (B) Noradrenaline. C is Adrenaline. 



The colorimetrie methods were studied by 

U.S.von Euler and Hamberg (1949) and are based on 

the forrnation of Noradrenochrome and .Adrenochrome. 

Since Noradrenaline and Adrenaline occur in the 

animal tissues in a variable mixture, the adreno­

chrome formation is complete, when iodine is allowed 

to act for 90 seconds at pH 4.0. Only 10% of Nor­

adrenaline is formed with the same tissue and under 

the same circumstances. A 3 minute treatment with 

iodine at pH 6.0 produces the maximal formations of 

Noradrenochrome and Adrenochrome. 

The wave length 529 mu in a photometer indicates 

the presence of Noradrenochrome at pH 4.0. Adreno­

chrome data are similar on oxydation at pH 4.0 and 

pH 6.0 at the wave length of 529 mu. The molecular 

weight of Noradrenaline was found to be 169,18 as 

compared to Adrenaline 183,20 • Racemisation was 

studied by B.F.Tullar (1948) for Arterenol and by 

Kisbye and Schon (1948) for Noradrenaline. 

B.F.Tullar (1948) found that d - arterenol is almost 

quantitatively converted to its methylether by evapo­

ration in vacuo; a solution of t he hydrochloride in 

methanol suggested that ether formation occurs during 

resolution attempt in an hydrous alcohol. 
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Resoluti8n of d-arterenol and aminoethyl l - 3, 4 di­

hydroxy-benzyl-alcohol has been described recently, as 

well as characteristics of active 1-isomers. Only 1-art­

erenol forms a hydrated salt with d-tartaric acid in 

aqueous alcohol solution:d-arterenol-d-tartrate. 

D-arterenol-d-tartra te crystallized twice from 

aqueous solution and from 95; methanol is converted ta 

the free bases by treatment with amin-hydroxide. The 

hydrochlorides w~re prepared by disolving the base in 

isopropanol with sorne HCl and crystallized by cooling. 
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CHAPTER III 

STORAGE AND RELEASE OF CATECHOL AMINES 

1. Storage 

Adrenaline and Noradrenaline are the primary 

catechol amines of the blood. They can be found equally 

distributed in the blood corpuscles as well as in the 

plasma. They are also stored in the blood platelets. The 

concentration of catechol amines in the blood was contro­

versial for a considerable period of time. At present it 

is generally agreed, that the mean content averages 1 mcrg. 

of combined catechol amines per liter of serum. The main 

site of storage of catechol amines is the adrenal medulla. 

Schumann found that the medullary granules, the organelles 

of 50 - 90 mu in diameter with a real membrane, contain · 

the following constituents: l.ATP (adenosine triphosphate). 

2.catechol amines. J. a protein. 4. water. Schumann and 

P. Hagen (1959) claim that there are two types of granula; 

lighter and heavier ones containing Adrenaline or Noradrena­

line. Schumann and Hagen postulated, that Adenosine 

triphosphate was alway present with catechol amines. 

ATP and catechol amines were thought to represent the main 

weight of the dry adrenal (medullary) granula, found in 
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vivo in an ina ctive mo1ar suspension neutralizing each 

ethers charges (Hillarp and hagen 1959). The proport­

ion to each ether is about 4:1 (C.A. 4, ATP. 1) in 

humans and rats, 7:1 in chickens. 

It is known, that the hydroxylation of Dopa­

mine to Noradrenaline takes place in the large granule 

fraction of the adrenal medulla. It is not certain, 

whether the methylation of Noradrenaline to Adrenaline 

takes place inside or outside the granula or during 

the transport from one organelle to the ether. Schumann 

could show in many experiments, that the granular 

membrane is permeable to ATP, catechol amines, water, 

potassium, chlorides and sucrose. 

Fortier and Leduc (1957) claim that besides the 

four main consti tuents of the medullary granules, there 

were also Atipase and Succinicoxydase found, the function 

of which is not clarified. 

Bes ides the adrenal medulla, Noradrenaline is 

stored in the sympathetic ganglia and the post gang­

lionic sympathetic nerve fibres. The distribution of 

catecho l amines in various organs differ. The mucosa 

of tthe gastro-intes tinal tract contains almost exclus­

ively Dopamine, 99~ of the total body content. This 
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seems to be related ta the absorption of phenylalamine 

and tyrosine from the intestinal tract. Dopamine is 

a conversiJn product of these amines. To our know­

ledge the estimation of ~oradrenaline and adrenaline 

content of the gastro-intestinal wall has not been 

carried out up ta the present time, although such 

studies might be of considerable importance. 

The brain and the sympathetic nerve cells con­

tain almost equal proportions of ~oradrenaline and 

Dopamine • The lungs store high amounts of Dopamine 

as well as the liver and the kidneys. This would 

confirm the theory of transformation of the primary 

a~:ünes Tyrosine and PhenyLüamine ta Dopa and Dopa­

mine mainly in the liver but also in the kidneys. 

It could be also proved by the fact that these two 

organs especially c8ntain high amounts of Dopa­

decarboxylase, wl1ich is necessary for the decarbo­

xylation of Dopa ta Do:;:>amine (tioltz 1959). rl.Ilother 

specifie localisatlon o~ Dopamine is the L~lanchnic 

nerves, where it represents a ha.lf of the total 

catechol amines. 

,:.part from the function as a precursor of 

Noradrenaline and Adrenaline, the role of Dopmnine 

is not well understood. One could postulate, that 
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the high amount of Dopamine stored in the intestinal tract 

could function there as a local hormone. 

2. Release of Catechol Amines 

The release of catechol amines is a complex 

process. It may be brought upon by various conditions whenever 

the metabolic needs of the tissues are increased. The physio­

logical factors increasing the release of catechol amines are 

muscular exercise, the ingestion of certain foods such as 

bananas and thyroxin-containing materials. The well known 

Cannon reflex which cause high output of Noradrenaline into 

the system occurs frequently in every day life of animals 

and probably in humans too. 

As pathological factors increasing catechol amine 

release can be enumerated the development of pheochromocytoma, 

stress, various mental disorders, Cushing's disease, thyroid­

toxicosis, jaundice, lymphoma, hemolytic disease, renal disease, 

coronary thrombosis and administration of various drugs. 

The main pathway of the release of catechol amines 

from adrenal medulla is mediated through stimulation of the 

splanchnic nerves. Central or· reflex stimulation causing the 

liberation of catechol amines from the adrenal medulla are 

factors like stress, anoxia or sudden excitement. 

This centrally located stimuli probably reach the 
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adrenal medulla and the sympathetic nerve fibres through 

the spinal cord. Insulin hypoglycemi~ also is known to 

cause release of C.A. from the adrenals through direct 

action on the hypothalamus. For instance electric stim­

ulations of the hypothalamus or the cerebral cortex cause 

the release of C.A. into the adrenal venous blood. 

Adrenergic neurones release probably mainly or ex­

clusively Noradrenaline. The Dopamine present in sympa­

thetic nerves is possibly liberated as well but there ia 

no evidence available at present. Whether Dopamine serves 

only as precursor or as supply for Noradrenaline, or 

whether it has a function of its own is not known. . Sympa­

thetic nerve cells and the chromaffin cella of the adrenal 

medulla are embryologically deEived from the same precur­

sor cella, tberefore the pharmacological effect of certain 

drugs on adrenal medulla as well as on the sympathetic 

nerves are the same. 

Drugs like Acetyl choline, choline, nicotine, 

lobeline, potassium chloride, pilocarpine, tetramethyl­

ammonium, histamine, morphine,veratrum alkaloids and 

serotonin cause the release of C.A. from adrenal medulla 

and the sympathetic nerve fibres, On the other hand there 

are a few differences in action of cyanides and anoxia on 

sympathetic nerve fibres and the adrenal medulla, 



15 

Bath anoxia and cyanides cause a catechol amine release 

from the adrenal medulla, but not from the syrnpathetic 

nerve fibres. 

Antihistamines are also knovm to stiüiulate the 

release of C.A. from the adrenal medulla but at the sarne 

tirne they depress the excitability of sympathetic ganglion 

cells. 

In the past years Reserpine ha s been found to be 

the most effective drug in depleation of C.A. from the 

adrenal medulla, the spnpathetic nerves, the heart and 

the brain. 

It seems that this disappearance of C.A. from the 

above mentioned organs is more likely caused by a release 

of the amines from chromaffin tissue, t i1an by inhibition 

of synt.hesis. 

The mechanisrn of release is not knOMl. It may be 

so intensive , that it coula interfere with the trans­

mission of nerve impulse to the effector organs. In 

experimenta carried out by Coupland (1959) transplant­

ations into the anterior eye chamber of adrenal tissue 

previously dep.leted of C.A. by Reserpine, shmved a lag 

period of 7 - 21 days until the normal levels of C.A. 
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were restored in the depleted adrenal tissue. 

Sorne authors as J.A.Rider, H.C.1·1Ioeller, J.O.Gibb 

(1959) claim that the action of Reserpine is a direct 

one, causing depression on the hypothalamus. Latest 

results show that Reserpine has a biphasic action, 

central as well as peripheral, causing for instance an 

increase in gastric secretion which again is supposed 

to be in connection with the release of serotonin. 

Nicotine, specificly causes, release of Nor­

adrenaline from the adrenal medulla (P.Hagen 1959) 

without affecting Adrenaline release. 

At present it is not possible to determine 

whether there is a selective release of Adrenaline or 

Noradrenaline, except a few drugs like Nicotine etc. on 

central stimulation, since the amount released are very 

small and the bio-assays are based on mixtures of the 

C.À. in adrenal venous blood. But t here is evidence 

that the proportions of Adrenaline and Noradrenaline 

in the adrenal venous blood are the same as i n the 

adrenals. 
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CHAPTER IV 

METABOLISM OF C~TECHOL AMINES 

1. General Aspects 

The metabolism of Epinephrine and Norepinephrine 

has been studied by numerous investigators. The principal 

data are available from the work of Armstrong, McMillan and 

Shaw (1957), and Axelrod (1957) in human subjects and in the rat. 

It has been shown that epi nephrine and norepinephrine are 

metabolized by a combination of 0-methylation and oxydative 

deamination. The following major metabolic components are 

produced: 3-methoxy-4-hydroxy mandelic acid (VMA), the 

3-methoxy analogues of the amines like Metanephrine and 

Normetanephrine and 3,4-dihydroxy mandelic ~cid (DMA). 

0-Methylation. Armstrong (1957) has found, that 

3-methoxy-4-hydroxy-mandelic acid is an important constituent 

of human urine. The levels of this compound have been found to 

be markedly increased after infusion of norepinephrine a s well 

as in patients with pheochromocytoma. In the l atter group 

high levels of Normetanephrine have been also discovered, 

either in free or conjugated form. Thes e observations appear 

to indicate, that 0-methylation f orms an important pathway 

in the metabolism of catechol amines in man and the rat. 

Similar studies have been carried out using radio­

active Epi nephrine , (la Brosse , Axelrod, Kety 1958). These authors 

have found, that from 90% of the excreted radioactive E. in man, 
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5 5;G was identified as metanephrine, 307; as Vl\'i..A and less than 

3~o was 3, 4-dihydroxymandelic a cid (DivJ.A). 

In the rat Axelrod (1957), later Axelrod, Inscoe, Senok 

and 'J'li tkop (1958 a & b) found, that administration of tritium 

labeled E. results in appearance of high levels of synthetic 

metanephrine in the urine. Approximately 87% of the E. which 

was administered i.p. was recovered within 24 hours in the urine. 

The propertions of the metabolites of C.A. were as follows: 

metanephrine and normetanephrine: 557~, VIviA:l2;0, Dlv1A:traces only. 

The main end products of 0-methylation are metanephrine 

and normetanephrine. When radioactive metanepi1rine was admin­

istered to the rat, the same amount of metanephrine could be 

recovered in the urine whithin 24 hours in both free and con­

jugated forms. rli:etanephrine and normetanephrine were found 

physiologically in the rat urine and in certain tissues, 

(Axelrod 1957, Axelrod, Senok and Witkop 1958), like the spleen 

and the adrenal glands. In the urine there is more normeta­

nephrine present than metanephrine. The adrenals contain about 

equal quantities of both, while the spleen shows only evidence 

of normetanephrine. The physiological activity of these meta­

bolites are very weak in comparison with the unmethoxylated 

hormones epinephrine and norepinephrine, as shown by adminis­

tration to man.. This proves that 0-methylation of C.A. is an 

inactivation process. 
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Deamination is the process in which the 0-methylation 

metabolites are further transformed to their end products. 

In this transformation monoamine oxidase seems to be involved. 

l\llany investigators (Corn and Graham 1957, Friend, Zileli, 

Hamilton and Reuther 1958, Griesemer, Barsley, Dragstedt, Wells 

and Zeller l953,and Kamijo, Koelle and Wagner 1955) claim, that 

direct deamination of C.A. by rnonoarnine oxidase plays only a 

srnall part in the inactivation of C.A. 

Richter (1940) observed, that a large pg.rt of orall y 
-

ingested epinephrine appeared in the urine as sulfoconjugates. 

Schayer (1951) on the other hand has demonstrated in the rat, 

that only small quantities of injected epinephrine was excreted 

as a conjugate in the urine. Armstrong and co-workers (1957) 

have shown, that an important metabolite of norepinephrine in 

man was the 3-methoxy-4-hydroxymandelic acid,(~v~). From these 

findings Armstrong (1957) suggested three possible v-rays of meta­

bolism of C.A. 1. Deamination of the amines followed by 0-methy-

lation; 2. 0-methylation preceding deamination; 3. Both reactions 

at the same time. 

Studies on urinary excretion in rats, using labeled meta ­

nephrine injected i.p. and recovered within 24 hours, demonstrat­

ed the presence of metanephrine in f ree and conjugated forrns 

and VMA. Similar findings were obt3.ined in animals injected 

with labeled epinephrine. 
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These findings indicate, that most of the VJ.viA recovered 

in the urine results from the deamination of metanephrine in the 

rat. 

The deamination was also studied by observation of the 

effects of inhibition of monoarnine oxidase through iproniazid. 

In rats pretreated with iproniazid almost all of the aillninis­

tered epinephrine or metanephrine was excreted as free or con­

jugated metanephrine. The usual amount of Vlvill was markedly 

reduced. 

This seems to indicate that monoamine oxidase is an 

important factor in the deamination of metanephrine. 

Besides Vl<iA , 3, 4-dihydroxymandelic a cid (Div'lA) is an­

other product of deamination of C.A. It is regularily present 

in the urine of man and t he rat. But t he amol:lnts of this de­

amination product are rnuch smaller than those of Vfii.A. They 

were report ed to be markedly elevated in patients with pheo­

chromocytoma (Resnick, Goodall, Kirshner 1958 a & b). 

The metabolic fate of Jopamine should briefly be ment­

ioned . Axelrod, Senok and Witkop (195 d ) report that after 

administration of Dopamine to rats, a small arnount of 3-meth­

oxytyramine (free and conjugated) wa s recovered in the urine 

which vrould indicate 0-methylation. Furthennore, considerable 
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amoGnts of homoranillic acid were found , as a product of de­

amination of 3-methoxytyramine. Pretreatment of t he rats with 

iproniazid resulted in production of large runounts of the 0-

methylation product: 3-methoxytyramine. This seems to demon­

strate, that also here monorunine oxidase is involved. 
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2. The metabolism in patients with chromocytoma. 

The investigation of the metabolism of C.A. has been 

markedly advanced by the discovery of the association of their 

levels in chromocytomas. 

This twnor of the chromaffin tissue of the adrenals or 

of t he extramedullary pheochrome system, is characterized b:r 

high release of C.A. The increased hormone liberation into the 

blood by these tmnors and the high content of C.A. and enzymes 

in the tumors, gave an excellent opportunity for their study. 

By constant metabolic process of C.A., various metabolites are 

excreted in the urine in high amounts. 

According to Sjoerdsma (1958) the biosynthesis of C.A. 

proceeds as follm:s: phenylalanine~ tyrosine~ 3 ,4-dihydroxy­

phenylalanine {Dopa)-4 3,4-dihydroxyphenylethylamine {Dopamine) 

-7 norepinephrine ~ epinephrine. The cellular catalyst in this 

process is dopadecarboxylase; probably other still unknown enzy­

mes are also present. 

The normal levels of epinephrine and norepinephrine in 

the blood are norrnally less than 6mcrg./L of plasma, whereas 

patients with pheochromocytoma show values ranging between 10 

and lOOmcrg./L of plasma. The urine excretion of norepinephrine 

and epinephrine is usual l y less than lOOpg/ day (mcrg. day), 

in normal persons, -vv-hile it reaches 300-3000 rncrg./day in pheo-
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chromocytoma cases. The tumor content of C.A. varies between 

500-lO,OOOmcrg./g. Human urine contains physiologically also 

Dopamine, approximately 100-200mcrg./day. v.Euler (1951) found 

that also the Doparnine excreted in the urine vras increased in 

patients with pheochromocytoma. Similar findings have been 

reported in 1956 by ~eil-~alherbe and ~cfuillan, specifically 

in a case of malignant pheochromocytoma. Dopa "vas also found 

in sorne of the pheochromocytomas. The occurence of Dopa and 

Dopamine in the tumor confirm the concept, that they represent 

intermediates in the formation of norepinephrine and epineph­

rine. Armstrong, l''lclviillan and Show (1957) and Axelrod (1957) 

carried out their studies on metabolism of C.a. in normal and 

in patients with pheochromocytomas~ The latter group of cases 

provided an opportunity for comparison; l~rge amounts of hor­

mones and metabolites in the tumors themselves, in the blood, 

the tissues and the urine were found. Sorne of the tumors de­

monstrated~fferences in the content of the hormones. In 

certain cases pheochromocytomas secreted only dopamine and 

were called 11nonfunctioning 11 because of' the weak pressor ab-

ility of this hormone. Sorne possible differences were also 

found in the enzymatic process. As far as the 1:1etabolism is 

concerned, t:Oe same steps can be observed in pheochromocytomas 

as in normal persons: 0-methylation, deamination and conjugation. 

The 0-methyl mètabolites in pheochromocytomas were found 
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to be: normetanephrine, metanephrine, V1·iA, 3-methoxy anrlogues 

of Dopamine and two other phenolic unidentified amines. The 

normetanephrine content of one of the tumors v-ras found to be 

25mcrg ./g. It is sti11 not known, to what extent the tumors 

secrete their methoxyamines directly into the blood. Invest­

igations in this field are difficult because of the r alatively 

physiological inactivity of these compounds. 

Studi es on metabolism in vivo, (Armstrong 1957) showed 

values of 1, 5-3,0 mg./ day of Vi.V~A in the normal person, while 

the amount of Vï.·,.A reached 90, 32 and 12 mg./day i n pheochromo­

cytoma patients . l a Brosse (1958) found in his experiments 

high 1eve1s of norepinephrine as we11 as VJ.vUt. 

The urinary normetanephrine was found to be excreted 

in a conjugat ed form wi t h g1ucuronic a cid. 1Jietanephrine wa s 

shown to be present in the urine of patients whose pheo­

chromocytomas were producing epinephrine and norepinephrine. 

l'-'Iet hoxy metabolites a s we11 a s deami nation products were 

excreted in hi gh amounts in pa tients wi th pheochromocytoma . 
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Conclusion to Catecltol Ml1ines in Pheochromocytoma. 

Concluding, it can be s&id, that the metabol-

ism of C.A. in pheochroillocytoma is essentially the 

same as in subjects with normal hormone levels. Sorne 

differences exist in the content of hormones, a s t here 

are tumors producing only epinephrine and norepinephrine 

or only Dopwnine. The metabolic products are accord­

ingly presenting the derivatives of the hormone present. 

The amounts of the C.A. in the tumor, the blood, the 

tissues and the urine are manyfold higher than those 

in normal subjects. Catechol-0-methyl transferase is 

the enzyme found to be most important in the metabolism 

of C.A. in pheochromocytoma, in normal persans and the 

rat. 

• 
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Enzymes 

Studies on the metabolism of E and NE in vitro have demons­

trated that the enzymes catechol 0-methyl transfera se a s \'Tell as 

amino-oxidase participate in the process. The 0-methylation occ­

urred only, when the tissue contained the activated form of met h­

ionine-_$ -adenosyl methionine. (Langemdnn, Burg er, Kagi 1956 and 

Sjoerdsma, Leeper, Terry and ündenfriend 1959 ). 

There i s evidence concerning the presence of an enzyme, which 

had the ability to transfer the methyl group of S:-adenosyl-meth­

ionine to nitrogen and also the methyl group can be transferred 

toward oxygen. (11, 12A). This property has been a scribed to the 

enzyme 0-methyl transferase, which transfers the methyl group A .lvi 

(adenosylmethionine) to the 3-hydroxy group of epinephrine. The 

enzyme was concentrated from t he r at liver. It wa3 demons trated 

that in absence of lÛ"• or 1vig++, little 0-methyla tion took pl a ce . 

11 nu..rnber of ether cations like Co, 1~~u, Cd, Te and Ni could be 

substituted for r~~~g . 

The 0-methyla tion of norepinephrine , dopamine , dopa, DMA. and 

many other syntnetic catechols was dernonstrated with t he presence 

of the enzyme 0-methyl transferase. There was no stereospecif­

icity r equired . But the enzyme was found to be specifi e for C •• ~ . 

88-binding agents prevented the reaction, suggesting that the 

reaction takes place by a specifie attachment of the enzymes to 
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the substrates. The metals in the cause are peesumed to be acting 

as intermediates. The enzy.;te has been found to be present in the 

liver, lung, kidneys, spleen, small intestine, brain, heart, 

salivary gland, pituitary, pancreas, aorta, and inferior vena cava . 

All these organs are capable of 0-methylation of t he C.A. This 

finding sug0ests , tha t 0-methyl transferase is probably acting 

locally in the transformation of E and N~, since they are exerting 

their action on all these organ s . It is therefore presumed, that 

0-methyl transfera se is L1e principal enzyme in the metabolism of 

C.A. 

In the nervous system, 0-methyl transferase plays an important 

role in the metabolism of hhe C.A. Since Norepinephrine has been 

shawn ta play an important part in the sympathetic nervous system, 

it is preswned, that norepinephrine is involved in the a ctivity 

of the C.N.S. The presence of normetanephrine in the rats brain 

lead to the conclusion, that the norepinephrine is 0-methylated 

in the brain and further metabolized by deamination. There is also 

evidence of sorne ether enzymes being involved in this process 

especially in the formation of 8- adeno syl-methionine from meth­

ionine. Catechol-0-methyl transferase has been found in the 

sympathetic and parasympathetic nervous system. 

'rhe metabolic pa thway for norepinephrine in t he central and 

peripheral nervous systems is pr esumed ta ee a s follovrs: 

1J~ - normetanephrine - V1<A. 
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It seems likely that 0-methylation is an important factor in the 

metabolic pathway of C.A. in the nervous system. 

In the àeami:nation of metanephrine and normetanephrine to 

V.UiA, the presence of mono amine oxidase is evident. Another 

enzyme ·vras located in the microsomes of the rabbi t li ver and is 

presumed to catalise 0-demethylation of metanephrine to epi­

nephrine. The process seems to require the presence of oxygen. 
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CHAPTER V 

FUNCTIONS OF CATECHOLAIVIINES 

1. General considerations 

Apart from transmission of adrenergic nerve 

impulses the actions of catecholamines was considered in the 

past according to the systems affected. Therefore the functions 

were classified as concerning the cardiovascular system, the 

respiratory system, the gastrointestinal tract and the central 

nervous system. However, most of the older classifications do 

not take into account the recent findings. Koelle (1959) has 

suggested recently a more accurate grouping of the functions 

of catecholamines based on distinction between excitatory and 

inhibitory actions on autonomie effector cells and considered 

separately the metabolic actions and those on the central 

nervous system. In the following discussions of the functions 

of catecholamines we have attempted first to follow the old 

division of actions on various systems and then to discuss 

the funct i ons of cate cholamines a ccording to the classifica tion 

of Koelle. 

Generally, Noradrenaline produces vasoconstriction, 

while adr enaline causes vasodilat i on. However, a vasoconstric­

tion effect has been also observed to follow adrenaline 

administration, (Ginsberg and Cobbold 1960). It appears that 

this ef fect depends on the route of administration of adrenaline. 

While adrenaline increases the heartrate,the cardiac output and 
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the coronary flow, Noradrenaline causes bradycardia and has no 

effect on the cardiac output. Following adrenaline administ­

ration the systolic blood pressure rises and the diastolic blood 

pressure falls. Noradrenaline causes the rise of both, the 

systolic and diastolic pressure. 

Catecholamines have a stimulating effect on the 

respiration and increase the depth of breathing. The site of 

the action of catecholamines on the respiratory system is not 

known. A direct action on the respiratory center has been 

exc1uded by the experimental work of Coles (1956}. The oxygen 

consumption increases simu1taneous1y with the increase of 

respiration. 

A linkage of the catecholamines with a receptor site 

at the cell surface was presumed. Lewis (1954) has shown, 

that these compounds are active only in the charged or cationic 

forms and are expected to penetrate the cell surface only very 

slowly. The excitatory actions of catecholamines like increased 

heartrate, vasopressor activity, ACTH re1ease, increasing activity 

of carotid and aortic baroreceptors, E.E.G. activations, 

ovulation, as well as certain subjective stimulating effects of 

catecholamines are believed to be activated by this pathway, while 

the inhibitory actions of catecholamines like bradycardia, 

inhibition or slowing of reflexes, blocking effects upon peripheral 

autonomie synapses, blocking of the antidiuretic hormone, relaxa­

tion of intestinal mortylity . of aor ta and uterine contraction 

are presumed to be brought upon by a reaction of catecholamines 
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with the cell surface only. On the other hand a reclassification 

of all functions of catecholamines under the new aspect would be 

necessary, since the inhibitory actions of catecholamines on the 

smooth muscle are considered to be associated with accumulation 

of lactic acid, which action would have to be classified under 

the third group of functions of catecholamines. The receptors 

of catecholamines play an important role in this process and it 

represents a vast field for further investigations. Nicherson 

concluded from his recent work (1961) that alpha and beta 

receptors still represent the main groups of adrenergic receptors 

except those in the heart muscle which act differently. 

Furchgott (1959) proposed that in addition to the two main 

receptors classified by Alquist (1948) two more receptors should 

be added: gamma receptor for the glycogenolytic action and delta 

receptor acting specifically in the inhibiting function of the 

intestinal smooth muscle. Furchgott (1959) considers the 

possibility of a common primary metabolic action of catecholamines 

leading to the diverse final effects of these agents. Nicherson 

{1961) however, found sorne discrepancies in the former concepts 

concerning receptor-agent combination and reaction. Nicherson 

{1961) suggests, that there is no specificity of receptors for 

each separate compound, but rather for a whole group of similar 

compounds. He also thinks, that the quantity of response does 

not depend on the number of receptors occupied, that there are 

as well reversible as irreversible reactions of receptors with 

the agent and that there are more receptors present in the tissues, 

than necessary for the reaction to occur. Nicherson has concluded, 
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that the specifie activity of receptors and agents mrty depend 

on a gene specificity. The presence of enzymes is required 

for the transformation of catecholamines in the tissue into all 

its metabolic stages, thus performing the specifie reactions 

at the same time. 

2. The excitatory affects of catecholamines 

The administration of epinephrine is generally 

associated with excitement or nervousness. Patients who for 

sorne reason received 0.5-1.5 mgm. of epinephrine intramuscularly 

or subcutaneously almost invariably complained of sorne somatic 

symptoms 1ike muscular tremor of upper and lower extremities, 

trunk and lips. Increased heart rate, hypernea, salivation, 

tearing, urinary urgency, co1d or ting1ing extremities, sub­

sterna1 oppression and headache, have also been observed. 

(Bosowitz & Korchin 1956, Canteril & Hunt 1932, Duremau & 

Scho1ander 1956). Pure1y subjective phenomena following 

epinephrine administration include excitement, tenseness, 

exhilaration, restlessness or anxiety and agitation. Hallu­

cinations have been reported by Hofer 1957. ~fui1e attempting 

to distinguish between "true" and "cold" emotions, it was found 

by Canteril & Hunt (1932) that most subjects reacted with co1d 

emotions, that is, exciting, pleasant and unp1easant feelings 

equally distributed, while true emotions of fear and anguish 

were not frequently noted. Usually, the reactions to epineph­

rine were found in parsons with hyperthyroidism or in emotionally 

labile subjects. On the other hand even high dosages of 

epinephrine and marked hypertension would not cause any similar 
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reactions in "normal" subjects. {Goldenberg & Aranow 1950). 

It appears that epinephrine most probably has a certain arousing 

or exciting effect depending on the personal excitability of 

the subject. 

Norepinephrine was observed to lack those central 

excitatory effects. (Rothballer 1959). However, it must be 

taken into consideration, that norepinephrine can be adminis­

tered only in considerably lower dosages and would probably 

have similar effects in higher dosages. 

Epinephrine showed definite E.E.G. activation and 

behavioral arousal in the anesthetized and unanesthetized 

animal, using small dosages of 2-5 mcrg./Kg. The effect was 

apparent within hours after the injection. 

The stimulating effect of epinephrine on release 

of cortico-adrenal hormones was first observed by Vogt (1944). 

In her experiments Vogt demonstrated, that the life of adrenal­

ectomized rats has been considerably prolonged, if infused 

with blood from the adrenal vein of dogs receiving epinephrine 

intravenously. A fall in adrenal ascorbic acid following 

200 mcrg. of epinephrine (intravenously or subcutaneously) was 

demonstrated by Long and Frey (1945). The effect was absent 

in hypophysectomized animals. From these findings the 

authors concluded, that the pituitary ACTH was the 

acting hormone in the cause. Farrell and McCann 

observed a rapdi ACTH release into the blood stream 
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following an inj~ction of epinephrine. The blood 

from these rats produced the fall in adrenal ascorbic 

acid in hypophysectomized animals. Epinephrine alone 

seemed to be ineffective. Norepinephrine showed a 

markedly weaker eosinopenic effect. Recant (1950) 

has demonstrated, that ACTH, cortisone and epinephrine 

were producing eosinop:En ia in man and the animal. 

Cortisone alone produced this effect without pituitary 

or adrenals, but ACTH required the animals.adrenals. 

Epinephrine produced eosinopenia in the presence 

of adrenals, pituitary and anteriour hypothalamus. The 

authors concluded, that epinephrine was stimulating ACTH 

production in the pituitary and that the pathway of 

this mechanism leads through the hypothalamus. 

Muehrcke (1952) has demonstrated for the first time, 

that the activation of the pituitary-adrenal axis was 

not necessary for eosinopenia. He attained this effect 

with 0,3 mg. of epinephrine subcutaneously in patients 

with bilateral adrenalectomy and orchidectomy, main­

tained on cortisone. Henry (1953) et.a:l. concluded, 

that epinephrine was capable of producing eosino-

penia,., but that 11-oxy steroids were necessary to be 

present. With the methods of measurement of corti­

coids in blood and urine many autbors postulated, that 

epinephrine did not raise the level of these hormones, 

nor that of ACTH and that. epinephrine eosinopenia was 
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not due to this factor. The direct stimulating effect 

of epinephrine is impaired in conditions like cold, 

insulin, laparotomy or histamine injection. Vogt (1952) 

demonstrated, that the adrenal medulla was not necessary 

for the ACTH response to physical stress like cold, 

histamine, hemorrhage, etc. Guillemin (1955) concluded, 

that neither epinephrine or norepinephrine were in­

dispensable for the ACTH release in stress. Conclusively 

it can be stated, that epinephrine causes the release 

of ACTH in most species. In the rat this was postulated 

by the demonstration of the fall of adrenal ascorbic acid 

and cholesterol. The adrenal medulla is not essential 

in the release of ACTH in stress. Epinephrine-induced 

eosinopenia represents a direct effect of the hormone, 

requiring the presence of cortical steroids. The action 

of epinephrine on the reticular activating system can 

not be denied. 

Epinephrine and norepinephrine injected into the 

anterior pituitary gland or third ventricle is stimulating 

ovulation in rabbits. Intravenous or intracarotid 

administration is ineffective. \~ether the hypothalamus 

or the pituitary is the primary site of action is still 

disputed. Dibenamine, Dibenzyline, atropine, Nembutal, 

Banthine, morphine and alcohol exercise a blocking effect 

on this action. Priscoline and Regitine have failed 

to produce the blocking effect. It is not known yet, 
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whether these drugs can pass the blood - brain barrier. 

It has been postulated, that this stimulating effect of 

C.A. on ovulation is mediated through adrenergic mechan­

isms within the hypothalamus, where those hormones are 

present in great quantities. It must be added, that 

most of the drugs have ambiguous actions and the effects 

found have to be treated with caution. 

Epinephrine and norepinephrine stimulate many 

of the effeëts of electrical stimulation of the brain 

stem, reticular formation, including EEG activation, 

spinal motor fascilitation and reflexes involving the 

brain st~m• There is evidence to suggest, that epi­

nephrine acts directly on the brain stem, the mesen­

cephalon and the posterior hypothalamus. These effects 

are blocked by administration of anesthesia. 
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J. The inhibitory actions of Catecholamines 

The following actions of catecholamines have been 

classifiep as inhibitory; bradycardia, branchial dilatation, 

reflex inhibitory action, blockin~ effect upon peripheral 

autonomie synapses, blocking of ACTH release, antithyroid and 

antidiuretic hormone activity, relaxation of the intestinal 

aortic and uterine smooth musculature. As it will be pointed 

out later under discussion of Bülbring's theory, sorne of these 

functions can be considered as part of a dual action of 

adrenaline. Therefore, the following co~nents on inhibitory 

actions of catecholamines are restricted to the ef.fects on the 

intestinal smooth muscle in view of the authors interest in the 

role of catecholamines in gastric secretory mechanism. 

Mohme-Lundholm (1953) has sho\~ in experimente on 

rabbit's intestine that adrenaline is capable of producing a 

decrease of tone and a total inhibition of the contractions. 

This effect was evident after administration of small dosages 

of adrenaline (20 gamma in 20 ml. of a solution of adrenaline 

1:750,000 - 1:2,800). At the same time a marked increase in 

lactic acid content of the gut was observed. This increase 

persisted throughout the relaxing action of adrenaline. In 

different experiments lactic acid was added to the preparations. 

This has caused a complete inhibition of tone and peristaltic 

activity of the gut. When tone and peristalsis were only par­

tially blocked by adrenaline, the content of lactic acid was 

decreased. I n experiments in which lactic acid was added 
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the same level as with higher dosages of adrenaline. Addition 

of sodium bicarbonate in order to inhibit lactic acid action, 

necessitated an increase of the dose of adrenaline and lactic 

acid to achieve the same effect. Ergotamine and Ephedrine, 

cuc1 2 and NaF inhibited the relaxing action and the lactic acid 

stimulating effect of adrenaline. Lactic acid formation was 

found in preparation.s devoid of the muscular substrate. l.-Jhether 

the relaxing effect of adrenaline on the intestinal smooth 

muscle is a consequence of lactic acid accumulation or whether 

the relaxing action and the lactic acid stimulation are two 

separate functions of adrenaline occuring simultaneously, is 

not well known yet. 

Bülbring's theory on dual functions of Adrenaline in 

Experiments on guinea pig's intestinal smooth muscle. 

Bozler (1940) and several other authors have 

observed, that in the visceral smooth muscle the effect of 

adrenaline and sympathetic stimulation was variable, diphasic, 

excitatory or inhibitory and that these functions could be 

reversed according to the condition of the tissue. This 

observation has been recently evaluated by BUlbring (1959) who 

postulated, that the dual action of adrenaline would depend on 

the condition of the electric potential of the cell membrane: 

adrenaline produces a contraction of the smooth muscle, when there 

is a depolarisation; accordingly a relaxation takes place, when 

hyperpolarisation is present. The exact study of this problem 

has only been made possible after the development of the sucrose 
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gap method suggested by Stampfli (1954). This method allows an 

accurate measurement of electric potentials and ion movements 

on the cell membrane. This way BUlbring (1959) was able to 

demonstrate the mechanism of the dual action of adrenaline on 

the guinea pig intestinal smooth muscle. BUlbring (1959) 

postulates, that one of the actions of Adrenaline is a direct 

one, on the cell membrane, causing an increased permeability 

for ions, sensitization and depolarisation of the cell membrane. 

The second action is indirect and presumably has a metabolic 

character, mediated through an increase of phosphorylase activity, 

thus accumulating energy and stabilizing (relaxing) the cell 

membrane. A stage of hyperpolarisation on the cell membrane is 

achieved in this phase. With this accumulated energy the cell 

has a dual potence: it can use the energy for a contraction, 

or it can use it for active ion transportation into the cell, 

which process also requires energy. 

This hypothesis of Bülbring's concerning the action 

of adrenaline on the smooth muscle is to be considered as a 

result of two opposing actions: in those types of smooth muscle 

in which adrenaline produces a relaxation, the metabolic, 

indirect, effect of adrenaline predominates, the action 

potentials are abolished. With the direct action of adrenaline 

the membrane permeability predominates and determines the 

contracting effect on the cell. This hypothesis postulates also, 

that adrenaline is capable of exciting both actions in each type 

of smooth muscle. The nicitating membrane and the pregnant 

uterus of the cat is quoted as an example of a direct, excitatory 
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effect of adrenaline on these smooth muscles. BUlbring calls 

attention to the fact, that the relaxing effect of adrenaline 

on the intestinal smooth muscle should not be considered as an 

inhibitory effect on the contractile mechanism, but as a result 

of cessation of electrical activity, due to an increased rate of 

ion transportation. The latter is to be considered as a 

consequence of an increased rate of energy supply. BUlbring 

(1959) concludes, that the membrane of the intestinal smooth 

muscle is a very unstable structure. It depolarizes continuously 

and discharges permanently electrical impulses. It seems, 

therefore, that it never reaches its full resting potential. 

Adrenaline will under these circumstances stimulate those 

processes, in which the membrane stabilizes to reach its resting 

(relaxing) potential values. Adrenaline causes the following 

electrical changes on the intestinal membrane: it stops 

spontaneous activity, it renders the preparation electrically 

inexcitable; it causes hyperpolarisation. Thus relaxation is 

the expected consequence. At the same time the phosphorylase 

activity is increased by adrenaline. This results in accelerated 

glycogen breakdown and activation of ion transportation. 

Especially affected is the "sodium pump". 

Ellis (1959) demonstrated, that smooth muscles 

which were excited by catecholamines showed a lack of potassium, 

while the smooth muscle elements inhibited by catecholamines 

presented an accumulation of potassium. Born and Bülbring (1956) 

demonstrated, that adrenaline increases the potassium uptake 

of the intestinal smooth muscle. This is also the case after 
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exposure to acetyl choline and histamin. The sodium exchange 

in the intestinal smooth muscle was found to be fifty times 

faster than that of potassium. This probably i s of sorne 

importance for the maintenance of the membrane's electrical 

potential. Sodium uptake is considerably decreased and the 

sodium loss is almost double in the presence of adrenaline. 

It can be assumed that adrenaline produces the relaxing effect 

by stimulating one reaction in a chain of metabolic cycles, 

finally energy is supplied for an "electrogenic sodium pump", 

stabilizing the membrane. 
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4 • Actions of Catechol Amines on Metabolism 

Considerable amounts of literature exist 

concerning the metabolic effects of catechol amines and 

related sympathomimetic amines. 

The first metabolic effect of catechol amines 

to be described, was that on carbohydrate metabolism, 

{Blum 1901). Later reports have dealt with the effects on 

protein metabolism (Reid 1941), amino acids (Rose 1935), 

lipids and other organic nitrogenous substances (Page, 

Pasternak and Burt 1931), the effect on the calorigenic action 

{Boothby and Sandiford 1923) and on the oxygen consumption 

rate, (Belawenez 1903, Juschtschenko 1909). The above listed 

metabolic actions will be considered in more detail. 

A. Carbohydrate Metabo1ism 

Blum (1901) was the first to describe the so 

ca11ed adrenal diabetes. Since that time epinephrine hyper­

glycemia has been studied in detail by several authors. 

(Cori 1931, Cori 1953, Trendelenburg 1924 and 1934). 

One of the best known metabolic effects of catechol 

amines is the hepatic glycogenolysis by epinephrine, which is 

responsible for an increased level of glucose in the 

serum. As the liver glycogen released is insufficient 

to cover the high output of carbohydrates caused by 

epinephrine, gluconeogenesis is stimulated at the same 
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time, taking place by conversion of fat or proteins 

or other organic substrates. Simultaneously with the 

liver process and evidently caused by the same mechanism, 

increased muscle glycogenolysis takes place, causing acc­

umulation of large amounts of lactic acid in the muscle. 

The lactic acid from the muscle has been shown to be 

responsible to a great part for hepatic gluconeogenesis 

through the lactic acid cycle. {Cori 1931, Cori 1945-46). 

In this connection glucagon has been found to have 

similar actions as epinephrine, with the difference, that 

glucagon does not affect the glycogenolysis of the muscle 

but probably acts only directly on the liver levels. The 

recovery of liver glycogen after glucagon administration 

is more prolonged, than following epinephrine injection. 

The hyperglycemia itself is of shorter duration in glucagon. 

This indicates that epinephrine has an adaptating action 

on the blood carbohydrates as shown in partia11y pancreatec­

tomized rats by Ingle, Beary and Purma1is 1953. 

It has been presumed that part of the high 

glucose levels in epinephrine administration could be derived 

from fat transformation (Soskin 1941, St adie 1945). However, 

it has been shown at the same time, that glucose was not 

formed as an end product of fat glycogenolysis (Mirski 1942). 

Wiechmann (1927) suggested that decreased periphera1 
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glucose utilis&ti0n is ~ne of the factors responsible 

for hyperglycemia in e~inephrine. 

Be presumed that epinephrine depressed the glucose 

assimilation in the peripheral tissue and proved it, by 

the differences found in comparisons of arterious and 

venous levels oi glucose. These differences have been 

gr eat er ai'ter glucose adrilinistra.ticm, than following 

epinephrine injections. ~iec~nann's observations have 

been confinaed in several experimental studies on man 

and in animals, (hmatuzio & coworkers 1954, Cori & Cori 

1929 , Cori, Pisher & Cori 1935, ~omogyi 1950 & 1951, 

van Itallie i:~ Bentley 195 5). 

According to these studies, the reduction of 

peripheral utilisation of glucose seems to be appliable 

only to cases of high slucose levels produced by epi­

nephrine or durin~ alirnentary glucose depletion, but 

not to resting s erum glu_cose levels. 'l'he fa ct that 

epinephrine produced a potentiated hyperglycemia in 

cowbination with glucose or glucagon, was also explained 

by the above authors as a reduction of peripheral assim­

ila tion of glucose. 

Tolerance tests by &natuzio (1954) have demon­

strated that epinephrine greatly reduced the rate of 

blood glucose rehloval. Ingle and kazamis (1949) could 

demonstrate that in eviscerated r dt s, infused with glucose 
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and insulin, e ünephrine and iso::.)roterenol administration 

reduced glucose assiuülation. In the is.Jlated muscle 

and in the isola.ted rat diaphragru, the depression of 

glucose assiillilation by epinephrine administration was 

shown to be as high as 30~·;; (":Ialaa s 1952 & 195 5). 

In other experiments with large variations of 

insulin concentration the reduction of glucose assim­

ilation b; epinephrine was 40~ (Candela & Candela 1955). 

1tJhether epinephrine hinders :slucose uptake by the li ver 

has also been questioned. Generally there is an increase 

in tissue utilisation of glucose, when the blood sugar 

level is increased. Lundsgaard & coworkers(l939) 

demonstrated clearly in their work that at lovJ blood 

sugar levels epinephrine had little efiect on utilis­

ation of gl ucose, rising with increa sing glucose levels. 

This applie s also to low e] inephrine levels, which ha ve 

no effect on blood sugar; while higher dosages of epi­

n ephrine vlh ich cau se a ri s e in bl ood sugar, a lso pro­

duce a decrease of a ssimila tion of glucose . El lis (1959 ) 

considers, t hat und.er cernain circumstances t he calori­

genic effect of epinephrine may be sufficient to increase 

t he over all utilisat i on of glucose . In thi s connect i on 

t he experiment s of Himswort h and ~cott (193$), may be 

considered a.ccording to which t he r ;:te of f a l l of glucose 

was increased by epinephrine in r a bbits, with the liver 

excluded f rmn cir cula t i on. 
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Ingles and Naza~is (1949) could demonstrate, that 

gluco3e utilisation was increased by epinephrine ir1 evis­

cerated rats. It has been shawn that epinephrine in­

creases glucose consumption during exercise (Dill & 

Edwards 1935)~ Ellis (1959) postulates, that, since 

insulin increases glucose utilisa tion in exercise, the 

decreasing effect of epinephrime on glucose utilisation 

can be overc01ue by exercise. In this case epinephrine 

hyperglycernia and muscular exercise are acting syner­

gistically in increasins carbohydrate metabolism. 

Differences in species in response to epineph­

rine hyperglycemia have been found. (Somogyi 1950, Greuel 

& Sachsse 1955, Cohen & Portman 1951). These concern 

tne receptor affinity for epinephrine in the liver. 

Rabbit liver is about 8 tintes inore sensitive than rat 

liver. In crocodiles intracardiac application of eoi­

nephrine produces a hyperglycemia which persisted for 

several days (Ellis & Anderson 1952 ). 

Intraspinal, intrathecal and intraperitoneal ad­

ministration of epinephritle was found to be equally 

effective as intravenous application.(Kubicek & Gottke 

1953, Leimdorfer 1950, Ellis & Anderson unpublished 

observations). 

Hyperglyceuia was found to take place in animals 

with denervated hearts, as well as in animals with ab-
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olished hepatic arterial supply. 0easonal,dietary, 

and sex differences in e) inepürine hyperglycemia in man 

have been observed (Altschule & Siegel 1951). ~iomen 

s~ow hig~er epinephrine hyperglycemia than men (Enochsson 

& Gjertz 1934). Patients with certain mental diseases 

or epilepsy show poor response to epinephrine. The same 

reaction was seen in patienta with chronic psychoses. 

Frontal lobotomy restored the epinephrine action complete-

ly, independently of the improvement of the mental disease. 

1'-.iongoloid individuals exhibited & rel::..tive insensitivity 

to epinephriDe. This has been attributed ta a defficient 

pituitary activity. Patients with he)atic disease or 

diabetes showed reduced hyperglycemie reaction to epi-

neplœine. (van Itallie & Bentley 1955). van Itallie and 

Bentley (1955) proposed a li ver functi:m test by admin-
. ., 

istration of subcutaneous wpinephrine and glucagon. In 

individuals with liver disease the rise in blood sugar 

v-vas somewhat highe:c than in norwal pe:esons. This seems 

to demon strate the 2bility o1' ·t;he li ver to convert lactate 

to glucose, wlüch is decreased in li ver patients. 



A. Sffects on Carbohyc1rate Hetabolisw in Various 'l'issues. 

Li ver. ) .. difference of opinion existed v'lhether e ~J i-

neuhrine decreased or increased liver glycogen until 

it vias Sllovm by ~:I;vans , Tsay and. Young 1 931, ths. t liver 

glycogen wa s little a bove or a t normal levels one hour 

after subcutaneous injection of e~) ine)hrine. however, 

only u ith high dosages of intravenous epinephrine a 

continuous depl etion of liver gl ycogen co~ld be demon-

strated. ( ...:amson 1933) . il.ecent experL1ents on human 

subjects have provided the evidence, that e oi n eT:;hrine - -

increasad hepatic glucose output. (Bearn, Billing & 

~herlock 1951). fo the contrary of former opinions, 

tha t intraportal infusion of e?ine}hrine does not 

have a direct gl ycos enolytic eflect on the liver, it 

b .':l.S been sLmv-ü i n r ecent experi:nents, t lb. t e Jine .::>hrine 

injected i nto the port al system in higher dos~ges 

causes hepatic glycogenolysis. 

Perfused livers of fro~ s, cats, do~ s and liver 

slices of r a t s , r abbits, ca ts and dogs showed increased 

glucose output in r es~Jons e to epinel)hrine. ( l·~orita 1914-

1915, Lesser 1 920 , Lundsgaard 1939 , ~utherland ~ Gori 

1951, Ambrus 1 95 5). 

Kepinov (1949 ) claimed, tha t epinephrine wo~1d 

be a ctive on1y v!l1en anterior pi tui t a ry horiU·.)l1e was 

Jr6sent. ~pinephrine hyperglycemia wa s 1ower in 
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hypo) hysectomized animals (Lane & Bodo 1952, Lopes & 

co-workers 1954) but the reduced hyperglycemie effect 

of epinephrine in these experiments could be attributed 

to a deficiency of adrenocortical honnones following 

hypophysectomy. (Harvey, 'VJ'ang & Nickerson 1952). 

Underhill and Closson (1906) postulated, that epi-

nephrine would also diminish glucose uptake by the 

liver. This has been confirwed by Crane and Sols (1953) 

?,, '.Jeil-i·1alherbe ,1nd Bone (1951). 'Ehese investigators 

believe, that there are severa! 3epar ate enzyme systems 

involved in the transfonaation of glucose to glucose-

6-phospbc.. te and in the liberati::m of s lucose from 

gluco se-6-phosphate. The latter probably controls 

the r ate of rrlucose liber~tion from henatic cells and 
~ . 

it may inhibit glucose uptake by inhibiting hexokinase. 

~uantitative studies on specifie activity of gluco se -

6-phosphate ha..ve not been carried out. But the latter, 

being a source of s ec r eted glucose, may approach the 

specifie activity of the zlucose supplied to the liver, 

when ~.;luco se uptake is increased as in lnsu1in, or i t 

;.nay modify the specifie activity of the 1iver glycogen , 

when g1ycogen.Jlysis is increased as following epineph­

rine. (Reno1d & Hastings 1953). Teng and co-workers 

(1952) claimed, that following g1ycogen depositi Jn in 

the 1iver fro~ glucose, epinephrine ~lycogenolysis was 

less effective. ~xperiments with g1ycogen deposition 
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froC! other source .::: such as fats and :~ roteins, have llso 

been carried out. (~tetten & Kline l94 j). In such cases 

e ~ünerùrine m.s.y :ôi. ct only as :rlycogen depleting substance 

raising bl·Jod l a ctate and settinc; the sta.~;e l·or 1nore 

ac celle:c·é~ted s;lyco_;en cleposi ti on. ;-;o-vrever, ~-;lycogen 

.I:'on,J.ed fro:~, injected lactate -vras not reduced by e:;ü-

ne~Jhrine. ( Carr .·1s co-1' on11iguera 19) 0). 

Luscle. Fisher (; I~rebs (1955) demon0trated for tlJe 

first tLLe tne conversion of inr:~.cti ve into active 

lJhosphory1s.se in cell-free preparations, by adding 

ïnuscle pllospLoryl <lse. 1üthoursh the effects of epi-

nephrine on ,_:uscle _;lfCO~eno1ysis and on lactic acid 

foraation have been demonstrated repeatedly, there 

seems to be a difference of opinion concerning the 

effect of e~Jinept1rine on ::çlucose assiHlilation by the 

muscle. (Cori & Cori 1929, hagemauer & Cori 1934, 

Nacht:1ansohn & Lachmansohn "· co-workers 1936-1937, 

Tolstoi b: Loebel 1923- 1924). ~·!alaas & ~ Jalaas 1950 

showed in their experiments in vitro -. Ii th rat' s 

diaphragm, that glycogenolysis and lactic acid forli1-

ation was increased and the glucose uptake decreased 

wi th epine;=;l1rine. The se findings have been confiru1ed 

by ~llis ~:~ .... nderson 1954, :.:;utherland 1952 and :Jalaas 1955. 

Fructose and mannose uotake are also inhibited by epi-

nephrine in the r a t's diaphragm, since those sugars are 
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a lso assimila ted by h exo;.dn lse . (Ualaas 1955 ). 

hus cle extr a cts fro.tJ e~ ,ine})hrine-treated r a ts 

used l ess ; luco 5e t han ex tra ct s f r om control anima l s . 

There was no diff erenc e in t he hex osemonophosphate in 

normal and epine?hrine trea ted anütals. 0i n c e s odium 

f l uoride d i minished c l u cose utilization in con t rol 

a nima ls, it wa s concluded, that dTP is the controlling 

mechanisu in mu scle rsl y cog en weta bolism a nd t ha.t ,:,.TP 

vras a:nenable to chan.?;e s by ep i nel::hr ine . (Cohen 8~ i~eedham 

1950). Crane a n d Sols 1953 s uggested, that t he increased 

.:slucose-6- phosph é,te concentration i n t h e mus cle treated 

with epinep~rine, ~as t he r easan f or redu ced gluco s e 

assi1nilation . ~.:xerci se is known to incr eas e :;luco se 

uptake from the mu s cle. (Flock & Bollwann 1940 ). 

Thi s may be expl a i ned by p er ;aeability changes 

but proba bly al so by changes i n phospnoryl ase a ctivity 

or gluco s e-6- phospha te con c entra tion s . ipi nephrin e 

do e s n ot ch ::: nge oxygen consuiilption i n the r a t' s d i a -

p;1r ag::n. ('·valaas &; ::Jal aas 1950 ). ;tadi e &nd co - workers 

(1 951) ez:po :;ed rat ci. i J.phr a :_sms t o e].üne}hrine at 25 ' C 

a nd proved that epinephriue-treat ed c.i i aphr ::gr.ts syn-

the s i z ed l ess g l y cog en t han control d i aphr agms . Th i s 

wa s eluciciat ed by i u rther experiLtent s and it 11a s found , 
0 

(Elli s & "mder son 1955 ) tha t 25 C Has t he optimal 

t emperature fo r t he a ction of epinephr ine on r at' s 

d.ia.):~, ragc.1 . It has be en shown , t ~ : at i'r ee intra cellula r 
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muscle glucose is increased during fast gl y cogenolysis 

caused by epinephrine. (Cori, Closs & Cori 1933). 

After epinephrine injection muscle glycogen decreases 

progressively \Jlile blood sugar is elevated. In the 

r a t T s Ciia~:ùragm glycogenolysis occu:cred d .. urin,:·; tb.e 

first five minutes. No further decrease in glycogen 

occurred until the end of one hour. Still there was 

some difference of glycogen coutent in control diaphragms, 

as a consequence of continuous glycogen concentration 

v.rhich w-a.s partially inhibited by epinephrine. (~~Jalaas 1955). 

Heart. Increased glycogenolysis in the heart muscle 

by epine~;hrine v-vas demonstrated in vivo and in vitro. 

(Patterson & ~tarling 1913-14, Chang 1937). However 

the eifect of epinephrine on heart glycogen appears to 

depend greatly on dosa\e and condition of the he&rt 

at tiî.e time of horrnone ad111inistr.:::.tion. It was found, 

tha t 0 . 5 rngrn. of epinephrine _.oer kg. of body \:eight 

was most effective and. thD_t -::tmaerobic or cyanide 

treated hearts gave best results. (Bo ; ue & Gvans 1939, 

Co~1en , .s Clarke 1951). 

The glycogenolytic efiect oi epine) hrine on 

tl1e heart muscle was evidently only transient, to the 

contrary to ether ,,;us cl es a11d org.:::.ns. ( ,_, a_hyun &; Luc le 

1929-30). Jecreased glucose uutu .. ke ·,_ él.:3 è.einow3trated 
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in isolated e :~.J inepllrine-treated hearts. (Loewe :1nd co­

\'{:)rkers 1914). 'l'here ~:ras evidence of increaued . .:.,luco 3e 

uptake in epinepririne-treated hearts. (Patterson & 

0tarling 1913-14, Wilenko 1913). These results can 

only be affirr.ïed by comparison vd tn glucose uptake 

by the muscle during exercise. The depressor effect 

in such casea may be counteracted by the affect of 

\rork on musc l e glucose ass imilation. In the heart 

too, phosphorylase is involved in the epinephrine 

actin~ me chanism. In heart slices t reated with epi­

nephrine, glyco ~en \Jas r educed, phosphorylase activity 

in creas ed and the concentration of glucose-6-piJosprl<..te 

also was increased, (Ellis & Anderson). 
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B. Cellular hechatdsm of .~ct ion of .bpine:Jilrine .on Carbohydrates 

Cori (1940) suggested that tne mechanism of 

a c ti ::m of e.,ünepi1rine on li ver glycogen out)ut "l:.ras 

caused b: an increase of concentration of active 

enzyme (phosphorylase) in the cell. liouever, all 

his experi~ents on the subject gave negative results. 

In 1951 ~utherland and Cori have deQonstrated, that 

epine~)trine incr t:ased li ver pnosphorylase in vitro, 

in slices and also in vivo. lhe two investigators 

established, that in the chain-reaction (glycogen 

~ ;:;lucose-1-l)hosphate --7 glucose-6-p;losphate­

glucose)the first r eact ion to take place was rate 

limiting and that e~inephrine increased the conc en-

tration of ,,:lucose-1-DilO SDhat e and ~lucose-b--oi:osDhate . 
- · ... ... ..__ .... J. 

They also established, that phosphorylase was the 

s ite of action for e)inephrine in activating glyco-

genolysis . 

Phosphorylas e activity was increased by e) i-

nei)hrine. It has been also found , tha.t ;Jhosphoryla.s e 

activity in livçr and wusc l e v!as pre:..;ent in a dynatnic 

s tate: active ) ùospàoryla se ~ in:=tct i ve p~1ospi:10ryla se 

an ina ctiva ting enzyme an·:l. by an e~)ine:::; }1rine ca t alyzed 

systera for n;activation of }>tLO S _:.horyle_se . ;.;utherland 

1951 could show, tha t epin ephrine was ineffective , 

when the liver cells were dama ·~ed by fr e ezing , hor:to-

;3enization, anoxia , cyanides, alcofuol and fenorides . 
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From these experi~ents Sutherl~nd and Cori concluded, 

th~t the cell ilillSt be the site of action of epine~h­

rine utilizinz the d.bove iaentioned J!lechanism. 

It has also been postulated, l) that e,ineph­

rine has to be com~ined with the cell by certain 

r eceptors in arder to be ~ctive , 2) tha t there was 

energy required for the reacti v:::. tian of phosphorylase 

(Gaddum 1950), 3) that ùdenosinetriphosphate was 

important ior ;hos~horylase activation. 

:...;utherland and co-Norkers l956shovred, that 

phosphorylase activation was sti1nulated by epinephrine 

and glucagon, with m~gnesia and Af P adcted ta liver 

homogenates. 
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C. Interaction of epinephrine and other hormones. 

Epinephrine and Insulin in carbohydrate metabolism. 

Insulin antagonizes the initial fall in liver 

glycogen as well as the rise in blood sugar of rats 

treated with epinep~1riue. (Cori & Cori 1930). borne 

authors Lundsgaard & co-workers 1939, and Ambrus & 

co-workers 1955, could not demonstrate any such effect 

of insulin on epinephrine in their experiments carried 

out on rabbit or dog livers. The findings can not be 

explained at the present. Cori(l927-28) suggested that 

epinephrine counteracts insulin hyperglyceuia by antag­

onizing the effect of insulin on glucose utilisation. 

'l'he rc:::duced peripheral utilisation fortifies the epi­

nephrine induced elevation of hepatic glucose produc­

tion. Cori and Buchenwald (1930) demonstrated epi­

nephrine -insulin antagonism on frog muscle under 

aerobic and anaerobie conditions. Concerning the site 

of action of each hormone, it was reported (Riesser 1947) 

that insulin antagonized the glycogenolytic effect of 

epinephrine on the rat diaphragrn, suspended in glucose 

free media. Experiments on rat diaphragm ~rith different 

insulin and constant epinephrine concentration, demon­

strate, that t h e antagonism of the two hor r11ones is 

rather complex. This is not just a summatior;. of the 

effects of each hormone, nor is the effect dep endant 
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on the concentration of epinephrine or insulin. l'he 

percentage of inhibiting effect of e)inephrine on glucose 

uptake seems to be constant, independent of the concen­

tration or.' insulin. (~'lalaas 195 5). The effect of epi­

ne~hrine and insulin on adipo3e tissue g1ycogen vere 

antagonistic, IJL.en ad_ninistered si~;ml taneous1y. ( Tuerkischer 

& Wertheimer 1946). Buckaert and Duve (1947) call atten­

tion to the fact, that eacll of tLese antagonists in-

crease t~~ cellular concentration of hexosmnonophosphate 

whicl-: plays an important ro1e in absorption of glucose 

and the disposition of g1ycogen. 

ipinephrine and "'tdrenocortical i-iormones in Carbohydrate 

l'-'~etabolism. 

~drenocortical hormones seem to be very important 

for some of the usual responses to epinephrine. Accord­

ing to ~ise1t's report (1910) epinephrine glucosuria does 

not occur in patients -~vith Addison' s disease. In adreno­

cortical insufficiency a dülinished hyperglycemie response 

to epinephrine could be observed. (Bloom & Russell 1955, 

Collip, Thomson & Toby 1936-37, Safford & co-workers 1946). 

However there was a greater fall in muscle glycogen 

associated 1-vith nor:,m1 hyperlacticacidemia. (Bloom & 

Russell 195 5, Collip, Thomson & l'oby 1936-3 7, ~vin terni tz 

& Long 1952). In adrena1ectomized rats, epinephrine 

increased the ~etabolism and body temperature. (Ring 1938). 



This observation, together with the findings that 

epinephrine usually elevates blood lactic acid in adrenal­

ectomized animals, supports the assumption, that the 

calorigenic effect of epinephrine is a result of hyperlacti­

cacidemia. (Lundholm 1949). There is usually a rapid 

resynthesis of glycogen in the liver after epinephrine 

administration. This is prevented in adrenalectomized 

rats. (Winternitz and Long 1952). Cortical hormones 

administered to normal, adrenalectomized or hypophysecto­

mized rats antagonized epinephrine glycogenolysis in 

certain muscles. {Winternitz and Long 1952, Wortman and 

Leonard 1953). 

Cortisone increases gluconeogenesis, it also 

potentiates epinephrine hyperglycemia and increases 

glucose uptake by the muscle. Desoxycorticosterone 

potentiates epinephrine action on muscle glycogen­

olysis in intact or adrenalectomized rats. (Taylor and 

Leonard 1956). Desoxycorticosterone has little 

glucocorticoid activity of cortisone and it was 

found to activate glycogenolysis. (Bozovic and co­

workers 1949). Adrenal steroids seem to be more 

important for the maintertamce of normal glycogen 

concentration in the liver, while the pituitary hor­

mones seem to be important for the muscle glycogen 

levels. {Engel 1953, Long 1952). Absence of adrenals 

dimishes epinephrine hyperglycemia and does not 
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influence epinephrine hyperlacticacidemia. Increased 

loss of muscle glycogen following epinephrine in adrenal­

ectomized animals, can be interpreted as a reduced blood 

glucose which is not compensated by the missing adrenal, 

in arder to counteract glycogenolytic effect of epineph­

rine on the muscle. The same explan.:::.tion can be given 

for the autagonism of glucocorticoids toward epinephrine 

glycogenolysis in the muscle, on the basis of potentiated 

epinephrine hyperglycemia in cortison pretreated aniruals. 
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D. r~iscellaneous actions of catechol amines on metabolism 

Potassium Metabolism. Hypercalcemia preduced by epi­

nephrine was found to be diminished in adrenalectom­

ized cats. However, the hyperkalemic response to 

epinephrine appears to be inversely related to plasm~ 

potassium levels.{Verzar 1951). When plasma potassium 

was elevated by administration of cardiac. glycosides, 

the potassium response to epinephrine was minimal. 

The administration of desoxycorticosterone to adrenal­

ectomized cats restored hyperglycemie and hyperkalemic 

response to epinephrine. {Verzar & Somogyi 1951). In 

adrenalectomized animals epinephrine was found to reduce 

elevated blood potassium levels. 

Concerning the action of epinephrine and pituitary 

hormones on metabolism,{Dury and co-workers 1950), epi­

nephrine was found to produce lesser hyperglycemie response 

in hypophysectomized, than in normal animals, especially 

when the liver glycogen was within normal limits.{Ichijo 

1934, Russell and Bennett 1937). On the other hand the 

pituitary appears not to be the main factor in the 

mechanism involved, since the administration of cortisone 

to hypophysectomized rats restored the hyperglycemie 

effect of epinephrine.{De Bodo and co-workers 1952). 

Cortical hormon·es were found to restore the blood 

sugar levels and liver glycogen in fasted, hypoppys­

ectomized rats. Îhe muscle glycogen could not be re­

stored in a similar fashion. (Long 1952). 
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Leonard (1955} has demonstrated that epinephrine 

produces the same percentage of muscle glycogen depletion 

in normal as in hypophysectomized rats. Growth hormone 

reduces glycogenolytic effect of epinephrine on certain 

muscles in hypophysectomized rats only. Hypophysecto­

mi~ed rabbits showed the usual increase of blood lactate 

in response to epinephrine.(Cope & Thompson 1936-3?). 

The glycogenolytic and hyperlacticacidemic effect of 

epinephrine in hypophysectomized animals appears to 

be greatly ~epending on whether the animal is nourished 

or fasting. Fasting of four hours duration will deplete 

the muscle of glycogen.(Russell & Cori 193?). 

Kepinov (1937) postulated, that the pituitary 

hormones are required for epinephrine activity in 

glycogertolysis of hepatic cells. Kepinov could demon­

strate, that epinephrine increased glucose production 

in liver slices, when pituitary extracts were added to 

the perfusion. Epinephrine produced a lesser increase 

of oxygen consumption in patients with Simmond's 

disease, when compared to normal subjects.(Horstmann 

1954}. 

Enockson & Gjertz (1934} observed, that epi­

nephrine produced a more pronounced hyperglycemia in 

men than in women. Administration of heterologous sex 

hormone slightly increased epinephrine hyperglycemia 

(Kluken & Lat~ 1953). 
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Testosterone was found to antagonize the glyco­

genolytic effect of epinephrine on the muscle,(Taylor & 

Leonard 1956) while progesterone was ineffective. 

Concerning epinephrine and thyroid hormone on metabolism 

it can be stated, that the thyroid controls several 

metabolic effects of epinephrine. Epinephrine hyper­

glycemia was increased by thyroid hormone administration, 

reduced by thyroidectomy and restored again by thyroid 

hormone donation. (Burn & Marks 1925, Comsa 1950, 

Trendelenburg 1953). Chronic administration of thyroid 

to rabbits reduced epinephrine hyperglycemia by depleting 

liver glycogen. (Burn & Marks 1925). 

Rabbits showed to be more sensitive than dogs 

and cats. The effect of epinephrine on muscle glyco­

genolysis was increased by thyroid and reduced by 

thyroidectomy. (Collip, Thomson & Toby 1936-37, 

Leonard 1955). Effects of thyroid hormone on hyper­

lacticacidemia are not well understood. The calori­

genic affect of epinephrine was markedly diminished 

by thyroidectomy and increased by thyroid administration. 

(Abderhalden & Gellhorn 1925, De Vissher 1946-49). 

The calorigenic effect of epinephrine was most pro­

nounced in hyperthyroidism and least in hypothyroid-

ism cases. (Horstmann 1954). Oxygen consumption was 

also found to be increased with addition of thyroid 

hormone to epinephrine. (De Vissher 1949). 
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Comsa (1948 & 1950) found that thyroidectomy reduced 

and thyroid administration increased the response of 

epinephrine in respect to: creatin metabolism, reduct­

ion of blood cholesterol and' hyperglycemia. Brewster 

(1956) postulated, that 'thyroxin acts in the way of 

sensitizating the tissue to epinephrine. Thus, the 

thyrotoxic effect on the heart rate, cardiac index and 

arterial pressure, do not represent an effect of thyroxin 

itself, but are due to an augmented sensitization of 

tissue to epinephrine and norepinephrine. This can be 

demonstrated by the fact, that denervated hearts result 

in considerable protection against thyroxin intoxication. 

(Krayer & Sato 1928). Dibenzyline, an adrenergic 

blocking agent, prevented the calorigenic effect of low 

dosages of thyroxine. (Holtkamp & Heming 1953). It 

is not yet known, whether Dibenzyline interferes with 

the calorigenic effect of epinephrine. An increase in 

blood Histamine was found following epinephrine adminis­

tration.(Baur & Staub 1949). Leukocytosis was also 

present as reported by the same investigators. Whether 

the increase of blood platelates could be considered as 

a sequence of epinephrine administration is questionable, 

since the platelates contain most of the blood Histamine. 

The tolerance to epinephrine administration is 

different in various species. Abderhalden & Gellhorn 

(1925) observed, that some mice would become tolerant 
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to epinephrine, while others not. Thyroid in any case 

would raise the tolerance level to epinephrine. Esex 

(1952) reported that dogs would become resistant to 

lethal dosages of epinephrine. Repeated epinephrine 

hyperglycemia leads to reduction of the response. 

Diet high in carbohydrates reduces the hyperglycemie 

response to epinephrine.(Altschule & Siegel 1951). 

Rabbits were found not to develop tolerance to epi­

nephrine, inspite of daily administration.(Bennett 1955). 
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Influence of Catechol Amines on Fat iietabolism. 

B. (a) Fat Catabolism. 

The most pronounced difference observed between 

diabetes mellitus and adrenal diabetes was the fact, 

that there was no ketonuria in the latter. (Blum 1901, 

Zuelzer 1909). 

Cori and Cori (1928) COJ. icluded in their revieT;v 

of the literature that the influence of epinephrine on 

fat ca tabolisra was of considerable significance. l'·lany 

investigators observed , that there was no change in 

urinary ketones in normal nourished subjects, but that 

there was a.decrease in blood ketones when glucose and 

lactates were increased. (Dill & co-workers 1939, 

Assmussen and co-workers 1940, Gobe11 and Kranse 1941, 

Konrad and Loew 1951). There was an increa se in keton 

bodies after epinephrine injection, when hepatic glyco­

gen was low, or when glycogen utilisation was irnpaired 

by a glycogen storage disea se. In a11 experiments 

carried out on perfused cat's 1iver, on rat 's 1iver 

slices and in liver homogenates, an increased ketone 

formation was observed fo11owing epinephrine admin­

istrat i on. ( B1ixenkrone-M~ller 1938, Harel-Ceddaha 

1955, Haugaard & Haugaard 1 954, Niwa 1954). 

Epinephrine r educed the amount of radioactive 

a cetate incorporated into the fat ty acids of rat's 
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li ver slices. (tlaugaard & Stadie 1953). The same 

effect was obtained with glucagon administration. 

(Haugaard & Haugaard 1954). irom the experiments 

outlined above it can be postulated, that the in­

creaaed production of acetoacetate and diminished 

fatty acid synthesis by the liver, was a result of 

increased oxidation of fat. This view vras further 

supported by observations of harel-Cedaha (1 953 and 

195 5), \vho found that epinephrine cytochrome C and 

ATP increased the oxidation of octanoate in rat 

liver homogenates. In intact animals epinephrine 

elevated ketone production only when hepatic carbo­

hydrate metabolism was inadequate. In vitro epi­

nephrine was found to cause a marked activating effect 

on ketone production. Accellerated depletion of 

glycogen f rom the liver was obs erved after epinephrine 

and glucagon administration in vitro, 'Shether epi­

nephrine has a direct catalytic effect on fat metab­

olism or whether it i s only seconda ry to the glyco­

genolytic effect, is still open for investigations 

(Ellis 1958 ). 

(b) Fat Transport. 

Several investigators expressed their opinion 

that there was an increase, a decrease or no change 

in the blood fats, f ollowing epinephrine administration. 

(Griffith & co-workers 1949). 



Recent investigators show, that there are diverse 

changes in blood fat after epinephrine, concluding 

that the changes were depending on the dosage of 

epinephrine, the duration of action, the level of 

glycogen in the liver and of fat content in the 

blood. (Ellis 1958). According to Kaplan & Grant 

(1955) there was an increase of blood phospholipids 

of total cholesterol and of fatty acids in the blood 

after repeated epinephrine administration. In chickens 

a decrease of blood fats was observed after epinephrine 

injection. (Nac Vic ar & Heller 1941). Und er certain 

conditions, individual lipid fractions were modified 

by epinephrine, having the total lipid concentration 

unchanged. (Dury & Treadwell 1953, Jury ~G Treadwell 

1955). Epinephrine increased the concentration of 

unesterified fatty acids in the blood. (Dole 1956, 

Gordon & Cherkes 1956). Similar reports were published 

concerning the changes of cholesterol by epinephrine. 

(Bruger & hosenthal 1934). 

Concerning fat transportation, epinephrine 

increased lipids in the liver and reduced the lipides 
/ 

in fat tissues. (Clement & Schaeffer 1947, McKay 1937). 

SO!ile investigators reported, that chronic adminis-

tration of epinephrine increased blood phospholipid 

total cholesterol and fatty acids. (Kaplan & Grantl955). 
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Others report a decrease in blood fat fractions follow­

ing epinepl1rine administration. · (Page, Pasternak & Burt 

1931, Schaeff er & Pollack 193g). Reports concerning 

blood choles terol changea after epinep~rine adminis­

tra tion are very varied in different authors. Burger 

anci iv1osenthal (1934) r eviewed the li terature and their 

ovm studies indicate no changes. Concerning fat trans­

portation and f a t depots, in r a ts, epinephrine increases 

li ver lipids and reduces adipose tissue lipids. (Clément & 

Schaeffer 1947 ). Perineal fats of the r a.t were shown 

to be specially decreased after epiEep!J.rine adminis­

tration. ( Cléraent & Schaeffer 194 7). Daily i ntravenous 

administration of epinephrine to the r~bbit, increas ed 

the plasma neutral fats and decreased the pla sma choles­

terol a t the same time . The lipemia(whichJ caused this 

way wa s visible. (Dury & Moss 1954). These findi ngs 

could be im~ortant concerning t he arteriosclerotic effect 

on the vessels caused b3' epinephrine. 

~xperiments with ~orepinephrine showed an increase 

of n eutral fats of the rat's liver, but no changes in 

cholesterol or phospholipids . (Auj ard 1953). 

':lool (1953 & 1954), r e:)orts that f a t mobilisation 

and s t ora.ge in the liver was onl y poss i ble V>Then cortisone 

was added to adrenalectomiz ed r ats , or when epinephrine 

was administered to adrenodemedullated r a ts. This 
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demonstrates, that the adrenal cortex and adrenal 

medulla a re important for the interaction of hormones. 

,m example herefore can be shawn with the experiments 

by which adrenalecto. ,ized animals could not maintain 

a normal ronount of fat in adipose tis3ues, unless 

cortisone and ethionine-epinephrine was given. 

Nertheimer, Shapiro (1948) and Deuel (1955) agree 

on the conclusion , that sympathetic innervatj_on of 

adipo s e tissue is important for normal fat storage and 

transportation. The mechanism of action of epinephrine 

on fat transport is not well knovm. There is possibly 

a direct r elationship to the glycogenolytic effect in 

the liver. Glucagon, \'Thich also depletes the liver 

glycogen is well known to sti .. Lulate the fat transport 

into the li ver. If epinephrine ~<ras not a s eff ective 

in thi s action, it may be mentioned, that glucagon 

depletes the liver of its · glycogen for more prolonged 

periods of time than epinephrine, t hus causing more 

opportunity for the transport of fat. 
,.... 

It is also presumed (Costa, Galaniso & F'oa 1956 ), 

that epinephrine action may be mediat eJ by the pituitary 

as well as by the adrenal gl ands . 
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hetabolism of Nitrogenous Organic Substances . 

C. Protein hetabolism. 

Bl~~ (1901) o8served, th~t in the so called 

11ad.renal diabetes'r no increased urins.ry nitrocen ex­

cretion was found. The same results were obtained 

after prolonged epinephrine infusion, (~amson & Jacobs 

1932). In intact ~nimals epinephrine inauced urine 

flow, vvhicl··. regula tes the urea excretion, has led to 

insignificant changes in protein c~tabolism, (Toth 

1937). In undernourished or fasted anirnals urinary 

ni trogen excretion v-ras increased by epinephrine, 

(Reid 1941, Patonisoi, Underhill 1906, Allan, Dickson 

& l·~arkowi tz 1924). Glucose or glucose and in sul in 

administration reduced the action of e;>inephrine on 

protein catabolism, (Engel l952 ,Reid 1941). It has 

been postul~ted, that f a sting increases the negative 

nitrogen ballance caused by stress (Werner 1951 ). 

Protein cat <~bolism was stimul ated in rats by admin­

istration of l arge dosages of epinephrine. (Epinephrine 

s tress) (Engel 1952, Noble & Toby 194$). The catabolic 

effectof epinephrine on protein was even more pro­

nounced when trauma was super imposed (Noble & Toby 

1948 ). Engel 1952 , ascribes a definite rate to the 

adrenocortical hormones in epineprœine stress. In 
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his experience with adrenalectomized-nephrectomized 

rats a catabolic effect of epinephrine was observed 

only when the rats were pretreated with cortisone. 

Rose and ~elson (1956) report, that in their experi­

ments with nephrectomized rats intravenous and intra­

portal epinephrine or glucagon increased urea produc­

tion, when the r2.te of administration was adequat ely 

high in arder to cause depletion of 1iver g1ycogen. 

'l'hese results lead to the assumption, that the de­

pletion of liver-g1ycogen represents the required 

stress for the catabo1ic effect of epinephrine; but 

that the 1iver is not able to respond to this stress 

wi thout the presence of cortical hor;"ones. Cori (1931) 

confirmed the findings, that the efi'ect of epine:phrine 

on protein metabolism represents only a small part 

of the ca lorigenic effect and of the effect on g1uco­

neogenesis. l'Jumerous reports exist concerning prot­

einuria associated with epinephrine administration . 

(King & Baldwin 1 95 5, Starr 1926, Toth 1937, ~ueler 

1901). The follovring hypoalbuminuria can not be 

considered as the only consequence of increased protein 

cataboli sm. 

Epinephrine administration is also fol1owed by 

a decreased amino acid nitrogen level infue blood • 

. ccording to Luck and Spaulding (1928-29 ), this action 
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of epinephrine is not mediated by the pituitary­

adrenal axis. The same affects have been observed 

by administration of levarterenol to hypophysectom­

ized rats. The mechanism concerning the action of 

epinephrine on blood amino acids is not well under­

stood at present. It may be mediated indirectly by 

the pancreas, since the same effects have been demon­

strated after insulin or epinephrine a&ninistration. 

It has also been reported, that insulin reduced 

the blood amino acid level in eviscerated and eviscer­

ated-adrenalectomized rats, vvhile epinephrine was not 

acting similarly in the same case. (Eussay and co­

workers 1937). This can be explained either with the 

absœnce of insulin, or with lack of the viscera, which 

may have an effect on the ~ction of epinephrine. 

Other f a ctors may pl ay a role. 

In anesthetized animals, no hypoaminoa cidemia 

response ha s been observed following administration 

of epinephrine, proving the fact, that anesthesia 

diminishes insulin secretion, which is required for 

this process. 

Luck and co-workers (Davi s & van ~inkle 1934, 

Griffin & c6-workers 1954) showed that the presence 

of epinephrine was necessary for the a ction of insulin 

on blood amino a cids, s ince there was no hypoacninoa cidemi a 
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in adren~lectomized rats. According to Luck and 

3paulding (1928-29) blood amino acids have been 

decreased, when insulin hypoglycernia was prevented 

by glucose a~ninistration. This confirms the report s 

of Ingle and co-workers (1955} according to which 

insulin is supposed to be the factor reducing blood 

amino acids in eviscerated and eviscerated-adrenal­

ectomized r~ts. It can be concluded, that epinephrine 

causing hyperglycemia will stimulate a release of 

insulin ~1ich is followed by decrease in blood amino 

acids. (Russell 1955). Other epinephrine like sub­

stances h2ve been used in several experiments (Sahyun 

1933) like: norepinephrine, phenylephrine, ephedrine, 

met3.mphetamine, phenylethylalamine et-al. 

Levarterenol was ineffective in normal animals 

but caused hypoaminoacidemia in hypophyse ctomized rats. 

(Griffin & co-workers 1928-29). But the r educing 

effect on blood proteins has been found only following 

epinephrine administration. (Bruinsk & Luck 1952 ). 
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1. Creatine Eetabolism. 

Creatine is normally forrned in the liver and 

transported to the muscle, where it is assimilated 

and stored. In sorne pathological conditions like 

progressive muscular dystrophy and diabet:.es mellitus, 

the creatine excretion is increased. The cause of 

this findin,~ is not well known. The excreted creat­

ine derives either from the muscle stores or it is due 

to a l a ck of assimilation by the muscle. 

dose (1935) in his review of the literature 

mentions a rel~tionship existing between muscle glyco­

genolysis and increased creatine excretion. Comsa 

(1948) states th~t there occurs marked creatinuria 

after administration of epinephrine, if the muscle 

glycogen is severely depleted. This is not the case, 

when enough muscle glycogen is present. After ad­

ministration of epinephrine creatine excretion was 

increased in normal animals and in thos e pretreated 

with thyroid hormone. (Comsa 1948 , 1950, .Pflug 1938). 

Tissue creatine w~s increased, unchanged or slightly 

increased in the mus cle. (Pataky & Pfeifer 1951, 

Koven, Fizzolato & Beard 1940 ). It was reduc ed in 

the he2rt and unchanged in the brain after epinephrine 

administration. (Ores & Abelin 1954). 

-.ccording to B1ise, ;~ubin .::. Gilbert (1951 ) an 

iucrease in creatine in human subjects has been obeerved 
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after epinephrl..ne admimistration. This effect however, 

is more or less a mea:mre for the effect of glomerulor 

filtration rate, rather than u sign of change in 

creatine-creatinine metabolism (Ellis 1958). Nor­

epinephrine, phenylephrine and ephedrine did not 

show the same effect on creatine metabolism as epi­

nephrine. 

2. Urie Acid. 

The effect of epinephrine upon urie acid met­

abolism was reviewed by Bishop & T~lbot (1953) and 

by Chaikoff (1935) •. m increase of urie acid and 

allantoin has been observed in animals after ad::lin­

istration of epinephrine in high dosages or as a 

result of insulin hypoglycemia. (Chaikoff 1935, 

Larsen&. Brewer 1936, l'liller & I~uyper 1938). 

It has been suggested, that the effect of 

epinephrine on urie acid may be activated by pituit­

ary and the adrenals. This has been supported by 

the fact, that large dosages of epinephrine are 

required for the effect to ta_ke place, th ;_, t adreno­

cortical hormones have the same action, th~t there 

was no effect of epinephrine in Addisonian disease 

and th :..t adrenalectomized dnLtals with small rests 

of the adrenald left, show similar effect. (Bishop 

& Talbot 1953, Bliss, Hubin & Gilbert 1951, Larson 

tc Brewer 1936) • 
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D. Influence of Catechol .Amines on Oxygen l''.ietabolis<n . 

1. Calorigenic iffect. 

Belawenetz had already discovered in 1903 that 

epinephrine increased oxygen consumption in almost all 

species . He stated however, that the effect of epi­

nephrine on oxygen consumption depended on the dosage 

administered. In his experi.ence Belawenetz observed, 

that l arge dosages of epinephrine decreased oxygen 

consumption and body tem1)erature. Sin ce the se find­

ings have also been confirmed by ether investigators, 

(Trendelenburg 1924 & 1934, Essex 1952} it was post-

ulated, that large epinep1.rine administration first 

causes a fall in oxygen consumption due to respirat­

ory depression, than an increase, as a consequence 

of interference with gaseous exchange and pulmonary 

edema. The affect of epinep:nrine on pulmonary blood 

flow was known since the experiments of Delaunois 

(1945) performed on dogs. 

Boothby and Sandiford reviewed this subject 

in 1923 and they postulated, that a major part of 

extra oxygen consumption must be attributed to fat 

catabolism. 'l'he excess oxygen metaboli s:n caused by 

epinephrine i s not limited to a single or~an . Inves­

tigations on the li ver, t i1e heart, the muscle and the 

sympathetic nervous sys t em have been p er f ormed. "i.. 
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transient heat increase was demonstrated on the liver 

in vivo, after a relative hign dosage oi epinephrine. 

(Jitariu, Koch and Otto 1941). This finding was con­

sidered as a secondary effect to epine)hrine in the 

li ver, since the saxne experiments v.Jith intraportal 

epiner;hrine administration have be en less effective. 

~xperiments on hepatectomized frogs indicate, that 

the liver is not essential for the calorigenic eff0ct. 

(Cori and Buchwold 1930-31). ~oskins (1927) found that 

there was no calorigenic effect of epinephrine in 

eviscerated or hepatectomized animais. Drury and his 

co-workers (1955) noted a marked hyperlacticacidemia 

in eviscerated animals. This v.ras explained by Lund­

holm (1949) '.'Vho has found hyperlacticacidernia to 

follow epinephrine ad~inistration and postulated, that 

the high lactate of hepatectomized animals possibly 

Illasks the effect of epinephrine on oxygen consumption. 

Intravenous infusion of epinephrine increased cerebral 

metabolism, (King and co-Norkers 1952). This however 

was not observed after intramuscular administration • 

(Sensenbach 1953). Severa! authors found that other 

presser amines had no calorigenic el:'fect. (l'loyer, 

?illrris and Snyde 1954). The calorigenic effect of 

epinephrine on the heart is rather controversial. 

Green, ;:":uler and L.oe (1953) have found, that unaer 

some conditions epinephrine increased oxygen 



consumption ;i:ore than vmrk. A reduction in oxygen 

consumption was found in heart-lung prepara tions 

after administTé1.tion of li-phenyl-N-isobutyl-nor­

p-uympo.thol, I"J-phenyl-i~-butyl-norepinepl1rine, as 

well as after evinephrine. (Gollwitzer-~eyer and 

Jur.g;mann 1952). The effect of e_ iney:hrine ho1vever 

is controlled by reîlectory activity on the heart. 

The ei'fect was less marked in innervated lung-mu::lcle 

preparation and in the heart in situ, than in dener­

vated lung-heart preparations. 

Epinephrine or sympathetic stimulati::m did not 

i~crease oxygen consumption of a r esting heart. Lee 

(1953) d~nonstrated, the difference between the a ction 

of glycosides and epinephrine on the heart mu s cle. 

Ouabain i mproved thG muscle contraction without 

changing oxygen metabolis:H, while e1ünephrine increased 

oxygen consumption \vi t h increase of contra cting power. 

There is evidence that a transient calorigenic increa se 

after intraarterial administra tion of epine:.Jhrine 

is present in skeleta1 mus cle. (Bucherl anQ Schwab 1952 ), 

Kl einsor gand and Schmien 1952 ). Thi s effect could be 

obs erved as an initial reaction to the hormone , as 

sta t ed by ~ertens and Hein (l93d ) and to be followed 

by adapt a tion and nor;,;alization. The effect in i ntact 

animals has been attribut ed to reoxygenation of "pool edn 

blood. Since Lundholm (1949 ) showed, tha t the calorigenic 
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effect o.:i. epinephrine was related to serwn lactate 

l evels, a more prolonged administra tion of e~ineph­

rine could clarify the situation. 

In smooth muscle De Heio (1941) found, that 

there was an ir.creased oxygen conswnption in reprod­

uctive organs of the rabbit, but not in liver or dia­

phragm. Bulbring (1953) observed an increased oxygen 

metabolism in guinea pigs intestine under stress, but 

a decrease under resting conditions. These findings 

were confirmed by Rao and Singh (1940) in smooth 

muscle preparat ions of the frog depressed by epineph­

rine. Strand and Gordon (1953) found, that in intact, 

adrena1ectomized or hypophysectomized rats a depressed 

respiration was present after epinephrine admini stration 

in the f o11owing organs: the lymph nodes, the thymus , 

the spleen, the liver and the muscle. There is no 

exp1anation availab1e for these findings. 
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2. Mechanism of the Calorigenic Effect. 

In his recent review of the calorigenic action 

of epinephrine, Lundholrn (1949) concluded, that the 

mechanism of increased oxygen metabolisrn was due to 

hyperlacticacidemia with increased tissue metabolism. 

Griffith (1951) attributes the calorigenic action of 

epinephrine to many factors, which include increased 

body temperature, increased activity of cardiac and 

skeletal muscle, plethora of glucose and lactic acid 

and incre~sed cellular rnetabolisrn. Recent analysis 

refers to earlier work of Green and dichtec (1937), 

which attributed several effects of epinephrine to 

its decomposition product, adrenochrOine, which stirn­

ulates sorne of the enzyme systems invo1ved, while 

others are inhibited.(Radsma & Golterman 1954). 

Accor ding to sorne findings dirninished oxygen con­

sumption occured after epinephrine administration. 

(Griffith 1951). 

This could be explained by the fact, that epi­

nephrine causes vasoconttriction to the skin vessels. 

Thus increa s e in body terilperature and delayed increas e 

in oxygen use. This mechani sm i s appliabl e to low 

dosages of epinephr iDe, whi1e aft er higher dosages 

hypothermia results. (Trendelenburg 1924, ~ssex 1952). 

\~lhit cher and Griffith {1949) found, that in intact 

c~t s t h e tempera ture increa s ed i n response to 
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epinephrine; in skinned cats the temperature decreased 

and the calorigenic effect of epinephrine was smaller. 

From these experiments it may be concluded, that con­

striction of skin vessels by epinephrine conserves the 

body heat and increases the calorigenic effect. The 

skin itself plays a minor role in this mechanism. 

Isoproterenol increases oxygen consumption and body 

temperature in the rat. (Waterman 1949). It was noted 

in these experiments, that the skin was rather reddish 

than blanching, which could be explained in such a v:ay, 

that isoproterenol was lowering the blood pressure suf­

ficiently, to produce low blood flow in the skin and 

still influence its calorigenic effect. Increased 

1nuscular activity may be of considerable importance 

in the calorigenic action. The missing effect of 

epinephrine in anesthetised animals may be explained 

that v.ray. Lundholm (1949) found that anesthetic 

agents \vhich redu ce the calorigenic action, also 

reduce the blood lactate in response to epinephrine. 

Extirpation of the sympathetic nervous system did not 

reduce the calorigenic effect of epinephrine. (Lee & 

co-workers 1933). 

Epinephrine hyperglycemia does not coincide with 

the calorigenic effect, (Boothby & 3andiford 1923). 

l'his v.ras shmm by Lor:1broso (1937). itdrenergic block-
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-ing agents do not prevent epinephrine hypermetabolism, 

but they do prevent hyperglycemia. 

Isoproterenol for example, was found to increase 

the metabolis '· of the rat (Haterman 1949) but not the 

blood sugar (Ellis & Anderson 1951). 

In comparative studies by ~n1elan und Young (1953) 

they found that both catechol amines stimulated res­

piration, but only epinephrine increased oxygen con­

sumption. Levarterenol was found to have the sai:le 

effect as epine:phrine. (Vleeschouwer & :::..mythe). 

Bearn (19 ) found an increase in blood lactate only 

10 minutes after epinephrine infusion. 

Lundholm and 1"<ohme (1949) shovred, that ergota-

mine administered to guinea pigs 20 minutes previous 

to epinephrine injection, inhibits the calorigenic 

effect. Other aut~ors stated, that e~gotamine prevented 

the calorigenic effect only when srnall dosages of epi­

nephrine were given. (Lapes & co-workers 1954, Lundholm 

& 11ohme 1949, rlothlin & Cerletti 1952). The evidence 

that ergot alkoloids can prevent the calorigenic 

effect and the hyperlacticacidemia following epineph­

rine, prove the hypothesis that high blood lactate 

causes the calorigenic errect of epinephrine. 

(Lundholm ?c Mohme 1949, Goldblatt 1933). 



5. Effects of Catechol Amines on the Central Nervous System. 

Transmission of peripheral synapses. Marrazzi(l939) has 

demonstrated , that epinephrine exercised a depressant 

action upon transmission in the superior cervical sym­

pathetic ganglion of the anesthetized cat. A dose of 

10-250 mcrg. of epinephrine intravenously caused a 

diminution or a disappearance of the postsynaptic spike 

when the presynaptic nerve was electrically stimulated. 

Marrazzi(l939) postulated, that this inhibiting effect 

of epinephrine on sympathetic ganglia was a direct action, 

probably necessary for the prevention of excessive sym­

pathetic action in certain conditions. These experimenta 

have been extended to sympathetic and parasympathetic 

ganglia in other locations and it cou1d be demonstrated, 

that the action of epinephrine was 1ocalized at the 

synapse itself.(Marrazzi 1952, Tum Suden & Marrazzâ 

1951, Tum Suden & co-workers 1951). 

Lundberg(l952) performed similar experimenta 

and found that as little as lmcrg. of epinephrine 

administered intravenously produced a depression of 

neurotransmission. In experimenta with Norepinephrine 

it could be demonstrated that on1y one-fourth or one­

third of the effect produced by epinephrine was attained. 

According to Lundberg(l952) there was no depolarization 

or hyperpolarization present. He has postulated, that 



the ganglionic blocking action of epinephrine was 

comparable to the action of curare. Matthews(l956) 

observed a depression of bransmission at peripheral 

synapses with 0,3-0,7 mcrg/kg. of epinephrine. Nor­

epinephrine was found to be much less effective. 

Matthews(l956) also demonstrated, that the depressant 

effect of epinephrine was affecting only two of the 

three sets of postsynaptic fibres leaving the ganglion, 

namely, the fibres presumably destined for the nictita­

ting membrane and blood vessels. None of the above 

investigators observed any augmentation of postsynaptic 

neurotransmission by epinephrine. 

Bulbring and Burn(l942) used in their experiments 

preparations of the hind limbs and the abdominal sym­

pathetic ganglia. When small amounts of epinephrine 

were added to the perfusion, an increase in vasocon­

striction of the 11mb was observed with electric stim­

ulation. Larger dosages however, seemed to cause a 

depressant effect. The same results have been attained 

when the superior cervical s~pathetic ganglion was 

perfused and very small amounts of epinephrine were 

added. With larger dosages of epinephrine in the 

perfusion, the response of the nictitating membrane 

was depressed. Malmejac(l955) confirmed the observations 

of the other authors, that small doses of epinephrine 
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(0,5-4 mcrg./kg.,per minute) seem to enhance the re­

sponse of sympathetic ganglia, while larger doses 

ll2-15 mcrg./kg.,per minute) decrease the response. 

Kouz·ett (1950) observed an augmentation of the res­

ponse to acetylcholin injection, when in very small 

doses epinephrine was added. When comparing this 

with other catechol amines and their derivatives, 

Kouzett concluded, that the ganglionic response to 

these drugs resembled those of the beta adrenotropic 

receptors of Alquist (1948). Kouzett also observed, 

that sympathicolytic drugs did not abolish the aug­

menting effect of epinephrine on acetylcholine. 

Matthews(l956) reported, that Dibenzyline 

did not block the affect of epinephrine and norepi­

nephrine in his experimenta. 

Kewitz and Reinert(l952 & 1954) compared the 

effect of epinephrine on the perfused ganglia, 

following acetylcholine injection and preganglionic 

nerve stimulation. It was observed that, as a rule, 

epinephrine augments acetylcholine-induced response 

but diminishes the response to nerve stimulation. 

Kewitz(l955) doubted then, that acetylcholine be the 

physiological transmitter substance at this special 

synapse. Most probably the results will depend on 

whether an electric stimulus of the preganglionic 

nerve has been used, or whether acetylcholine was 



injected into the perfusate. It is also important, 

whether the nictitating membrane, the adrenal medulla 

or the vasoconstrictor nerves have been used as indic­

ators. It may still be questioned, whether the effects 

of epinephrine and norepinephrine on the peripheral 

ganglia are revelant, since the preganglionic nerve 

fibres are presumed to be cholinergie. Attention bas 

been ca11ed to the fact, that there were chromaffin 

ce11s found in sympathetic and parasympathetic ganglia 

and that these cells possib1y released adrenergic 

substances into the synaptic region of the ganglion. 

(Bulbring 1944, Tum Suden & co-workers 1951). The 

re1ease of an epinephrine-like substance into the 

ganglion perfusate fo1lowing stimulation has been 

reported. However the purpose of this mechanism is 

not we11 known yet. 

The possibi1ity that C.A. act on the brain 

indirect1y, by constriction of cerebral vessels, has 

been considered since the ear1y 20th century. There 

are reports according to which epinephrine dilates 

cerebral vessels, constricts them, or performs both 

effects consecutive1y. Forbes (1933) summarising 

ear1ier reports and eva1uating his own experiments, 

observed a definite effect of epinephrine on cortical­

cerebral vessels. Epinephrine, 1ocally applied to 



cortical vessels, produced a constriction of larger 

vessels only, while intravenous administration of 

1-lOOmrcg. of epinephrine caused as a rule vaso­

dilatation. Intracarotid administration of epinephrine 

produces vasodilatation followed by vasoconstriction, 

after the blood pressure returned to normal levels~ 

Fog (1939) used a similar technique and found that 

epinephrine, in very low concentrations, constricted 

the brain arteries, while the arterioles remained 

unaffected. Experimenta employing intravenous app­

lication of epinephrine have demonstrated, that this 

effect was depending entirely on the rise in blood 

pressure. Sympathomimetic and parasympathomimetic 

drugs injected into pial arteries, produced constric­

tion of larger arteries only.(Lunn & Fog 1939}. 

Schmitt (1956} studied the effect of epinephrine and 

norepinephrine upon blood volume in the brain and 

demonstrated, that 50 mcrg. of both hormones produced 

vasoconstriction, especially following epinephrine 

administration. In a shock state both hormones 

produced vasodilatation. Bovet & Carpi (195$} demon­

strated, that the vasoconstricting effect of epi­

nephrine onthe brain disappears during deep anesthesia, 

especially after administration of barbiturates. 

Respiratory acidosis, extensive surgery and shock are 

also counteracting epinephrine induced cerebral vaso-



constriction. These findings were interpreted as a 

protective mechanism in animals in a poor general 

condition. King (1952) reported an increase in 

cerebral blood flow in men with pressor dosages of 

22-73 mcrg./per min. of epinephrine, and a decrease 

with norepinephrin•• Sensenbach (1953) who has 

administered the hormone intramuscularly in dosages of 

0,6-1,0 mg. found a decrease of blood flow with nor­

epinephrine, but no changes with epinephrine. More 

recently Ingvar and Soderberg (1956) demonstrated 

clearly, that norepinephrine, administreed intracarotid, 

caused an initial vasoconstriction of cerebral blood flow, 

followed by vasodilatation, while epinephrine caused 

vasodilatation only. It has been postulated, that epi­

nephrine and -norepinephrine produced changes in EEG and 

that epinephrine only caused an increase in oxygen 

consumption in the brain. Epinephrine and norepi­

nephrine do not •ppear to act equally on all parts of 

the brain, as it was demonstrated by Schmitt (1934) 

who claimed, that these drugs have almost no effect on 

the medulla vessels, but a mild and persistent eon­

stricting effect on the hypothalamus. Studies by 

Watts & Pool (1957), by Jones & Blake (1958), by 

Leimdorfer (1957) and others have shown, that injected 

epinephrine and norepinephrine are removed from 
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circulation whithin few minutes, mainly by the liver 

and the kidneys. Whithin 20 hours all of the hormone 

is excreted into the urine. In the cerebral fluid, 

these hormones are stable in solution. There is 

evidence, to suggest, that epinephrine and norepi­

nephrine penetrate the blood-brain barrier remaining 

there longer than in the body. According to some 

authors, the effects observed, the action and exc~etion 

of C.A. are different in various parts of the brain, 

depending on whether the administration was carried out 

intrathecally, intracisternally, into the ventricles or 

into the spinal cord. 

The effects of epinephrine and norepinephrine 

on the brain have also been observed by demonstration of 

an indirect or reflectory mechanism of action, through 

the carotid and aortic baro-receptors. These resulta 

were obtained in connection with studies of a direct dep­

ressing effect on the hormones upon the vasomotor 

centre. Heymans and his co-workers(l953) observed, that 

any drug, raising the blood pressure, stimulated the 

pressure-sensitive elements in :~the carotid sinus; and 

the aortic arch, which send impulses to the vasomotor 

centre. These reflectory impulses inhibite the action 

of the vasomotor centre and thus restore the blood 

pressure back to normal levels. Epinephrine was shown 

to act in a similar way, inducing reflex-vasodilatation 
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and bradycardia with the rise of blood pressure. 

Similar effects of both hormones have been demonstrated 

with local application to the carotid sinus.(Heyman 1955). 

They generally tend to diminish the vasomotor action. 

In the light of present knowledge, it can only be stated, 

that epinephrine and norepinephrine increase the activity 

of the carotid and aortic baroreceptors:, by direct 

stimulation and sensitisation and by rise of the blood 

pressure. The consequence of this action is an inhib­

ition of the vasomotor centre and, probably, other brain 

stem mechanisms are inhibited as well, including the 

respiratory centre and the reticular activating system. 

Possibly direct inhibiting effects of the vasomotor 

centre are brought upon by other intracerebral chemo­

receptors. Whether anesthetized animals and a relative 

unphysiologically high dosage of the drugs play an 

important role, has not been demonstrated decesively. 



91 

Epinephrine stupor, deep analgesia and sleepi­

ness were proven to be the most marked effects of 

larger dosages in experimental animals and man, demon­

strated by many authors since the beginning of this 

century. (Donitz 1903, Zeigan 1904, Weber 1904, Ivyl947). 

The administration of the hormone was either intra­

lumbar, intravenous, intracarobid or intracisternal 

and intraventricular. Invariably deep analgesia_ and 

sleepiness followed a short period of salivation or 

restlessness. In all cases however consciousness was 

maintained. The dosages used were ranging between 

0,2-1,0 mgm. In cats 5 mgm. of epinephrine were found 

to be the lethal dosage. 100 mcrg./Kg. of epinephrine 

given to unanesthetized dogs produced initially excite­

men~, vomiting, stupor and spaeticity but was followed 

by a deep analgesia of 60-90 minutes duration, in which 

time an abdominal operation could be performed on the an­

imal. A marked elevation of the pain threshold has been 

demonstrated by the tooth pulp method. Leimdorfer 

(1947) found an alteration of blood sugar following 

intracisternal epinephrine injection. This latter 

type of administration of epinephrine seems to be 

more effective on analgesia and sleep even in lower 

dosages. No changes in the EEG were observed. 

Leimdorfer {1950) compared the intracisternal effects 

of epinephrine, norepinephrine, isoproterenol and 
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butanephrine and they all produced stupor or sleepi­

ness. Neosynephrine, ephedrine,amphetamine and 

tuamine produced great excitement. The injection of 

20-80 mgm. of epinephrine or norepinephrine into the 

lateral ventricle produced a light anethesia compara­

tive to pentobarbital. EEG changes were insignificant 

during this time. Respiration was round to be deep 

and accellerated. Segmenta! reflexes (like extensor 

stretch reflexes, limb withdrawal, corneal, conjunc­

tival etc.) have all been maintained. Analgesia and 

stupor were always present; there was no analgesia in 

a completely alert animal. (Rothballer & Sharpless 

unpublished observations.) Ivy (1944)could demonstrate 

analgesia in human beings without accompanying stupor. 

This observation found the bases for the attempts to 

use epinephrine and congeners as an anesthetic. Gross 

(1948) used epinephrine in patients affected with 

leprosy and succeded in production of a marked elevation 

of the pain threshold in these subjects. Wolff (1940) 

proved that epinephrine abolished the effect of morphine, 

but that on the other hand it was very effective in pro­

longing anesthesia with barbiturates, paraldehyde, 

chloralose and ethanol. 
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CHAPTER YI 

MATERIAL AND METHODS 

All rats used in this experiment were of the Royal 

Victoria Hospital-Hooded strain and were bred in the labora­

tories of the department. Only male rats weighing between 

150-280g. were used, to avoid the possibility of response due 

to sex differences. As outlined later under description of 

collection of gastric secretion, animals were uniformly fasted 

for 24 hours prior to the experimental procedure. However, a 

group of non-fasted animals were also prepared in order to study 

the effects of fasting on C.A. (Catechol Amines) 

' 2. Method of collection of gastric secretion 

a} Anesthesia and the operating room set-up 

All operating procedures were carried out in the 

small-animals operating room using clean surgical instruments 

which have been kept in Hibitane disinfectant solution. The 

sutures used in the procedure were those of 00-silk thread 

for the intra-abdominal part of the operation and 000-silk 

thread for closure of the abdominal cavity. The animals were 

anesthetized by intraper~toneal injection of Nembutal in the 

dosage of O.lcc. (0.6 grain) per lOOgr. of body weight. 

The vast majority of animals tolerated the 
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anesthetic well and remained anesthetized for periods ranging 

from 5-45 minutes, varying slightly in sorne of the animals. 

After the administration of the anesthetic the animals were 

placed on an operating board with the front teeth hooked on 

a flange and the extremities attached by rubber bands. The 

abdomen was then shaved and the skin sterilized by application 

of Hibitane solution. Approximately 5% of animals died due to 

anesthesia. 

b) Operative procedure 

The abdominal organs were exposed through a median 

laporotomy of about 1-1~". Blunt forceps were used for the 

exteriorating of the stomach. A needle was then inserted into 

the esophagus ~nd the stomach was irrigated with physiological 

saline to remove food remnants. The cardia and the pylorus 

were then ligated with 00-silk. Special precaution was taken, 

so that the vascular supply was not damaged or included in the 

ligature. In cases where the vessels were injured or ligated 

a hemorrhagic gastritis resulted and the admixture of blood 

necessitated the exclusion of the gastric juice from further 

use. The cardia ligature was placed beneath the vagus nerves 

so that no pressure nerve damage was involved. 

After 24 hours the animals were sacrificed and the 

secretion accumulated in the stomach pouch was emptied into a 

beaker by incising the forestomach. The collection procedure 

was best carried out after the stomach was removed by transection 
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above the cardia and below the pyloric ligature. The 

secretion collected this way probably included sorne transudate 

from the distended gastric wall. The amount however, was 

insignificant. The volume of secretion collected, was used for 

estimation of pH, hydrochloric acid, sodium potassium and 

chlorides. The pH was determined on Beckman p.H. meter. Free 

HCl was estimated by titration with 0.1 N sodium hydroxide 

using Topfer's reagent indicator. Chloride was measured by the 

method described by Schales and Schales. Sodium and potassium 

were determined using a flame photometer. 

3. Method of collection of urine for estimation of C.A. 

a) Experimental set-up 

The animals in which the cardia and pylorus were 

tied were all kept separately in specially designed metabolic 

cages. As mentioned previously, the animals were fasting for 

the preceding 24 hours therefore , no diff iculties due to 

passages of food particles into the urine collection containers 

were encountered, except in the group of animals in which the 

food was not withdrawn to compare the C.A. values with those of 

fasting animals used in all experiments. In the non-fasted 

group on several occasions food particles have been observed to 

pass through the mesh wire at the bottom of the cage into the 

urine-collecti on containers. The metaboli c cages were modif ied 

in such a way that an additional fine gauge wire sheet was 

placed in each cage to prevent the passage of feces into the 

urine-collection contai ners. This was ver y eff ecti ve and on no 

occasion were feces observed to pass into the containers, except 
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for sorne animals to which Reserpine and Reserpine and 

Histamine in combination had been administered. In this group 

fecal matter was observed in the urine-collection containers 

in approximately 3-5% of the cases. The collection flasks 

were attached by means of a perforated rubber stopper to the 

funnel at the bottom of the metabolic cage, so that no loss 

of urine was encountered. 

b) Method of collection 

The rats were placed separately in the metabolic 

cages and the urine was collected in a graduated flask for the 

following 24 hours. The content of the flasks of the whole 

group was then pooled and a solution of 50% HCl acid plus a 

few drops of toluene were added to the urine. The container 

was then covered \dth wax paper and placed in 4°C. temperature 

until the analysis was carried out, which was usually done 

24 hours later. 

4. Methods of estimation of C.A. in the urine 

a) Method 

The method used for C.A. estimation in our 

experiments originates from U.S. von Euler which for our 

studies was modified from the above mentioned method as 

proposed by Dr. R. Hobkirk of the Montreal General Hospital. 

b} 

The following is an excerpt from Dr. Hobkirks 

description 
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"PRINCIPLE 

Urinary catecholamines stabilized with ascorbic 

acid, are adsorbed on alumina columns at an alkaline pH and 

are parti ally puri fied by 'ltrashing wi th sodium acetate solution 

and water. Elution is easily brought about using 0.2M acetic 

acid. Adrenaline and noradrenaline are both oxidised by a 

variety of oxidants (in this case iodine) to the corresponding 

chromes at pH 6.0, whereas at pH 3.5 only adrenalin is oxidised 

(4). By performing oxidation at both pH values a differentia! 

estimation of the two catecholamines is made. After destruction 

of excess oxidant (in this case with Ma2s2o3) the chromes are 

isomerized to the corresponding lutins (3, 5, 6, trihydroxy­

indoles) with alkali (5). These lutins fluoresce when 

irradiated by light of a suitable wave length and can be 

measured fluorimetrically when stabilized with ascorbic acid. 

REA GENTS 

All solutions for this method are prepared using 

double glass distilled water. Double distilled water is also 

implied wherever water is mer1tioned elsewhere in the procedure. 

1. Versene solution (10%) 

50 g. of the disodium salt of ethylenediamine tetracetic acid 

are dissolved with stirring in 500 ml. of water. This solution 

is kept in a glass bottle fitted with a burette. 

2. Ascorbic acid solution (2%) 

200 mg. of ascorbic acid (Nutritional Biochemicals for 
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investigational use only) are dissolved in 10 ml. of water. 

This solution is prepared immediatly before use. 

). Sodium hydroxide solution (4%) 

20 g. of sodium hydroxide pellets are dissolved in 500 ml. of 

water and kept in a tightly stoppered bottle. For use, this 

solution is contained in a small bottle fitted with a medicine 

dropper. 

4. Sodium hydroxide solution (20%) 

lOO g. of sodium hydroxide pellets are dissolved in 500 ml. of 

water and kept in a tightly stoppered bottle. 

5. Alumina for chromatographie analysis (Woelm; almost neutral; 

activity grade I.) 

6. 0.2 Molar sodium acetate solution (pH 8.4) 

16.40 g. of anhydrous sodium acetate or 28.20 g. of the 

trihydrate CH2C00Na, 3H20, are dissolved in water and made up 

to 1 litre with water in a volumetrie flask. A very few drops 

of 0.1 N NaOH are added to bring the pH to 8.4 using a glass 

electrode. 

7. 0.2 Molar acetic acid solution 

Measure out 12 ml. of glacial acetic acid in a graduated 

cylinder. Make up to 1 litre with water in a volumetrie flask 

and mix thoroughly. Standardi~e with 0.1 N NaOH using 

phenolphthalein as indicator. Suppose 10 ml. of the acetic 

acid solution are neutralized by V ml. of 0.1 N NaOH. Then, 

normality of the acetic acid is v f0°·1 • To adjust the 

normality to 0.2 take a convenient volume of the acid (V ml.) 
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and dilute it with V (0.05 x T-l) ml. of water. 

8. :f./Iolar acetic acid solution 

By means of a graduated cylinder measure 60 ml. of glacial 

acetic acid into a 1 litre volumetrie flask; make up to the 

mark and mix thoroughly. This need not be standardized. 

9. Molar sodium acetate solution 

82.0 g. of anhydrous sodium acetate or 136.0 g. of the 

trihydrate, CH
3

.coONa, 3H2o, are dissolved in water and made 

up to 1 litre with water in a flask. 

10. Molar acetate buffer pH 3.5 

Mix 190 ml. of reagent 8 with 10 ml. of reagent 9 and mix. 

Check the pH with a glass electrode and adjust if neces.sary 

with solutions 8 or 9 as required. 

11. Molar acetate buffer pH 6.0 

0 Store at 4 C. 

Mix 30 ml. of reagent à with 600 ml. of reagent 9 and mix. 

Check the pH and adjust if necessary with solutions 8 and 9 

as required. 

12. Adrenaline stock solution (100 mg. of free adrenaline per ml.) 

Weigh out accurately 18.2 mg. of adrenaline bitartrate. Dissolve 

in 0.2 M acetic acid and make up to 100 ml. with this acetic acid 

in a 100 ml. flask. This solution is stable for 6 weeks if kept 

at a temperature of approximately 4°C. 

13. Adrenaline working solution (1 mcrg. of free adrenaline 

per ml.} 

1.0 ml. of reagent 12 is pipetted into a 100 ml. volumetrie 

flask and made up to the mark with water. This solution is 

prepared fresh daily. 
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14. Noradrenaline stock solution (100 mcrg. of free 

noradrenaline per ml.) 

12.2 mg. of noradrenaline hydrochloride are accurately weighed 

out, dissolved in 0.2 M acetic acid, and the solution made up 

to lOO ml. with the acid in a volumetrie flask. This solution 

is stable for 6 weeks at 4°C. 

15. Noradrenaline working solution (1 mcrg. of free 

noradrenaline per ml.) 

1.0 ml. of solution 14 is pipetted into a lOO ml. volumetrie 

flask and made up to the mark with water. This solution is 

prepared fresh daily. 

16. 0.004 Normal iodine solution 

0.2 ml. of the lN commercial standard iodine solution is 

measured by graduated pipette into a 50 ml. measuring cylinder 

and made up to 50 ml. with water. This is prepared fresh daily, 

17. 0.005 Normal thiosulphate solution 

0.2 ml. of the lN commercial standard sodium thiosulphate 

solution is measured by graduated pipette into a 50 ml. 

measuring cylinder and made up to 40 ml. with water. This is 

prepared fresh daily. 

18. Alkali-ascorbic acid solution (reagent 2) is mixed with 

18 ml. of 20% NaOH. This solution is very unstable and must 

be prepared immediately before use. 

19. Quinine sulphate solution (0.25%) 

0.5 g. of quinine sulphate is dissolved in 200 ml. of approx. 

O.lN sulphuric acid. This solution is stable indefinitely at 

room temperature. 
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PROCEDURE 

Preparation of chromatographie columns 

These columns of are glass, là cm. long and 5-6 mm. internal 

diameter. Each has a bulb reservoir of capacity 50 ml. at the 

top and a ground glass stopcock at the lower end. There is a 

constriction in the tube just above the stopcock. A small plug 

of glass wool is inserted and packed against the constriction 

by means of a glass rod. 0.7 g. of alumina is measured out in 

a 15 ml. graduated centrifuge tube, 0.7 g. occupying 0.7 ml. 

in volume. This alumina is then introduced into the empty 

reservoir of the dry column, the column being held in an almost 

horizontal position with stopcock fully open. The alumina is 

then carefully washed into the column by means of about 5 ml. 

of 0.2 M sodium acetate, pH 8.4. At this stage the column is 
0 held at an angle of about 45 • When all the alumina is washed 

down, the colurnn is clamped vertically in position. The surface 

of the alumina is allowed to settle under gravity with frequent 

sharp tapping of the column and a small plug of glass wool is 

placed on top to protect the surface. When the level of the 

sodium acetate solution has just reached the top of the alumina 

(6) the stopcock is closed and the column is ready for use. 

Preparation of urine for chromatography 

The 24 hour urine specimen is diluted with water, to 2000 ml. 

(7), (in our case to 100- 150- 200 ml.). Duplicate 25 ml. 

aliquots of the filtered urine (8) are measured by graduated 

pipette into each of two 100 ml. beakers. To each is then 
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added 1 ml. of 10% versene (9) and 1 ml. of 2% ascorbic acid 

(10). Each beaker is then successively placed on an electric 

magnetic stirrer, a magnet is placed in the solution, and the 

combined electrode of a pH meter previously standardised with 

known buffers is lowered into the solution. Careful stirring 

is commenced with the dropwise addition of 4% NaOH until the 

pH has reached a value of 8.4 (11). Stirring is stopped, the 

pH meter is switched off, the magnet is removed with forceps 

and rinsed into the solution with a jet of water from a wash 

bottle and the urine· is transferred immediately to the column, 

care being taken to disturb the surface of the alumina as little 

as possible. The beaker is rinsed twice with 1 ml. volumes 

of 0.2 M sodium acetate (pH 8.4), the washings being added to 

the column. The beaker is then used for collection of the 

solution from the column. 

CHROMATOGRAPHY 

The stopcocks of the columns are opened and the rate of flow 

of the urine solution adjusted so that the entire volume passes 

through in 10-20 minutes (12}. The stopcocks are closed when 

the solution level has just reached the alumina {8). The 

columns are then washed by passing first 5 ml. of 0.2 M sodium 

acetate {pH 8.4) and then 5 ml. of water (13). The rate of flow 

of these should be about the same as f or the urine {12}. The 

beakers, containing the spent urine and the washings, are 

removed and replaced by Quickfit Bl9 tubes. Exactly 5 ml. of 

O. 2 M acetic acid are measured by pipette into the column, the 
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stopcock opened to give the above flow rate (14) and the 

eluate collected in the tubes. This is followed by exactly 

5 ml. of water under the same circumstances (14). In each 

of these stops stopcocks are closed when the liquid level has 

just reached the alumina ($). The tubes containing the 10 ml. 

eluate are stoppered and, if not used at once for analysis, 

stored at about 4°C. (15). 

OXIDATION OF THE CATECHOLM~INES 

From each chromatographie eluate duplicate l ml. volumes are 

measured into each of two Bl9 stoppered tubes. These are used 

for oxidation at pH 3.5 and 6.0 respectively and are set up 

together with appropriate blanks and standards as follows (16). 



Tube 

1. Reagent 
blank 

2. Reagent 
blank 

3. Unknown 

4. Unknown 

5. Standard 

6. Standard 

7. Standard 

8. Standard 

9. Standard 

10. Standard 

----·-

Chromatographie 
el ua te 

(ml.) 
--

1 ml. grad. 
pipette 

-

-

3 

3 

-

-

-

-

-

-

Adrenaline 
working sol. 

(ml.) 

0.2 ml. grad. 
pipette 

-

-

-

-

0.3 

0.3 

0.3 

0.3 

-

-

· . .-, 
±04 

Noradrenaline 
working soln. 

(ml.) 

0.2 ml. grad. 
pipette 

-

-

-

-

-

-

-

-

0.6 

0.6 

lv a ter 
(ml.) 

burette 

3 

3 

-

-

2.7 

2.7 

2.7 

2.7 

2.4 

2.4 

M Acetate M Acetate 
buffer buffer pH 

pH 3.5 (ml.) 6.0 (ml.) 

burette burette 

6 - 1 

- 6 1 

6 - 6 

- 6 6 

6 - 1 

6 - 1 

- 6 1 

- 6 1 

- 6 1 

- 6 1 
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By means of an automatic pipette, 0.9 ml. of 0.004 N iodine 

is added to each tube, with thorough mixing by shaking. Exactly 

3 min. later 0.9 ml. of 0.005 N Na2s2o
3 

is added from an auto­

matie pipette to destroy excess iodine. Thorough mixing is 

again ensured. 0.3 ml. of alkaline-ascorbic acid solution is 

then i~nediately added (except blanks), with shaking from 

another automatic pipette. The tubes are stoppered and the 

contents are ready for reading. 

FLUORIMETRY 

The Coleman model 12c electronic photofluorometer is used with 

Corning filters 122 224 in the primary position (17) and 

Corning filter 14 - 212 in the secondary position (18). This 

instrument should be switched on 10 minutes prior to the 

commencement of readings (19). The instrument and galvanometer 

plugs are inserted and the main switch on the instrument is 

turned on. The phototube is switched on jus t before the readings 

are made. Special pyrex tubes (3 ml. capacity) are used for the 

reading. One of these is filled with quinine sulphate solution 

(20) and this tube is inserted into the 'standard' position of 

the instrument. Into the 'blank' position is placed a tube 

containing the reagent blank treated at pH 3.5 and in the 

'Sample' position are put seccessively each of the solutions 

(unknown and catecholamine standards) oxidised at pH 3. 5 . 

After adjusting the galvanometer needle to zero using the dark 

current controls, the standard is placed in the light path, the 

shutter is raised, and the sensitivity knobs are adjus t ed to 
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read 100 mm. on the galvanometer. All of the solutions 

oxidised at pH 3.5 including adrenaline standards, are then 

read, ascertaining that the standard quinine sulphate reads 

100 mm. (21) and reading the blank on each occasion (22). 

The pH 3.5 blank is then replaced by the pH 6.0 blank (23) and 

all of the solutions oxidised at this pH are read as above, 

including the adrenaline and noradrenaline standards. 

CALCULATIONS 

See page number 107 for the formula for 

calculations of catechol amines. 
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FORMULA 

For the calculation of A. and N.A. 

( u ) 

Adrenaline: ( R 3. 5 x 10 ) v x= 
{ 3 A ) 25 
{ x s 3.5 ) 

Noradrenaline: 

y = 

u 
R 3·5 = 

Ru6 = 

A 
s 3.5 = 

A 
s 6.0 = 

3NA 
6 = 

v = 

u R 6 •0 x 10 

3 x s N~ 
-2-

u A R 3•5 x 10 x S 6 
A NA 

3 x s 3.5 x s 6 

Reading of "Unknown" at pH 3.5 

" " " at pH 6.0 

Standard for Adrenaline at pH 3.5 

" " " at pH 6.0 

Standard for Noradrenaline at pH 6.0 

v 
25 

Volume of urine specimen diluted with water 

to 1,000 or 2,000 ml. 

In rats we diluted to 100 - 150 or 200 ml. 
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SPECIFICITY 

This method is quite specifie for urinary adrenaline and 

noradrenalin. Few of the other related substances found in 

urine will interfere since a hydroxyl group on the Beta-carbon 

atom (adjacent to the ring) and a hydrogen atom on the Alpha­

carbon atom are necessary for the reaction. Few compounds of 

of such a type are excreted in any considerable amount {29). 

NOTES 

1. The surface of the alumina must never be allowed to become 

dry since this introduces air pockets into the column which 

interfere with the chromatography. 

2. This dilution ensures a reasonable rate of flow through the 

columns. If 24 hour volume is greater than 2,000 ml. dilution 

should be made to the nearest 100 ml. 

3. Filtration is not necessary for every urine specimen but 

since it is better to filter cloudy urines this treatment may 

conveniently be applied in every case. Filtration also assists 

in speeding up flow through column. 

4· Versene binds heavy metal in the urine and has been used by 

Weil-Malherbe and others as a means of presenting precipitation 

of phosphates etc. When the urine pH is adjusted on the alkaline 

side. This is of particular significance where columns are used 

for adsorption since such precipitates considerably reduce the 

rate of flow. 

5 •. Ascorbic acid protects against later alkaline oxidation of 

the catecholamines. 
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6. A pH value between 8.3 and 8.5 is satisfactory. This 

is the optimal pH range for adsorption of adrenaline and 

noradrenaline on alumina. 

7. It is essential that the catecholamines are in contact 

with the alkaline solution for as short a period as possible. 

8. Sodium acetate and water remove a great deal of contamin­

ating material from the column, thus improving the final 

measurements of the catecholamines. 

9. The water serves to wash out the acetic acid remaining in 

the body of the column. This acid may contain a small amount 

of the catecholamines. 

10. The eluates may be stored overnight at this temperature 

since the catecholamines are quite stable at this pH. 

11. The table is drawn up for an individual urinary estimation. 

For duplicate analysis on one urine specimen a further two tubes 

would be necessary - twelve in all. 

12. This enables the test solutions to be irradiated with 

light of wave-length 436 mmcr. 

13. This secondary filter allows light of about 520 mmcr. to 

pass through to the photo-cel!. 

14. It is convenient to switch the instrument on just before 

iodine oxidation is commenced. 

15. Quinine sulphate is strongly fluorescent in acid solution 

and this fluorescence is stable. Thus is useful as a standard 

solution to set the galvanometer scale. 

16. Small fluctuations of the galvanometer needle occur rendering 
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it adviseable to check the standard setting before each 

reading is made. 

17. It will be found on occasion that this reagent blank tends 

to give increased reading with time and it is therefore necessary 

to read it with each s ample. 

18. It should be understood that these values correspond only to 

the 'free catecholamines' excreted in the urine. There is, 

apparently, a further fraction excreted combined with glucuronic 

acid and perhaps sulphuric acid, which is not measured by the 

present method. 

19. The values given represent catecholamines recoveries of 

the following order: 

Adrenaline, mean recovery 92% (S.D.l2) 

Noradrenaline, mean recovery 90% (S.D.l4) 

Figures are not corrected for such losses. 

The reproducibility of the method indicates duplicate analysis 

at normal catecholamine levels to differ by an average of 13% 

for adrenaline and 11% for noradrenaline." 

5. Administration of compounds and division of experimental 

groups. 

In the course of experiments several groups of 

animals were studied usi ng various agents which either affected 

gastric secretion, the urinary catechol amine excretion levels 

or both. In all groups the compounds have been administered 

at the time of the start of gastric secretion collection and 

continued over a 24 hour period. Exception to this wa s Histamin 
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which usually was administered prior to operation. 

The following groups of animals were prepared: 

1) A group of nonfasting animals (42) 

2) A group of fasted animals (36) 

3) A group of rats with cardia and pylorus ligation 

without administration of any compound. (45) 

4) A group of rats receiving reserpin (57) 

5) A group of rats receiving Histamin (43) 

6) A group of rats receiving both Histamin and 

reserpin. (43) 

7) A group of rats receiving Dibenzyline (68) 

à) A group of rats receiving Dichloroisoproterenol (64) 

9) A group of rats receiving Darenthin (48) 

Reserpine (3erpasil). The compound used was that supplied 

through the courtesy of the Canadian Ciba Company, in the 

strength of 5 mg. per 2 cc. of solvent. The drug was adminis­

tered to the animals intramuscularly 2 hours after the ligation 

of cardia and pylorus in the dosage of 0.05 - 0.25 per 100 g. of 

body weight. 

Histamin dihydrochloride. The cristalline po~der was used in 

our experiments supplied to us by the F. Hoffman-La Roche 

Company of Canada. The substance was dissolved in bidistil1ed 

water and a concentration of 20 mg. per c.e. was prepared. 

Histamin was injected subcutaneous1y in the dosage of 10 mg. 

per 100 g. of body weight. The first injection was given 1 hour 

prior to 1igation of the cardia and the pylorus. In sorne groups 
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the injection was repeated after 8 and 16 hours. 

Histamin and Reserpine. A group of 43 rats were used to 

evaluate the simultaneous effects of administration of both 

Histamin and Reserpine. The dosages of both compounds was the 

same as outlined above for the 24 hour period. 

Dibenzyline was obtained from Smith-Kline & French Co. and was 

supplied as a crystalline powder. The substance was dissolved 

in minute quantities of ethanol to which the necessary volume 

of physiologie saline was added in order to achieve a concent­

ration of 2 mg. per c.e. The so prepared solution was to be 

injected within the next 5 minutes after preparation. The 

dosage used was 1 mg. per lOO g. of body weight. The administ­

ration was intraperitoneally following the operation. 

Dichloroisoproterenol was obtained through the courtsey of the 

Eli Lilley Co. of Indianapolis, Ind., in the form of 

crystalline material. A concentration of 5 mg. per c.e. was 

then prepared by dissolving in bidistilled water. The compound 

was then administered to the rats as a single intraperitoneal 

injection. The dosage used was 2.5 mg. per lOO g. of body 

weight 2 hours after the ligation of pylorus and cardia. 

Darenthin was supplied by the courtsey of the Burroughs, 

Wellcome Co. of London as an injectable solution containing 

500 mg. in 10 ml. of solvent. A dose of 0.5 - 1.0 mg. per 100 g. 

body weight was administered subcutaneously 2 hours following 

the operating procedures. 
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6. Examination of specimens 

In all cases the stomach was examined for the 

presence of pathological lesions such as hemorrhages or ulcers, 

follov'ling excision of the organ and collection of gastric 

secretion. No ulcerations were observed in the group with 

ligated pylorus and cardia, without administration of any drug. 

In the groups in which Reserpin was injected a high 

percentage of hemorrhages, ulcerations of the glandular and 

forestomach was found, especially when dosages higher than 0.1 mg. 

per 100 g. of body weight were administered. In the Histamin 

group there was a high incidence of hemorrhages found in the 

glandular stomach and of ulcerations in the forestomach 

especially when large amounts of gastric juice was present. 

Pèrforations, mostly localized in the forestomach were found 

frequently in this group of animals and in sorne cases caused the 

death of the animal. Blood-tinged gastric juice was usually 

present when erosions or ulcerations were found. 

In the group in which both compounds Histamin and 

Reserpine were administered the incidence of hewnorhages and 

and ulcerations was relatively lower than when both compounds 

were injected alone. Dibenzyline,D.C.I.P. and Darenthin caused 

relatively few hemorrhages and ulcerations of the glandular 

stomach. In the Dibenzyline group there were many cases with 

numerous deep ulcerations of the forestomach present. The 

incidence of ulcerations of the forestomach and perforations in 

this part of the stomach were commonly found with a great amount of 

gastric secretion. 
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CHAPTER VII 

RESULTS AND DISCUSSION 

1. Normal gastric secretory values in rats and comments 

on the method used for collection of gastric secretion. 

The collection of gastric secretion in rats 

poses several problems. It is obvious that the secretion 

can be collected only for short periods of time, in the 

order of 24-48 hours. Preparation of animals with gastric 

fistula has not met with success, since the rats usually 

disfigure the fistulous opening by chewing on it. Therefore 

mos t of the methods of collection of gastric secretion in 

rats advise a short period of collection. 

Gastric fistula preparation was used previously 

in this laboratory to collect gastric secretion over a 27 

hour period. The preparation consisted of transsection of 

the stomach at the pyloric end which '\l'Ja S then exteriorized 

and attached by mean s of a polyethylene tube to a beaker. 

The following values were obtained: (Webster and Skoryna 

1960). 

Table I 
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Table I. Determinations of Gastric 3ecretory Components in Rats with Gastric Fistula 

Rat No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

MEAN 

S.D. 

Vo1u.me 
(cc) 

1.4 

0.8 

2.5 

2.5 

2.0 

5.0 

J.8 

2.0 

4-5 

9.5 

8.0 

14.0 

10.0 

5.08 

3.90 

pH 

3.80 

4.25 

3.90 

1.20 

1.45 

1.40 

4.25 

1.65 

1.50 

1.40 

4.05 

1.50 

1.30 

2.44 

1.29 

Free HC1 
{MEQ/L) 

0 

0 

0 

95 

60 

64 

0 

50 

76 

92 

0 

60 

70 

43.6 

36.4 

* Insufficient juice for chemical determination 

NA 
(MEQ/L) 

84 

* 
60 

* 
* 

66 

78 

83 

64 

60 

66 

60 

63 

78.4 

36.0 

K 
(MEQ/L) 

24.0 

>:< 

16.6 

* 
* 

9-4 

13.7 

8.2 

9.4 

9.4 

34.1 

17.7 

7.3 

15.0 

7.11 

CL 
(MEQ/L) 

141 

375 

65 

260 

* 
172 

135 

147 

172 

155 

118 

150 

147 

169.8 

75.06 

Pep sin 
{Units). 

* 
* 
~( 

.123 

.081 

.148 

.143 

.138 

.148 

.167 

.067 

.153 

.148 

.1316 

.0854 
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Shay has used his preparation of pyloric 

ligation for collection of gastric s ecretion. The following 

values were obtained previously in our laboratory using the 

Royal Victoria Hospital strain of animals (Webster and 

Skoryna 1960). 

Table II 
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Table II. Determinations of Gastric Secretory Components in Shay Rats 

Volume Free HC1 NA K CL Pep sin 
Rat No. (cc) pH (MEQ/L} (MEQ/L). (MEQ/L) (MEQ/L) (Units} 

1 2.5 1.90 45 * * 160 .157 

2 3.5 1.50 85 60 12.5 160 .153 

3 7.0 2.60 18 102 6.7 150 .170 

4 3.0 1.90 38 83 6.8 160 .128 

5 8.0 1.90 48 87 6.6 165 .138 

6 7.0 1.90 50 84 6.3 160 .128 

7 10.0 1.50 70 65 6.8 160 .143 

8 3.5 3-4 0 94 7.7 130 .138 

9 5-5 1.9 50 96 9.0 165 .123 

10 8.0 6.0 0 107 8.0 155 .128 

11 2.0 6.0 * 107 8.0 155 * 
MEAN 5.45 2.77 40.4 88.5 7.84 156.36 .1406 

S.D. 2.696 1.68 27.68 16.22 1.84 9.77 .015 

* Insufficient juice for chemica1 determination. 
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There are two disadvantages in usine Shay's 

method for collection of gastric secretion in rats. One is, 

that the secretion collected is not pure because of admixture 

of saliva. The second is, that because of the development 

of the so called Shay ulcers in the forestomach, there is 

usually sorne admixture of blood, unless the secretion is 

collected for a short period of time only, in the order of 

four (4} hours. This again reduces the amount 0f secretion 

collected and abolishes one of the main advantages of this 

method, which is a relatively large amount of secretion. 

The difficulties outlined above were taken into 

consideration by Skoryna and Webster in devising a method of 

collection of gastric secretion which consists of ligation 

of both the cardiac and pyloric ends of the stomach. The 

secretion obtained from these animals is free from admixture 

of saliva. Also in none of our groups was an admixture of 

blood encountered except in rats which developed ulcers and 

hemorrhages following administration of Reserpine and in sorne 

cases following adminis tration of Histamin. 

The following values were obtained using the above 

method of collection of gastric secretion in 45 rats: {mean 

values} 
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Volume of secretion 

pH 

Free HCl 

Total acidity 

Chlorides 

Sodium 

Potassium 

. . 
2.37 

1.80 

40° 

75° 

147 m.Eq./Lit. 

82.5 

3.6 m.Eq./Lit. 

The values obtained using this method are comparable to values 

obtained by other methods, except that the volume of secretion 

collected is smaller. This does not repres ent a disadvantage, 

since it is sufficient for carrying out the determinations 

required. 

2. Normal catechol amine levels in rats and comments on 

the method used for estimation of urinary catechol amine 

It is generally accepted, that the levels of 

catechol amines in the serum and the urinary excretion level 

vary considerably. U.S. von Euler in commenting the vari­

ability of results obtained in human subjects and in anirnals 

with measurements of serum catechol amine levels, stated, 

that the variation~ are undoubtedly due to a number of factors 

such as time of collection of the specimen, sex, muscular 

activity and various other stress factors. Estimation of 

catechol amines were carried out in the adrenals and autonomie 

ganglia (extent of depletion}; measurements of tissue content 

such as heart, spleen,liver, kidneys and brain; estimation of 

urinary excretion levels. It appeared to us that for this 
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particular series of experiments the estimation of urinary 

excretion levels was most suitable. The animals did not 

have to be sacrificed during the period of investigation and 

gastric secretion studies could be carried out simultaneously 

by previous ligation of the cardia and the pylorus. It had 

been attempted at the beginning of this project to estimate 

the serum levels of catechol amines but this was found to 

be unsatisfactory for several reasons. The first reason was, 

that the estimation reflected only the catechol amine level 

at a particular single point, where the object of the experi­

ment was to estimate the catechol amine "status" of the animal 

during the 1-'lhole period of collection of gastric secretion. 

Secondly the serum levels of catechol amines were found to 

vary considerably and this undoubtedly reflected the opinion 

of von Euler as to the number of factors affecting the level 

of the hormones. The animals had to be sacrificed for the 

purpose of collection of sufficient amounts of blood and it 

is well known, that catechol amine depletion occurs prior 

to death. 

In the present studies, only the estimations of 

~drenaline and Noradrenaline in the urine were carried out. 

A number of investigations suggested, that it is more 

advantageous to estim~te also the excretion levels of Dopamine 

and the V.M.A., a metabolic product of catecholamines. 

Unfortunately the method of estimation of these compounds was 

not available at the time of the~e studies. Adrenaline and 
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Noradrenaline represent only a small portion of the catechol 

amines excreted in the urine. Therefore, the possibility 

of error is increased. As it is evident from the results 

listed however, we encountered relatively similar levels in 

a large group of control animals. This might be due to the 

fact, that it was attempted to adhere strictly to a standardised 

procedure. The collections were always carried out at the same 

time. The weight and sex of the anirnals of an inbred colony 

were similar. ~·,Je also attempted to diminish the possibility 

of error by estimation of catechol amine excretion levels on 

the basis of the l•reight of the animals, in addition to taking 

the urinary output volume into consideration. 

The fo~lowing values were obtained in groups of 

control animals either fasting or non-fasting for a period 

of 24 hours. 

Table III 
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Table III. Relationship between Catechol Amines and Body Weight excretion in 

Control Animals. 

Group of Animals 

Non-fasted animals 

Non-fasted animals 

Non-fasted animals 

Fasted animals 

FA.sted .1nimals 

Fasted animals 

Fasted anima1s 

No. of 
animals 

20 

15 

20 

8 

7 

11 

10 

Average 
B.W. 

165 g. 

170 g. 

220 g. 

250 g. 

240 g. 

230 g. 

250 g. 

Adr. Excret. 
per 100 g. B.W. 

0.1630 mcrg. 

0.0677 mcrg. 

0.0750 mere;. 

0.0480 mcrg. 

0.011.10 mcrg. 

0.0800 mcrg. 

0.0640 mcrg. 

N.A. Excret. 
per lOO g. B.W. 

0.0810 mcrg. 

O.l0h2 mcrg. 

0.1700 mcrg. 

0.0165 mcrg. 

0.0108 mcrg. 

0.0103 mcrg. 

0.0131 mcrg. 
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The results obtainej in non-fasted animals 

cannat be taken into considerati0n due to the fact that food 

particles l!Jere frequently found in the tubes colJ.ectine the 

urine and it is obvious that such particles absorb various 

amounts of urine and therefore, change the estimated values 

of catechol amines. Sorne vari,'lti ~n v-Tas encountered in fasted 

animals in which the cardia and pylorus had been ligated, 

but no drugs administered. However, as it will be stated 

later - in the di3cussion of administration of various 

compounds, significant differences were still noted between 

this group ar..d those animals in which drugs, which Rffect 

catechol amine l evels 1'lere administered. 

3. Effects of Reserpine on F,astric secretion and urinary 

catechol amine levels. 

Reserpine is the effective alkaloid of the Indian 

plant Rauwolfia serpentina which has been used for centuries 

in India as a popular tranquilizing agent. Reserpine was 

rediscovered in 1948 and has since been used extensively as 

a hypotensive and tranquilizer. It is now generally 

accepted, that the action of Reserpine is at least dual in 

origin. It has a definite depressive effect on the hypo­

thalamic centers and it acts also peripherally on the 

sympathetic nervous system. 

The study of the effects of Reserpine \'las of 

particular importance in our investigations, since the 
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compound influences both the levels of circulating catechol 

amines as well as gastric secretion. The affects of Reserpine 

on the catechol amines studied, are not uniform. Administ­

ration of Reserpine depletes the adrenals of their Adrenaline 

content, which is liberated into the bloodstream and the 

tissues. Bain (1960) suggested, that the action of Reserpine 

might be attributable to an interaction bet'!freen A.. T .P. and 

Reserpine, and that it does not affect the concentration of 

A.~.P. Burn (1958) has sho~~, that adrener~ic tissues loose 

their amines under the influenc~ of Reserpine. Farant (1960) 

has reported, that Reserpine potentiates the respons e to 

Adrenaline and Noradrenaline. Bertler et al. (1956) have 

demonstrated, that administration of Res erpine to rabbits 

causes disappearance of Noradrenaline from the heart muscle, 

the rabbit's ear, the s~leen and the skin. According to 

Burn and Rant (1958) the injection of Reserpine reduc es the 

extractable Noradrenaline content of all tissues to a very 

small amount. 

The e f fect o f Re serpi n e on s~stric secre t ion was 

studied by several investigators (Berkowitz et al. 195$, 

Rider et al. 1959, La Barre and Desmarez 1957). La Barre and 

Desmarez (1957) showed, that i n t he r at. Reser pine causes 

ulcer ations of t he glandular muco s e in 66% of animals and 

multiple hemorrha~es in 85%. Gast.ric s ecretory volume and 

acidi ty were markedly increased i n 93% of the animai s 

studi ed. 
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The results of our studies of the effect of 

admiristration of high doses of Reserpine on gastric secretion 

and urinary catechol amine levels are summarized in tables 

IV and V. The volume of e;astric secretion 1/lfas average 10.6 ml. , 

the average pH was 1.5, the free HCl: 40°, total acidity 90°, 

chlorides 140 m.Eq./Lit., sodium: 95 m.Eq./Lit., Potassium: 

1.$ m.Eq./Lit. These findings are in agreement with those of 

other investigators who have shovm considerable increase in 

gastric secretory acidity following Reserpine administration 

to rats. They also agree with the findings in human subject 

kept on Reserpine administration for prolonged periods of time, 

as reported by Berkowitz, Rider and co-workers. In the four 

groups of anirnals in which urinary cat echol amine excretion 

levels were studied after Reserpine administration, the 

Adrenaline estimations averaged 0.0891 per 100 g. body weight. 

The mean value for Noradrenaline was 0.1060. This represents 

a definite increase in urinary catechol amine excretions. 

Coupland (1949} has reported a very pronounced depletion of 

Adrenaline from the adrenals following Reserpine administration 

to rabbits. Our results vrould indicate, that the urinary 

excretion of Adrenaline is not as marked, as one \<rould expect 

to fo1low after severe depletion of adrenaline stores. 

Several pathways for the action of ~eserpine on 

gastric secretion have to be considered. According to Rider 

(1959} Reserpine influences the gastric secretion by a direct 

effect on parietal cells. Greenbaum and ~A!olf suggested , that 
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Reserpine acts through a Histamine and Serotonin releasing 

mechanism. According to the author there is also a third 

possible pathway, namely an increase of blood supply to the 

stomach through prevention of vasoconstriction, which would 

occur in depletion of Adrenaline. Presence of Noradrenaline 

is necessaDr for vasoconstriction and it is feasable, that 

lack of it might result in an increased gastric secret.ory 

volume. This possibility has to be considered on the basis 

of the results obtained in our studies. The urinary excretion 

values for Noradrenaline following Reserpine administration 

were markedly higher than those in control anjmals, the average 

increase being 0.0842. This would indica.te a marked depletion 

of Noradrenaline stores. On the other hand sorne direct effect 

of Reserpine on the gastric secretory mechanism can not be 

excluded in view of the changes in the gastric wall, which were 

frequently found after Reserpine administration, such as 

multiple hemorrhages and ulcerations. These would suggest a 

possible direct effect on the arterio-venous shunting mechanism 

in the gastric wall, which is affected by ~erotonin and 

Histamin. The suggestion of Rider that a direct stimulating 

effect on the acid secretory parietal cells is responsible 

for the changes of the mucosa cells follo"toring Reserpine administ­

ration, represents probably an oversimplification of the issue. 

As it will be mentioned later in the discussion of the results 

of Histamine administration an increase of gastric secretory 

volume does not necessarily coincide l'rith develop!!lent of 
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ulcerations or hemorrhages of the gastric wall, such as 

were found in the Reserpine treated animals. 
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Table IV. Mean Values for Gastric Secretion following administration of Drugs. 

r.!ean 
No. of Volume Free Total 

Compound and Amount animals of Secre~ pH. HCl. Acidity CH1. Na . K. 

Reserpine 57 10.5 1.5 45° 90° 140 m.Eq./1 . 95 m. Eq ./1. 1 . 8 m.Eq./L. 
0.05-0.25 me;. 
per 100 g. B.W. 

Histamin 43 3.9 1.7 40° 70° 135 m.Eq./1. 90 m. Eq ./1. 2 . 5 m.Eq. /L . 
10 mg. per 
100 g. B • ~~!. 

Histamin and Reserpine 43 7.3 1.5 c;~O 
..,) 65° 130 m.Eq./1. 95 m. Eq ./L. 3 .5 m. Eq./L. 

10 mg. per 
100 g. B. \AT. 

Dibenzyline 68 1.5 1.6 60° 90° 140 m.Eq./1. 85 m. Eq./1. 2.9 m.Eq./1. 
1 mg. per 
100 g. B • ~~J • 

Dich1oroisoproterenol 64 2.8 1.8 40° 75° 40 m.Eq./L. 87 m. Eq ./L. 3.2 m.Eq. /1 . 
2.5 mg. per 
100 g. B.'\!1!. 

Darenthin 48 3.5 1.7 
5-10 mg. per 

40° 70° 136 m.Eq./1. 85 m. Eq./1. 5. 2 m. Eq. /1 . 

lOO g. B. Vi. 

Group of Control 45 2.37 1.80 40° 75° 147 m.Eq./1. 82.5 m . Eq . /1. 3. 6 m. Eq ./1. 
Animal s. No .D:.,.-.w-rs 

··- u 
Administered. 
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$) Effect of Histamine on gastric secretion and urin­
ary catechol amine levels. 

There are few subjects in gastro enterology 

which aroused more controversy, than the affects of 

Histamine on gastric secretion. Popielski (1910) has 

discovered a substance which he called vasodilatine 

which he thought to be the active indgredient of pèp­

tone extracts responsible for stimulation of gastric 

secretion. However, the work of Dale & Laidlow (1910-

11) has suggested, that the vasodilatin discovered . by 

Popielski has an action identical to Histamine. A long 

controversy has followed until in 1929 Carnot Koskowski 

and Libere have decesively demonstrated the stimulat-

ing effect of Histamène in man. A tremendous literature 

follows their' original description which is not only 

impossible to report whithin the space limit of this report, 

but also it is frequently difficult to establish with~ 

certainty the nature of action of Histamine on secre-

tion. The subject is open for further investigation. 

Allithough a number of considerable findings regarding 

the Histamine action has been verified, one of the best 

recent reviews seems to be that of Code (1956) presented 

at the Ciba :symposium on Histamin, from which t~e contents 

below are derived. It appeares to be definitely establish­

ed, that Histamin stimulates gastrec secretion in all 

species with few exceptions. The stimulating effect 



TABLE V · 

Catecho1 Amine Excretion in Urine 

( microgram.s per 100 grams body weight) 

Group I Group II Group III Group I V 

Compound No. of A. N.A. No. of A. N.A. No. of A. N.A. No. of A. N. A. 
rats rats , rats rats 

Non-fasted 
animals 7 0.1630 0.0801 15 0.0677 0.1042 20 0.0750 0.1700 

~ 
Fasted "' PJ 

animals 7 o.ouo 0.0180 8 o.oaoo 0.0108 ll 0.080 0.0103 10 0.0640 0.0131 

Reserpine 
0.05-0.25 13 0.0910 0.0860 13 0.0890 0.1260 18 0.0820 0.0980 13 0.0960 0.1150 
mg./100g.BW. 

Histamine 
10 mg./100g. 7 0.3680 0.6860 19 0.2630 0.361 8 0.3240 0.3070 9 0.323 0 .3780 

Histamine 
& Reserj>ine 17 0.1770 0.0560 10 0.1580 0.0260 8 0.1390 0.0330 13 0.1330 0.0580 

Dibenzyline 
1 mg./100g. 19 0.4190 0.6920 20 0.3210 0.4230 16 0.3900 0.7000 13 0.4200 0.7770 

DCIP. 
2. 5 IngJ6J.OOg. 20 0.27;!J 0.4590 19 0.2660 0.3370 12 0.3000 0.2470 13 0.3400 0.4830 
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in rats has been reported by Komarov (1944). In the strain 

of rats used in the present experiments the stimulating 

effect in rats has been of Histamin was reported by Jow 

Webster and Skoryna (1959). Macintosh and Paton (1953) 

outlined a series of conditiorrs and compounds which 

cause the release of Histamin. Antibodies of protein 

nature, damage to the tissue, toxin.s, trauma, proteolytic 

enzymes, curare, morphine and a great number of aromatic 

and aliphatic chemical comporends. Stomach juice se­

creted in response to intravenous injection of gastrin 

shows invariably Histamin activity. Emmelin and Karls­

sohn (1944). It is possible therefore, that Gastrin 

is also one of the Histamin releasers. It has been 

shown by Komarov (1933) that Histamin is present in 

gastric juice. A definiteccot!:telation seems to exist 

between secretion of parietal cells and Histamin ac­

tivity of gastric juice (Code 1955). Babkin (1938) 

bas suggested that Histamin is the final chymosti­

mulator, which produces acid gastric juice in response 

to vagal stimulation. 

Therefor, although several important 

links are missing for complete understanding of 

Histamin action on gastric secretion, there are still 

sufficient data available to form a picture of Histamin 

action. The relationship of this activity and C.A. 

levels is less clear. H6chfelt (1951) has found that 

Histamin administration causes a marked release of 
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Noradrenaline from the adrenals and the adrenergic 

tissues is less pronounced following Histamin admin­

istration. Correlation exists between Histamin and 

Noradrenaline content innerves. (V. Enler 1956). 

A constant relationship has been found in the content 

of the vagus nerves of the sheep, that of Histamin 

being 2,4 mcrg/g. and of Noradrenaline 1,0 mcrg/g. 

Histamin is present in large amounts in postganglionic 

sympathetic nerve fibres the values being as high as 

100 mcrg/lOOg. No constant relationship wa s demonstrat-

ed between Histamin and its syrnpathetic nerve supply. 

After sympathetic nerve section a loss of Histamin in the 

organ was not observed. (v. Enler and Purkhold 1951). 

The above authors have concluded, that the Histamin 

contant is not influended by the presence of syrnpathetic 

innervation. The Noradrenaline content of the organ follow­

ing syrnpathetic nerve section was a1most comp1etely 

abolished. 

The effects of administration of high 

dosages of Histamin on gastric secretion recorèed in 

the present experiment are summarized in table IV. 

It is apparent from these figures, that with this dosage 

range a considerable indrease of gastric volume and 

some increase in gastric acidity can be elicited. The 

urinary excretion levels of Adrenaline whithin the 

24 hours period average: 0,30190 mcrg/lOOg. body weight. 

The excretion levels of Noradrenaline are: 0,4330 mcrg/ 

lOOg. body weight~ It seems therefore that, if the 
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increase in urinary output of C.A. can be considered as 

an indicator of C.A. depletion, this must occur to a 

considerable degree following Histamin administration. 

The fact that values for Noradrenaline were higher than 

those observed by HBchfelt (1955) following Histamin 

administration and the values of Adrenaline were lower, can 

not be explained satisfactorily. It appears that 

the stimulation of gastric secretion following Histamin 

administration can and does occur in the presence of 

depletion of C.A. in adrenergic tissue. 
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5) Effects of simultaneous administration of Histamin and 

Reserpine on gastric secretion and urinary catechol 

amine levels. 

Several investigators have reported, that 

two gastric secretory stimulants, when administered 

simultaneously, resulted frequently inhibition of 

gastric secretion. Karwinen & Karwonen (1952) observed 

inhibition of the stimulating effect of Histamin on gastric 

secretion collected from isolated gastric pouches in 

dogs following Insulin administration. 

Jow, Webster and Skoryna (1960) have found, 

that when glucagon was injected in rats 1 hour follow­

ing Histamin, the volume of gastric juice free Hel 

were comparable to the controls, whereas pepsin activ-

ity was only slightly elevated. lt appeared therfore, that 

glucagon inhibited Histamin stimulated gastric secretion 

similarly to Insulin. 

In the present experiments it was attemp-

ed to study the possibility whether the stimulating effect 

of Histamin on gastric secretion can be inhibited by 

Reserpine, a compound which produces both stimulation 

of gastric secretion and depletion of catecholamine­

stores. From table IV and V it can be seen, that the 

stimulatory effect of Histamin on gastric secretion 
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was not only not abolished by administration of Reser-

pine, but some increase in gastric secretory volume, the 

values obtained being in the middle range between those 

resulting from Histamin and Reserpine stimulation. 

The urinary excretion levels of Adrenaline and Nora­

drenaline following administration of both compounds 

was higher than that following administration of Reser-

pine alone and lower than following Histamin alone. ~t can 

be concluded therefore, that inspite of presence of con­

siderable depletion of catecholamine-stores, the gastric 

secretory volume remained increased and that the ad­

ministration fo C.A. depleting gastric secretory sti­

mulating does not induce inhibition of the stimulating 

effect on Histamin on gastric secretion. This finding might 

be in line with the suggestion of Forrest and Code 

(1954) who found, that the inhibitory effect of Insulin in 

Histamin induced gastric secretion is not dependent 

on either vagal or sympathetic nerve supply, but is 

related to the decreased blood sugar levels. Similarly 

Jow, Webster and Skoryna (1960) have suggested, that 

the inhibitory effect of glucagon on Histamin stimul-

ated gastric secretion might be produced by an increased 

Insulin release by glucagon. The administration for 

glucagon induces a hypoglycemie period after an ini-

tial hyperglycemia in rats, !asting for several hours. 

Since Reserpine is not known to have such an effect on 

blood sugar levels, the inhibition of Histamin stim­

ulated gastric secretion should not be expected. 
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6) Effects of administration of Diben21y~ine on gas tric 

secretion and urinary catechol amine levels. 

The peripheral a!r1energic blocking agents 

are assumed to act by preventing the postganglionic 

transmission from reacting with a specifie receptor. 

Site. It number of such agents has been described in 

the past 10 years. One of the best known is Diben­

zyline, which is known to increase the metabolism 

of Adrenaline. {Shayer, Kennedy and Inscoe {1913). 

However, Dibenzyline does not interfere with the meta­

bolic spectrum of the C.A. Under normal conditions 

Epinephrine is attached to certain protective receptors. 

When Dibenzyline competes with Adrenaline for position 

or linkage with these receptors a part of Epinephrine leses 

its protective mechamism and is metabolized more 

rapidely. Noradrenaline content of the urinary ex-

cretion of Adrenaline is not markedly elevated. 

Schapiro (1958) has found, that administration of Dibenzy 

line to rats for a period of one week leads to reduc­

tion in Norepinephrine content of many organs and an 

increase in the urinary output of C.A. 

Dibe~zyline is known to block the excitatory 

adrenergic receptors. I t was therefore of interest to 

the author to l earn, that recently a n adrener gic blocking 
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compound has been described, which specifically blocks 

the inhibitory adrenergic receptors. This compound, a 

dichloro analogue of Isoproterenol has described by 

Powell & Slater (1958). Thus it was thought, that by stud­

ies of gastric secretion in both groups it might be 

possible to decide whether the effect of Adrenergic 

discharge on gastric secretory activity are mediated 

through the excitatory or inhibitory adrenergic recept-

ors. 

It is apparent from table IV that adminis­

tration of Dibenzyline resulted in a marked decrease 

of gastric secretory volume, although the free Hel was sign­

ificantly increased. As evident from table V the 

uninary excretion values of both Adrenalin Noradrenalin were 

considerably increased. Following the administration of 

dichloroisoproterenol the gastric secretory volume was 

unsignificantly increased, the free Hel and total 

ac,idity remained whithin normal limits. The affects 

of D.C.I.P. on ur.inary C.A. wa s not as prominent as 

following Dibenzyline administration, although still 

significant. 

It can be concluded therfore that adrenergic 

blocking componds, which act on the ~citory adrenergic 

re .ceptors have the tendency to inhibit gastric secretion, 

while those acting on the inhibitory adrenergic reseptors 

do not affect gastric secretory activity of the stomacb. 
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7) Effects of Darenthi~ on gastric secretion and urinary 

catechol amine levels. 

Recently a hypotensive agent has been dev­

eloped with selectively which blocks the adrenergic nevous 

system without antagonizing the effect of released or 

injected Adrenaline or Noradrenaline. The compound 

which is chemically known as Bretylium tosiliate has 

been marketed under the name of Darenthin and bas 

been developed in the wellcome reseach laboratories. 

To our knowledge the effect on gastric secretion of this 

new drug has not been studied yet. The original publication 

of Boura etal (1959) mentions that no depression of the pa­

rasympatpetic nervoussystem has been observed following Dar­

enthin administration to rats. In our experiments ad­

ministration of Bretylium tosilate to rats resulted in 

an increase of gastric secretory volume, although the 

free and total Hel remained whithin the normal range. 

(Table V) Interesting observations have been made, 

namely, that the K. content of gastric secretion was 

markedly elevated. As a matter of fact this was the 

only group in which a significant increase of potasium 

levels of the gastric juice was observed. 

Unfortunately the results of the estimations 

of C.A. levels following Darenthin administration 

were not available at the time of submission of this report. 



138 

According to Bonra et al (1959) the C.A. 

content of the adrenals of rats is not shanged following 

Darenthin administration. Simirlarly the content of the 

synaptic ganglia was found not to deffer from that of normal 

animals. There seems to be preferential accumulation of 

the compound in the adrenergic nerves, which inhibit their 

function. Boura suggested, that the effects of Darenthin 

can be explained as producing a selective block of adren­

ergic nerves. Since the functions of these nerves induce 

vasoconstriction and the hypotensive action of Darenthin 

is probably based on vasodilatation, it is possible, that 

the increase in gastric secretion observed in our 

studies following Darenthin administration are due to 

vasodilatation of the vascular supply to the stomac wall. 
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CHAPTER VIII 

SUMMARY AND CONCLUSIONS. 

1) The chemistry and data concerning formation storage 

and release of C. A. have been reviewed. 

2} The metabolism of C. A. has been discussed in detail 

including the general metabolism aspects, the metabolism 

in patients with pheocheromocytoma and the ro1e of 

enzymes. 

3} The functions of C. A. have been discussed according 

tothe present concepts of their actions. The functions 

have been divided according to the classification of 

Koelle ~s excitatory functions, inhibitory functions, 

effects on metabolism of fats, proteins and the calorigenic 

effect, effect on the central nervous system. Comments 

have also been made on the effects of C. A. on various 

systems, such as the gastro-intestinal tract, the 

respiratory system and the cardio-vascular effects. 

4} In the present experirnent the gastric secretion in 

rats has been studied followine administration of compounds 

which are known to affect both, the gastric secretion 

and the catechol amines. 
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The method used for collection fo gastric secretion 

was that of Skoryna and Webster consisting of ligation 

of cardia and pylcr.us in rats fasted for 24 hours 

and analysis of the secretion accumulated in the stomach 

during 24 hours. Gastric secretory volume, p.H., 

free and total acidity, chlorides, potassium and sodium 

were studied. 

The method used for estimation of urinary excretion 

of C. A. 1"a.s a modific.::~.tion of the orie;inal method of 

U. S. von Euler, sug3:ested by Dr. R. Hobkirk ofthe 

!vlontreal General Hospital. The method consists of fluori­

metric estimation of catechol amines followine; preparation 

of the urine, absorption on alumina and onidation by 

iodine. Th8 readinGS were carried out on the Coleman 

electronic photospectrofluorometer. 

5) Reserpine administration in doses of 0.05 - 0.25 rn~/ 

lOO g body w~ight resulted in marked stimulation of gastric 

secretion. The urinary excretion levels of catechol amines 

were increased. It was concluded, that the effect of 

Reserpine on gastric secretion is ~ direct one, possihly 

affectin~ the arterio-venous shuntine; mechanism in the 

gastric wall. The 3. bove conclusion wa.s r eached in view of 

the numerous ulcerations and hernor:rhegic che..nges in the 

stomach of the rat followine; Reserpine e.dministration, in 

Rddition to the stimulating effect on gastric secretory 

mechanisms. 
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It appears t hat the stimulation of gastric secretion 

can occur underthe conditions of depletion of catechol 

amine stores, as indicated by the increased urinary 

output of the horMones. 

6) The administration of Histamine in the dosage of 

10 mg/100 g body weight resulted in significant increase 

of gastric secretion, which was less pronourr.ed than that 

in Reserpine administration. The urinary excretion 

levels of Adrenaline and Noradrenaline were extremely 

elevated. It was concluded that, although stimulation 

of gastric secretion is possible in the presence of a .. 
.. 

depletion of catcchol amines, the stimu18ting effect is 

inversely proportional to the extent of the depletion. 

7) Administration of bath compounds, Histamine and 

Reserpine over a 24 hours period in the dosage stated 

above, resulted in stiumlation of gastric secretion, 

\oThich was more pronounced than in B5_st.!l.minP. administration 

al one, but less pronounced t han fo]owing Reserpine ad­

mini~trRtion. The urinary excretion levels of Adrenaline 

and Noradrenaline were hieher than those follo~ing 

Reserpine injections and lower than in Histarnine-treated 

animais. It is concluded, that the inhibition of gastric 

secretion which '"'as observed to f ollow the ad:ninistration 

of two secretory stimulants, such as Histamine and Insulin 
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or Histamine and Glucagon, is not related to the cate­

chol amine levels and possibly he connected with the blood 

sugar levels of the animal. 

8) The administration of high dosages of Dibenzyline 

(1 me/lOO g body weight) resulted in 3 marked inhibi-

tion of gastric secretory values, while the ad~inistration 

of De I P (2.5 mg/lOO e body weight) h~d no effect on 

gastric secretion. The urinHry excretion levels of the 

neuroh0rmones 1.,ere increased folloNing administration of 

each of the compounds. Since Dibenzyline is knovm to 

black the excitatory adrenergic receptors and D C I P 

the inhibitory receptors, it is concluded, that the 

adrenergic blocking compounds which act on the exciatory 

adrenergic receptors have the tendency to inhibit 

gastric secretion, probably by causing vasoconstriction. 

9) Administration of Bretylium tosilate (Darenthin) 

in the dosage of 0.5 - 1.0 mg/lOOg hody weight resulted 

in increase of gastric secretion, wbich probably may be 

caused by dilatation of the vascular tree supplying the 

stomach wall, due to the preferential accumulation o.f the 

compound in the adrenergic nerves. 



1. 

2. 

6. 

BIBLIOGRAPHY 

ABDERHALDEN, E. AND GELLHORN, E.: Vergleichende 
Versuche uber die Wirkung von l-und d-Adrenalin 
unter verschiedenen Bedingungen auf den Gaswechsel 
normaler und thyreopriver Mause. Pflug.Arch.ges. 
Physiol. 210: 4él-476, 1925. 

ALLANt F.N., DICKSON, B.R~ AND MARKOWITZ, J.: The 
relat1onship of phosphate and carbohydrate 
metabolism. 
II. The effect of adrenalin and phloridzin on the 
excretion of phosphate. Amer.J.Physiol. 1Q:333-343, 
1924. 

ALTSCHULE, M.D., SIEGEL, E. AND MORA-CASTANEDA, F.: 
Significance of rise in blood sugar level after 
injection of epinephrine in mental disease. Arch. 
Neurol. Psychiat., Chicago §2: 589-592, 1951. 

ALTSCHULE, M.D. AND SIEGEL, E.P.: Inadequacy of the 
glycemie reaction to epinephrine as a measure of 
hepatic glycogen. Amer. J. med. Sei. 222: 50-53, 
1951. 

AMATUZIO, D.S.~ SCHULTZ; A.L., VANDERBILT, M.J., 
RAMES, E.D. ANu NESBITT, S.: The effect of 
epinephrine, insulin, and hyperthysoidism on the 
rapid intravenous glucose tolerance ·test. J. clin. 
Invest. ll: 97-102, 1954. 

AMBRUS~ J.L., JOHNSONl G.C., CHERNICK, W.S. AND -
HARRIS~ON, J.W.E.: Erfect of epinephrine, insulini 
and glucagon on the regulation of blood sugar leve 
by the isolatedi transfused and the in situ liver. 
J. Pharmacol. l!l: 2, 1955. 

1 



8. 

10. 

ANDERSONt R.C. AND CHEN, K.K.: The hyperglycemie 
action o1· forty amines. J. Amer. Pharm. Ass., Sei. 
Ed. 61: 290-295, 1934. 

A~lSTRONG, N.D., McMILLANt A. AND SHAW, K.N.F.: 
3-Methoxy-4-hydroxy-d-manaelic acid, a urinary me­
tabolite of·norepinephrine. Biochim. biophys. Acta 
~: 422-423, 1957. 

AXELROD1 J.: 0-Methylation of epinephrine and other 
catechols in vitro and in vivo. Science 126: 400-
401, 1957. 

AUJARD, C.L Influence d'une sêcretion prolongee de 
noradrenaline ou d'un sejour de longue duree a bas­
se temperature sur les lipides du foie chez le rat. 
C.R. Soc. Biol., Paris~: 965-968, 1953. 

11. BACQ, Z.M.: ·The metabolism of adrenaline. Pharmacol. 
Rev. !: 1-26, 1949. 

12. BAUR, H. AND STAUB, H.: Histaminamie und periphere 
Leukocytose nach Sympathomirnetica. Helv. physiol. 
acta 1: 482-492, 1949. 

13. BEARN, A.G., BILLING, B. AND SHERLOCK, S.: The effect 
of adrenaline and noradrenaline on hepatic blood flow 
~nd sp1anchnic carbohydrate metabolism in man. J. 
Physiol. 112: 430-441, 1951. 

14. BACHRACH, W.H., RESERPINE, gastric secretion and peptic 
ulcer. Amer. J. of Digestive Deseases. ~: 117-124, 
1959. 

15. BENNETT, I.L., Jr.: 
hormone or cortisone 
fever in the rabbit. 
231-241, 1955. 

Fai1ure of adrenocorticotrophic 
to influence epinephrine-induced 
Johns Hopkins Hosp. Bull. 22: 



16. 

17. 

là. 

19. 

20. 

21. 

22. 

23. 

BERKOWITZ, D.; The effect of prolonged administration 
of Ranwolfia Serpentina on gastric acidity., Amer. J. 
of Med. Sc., Zl2 (6): 657-659, 1958. 

BERNSMEIER, A., WILD, H. AND GIERTZ, H.: Die Bedeutung 
des Arterenols fur die Kreislauf-, Blutzucker-und 
Blutbildregulation am Menschen. z. ges. exp. Med. 
116: 300-309, 1950 

BLASCHKOÎ H.: Amine oxidase and amine metabolism. 
Pharmaco • Rev. ~: 415-458, 1952. 

BLASCHKO, H.: Metabolism of epinephrine and norepi­
nephrine. Pharmacol. Rev. 6: 23-28, 1954. 

BLASCHKO, H., TICHTER, D. AND SCHLOSSMAN, H.: The 
oxidation of adrenaline and other amines. Biochem. J. 
l!: 2187-2196, 1937. 

BLASCHKO, H.: The Development of current concepts of 
catecholamine formation. Symposium on Catecholamines, 
Amer. Society for Pharmacol. and Experimental Thera­
peutics, Williams and Wilkins Co., Baltimore, 1959. 

BLISS, E.L., RUBIN, S. AND GILBERT, T.: The effect 
of adrenalin on adrenal cortical function. J. clin. 
Endocrino1. !1: 46-60, 1951. 

BLIXENKRONE-M~LLER 1 N.: Respiratorischer Stoffwechsel 
und ·Ketonbildung der Leber. Hoppe-Sey1. z. ~: 117-
136, 1938. 

BLOOMt W.L. AND RUSSELL, J.A.: Effects of epinephrine 
and 01- norepinephrine on carbohydrate metabolism in 
the rat. Amer. J. Physio1. 183: 356-364, 1955. 

25. BLUM, F.: Ueber Nebennierendiabetes. Dtsch. Arch. 
kli n. Med. 1!: 146-167, 1901. 



26. BOOTHBY, W.M. AND SANDIFORD, 
action of adrena1in ch1orid. 
2§: 93-123, 1923. 

I.: The ca1origenic 
Amer. J. Physio1. 

27. BORN, G.V.R. AND BULBRING, E.: The movement of 
potassium between smooth muscle and the surrounding 
fluid. J. Physio1. lîl: 690-703, 1956. 

28. BOUCKAERT~ J.P. AND DeDUVEt C.: 
Physiol. rtev. az: 39-71, 1~47. 

The action of insu1in. 

29. BOZOVIC, L., LEUPIN, E. AND VERZAR, F.: Beeinf1ussung 
des Glycogenstoffwechsels des Muske1s in vitro durch 
Desoxycorticosteron und Adrenalin. He1v. physiol. acta 
z: 328-332, 1949. 

30. BREWER, G., LARSON 1 P.S. AND SCHROEDER, A.R.: On the 
effect of epinephr1ne on b1ood potassium. Amer. J. 
Physiol. 12o: 708-712, 1939. 

31. BREWSTERJ W.R., Jr., ISAACS, J.P., OSGOOD, P.F. AND 
KING, T.L.: The hemodynamic and metabolic inter­
relationsbips in the activity of epinephrine, 
norepinephrine, and the thyroid hormones. C1rculation 
ll: 1-20, 1956. 

32. BROCQ, P., FISCHER, J., LECOMPTE, A.: Le BAL 
Stabilisateur des solutions d'adrenaline. Arch. Int. 
Physiol. 2§: 25-27, 194S. 

33. BUCHERL 1 E. AND SCHWAB, M.: Der Einfluss von l­
Adrenal1n und 1-Artereno1 auf den Sauerstoffverbrauch 
des ruhenden Ske1etmuskels. Pf1ug. Arch. ges. Physiol. 
~: 327-336, 1952. 

34. BULBRING, E.: Measurements of oxygen consumption in 
smooth muscle. J. Physiol. ~: 111-134, 1953. 



35. BULBRING, E.: Biophysical Changes Produced by 
Adrenaline and Noradrenaline. Ciba Symposium, 
Adrebergic Mechanisms. Churchill. Pp: 275-286, 1959. 

36. BURN, J.H. AND MARKS, H.O.: The relation of the 
thyroid gland to the action of insulin. J. Physiol • 
.§2: 131-lhl, 1925. 

37. CAHN, T. AND ROUGET, J.: Effet combine de l'insuline 
et de l'adrenaline sur la production calorique et la 
prise de nourriture du lapin. C.R. Acad. Sei., Paris 
~: 310-312, 1954. 

38. CANDELA 1 R.R. AND CANDELA, J.L.R.: Influencia de la 
adrenal~na sobre el consumo de glucosa por el dia­
phragma aislado de rata. Med. y Segurid. Trab., Madrid 
l= {11): 21-22, 1955. 

39. CARLSSONL A., HILLARP, N.A.: On the state of the catechol 
amines or the adrenal medullary granules. Acta physiol. 
Scand. ~ {2): 163-169, 1958. 

40. CHAIKOFF, I.L., LARSON, P.S. AND READ, L.S.: The 
influence of epinephrine on the purine metabolism of 
ordinary and Dalmatian breeds of dogs. J. biol. Chem. 
109: 395-404. 1935. 

41. CHEN, G. 1 PORTMAN, R., RUSSEL, D. AND -ENSOR, C.R.: 
Comparat1ve pharmacology of artereno1, epinephrine and 
isopropylartereno1. J. Amer. pharm. Ass., Sei. Ed. ~: 
273-276, 1951. 

42. CLARK, G.W.: Studies on inhibition of L-Dopa Decarboxy­
lase in vitro and in vivo. Pharm. Rev. 11: 330-1959. - . 

43. CLEMENT, G. AND SCHAEFFERt G.: Demonstration de l'effet 
mobilisateur de l'adrenal1ne sur les graisses de reserve. 
Role du systeme nerveux sympathique. C.R. Soc. Biol. 
Paris 141: 320-322, 1947. 



44. CODE, F.C.: Histamine and gastric secretion. 
Symposium on Histamine, Churchill, 189-216, 1956. 

45. COHEN, J.A.: Effect of injection of adrenaline on the 
anaerobie glycolysis of rat diaphragm. Nature, Lond. 
160: 871-872, 1947. 

46. COHEN, J.A.: The effect of adrenaline on the uti1ization 
of glucose. Biochim. biophys. acta 3: 231-241, 1949. 

47. COHEN, J.A.: The influence of various hormones on the 
uti1ization of glucose. Biochim. biophys. acta ~: 535-
542, 1950. 

48. COHEN, J.A. AND NEEDHAM, D.M.: The effect of adrenaline 
injection in the utilization of glucose in muscle ex­
tracts. Biochim. biophys. acta 6: 14.1-146, 1950. 

49. COLLIP. J.B., THOMSON, D.L. AND TOBY, G.: The effect of 
adrenaline on muscle glycogen in adrenalectomized 
thyroidectomized, and hypophysectomized rats. J. Physiol. 
~: 191-198, 1930-37. 

50. COMSA, J.: Le groupe thymus-thyroide-gonades. Recherches 
sur les interactions hormonales par l'etude de la creati­
ne urinaire. Rev. canad. Biol. 1: 416-478, 1948. 

51. COMSA, J.: Adrenaline-thyroxin interaction in guinea 
pigs. Amer. J. Physiol. 161: 550-553, 1950. 

52. COPE, O. AND THOMPSON, R.H.: Adrenaline and the blood 
lactic acid 1evel in hypophysectomized rabbits. J. 
Physio1. ~: 417-424, 1936-37. 

53. CORI, C.F.: The influence of insulin and epinephrine 
on the lactic acid content of blood and tissues. J. 
biol. Chem. &l: 253-268, 1925. 



54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

CORI, C.F. AND BUCHWALD, K.W.: Effect of epinephrine 
on the oxygen consumption of frogs before and after 
hepatectomy. Proc. Soc. exp. Biol., N.Y. 28: 104-106, 
1930-31. 

CORI, C.F. AND CORit G.T.: The mechanism of epinephrine 
action. IV. The inrluence of epinephrine on lactic acid 
production and blood sugar utilization. J. biol. Chem. 
~: 683-698, 1929. 

CORI, C.F. AND CORI, G.T.: The influence of constant 
intravenous injections of epinephrine on blood sugar of 
rats. Proc. Soc. exp. Biol., N.Y.~: 560-561,1929-30. 

CORI, C.F., CORI, G.T. AND BUChïNALDl K.W.: The mechanism 
of epinephrine action. VI. Changes 1n b1ood sugar, lactic 
acid and b1ood pressure during continuous intravenous · 
injection of epinephrine. Amer. J. Physiol. 2l: 273-283, 
1930. 

CORI, C.F. AND 1NELCH~ A.: The adrenal medul1a. J. Amer. 
med. Ass. 116: 2590-G596, 1941. 

CORI, G.T., CORI, C.F. AND BUCHWALD, K.W.: The mechanism 
of epinephrine action. V. Changes in 1iver glycogen and 
blood lactic acid after injection of epinephrine and 
insulin. J. biol. Chem. 86: 375-388, 1930. 

COSTAÙ E.
6 

GALANSINO, G. AND FOA, P.P.: GLYCOGEN STORES 
IN GL GAG N-TREATED RATS. I. TIME FACTORS. Proc. Soc. 
exp. Biol., N.Y. 21: 308-312, 1956. 

COUPLAND, R.E.: Synthesis and storage of presser amines 
in adrena1 medu1lary gr~fts. J. of Endocrin. London ~ 
(2}, 162-164, 1959. 

CRUICKSHANK, E.W.H.: On the production and uti1ization 
of glycogen in normal and diabetic anima1s. J. Physio1. 
~: 1-14, 1913-14. 



63. 

66. 

68. 

70. 

71. 

CARNOT 1 P., KOSKOWSKI, W., LIBERT, E. 1922, C.R. 
Soc. B~ol. Paris, 86, 575. 

DALE, H.H. and LAIDLOW, P.P. (1910-1911). J. Physiol. 
li,: 318. 

DAVIS, B.L., Jr. and VAN WINKLE, W., Jr.: The effect 
of insulin and epinephrine on the amino acid content 
of the blood of adrenalectomized rabbits. J. biol. 
Chem. 10&: 207-215, 1934. 

DeBODO, R.C., BLOCH, H.I. and GROSS, I.H.: The role of 
the anterior pituitary in adrenaline hyperglycemia and 
liver glycogenolysis. Amer. J. Physio1. llZ: 124-135, 
1942. 

DeBODO, R.C.l SINKOFF, M.W., KIANG, S.P. and DEN, H.: 
Prevention ot· growth hormore-induced diabetes in 
hypophysectomized dogs by adrenocortical steroids. Proc. 
Soc. exp. Biol., N.Y. ~: 425-430, 1952. 

DELAUNOIS, A.L., DUTORDOIR, R. and MEYUS, H.: Influence 
de l'adrenaline sur les echanges respiratoires de l'hom­
me et du chien. Arch. int. Pharmacodyn. 1Q: 99-109, 1945. 

De MEIO, R.H.: Accion de la adrenalina sobre la respira­
cion de -tejidos "in vitro". Rev. Soc. argent. Biol. !1: 
102-113, 1941. 

De VISSCHLER, M.: Role de la secretion thyroïdienne 
dans l'action metabolique de l'adrenaline. C.R. Soc. 
Biol., Paris 140: 1205-1206, 1946. 

De VIS-SCHER, M. and SCHURMANS, P.: Influence de la di- · · 
iodotyrosine sur l'action metabolique de l'adrenaline. 
Arch. int. Pharmacodyn. ~: 375-377, 1949. 



72. DRURY, D.R., WICK, A.N. and MORITA, T.N.: Metabolism 
of lactic acid in extrahepatic tissues. Amer. J. 
Physio1. 180: 345-349, 1955. 

73. DURY, A.: Effect of intravenous glucose on tissue 
water and ionie content and moderation of potassium 
p1ethora with epinephrine and insulin pretreatment. 
Amer. J. Physio1. 171: 630-635, 1952. 

74. DURY, A., VITELLO, L.F. and JOHNSON, T.N.: Effect 
of adrenaline and insulin on the•plasma potassium 
level. Endocrinology ~: 663-670, 1950. 

75. EADE, N.R.: The distribution of the catecholamines 
in homogenates of the ·bovine adrenal medulla. J. 
Physiol. 140: 183-192, 1958. 

76. EICKHOLTZ, F. Uber den EINFLUSS von Nikotin und 
nikotin artig wirkenden Substanzen auf die Adrenalin 
Sekretion. Arch. exp. Path. Pharmak. 22: 172-184, 1923. 

77. ELLIS, S. and ANDERSON, H.L., Jr.: Effect of 
sympathomimetic amines and sympatholytics on blood 
sugar and lactate of the rat. Fed. Proc. 2: 269, 1950. 

78. ELLIS, S. and ANDERSON, H.L., Jr.: The effect of 
amines on the blood sugar of the rat. J. Pharmacol. 
101: 92-100, 1951. 

79. ELLIS, S. and ANDERSON, H.L., Jr.: Unpublished 
observations. 

80. ELLIS 1 S., DAVIS, A.H. and AN~ERSON, H.L., Jr.: Effects 
of ep1nephrine and related am1nes on contraction and 
glycogenolysis of the rat's diaphragm. J. Pharmaco1. 
115: 120-125, 1955. 

81. ENGEL, F.L.: On the nature of the interdependance of 
the adrenal cortex, non-specifie stress and nutrition 
in the regulation of nitrogen metabolism. Endocrino1ogy 
50: 462-477, 1952. 



.82. ENGEL, F.L.: The endocrine control of metabolism. 
Bull. N.Y. Acad. Med. ~: 175-201, 1953. 

83. ENOCKSSON, B. and GJERTZ, A.: The tono-glycaemic 
index of the adrenalin. Acta med. scand., Suppl. 
22: 116-127, 1934. 

84. ESSEX, H.E.: Further observations of certain 
responses of tolerant and control animals to massive 
doses of epinephrine. Amer. J. Physiol. 171: 78-86, 
1952. 

85. EULER, U.S. von: Noradrenaline (arterenol), adrenal 
medullary hormone and chemical transmitter of · 
adrenergic nerves. Ergebn. Physiol. ~: 261-307, 1950. 

86. EULER, U.S. von: The nature of 'adrenergic nerve 
mediators. Pharmacol. Rev. 1: 247-277, 1951. 

87. EULER, U.S. von: Noradrenaline: chemistry, physiol­
ogy and clinical aspects. Charles c. Thomas, Spring­
field, Illinois 195o. 

88. EULER, U.S. von and FOLKOW, B.: The effect of stimula­
tion of autonomie areas in the cerebral cortex upon 
the adrenaline and noradrenaline secretion from the 
adrenal -gland in the cat. Acta physiol. scand. ~: 
Jl)-)20, 1958. 

89. EULER, U.S. von and HAMBERG, U.: Colorimetrie estima­
tion of -noradrenaline in the presence of Adrenaline. 
Science, 110: 561-562, 1949. 

90. EULER, U.S. von and LISHAIKO, K.: Dopamine in 
mammalian lung and spleen. Acta physiol. pharm. neerl. 
2: 295-303, 1957. 

91. EULER, U.S. ·von: Noradrenaline. Charles C. Thomas, 
Springfield, Illinois, 1956. 



·92. EVANS, C.L., TSAI, C. and YOUNG, F.G.: The action 
of adrenaline on glycogen distribution in the cat. 
J. Physiol. ]2: 103-114, 1931. 

93. FARRELL, G.L. and McCANN, S.M.: Detectable amounts 
of adrenocorticotrophic hormone in blood following 
epinephrine. Endocrinology 2Q: 274-276, 1952. 

94. FEINSCHMIDT, O. and FERm~NN, D.: Die Einwirkung 
von Adrena1in auf den Kreatinphosphorsauregehalt 
der Muskeln. Biochem. z. 205: 325-328, 1929. 

95. FIELDING, M.E. and WEST, G.B.: Adrenaline and 
blood potassium. J. Pharm., Lond. 2: 377-415, 1940. 

96. FISCHER, E.H. and KREBS, E.G.: Conversion of muscle 
phosphorylase b to phosphoryœase a in muscle extracts. 
J. biol. Chem. 216: 121-132, 1955. 

97. 

98. 

99. 

100. 

FORREST, A.P.M. and CODE, C.F.: 
of epinephrine and norepinephrine 
by histamine -in separated pouches 
110: 447-450, 1954. 

The inhibiting effect 
on secretion induced 
of dogs. J. Pharm~col. 

FORTIER, A., LEDUC, J. and D'IORIO, A.: Biochemical 
composition of the chromaffin granules of the medulla. 
Rev. canad. biol. 18 (2): 110-114, 1959. 

GELLHORN, E. and FELDMAN J.: The influence of the 
thyroid on the vago-insuiin and sympathetico-adrenal 
systems. Endocrino1ogy Z2: 467-474, 1941. 

GINSBURG, J. and COBBOLD, A.F.: Effects of Adrenaline, 
Noradrenaline and isopropylnor-Adrenaline in man. 
Ciba Symposium on Adrenergic Mech~nism. Churchill. 1960. 

) 1 



101. GOLDBLATT, M.W.: Ergotamine and the effect of 
adrenaline on blood lactate. J. Physiol. ~: 
96-105, 1933. 

102. GOLDENBERG, M., ARANOW, H., Jr., SMITH, A.A. 
and FABER, M.: Pheochromocytoma. and essential 
hypertensive vaseular disease. Arch. intern. 
Med. ~: 823-836, 1950. 

103. GOLLWITZER-MEIER, K. and JUNGMANN, H.: Zur 
Herzwirkung einiger Sympathicomimetica mit peri­
pher gefasserweiternder Wirkung. Arch. exp. Path. 
Pharmak. 2lh: 349-357, 1952, 

104. GOODALL, M.C.: Metabolic products of Adrenaline 
ru."l.d noradrenaline in human urine. Pharmacol. Rev. 
Vol. II, 1959. 

105. GREEN, D.E. and RICHTER, D.: Adrenaline and 
adrenochrome. Biochem. J. 11: 596-616, 1937. 

106. GREUEL, H. and SACHSSE, B.: Untersuchuneen zur 
Wirkung von 1-Adrenalin und 1-Noradrenalin auf den 
Kohlenhydratstoffwechsel beim Diabetes mellitus. 
Arztl. Wschr. !Q: 550-553, 1955. 

107. GRIFFITH, F.R., Jr.: Fact and theory regarding the 
calorigenic action of adrenaline. Physiol. Rev • .1!: 
151-187, 1951. 

108. HAGEN, P.: Storage and release of catecholamines 
Symposium on catecholamines. Williams and Wilkins 1959. 

109. HAREL-CEDDAHAl 1.: Action de l'adrenaline sur l'oxy­
dation des ac~des gras "in vitro" par le foie. C.R. 
Acad. Sei., Paris 236: 211~-2116, 1953. 



11C. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

HAUGAARD, E.S. and HAUGAARD, N.: The effect of 
hyperglycemic-glycogenolytic factor on fat · · 
.metabo1ism of liver. J. biol. Chem. 206: 641-64.5, 
1954. 

HILI.ARP, N .A.: Enzymatic system in vol ving adreno­
sine phosphatase in the adrenaline and noradrenaline 
containing granules of the adrenal medulla. Acta 
physiol. scand. g (2): 144-165, 1958. 

HIMSWOR.TH, H.P. and SCOTT, D.B. MeN.: The action of 
adrenaline in accelerating the remova1 of the b1ood 
sugar by the periphera1 tissues. J. Physio1 21: 
159-171, 1938. 

HOKFELT, B.: Nort:tdrena1ine and adrenaline in 
mamma1ian · tissues. Acta pli.ysio1. scand. z.2_: Suppl. 
92: 1-134, 1951. 

HOLTKAMP, D.E. and HEMING, A.E.: Prevention of 
thyroxine-induced increased oxygen consumption of 
rats by concurrent 'Dibenzyline' administration. Fed. 
Proc. ll: 331-, 1953. 

HOLTZ, P.: Role of L-Dopa Decarboxylase in the 
biosynthesis of catechol amines in nerv. tissue · and 
adrenaline medulla. Pharm. Rev. Baltimore ll {2), 
Part I: 317-329, 1959. 

HORSTMANN, P.: The effect of adrenaline on the 
oxygen consumption in diabetes me1litus and in hyper­
thyroidism. Acta endocr., Copenhagen 1.§: 233-247, 1954. 

HOCKFELT B.: Histarnin and the influence on adrenaline 
and noradrenaline. Acta. physiol. scand., Vol. 25, 
Supp1. 92, 1951. 

)3 



118. 

119. 

120. 

121. 

122. 

123. 

124. . 

125. 

HUNTER, J.D., BAYLISS, R.I.S. and STEINBECK, A.W.: 
Effect of adrenaline on adrenocortical secretion. 
Lancet 268: 884-886, 1955. 

ICHIJO, T.: Influence of extracts of various 
endocrine organs on carbohydrate intermediate 
metabo1ism of normal and hypophysectomized dogs. 
Jap. J. med. Sei., IV Pharmacal, ~: 85-87, 1934. 

INGLE, D.J., BEARY, D.F. and PURMALIS, A.: Effect 
of continuous injection of epinephrine upon the 
g1ycosuria of partially depancreatized rats. Proc. 
Soc. exp. Biol., N.Y. ~: 112-114, 1953. 

INGLE, D.J. and NEZAMIS, J.E.: Effect of epinephrine 
upon the tolerance of the eviseerated rat for glucose. 
Amer. J. Physiol. 156: 361-364, 1949. 

JITARIU, P., KOCH, ~and OTTO, U.: Uber Temperatur­
differenz-und Durchblutungsmessungen an der Leber 
und ihre Auswertbarkeit zur Beurteiltmg von 
Stoffwechse1anderungen. Pflug. Arch. ges. Physiol. 
~: 317-341, 1941. 

JUSCHTSCHENKOÂ A.J.: Der Einfluss des Thyreoidins, 
Spermins und drenalins, sowie der Entfernung dP-r 
Schilddruse und der Testikeln auf die Oxydation­
prozesse, den Atmungsgasaustausch und die Giftigkeit 
des Harns bei Tieren. Biochem. z. 12: 365-452, 1909. 

KARVINEN, E. KARVONEN, M.J.: The effect of 
insulinhypogiycemia on Histamine-induced Heidenhain 
pouch secretion in the dog. Act. physiol. scand. 
n_: 350-, 1952. 

KEPINOV, L.: Systeme glycogenolytique hormonal. Sur 
le mecanisme de l'action glycogenolytique de l'adre­
naline et le role de l'hormone hypophysaire dans -ce 
mecanisme. C.R. Soc. Biol., Paris 126: 1084-1087, 
1937. 

l lt 



l26. 

127. 

129. 

130. 

131. 

132. 

133. 

134. 

KING, B.D., SOKOLOFF, L. and \~CHSLER, R.L.: 
The effects of 1-epinephrine and 1-nor-epinephrine 
upon cerebral circulation and metabolism in man. 
J. clin. Invest. ll: 273-279, 1952. 

KING, S.E. and BALD~ITN, D.S.: Proteinuria following 
intravenous norepinephrine and epinephrine in man. 
Proc. Soc. exp. Biol., N.Y. ~: o24-o26, 1955. 

KIRSNER, J.B., FORD, H.: The effect of Reserpine 
upon basal gastric secretion. A.M.A. Arch. intern. 
med. 22 (3): 390-400, 1957. 

KLEINSORG, H. and SC~1IER, J.: Uber die arteriovenose 
02-Differenz bei verschiedenen neural und humoral 
bedingten Mehrdurchblutungen. Pflug. Arch. ges. Physiol. 
~: 441-446, 1952. 

KLUKEN, N. and LATZ, J.: Die Beeinflussung der Adrena­
linhyperglykamie durch Sexualhormone. Klin. Wschr. 11: 
510-512, 1953. 

KOELLE, G.B.: Possible mechanism for the termination 
of the physiological actions of catecholamines. 
Symposium on catecholamines. Baltimore 1959. 

KOMAROV, S.A., SHAY, H/,·RAYPORT, M. and FELS, S.S. 
(1944), Gastroenterology, l= 406. 

KRAYER, o. and SATO, G.: Schilddrusenwirkung und 
autonomes Nervensystem. Arch. exp. Path. Pharmak. 
128: 67-81, 192g. 

KUBICEK, W.G., KOTTKE, F.J. and OLSON, M.E.: Effects 
of continuous infusions of epinephrine and nor­
epinephrine into the portal vein of dogs. Fed. Proc. 
~: 80, 1953. 



135. 

136. 

137. 

139. 

140. 

141. 

La BARRE, J., DESVillRREZ, J.J.: Hypersecretory 
phenomena and manifestations of stomach ulcerations 
appearing in Reserpine-treated rats. C. rend. Soc. 
biol. 151 (7): 1451-1452, 1957. 

La BROSSE, E.H., AXELROD, J. and KETTY, S.S.: 
0-methylation, the principal route of ·metabolism of 
epinephrine in man. Sei. 128: 593-594, 1958. 

La BROSSE, E.H., AXELROD, J. and SJOERDSMA, A.: 
Urinary excretion of normetanephrine by man. Fed. 
Proc. 11: 386, 1958. 

LANGEMANN, H., BURGER, M. and KAGI t J.: Determination 
of adrenaline and noradrenaline ana of the activities 
of amino acid decarboxylase and amine oxidase in cell 
fractions of pheochromocytomas. Abstr. Comm. XX 
Intern. Physiol. Congress, Page 546. Brussels, 1956. 

LEE, K.S.: A new technique for the sirnultaneous 
recording of oxygen constmption and contraction of 
muscle: the effect of ouabain on cat papillary 
muscle. J. Pharmacol. 109: 304-312, 1953. 

LEE, M.O. and BACQ, Z.M.: The failure of syrnpathetic 
extirpation in the rat to affect the basal metabolism 
ofthe calorigenic action of adrenaline. Amer. J. 
Physiol. 103: 637-642, 19JJ. 

LEEPES, LEI~EL, C.: Catecholamine formation in 
intact tissues. Pharm. Rev. 2, Part 2, 1959. 

LED~ORFER, A.: The action of sympathomimetic amines 
on the central nervous system and the blood sugar: 
relation of chemical structure to mechanism of action. 
J. Pharmacol. ~: 62-71, 1950. 

;6 



143. LEIMDORFER, A., ARANA, R. and HACK, M.H.: 
Hyperglycemia induced by the action of adrena1in 
on the central nervous system. Amer. J. Physiol. 
150: 588-595, 1947. 

144. LEONARD, S.L.: Effect of hormones on muscle 
glycogenolysis in hypophysectomized animals. Amer. 
J. Physiol. Med. ~: 297-302, 1955. 

145. LEONARD, S.L. and RINGLER, I.: G1ycogeno1ytic effects 
of epinephrine in skeleta1 muscles of hypophysecto­
mized rats treated with glycopexic hormones, Endo­
crinology 22: 212-218, 1954. 

146. LEONSIS, A.J., ~1/ADDELL, W.R.: Inhibiting effects of 
Norepinephrine on gastric secretion in hQman subjects, 
J. of appl. physio1. ~; 334-338, 1958. 

147. LEWIS, G.P.: The importance of ionization in the 
activity of sympathomimetic amines. Brit. J. Pharmacol. 
2= 488-493, 1954. 

148. LILJEDAHL, S.O.: Effects of intrathecal injections of 
adrenaline and noradrenaline on b1ood sugar and blood 
pressure in the cat. Acta physiol. scand. ,ll: 19-29, 
1955. 

149. LOMBROSO, C.: Ipermetabolismo gassoso da adrena1ina 
in animali trattati con orto-simpatico1itici (933F.}, 
Arch. int. Pharmacodyn. 22: 416-430, 1937. 

150. LONG, C.N.H.: The endocrine control of the blood 
sugar. Diabetes 1: 3-11, 1952. 

151. LOPES, N., WAGNER, E., BARROS, M. and MARQUES, M.: 
Glucose, insulin and epinephrine tolerance tests in 
the normal -& hypothysectomized turtle npseudemys· 
D'Orbigny!," Acta physiol. latino-am. ~: 190-199, 1954. 



152. LUNDHOLM,L: The affect of drenalin on tpe oxygen 
consumption of resting animals. Acta physiol. 
scand. 19: Suppl. 67:1-139, 1949. 

153. LUNDHOLM, L. and MOHME, E.: Effects of drenaline 
and ergotamine on the oxygen consumption. Acta 
physiol. scand. 16: 367-388, 1949. 

154. LUNDSGAARD, E., NIELSEN, N.A. and ORSKOV, S.L.: 
On the utilization of glucose and the formation of 
lactic acid in the isolated hind limb preparation. 
Skand. Arch. Physiol. 81: 20-28, 1939. 

155. MACINTOSH, F.C., and PATON, W.D.M. (1949 ) . J. 
P~y,siol., 109,190. 

156. MACINTOSH, F.C.,Histamine and intracelluar particles. 
Ciba symposium on Histamin. Churchill 1956. 

157. ~ITRSKI, A.: Metabolism of adipose tissue in vitro. 
Biochem. J. 36: 232-241, 1942. 

158. MO~Œ-LUNDHOL~, E.: The mechanism of the relaxing 

effect of adrenaline on smoth muscle. Acta 
physiol. scand. 29: Suppl. 108: 1-63, 1953. 

159. MORITA, S.: Untersuchungen über die zuckertreibende 
Wirkung adrenalinAhnlicher (sympathomimetischer) 
Substanzen. Arch. exp. Path. Pharmak. 78: 245-276 
1914-15. 

160. MOYER, J.H., MORRIS, G. and SNYDER, H.B.: A com­
parison of the cerebral hemodynamic response to 
aramine and norepinephrine in the normotensive 
and the hypotensive subject. Circulation 10: 
265-270, 1954. 

161. MUIRHEAD, E.E., GOTH, A. and JONES, F.: Sodium 
and potassium exchanges associated with nor-epine­
phrine infusions. Amer. J. Physiol. 179:1-4, 
1954. 



162. Parkhurst, M., SHORE, A. & J.S. OLIN. : Identifica­
tion and chemical assay of norepinephrine in brain 
and other tissues. J. of Pharm. & exp. Pharm. 
122, 1958. 

163. POPIELSKI, L. 1910, Zbl. Physiol. 24, 1102. 

164. RICHTER, D.: The inactivation of adrenaline in 
vivo in man. J. Physiol. 98. 361-374, 1940. 

165. RIDER, J.A., MOELLE, H.C., Gibb;O.: The effect 
of Reserpine on gastric secretion and its possible 
site of action. Gastroenterology 33. 737-44, 1959. 

166. SCHAPIRO, S.: Effect of a catecholamine blocking 
agent (Dibenzyline) on organ content and urine 
excretion of Nor-adrenaline & Adrenaline. 
Act. physiol. scand. 42, P: 371-75, 1958. 

167. SCHAYER, R. Ivy, A.C., Evidence that Histamin is 
a gastric secretory hourmone in rats. Am. J. of 
physiol. ?:369-372, 189 (2) 1957. 

168. SCH~~NN, H.J.: Die Wirkung von Insulin & Reser­
pine auf den Adrenalin und ATP. gehalt der chromaf­
finen granula des Nebennierenmarks. Arch. exp. 
Path. Berlin. 233 (3) 1958. P.237-249. 

169. SJOERDSMA, A., LEEPER, L.C. TERrtY, L.L. and 
UDENFRIEND, S. Studies on the biogenesis and metabol. 
of norepinephrine in pat. with pheo~hromocytoma. J. 
clin. Invest. 38. 31-38, 1959. 

170. STRAUSS R. & WURM ,M.: Catecholamines and the 
diagnosis of pheochromocytoma • . Amer. J. of clin. Pa th., 
vol. 34 No.5 . P: 403-425, 1960; 

171. TULLAR, B.F. The isolation dl-Arterenol J. of 
am. chem. Soc. 70, 2067-68, 1948. 



172. RAO, M.S. and SINGH, I.: The effect of temperature 
on the mechanical response and the viscosity and 
oxygen consumption of unstriated muscle. J. Physiol. 
98: 12-25, 1940. 

173. REID, C.: Protein catabolism and protein sparing 
under adrenaline. Biochem. J. 35: 534-537, 1941. 

174. RICHTER, D.: The inactivation of adrenaline in 
vivo in man. J. Physiol. 98, 361-374, 1940. 

175. RIDER, J.A., MOELLE, H.C. and GIBB, 0.: The effect 
of Reserpine on gastric secretion and its possible 
site of action. Castroenterology 33. 737-44, 1959. 

176. ROGOFF, J .l'v1., QUASHNOCK, J .M., NOXON, E.N. and 
ROSENBURG, A.W.: Adrenal function and blood electro­
lytes. Proc. Soc. exp. Biol., N.Y. 73: 163-169, 1950. 

177. ROTHLIN, E. and CERLETTI, A.: Kalorimetrische Unter­
suchungen uber die Stoffwechselwirkung des Adrenalins. 
Helv. physiol. acta 10: C24-C25, 1952. 

178. ROTHBALLER, A.B.: The effects of catecholamines on 
the central nervous system. Symposium on catechol 
amines. \qilliams & Wilkins, Baltimore, 1959. 

179. RUSSELL, J.A. and BENNETT, L.L.: Carbohydrate 
storage and maintenance in the hypophysectomized rat. 
Amerc. J. Physiol. 118: 196-205, 1937. 

180. RUSSELL, J.A. and CORGI, G.T.: A comparison of the 
metabolic effects of subcutaneous and intravenous 
epinephrine injections in normal and hypophysecto­
mized rats. Amer. J. Physiol. 119: 167-174, 1937. 

181. SAFFORD, H., WELLS, L. and GELLHORN, E.: Sympathetico­
adrenal discharges in hypophysectomized rats. Amer. 
J. Physio1. 146: 386, 388, 1946. 

182. SAHYUN, M. and LUCK, J.M.: The influence of epine­
phrine and insu1in on the distribution of glycogen 
in rabbits. J. Biol. Chem. 85, 1-20, 1929-30. 

183. SAHYUN, M. and WEBSTER, G.E.: The influence of 
arterenol and epinephrine on the distribution of 
glycogen in rats. Arch. int. Pharmacodyn. 45: 
291-303, 1933. 

184. SAMSON, P.C. and JACOBS, H.R.D.: Sorne chemical 
effects from constant intravenous epinephrine 
injection in dogs. Amer. J. Physiol. 99: 433-443, 
1932. 



185. SARZANA, G.: Sul determinisme dell'azione 
calorigena dell'adrenalina. Boll. Soc. ital. 
Biol. sper. 29: 402-404, 1953. 

186. SCHAPIRO, S.: Effect of a catecholamine blocking 
agent (Dibenzyline) on organ content and urine 
excretion of Noradrenaline and Adrenaline. 
Act. physiol. scan. 42, P: 371-75, 1958. 

187. SCHAYER, R. and IVY, A.C.: Evidence that Histamin is 
a gastric secretory hormone in rats. Am. J. of Physiol. 
P: 369-372, 189 (2), 1957. 

188. SCHUMANN, H.J.: Die Wirkung von Insulin and Reserpine 
auf den Adrenalin und ATP. gehalt der chromaffinen 
granula des Rebennierenmarks. Arch. exp. Path. 
Berlin, 233 (3), 1958. P. 273-249. 

189. SENSENBACH, W., MADISON, L. and OCHS, L.: A compari­
son of the effects of 1-nor-epinephrine, synthetic 
1-epinephrine, and U.S.P. Ephinephrine upon cerebral 
blood flow and metabolisrn in man. J. clin. Invest. 
32: 226-232, 1953. 

190. SJOERDSMA, A.; LEEPER, L.C., TERRY, L.L. and 
UDENFRIEND, S.: Studies on the biogenesis and metabol. 
of norepinephrine in pat. with pheochromocytoma. 
J. Clin. Invest. 38. 31-38, 1959. 

191. SMYTHE, C. McG., GILMORE, J.P. and HANDFORD, S.W.: 
The effect of levarterenol (1-norepinephrine) on 
hepatic blood flow in the normal, anesthetized dog. 
J. Pharmacol. 110: 398-402, 1954. 

192. SOMOGYI, M.: Studies of arteriovenous differences in 
blood sugar. V. effect of epinephrine on the rate of 
glucose assimilation. J. biol. Chem. 186: 513-526, 1950. 

193. SOSKIN, S.: On the "calorigenic" action of epinephrin. 
Amer. J. Physiol. 83: 162-170, 1927. 

194. STRAND, F.L. and GORDON, A.S.: Alterations in organ 
glycogen reserves and respiration following epinephrine. 
Endocrinology 53: 37-49, 1953. 

195. STRAUSS, R. and ~WURM, M.: Catecholamines and the 
diagnosis of pheochromocytoma. Amer. J. of clin. Path., 
vol. 34, No. 5 P. 403-425, 1960. 

196. SUTHERLAND, E.\v.: The effect of epinephrine and the 
hyperglycemie factor on liver and muscle metabolism 
in vitor. IN: Posphorus metabolism, vol. II, pp.577-593, 
ed. by ~.D. McElroy and B. Glass, Johns Hopkins Press, 
Baltimore 1952. 



197. SUTHERLAND, E. ~\J. and CORI, C. F. : Effect of hyper­
glycemic-glycogenolytic factor and epinephrine on 
liver phosphorylase. J. biol. Chem. 188: 531-543, 1951. 

198. TAYLOR, J. N. and LEONARD, S.L.: Potentiation of 
glycogenolytic effect of epinephrine by desoxycorti­
costerone in certain skeletal muscles. Proc. Soc. 
exp. Biol., N.Y. 91: 279-282, 1956. 

199. TOTH, L.A.: The effect of epinephrine on urine 
excretion in dogs •. Amer. J. Physiol. 119: 140-152, 
1937. 

200. TRENDELENBURG, P.: Adrenalin und adrenalinverwandte 
Substanzen. In.: Heffters Handbuch der experimentellen 
Pharmakologie, Vol. 2(2), pp. 1130-1293. Springer, 
Berlin, 1924. 

201. TRENDELENBURG, U.: Throid and hyperglycemia produced 
by adrenaline and noradrenaline. Brit. J. Pharmacol. 
8: 454-460, 1953. 

202. TUERKISCHER, E. and WERTHEIMER, E.: Factors 
influencing deposition of glyco$en in adipose tissue 
of the rat. J. Physiol. 104: 3ol-365, 1946. 

203. TULLAR, B.F.: The isolation dl-Arterenol J. of am. 
chem. Soc. 70, 2067-68, 1948. 

204. TUM SUDEN, C.: Effect of adrenocortical and 
asympathico-adrenal factors on the cardiovascular 
sensitivity to potassium in the rat. Amer. J. 
Physiol. 149: 589-596, 1947. 

205. UNDERHILL, F.P. and CLOSSON, O.E.: Adrenalin 
glycosuria, and the influence of adrenalin upon 
nitrogenous metabolism. Amer. J. Physiol. 17: 42-54, 
1906. 

206. VAN ITALLIS, T.B. and BENTLEY, W.B.A.: Glucagon­
induced hyperglycemia as an index of liver function. 
J. clin. Invest. 34: 1730-1737, 1955. 

207. VERZAR, F.: Die Aktivitat de Thyreoidea unter dem 
Einfluss von Nebennieren-Rinde und Mark, Hypophyse 
und o2-Mangel. Bull. schweiz. Akad. med. Wiss. 9: 
121-ljl' 1953. 

208. VERZAR, F. and SOMOGYL, J.C.: Die Wirkung von Adrenalin 
auf Plasma-Kaliwn und Blutzucker beim normalen und 
adrenalektomierten Tier. Pflug. Arch. ges. Physiol. 
245: 398-411, 1951. 



209. VLEESCHOUWER, G.R. DE, DELAUNOIS, A.L. and VERBEKE, R.: 
Influence de l'adrenaline, de la noradrenaline et de 
quelques adrenolytiques de synthese sur les echanges 
respiratoires. Arch. int. Pharmacodyn. 81: 400-403, 
1950. 

210. WALAAS, E.: The glycogenolytic effect of adrenaline 
on the isolated rat diaphragm. Acta physiol. scand. 
35: 126-137, 1955. 

211. TtlALAAS, E. and \lALAAS, 0. : Effect of in sul in on rat 
diaphragm under anaerobie conditions. J. biol. Chem. 
195: 367-373, 1952. 

212. •t~ATE&\1AN, F. A. : Relationship between spontaneous 
activity and metabolic rate as influenced by certain 
sympathomimetic compounds. Proc. Soc. exp. Biol. 
N.Y. 71: 473r47 5, 1949. 

213. ~,VHELAN, R.F. and YOUNG, I .rL : The effect of adrenaline 
and noradrenaline infusions on respiration in man. 
Brit. J. Pharmacol. 8: 98-102, 1953. 

214. WIECHMANN, E.: Uber die Glucosepermeabilitat der 
peripheren Gewebe beim Adrenalindiabetes. Dtsch. Arch. 
klin. Med. 154: 296-304, 1927. 

215. WINTERNITZ, W.W. and LONG, C.N.H.: Participation of 
adrenal cortex in alterations in carbohydrate metab­
olism produced by epinephrine. Proc. Soc. exp. Biol. 
N.Y. 81: 683-685, 1952. 

216. ZELLAR, E.A.: The role of amine oxidase in the 
destruction of catechol amines. Symposium on catechol 
amines. ~Villiams & \'lilkins, Baltimore, 1959. 

217. ZUELZER, G.: Zur Frage des Nebennierendiabetes. Berl. 
klin. Wschr. 38: 1209-1210, 1901. 


