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ABSTRACT  

Cholecystokinin pancreozymin (CCK), exerts a major role 

in the physiological control of the pancreas, biliary tract and gut. 

Precise metabolic studies have awaited a sensitive and specific 

radioimmunoassay (RIA); the development and evaluation of such 

a technique is described. 

The pattern of release of CCK in response to food in normal, 

diabetic, duodenal ulcer and subjects with the Zollinger-Ellison 

Syndrome has been studied. Both release and disappearance rates 

of CCK were more rapid in diabetic and duodenal ulcer patients 

than in normal individuals . CCK levels were raised in Zollinger- 

Ellison patients . 

Release of CCK in experimental animals and the effect of 

general anaesthesia and adrenergic stimuli upon this release in 

dogs is described. Pentobarbital induced general anaesthesia 

was shown to be a potent inhibitor of CCK release . 

The disappearance of exogenous CCK from the circulation has 

been studied in man and dogs. The half-life was found to be approximately 

2 .5 minutes in both groups . Some of the possible sites of catabolism 

that might be responsible for the rapid disappearance of exogenous 

CCK have also been studied. The kidney has been shown to extract 

40% of exogenously administered CCK, but had no real effect on basal 

CCK concentrations . Transit of blood through the small bowel, liver 

or head did not change the concentration of CCK. 
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"But we ought not to allow ourselves to be seduced by 

the ingenuity of argument, or the blandishments of style. 

Truth, like beauty, when 'unadorned is adorned the most'; 

and in prosecuting these experiments and inquiries, I 

believe I have been guided by its light. Facts are more 

persuasive than arguments, however ingeniously made ...." 

William Beaumont, M.D. 



CHAPTER 1  

INTRODUCTION  

(a) Problem to be Solved  

Cholecystokinin-pancreozymin (CCK) is a hormone which 

exerts a major role in the physiological control of the pancreas, 

biliary tract and gut. Recently, the chemical structure of CCK has 

been elucidated and heterogeneity demonstrated. Precise metabolic 

studies and measurement of the hormone at physiological levels have 

awaited the development of a sensitive and specific assay. A 

radioimmunoassay (RIA) technique for measurement of CCK has now 

been developed and when the rates of production, release, degradation 

and excretion of CCK are known, the significance of variations in 

the concentration of circulating CCK will be better understood. 

This work was, therefore, undertaken firstly to validate a 

sensitive and specific radioimmunoassay for CCK and, secondly, 

using the RIA, to investigate release of CCK in man and animals, 

to measure half-life of exogenous CCK and to investigate sites of 

metabolism responsible for the disappearance of administered CCK 

from the circulation. 

It is hoped that, from a knowledge of the relationships between 

CCK and its diverse target organs, a better understanding and, thereby, 

treatment of a wide spectrum of gastro-intestinal malfunctions, 

including pancreatic exocrine deficiency, biliary tract dyskinesia, 

spastic colon and perhaps even peptic ulceration may evolve . 



It is appropriate here to review the events leading to the 

discovery of CCK and its subsequent investigation and current concepts 

of those aspects of gastro-intestinal physiology and pathology which 

are influenced by this hormone. 

(b) Historical Review  

1. Discovery of Cholecystokinin  

The eighteenth-century view of the function of the gallbladder 

is succinctly expressed as follows:- 

'But the gallbladder gives this particular advantage, that it 

receives the bile when the stomach, being empty, has no call for it, 

that afterwards it may be able to return it in greater plenty, when we 

principally want it for the digestion of the aliments now flowing in 

great quantity into the duodenum' . (University of Edinburgh, 1787). 

This commonsense doctrine was further elaborated in the 

nineteenth-century by Foster who quotes thus:- 

'The act of secretion of bile by the liver must not be confounded 

with discharge of bile from the bile-duct into the duodenum. When 

the acid contents of the stomach are poured over the orifice of the 

biliary duct, a gush of bile takes place .... The discharge is due 

to the contraction of the muscular walls of the gallbladder and ducts, 

accompanied by a relaxation of the sphincter of the orifice; both 

acts are probably of a reflex nature, the efferent impulses passing 

along the splanchnic nerves, but the details of the mechanism have 

not been worked out'. (Foster, 1895) . 



In 1902 (a,b) Bayliss and Starling discovered that an extract 

of the intestinal mucosa stimulated pancreatic secretion. Two years 

later, Starling proposed the term hormone for similar remote acting 

substances . The discovery of secretin shed new light on the function 

of the digestive glands . In addition to reflex nervous stimulation over 

the vagus and the sympathetics, a hormone stimulatory mechanism was 

now recognised. Indeed, in finding that their secretin preparations 

strongly stimulated the flow of bile, Bayliss and Starling in 1902 (a,b) 

left the question unanswered whether the substance stimulating the 

liver was the same as that stimulating the pancreas . 

Despite this early appreciation of gallbladder function and 

the introduction of the concept of "hormones", the first three decades 

of the Twentieth Century were involved in heated debates as to the 

function, or lack of it, of the gallbladder in the biliary tract. 

Studies of comparative anatomy of the biliary tract brought 

out many interesting facts but the value of such data from the 

physiological standpoint had not been of such positive value in 

indicating the function of the gallbladder, as of negative value 

indicating that many of the theories concerning the general function 

of the gallbladder were untenable, because they were based on 

anatomical considerations only applicable to a small group of species . 

During this period, even a theory that no bile which had 

entered the gallbladder ever left it by way of the cystic duct, was 

documented by Sweet (1924) . Boyden, however, and his colleagues 

in Boston, with a series of elegant reports (1923, 1925, 1926, 1927) 
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returned thinking to the historical concept that the primary function 

of the gallbladder was to deliver concentrated bile to the duodenum 

at the beginning of digestion. This author demonstrated that ingestion 

of egg yolk had a marked effect on the gallbladder of the cat, 

completely emptying it a few hours after meals and subsequently 

extended this observation, by means of the Graham method (Cholecystography) 

to the human gallbladder. Higgins and Mann (1926) verified the action 

of egg yolk in several other mammals, including the guinea-pig and 

dog. Sosman, Whitaker and Edson (1925) were the first to show the 

marked effect of fat-containing foods upon the human gallbladder - 

butter, cream and olive oil as constituents of a mixed diet being 

especially effective . 

Several attempts were made to analyse the effectiveness of 

the constituents of the egg yolk, and the preparation of lecithin was 

reported to produce a quantitative effect as great as egg yolk itself 

(Boyden, 1925). This theory was later discarded when samples of 

lecithin prepared by a differert biochemist failed to cause a complete 

emptying of the gallbladder. 

It became generally agreed that bile from the gallbladder was 

delivered into the intestine after the ingestion of food, but opinions 

differed widely as to the degree of evacuation and the mechanism 

involved. 

Two views as to the mechanism of evacuation still remained 

until 1926 when several investigators, including Whitaker and McMaster 

and Elman reported their findings . The two views were, one, that 

emptying was a passive process depending on external pressure 
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(Winkelstein & Aschner, 1925) and elasticity of the viscus (Copher et al, 

1926); the other, that the contents of the gallbladder are forced out 

by the action of its musculature. 

Credit for the first experimental demonstration of the contractility 

of the gallbladder must go to Haller who, in 1752, recorded: The 

gallbladder, the ductus choledochus, the ureters and the urethra 

contract themselves on being touched with a very acrid corrosive 

(such as oil of vitriol or spirit of nitre)" . 

Doyon (1893) was the first to record graphically the rhythmic 

contractions of the gallbladder. Further investigations, including those 

by Bainbridge and Dale (1905) and Okada (1915 - 16) confirmed these 

early findings and Okada demonstrated an increase in the rhythmic 

contractions after a meal of meat. 

The controversy of active versus passive emptying was well 

reviewed by Whitaker (1927) and it was his work in association with 

Boyden that finally brought a conclusion to the speculation. Boyden 

had shown that the muscle coat of the cat's gallbladder was quite 

thick enough to be an effective agent. The difficulty had been that the 

gallbladder contracted so slowly that spontaneous movements could 

not be seen and changes in shape could never be recognised by 

ordinary methods, nor even by the ingenious device of Winkelstein 

and Aschner (1925), who sewed small silver buttons onto the gallbladder 

in the hope of being able to recognise contractions by means of 

x-ray. Herein was the importance of the work of Whitaker who 

provided the method of observing and testing the gallbladder in 
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experimental animals . He emptied the gallbladder of its bile at 

laparotomy through an incision in the fundus, and replaced the bile 

with an iodised oil (iodipin, lipiodol, etc.) which was opaque to 

x-ray . 

Whitaker (1926), using this x-ray technique, recorded changes 

in the shape of the cat's gallbladder following ingestion of yolk and 

demonstrated the expulsion of the iodised oil through the cystic and 

common ducts into the duodenum and throughout the small intestine. 

During their investigations, Whitaker and Boyden were unable 

to demonstrate "passive" evacuation, that is, induced by changes 

in intra-abdominal pressure, of bile into the cystic duct . They 

concluded that they had established the importance of the gallbladder 

musculature as the principal agent in emptying the viscus . 

Once gallbladder contractility had been accepted as a major 

contribution to evacuation of bile, thoughts and investigations returned 

to the stimulus necessary to bring about this contraction. The 

innervation of the gallbladder had been the subject of investigation 

for many years, and the results were not wholly in accord (Mann, 

1924) . Meltzer (1917) and Mann (1924) suggested there was a "contrary 

innervation of the gallbladder". Mann concluded: "as is seemingly 

true with the other viscera, all the motor and inhibitory fibres do not 

run in the same nerves, but some of each are found in the vagus 

and splanchnic; nevertheless, the vagus is mainly motor, and the 

splanchnic mainly inhibitory to the gallbladder". 
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Boyden (1926), however, demonstrated that adrenaline given 

intravenously caused a greater expulsion of iodised oil from the 

gallbladder than any other agent that had been employed. He suggested 

the importance of this discovery was its implication of the sympathetic 

nervous system as the motor component of a nerve reflex which 

discharged the gallbladder. Whitaker (1927), however, pointed out 

that gallbladders that had been denervated by stripping the hepatic 

portal vein and common bile duct, emptied normally and concluded 

that the smooth muscle of the gallbladder, in the absence of nerves, 

expelled its contents after feeding. McMaster and Elman (1926) 

published similar findings . These same investigators demonstrated 

that feeding hydrocholoric acid reduced the tone of the common duct 

sphincter and suggested that with dogs the mere perception of food 

caused sphincter relaxation and gallbladder contraction. Whitaker 

(1927) was unable to confirm these findings . 

Boyden (1926), believed the disagreement among investigators 

pointed to a non-nervous control of the gallbladder with stimulation 

of the musculature by substances in the blood. He, therefore, 

commenced a series of transfusion experiments in which blood from 

the arteries of a cat that had been digesting egg yolk was transferred 

to the veins of a fasting cat, the gallbladder of which had previously 

been filled with iodised oil. Within twenty minutes, iodised oil 

appeared in the intestines . Heparin had, however, been added for 

the anticoagulation of the transfused blood and as "Heparin was a 

product of the liver and might not be an innocent ingredient", he 
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injected Heparin into the femoral vain of a fasting iodised cat. 

The gallbladder soon began to empty. Three hours later, blood taken 

from the femoral artery of a cat that had been digesting yolk for one 

and a half hours, when rapidly injected into the femoral vein of the 

same "iodised" cat, produced, within ten minutes, even larger 

amounts of iodised oil in the duodenum. Boyden concluded that 

blood of a recently fed cat contained substances that activated the 

gallbladder. 

Unfortunately, Boyden subsequently took blood from a fasting 

animal and injected this into the veins of another cat and a marked 

contraction of the gallbladder followed. He then resorted to 

"autotransfusion" whereby blood from the femoral artery of the right 

leg of a cat was withdrawn and quickly injected into the femoral vein 

of the left leg of the same cat. An expulsion of bile into the cystic 

duct occurred. He repeated his experiments and subsequently noted 

that superficial trauma during the preparation of the animals also 

resulted in a gallbladder response . He concluded that the sympathetic 

system was responsible and conducted further experiments in 

adrenalectomised cats to further test his theory. After adrenalectomy, 

a lesser response was observed but contraction still followed a meal 

of egg yolk. Boyden believed, therefore, that the sympathetic nervous 

system supplied the principal motor impulses to the gallbladder but 

conceded that one could not rule out the possibility of an additional 

hormone control. 



10 

The possibility that humoral agents were concerned in 

exciting the gallbladder to contract and evacuate, occurred to a 

number of investigators about the same time. 

The discovery of secretin and its choleretic effect (Bayliss 

& Starling, 1902, a,b; Okada, 1914 - 15; Mellanby, 1928; Lueth 

& Kloster, 1928; and others) led to secretin being suspected as the 

humoral agent involved and was thereby studied by several investigators 

with variable results (Winkelstein & Aschner, 1924; Whitaker, 1926; 

Brugsch & Horster, 1926; Chiray, Jeandel & Salmon, 1930; and others). 

It was, however, Ivy and Oldberg (1928, a,h) during a series 

of experiments who gave the final proof of the existence of a humoral 

mechanism for the contraction and emptying of the gallbladder and 

for its "non-identity" with secretin. 

The secretin preparation they used in this study had been 

prepared for them by Ivy, Kloster and Lueth (1927, unpublished) 

who had been developing a purification of secretin for the purpose 

of perfecting a pancreatic function test for man. The solutions they 

used were "highly purified" and "vasodilatin-free". The significance 

of the "Vasodilatin-free" purification was that vasodilatin was thought 

to be a factor in gallbladder contraction. 

Intravenous injection of the "purified secretin" into anaesthetised 

cats, which had common bile duct and gallbladder fundus cannulated, 

produced within one minute increased intra-gallbladder pressure . 

Within four minutes, bile flow was augmented. The blood pressure, 

respiration and heart rate were unaffected by the injection. With the 

cystic duct clamped, gallbladder pressure increased after the injection, 
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but not to the extent that occurred in the preceding experiment. 

Their explanation was that the blood supply of the gallbladder may 

have been interfered with during the clamping procedure . 

It was found that the "secretin" preparation caused as much 

contraction after the injection of 1 mg. of Atropine as it did before 

the injection of Atropine . The injection of histamine 0.5 mg. caused 

a decided fall in blood pressure without changing the gallbladder 

pressure . (This effect was different from that which occurred in 

the dog). 

In similar experiments with dogs the intra-gallbladder 

pressure began to rise within one or two minutes but the variation 

in response was notable . The authors suggested this again was 

related to interference with the blood supply to the gallbladder 

by clamping of the cystic artery at the time of clamping the cystic 

duct. They also noted that the response was reduced in those animals 

that had been fed prior to investigation and suggested this was 

analogous to their finding a refractory period of gallbladder response 

following repeated stimulation of contraction. 

The administration of Atropine before the injection of "secretin" 

did not prevent the rise in gallbladder pressure but histamine in the 

dog caused a contraction of the gallbladder but in association with 

a mirror image fall, in blood pressure . Moderate and deep anaesthesia 

was also found to prevent a contraction from occurring. 
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When "iodised oil" was instilled into the gallbladder of 

ten dogs, using tl-e technique described by Whitaker (1926), complete 

emptying of the gallbladder was observed in three following "secretin" 

injections and in six of the dogs a reduction in volume of 50% or 

more was observed. 

Introduction of 0.1 N Hydrochloric acid into the duodenum 

caused, in every instance, contraction of the gallbladder when the 

cystic duct was clamped. When olive oil was injected into the 

duodenum no marked or sustained change in the gallbladder was 

achieved. This was also true of cream and egg yolk. Butter was 

more successful. If, however, these substances were pre-digested 

with "pancreatin" contraction occurred. 

Proof of a hormone mechanism was given by cross-circulation 

experiments, three yielding positive results and one negative . Dogs 

of a similar size were chosen whose bloods were shown to be 

compatible by agglutination tests . They were anaesthetised with 

barbital and placed on the table side by side . The abdomen of each 

dog was opened, the cystic duct clamped, the gallbladder and the 

pancreatic duct cannulated. The gallbladder cannula was connected 

to a recording tambour. The lateral carotids were connected for 

a blood pressure tracing and the two medial carotids were connected 

by cannulae for a cross-circulation. Simultaneous records of the 

blood pressure, intra-gallbladder pressure and pancreatic flow of 

both dogs were made . In three of the four experiments, the 

introduction of 0.1 N Hydrochloric acid into the duodenum of the 

first dog caused the gallbladder of the second dog to contract. 
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The gallbladder of the second dog, or the one that did not receive 

acid in the duodenum, contracted after a period of eight minutes in 

one animal and ten minutes in a second animal and twelve minutes 

in the third animal. The pancreas of the second dog was only stimulated 

in one of the four experiments . 

The conclusions drawn by Ivy and Oldberg from these results 

were "that by the use of appropriate methods, a purified extract of 

the intestinal mucosa can be made containing a substance which, 

. on intravenous administration, causes the gallbladder to contract 

and evacuate . That the substance is not histamine is shown by the 

fact that its injection causes no fall of the blood pressure . That the 

substance is not choline is shown by the fact that its injection is not 

antagonised by Atropine in addition to the fact that blood pressure does 

not fall 	 After some consideration, we have decided to name the 

substance in intestinal extracts which causes the gallbladder to contract, 

"Cholecystokinin" (that which excites or moves the gallbladder)". 

In this excellent work, the authors also included a statement 

that they had some evidence which led them to believe that the 

gallbladder contracting principle was different from "secretin". 

Also that following the work of Elman and McMaster (1926) and 

Boyden (1928) who reported the smell or sight of food caused a 

change in the gallbladder and some ejection of bile, it was a "very 

likely possibility that other mechanisms than a hormone mechanism 

are concerned in causing gallbladder evacuation". 
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Convincing evidence, however, for the hormonal nature of 

the principle causing contraction of the gallbladder was furnished 

by Houssay and Rubio (1932) utilising viviperfusion of the gallbladder. 

These investigators removed the gallbladder of a dog and anastomosed 

its arterial and venous supply to the carotid artery and external jugular 

vein of a second dog. When dilute acid was introduced into the 

duodenum of the donor dog, the viviperfused gallbladder contracted 

in seven out of eleven experiments . Cholecystokinin injected into 

the circulation of the "donating" animal, caused the viviperfused 

gallbladder to contract. 

A similar experiment was conducted by La Barre and Goffin 

(1937). They perfused the isolated dog duodenum and upper jejunum 

through the pancreatico-duodenal artery with blood from the carotid 

artery of another cholecystectomised dog with a biliary fistula. 

When the isolated intestine was filled with dilute hydrochloric 

acid, the bile flow from the donor dog increased by 50%. Sandblom 

(1933) added further evidence using human subjects in which he 

observed radiographically the emptying of the gallbladder in 

recipients of blood transfusions from donors digesting a fat meal. 

Blood from a fasting person had no similar effect. 

The discovery of Cholecystokinin had, therefore, been made 

but, compared to the interest engendered by the discovery of secretin, 

interest in cholecystokinin was relatively slight. 
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During these intermediary years, Ivy introduced the "Ivy 

dog unit" which was a dose of cholecystokinin which was empirically 

designated as that amount of vasodilatin-free extract which would 

cause, on intravenous injection, over ten to fifteen seconds, into 

an anaesthetised dog weighing about 15 kg., a more or less immediate 

rise in intra-gallbladder pressure of 1 cm of bile . Denton, Gershbein 

and Ivy (1950) studied the effect on the human and canine gallbladder 

of preparations having a potency of 6 Ivy dog units of cholecystokinin 

per mg. Doses of 6 or 150 Ivy dog units given to eight normal 

persons caused a 25 - 40% reduction in the shadow of the gallbladder. 

As a result, and again in 1951, Ivy called attention to the possibility 

of giving cholecystokinin intravenously during cholecystography as 

a substitute for the fatty meal, thereby avoiding the dependence upon 

the slow gastric emptying . jorpes and Mutt (1973) pointed out, however, 

that in spite of Ivy's repeated attempts to call attention to cholecystokinin 

and its possible clinical applications, up to 1954 the only publications 

dealing with this topic were one by Agren (1939) on the purification 

of cholecystokinin and the writings of Harper and his group (Duncan 

et al, 1950, 1952, 1953) about the gallbladder-contracting activity 

of their "pancreozymin" preparations, which they assumed to be 

contaminated with cholecystokinin. 
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2. Isolation of Cholecystokinin  

A method for the preparation of cholecystokinin (CCK) was 

first described by Ivy et al (1929). CCK demonstrated a strong 

tendency to follow "secretin" in fractionation procedures, but 

preparations of secretin free of CCK, and preparations of CCK free 

of secretin were made (Ivy et al, 1929; Agren, 1939) . A method of 

preparation permitting complete separation of the two hormones with 

good recovery of both proved difficult, so that preparation of CCK-free 

secretin entailed a loss of much of the CCK and vice versa (Grossman, 

1950). 

Ivy et al (1929) extracted a preparation containing both CCK 

and secretin with absolute alcohol in a Sohxlet apparatus and found 

that the residue contained only CCK. This finding was confirmed 

by Still (1930) . It was this demonstration of the different solubility 

of the two hormones in ethanol that enabled separation to be effected. 

Agren (1939) published reports on the purification of CCK and 

utilised the difference in isoelectric point between secretin and CCK 

(7.75 and 5.0 to 5.5 respectively) to effect separation electrophoretically. 

His purest product had no detectable secretin activity and did not 

depress the blood pressure; in doses of 2 mg. it caused an isolated 

guinea pig's gallbladder to contract. 
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Fifteen years after Ivy and Oldberg had demonstrated that the 

mucosa of the upper intestine contained a substance which would 

cause contraction of the gallbladder - Cholecystokinin - Harper and 

Raper (1943), following up earlier observations made by Harper and 

Vass (1941) found that this mucosa also contained a substance which 

would stimulate the exocrine pancreas to secrete enzymes and 

zymogens . This substance they named "pancreozymin". These 

findings of Harper and Raper were soon confirmed by Greengard et al 

(1944) . The external secretion of the pancreas had, since the work 

of Mellanby (1925) been regarded as under dual hormonal and nervous 

control: secretin controlling the amount and bicarbonate content of 

the juice, the vagus nerve its enzyme content. Several authors, 

however, had reported that secretin itself stimulated enzyme production 

(Chiray, Jeandel & Salmon, 1930; Hammarsten, Agren & Lagerldf, 1937; 

Barrington, 1941) . Other observers (Voegtlin, Greengard & Ivy, 1934; 

Lagerldf, 1939; Harper & Vass, 1941) found no such stimulation with 

secretin preparations . Further, in Pavlov's laboratory, Buchstab (1904) 

had observed in dogs that pancreatic juice with high enzyme content 

could be obtained after a meal, even when the vagal and splanchnic 

branches to the gland were severed. Similar experiments in anaesthetised 

cats by Harper and Vass (1941) had demonstrated that despite total 

extrinsic denervation of the small intestine, an increase in the enzyme 

output by the pancreas followed the passage of "foodstuffs" and water 

through the pylorus into the duodenum. Crider and Thomas (1944) noted 
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similar results in awake dogs . The same phenomenon was also 

observed by Farrell and Ivy (1926, b) and by Wang and Grossman 

(1951), in a subcutaneously transplanted pancreas after stimulation 

of the duodenal mucosa. 

The hypothesis of Mellanby (1925) was consequently altered 

and Harper and Raper (1943) suggested that "many of the discrepancies 

between these various observations could be explained if there were 

present in the intestinal epithelium a hormone capable of stimulating 

the production of enzyme by the pancreas". The concept of a further 

hormone "pancreozymin" was thus introduced. These authors described 

a method whereby pancreozymin could be separated from secretin and 

demonstrated the response of the pancreas to pancreozymin to be 

unaffected by section of the vagus and splanchnic nerves or by 

the administration of atropine . They suggested that there was a 

dual nervous and hormonal control of the secretion of enzymes 

by the pancreas and that pancreozymin was the hormone responsible 

for the latter. They also made the observation that the distribution 

of pancreozymin in the small intestine was similar to that of secretin. 

Almost ten years had elapsed when a series of publications 

from Harper and his group (Duncan et al, 1950, 1952, 1953) drew 

attention to the cholecystokinetic - gallbladder contracting activity - 

of their pancreozymin preparations . They made the assumption that 

this was due to contamination with cholecystokinin. 
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Pancreozymin, like cholecystokinin, and like secretin, was 

found to be destroyed by proteolytic enzymes, indicative of its 

polypeptide nature (Mutt and Jorpes, 1973). Also, as for the case 

of secretin and CCK, the methods necessary for fractionation of 

complex polypeptide mixtures were not available at the time of their 

discovery and isolation and had to await the development of such 

methods . 

In the years that followed, almost up until the present day, 

it was the work of Jorpes and Mutt in Stockholm, that has been of 

major importance in the isolation and determination of structure of 

these hormones . 

Early in their work on the isolation of secretin, they elaborated 

a method of preparation of a crude concentrate of the hormone (Jorpes 

• & Mutt, 1959) . The first metre of hog's duodenum and jejunum were 

immersed for a few minutes into boiling water so as to inactivate 

the proteolytic enzymes . They were then minced and extracted with 

0.5 M acetic acid. The active material was absorbed from this 

extract to alginic acid, eluted with 0.2 N hydrochloric acid and 

precipitated from the eluate by saturating it with sodium chloride. 

The bulk of impurities were precipitated with two volumes of 95% 

ethyl alcohol at pH 7.5 (Mutt, 1959, b, c) . The precipitate proved 

to be a concentrate not only of secretin but also exhibited the activities 

of cholecystokinin and pancreozymin. (Later it has been found to 

contain still other hormonally active substances). For the purification 

of secretin it was dissolved in water and fractionated with ethanol 
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whereupon the fraction with the highest specific secretin activity 

was recovered in aqueous solution and precipitated at pH 4.5 with 

sodium chloride (Mutt & Jorpes , 1973) . Up until this point, there 

was no marked separation of the activities of secretin, cholecystokinin 

and pancreozymin. In the next step, extraction with methanol, however, 

the bulk of the cholecystokinin and pancreozymin activities were in the 

methanol - insoluble fraction. It was attempts to purify pancreozymin 

from this fraction that led to the unexpected observation that every 

fractionation leading to an increase in the activity of pancreozymin 

led to a parallel increase in the activity of cholecystokinin (Jorpes 

& Mutt, 1966). It was found by Mutt (1964) that both cholecystokinin 

and pancreozymin were inactivated by oxidation with dilute hydrogen 

peroxide under conditions where secretin was stable and that activity 

of both could be restored by reduction of the oxidised material. 

Finally, a series of five successive purification steps - fractionation 

at pH 6.5 on carboxymethyl cellulose, precipitation from 75% ethanol 

with n-butanol, chromatography at pH 9.1 on triethylaminoethyl 

cellulose (TEAE), chromatography at pH 8 on Sephadex G-50 and 

lastly, chromatography at pH 7 .5 on amberlite XE 64 - led to what 

appeared to be an essentially homogeneous polypeptide with both 

cholecystokinin and pancreozymin activity (Jorpes, Mutt & Toczko, 

1964) . During this purification, the activity of the cholecystokinin 

had increased to 3000 Ivy dog units per milligram, a 10,000 fold 

increase in hormonal activity (Table I) . 



TABLE 1 

Purification of cholecystokinin (Murr and JORPES, 1968a) 

"Pancreozymin" 
Cholecystokinin activity 

Weight 	(Ivy dog units) (Crick, Harper 
per mg 	and Raper units; 

per mg 

Methanol-insoluble material after extracting 
the secretin (from 20,000 hogs) 	 100 g 
Adsorbed to CM cellulose at pH 6.5. 
Precipitated from eluate with \aC1 	40 g 
Active material precipitated from 
75% EtOH with n-BuOH 	 20 g 	.20 	 80 
Chromatography on TEAE cellulose at 
pH 9.1 	 750 mg 	250 	 1,000 
Filtration through Sephadex G-50 	60 mg 	1,500 	 6,000 
Chromatography at pH 7.5 on 
Amberlite XE-64 	 12 mg 	3,000 	 12,000 

26 
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More recent evidence for the identity of cholecystokinin and 

pancreozymin accumulated when it was found that the decapeptide 

caerulein from the skin of the Australian frog, Hyla Caerulea (Anastasi, 

Erspamer & Endean, 1967), had an activity spectrum that covered 

both those of cholecystokinin and pancreozymin (Erspamer et al, 1967) . 

In doses that were seven to eight times smaller than those of 

cholecystokinin it caused the gallbladder to contract; it stimulated 

enzyme output from the dog pancreas in a dose of 3 ng. per kg . and 

acted like cholecystokinin on the sphincter of Oddi and on intestinal 

peristalsis . The structure of caerulein was also demonstrated to 

be similar, with the C-terminal octapeptide identical to that of 

cholecystokinin except for an exchange of threonine in caerulein for 

methionine in cholecystokinin. The conclusion drawn from these 

varied studies was that "the pancreozymin activity of the extracts 

of the duodeno-jejunal mucosa is thereby shown to be due to 

cholecystokinin" (jorpes & Mutt, 1973) . Before this final proof, 

however, Mutt and Jorpes (1968 a, b) had already introduced the term 

cholecystokinin-pancreozymin for the single hormone. Grossman (1968) 

also applied the term, but this designation proved to be quite unsuitable 

through the necessity to express the biologica 1 activity with two 

different units; that is, in Ivy dog units of cholecystokinin and the 

Crick, Harper and Raper units of pancreozymin. These units differed 

widely in size: one Ivy dog unit of cholecystokinin was found to be 

equivalent to four Crick, Harper and Raper (1949) units of pancreozymin. 

Considerable confusion subsequently arose when authors communicated 

in terms of units only. Hence it was deemed necessary to go back to 

the original terminology of Ivy and Oldberg and to use the term 
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cholecystokinin and Ivy dog units exclusively (Grossman, 1970, a). 

This was chosen on its historical basis as many actions had been 

attributed to this hormone and it was, therefore, impractical to 

designate all of them in the name (Grossman, 1973, a). Despite 

this recommendation, both units are still being used. 

3. Structure of Cholecystokinin  

The first observations on the amino acid composition and 

sequence of CCK were made by using the preparation from the 

chromatography of Amberlite XE 64. This analysis of a CCK 

preparation with a potency of 3,000  īvy dog units per mg (Mutt 

& jorpes, 1967), showed it to be an essentially homogeneous 

polypeptide with thirty three amino acid units and the following 

amino acid composition, if amide groups were disregarded: 

Alai, Arg3, Asps , Glu2 , Gly2 , Hisl, Ileu2 , Leu2 , Lys2 , Met3, 

Phel, Pro2 , Ser4 , Tyrl , Tryl, Vall . 

It was observed that CCK did not contain Cysteine, Cystine or 

Threonine, but that, unlike secretin, it contained methionine. 

One of the two lysines was N-terminal (jorpes„ Mutt & Toczko, 

1964). 

Cleavage of CCK at its methionyl residues with cyanogen 

bromide (Gross & Witkop, 1961) resulted in several fragments, one 

of which was identified as the dipeptide as partly phenylalanine 

amide (Mutt & jorpes, 1967). This indicated that the polypeptide 

terminated in aspartyl-phenylalanine amide, a C-terminal sequence 

which is identical to that of gastrin (Tracy & Gregory, 1964). Further, 

another product of the cyanogen bromide degradation, the tripeptide 

Gly .Try . Met . , suggested that CCK and gastrin might have not only 
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the sequence Asp. Phe. NH2  but the pentapeptide Gly. Try. Met. Asp. 

Phe . NH2  in common. This later proved to be the case. 

For further work on the amino acid sequence, it was found 

necessary to introduce a final purification step, a chromatography 

at pH 8 on a carboxymethyl cellulose (CMC) column. This 

purification, essentially that as described for secretin (Mutt, 1959, a,b) 

did not affect the previous findings, except that the quantitative 

amino acid analysis of the tryptic and thrombinic peptides indicated 

the presence of five serines instead of four and one glutamic acid 

unit instead of two (Mutt & Jorpes, 1968, a,b). 

During the earlier work with secretin (Mutt et al, 1965), 

thrombin, because of its restricted specificity of action, was found 

to be a useful proteolytic enzyme. On digestion of the final CMC — 

treated material with thrombin an inactive basic peptide, Th - 1, 

with six amino acid units and Th - 2 with the following amino acid 

composition were produced: 

Arg2 , Asps , Glyl, Glut , Hisl, I1e2 , Leu2 , Lysl , Meta , Phe1, 

Prol , Sero , Tyr1, Va11. 

This had the full activity of the original preparation both on the 

gallbladder and on the enzyme secretion from the pancreas (Mutt & 

Jorpes, 1968, a,b). 

Complete tryptic degradation was performed on 250 Jag samples 

of CCK and Th - 2. 
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The sequence of the tryptic peptides in CCK was determined 

as shown in Fig. 1. One of the peptides had N-terminal valine, as 

did the heptacosapeptide itself, and was thereby recognised as its 

N-terminal fragment, and consequently as the second tryptic peptide 

of the hzptacosapeptide, and of CCK. Tr-5 was identified by its 

having C-terminal phenylalanine amide. If the tryptic degradation 

was carried out for a short time only the linkage between Tr-5 and 

tryptic peptide immediately preceding it, Tr-4 was left largely intact, 

allowing identification of the latter. Tr-3 was identified by exclusion. 

The amino acid composition of the peptides and their N-terminal 

amino acids are given in Table 2 (Mutt & Jorpes, 1968, b). 

Mutt and Jorpes thought it probable that the tyrosine was 

esterified with sulphuric acid in CCK, as well as in gastrin and 

caerulei n . This they confirmed by subjecting a leucine aminopeptidose 

hydrolysate of peptide Tr-5 to paper electrophoresis at pH 6.4, 

extracting an acidic substance with 0.05 M ammonia., and demonstrating 

that this substance migrates indistinguishably from synthetic 

tyrosine-O-sulphate. 

The partial structure of CCK was, therefore, suggested to be: 

Lys (Alai , G1y1, Proi , Seri) Arg. Val. (Ilei , Meti, Seri) Lys. 

Asn (Asxi , Glxi , Hisi, Leu2 , Proi , Ser2 ) Arg. Ile. (Asps , Seri) 

Arg. Asp. [Glyi , Met2 , Tryi, Tyr (SO3H} Asp. Phe . NH2  (Mutt 

& Jorpes, 1968, b), the parentheses representing amino acids whose 

sequence was not established. 
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FIGURE I. SEQUENCE OF TRYPTIC PEPTIDES IN CHOLECYSTOKININ 
(Mutt and Jorpes, 1968, b) .  

I Tr-1 

Il LI  Tr-2 Tr-9 Ti-? 

III 
M Tr-2  Tr -3 

II Tr-1 
r

Tr-21 Tr-3 I Tr-4 , Tr-5 

1111 Arginine or Lysine 

Valine 

I 	Cholecystokinin degraded with thrombin into Th-1, 
identical to Tr-1, and Th-2. 

II 	Th-2 completely degraded with trypsin; Tr-2 recognised 
by N-terminal valine. Tr-5 by absence of arginine and 
lysine. 

III 	Limited degradation of Th-2 with trypsin identifies 
Tr-4 through unbroken link to previously identified 
Tr-5; Tr-3 identified by exclusion of any other position. 

IV 	Cholecystokinin. 
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Peptide Composition 
N-terminal 
amino acid 

nmoles/sample (probable ratios) 
Tr-1 Ala 40 (1) Arg 	38 (1) Gly 38 (1) Lysine 

Lys 31 (1) Pro 	37 (1) Ser 40 (1) 
Tr-2 Ile 	19 (1) Lys 	20 (1) Met 18 (1) Valine 

Ser 22 (1) Val 	23 (1) 
Tr-3 Arg 12 (1) Asp 	31 (2) Glu 16 (1) Asparagine 

His 12 (1) Leu 	28 (2) Pro 14 (1) 
Ser 28 (2) 

Tr-4 Arg 37 (1) Asp 	40 (1) Isoleucine 
Ile 	35 (1) Ser 	38 (1) 

Tr-5 Asp 27 (2) Gly 	16 (1) Aspartic acid 
Met 26 (2) Phe 	13 (1) Trp 13 (1) 
Tyr (SO3H) — (1) 

TABLE 2 COMPOSITIONS OF TRYPTIC PEPTIDES OF CCK 
(MUTT & JORPES, 1968, b)  
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It was three years later when Mutt and jorpes (1971) published 

the final amino acid sequence of CCK. They had taken one micromole 

of the pure CCK and subjected this to complete degradation with trypsin. 

The peptides obtained were separated on columns of sephadex-based 

ion-exchangers . Peptides 1, 2, 3 and 5 were split further, either 

enzymatically or with cyanogen bromide, or with a combination of 

both these techniques (Table 3) . 

The amino acid sequences of the sub-fragments, also given in 

the table, and of tryptic peptide number 4, were arrived at by the 

"danzyl-Edman" procedure (Gray, 1967) . The amino acid sequence of 

CCK was thus determined and is detailed in Fig. 2. 

More recently, column chromatography of tissue extracts has 

suggested that CCK exists in more than one molecular form (Mutt & 

jorpes, 1968,   b) and probably in three (Harvey et al, 1974) . This 

concept of the heterogeneity of CCK is perfectly acceptable particularly 

since the extensive heterogeneity of gastrin has been demonstrated 

(Yalow & Berson, 1970, 1971, a, 1972; Gregory & Tracy, 1972; 

Rehfeld, 1972; Rehfeld & Stadil, 1973; Thompson at al, 1975, a) . 

In addition to the thirty three amino acid structure so far 

demonstrated, a chain of thirty nine amino acids has been proposed 

by Mutt and jorpes (1968, b) and called by them cholecystokinin 

variant (CCK - V) . The identity of the third molecular form is still 

to be determined but is possibly the octapeptide of CCK (Harvey et 

al, 1974) . 

Very highly purified CCK (estimated by Professor Viktor Mutt 

to be approximately 99% pure) appears to be homogeneous on column 

chromatography (Harvey et al, 1974) . 
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Tryptic 
peptide 
number 

Elastase 

1 Lys • Ala • Pro• Ser Gly Arg 
CNBr 
t 

2 Val • Ser • Met • I1e • Lys 
Thermolysin (1) 	Subtilisin (2) 

4 
3 Asn • Leu • Gln• Ser Leu- Asp Pro• Ser His• Arg 
4 Ile • Ser • Asp • Arg • 

CNBr (2) Chymotrypsin(1) 

5 Asp - Tyr(S03) • Met • Gly • Trp • Met • Asp • Phe • NH2  

TABLE 3 FURTHER SPLITTING OF THE TRYPTIC PEPTIDES  
OF CCK. -(JORPES & MUTT, 1973) 



Figure 2  

Molecular weight 3919. 

Lys • Ala • Pro • Ser• Gly Arg• Val Ser • Met • Ile • Lys- Asn • Leu Gln• Ser Leu • Asp -Pro •Ser 
His • Arg • Ile • Ser • Asp • Arg • Asp •Tyr(S03)• Met • Gly Trp Met Asp• Phe• \H2 

The amino acid sequence of cholecystokinin (3Iurr and 'TORTES, 1971) 

35 
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4. Common Aspects of the Gastro-Intestinal Hormones  

(a) Chemical Structure  

The elucidation of the amino acid sequence of CCK brought 

to light some unexpected similarities with other hormones . Fig. 3 

demonstrates the similarities between the C-terminal sequences of 

CCK, gastrin II (Gregory & Tracy,,1964) and caerulein (Anastasi, 

Erspamer & Endean, 1967) . It is evident that all three substances 

have an identical C-terminal pentapeptide sequence and also contain 

a residue each of tyrosine-O-sulphate . In gastrin II, however, this 

residue is linked directly to the pentapeptide whereas in both CCK 

and caerulein there is an interposed residue of another amino acid, 

methionine in CCK and threonine in caerulein. Caerulein was shown 

by its discoverers to have all the activities listed for both gastrin 

and CCK with an eight to sixteen times higher potency than that of 

CCK (Erspamer et al, 1967) . 

A further structural similarity has been demonstrated in the 

sequences comprising the 16 to 23 amino acid residues of porcine 

cholecystokinin and calcitonin (Pott et al, 1968). The significance 

of this finding is not yet known. 

Structurally, the amidation of the C-terminal carboxyl group 

is common, although not obligatory, in the low molecular weight, 

biologically active peptides . The amidated peptides include: secretin, 

CCK, gastrin, calcitonin and caerulein. 
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ci  
CH3 	CH2 	N 	CH2 	CH2 	CH2 	CH2 

-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCONH2 

. Ala 	Tyr . Gly . Try . Met 	Asp . Phe-NH2 

The C-terminal heptapeptide of gastrin II 

/C`N2 
0-C 	CH2 

0=C-a- 
CH2 
CH2 	C H2 

O•C-O—  

0-5--0.- 
1::::)  160 

CH3 
CH2 	HOCH H 

NH 
CH2 

C143 
s
I 

CH2 
CN2 

O-C-O- 
CH2 CH2 

MN— CHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHCHCO-NHC HCO-NHCHCO-NHC HCO- NHCHCONH2 
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The decapeptide amide Caerulein 
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The C-terminal octapeptide of cholecystokinin 

Figure 3 
	The Similarities in Structure between Gastrin, 

Cholecystokinin and Caerulein. (Jorpes & Mutt, 
1973). 
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(b) Biologically Active Breakdown and Synthetic Products  

Mutt and Jorpes (1968, b) demonstrated that the full activity 

of CCK, both on the gallbladder and on the enzyme secretion from the 

pancreas, could be recovered in the C-terminal tryptic octapeptide 

and in the fragments incorporating this octapeptide; namely in the 

C-terminal dodecapeptide and in the C-terminal heptacosapeptide 

obtained after splitting off the N-terminal hexapeptide of CCK with 

thrombin. 

Ondetti et al (1970, a) synthesised a dodecapeptide amide 

with the structure proposed by Mutt and Jorpes (1968, b) for the 

C-terminal sequence of CCK, by the condensation of three fragments: 

di-, tetra-, and hexapeptide . The synthetic dodecapeptide was 

identical with the natural counterpart isolated by partial tryptic digestion 

of the hormone and demonstrated all the biological properties of the 

parent hormone . 

These authors also demonstrated that the shortest active 

sequence of CCK, counting from the C-terminal end, was five and the 

relative potency on a weight basis reached a maximum with the 

C-terminal decapeptide which was ten to fifteen times as active 

as the parent molecule . Except for angiotensin 1 and 2 this was the 

first known example in which a portion of a peptide hormone was 

more potent, on both a weight and molar basis than the entire sequence 

(Ondetti et al, 1970, b). 
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Rubin at al (1969, a (S, b) and Rubin and Engel (1973) analysed 

the biological characteristics of the synthetic C-terminal octapeptide 

of CCK - Asp. Tyr (SOH3) - Met- Gly - Try - Met - Asp - Phe - Nh2  - 

identified as Sq 19844, as to the effects on gallbladder contractility, 

intestinal motility, pancreatic protein (enzyme) secretion, gastric 

secretion and on systemic blood pressure in guinea pigs, rats, dogs 

and cats . 

In the guinea pig, dog and cat, the synthetic C-terminal 

octapeptide of CCK Sq 19844, was eight, twenty and two to five times 

more potent than CCK on a weight and molar basis, respectively, with 

reference to gallbladder and intestinal contractile activity and pancreatic 

protein secretory activity. Sq 19844, however, was only one to four 

and 0.25 to 1 times as potent as CCK on weight and molar basis, 

respectively, as a gastric acid secretory stimulant in the dog and 

rat (Rubin & Engel, 1973) . 

The synthetic (Ondetti et al, 1970, a) and the natural C-terminal 

octapeptide were, therefore, on a weight basis, approximately ten 

times more potent than the pure natural CCK. The corresponding 

figure for the dodecapeptide was four. The durations of the contractile 

responses were, however, only one half those of the 10% pure CCK 

of Mutt and Jorpes 

A further interesting observation by these investigators was 

that the same ratio existed between the action on the gallbladder and 

the "pancreozymin" activity in the synthetic octa- and dodecapeptides 

as had been found in the CCK preparations at different stages of the 

purification procedure by Jorpes and Mutt (1970). This was, therefore, 

further confirmatory evidence that CCK and pancreozymin were the same 

hormone. 
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The importance of the tyrosine ester sulphate for the biological 

activity of CCK was demonstrated by several investigators. Anastasi 

and Erspamer (1970) found that desulphated peptides invariably possessed 

only a small percentage of the activity of the corresponding sulphate 

esters on secretory cells and to be almost free of any action on smooth 

muscle, including the gallbladder. Similar findings as to the action 

on the gallbladder of sulphated and desulphated CCK and caerulein 

respectively, were made by Amer (1969), Sterling and Grossman (1969, a) 

and Johnson, Stening and Grossman (1970). 

Ondetti, Sheehan and Pluscec (1970) made similar observations 

with the synthetic C-terminal octapeptide of CCK. Whereas the 0 - 

sulphated tyrosyl octapeptide showed a potency of 30,000 Ivy dog 

units per mg in the in vitro and in vivo gallbladder test, the 

corresponding sulphate free octapeptide had a potency of only fifty 

Ivy dog units per mg. 

5. Distribution of Cholecystokinin  

The chief source utilised for preparing CCK was the first six 

feet of the hog's intestine (Ivy, 1934) . The presence of cholecystokinin 

activity has been demonstrated even in the intestine of the holocephalian 

fish, Chimaera monstrosa, phylogenetically related to the elasmobranchs 

(Nilsson, 1970) . 

The occurrence of CCK is not dependent upon the presence 

of a gallbladder, as gallbladder agenesis is a fairly common phenomenon 

in the animal kingdom (Mentzner, 1929; Vanderpool, Klingensmith & 

Oles, 1964). In man, agenesis has been found in 0.03 - 0.09% of 

necropsies (Smith, 1964) . 
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Harvey has measured, by radioimmunoassay, the CCK content 

of the gastro-intestinal tract of the rabbit (Fig. 4) . He found CCK 

from oesophagus to colon, maximal levels being obtained in the 

duodenum and jejunum (Harvey at al, 1974). He also found in the 

rat, rabbit and in man, CCK-like immunoreactivity almost throughout 

the small intestine, its concentration decreasing gradually from 

approximately mid-jejunum down to the terminal ileum (Harvey at al, 

1974) . In man, however, there was no CCK-like immunoreactivity 

in the terminal ileum (Harvey, 1976, personal communication). A 

similar pattern of distribution is found in the dog (Reeder at al, 1973). 

There are observations, that confirm that the more distal 

parts of the intestine, known to be poor in secretin, contain considerable 

amo.ints of CCK. Go, Hofmann and Summerskill (1968, 1969) perfused 

different regions of the small intestine in man with isotonic solutions 

of essential amino acids . They found that stimulating the duodenum 

and the areas 30 and 80 cm beyond the ligament of Treitz produced 

the same pancreatic trypsin, lipase and amylase values as did 

stimulation with 0.25 Crick, Harper and Raper U/kg/min of 

"pancreozymin" intravenously. The values obtained were three to 

four times higher than those for basal pancreatic secretion during 

perfusion with saline. When the intravenous administration of CCK 

was combined with intra-duodenal perfusion of essential amino acids, 

the enzyme secretion was doubled. Intravenous infusion of the 

amino acids was without effect. Similarly, perfusing the ileum 130 cm 

beyond the ligament of Treitz failed to have any effect on the pancreatic 
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secretion. Complementary to these findings is the release of CCK 

by fats in the duodenum and during the digestion of a fat meal, 

particularly since the effect is elicited first when part of the neutral 

fat has been split by enzymes (Sircus, 1958). 

Ertan at al (1971) further demonstrated this phenomenon in 

fifteen normal volunteers by jejunal perfusion with a solution of 

essential amino acids 40 cm beyond the ligament of Treitz . The 

endogenous release of CCK was as effective a stimulus of pancreatic 

enzyme secretion as a continuous intravenous CCK infusion. 

This pattern of distribution enables the gut to act as an 

integrator for CCK release, as it does for secretin (Meyer, Way 

& Grossman, 1970, a) . The further dowan the gut a given stimulus 

travels, the more CCK is released - the hormonal effect has been 

closely related to the mass of the stimulus and to the rate and 

degree to which it travels down the gut. A consequence of this 

integration effect might be that a bolus of a CCK-releasing substance 

which is readily absorbed (e .g. an amino acid), would penetrate 

a shorter distance down the gut than one which is poorly absorbed 

(e.g. magnesium sulphate) and thus stimulate the release of a 

relatively smaller amount of CCK (Harvey, 1975). 

The total amount of CCK released by a given stimulus is 

thus likely to depend on the molar potency of the substance for 

CCK release, the total amount entering the gut and the distance 

it travels down the small intestine before being absorbed, this 
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distance depending on the rates of gastric emptying and small 

intestine transit as well as on the rate of absorption (Harvey, 1975) . 

6. Release of Cholecystokinin  

Cholecystokinin and secretin are probably made and stored 

in separate specialised cells analogous to the gastrin cell of gastric 

mucosa. These hypothetical cells, however, have not yet been 

singled out from the numerous endocrine cells in gut mucosa but are 

probably one type of a family of specialised cells, scattered throughout 

the intestinal tract (enterochromaffin-like) and thought to have a 

common embryological origin in the neural crest (Weichert, 1970) . 

Two notable features of the enterochromaffin cells of the gastro-

intestinal tract are: 

(a) membrane-bound secretory vesicles , presumably 

containing the hormone product of the cell or a 

precursor, and 

(b) microvilli which are often seen to be in contact with the 

gut lumen and thus ideally placed to sample the intestinal 

contents and trigger release of the hormone in response to 

a given stimulus (Harvey, 1975). 

It is not known whether agents that release CCK, or 

secretin, act directly on the cell that stores the hormone or at 

another site with neural or humoral transmission to the endocrine 

call. Unlike gastrin, CCK and secretin ; are not released by vagal 

stimulation (Meyer & Grossman, 1972) but vagotomy, atropine and 

local anaesthetics impair the release of both CCK and secretin 
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(Grossman, 1973, b). This suggests that cholinergic impulses have 

an important modulating effect even though they do not cause direct 

release (Meyer & Grossman, 1972) . 

A. Neural Influences  

Hong, Magee and Crewdson (1956) and Hong (1960) demonstrated 

in conscious dogs prepared with a Thiry-Vella duodenal loop, that 

irrigation of the loop with 0.1 or 0.2 N hydrochloric acid, milk, corn 

oil, 5% peptone solution, protein hydrolysate or 5% solution of essential 

amino acids, increased the biliary pressure, but irrigation with 10% 

glucose or sucrose or 2% Sodium bicarbonate did not. These authors 

noted that with the common duct occluded, the pressure was much 

greater and more prolonged and that the intensity of the response was 

much less in animals anaestletised with Sodium Pentobarbital. Similarly 

the local administration of 2% procaine into the loop prevented 

the biliary response to irrigation with hydrochloric acid but failed 

to prevent the increase in biliary pressure following the intravenous 

administration of cholecystokinin. Hexamethonium chloride when 

given systemically produced a drop in biliary pressure and prevented 

the pressure response to either irrigation with hydrochloric acid 

or feeding, but had no effect on the results of the CCK injection. 

Hong (1960) concluded that substances causing a release of CCK 

from the duodenum did so by stimulating procaine sensitive receptors 

which are connected to the cells producing CCK by a pathway that 

could be blocked by hexamethonium chloride. Further experimental 
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work by Hong and Magee (1970) demonstrated in pigs that the application 

of the local anaesthetic Oxethazine-hydrochloride to the duodenum 

reduced the usual increase in volume and enzymes following intra- 

duodenal application of peptone and oleic acid. Atropine and pentolinium 

tartrate  significantly reduced the enzyme response to all intra-

duodenal stimuli. In consequence, the authors concluded that the 

release of CCK depended on a cholinergic mechanism with at least 

one synapse and a local anaesthetic susceptible mucosal receptor. 

Similar findings suggestive of a neural pathway for CCK release were 

demonstrated by Berry and Flower (1971) and Shaw and Heath (1973) . 

Gamble (1970) demonstrated the importance of this mechanism 

for the release of CCK in man by studying nine patients who had

undergone vagotomy and pyloroplasty at least one year previously 

and had steatorrhoea. The lipase output from their pancreas during 

intra-duodenal perfusion with a solution of essential amino acids, 

53.9 KU/hour, was reduced to almost half of that occurring under 

similar conditions in sixteen control subjects, which was 85.2 KU/hour. 

The pancreatic enzyme output after intravenous CCK was the same in 

both groups. 

B. Chemical Stimuli  

Prior to the advent of CCK two tests had been developed to 

stimulate bile flow: Lyon's (1919) stimulus of 20 ml of 33% magnesium 

sulphate which was introduced into the duodenum by rubber cannula 

and Boyden's (1925, 1926) test of the raw yolk of five eggs and half 

a pint of cream taken by mouth. Boyden based this test on the finding 
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that, in cats, the gallbladder was almost completely emptied a few 

hours after the test meal, whereas the ingestion of lean meat gave 

an incomplete emptying and carbohydrates an insignificant one 

(Boyden , 1923) . Subsequently, it was fully confirmed that the fatty 

meal almost invariably caused evacuation of a normal (human) gallbladder 

(Whitaker, 1926; Caroli, Plessier & Plessier, 1960; Svatos, Bartos 

& Brzek, 1964). 

An extensive literature has dealt with the role of fats and 

split products of neutral fats in the release of CCK. Sircus (1958) 

demonstrated that the lipolytic split products formed during digestion 

are the active stimulants for the release of CCK and thus confirmed 

an observation made by Boyden more than thirty years earlier . More 

recently, Meyer and Grossman (1972) and Meyer and Jones (1974) 

have shown that fatty acids with a chain length shorter than eight 

carbon atoms do not release CCK. These authors also demonstrated 

in dogs that pancreatic stimulation by intestinal fatty acids could 

not be attributed solely to the release of endogenous CCK but could 

result from the release of small amounts of secretin and large amounts 

of CCK. 

One hundred and twenty years ago, acid introduced into the 

duodenum was shown to stimulate bile flow (Bernard, 1856) and 

similar observations of increased bile flow were made by Rutherford 

(1880), Enriquez and Hallion (1903) and Okada (1914 - 15) . More 

recently, Wang and Grossman (1951) demonstrated that instillation 

of acid into the gut in dogs with a transplanted pancreas, produced 

pancreatic juice with a higher protein concentration than juice 
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secreted in response to exogenous secretin producing the same 

bicarbonate output rate This suggested that hydrogen ion released 

CCK in addition to secretin. Since the protein content of juice from 

acid in the gut was only slightly higher than that from exogenous 

secretin, the amount of CCK released by acid must have been small. 

The maximal protein output that could be obtained with duodenal 

acid was about one half that seen with strong CCK releasers such 

as amino acids (see later) and fatty acids (Meyer & Grossman, 1972) . 

By establishing a plateau of secretion in response to a supramaximal 

dose of secretin and then introducing acid into the gut against this 

background of exogenous stimulation Barbezat and Grossman (1971, 

1975) were able to judge the amount of CCK released by acid. The 

results of this study showed that a large acid load (supramaximal 

for bicarbonate secretion) produced an increase in protein output 

equivalent to that seen with 0.5 U/kg - hr of exogenous CCK. 

It was estimated that the ratio of secretin units to CCK units released 

by acid was at least two to one. Since the D50  for secretin in its 

units (about 0.5 U/kg - hr) is much less than the D50  for CCK in 

its units (about 6 U/kg - hr), the ratio of secretin to CCK released 

by acid, expressed as the ratio of the fractions of their respective 

D5 0 's was at least twenty four to one . 
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Reeder and his colleagues, using a radioimmunoassay method 

for measurement of CCK levels also demonstrated release of CCK by 

acid (Reeder et al, 1973) . Berry and Flower (1971) with a bioassay 

technique found acid to be the most potent releaser of CCK that 

they studied. 

Besides acids and fats, peptones and some of the amino 

acids have been shown to be effective stimulants for the release 

of CCK from the intestinal mucosa. 

Instillation into the intestine of the dog of 5% mixtures of 

amino acids or polypeptides caused a secretion rich in enzymes 

from the transplanted pancreas (Wang & Grossman , 1951) . 

An amino acid mixture, simulating beef hydrolysate, gave 

in healthy, normal subjects the highest sustained output of lipase, 

trypsin and amylase from the pancreas, equalling the maximal effect 

after CCK administration (Go, Hofmann & Summerskill, 1970). A 

mixture of the eight essential amino acids gave the same maximal 

response, whereas a mixture of non-essential amino acids behaved 

like the saline in the control periods . Most active were L-phenylalanine, 

L-valine and L-methionine. In the same concentration, a mixture 

of the essential amino acids was significantly more potent than any 

one given individually. In experiments on dogs with gastric and 

pancreatic fistulae; D-phenylalanine was found to be inactive in 

this respect (Meyer, & Grossman, 1970, a). These authors also 

found that only L-isomers of neutral amino acids were active 
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releasers of CCK and that, among the neutral amino acids, phenyl-

alanine and tryptophan were the most effective and on a molar 

basis were equally effective (Meyer & Grossman, 1972). 

In the anaesthetised rabbit, protein secretion from the 

pancreas was stimulated by perfusing the upper duodenum with 

0.1 mM methionine, serine, glycine, glutamic acid, threonine and 

lysine (Rothman, 1973) . Phenylalanine was not effective until a 

concentration of 10 mM was used. 

Konturek et al (1973), however, used a bioassay procedure 

based on the perfusion of duodeno-jejunal Thiry-Vella loops in dogs . 

They determined the increase of pancreatic protein response as well 

as the potentiation of pancreatic bicarbonate secretion induced by 

a background dose of secretin (0.2 units/kg/hr) . These authors 

found that all essential amino acids except threonine and all non-

essential amino acids except cysteine and aspartic acid were 

effective in CCK release when perfused in equimolar concentration 

(50 mM) through tie intestinal loop. The highest activity for release 

of CCK was exhibited by tryptophan and phenylalanine, which were 

also shown to release small amounts of secretin. The peak pancreatic 

protein response to tryptophan was 80% of the maximal response to 

exogenous CCK (25 units/kg/hr) . 

The discrepancies in results between groups of investigators 

are almost certainly dto to different experimental procedures, 

different doses of the various stimuli and the different species 
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investigated. For example, Konturek and his colleagues (1973) 

were using isolated loops of dog's small bowel, whereas Meyer 

and Grossman (1972) perfused bowel in continuity where the presence 

of bile salts and pancreatic enzymes have been shown to modify 

the secretory activity of the pancreas (Wormsley, 1970; . Forell et 

al, 1971; Green & Lyman, 1972) . Other conflicting results may 

arise from the fact that oral stimuli, having passed through the 

stomach and become mixed with gastric contents, will evoke a 

pattern of CCK release which differs from that produced by the 

same substance given intra-duodenally. Even if given into the 

duodenum, a substance given as a bolus may produce effects which 

differ from those produced by prolonged intestinal perfusion. Even 

the interpretation of results may be difficult as a pattern of 

pancreatic enzyme secretion which is initially high and then falls 

has traditionally been regarded as representing a "washout" 

phenomenon - an effect due more to. the action of secretin than CCK. 

Folsch and Wormsley (1973), however, have demonstrated that a 

similar pattern of enzyme output may occur during intravenous 

infusions of CCK. Thus, it may not be entirely correct to interpret 

this pattern of pancreatic enzyme output as not being due to CCK 

(Go, Hofmann & Summerskill, 1970). A furtler problem common to 

all physiological or bioassay methods for estimating CCK release 

is that other gastro-intestinal hormones will inevitably be released 

by many of the stimuli used, and may well interfere with the 

observations being made (Harvey, 1975) . 



52 

However, since the original major investigations by Mellanby 

(1926, a, 1927), the question of the participation of the bile salts 

in the release of secretin and CCK has been almost completely 

neglected until recently. Mellanby (1926, b) found that introduction 

into the duodenum of a "urethanised" cat of an emulsion of bile, 

produced, within five minutes, a secretion of pancreatic juice lasting 

for two hours and an augmentation of the flow of bile. A similar 

injection of bile into the ileum (Mellanby, 1927) augmented the 

secretion of bile but had no effect on pancreatic secretion. 

Mellanby considered the effect of the bile salts on the 

pancreatic secretion to be a result of an increased release ci secretin, 

"carried into the portal blood associated with the bile salts contained 

in the intestinal fluid". This hypothesis did not take into account 

the fact that the bile salts are absorbed to the greatest extent in 

the distal part of the ileum. 

Clarification of this question has occurred with the recent 

work of Forall and his colleagues . Introduction of human or ox 

bile into the duodenum by means of a duodenal tube or emptying 

of the gallbladder by means of "hypophysin" was found to stimulate 

pancreatic secretion, mainly enzyme secretion (Forall, Stahlheber 

& Scholz, 1965) . This detail strongly influenced the outcome of the 

secretin test or the combined secretin-CCK pancreatic function 

test in man (Porch]. & Stahlheber, 1966). After cholecystectomy, or 

in the case of a non-functioning gallbladder, the values for both 

volume and enzyme output were reduced to about half of those in 
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persons with a normally functioning gallbladder. The effect exerted 

by the bile in the duodenum was significantly reduced by means of 

atropine . Propantheline 15 mg intravenously had little effect on the 

water and bicarbonate secretion but almost blocked the enzyme 

stimulating effect of the bile salts (Forell, 1973) . The author thought 

it most likely that the stimulation of the pancreatic secretion was an 

indirect one due to the release of hormones, the possibility of a local 

nervous reflex not being excluded. Forell et al (1971) found that the 

sodium salt of 3 alpha - 12 alpha dihydroxy 5 beta - cholanic acid 

on intra-duodenal application to be the most active stimulant of 

pancreatic secretion in man. Pure glycocholic acid evoked no 

secretion. When the dose of bile introduced into the duodenum 

was sufficiently large, the increase in pancreatic secretion was 

as large as after the similtaneous intravenous administration of 

1 U/kg of secretin and 1 U/kg of CCK. 

It is evident, therefore, that a large number of substances 

when in contact with small intestinal mucosa are capable of stimulating 

gallbladder contraction, pancreatic enzyme secretion and an increase 

in the concentration of CCK in the blood (Table 4) . The surprising 

diversity of these different stimuli render it hard to speculate as to 

the mechanism by which the cholecystokinin-secreting cell is 

stimulated. The concept that certain substances 'specifically' 

release CCK is difficult to sustain, as there is no way of determining 

whether CCK release is 'specific' or not (Harvey, 1975). Thus, 

Bergstrom and Lundh (1970) found that 300 ml of water was only 



TABLE 4  

Relative Potency of Different Stimuli for Cholecystokinin Release 

Stimulus Rise in serum 
cholecystokinin level 

Gallbladder 
Pancreatic enzyme secretion 

contraction In-situ pancreas Au pane  sp/anted 
pancreas 

Fat ++ ++ + + 
Fatty acids ++ ++ ++ ++ 
Peptone, aminoacids ++ ++ ++ ++ 
Starch NT 0 + 0 
Glucose + ± + 0 
Water + + + + 
Saline + ± + ± 
Hydrochloi ,: acid ++ ++ + 

- Magnesium sulphate ++ ++ + NT 

_ + + — Marked effect 	 — Small or moderate effect 	f — Minimal or doubtful 
0 — No effect 	 NT = Not tested 

SOURCES: Rise in Serum CCK Level: Berry & Flower, 1971; 
Harvey, Dowsett, Hartog & Read, 1973; 
Grayburn et al, 1975.   

Gallbladder Contraction: Lyon, 1919; Boyden, 1928; 
Boyden & Birch, 1930; Ivy, 1934. 

Pancreatic Secretion: Pavlov, 1910; Hirschberg, 1928; 
Ivy, 1930; Harper & Vass, 1941; Thomas & Crider, 1947; 
Thomas, 1950; Wang & Grossman, 1951; Go, Hofmann 
& Summerskill, 1970. 

(HARVEY, 1975) 
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slightly less powerful as a stimulus for pancreatic trypsin secretion 

than the full Lundh test meal containing protein, fat and carbohydrate.. 

Similarly, Lurie et al (1973, a & b) found little difference in the 

pancreatic enzyme response to test meals of fat, protein, glucose, 

water or normal saline . Nevertheless, under carefully controlled 

experimental conditions, reproducible relationships between 

assumedly CCK-mediated end-organ responses and different doses 

of various substances have been established, and using these 

techniques, great differences in potency for CCK release between 

different substances have been shown. 

Ionic mechanisms for the "accumulation and release" of 

secretin, gastrin and cholecystokinin have been suggested (jorpes 

& Mutt, 1973). Both secretin and CCK are strongly basic and the 

ionic mechanisms established for secretin can be applied to CCK. 

The importance of strong acidity for the release of secretin 

from the mucosa was demonstrated by Grogan and Luckhardt (1924) 

and Preshaw, Cooke and Grossman (1966) found that the flow rate 

of pancreatic secretion and the bicarbonate output in conscious 

fistula dogs to be related to the amount of titratable acid introduced 

into the duodenum per unit time . 

Meyer, Way and Grossman (1970, a,b) convincingly demonstrated 

that secretin release involved an ionic mechanism as well as neural 

influences . These authors concluded that the relation of response to 

amount of titratable acid entering an intestinal segment per unit time 

depends on the pH at the mucosal site where receptors for release 
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of secratin were located. The pH in its turn determined the nature 

and magnitude of the electric charge carried by the proteins, in this 

case a loss of negative charges with acquisition of positive ones . 

The same mechanism can function for the accumulation and 

release of CCK, which shares with secretin the site of formation in 

the uppermost part of the small intestine . Structurally, among the 

thirty three amino acid units in CCK, there are, in addition to the 

N-terminal lysine, one lysine, one histidine and three arginine units 

in the molecule (Mutt & jorpes, 1968, b). The C-terminal phenylalanine 

is amidated as are two of the six dicarboxylic acid units; thus there 

is a total excess of two basic charges . The location of both lysine 

and arginine in the N-terminal hexapeptide without any acidic units 

makes the N-terminal end of the molecule strongly basic. 

C. Feedback Mechanisms  

Because food must leave the stomach and enter the duodenum 

before it can come into contact with the CCK secreting cells, one 

of the most important factors influencing CCK release is the rate of 

gastric emptying. Most isotonic liquid meals leave the stomach 

rapidly, and produce a rapid rise in serum CCK, with peak levels 

being reached usually thirty minutes after the meal is taken (Harvey 

• at al, 1973) . Solid or fatty meals leave the stomach more slowly, 

peak serum CCK levels often not being reached for an hour or more 

after the meal (Harvey et al, 1974) . As CCK itself decreases the rate 

of gastric emptying (Choy et al, 1970, a; Debas, Farooq & Grossman, 

1975), a self regulating feedback mechanism may operate by which 

CCK decreases to some degree the rate of its own release, by 
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slowing gastric emptying. This slowing of gastric emptying after 

oral fat seems unlikely, however, to be due to CCK alone and the 

action of other "enterogastrones" may be more important (Harvey, 

1975). Many factors, whether humoral or nervous or structural 

changes (e .g . gastric operations), which alter the rate of gastric 

emptying, are also likely to affect CCK release. Little is known 

of the effect of nervous influences on the secretion of intestinal 

hormones other than gastrin but the neural influences involved in 

CCK release have already been described. It is possible that food 

in the intestinal lumen may , in part, stimulate target organs of 

CCK, such as the pancreas, by nervous reflexes acting in parallel 

with the hormone mechanism. This could offer an alternative 

explanation for the observation (Konturek at al, 1972) that vagotomy 

inhibits the pancreatic response to intra-duodenal amino acids, 

but had little effect on the response to exogenous CCK. 

The concept that substances within the lumen of the gastro-

intestinal tract may inhibit hormonal release by a feedback mechanism 

acting directly on the cell of origin is a relatively new one (Harvey, 

1975) . It has been demonstrated most clearly in the case of gastrin; 

gastrin release is stimulated by a high antral pH and suppressed by 

acid. Similar mechanisms may operate for secretin and for CCK, 

as feedbacks controlling pancreatic exocrine secretion have been 

suggested by a number of different studies (Annis & Hallenbeck, 1951; 

Grossman, 1958; Guggenheim & Goldberg, 1961; Khayambashi & 

Lyman, 1969; Green & Lyman, 1972; Niess, Ivy & Nesheim, 1972). 

Abnormally raised fasting serum CCK levels have been reported in 
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patients with pancreatic exocrine deficiency (Harvey et al, 1973) 

and in patients with coeliac disease (Harvey et al, 1974; Low-Beer, 

et al, 1974), a finding consistent with a disturbance of a feedback 

mechanism of some sort in these disorders . Pancreatic trypsin 

has been suggested as being involved in this feedback system 

(Green & Lyman, 1972) but this suggestion has not yet been 

supported by studies of the effect of intra-duodenal trypsin on 

serum CCK levels . Bile salts have also been postulated as 

mediators of a feedback for CCK release (Malagelada et al, 1973), 

but widely conflicting reports of the effects of bile on pancreatic 

secretion have been produced by workers using different techniques 

(Lagerldf, 1942; Thomas & Crider, 1943; Wormsley, 1970; Forell 

et al, 1971; Konturek & Thor, 1973; Malagelada .et al, 1973) . 

Although it seems probable that some sort of feedback controls the 

rate of CCK release by means of intra-luminal substances acting on 

the small intestinal mucosa, it is not yet possible to say exactly 

which substances mediate the feedback effect (Harvey, 1975) . 

7. Biolocical Actions of CCK  

The actions of CCK on the gastro-intestinal tract are so 

widespread and varied that it is appropriate to summarise them in 

table form (Tables 5 & 6) . The more detailed description of each 

follows in the text. It is convenient to divide the actions of CCK 

into three main groups: 

(1) 	The secretory and metabolic effects of CCK 

(ii) The motor effects of CCK on the gastro-intestinal tract 

(iii) Miscellaneous effects . 



Stimulates succus 
entericus and 
Brunner's gland 
secretion 
Weak stimulant 

Marked stimulation 
('enterocrinin') 

Weak stimulant (?) 

59 

TABLE 5  

Secretory and Metabolic Effects of Cholecystokinin* 

Organ 

Liver 

Exocrine 
pancreas 

Small 
intestine 

Stomach 
Others 

Other effects 

Increased portal blood 
flow. Increased blood 
flow in hepatic artery 
Increased enzyme 
synthesis. Pancreatic 
hypertrophy and 
hyperplasia. Increased 
oxygen consumption 
Promotes absorption (?) 
Increased blood flow 

Appetite suppressant (?) 
Insulin release ( ?) 
Release of other 
hormones (?) 

Stimulated 
(choleresis) 

Stimulated 
	

Marked stimulation 
(augments effect 

	
('pancreozymin') 

of secretin) 

Fluid 
	

Enzyme 
secretion 	secretion 

' Some of the listed effects have been reported by workers using impure preparations of CCK. In the case of 
others (e.g. gastric secretion). there are marked differences in the response in different species. Reported but as 
yet unconfirmed effects are qualified with a query—(?). Some of these may he pharmacological rather than 
physiological effects 

(HARVEY, 1975) 
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(i) The, Secretory and Metabolic Effects of CCK. 

A. The Liver and Biliary System  

In most species CCK, by virtue of its actions on the 

gallbladder and sphincter of Oddi, is the most significant stimulus 

to the entry of bile into the small intestine . ,Plessier (1960) and 

Edholm, Jonson and Thulin (1962) demonstrated that CCK preparations 

stimulated bile flow to the same extent as did a meal. Secretion of 

bile by the liver is stimulated, though the potency of this choleretic 

effect of CCK apparently shows considerable species variation, for 

example, being quite marked in the dog (Jones & Grossman, 1970; 

Thulin, 1973) but only moderate in the isolated pig liver (Gordon 

at al, 1972) and absent in the rat (Clodi & Schnack, 1967; Shaw & 

Heath, 1972) and the rabbit (Affolter, Filler & Gubler, 1964; Scratcherd, 

1965) . Recent perfusion experiments by Hermon-Taylor and Beaugie 

(1973), have demonstrated, using isolated canine pancreas and liver, 

that CCK as compared to secretin is a rather weak stimulant of bile 

secretion. 

Hepatic arterial vasodilatation occurred when the hormone 

was injected directly into the artery, not when released into the 

portal vein. This effect of CCK in promoting a rapid and marked 

increase in hepatic arterial blood flow, apparently by a direct effect 

upon the hepatic artery, was also demonstrated by Thulin (1973); 

Thulin and Olsson (1973) and previous to this by jorpes at al (1965). 
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In this latter series of experiments, however, the presence of 

secretin in the CCK preparations could have contributed to the 

outcome of the experiments . Nevertheless, the increased splanchnic 

and portal blood flow that occurs after meals appears to be largely 

hormonal in origin (Fara, Rubinstein & Sonnenschein, 1972) . It 

is possible that CCK makes a contribution to this increased splanchnic 

blood flow, particularly as it has been demonstrated to increase 

oxygen consumption and blood flow in the small intestine and pancreatic 

bed, as well as having a possibly indirect effect on the portal 

circulation. 

B. The Exocrine Pancreas  

In a series of investigations, Harper and Mackay (1945/46, 1948) 

and Davies, Harper and Mackay (1949) demonstrated in cats that 

stimulation of the dorsal-vagus trunk or the administration of 

"pancreozymin" resulted in a marked decrease in the enzyme 

granules of the acinar cells . Secretin, even in large doses, 

caused no histological changes . The fact that CCK has no effect 

on the volume rate of pancreatic secretion in the cat was shown 

by Case, Harper and Scratcherd (1970). The secretion of water and 

bicarbonate is due to the action of secretin and, therefore, the 

secretory effect of CCK can only be studied during the simultaneous 

administration of secretin. 

The specific action of CCK on enzyme secretion from the 

pancreas has been reviewed in a series of articles by Harper 

(1967, 1972). Total output of protein into the duodenum after CCK 
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is, in normal patients, linearly related to the log dose of CCK (Jorpes 

& Mutt, 1954; Lin & Grossman, 1956; Hanscom, Littman & Pinto, 

1963; Hanscom, Jacobson & Littman, 1967). 

Besides proteolytic enzymes, nucleases and alkaline phosphatase 

are secreted into the duodenum under the action of secretin and CCK 

(Warnes, Hine & Kay, 1970) . These authors found the output of 

alkaline phosphatase into the duodenum under the action of the 

hormones, to be greatly reduced in complete biliary obstruction as 

compared with the output in normal persons . The authors made no 

statement about the purity of the hormone preparations used. 

The picture of the pancreatic secretion as outlined by the 

previous authors may have to be slightly modified in view of the 

recent findings as to the effect of CCK upon water and bicarbonate 

secretion. Pure secretin has been shown to activate the enzyme 

mechanism of the pancreas in man (Wormsley, 1968, a, b) . Pure 

CCK added in an amount of 0.08 to 0.16 micrograms per minute to 

the perfusion fluid during perfusion of the isolated canine pancreas 

in the experiments of Hermon-Taylor and Beaugie (1973) caused an 

enzyme secretion and a rise both in the volume of pancreatic juice 

and in the bicarbonate concentration. Like secretin, pure CCK 

caused an immediate vasodilatation in the perfused gland accompanied 

by an increase in metabolic activity. 
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Recent electron-microscopic studies of the sub-cellular 

elements of the acinar cells during the different phases of hormone 

stimulation have givon a fairly clear picture of the intra-cellular 

transport of the secretory proteins from their site of synthesis, 

the rough endoplasmic reticulum, to the zymogen granules . All 

the sub-cellular organelles involved in protein transport can be 

isolated and accounted for by labelling with 3H-Leucine . Jamieson 

(1973) considered the transport to be independent of stimulation by 

CCK. Cholinergic stimulation exerted by CCK acts primarily on the 

mechanism leading to the discharge of the content of the zymogen 

granule into the ductular lumen. This process involves movement of 

the granule to the cell apex, followed by fusion of the granule 

membrane with that of the cell surface (Palade, 1959). Besides the 

synthesis and turnover of zymogen proteins, a synthesis of certain 

phospholipid fractions takes place in the acinar cells under the action 

of acetylcholine or "pancreozymin" as convincingly demonstrated by 

Hokin and Hokin and their co-workers (Hokin & Hokin, 1956; Hokin, 

L.E., 1967; Hokin, M.R., 1968). The trophic effect of "pancreozymin" 

was demonstrated by Rothman and Wells (1967) when they significantly 

increased the weight of a pancreas from 800 to 1,350 mg and demonstrated 

this increase to be attributable to a hypertrophy of pancreatic acinar 

cells . In the enlarged pancreas, tissue concentrations of trypsinogen, 

chymotrypsinogen and amylase were significantly increased. 
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Similarly, the stimulatory effect of CCK on the pancreas 

is accompanied by an increase in blood flow and oxygen consumption 

and, if the stimulus is marked, Mainz, Black and Webster (1973) 

demonstrated both hypertrophy and hyperplasia of the pancreas. 

Although CCK appears at the present time to be the main 

stimulus for pancreatic enzyme secretion, such secretion is undoubtedly 

dependent on many factors, both humoral and nervous, some being 

stimulatory and some inhibitory and the net effect in any situation 

will depend on the various hormones interacting at the receptor site 

(Grossman, 1970, b), as well as on nervous influences . It is also 

possible that pancreatic exocrine secretion is influenced by feedback 

mechanisms operating on the CCK secreting cell, as demonstrated by 

Green and Lyman (1972) and Harvey et al (1973) . 

C. Small Intestine  

Cholācystokinin has secretory effects on the small intestine 

that are similar to those on the pancreas, with stimulation of secretion 

of both enzymes (Nasset, 1972; Dyck, Hall & Ratliff, 1973) and 

fluid (Gardner et al, 1967; Matuchansky, Huet & Mary, 1972; 

'iioritz et al, 1973). In addition, CCK stimulates Brunner's glands 

secretion (Florey & Harding, 1935; Stening & Grossman, 1969, b). 

It was this latter study that demonstrated that synthetic secretin, 

pure gastrin, pure CCK and caerulein stimulated secretion from Brunner's 

gland pouches in both cats and dogs . It thus seems possible that 

CCK is an important stimulus to the flow of succus entericus. In 

addition to its secretory effects on the small intestine, recent studies 

suggest that CCK may have a potentially very important action on 

intestinal absorption (Bussjaeger & Johnson, 1973) . 
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D. Stomach 

The net effect of CCK on gastric secretion of acid and pepsin 

is difficult to interpret because of species differences in its action 

and because of competition with the effects of endogenous gastrin. 

Also, previous studies have often been performed with impure 

preparations of the hormone which are contaminated with other active 

(and often inhibitory) peptides - notably gastric inhibitory polypeptide 

(GIP) (Brown & Dryburgh, 1971) . 

The effect of CCK on gastric acid secretion has been fully 

reviewed by jorpes and Mutt (1973). In general terms, despite species 

differences, the effect is dose related. The Heidenhain pouch secretion 

stimulated by even small doses of histamine, not influenced by secretin, 

is markedly reduced by CCK (Gillespie & Grossman, 1964). In 

this study, 75 Ivy dog units of an impure preparation of CCK caused 

an inhibition lasting for an hour with a maximal reduction of the 

control value by 78%. Smaller doses have been used (Preshaw 

& Grossman, 1965; Preshaw, Cooke & Grossman, 1965) . These 

investigators found that small doses of secretin or CCK sometimes 

stimulated gastric secretion in conscious pancreatic fistula dogs . 

In two concomitant publications Murat and White (1966); Magee 

and Nakamura (1966) showed in a series of dogs with the denervated 

Heidenhain pouch that CCK behaves like gastrin, acting in small 

doses as a stimulant and in large doses as an inhibitor of gastric 

secretion, the ratio between the dose required to inhibit and that to 

stimulate gastric secretion being about 100 to 1. Irrespective of 
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whether the dogs were fasting, pre-treated with Acetylcholine or 

fed with preparatory food to a high secretory plateau a continuous 

infusion of 0.003 to 0.005 Ivy dog units of CCK per kilogram per 

minute caused an immediate significant rise both in volume and in 

acid. After the CCK was discontinued, the volume and the acid 

returned to their previous level. If the dose of CCK was 1 - 5 Ivy 

dog units per kilogram in a single injection, or 0.5 Ivy dog units 

per kilogram per minute in infusion, or higher, it inhibited gastric 

secretion. 

The stimulating effect of small doses of CCK that has been 

demonstrated on gastric secretion in the dog (Murat & White, 1966; 

Magee & Nakamura, 1966), the cat (Emas & Fyro, 1968; Way & 

Grossman, 1970), the rat (Choy at al, 1970, b) and in man (Celestin, 

1967), has also been demonstrated in the isolated gastric mucosa 

of the bull frog (Davidson, Urushibara & Thompson, 1969; Charters 

et al, 1969) . 

From these results, it seems probable that in most species 

(a .g . man and dog) CCK is only a partial agonist for gastric acid 

secretion and thus can act as a competitive inhibitor of gastrin, 

sharing the same receptor site (Grossman, 1970, b) . In other species 

(e.g. rat and cat) it is a full agonist for gastric acid secretion and, 

therefore, does not inhibit the action of gastrin. 

(ii) The Motor Effect of CCK on the Gastro-Irrtestinal Tract  

CCK has widespread motor effects on the gastro-intestinal 

tract (Table 6) the most striking of these being on the gallbladder 

(Ivy & Oldberg, 1928, b). 



TABLE 6  

Motor Effects of Cholecystokinin on the Gastrointestinal Tract 

Organ Effect* Physiological importance 
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Gallbladder 

Sphincter of Oddi 
Lower oesophageal 

sphincter 
Stomach 

Pylorus 

Small intestine 

Colon 

Contraction 

Relaxation 
Decreased tone 

Decreased motility 

Increased tone 

Strong stimulation of 
motor activityt 
Increased motility 

Main stimulus for entry of 
bile into the small 
intestine 
9 

Decreases rate of gastric 
emptying (acts as an 
enterogastrone) 
Discourages duodeno-gastric 
reflux 
Increases transit rate 

?A mediator of the gastro-
colic `reflex' 

• Some of the listed effects may he pharmacological rather than physiological 
t Except in region of sphincter of Oddi, which shows decreased motility 

(HARVEY, 1975) 
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A. Gallbladder and Biliary Tract  

The action of CCK on the gallbladder has been dealt with in 

a series of review articles (Ivy, 1930, 1934; Grossman, 1950, 1968; 

and Plessier, 1960) . Although the active material usually made up 

only 0.1% of the old preparations, access to approximately 1%, 10% 

and 100% pure CCK preparations did not essentially change the picture 

as to the action of the hormone on the gallbladder. In a series of 

fifteen normal persons (Edholm, 1960) the injection of one Ivy dog 

unit per kilogram intravenously, injected during the course of fifteen 

minutes, led to a progressive evacuation of up to 35% of the content 

of the gallbladder. Lescut (1963) found on average a 50% reduction 

of the shaded area of the gallbladder in normal cholecystographies. 

According to Cozzolino et al (1963), 50 - 80% of the content of the 

normal human gallbladder is evacuated in fifteen minutes and refilling 

of the gallbladder begins after another fifteen minutes . Park, Pae 

and Hong (197 0) found in ninety six healthy individuals that the 

gallbladder contracts to 55% of its initial volume in fifteen minutes 

and to 20.8% in sixty minutes after a fat meal. The injection of one 

Ivy dog unit per kilogram of CCK led to a contraction of 23 .4% of 

its initial volume in fifteen minutes and to 21.4% in thirty minutes . 

It appears that young, healthy people normally react to one 

Ivy dog unit per kilogram of CCK intravenously with a contraction 

of the gallbladder. In larger cholecystographic series, however, 

about 15% of patients have a non-reacting gallbladder (Tomenius et 

al, 1958; Tomenius & Backlund, 1959; and Lescut, 1963) . Cholelithiasis 
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without infection does not, in general, effect the reactivity of the 

gallbladder to CCK. The C-terminal octapeptide of CCK shares 

the same pharmacological properties of the original molecule, 

acting directly on the smooth muscle in the gallbladder, but 

indirectly via a nervous pathway on the ileum. Its molar activity 

on the gallbladder and the ileum in vitro is comparable to that of 

caerulein, about three times that of CCK and one thousand that of 

pe_atagastrin (Hedner, 1970) . 

Little is known of the mode of action of CCK on gallbladder 

muscle, or of the hormone receptors which presumably trigger the 

response, though in contrast to its action on the small intestine, 

CCK appears to stimulate the gallbladder muscle directly rather 

than by means of nervous influences (Yau et al, 1973) . 

CCK produces relaxation of the sphincter of Oddi and is the 

most powerful physiological dilator of this sphincter known at the 

present time (Torsoli et al, 1961, a; Torsoli, Ramorino & Carratu, 

1973) . According to Torsoli at al (1961, a, b) the terminal part of 

the common bile duct is constricted during the first thirty seconds 

after injection of CCK. Then follows a relaxation of the musculature 

and the dilatation of both the intramural and extramural parts of the 

common duct. Even when the intramural part is originally obstructed, 

relaxation is still evident in the extramural part. Similarly, Bizard 

and Paris (1960, a,b) pointed out that CCK is the only agent 

simultaneously causing contraction of the gallbladder and dilatation 

of the sphincter of Oddi. Other physiological and pharmacological 
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agents act on both of them in only one direction. Adlercreutz et al 

(1960) made chymographic records of duodenal tone and motility prior 

to, during and after injection of CCK in fifteen cases, three of which 

exhibited pathological conditions of the bile ducts . In the normal 

cases, 4 mg of CCK with 22 Ivy dog units per mg, brought about 

initial dilatation and decrease in duodenal tone, followed by 

increased tone and markedly accelerated peristalsis when the 

secretion of bile had commenced. The effect failed to occur in the 

absence of a gallbladder. The results were verified radiographically. 

At the same time, there is relaxation of the second part of the duodenum, 

adjacent to the sphincter. These actions appear to be of great 

importance in paving the wav for the expulsion of bile from the 

gallbladder. These actions of CCK have been fully summarised in 

recent reviews (Plessier, 1973; Torsoli, Ramorino & Carratu, 1973 

and Jorpes & Mutt, 1973) . 

B. Lower Oesophageal Sphincter  

The high pressure zone at the oesophago-gastric junction 

(the lower oesophageal sphincter) acts as an anti-reflux mechanism. 

The tone of the sphincter is increased by gastrin (Giles et al, 1969; 

Cohen & Lipshutz, 1971) and decreased by other hormones, including 

CCK (Resin et al, 1973). After protein meals, the lower oesophageal 

sphincter pressure increases, after oral and intraduodenal fat there 

is a decrease in sphincter pressure (Nebel & Castell, 1972) which 

is likely, at least in part, to be due to the action of CCK released 

by the fat. 
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C. Stomach  

Before the discovery of CCK, Ivy and Farrell (1925, 1926) 

and Farrell and Ivy (1926, a) observed that fat introduced into the 

duodenum inhibited the motility of the transplanted fundic pouch, an 

effect assumed to be elicited by a specific duodenal hormone, 

"enterogastrone" an "analogue" of secretin, inhibiting both gastric 

motility and secretion. 

Since then the motor activity of the stomach has been reported 

on several occasions to be inhibited by CCK (Johnson & Magee, 1965; 

Johnson, Bro\vn & Magee, 1966; Dinoso at al, 1969) and the rate 

of gastric emptying decreased (Chey et al, 1970, a). 

It is these latter actions of CCK that have been called the 

"enterogastrone-like" activity of CCK. Unfortunately, as with the 

corresponding studies on gastric secretion, the CCK preparations 

used were generally very impure and almost certainly contained other 

active constituents . 

Recent studies, however, with pure preparations of the hormone 

have confirmed that inhibition of gastric emptying is a physiological 

action of Cholecystokinin (Debas, Farooq & Grossman, 1975). 

D. Pylorus  

The function of the pylorus appears to be the prevention of 

duodeno-gastric reflux (Fisher & Cohen, 1973, a). CCK has been 

demonstrated to increase the pyloric sphincter pressure (Fisher, 

Lipshutz & Cohen, 1973) and may, therefore, be important as an 

"anti-reflux" hormone . 



72 

E. Small Intestine  

CCK has a marked stimulatory effect on motor activity in the 

small intestine (Adlercreutz et al, 1960; Monod, 1964; Dahlgren, 

1966; Hedner, Persson & Rorsman, 1967) affecting all levels except 

the region of the duodenum adjacent to the sphincter of Oddi, which 

shows relaxation (Torsoli at al, 1961, a; Persson & Ekman, 1972; 

Torsoli, Ramorino & Carratu, 1973) . This stimulatory effect on 

motor activity was completely blocked by atropine and is in direct 

contrast to the effect of CCK on the gallbladder where atropine, even 

in large doses, did not affect the response of the gallbladder to 

CCK. It is, therefore, plausible to assume that the hormone may 

play a role in the regulation of intestinal motility but that a neural 

component is also important in this action of CCK. 

The increased motor activity is accompanied by a marked 

decrease in small intestinal transit time (Monod, 1964; Morin et 

al, 1968; Parker & Beneventano, 1970) . The accelerated passage 

of x-ray contrast medium through the intestine under the influence 

of CCK was described by Franzen (1961) . Subsequently, this effect 

has been extensively studied by Dahlgren (1964, 1966, 1967) . By 

using CCK preparations of three different strengths, 25, 250 and 

3,000 Ivy dog units per milligram, the last a sample of pure CCK, 

he proved that the peristalsis inducing effect is elicited by the 

hormone itself and not by any contaminating peptides . The effect 

is elicited even after cholecystectomy or ligation of the common 
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duct in the dog and is thus independent of the stimulus exerted 

by the bile salts . These findings led Dahlgren (1966) to suggest 

that CCK had a peristalsis promoting effect even in the immediate 

post-operative period and that it was possible the effect could be 

useful in the treatment of paralytic ileus. 

F . Colon  

The "gastro-colic reflex", an increased colonic motor activity 

after food, appears likely to be mediated not by a nervous reflex 

but by one or more of the gastro-intestinal hormones. CCK produces 

a marked increase in colonic motor activity (Grossi et al, 1966; 

Harvey & Read, 1973, a and Dinoso et al, 1973) and is, therefore, 

a strong candidate to be a mediator of this response. 

(iii) Miscellaneous  

Insulin Release  

Pfeiffer, Raptis and Fussganger (1973) have recently comprehen- 

sively reviewed the evidence suggesting that CCK stimulates insulin 

release and thus contributes to the greater insulin response after 

oral than after intravenous glucose. The majority of studies on which 

these conclusions are based have used impure preparations of CCK. 

A more preliminary report (Hedner, Persson & Ursing, 1973) found 

that intravenous injection of an impure preparation of CCK in man 

1i%as followed by a rise in serum insulin, whereas the pure hormone 

and synthetic octapeptide produced no rise . In addition, oral 

magnesium sulphate, a powerful CCK-releasing stimulus (Harvey 

& Read, 1973, b) caused a marked rise in endogenous serum CCK 
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levels in man but without any increase in serum insulin level (Fig. 5) 

(Grayburn et al, 1975) . It does not conclusively show that CCK 

plays no physiological part in insulin release but suggests that any 

insulin releasing effect of CCK is not as powerful as previous studies 

have suggested. It is probable that the insulin releasing effect of 

impure CCK preparations can be accounted for by their content of 

gastric inhibitory polypeptide (GIP) (Dupre et al, 1973; Rabinovitch 

& Dupre., 1974). Investigations with pure CCK preparations are, 

therefore, required to resolve the question. 

B. Thoracic Lymph Flow.  

The literature concerning the influence of the enteric hormones 

on the formation of lymph in connection with meals has been reviewed 

by Vega, Appert and Howard (1967) . An intravenous injection of 100 

to 200 units of "pancreozymin" in adult dogs produced an increase 

in the lymph flow. The increase was accompanied by increased 

peristaltic activity and villus motion (Razin, Feldman & Dreiling, 

1962) . The administration of 10% pure CCK to anaesthetised rats 

with a thoracic duct cannulated resulted in a slight but statistically 

significant increase in the flow of lymph (Ljungberg, 1969, b). The 

necessity to repeat the experiments with pure preparations of CCK 

is evident. 

8. CCK in Blood: Methods of Assay  

Until recently suitable methods for the measurement of 

physiological levels of CCK circulating in the blood have not been 

available. Little is known, therefore, of the properties and behaviour 

of CCK in blood. The more recent development of sensitive bioassays 

(Berry & Flower, 1971; Johnson & McDermott, 1973) and radioimmunoassays 
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(Reeder et al, 1973 and Harvey et al, 1973, 1974) promises to extend 

our understanding of normal and abnormal CCK secretion. 

These two types of assay are the only methods at present 

available which are capable of measuring CCK levels in plasma. 

To understand the various difficulties involved in these measurements, 

it is important to appreciate the characteristics of each of these 

two types of assay. The main features of each of these assay 

methods are, therefore, summarised in the table (Table 7) which 

is taken from a recent review of the subject by Harvey (1975) . 

Bioassay  

The bioassay antedates the development of a radioimmunoassay 

for CCK by approximately forty five years . It was in 1928 that Ivy 

and his co-workers elaborated the first method of assay and it is 

for this reason that the strength of CCK is expressed in Ivy dog 

units (I.D.U.). Over the ensuing years, modifications of this 

technique were instituted including that by Snape, Friedman and 

Thomas (1948) who recorded the increase in pressure in unanaesthetised 

dogs equipped with permanent fistulae of the duodenum and of the 

stomach. A similar technique using cats under Nembutal anaesthesia 

was applied by Havermark and Hultman (1952) . 

A number of authors applied an in vitro technique using the 

isolated guinea pig gallbladder and/or strips of the terminal guinea 

pig ileum (Jung & Greengard, 1933; Agren, 1939; Doubilet & Ivy, 

1938; Gershbein, Denton & Hubbard, 1953; Hultman, 1955, a,b). 
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TABLE 7 

Features of Different Types of Assay for Gastrointestinal Hormones 

Bioassay 
	

Radioimutunoa.ssay 

Basis of the 
method 

Uses live tissue to measure 
a biological event thought 
to be relatively specific for 
the action of the hormone 
(e.g. gallbladder contraction 
for CCK), with the 
assumption that the intensity 
of this event is proportional 
to the amount of hormone 
reaching the test tissue, and 
is not affected by any 
other factors 

Depends on the assumption 
that a given amount of 
hormone (hut no other 
substance) will displace a 
constant proportion of 
radioactively labelled hormone 
from its binding by a specific 
antibody. This assumption 
must be shown to be valid for 
each antiserum by suitable 
control tests 

Sensitivity* 	c. 500 pg/ml of test solution c. 5 pg/mi of test solution 

Specificity Hormonal effect likely to be 
modified by other circulating 
hormonal agents 

Highly specific, if suitable 
antiserum obtained. Some 
antibodies show crossreaction 
with structurally similar hor-
mones, s''iich limits their value 

Advantages 
	Measures biologically 

	Suitable for application to 
active hormone 
	

fairly large numbers of samples 

Drawbacks Time consuming. Unsuitable 
for measuring large numbers 
of samples. Animal 
facilities required 

May measure biologically 
inactive fragments, or fail to 
measure active fragments if 
an unsuitable antiserum is 
used. Expensive counting 
apparatus required. Production 
of suitable antibody may be 
difficult. Highly purified 
hormone (essential for 
iodination) may not be 
easily available 

Disadvantages 
common to 
both types of 
assay 

Rather low standard of reproducibility 
Both techniques liable to nonspecific interference by serum 
factors (may be minimized or abolished in some instances 
by various manoeuvres, such as boiling or diluting the 
test serum) 
Absolute levels cannot be given with cc inty by either 
method—values may for this reason be expressed as 
bioactivity or immunoreactivity with reference to a named 
'standard' preparation 
Several different molecular varieties of the hormone may be 
present in plasma, each with a different bioactivity and 
immunoreactivity (e.g. gastrin) 
Suitable standard preparations for reference are as yet 
unobtainable for most gastrointestinal hormones 

• Best reported assay sensitivities for CCK 

(HARVEY, 1975) 
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In 1939 and 1941 Seeger used frogs and in this preparation the solution 

to be tested was injected intracardially into the frog and the effect 

was observed by inspecting the gallbladder in situ. The developments 

were made by Svatos (1957) who measured the pressure in the guinea 

pig gallbladder in situ by means of a graduated pipette connected to 

a cannula introduced into the common bile duct, a technique which 

evidently functioned satisfactorily. Ljungberg (1964, 1969, a) instead 

of measuring the intra-gallbladder pressure, he registered the contraction 

of the guinea pig gallbladder in situ. 

Amer and Becvar (1969) devised a new in vitro technique using 

transverse and oblique strips of the rabbit gallbladder in an ordinary 

tissue bath. Amer points out that the dog methods were subject to 

great variation and were not suitable for routine assays on a larger 

scale and that the in vitro methods available up to that date were 

less specific. Indeed, the transverse muscle of the rabbit gallbladder 

was much more sensitive to CCK than the guinea pig gallbladder and 

was not responsive to secretin, histamine or ammonium salts . This 

method has subsequently been improved upon by Berry and Flower (1971) 

and Johnson and McDermott (1973) and provides a sensitive bioassay 

technique for CCK measurement. 

A further method of assay involved the measurement of 

"pancreozymin" activity which for many years was thought to be 

a separate hormone . "Pancreozymin" activity has been measured 

in cats (Burn & Holton, 1948; Crick, Harper & Raper, 1949; Jorpes 

& Mutt, 1966), in dogs (Wang, Grossman & Ivy, 1948; Lin & 

Grossman, 1956; Lin & Alphin, 1962), in rats (Lin & Alphin, 1962; 
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Debray et al, 1962, a,b) and in rabbits (Dorchester, 1959). The 

technique elaborated by Love (1957) for the assay of secretin in 

rats was further refined by Heatley (1968) for the assay of 

"pancreozymin" simultaneously with that of secretin in the same 

animal. After the demonstration that pancreozymin activity was 

due to CCK (Mutt, 1964; jorpes & Mutt, 1966; Mutt & jorpes, 

1968, a,b), the necessity for a separate assay was lost. Also 

taking into account that the enzyme output from the pancreas is 

under neural influences and strongly influenced by the flushing 

out effect of secretin, "pancreozymin" activity of a preparation 

was much more difficult to measure than tonic contraction of the 

gallbladder stimulated by CCK. The assay was, therefore, limited 

to the determination of the CCK activity on the gallbladder or 

strips of the gallbladder musculature . 

Radioimmunoassay  

The radioimmunoassay of protein hormones is still a fairly 

recent innovation and is a field at present of rapid expansion and 

improvement. The development of radioimmunoassay has occurred 

over the last twenty years following the demonstration by Berson 

and his associates of insulin binding antibodies in the serum of 

diabetic patients treated with insulin (Berson et al, 1956). They 

showed that insulin labelled with a radio-active isotope would 

bind to these antibodies and if the amount of anti-insulin serum was 

intentionally limited, unlabelled insulin would compete quantitatively 

for the binding sites of the antibodies . Moreover, if the amounts of 
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non-radioactive hormone and anti-serum were held constant, the 

insulin content of a sample of serum could be determined by reference 

to a calibration curve in which the proportion of antibody-bound load 

insulin was plotted against known amounts of added unlabelled insulin 

(Yalow & Berson, 1960) . This technique, which combined the specificity 

of an immunological reaction with the sensitivity afforded by the use 

of radio-active isotopes they called "radioimmunoassay". It was 

recognised that the principles involved were capable of general 

application if it was possible to raise an antibody to the substance 

to be measured. 

The fundamental reaction in radioimmunoassay depends upon 

the competition of labelled and unlabelled hormone for a specific 

antibody binding site. This effect is quantitative and increasing 

the amount of the unlabelled (Standard) hormone inhibits the binding 

of labelled hormone to antibody. The dynamics of the process have 

been adequately reviewed (Berson & Yalow, 1968; Yalow & Berson, 

1971, b) . The reaction is reversible, with an equilibrium constant, 

"K" and it seems probable that each anti-serum contains a population 

of antibodies with equilibrium constants which may vary by more than 

ten-fold, and that the antibodies may each have different binding 

sites . An anti-serum with a high affinity for antigen is required. 

The sensitivity of the assay is determined by the smallest amount 

of unlabelled hormone which will produce an alteration in the proportion 

of antibody-bound labelled hormone that can be detected with an 
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acceptable degree of precision. This amount is usually affected by 

the amount of labelled hormone used, but a reduction of the immunological 

reactivity of the labelled hormone during the iodination procedure 

will lead to a loss of sensitivity because unlabelled hormone may 

then combine with the antibody without competition. The optimum 

amount of labelled hormone is usually considered to be the smallest 

amount consistent with economical counting time. The preferred 

isotopes have been iodine - 131 (131I)  and iodine - 125 (125I)  and a 

variety of methods for the iodination of the tyrosine residues in 

peptide hormones have been developed. The first successful method 

of labelling a peptide hormone with 131I was described for insulin 

by Yalow and Berson (1960) . It was neither safe nor efficient. Other 

methods were developed but had, for the most part, been superceded 

by the chloramine-T method, introduced for the iodination of human 

growth hormone (Hunter & Greenwood, 1962; Greenwood, Hunter 

& Glover, 1963) . 

Chloramine-T is the sodium salt of N-mono-chloro-p-toluine- 

sulphonamide . It is a mild oxidising agent which has found limited 

use as an antiseptic. While the detailed mechanism of its action 

is unknown (Hunter, 1966), the procedure for its use is simple; a 

sample of peptide is added to 131 Na or 125I followed by the chloramine-T. 

The reaction is extremely quick and is terminated by the addition 

of a reducing agent. The experience of the originators of the 

technique has been reviewed by Hunter (1966) and Greenwood (1967) . 
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It was found that the reaction could proceed to complete substitution 

of two atoms of iodine per tyrosine residue and it is thought that a 

complex of iodine with sulphonamide is formed in which the iodine 

carries a positive charge 

The major advantages of the chloramine-T method are its 

speed, simplicity and its safety, for only small amounts of isotope 

are needed and the method has been widely adopted for the iodination 

of many peptide hormones . With preparations of very high specific 

radioactivity there is a loss of immunological reactivity of the 

labelled hormone (Greenwood, Hunter & Glover, 1963) but the 

immunological specificity on radioimmunoassay is fortunately not 

crucially dependent on the labelled preparation, but on the relationship 

of standard to endogenous hormone, as revealed by the particular 

anti-serum used in the assay. 

As precipitation of the antigen-antibody complex does not 

occur at the very low concentrations used (the complex is soluble 

for most peptide hormones), a method of separation of "free" from 

"antibody-bound labelled hormone is required. Berson et al (1956) 

achieved this by a combination of chromatography and electrophoresis 

which they called "chromato electrophoresis". 

Solid phase methods of separation have been used in which 

the antibody is absorbed onto polymers (Catt, Niall & Tregear, 1966) 

or the wall of the test tube (Catt & Tregear, .1967)  . The affinity of 

the unbound labelled protein for exchange resins (Lazarus & Young, 1966) 

and activated charcoal (Meyer & Knobil, 1967) has been used to separate 

free from bound labelled growth hormone . 
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Separation has also been achieved by precipitation of the 

gamma-globulins by use of a second antibody. Precipitation with 

an anti-serum to gamma-globulin was first used in the radioimmunoassay 

of human growth hormone by Utiger, Parker and Daughaday (1962) and 

Utiger (1964) for the assay of plasma extracts and by Schalch and Parker 

(1964) and Hartog et al (1964) for the assay of plasma samples . 

Limitations of Radioimmunoassav 

The basis of radioimmunoassay is the immunochemical reaction 

of antigen and antibody. The specificity of a radioimmunoassay is, 

therefore, immunological, unrelated to the biological properties of 

the hormone under study. Furthermore, the immunological and 

biological reactivity may reside on different parts of the molecule. 

If the molecule remains intact with both activities preserved, 

biological and immunological assay may be expected to give similar 

results . However, if the two activities become separated, either 

through metabolic degradation or the presence of metabolic or 

immunological inhibitors, divergent results may be expected (Berson 

& Yalow, 1964). The various situations in which a separation of 

biological and immunological reactivity may be anticipated have been 

reviewed by Greenwood (1967, 1969) and Berson and Yalow (1968) . 

The validity of the absent levels of hormone concentration, as measured 

by radioimmunoassay, is based upon the equivalent immunological 

reactivity of endogenous and standard hormone, and the extent to 

which the immunological reactivity provides an accurate reflection 

of the state of the native hormone, unaffected by alterations 

occurring within the body or induced in the production of the 
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standard preparation. The extent to which these modifications 

of hormonal structure are observed is related to the specificity 

of the reactions of the particular anti-serum used. 

It is, therefore, reasonable to suggest that wherever possible, 

levels of CCK as measured by radioimmunoassay should be complemented 

by bioassay measurement to check that immunological and biological 

activity have not been disassociated. 

The first documented radioimmunoassay for "pancreozymin-CCK" 

in human serum was that by Young et al (1969) . Following this, 

similar reports of assays were documented by Englert (1973); Reeder 

et al (1973) and Harvey at al (1973) . A radioimmunoassay for porcine 

cholecystokinin pancreozymin which was unable to measure CCK 

in human serum was reported by Go, Ryan and Summerskill (1971) . 

As a part of this thesis is concerned with further development 

and improvement of the assay described by Reeder at al (1973) the 

technical details involved will be described in a subsequent chapter. 

9. Clinical Use of CCK  

CCK itself has, at present, no well defined therapeutic use . 

However, saline purgatives which release CCK (Harvey & Read, 

1973, b), have been widely used for many years to promote gallbladder 

contraction and purgation. The main clinical uses of CCK have been 

in the diagnostic field, particularly in aiding radiological examination 

of the biliary tract (Torsoli, Ramorino & Carratu, 1973; Plessier, 

1973) and small intestine (Monad, 1964; Morin et al, 1968; Parker 

& Beneventano, 1970) . The arguments that had been used in favour 
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of the use of CCK for biliary radiology were based on the facts that 

when compared with the conventional fatty meal, which is commonly 

used as a cholecystokinetic agent, CCK has the following advantage: 

Firstly, CCK may be given intravenously and, therefore, does not 

involve gastro-duodenal transit. Subsequent radiological examinations 

of the digestive tract are not influenced by the presence of a meal in 

the stomach and duodenum. Secondly, the dosage can be graduated 

according to the clinical purposes and, thirdly, it gives a good 

visualisation of the biliary ducts and of the choledochoduodenal 

passage . It is also said to reduce the duration of the cholecystokinetic 

test usually taking fifteen to thirty minutes as opposed to sixty minutes 

for the conventional technique. Finally, CCK increases the mechanical 

activity of the jejunum, ileum and, to a lesser extent, the colon. The 

main effect of the increased activity is a reduction of the transit time 

of the intestinal contents. True peristaltic movements (mass movements) 

may sometimes be elicited in the colon. The intestinal motility 

effect of CCK is demonstrable two to five minutes after the intravenous 

injection of a standard dose . It is independent of the gallbladder 

contraction and can be registered even in a cholecystectomised 

subject (Monad, 1964; Dahigren, 1966) . CCK has, therefore, been 

used as a time saving technique in x-ray examinations of the small 

intestine . Good results have been obtained in segmental diseases 

of the small intestine as well as in non-tropical sprue (Monod, 1964; 

Morin et al, 1965; Backlund, 1964, 1967; Barag & Baudet, 1967; 

Morin et al, 1968; Parker & Beneventano, 1968). Plessier (1973) 
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states that as a tool in biliary radiology, CCK facilitates the 

differentiation of gallbladder disorders into dyskinesias; atonic 

states due to deficient endogenous release of CCK, which react 

normally to exogenous CCK; and asystolic states due to a permanent 

or intermittent obstruction in the cystic duct. Furthermore, the same 

author suggests that due to the dilating action of CCK on the 

pancreatico-duodenal vessels, CCK facilitates the interpretation. 

in selective angiography. 

Injections of CCK have been used as a means of testing 

the function of the gallbladder (Howat, 1965) and pancreas (Wormsley, 

1972), pancreatic enzyme output after CCK showing a good correlation 

with that obtained after a test meal (Lurie et al, 1973, a). The 

latter correlation has, in effect, been the basis of a test developed 

by Burton et al (1960) which has been called the secretin-pancreozymin 

test. 

A further use of CCK has been in patients with functional 

dyspepsia of various types where reproduction of the symptoms by 

intravenous CCK may give some diagnostic help (Dahlgren, 1964; 

Valberg et al, 1971; Harvey & Read, 1973,   a) . 

Plessier (1973) has suggested that CCK may be of use in 

the visualisation of the duodenal-papilla at endoscopy and its 

relaxation may well facilitate the cannulisation of this papilla. 

Plessier has also used CCK at laparoscopy as a means of 

differentiating between an intrahepatic ectopic gallbladder and 

a hydatid cyst. This was done by the infusion of CCK which led 
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to contraction of the "cyst" under the action of CCK and, therefore, 

the diagnosis of an ectopic gallbladder was made . The use of CCK 

in scintigraphy of the gallbladder and pancreas has so far been 

disappointing. 

The commercial preparations of CCK available at the present 

time (Pancreozymin - Boots Company Limited, Nottingham and 

Vitrum CCK - G .I .H . Research Laboratory, Karolinska Institute, 

Stockholm) are both impure and relatively expensive. The 

demonstration that synthetic C-terminal fragments of the hormone 

appear to possess all the biological actions of the whole CCK molecule 

(Ondetti at al, 1970, a) suggests that at some future date, such synthetic 

fragments may provide a cheaper and purer alternative to the present 

preparations for clinical use. 

10. Abnormalities of CCK Secretion in Disease States  

At the present time there is little direct information about 

possible disturbances of CCK secretion in disease of the gastro-

intestinal tract because of the lack of suitable assays for measurement 

of physiological levels of the hormone in plasma (Harvey, 1975). 

This thesis will later describe the validation of a sensitive 

radioimmunoassay for CCK and also some preliminary studies to 

ascertain CCK release in normal individuals and in experimental 

animals and, to a certain extent, in some disease states . 

Similar studies have been performed recently by Harvey at al 

(1973) using a radioimmunoassay for CCK. They have shown fasting 

levels of immunoreactive CCK to be abnormally raised in patients 

with pancreatic exocrine deficiency and similar, though less marked, 
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changes are found in patients with coeliac disease (Harvey et al, 

1974; Low-Beer et al, 1974) . Harvey suggests several explanations 

are possible but that the most likely one would be that in these 

disorders there is some disturbance of a feedback system(s) for 

CCK secretion although, at the present time, it is not known whether 

the circulating CCK in these disorders differs in its molecular 

structure, biological activity or half-life in blood from that found 

in normal subjects . The effects of a high basal CCK secretion 

rate in subjects with pancreatic exocrine deficiency are also quite 

unknown, although various functions which are affected by the hormone 

(e .g. gastric emptying) are disturbed in such patients (Harvey, 1975) . 

Thus an intriguing possibility suggested by Harvey in his review in 

1975 is that the raised sweat sodium concentration which is found 

in patients with acquired pancreatic deficiency (Series et al, 1965) 

as well as in children with cystic fibrosis (di Sant 'Agnese et al, 

1953), apparently due to the action of an unknown circulatory agent 

on the sodium pump system in the sweat glands (Mangos & McSherry, 

1967; Mangos, McSherry & Benke, 1967), may result from the powerful 

inhibitory action of CCK on sodium re-absorption (Gardner et al, 1967; 

Matuchansky, Huet & Mary, 1972; Moritz et al, 1973) . 

In the case of coeliac disease, the abnormal CCK secretion 

appears to be associated with a dual abnormality of gallbladder 

contraction after food (Low-Beer et al, 1971) . Gallbladder contraction 

after a fatty meal is slower and less complete in patients with 
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coeliac disease than in normal subjects . In addition, the gallbladder 

response to exogenous CCK appears to be impaired in subjects with 

coeliac disease (Braganza & Howat, 1971) . Fasting CCK levels are 

high in coeliac disease whereas the rise after a meal is slow and the 

increment the same or less than that found in normal subjects 

(Low-Beer et al, 1974) . The fact that high fasting immunoreactive 

CCK levels in these patients are not associated with a permanently 

contracted gallbladder suggests either that the immunoreactive 

hormone is not biologically active or that the gallbladder in some 

way loses its responsiveness to sustained high levels of CCK 

(Braganza & Howat, 1971). The abnormalities of pancreatic enzyme 

secretion in coeliac disease (Dimagno, Go & Summerskill, 1972) 

may have a similar basis (Harvey, 1975) . 

Several recent reports have speculated that abnormalities 

of CCK secretion may be important in some patients with functional 

dyspepsia (Dehlgren. 1964; Vaiberg et al, 1971; Nebel & Castel1, 

1972; Harvey & Read, 1973, a,c; Resin et al, 1973), in patients 

with post-gastrectomy symptoms (Johnson & McDermott, 1973), in 

the pathogenesis of gastric ulceration (Fisher & Cohen, 1973,   a, b) 

and in rare patients with gastric hypersecretion and diarrhoea of 

the Zollinger-Ellison syndrome, but with CCK rather than gastrin 

secreting tumours (Wilson, Soergel & Go, 1973) . 

It is likely with the recent development of sensitive and 

specific radioimmunoassay systems for CCK that more clinical 

situations will be found where abnormalities of CCK secretion 

are important. 



9 0 

11. Metabolism of CCK  

Most studies to date on the metabolism of CCK have been 

using bioassay techniques . Like the active hypophyseal peptide 

hormones, the gastro-intestinal hormones disappear from the 

circulating blood very quickly. The half-life of CCK has been 

reported by bioassay technique to vary between two minutes 

(L ehnert et al, 1970) and up to fifteen minutes (Berry & Flower, 

1971). Reeder and associates (1974) demonstrated, by a radioimmunoassay 

technique that the disappearance half-time of exogenous CCK in 

dogs was approximately two and a half minutes and Harvey, using 

a similar radioimmunoassay technique, calculated a half-life for 

endogenous CCK of approximately seven minutes (Harvey at al, 

1973). 

Little is known of the catabolism of CCK but with such a 

short half-life sites of catabolism must be efficient and widespread. 

The enzymatic inactivation of CCK by blood serum has been demonstrated 

by Greengard, Stein & Ivy (1941) but this process was greater than 

120 .minutes . Recently Debas and Grossman (1974) found no 

significant extraction of CCK_ across the liver and this confirmed 

previous findings as demonstrated by bioassay techniques (Bridgwater 

et al, 1963; Way, Johnson & Grossman, 1969; Berry & Flower, 1971). 

Svatos (1959) demonstrated by a bioassay technique a factor in the urine' 

which increased with acid perfusion of the duodenum, was reduced 

after duodenectomy and had similar physiological properties to 

CCK. He called this factor "uro-Cholecystokinin" . This finding 

was suggestive that the kidney plays a part in the catabolism of 

CCK. 
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CIHAPTWR 2  

A RADIOIMMUNOASSAY FOR CHOLECYSTOKININ 

The radioimmunoassay used for all the experimental work to 

be presented in this thesis was developed in the laboratory of 

Dr. LC.  Thompson at the University of Texas Medical Branch, 

Galveston, Texas. 

Generation of Anti-Serum  

The method used to generate anti-sera has been previously 

described by Vaitukaitis et al (1971). 16% pure CCK (500 I.D.U./mg) 

obtained from the gastro-intestinal hormone laboratory of the Karolinska 

Institute, Stockholm, was used as an immunogen to generate an 

anti-CCK serum in New Zealand white rabbits . 30 micrograms of 

the immunogen were dissolved in 1 ml of 0.01 M phosphate buffered 

saline at pH 7.8 and emulsified in an equal volume of Freund's 

complete adjuvant. The emulsion was injected intra-dermally into 

thirty to fifty sites along the limbs -and backs of eleven rabbits at 

approximately two month intervals . In addition, 0.5 ml of crude 

Bordetella pertussis (Eli Lilly Corporation, Indianapolis, Indiana) 

was injected subcutaneously. Booster injections were administered 

twice a week and the rabbits were bled on alternate weeks . Two weeks 

after the eighth injection, specific anti-CCK activity was found in 

the serum of one of the eleven rabbits. An anti-serum (U .T. - 122) 

that bound 25% - 35% of labelled antigen at a final dilution of 

1 : 2,500 was used to develop the CCK radioimmunoassay. 
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Iodination* 

99% pure CCK (3,000 I.D.U./mg, G.I.H. Laboratory, Stockholm) 

was iodinated with carrier free 125I  (Amersham/Searle Corporation, 

Arlington, Illinois) to specific activities of 30 - 50 ».ci/pg using 

the Chloramine-T method of Greenwood, Hunter and Glover (1963). 

The iodination was performed with 2 mCi of carrier free 125I and 

2.5 pg of hormone buffered at pH 6.0 in the presence of 10 pl of 

Chloramine-T. The reaction time was sixty seconds . Separation 

of the labelled polypeptide from free iodine was achieved by gel 

filtration through Sephadex G25 (Pharmacia Fine Chemicals Incorporated, 

Piscataway, New Jersey) . Elution was carried out with 1 M sodium 

chloride at pH 6.0, and 1.0 ml fractions were collected into vials 

containing 50 i1 of 2% bovine serum albumin (BSA) . Each fraction 

was counted to determine radioactivity and iodinated CCK was eluted 

in fractions 3 to 6. The labelled hormone was used in the assay system 

within twenty four hours but by a second purification, passing the 

iodinated CCK through Sephadex G-10 just prior to use, the iodinated 

CCK has lasted for up to four weeks . 

Incubation  

The radioimmunoassay system utilised the double antibody 

technique of Odell, Rayford and Ross (1967) . The reference standard 

used was 99% pure CCK (3,000 I.D.U./mg, G.I.H. Laboratories, 

Stockholm) and serum specimens were assayed at a 1 : 3.3 dilution, 

that is, 300,u1 of the specimen were included in the final incubation 

*Appendix I. 
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mixture of 1.0 ml. The final dilution of the anti-serum to CCK was 

1 : 2,500.  The incubation mixture was allowed to react at 4°C for 

twenty four hours before 100 - 150 }il goat anti-rabbit serum was added. 

The mixture was incubated for twelve to eighteen hours before it was 

centrifuged. Radioactivity in the precipitate was measured in an 

automatic well-type scintillation counter (Picker) . All samples 

were assayed in duplicate. 

Statistical Method  

For each CCK radioimmunoassay, 99% pure CCK (3, 000 I.D.U./mg, 

G.I.H. Laboratories, Stockholm) was used as a reference standard. 

The logit transformation method of Rodbard (1971) was used to generate 

dose response curves for dose interpolations of amounts of CCK in 

test samples and CCK was calculated as picograms per millilitre 

(pg/ml) of serum. Mean CCK concentrations were analysed for 

significance using the paired "t" test (Steel and Torie, 1960). 

Differences with a "p" value of less than 0.05 were considered 

significant. 

Specificity  

16% pure CCK and 99% pure CCK, whose bioassay potencies were 

500 I.D.U./mg and 3,000 I.D.U./mg respectively, were radio- 

iodinated and each was used as a labelled antigen. Graded amounts 

of unlabelled 99% pure CCK or 16% pure CCK were tested in the R.I.A. 

system to determine their ability to displace each of the labelled 

CCK preparations from combination with CCK antibody (UT - 122, 

1 : 2,500 final dilution). When 16% pure CCK was used as a labelled 

tracer, 2 to 120 ng of 16% pure CCK produced a linear dose response 
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curve: however, amounts of 99% pure CCK up to 50 ng did not compete 

with the labelled hormone for CCK antibody (Figure 6) . In contrast 

to our findings with labelled 16% pure CCK, linear inhibition lines 

were produced by graded amounts of both 99% pure CCK (0.04 to 2 ng) 

and 16% pure CCK (1.5 to 20 ng) when 99% pure CCK was employed 

as a labelled antigen in the radioimmunoassay system (Figure 6). 

The immuno-potency ratio of the two CCK preparations could then 

be estimated and on a mass basis, 99% pure CCK was approximately 

twenty five times more immuno-reactive than 16% pure CCK. Based 

on these observations, 99% pure CCK was used as both a labelled 

antigen and as a reference standard in all subsequent assays . 

The ability of unlabelled purified hormones, some whose molecular 

structure were similar to CCK, to displace labelled CCK from 

combination with anti-serum was tested in the radioimmunoassay 

system. Insulin, secretin, glucagon, pentagastrin, caerulein and 

human growth hormone did not compete with 125I CCK for antibody 

sites in quantities ranging from 4 to 1,000 ng per tube (counts bound 

greater than 93%) (Figure 7). The C-terminal octapeptide of CCK 

(OP-CCK, gift from Dr. Miguel Ondetti, Squibb Laboratories), synthetic 

17-amino acid human gastrin 1 (SHG 1) and natural 34-amino acid 

human big gastrin (G-34, gift from Professor R.A. Gregory) did effect 

displacement of labelled CCK from CCK antibody but the lines of 

inhibition generated were not parallel to the dose response curve of 

99% pure CCK. (Figure 7) . Despite this an approximation was made 

and, co mpared to the mass of 99% pure CCK required for an equivalent 

displacement of labelled CCK from combination with antibody, the mass 
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of OP-CCK was twenty five times greater. Since there was only 

slight cross reaction with OP-CCK, which contains the biologically 

active segment of the molecule, it would appear that this antibody, 

as well as most other CCK antibodies yet reported, recognises chiefly 

the non-biologically active segment of the molecule . 

In order to test the ability of the assay system to measure 

CCK in serum, graded volumes (50 - 500 ul) of serum from a patient 

with Zollinger-Ellison syndrome were analysed in the radioimmunoassay. 

This patient previously had been shown to have high levels of CCK 

in serum. The dose response curve generated by 99% pure CCK was 

exactly parallel (Figure 8) . The data indicated that the concentration 

of CCK in volumes of human serum between 50 and 500}31 could be 

measured and accurately quantified in the radioimmunoassay system. 

It also demonstrated the immunological identity of endogenous human 

CCK with the porcine hormone used in the assay. 

To test the ability of the assay to distinguish between endogenous 

gastrin and CCK in serum, we obtained forty eight serum samples (from 

four individuals) collected before and at intervals after a meal to 

provide comparison of simultaneous gastrin and CCK corc entrations. 

The serum corcentrations (expressed as picograms per ml) were 

measured with a specific radioimmunoassay for gastrin (Rayford, 

Reeder & Thompson, 1975) and for CCK (this study). 

The mean basal concentration of serum gastrin was 95 - 18 pg/ml; 

this increased to a peak post-prandial level of 167 ± 77 pg/ml. Mean 

basal CCK concentration was 413 - 66 pg/ml. This level rose to a 
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post-prandial peak of 526 - 42 pg/ml. Comparison of the gastrin 

and CCK concentrations by unweighted linear regression analysis, 

resulted in the calculation of a correlation co-efficient (r) of .0.19 

(Figure 9) . This weak correlation suggests that serum CCK levels 

measured in the radioimmunoassay system were not influenced by 

changes in serum gastrin values . 

Reproducibility  

The reproducibility of the assay was tested in a study in which 

five replicate measurements (pg/ml) of CCK in human serum were made 

in four separate radioimmunoassays . The intra-assay co-efficient 

of variation was 4.5% and the between-assay co-efficient of variation 

was 12.5%. 

Discussion  

The anti-serum employed to develop the CCK radioimmunoassay 

was generated in rabbits -riith 16% pure CCK used as an immunogen. 

This anti-serum, at a final dilution of 1 : 2,500, bound approximately 

30% of both 16% pure and 99% pure radio-iodinated CCK. Since our 

anti-serum bound both 16% pure and 99% pure CCK with approximately 

the same degree of affinity, we conducted experiments to test the 

suitability of each of the CCK preparations for use as labelled tracer 

in the CCK radioimmunoassay. Amounts of labelled 99% pure CCK 

ranging up to 15 ng did not displace significant quantities of 

radio-iodinated 16% pure CCK from combination with our anti-serum. 

Perhaps the less pure CCK preparation contained substances, other 

than CCK, that hamper the ability of 99% pure CCK to compete 



• • 

1000- 

E 

ā 
c) 

800- 

600- 
U 

CC 400- 

200- 

r=0.I9 

• 

• 
• • • 

• • 	• 
• • 	 • 	•• 

• 
• 

• • 

•. 	• 	• 

• 
• 

• 
• 

0 100 200 300 400 

100 

SERUM GASTRIN, pg/m1 

Figure 9  Plot of Simultaneously Measured Concentrations of 
CCK and Gastrin from four Individual Patients in the 
Fasting and in the Post-Prandial State . Concentrations 
of Gastrin were used as the Independent Variable and 
Concentrations of CCK as the Dependent Variable . 
(Thompson et al, 1975, b) . 



101 

effectively with it for antibody sites or the anti-serum used in these 

studies contained antibodies to other constituents present in 16% 

pure CCK and that these other constituents were both radio-iodinated 

and also bound by antibody. 

It has previously been reported (Rayford at al, 1974) that 

a labelled porcine follicle-stimulating hormone (PFSH), contained 

contaminant that interfered with the ability of serum to displace 

the labelled compound in a quantitative fashion from combination 

with a specific PFSH anti-serum. Purification of the labelled 

PFSH by column chromatography or an anion-exchange resin 

(AG 1 x 10 chloride form) resulted in a labelled preparation that 

proved suitable for quantitatively determining amounts of PFSH 

in serum. 

When 16% pure CCK was emplDyed as both a labelled and an 

unlabelled antigen in combination with our anti-serum, the resultant 

dose response curve was 2 to 120 ng of 16% pure CCK. The results 

suggested that this combination of antigens was not optimal for 

measuring CCK concentrations in test samples and its use for dose 

interpolation was, therefore, inadvisable because of insufficient 

sensitivity. Reeder and associates (1973), however, used a different 

CCK anti-serum and 16% pure CCK as a labelled antigen and as a 

reference standard, to develop a specific CCK radioimmunoassay. 

This RIA was capable of detecting changes in endogenous levels of 

CCK during different physiological and stimulated states . 
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When 99% pure CCK was used as a labelled tracer with a 

1 : 2,500 dilution of our CCK anti-serum, linear dose response 

lines were generated by both 1.5 to 20 ng of 16% pure CCK and by 

0.04 to 2 ng of 99% pure CCK. Since 99% pure CCK was 

approximately twenty five times more immunopotent than 16% pure 

CCK, use of the less pure CCK preparation for dose interpolation 

would result in higher estimates of the concentration of CCK in 

test samples . On the other hand, potency estimates obtained using 

the "homologous" antigen system (99% pure CCK) were more 

consistent with expected physiological serum levels of CCK. Based 

upon these studies, we have employed 99% pure CCK as a labelled 

antigen to develop and validate the radioimmunoassay and, in 

addition, we have used 99% pure CCK as a reference standard for 

dose interpolation. 

Neither insulin, secretin, glucagon, pentagastrin, ceerulein 

nor growth hormone displaced significant amounts of labelled CCK 

from combination with CCK antibody. Synthetic human gastrin 1, 

octapeptide - CCK, and natural 34-amino acid human big gastrin 

did cross react in the assay system, but the inhibition lines generated 

by these preparations were not parallel to the dose response curve 

generated by 99% pure CCK. These data were used, however, to 

estimate the immuno-potency ratios of the compounds (on a mass 

basis); unlabelled CCK was approximately twenty five times more 

effective than the C-terminal octapeptide of CCK, 400 - 500 times 

more effective than natural human big gastrin in competing with 125I 
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CCK for antibody. The amount of cross-reactivity observed with 

gastrin should not adversely affect the determination of CCK in the 

serum of humans during most physiological and pharmacological 

states . Use of this immunological assay, however, for determination 

of serum CCK levels in patients with the Zollinger-Ellison syndrome 

(whose serum gastrin levels are extremely elevated) should be 

interpreted with caution. 

We have, therefore, used a specific anti-CCK rabbit serum 

and 99% pure CCK as both a labelled antigen and as a reference 

preparation to validate a sensitive, specific and accurate CCK 

radioimmunoassay. This radioimmunoassay has been employed 

to measure (in man and experimental animals) the endogenous release 

of CCK and levels after exogenous administration, the results of 

which are the subjects of the ensuing chapters . 
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CHAPTER 3 

CCK LEVELS IN MAN AND EXPERIMENTAL ANIMALS  

1. Concentrations of CCK in Man  

Several investigators have reported the development and 

validation of specific radioimmunoassays which are sensitive 

enough to measure concentrations of CCK in serum. There was 

generally good agreement among these investigators concerning 

increased levels of CCK in healthy, normal subjects after the 

ingestion of a meal. Harvey et al (1973) reported "very considerably 

raised" fasting serum CCK concentrations in patients with pancreatic 

exocrine deficiency. Studies have not been conducted, however, 

to determine the temporal pattern of food stimulated release of CCK 

in normal man and patients with various pathological conditions . 

Materials and Methods  

Studies were performed on sixty subjects : informed consent 

was obtained from each person. 

Food Study 

The effect of the administration of a liquid test meal (250 g 

of Sustagen - a commercial product in current use as a test meal 

by the Department of Surgery, Galveston - containing 166 g of 

carbohydrate, 59 g of protein and 9 g of fat) on the circulating 

level of CCK, was studied in sixteen normal subjects, thirteen 

insulin dependent diabetic patients, twelve patients with proven 

duodenal ulcer (pre-operative), eight proven duodenal ulcer patients 
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studied two to sixteen weeks after selective proximal vagotomy 

and eleven patients with histologically proven Zollinger-Ellison 

syndrome, studied at various periods after total gastrectomy. 

They were fasted for at least fourteen hours prior to the study and 

blood samples were collected twice before the meal and at regular 

intervals after. All blood samples were centrifuged, serum collected 

and stored at -20°C awaiting later radioimmunoassay for CCK. 

Statistical Note  

Results are expressed as the mean - one standard error. 

The student "t" test was used to analyse the data for statistical 

significance of differences between means . Differences with a P 

value of lass than 0.05 were considered significant. 

Results 

Normal Man  

The mean basal concentration of CCK in sixteen normal subjects 

was 728 - 84 pg/ml. This level rose to a peak at sixty minutes after 

food to 1, 079 - 101 pg/ml and four hours later was still elevated 

(1,146 - 143 pg/m1). Samples obtained at thirty, sixty, ninety, 

one hundred and eighty and two hundred and forty minutes after 

food were elevated significantly above basal (Figure 10) . 

Diabetics  

In thirteen insulin dependent diabetic patients, the mean basal 

concentration of CCK was 542 - 94 pg/ml, which rose briskly after a 

meal to a peak of 797 - 112 pg/ml at fifteen minutes. Only the five 

minute and the fifteen minute samples were elevated significantly 
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Figure 10  Concentrations of Serum CCK in 16 Normal Subjects 
before and at Different Time Periods after the Ingestion 
of a High Protein, High Carbohydrate Liquid Meal. 
Asterisks identify values which are elevated 
significantly above basal. (Thompson et al, 1975,   b) . 
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above basal. At ninety minutes, the value was 604 - 78 pg/ml and 

at one hundred and eighty minutes, the concentration was 

636 - 118 pg/ml (Figure 11) . 

Duodenal Ulcer Patients (Pre-Operative)  

The mean basal concentration of CCK in twelve pre-operative 

patients with duodenal ulcer was 630 - 71 pg/m1, which rose rapidly 

to a peak of 1,003 - 194 pg/ml at fifteen minutes . Post-prandial 

concentrations of CCK in pre-operative patients were elevated 

significantly above basal levels at five, fifteen and thirty minutes 

At one hundred and eighty minutes after food, serum CCK was 

741 - 77 pg/ml (Figure 12). 

Duodenal Ulcer Patients (Post-Operative)  

In eight duodenal ulcer patients after selective proximal vagotomy, 

the mean basal concentration of CCK was 709 - 95 pg/ml, which rose 

to 1,305 - 299 pg/ml at thirty minutes . Only the fifteen minute and 

thirty minute post-prandial sample times were elevated significantly 

above basal, and the concentration of CCK at one hundred and eighty 

minutes after eating was 614 - 59 pg/ml (Figure 12) . The observed 

differences between values in pre-operative and in post-operative 

duodenal ulcer patients were not significant. 

Zollinqer-Ellison Patients (Post-Operative) 

The mean basal concentration of CCK in serum of eleven patients 

with the Zollinger-Ellison syndrome (after total gastrectomy) was 

1,628 - 320 pg/ml . Because of wide variations among patients, 

this concentration was assigned a value of 100% and post-prandial 



108 

--E.  
1000-  

 
cn  900-  
a 
v 800-  

V 700- 	I 2 
cr 600- II. 

 
co 500- 

13 DIABETIC PTS. 

  

I 

 

 

400- 

0 	30 

 

610 	90 	120 150 	I60 
MINUTES 

Figure 11 Concentrations of CCK in the Serum of 13 Insulin-
Dependent Diabetic Patients before and at Different 
Time Periods after the Ingestion of a High Protein, 
High Carbohydrate Liquid Meal. 
Asterisks identify values which are elevated 
significantly above basal. (Thompson et al, 1975, b). 
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Figure 12  CCK Concentrations in 12 pre-operative Patients 
with Duodenal Ulcer and in 8 Patients studied at 
Varying Time Periods after highly Selective Vagotomy. 
Asterisks identify values which were significantly 
elevated above basal. The differences in 
concentrations obtained from pre-operative 
patients were not significant as compared with 
post-operative patients . (Thompson et al, 1975, b) . 
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levels were compared to it. The peak post-prandial concentration 

of 140 - 18% was achieved at fifteen minutes; samples at fifteen, 

sixty and ninety minutes after food were elevated significantly above 

basal. By one hundred and eighty minutes, CCK concentrations had 

returned to basal (Figure 13) . 

Discussion  

Basal concentrations of CCK in normal subjects in this study 

were measured at about 700 pg/ml, a value that is considerably 

lower than that reported by Reeder and associates (1973) from the 

same laboratory when mean basal CCK concentrations varied between 

4.8 and 17.8 nanograms/ml. Harvey and his colleagues (1973, 1974) 

have reported mean fasting levels in man of between 25 pg/ml and 

60 pg/ml. This difference may be due to the use of different anti-sera 

and standards and/or antibody specificity. CCK has been reported 

to exist in at least two molecular forms, the 33 amino acid molecule 

(CCK-33) and a 39 amino acid variation (CCK-39) (Debas & Grossman, 

1973; Mutt & Jorpes, 1968, b) and probably three molecular forms, 

the third representing the octapeptide of CCK (Harvey et al, 1973). 

The antibody used (Harvey et al, 1973, 1974) might recognise only one 

molecular form, as Hansky and colleagues (1974) found with a specific 

gastrin antibody, and also more recently a G-17 spe cific antibody 

demonstrated by Taylor and Dockray (1976) . One CCK antibody 

developed with porcine CCK as immunogen, .was found not to cross 

react with human CCK (Go, Ryan & Summerskill, 1971) . 
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Figure 13  Concentrations of Serum CCK in 11 Patients with the 
Zollinger-Ellison Syndrome studied at varying Periods 
after Total Gastrectomy. Samples were obtained before 
and at Different Time Periods after the Ingestion of a 
High Protein, High Carbohydrate Liquid Meal. 
Asterisks identify values which were elevated 
significantly above basal. (Thompson et al, 1975, b). 
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Although our present antibody for CCK reacts only slightly with 

17 amino acid synthetic gastrin and with 34 amino acid gastrin 

(Figure 7), and although there seems to be little correlation between 

levels of serum gastrin and levels of CCK in the same patients (Figure 9) 

it is still important to note that results of this assay when used for 

determination of serum CCK levels in patients with the Zollinger-

Ellison syndrome (whose serum gastrin levels are often extremely 

high) should be interpreted with caution. In practice, we found 

no correlation between high levels of gastrin and high levels of 

CCK in patients with the Zollinger-Ellison syndrome . (For example, 

one patient had a serum gastrin level of 26, 000 pg/ml and a CCK 

level of 1,200 pg/m1. Another patient had a serum gastrin value of 

4,000 pg/ml and a serum CCK concentration of 1,800 pg/m1). The 

mean basal concentration of 1, 628 pg/ml in the Zollinger-Ellison 

patients in Figure 13, therefore, may be genuine . The administration 

of a high protein, high carbohydrate liquid meal evoked a release 

of CCK that was more rapid in diabetic patients and in patients with 

duodenal ulcer than in normal subjects and there was a greater 

prolongation of elevated CCK levels in normal subjects than in 

diabetic or duodenal ulcer patients . Diabetic patients and ulcer 

patients showed a significant elevation of CCK levels at five minutes 

after the liquid meal; significant elevations were not achieved in 

normal subjects until thirty minutes. These differences appear to 

be real, but their significance is not apparent. Studies on the rates 

of gastric emptying were not performed. An increase in the rate of 

emptying might be expected in ulcer patients, but not in diabetic 

patients . 
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Reeder and .associates (1973) reported significant elevations 

of CCK at thirty minutes after a fatty meal of fried eggs, bacon, 

sausage, buttered toast and cream. In the present study, CCK levels 

in normal subjects, increased steadily and significantly at thirty, 

sixty, ninety, one hundred and eighty and two hundred and forty 

minutes after food and the level was relatively constant from thirty 

minutes to the end of the four hour test period (Figure 10) . Harvey 

and colleagues (1973) measured CCK levels in five healthy subjects 

after the ingestion of a pint of milk . They reported basal CCK levels 

of 25 pg/ml which rose to between 8 and 16 ng/ml within thirty 

five minutes and thereafter declined rapidly, approaching basal within 

forty five minutes . This represents a CCK increment of between 8,000 

and 16, 000 pg/ml as compared to an increment of approximately 

400 pg/ml in this current study. This disparity is probably related 

to the use of different anti-sera and standards in the radioimmunoassay 

used but could be related to the type of food stimulus with the high 

fat content in milk providing a more potent stimulus for CCK release . 

Also, as our subjects received a high protein and high carbohydrate 

liquid meal with higher osmolarity than the milk given by Harvey 

and associates (1973), the prolonged elevation of CCK in our 

patients may be due to retention of the hyper-osmolar material 

in the stomach. 

Thompson, Reeder and Bunchman (1972); Thompson et al 

(1975, c) have shown that Zollinger-Ellison patients, after gastrectomy, 

have, uniformly, a brisk serum gastrin response to a meal, a 

response that apparently results from the release of tumour gastrin 

by the meal. If the high CCK values measured after food in the 
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Zollinger-Ellison patients represent true elevations of CCK, the 

source of the large amounts of CCK might be the tumour. A CCK 

concentration of 0.85 ug/g of tumour has, however, been measured 

by Thompson and associates in a Zollinger-Ellison tumour that had 

a gastrin concentration of 587 ,ug/g (unpublished data) . This 

gastrin/CCK ratio of 690: 1 is within the range of cross-reactivity 

of the CCK assay (Figure 7) . This does not preclude the presence 

of significant concentrations of CCK in the tumour, nor does it 

support that possibility. 

2. Concentrations of CCK in Experimental Animals  

A. Dogs  

1. Amino Acid Release of CCK  

Konturek et al (1973) tested the ability of essential and 

non-essential amino acids to stimulate the release of CCK in 

dogs using a bioassay procedure . This was based on the perfusion 

of duodenojejunal Thiry-Vella loops and determining the increase in 

pancreatic protein response as well as the potentiation of pancreatic 

bicarbonate secretion induced by a background dose of secretin 

(0.2 units/kg/hr). All essential amino acids except threonine and 

all non-essential amino acids except cysteine and aspartic acid 

were effective in CCK release when perfused in equimolar concentration 

(50 mM) through the intestinal loop. The highest activity for release 

of CCK was exhibited by tryptophan and phenylalanine, which were 

also shown to release small amounts of secretin. The peak pancreatic 

protein response to tryptophan was 80% of the maximal response to 

exogenous CCK (25 units/kg/Hr). 
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Accordingly, for assessment of CCK release as measured by 

radioimmunoassay, similar Thiry-Vella loop preparations were made 

and phenylalanine and tryptophan were chosen for the perfusion in 

the concentrations successfully employed by Konturek at al (1973). 

Materials and Methods  

Fifteen mongrel dogs were prepared with a 60 cm Thiry-Vella 

(TV) loop, the proximal line of resection beginning at the tail of the 

pancreas . After allowing three weeks for recovery, the dogs were 

used for a series of experiments . In each experiment, the TV loop 

was perfused with a 50 mM solution of L-phenylalanine and 

L-tryptophan, each made up to 300 milliosmols/litre at pH 7 on 

the day c the experirre nt. This solution was given at a rate of 

1.53 ml/minute for forty five to sixty minutes by an infusion pump 

(Harvard apparatus) . In all the experiments, duplicate basal blood 

samples were drawn through a venous catheter placed in a hind leg 

vein and additional samples were taken at regular intervals during the 

perfusion. The samples were immediately centrifuged and serum 

collected and frozen at -20°C awaiting later radioimmunoassay for 

CCK levels . 

Statistical Methods  

Results are expressed as the mean of determinations - one 

standard error and also as a percentage change from basal. Integrated 

CCK* was computed by a method previously described (Thompson et 

al, 1972). Significance of the data was determined by students "t" 

test and differences with a 'P' value of less than 0.05 were considered 

significant. 

*Appendix 2 
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Experiments were divided into three major groups: 

Group A. Six of the Thiry-Vella loop dogs were placed in harness in 

Pavlov stands . An intravenous catheter was placed in a hind leg vein 

for blood sampling . The infusion apparatus was then set up to 

include a Foley urinary catheter at the and of the infusion line. This 

was introduced into the proximal end of the Thiry-Vella loop. The 

balloon was gently inflated, just enough to prevent the catheter from 

falling out. A saline infusion was then given in place of the amino 

acid infusion and the series of blood samples were taken over a two 

hour period. 

Group B. Ten awake dogs were prepared in an identical manner 

but received an infusion into the Thiry-Vella loop of the mixture 

of amino acids for sixty minutes . Blood samples were taken before, 

during and after the infusion for a total period of two hours . 

Group C. Five dogs were anaesthetised with intravenous sodium 

Pentobarbital (25 mg/kg) . The infusion and sampling lines were 

connected to the animal in the same manner as previously and 

approximately fifteen minutes after the induction of anaesthesia 

basal blood samples were taken and the infusion of amino acids 

commenced. On this occasion, the infusion was limited to forty 

five minutes as this was the period of time the dogs remained 

adequately anaesthetised. Blood samples were taken regularly for 

estimation of CCK concentration. 
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Results  

Group A. Serum CCK levels obtained throughout a two hour saline 

perfusion of the Thiry-Vella loops revealed persistent basal values 

with levels between 750 and 800 pg/ml . (Figure 14) . 

Group B. Awake dogs had a mean basal concentration of CCK of 

658 - 38 pg/ml. The response to the amino acid infusion was prompt 

but the peak value for CCK obtained for each individual animal 

ranged between fifteen and forty five minutes after onset of the 

infusion (Table 8) . When mean values were estimated for each 

blood sampling time, the peak CCK concentration occurred thirty 

five minutes after starting the infusion (Figure 14) . Statistically 

CCK levels were significantly elevated above basal at twenty five 

and thirty five minutes . For easier interpretation of the data, 

however, the peak CCK concentration was taken for each dog and a 

mean peak value of 1,537 - 204 pg/ml was obtained (Table 9) . 

This response is significantly elevated from basal (P <0.01).  This 

peak represents an average percentage increase from basal of 

146% (Table 9) . 

Group C. Five anaesthetised dogs demonstrated greatly reduced 

CCK levels (Table 10) but had a mean basal concentration of CCK 

314 - 61 pg/ml and a mean peak response of 501  83 pg/ml. This 

response is also significantly elevated from basal (P~.0.01) and 

represents an average percentage increase of 65% (Table 11). 
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Figure 14  Concentrations of Serum CCK in 10 Dogs receiving 
Perfusion of a Thiry-Vella Loop with a mixed 
Amino Acid Solution and in 6 Dogs int th Saline 
Perfusion of the Thiry-Vella Loop. 
Asterisks denote levels significantly raised from basal. 
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SERUM CHOLECYSTOKININ (pg/m1) 

Animal/Minutes 0 5 10 15 20 25 30 35 45 60 90 120 

Dog 	1 425 428 396 659 1000 587 700 1970 747 698 740 992 
Dog 	2 687 1060 718 996 698 1500 503 536 494 682 431 689 
Dog 	3 734 558 799 1190 847 940 580 1160 334 583 942 506 
Dog 4 810 635 1130 661 587 829 1200 734 1160 773 536 694 
Dog 	5 646 647 1254 727 688 719 766 1447 858 596 579 540 
Dog 	6 516 559 744 716 649 722 738 1241 1193 600 679 127 
Dog 	7 758 683 727 730 790 1390 979 728 811 765 754 728 
Dog 	8 581 591 577 531 532 636 706 1391 1154 633 588 624 
Dog 	9 682 788 832 702 733 664 667 2934 3183 743 652 754 
Dog 10 743 651 754 636 829 853 857 697 725 796 730 963 

Mean 658 660 793 755 735 884 770 1284 1066 687 663 662 

S.E.M. 38 53 78 61 43 100 64 230 252 25 45 78 

Student "t" test - 0.03 2.099 1.55' 1.2 2. 59*  1.92 2.5*  1.59 0.8 0.08 	0.009 

TABLE 8 CCK LEVELS IN 10 DOGS RECEIVING A 60 MIN. AMINO'  
ACID PERFUSION OF A THIRY-VELLA LOOP 

Asterisks denote levels significantly raised from basal. The peak 
CCK level for each dog is underlined. 
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SERUM CHOLECYSTOKININ (pg/ml) 

Animal/Time Basal Peak Percentage 
Increase 

Dog 	1 425 1970 '364 
Dog 	2 687 1500 118 
Dog 	3 734 1190 62 
Dog 	4 810 1200 47 
Dog 	5 646 1447 124 
Dog 	6 516 1241 140 
Dog 	7 758 1390 83 
Dog 	8 581 1391 139 	. 
Dog 	9 682 3183 366 
Dog 10 743 857 15 

Mean 658 1537 146 

S. E. M. 38 204 39 

Student "1" test - Basal to peak : t = 4.07 : p < 0.01 

TABLE 9 INDIVIDUAL BASAL AND PEAK CCK LEVELS IN 10 DOGS  
DURING A 60 MIN. AMINO ACID PERFUSION OF A  
THIRY-VELLA LOOP  

Peak levels as a percentage increase from basal are also shown. 
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SERUM CHOLECYSTOKININ (pg/ml) 

Animal/Minutes Basal 10 25 27 29 31 33 35 40 45 

Dog 1 133 244 133 133 111 136 240 133 133 203 
Dog 2 289 318 322 342 301 252 266 395 153 378 
Dog 3 446 439 365 449 481 666 494 558 438 490 
Dog 4 454 535 620 163 494 448 541 680 158 472 
Dog 5 250 384 334 296 266 335 422 522 338 461 

Mean 314 384 355 277 331 357 393 456 246 401 

S. E. M. 61 50 78 58 72 90 60 93 60 53 

Student "t" test - 2. 67 0.97 0. 58 1.47 1. 14 2.42 2.97 1.03 2.58 

TABLE 10 CHOLECYSTOKININ LEVELS IN 5 ANAESTHETISED DOGS  
RECEIVīNG A 45 MINUTE AMINO ACID PERFUSION OF 
A THIRY-VELLA LOOP  

Peak CCK levels for individual animals are underlined. 
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SERUM CHOLECYSTOKININ (pg/ml) 

Animal/Time 
. 

Basal Peak Percentage 
Increase 

Dog 1 133 240 80 
Dog 2 289 395 37 
Dog 3 446 666 49 
Dog 4 454 680 49 
Dog 5 250 522 109 

Mean 314 501 65 

S. E. M. 61 83 13 

Student "t" test - Basal to peak : t = 5. 5 : p<0.  01 

TABLE 11 
	

BASAL AND PEAK CCK LEVELS IN 5 ANAESTHETISED DOGS  
DURING A 45 MINUTE AMINO ACID PERFUSION OF A  
THIRY-VELLA LOOP 

Peak levels as a percentage increase from basal are also shown. 
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When Group B and Group C were analysed statistically using 

the student "t" test for unpaired data, both basal and peak responses 

in the two groups were significantly different (Pz. 0.01) (Figure 15). 

Because the basal values of the two groups were significantly 

different, integrated CCK levels were obtained for the forty five minute 

infusion period. The awake dogs had a mean CCK response of 

8,038 2,155 pg-min/ml and the anaesthetised dogs 1,539 - 895 

pg-min/ml (Figure 16) . This difference was also significant (P C0.05).  

Discussion  

These data demonstrate a significant release of CCK with 

perfusion of a Thiry-Vella loop with amino acid solution. The 

determination of CCK concentration by radioimmunoassay in this 

study, confirms the release of CCK described by Konturek at al (1973) 

using a bioassay technique . Perfusion of the Thiry-Vella loop with 

saline, at a rate of 1.53 ml/min did not release CCK and persistent 

basal values were recorded. These values of between 750 and 

800 pg/ml are almost identical to those obtained for basal values 

in humans . The temporal pattern of CCK released by the amino 

acid infusion varied for each animal but peak release occurred 

approximately thirty minutes after onset of the infusion. Peak 

values were obtained, however, between fifteen and forty five 

minutes necessitating mean basal to peak changes to be used in 

estimation of significance . Statistical analysis confirmed a 

significant response from basal to peak (P < 0.01) . This peak 

represented an average increase from basal of 146%. In the 
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group of animals that were anaesthetised prior to amino acid 

infusion, the release of CCK was vary much reduced. The 

response, although still significant from basal to peak, represented 

an average increase from basal of only 65%. When the group of 

awake and anaesthetised animals were compared statistically, there 

was a significant difference between the two groups . Because it 

was noted that the basal values in these groups were also significantly 

different an integrated CCK level for the infusion period was calculated. 

Again statistically the CCK release in the awake dogs was significantly 

higher than that in the anaesthetised dogs . 

These findings of an inhibition of CCK release by anaesthesia 

confirm the original observation by Ivy and Oldberg (1928, b) who 

demonstrated a reduced "CCK-like" effect in anaesthetised animals . 

Similarly, Hong, Magee and Crewdson (1956) demonstrated, using 

a bioassay technique, that there was inhibition of CCK release by 

local anaesthesia applied to the duodenum and also a reduction in 

bioassay response to hydrochloric acid perfusion of a Thiry-Vella 

loop following Pentobarbital induced anaesthesia. 

Recently, Evans at al (1974, b)  demonstrated in dogs that, during 

intravenous Pentobarbital induced general anaesthesia, there was 

an inhibition of gastric acid secretion to endogenous serum gastrin 

stimulated by acetylcholine perfusion of the antrum. Peripheral 

circulating levels of serum gastrin, however, were increased suggesting 

that the effect of the anaesthesia was primarily on the target, parietal 

cell. If one compares the responses of CCK and gastrin to Pentobarbital 
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induced anaesthesia, it would seem that under comparable conditions 

the site of action of the anaesthesia is different for the two hormones; 

predominantly the parietal cell for gastrin but primarily on the 

release mechanism for CCK. 

One concludes from these data that CCK is adequately released 

by amino acid perfusion of the proximal small bowel in the dog and 

that this release is greatly inhibited, but not abolished, by Pentobarbital 

induced general anaesthesia. 

2. The Adrenergic Release of CCK  

The adrenergic release of gastrin was first noted by Hayes 

et al (1972) who reported that the intravenous infusion in dogs of 

adrenaline in doses 250 to 4,000 ng/kg/min produced a significant 

threefold rise in the plasma gastrin level. They also had two patients 

with phaeochromocytoma in whom they found elevated plasma gastrin 

levels which were reduced to normal with both the administration of 

phenoxybenzamine, an alpha receptor blocker, and the later removal 

of the tumour. Stadil and Rehfeld (1973) further found that in normal 

subjects adrenaline given intravenously for ten minutes in doses 

from 25 to 75 ng/kg/min caused a significant increase in serum 

concentration of gastrin and in gastric acid secretion. Prior 

administration of Pindolole, a beta adrenergic blocking agent, 

completely suppressed the effect. 

Because from these studies, it seemed that alpha and beta 

receptor blockade can effectively suppress the gastrin response to 

adrenaline, we conducted experiments in dogs, giving selective 

alpha and beta stimulants intravenously - Noradrenaline and 

Isoprenaline respectively - to see if either or both would release 

CCK (and gastrin) and stimulate acid secretion. 
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Materials and Methods  

Eight healthy mongrel dogs weighing between 12 and 25 kg 

were studied. Each dog was prepared with a Heidenhain pouch and 

allowed to recover for three weeks . Each dog was then given 1 mg 

of histamine.  subcutaneously to check the pouch for adequate acid 

secretion before the studies were commenced. On the day immediately 

prior to each dog's first study day, catheters were placed in the 

internal carotid artery and external jugular vein for measurement of 

blood pressure and pulse rate and blood sampling respectively. These 

catheters were brought out subcutaneously on to the back of the dog's 

neck and a three-way stop-cock was attached to each catheter and 

then sewn to the skin. Continuous patency of the catheters outside 

experimental periods was achieved by keeping Heparin (125 iu/ml 

of saline) in the catheter dead space . Daily flushing of the catheters 

was also used to ensure patency . Plaster of Paris collars were 

constructed for each dog for protection of the catheters . 

Experimental Design  

For each experiment, six dogs were used and on each study 

day, the dogs had been deprived of food but not water for sixteen 

hours prior to investigation. Dogs were placed in harnesses on 

Pavlov stands and an intravenous catheter was inserted into a hind 

leg vein for infusing test drugs . A continuous infusion of normal 

saline solution was given at a rate of 1.53 ml/min by an infusion 

pump (Harvard apparatus) and test drugs were added to the saline 

infusion in amounts needed to give the desired dose. 



129 

The two drugs to be given, Noradrenaline (Levophed) and 

Isoprenaline (Isuprel) were given in six different doses for periods 

of thirty minutes each. Forty five to sixty minutes were allowed 

between doses . The dogs on each study day received three dose 

ranges of the same drug. The doses given were 15, 30 and 60 ng/kg/min 

or 100, 500 and 1,000 ng/kg/min of either Noradrenaline or Isoprenaline. 

Therefore, during the study, each animal would receive the full six 

doses of each of the two experimental drugs. 

Blood samples were taken at regular intervals throughout the 

experimental periods and serum collected and stored at -20°C for 

later radioimmunoassay of CCK. 

Gastric acid secretion from the Heidenhain pouches was collected 

for a thirty minute basal period and at fifteen minute intervals 

throughout the experiments . .Acid output was calculated by titration 

with 0.1 N NaOH using phenol red as indicator. 

In order to confirm potency of the test drug being used, blood 

pressure and pulse rates were recorded by a polygraph (Electronics 

for Medicine) . 

Statistical Methods  

All results are expressed as the mean of determinations - one 

standard error of the mean and significance of the data was evaluated 

by analysis of variance with two-way classification. 

Results 

As indicated by our monitoring of blood pressure and pulse 

rate all infusion doses of Noradrenaline produced expected cardiovascular 

changes. This was also true for Isoprenaline, except the 15 and 

30 ng/kg/min doses which showed some variability in response. 
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Heidenhain Pouch Gastric Acid Secretion  

No significant production of acid was achieved by any dose 

of the two test drugs and the general effect of the adrenergic stimulants 

appeared to be 1 suppression of secretion rather than stimulation. 

To ensure the Heidenhain pouches were still capable of acid production 

each dog, after completion of the study, received 1 mg of histamine 

subcutaneously. All pouches produced equivalent amounts of acid 

when compared to pre-study histamine stimulation. 

Isoprenaline  

When 15, 30 and 60 ng/kg/min dosages of Isoprenaline were 

given no significant release of CCK was recorded (Figure 17) . Basal 

CCK was 484 -+  15 pg/m1 and the highest recorded value of 525 - 32 pg/ml 

was obtained immediately prior to the 30 ng/kg/min infusion, sixty 

minutes after completion of the 15 ng/kg/mir. infusion. 

During the 100, 500 and 1,000 ng/kg/min Isoprenaline infusions, 

a significant release of CCK was obtained (Figure 18) . The basal 

value of CCK was 552 - 20 pg/mi. The highest recorded value of 

731 - 27 pg/ml occurred ten minutes after the onset of the 500 ng/kg/min 

infusion. By analysis of variance, the three doses taken as a group 

produced CCK levels which were significantly elevated above basal 

(P 40.01).  When each infusion dose was analysed separately, the 

significant response was in the 100 ng/kg/min infusion (P 1-0.05) 

and the further increase in CCK levels following the 500 ng/kg/min 

infusion failed to reach significance . 
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Figure 17 
	Serum CCK Concentrations in 5 Dogs receiving 

Intravenous Infusions of either Noradrenaline or 
Isoprenaline at 15, 30 or 60 ng/kg/min Dosage . 
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Figure 18 
	Serum CCK Concentrations in 6 Dogs receiving 

Intravenous Infusions of either Noradrenaline 
or Isoprenaline at 100, 500 or 1,000 ng/kg/min 
Dosage. 
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Noradrenaline  

No significant release of CCK was achieved with any dose of 

Noradrenaline (Figures 17 & 18) . Basal CCK concentrations prior 

to the low dose infusion was 442 - 17 pg/ml and the highest recorded 

value of 529 - 32 pg/ml occurred ten minutes after onset of the 

60 ng/kg/min infusion. Prior to the higher dose infusion range the 

basal CCK concentration was 565 - 17 pg/ml reaching a maximum 

value of 647 - 40 pg/ml twenty minutes after the onset of the 

100 ng/kg/min infusion. 

Discussion  

Evidence for the adrenergic release of gastrin is now quite 

strong (Hayes at al, 1972; Stadil & Rehfeld, 1973 and Brandsborg, 

Brandsborg & Christensen, 1975) . Whether this effect is related to 

the alpha or the beta component of adrenaline stimulation has still 

not been demonstrated. The use of both alpha and beta receptor blockade 

(Hayes at al, 1972; Stadil & Rehfeld, 1973) has been shown to suppress 

the adrenergic release of gastrin and beta receptor blockade has 

also been shown to decrease the acid response to hypoglycaemia 

in vagotomised patients (Read, Thompson & Hall, 1972) and to adrenaline 

induced acid secretion (Stadil & Rehfeld, 1973) . 

The effect of catecholamines on gastric acid secretion is also 

still controversial and both stimulatory and inhibitory actions have 

been ascribed to adrenaline (Jacobson, 1965) . In this study, in 

terms of gastric acid secretion, we tend to confirm the work of Pradhan 

and Wingate (1962) who demonstrated that there was inhibition of 

food-, -bethanecol-, and histamine-induced gastric acid secretion 
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by adrenaline, noradrenaline and isoprenaline (isoprenaline was the 

most potent inhibitor) . With this in mind, our data indicates that 

with a 100 ng/kg/min infusion of isoprenaline, a small but significant 

release of CCK occurred. During the study-day, levels were maintained 

above basal having steadily increased to a maximum level ten minutes 

after onset of the 500 ng/kg/min infusion at one hundred and thirty 

minutes, and thereafter falling but still remaining above basal. The 

subsequent 1,000 ng/kg/min infusion appeared not to release any 

further CCK. The possibility is, therefore, that release of CCK 

occurred with the 100 ng/kg/min infusion and was, therefore, maintained 

above basal with some potentiation by the 500 ng/kg/min infusion but' 

with no further potentiation by the 1,0G0 ng/kg/min infusion. Explanations 

for this latter finding may be that release has become refractory to 

the stimulus or the stores of CCK have been depleted. Similar 

findings were demonstrated by Berry and Flower (1971) in cats using 

a bioassay technique for CCK_ measurement. The repeated stimulation 

of the intestine by the same agent during the course of a single 

experiment gave decreasing releases of CCK and the release of CCK 

by strong stimuli could not be repeated. 

CCK has been shown to inhibit gastrin induced acid secretion 

by competitive inhibition (Gillespie & Grossman, 1964; Johnson 

& Grossman, 1970). This demonstration of significant release of 

CCK with isoprenaline may explain Pradhan's demonstration of 

isoprenaline as the most potent inhibitor of gastric acid secretion 

among the adrenergic drugs that he studied. It does not, however, 

explain the demonstration that beta receptor blockade diminishes 
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acid secretion both in response to insulin induced hypoglycaemia 

(Read, Thompson & Hall, 1972) and adrenaline induced acid secretion 

(Stadil & Rehfeld, 1973) . 

B. Release of CCK in Cats  

The release of gastrin in the cat has been shown under several 

experimental conditions to be very similar to the release in man. This 

is particularly true for gastrin release and gastric secretion in response 

to calcium administration (Becker at al, 1973) . 

Because of this similarity in gastric secretory response, the 

cat was chosen as an experimental animal to assess the release of 

CCK. A simple experiment was designed using cats that had been 

previously prepared for study of the extra antral release of gastrin. 

This study had necessitated antrectomy in the animals by a technique 

that will be described, and allowed perfusion of the duodenum and 

upper jejunum of the cat by test infusions. The test infusion chosen 

to assess release of CCK from the upper small bowel was a mixture 

of. the L-amino acids, phenylalanine, tryptophan and glycine. 

Phenylalanine and tryptophan were employed after consideration 

of the results obtained by Konturek et al (1973) (previously described, 

p. 135) and glycine was added to the infusion mixture in an attempt 

to release extra-antral gastrin (not this study), as glycine has been 

shown to be one of the most potent amino acids for stimulation of 

gastric acid secretion probably by the release of gastrin (Elwin, 1974) . 
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Materials and Methods  

a. Operative Procedure  

Four cats weighing between 2 and 5 kg were used. They 

were anaesthetised with intra-peritoneal Pentobarbital and antrectomy 

was performed; the proximal line of resection was 1 cm proximal 

to the incisura  angularis . The distal line of resection was immediately 

beyond the pylorus . Completeness of antrectomy was confirmed by 

histological evaluation of the resected specimen. Reconstitution 

of the alimentary tract was accomplished with an end-to-end anastomosis 

of the stomach with the jejunum and a Roux-an-Y end-to-side 

jejuno-jejunostomy was performed 10 cm distal to the ligament of. 

Treitz (Figure 19). A small flanged plastic cannula was brought out 

through the duodenal wall and the anterior abdominal wall. The 

duodenal stump was closed. The cannula was designed so that it 

could be closed between studies preventing the loss of pancreatic 

and bowel secretions. 

b. Experimental Design  

The test solution of a mixture of the L-amino acids, phenylalanine, 

tryptophan and glycine, each made up to a 50 mM solution with an 

osmolarity of 300  mi llios mols/litre at pH 7, was made up on the day 

of the experiment. Prior to each study, the cats were restrained in 

harnesses mounted on wooden frames and an intravenous catheter 

was inserted via a hind leg vein into the femoral vein for blood 

sampling. Normal saline solution was infused directly into the 

duodenal cannula for thirty minutes at a constant rate of 20 ml/hour 

using a Harvard apparatus infusion pump. The test infusion was then 

given at the same rate for the next thirty minutes, after which saline , 
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Figure 19 	Diagram of the Intestinal Preparation in Cats used 
to demonstrate CCK Release by Infusion of a Mixture 
of Amino Acids into the Proximal Small Bowel via a 
Duodenal Cannula. 
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was again infused for thirty minutes . Basal blood samples for 

estimation of CCK concentration were taken at the completion 

of the first saline infusion, and thereafter at regular intervals 

during the test infusion and for ninety minutes after completion 

of the infusion. 

Before each test day, the animals were deprived of food but 

not water for sixteen hours prior to the investigation. Each experiment 

was performed twice on three of the four cats giving a total of seven 

experiments . 

All blood samples were centrifuged immediately and serum was 

collected and stored at -20°C for subsequent radioimmunoassay for 

CCK concentration. 

Statistical Methods  

The results are expressed as the mean of determinations 
1 

- one standard error of the mean. Differences between the means 

were determined by student "t" test; a P value of less than 0.05 

was considered significant. 

Results  

Basal CCK concentration in the seven experiments on the four 

cats was 724 - 49 pg/m1 with the mean peak response occurring 

thirty minutes after completion of the amino acid infusion when the 

CCK concentration had ra-a ched 1, 011 - 278 pg/ml. At the and of 

the amino acid infusion, however, the CCK -concentration had already 

reached 1,005 - 216 pg/ml . Sixty minutes following completion of 

the amino acid infusion, CCK concentration had returned to below 

basal level at 670 - 42 pg/ml and remained below basal until the 

end of the study period (Figure 20) . 
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Figure 20  Serum CCK Concentrations in 4 Cats who received 
an Amino Acid Infusion into their Proximal Small 
Bowel for Thirty Minutes 
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Because the peak release of CCK for each cat varied between 

fifteen minutes and sixty minutes after the onset of the amino acid 

infusion (Table 12), basal to peak responses and percentage increase 

from basal were calculated for each cat (Table 13). The mean CCK 

concentration for the peak responses was 1,333 - 233 pg/ml . This 

level is significantly raised from basal (P.0.05). The mean 

percentage increase from basal was 83%. 

✓isc'ussion  

The release of CCK from the duodenum and jejunum in the cat 

confirms previous investigators who described, by bioassay technique, 

that intestinal perfusion with essential amino acids resulted in the 

liberation of CCK and subsequent stimulation of pancreatic enzyme 

secretion (Wang & Grossman, 1951; Meyer & Grossman, 1972; Go, 

Hofmann & Summerskill, 1970; Meyer & Grossman, 1970; Konturek at al, 

1373). 

The release of CCK from the upper s mall intestine of the cat 

by perfusion with amino acids has not previously been documented. 

It has, however, been previously demonstrated by Mellanby (1926, b) 

that the infusion of bile into the duodenum of an anaesthetised cat 

increased the secretion of pancreatic juice . This was later shown 

by studies by Forell, Stahlheber & Scholz (1965) to be resultant upon 

an increase mainly in the enzyme secretion. A sensitive bioassay 

technique developed by Berry and Flower (1971) demonstrated the 

release of CCK from the proximal small bowel of the cat in response 

to a series of test infusions (amino acids were not tested), maximally 

produced by the infusion of dilute hydrochloric acid. This present 
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SERUM CHOLECYSTOKININ (pg/ml) . 

Animal/Minutes Basal 5 15 30 60 -90 120 

Cat 1 797 862 657 584 1832 606 928 
Cat 2 635 743 750 684 633 594 617 
Cat 3 645 666 653 1415 861 711 599 
Cat 4 820 666 840 1336 716 770 559 

Mean 724 734 725 1005 1011 670 676 

S. E. M. 49 46 44 216 278 42 85 

Student "t" test — . 0.92 0.01 1.26 1. 1 1.02 0. 6 

TABLE 12  INDIVIDUAL CCK LEVELS IN 4 ANTRECTOMISED CATS  
DURING AN AMINO ACID INFUSION INTO PROXIMAL  
SMALL BOWEL  

Peak CCK levels for each cat are underlined. 
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SERUM CHOLECYSTOKININ (pg/ml) 

Animal/Time Basal Peak Percentage 
Increase 

Cat 1 797 1832 130 
Cat 2 635 750 18 

Cat 3 645 1415 119 
Cat 4 820 1336 63 

Mean 724 1333 83 

S. E. M. 49 223 26 

Student "t" test - Basal to Peak : t=3.1 	: p X0.05 

TABLE 13 
	

BASAL AND PEAK CCK LEVELS IN 4 ANTRECTOMISED CATS  
DURING AN AMINO ACID INFUSION INTO PROXIMAL 
SMALL B OWE L  

Peak levels as a percentage increase from basal are also shown. 
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study, therefore, confirms by radioimmunoassay, the presence and 

release of CCK from the proximal small bowel of the cat. Although 

a quantitative demonstration using radioimmunoassay of the content 

of CCK in the small intestine of the cat has not yet been performed, 

it is probable that the release demonstrated in this study was from 

the duodenum and proximal. jejunum. These areas have been demonstrated, 

using a radioimmunoassay technique, by Harvey et al (1974), to be 

the site of distribution of immuno-reactive CCK in the gastro-intestinal 

tract of the rabbit. The same authors demonstrated, in the rat and 

in man,;  CCK-like immunoreactivity almost throughout the small 

intestine with its concentration decreasing gradually from approximately 

mid-jejunum down to the terminal ileum, where, in man, no CCK-like 

immunoreactivity was detectable (Harvey `t al, 1974) . A similar 

pattern of distribution was found in the dog by Reeder et al (1973) . 

Berry and Flower (1971) noted using their bioassay technique, 

that there was considerable variation from animal to animal in the 

concentration of CCK detected and in the duration of the release in 

response to any one stimulus. It was noted that lower concentrations 

were obtained if animals were not deprived of solid food for twenty 

four hours before the experiments and also noted that repeated 

stimulation of the intestine by the same agent during the course of 

a single experiment gave decreasing release of CCK. In our animal 

studies just described, both these factors were noted by radioimmunoassay 

techniques . Release in both dog and cat showed considerable variation 

from animal to animal and necessitated us using a basal to peak 

response to confirm a significant release of CCK. The second point 
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that Berry and Flower made, of decreasing release from repeated 

stimulation, was well shown by our study with infusion of increasing 

doses of adrenergic stimulants . 

If one further compares these two studies, Berry and Flower, 

with a very sensitive bioassay and our study with a sensitive 

radioimmunoassay, it is noticeable that changes in circulating 

concentrations of CCK were easily detected by our assay in a 

peripheral vein. In the assay system used by Berry and Flower, 

CCK levels were such that the portal vein was chosen as the 

site of estimation for most of their studies . This is because 

concentrations of CCK, due to release from proximal small bowel, 

are maximal to the portal venous circulation. 
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CHAPTER 4 

T; CCK IN MAN AND DOG  

The half-life for CCK has been shown to vary between 

approximately two and fifteen minutes depending on the type of 

assay used. In dogs, Reeder et al (1974) by radioimmunoassay 

demonstrated the half-life of exogenously administered CCK to be 

approximately 2.4 minutes. Harvey, also using a radioimmunoassay_ 

technique, calculated that the half-life of endogenous plasma CCK 

in man was as short as five to seven minutes . This calculation was 

based upon the fall from the peak level following the ingestion of a 

pint of milk, assuming that the fall was due mainly to cessation of 

CCK secretion rather than to an acceleration of removal. The various 

bioassay techniques have demonstrated a half-life that varied from 

1.8 minutes (Lehnert et al, 1970) for exogenously administered CCK 

to anaesthetised dogs , and between ten and fifteen minutes for 

exogenous CCK in cats (Berry & Flower, 1971) . 

This study was, therefore, initiated to assess the half-life 

of exogenously administered CCK in normal man,, patients with 

diabetes , patients with proven duodenal ulceration and to confirm, 

using an improved version of their original radioimmunoassay, the 

findings of Reeder at al (1974) of the half-life of exogenously 

administered CCK in dogs . 
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Materials and Methods  

Disappearance Half-Time (T;) of Exogenous CCK in Man  

The rate of disappearance of exogenously administered CCK 

was studied in four normal subjects, four insulin dependent diabetics 

and four patients with proven duodenal ulceration before operation. 

Blood samples were collected from fasting patients immediately 

before the intravenous five minute infusion of either 0.5 or 1.0 

I.D.U./kg/min of 16% pure CCK (500 I.D.U.) obtained from the 

Gastro-Intestinal Hormone Laboratory, Karolinska Institute, Stockholm. 

Further  samples were obtained at three minutes after the initiation 

of the infusion, at the end of the five minute infusion and after the 

infusion at one minute intervals for ten minutes and then at two 

minute intervals for an additional ten minutes . Blood specimens 

were centrifuged at 500 g for twenty minutes in a refrigerated 

centrifuge at 5°C. Further samples were collected and stored frozen 

until assayed for CCK concentration. 

Disappearance Half-Time (T;) of Exogenous CCK in Dogs  

Four healthy mongrel dogs weighing between 18 and 25 kg 

were fasted for sixteen hours prior to the study. Intravenous catheters 

were placed in a front leg and hind leg vein for infusion and sampling 

respectively. Basal blood samples were taken before the onset of 

a constant, five minute infusion of 16% pure CCK, at a dosage of 

1.0 I.D.U./kg/min. Blood samples were obtained at three Minutes 

after the initiation of the infusion, at the and of the five minute 

infusion and after the infusion, at one minute intervals for ten minutes 

and then at two minute intervals for an additional ten minutes . Serum 
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samples were collected as previously described and stored frozen 

until assayed for CCK. 

Calculation of Disappearance Half-Time of CCK  

The linear regression method described by Walsh and 

colleagues (1974) was used to calculate the disappearance half-time 

of exogenous CCK. The mean basal CCK concentration was 

subtracted from all other values for each person and animal in the 

study. Peak CCK concentrations (time 0), obtained at the end of 

the infusion, were assigned a value of 100% and the value for each 

subsequent time period was calculated by dividing each CCK 

concentration by the peak value . Percent values were then converted 

to natural logarithms and the data were analysed by linear regression 

analysis with time used as the independent variable and natural 

logarithms of percent peak CCK concentrations as the dependent 

variable . This analysis resulted in an equation of the regression line: 

y=a+bx 

where 	y = log percent peak CCK concentration; 

a = value of y when x = 0; 

b = slope of the regression line; 

and 	x = time in minutes . 

The disappearance half-time was then calculated by dividing 

0.693, the natural logarithm of 2, by the slope of the regression line . 

Statistical Note  

The results are expressed as the mean - one standard error. 

The student "t" test was used to analyse the data for statistical 

significance of differences between means . Differences with a P 

value of less than 0.05 were considered significant. 
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Results  

A. Man 

Mean serum CCK concentrations (pg/ml) were plotted against 

time in minutes (Figure 21) . Mean basal CCK concentrations in 

normal man were 921 - 193 pg/ml and 812 - 169 pg/ml. The level 

increased to 5,604 -+ 1,780 pg/ml at three minutes and was 

9,600 T  2,207 pg/ml at the end of the five minute infusion. After 

the infusion, CCK levels declined rapidly to 3,300 - 67 pg/ml at 

five minutes, 1,605 - 126 pg/ml at fourteen minutes and 1,062 ± 57 

pg/ml at twenty five minutes. Analysis of the data by linear regression 

method resulted in a correlation co-efficient (r) of -0.96 a slope of 

0.28 and the disappearance half-time of 2.4 minutes. A plot of 

the results is shown in Figures 22 and 23. 

In diabetic patients and patients with duodenal ulcer exogenous 

CCK was also removed rapidly from the circulation and was virtually 

undetectable at fifteen minutes after the infusion was stopped. The 

calculated disappearance half-time for the diabetic patients was 

2.7 minutes with a correlation co-efficient (r) of -0.96. The results 

for duodenal ulcer patients gave a half-time of 2.4 minutes with a 

correlation co-efficient of -0.95. (Figures 21, 22 and 23). The 

correlation co-efficients (r) were highly significant. 

B. Dogs  

Basal CCK concentration in the fasting dogs was 464 - 48 pg/ml . 

This attained a peak of 2, 858 - 87 pg/ml at five minutes and was basal 

again at thirteen minutes. The correlation co-efficient was -0.995, 

the slope was 0.27 and the disappearance half-time was calculated 

at 2.6 minutes (Figures 24 and 25). 
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Figure 21  Serum CCK Concentrations in 4 Normal Individuals, 
4 Insulin-Dependent Diabetic Patients and 4 
Pre-Operative Duodenal Ulcer Patients who received 
a 5 Minute Intravenous Infusion of 0.5 or 1.0 I.D.U./kg/min 
of 16% Pure CCK. 
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Figure 22  CCK Concentrations expressed as a Percentage of 
the Peak in 4 Normal Individuals, 4 Insulin-Dependent 
Diabetics and 4 Pre-Operative Duodenal Ulcer Patients 
after the Intravenous Infusion of 0.5 or 1.0 I.D.U./kg/min  
of 16% Pure CCK. 
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Figure 23  Semilogarithmic Plot of the Disappearance Half-Time 
of Exogenous CCK from the Circulation. Samales were 
obtained before, during and at Varying Time Periods 
after a 5 Minute Intravenous Infusion of 16% Pure CCK 
(0.5 or 1.0 I . D . U ./kg/min) . The Slopes of the Correlation 
Co-Efficient (r) were calculated by Unweighted Linear 
Regression Analysis . (Thompson et al, 1975, b) . 
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Figure 24  CCK Concentrations, expressed as a Percentage of 
the Peak, in 4 Dogs after the Intravenous Infusion 
of 1.0 I.D.U./kg/min of 16% Pure CCK. 
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Figure 25  Semilogarithmic Plot of the Disappearance Half-Time 
of Exogenous CCK from the Circulation in Dogs . The 
Slope of the Correlation Co-Efficient (r) was calculated 
by Unweighted Linear Regression Analysis . 
(Rayford et al, 1975, a). 
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Discussion  

The mean peak CCK level after exogenous infusion of CCK 

was considerably higher in the normal patients than in either the 

duodenal ulcer or diabetic patients . The standard errors of the mean 

for the peak levels are large and the discrepancy may only represent 

the small numbers of patients in each group. The experimental 

procedures were the same for each group of patients and the metabolism 

of the infused CCK appears, from the calculated disappearance 

half-time, to be the same; normal subjects (2.4 minutes), diabetic 

patients (2.7 minutes) and duodenal ulcer patients (2.4 minutes). 

The values agree well with the half-time previously reported from 

this laboratory (Reeder at al, 1974) for exogenous CCK in dogs, the 

T2 of 2.6 minutes being exactly the same as in this present study. 

Berry and Flower (1971) demonstrated that the half-life of 

exogenous CCK in two cats was ten to fifteen minutes . They used 

a less sensitive bioassay system, however, to measure serum 

concentrations of CCK. The half-life of exogenous CCK as assayed 

by Lehnert et al (1970) is in agreement with our own. 

Among the different molecular forms of gastrin, there is a 

direct relationship between molecular size and disappearance half-

times (Table 14) . Surprisingly, the TZ for exogenous 33-amino acid 

CCK corresponds more closely with the T2 for 17-amino acid gastrin 

(2.7 minutes, Reeder et al, 1972) than it does for 34-amino acid 

gastrin (9 minutes, Straus & Yalow, 1974; or 15 minutes, Walsh, 

Debas & Grossman, 1974) . Harvey and associates (1973) suggested 



TABLE 14  

DISAPPEARANCE HALF - TIMES (T -1-) OF GASTRIN AND CCK  

Gastrins* 	 CCK+ (This Study) 
Big-big Gastrin 
(Straus and Yalow 1974) 
Big Gastrin (G-34) 
(Walsh et al 1974) 
Endogenous (mixed) 
Gastrin 	 8.6 minutes 
(Thompson et al 1975a) 
Little Gastrin (G-17) 
(Reeder et al 1972) 
Minigastrin (G-13) 
(Debas et al 1974) 

* All gastrin T-1- studies were performed in dogs 
tIn all CCK TZ studies, the material injected was the natural porcine 33-amino acid 

form of CCK 

(After Thompson et at 1975b) 
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that the half-life of endogenous CCK in man was not more than 5 to 

7 minutes . CCK has been reported to exist in at least two related 

forms, CCK-33 and CCK-39 (Debas & Grossman, 1973; Mutt & 

jorpes, 1968, b) and possibly three (Harvey et al, 1973) and 

physiologically released CCK is, in all probability, a mixture of 

these molecular forms . A disappearance half-time of 5 to 7 minutes 

for en-logenous CCK is, therefore, consistent with the half-time 

of 8.62 minutes that has been reported for endogenous mixed 

molecular gastrin in dogs (Thompson at al, 1975, a) . 

Although levels of endogenous CCK, in response to food, 

rose more rapidly in diabetic and duodenal ulcer patients than in 

normal subjects and post-prandial elevations persisted longer in 

normal subjects (see previous chapter), the disappearance half-times 

of injected exogenous CCK were nearly identical in the three groups . 

This would suggest that, if diabetic and duodenal ulcer patients 

do have different metabolic rates for CCK, the difference must 

involve mechanisms other than the catabolism of the 33-amino 

acid form of CCK. 

The results also indicate that CCK is removed rapidly and 

efficiently from the circulation of both man and dogs . 
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CHAPTER 5 

ORGAN METABOLISM OF CCK  

The brief half-time of CCK in the circulation suggests 

catabolic mechanisms that are rapid and efficient. 

The kidney is known to be involved in the metabolic extraction 

and excretion of several peptide hormones. It has previously been 

shown that the kidney is a major site for de-activation or uptake 

of exogenous gastrin (Clendinnen at ai, 1971 and Clendinnen et 

al, 1973) and endogenous gastrin (Booth et al, 1973; Thompson et 

al, 1975, a) . CCK is a polypeptide with 33 amino acids with a 

molecular weight of 3919, and is comparable in size to the 34 amino 

acid form of gastrin. CCK also possesses the same C-terminal 5 

amino acid residues that gastrin has, and has many similar 

physiological actions. Svatos (1959) demonstrated, by a bioassay 

technique, a factor in the urine which increased with acid perfusion 

of the duodenum, was reduced after duodenectomy and had similar 

physiological properties to CCK. He called this factor "Uro-

cholecystokinin" . It is,  therefore , evident that any investigation 

into the metabolism of CCK must assess the effect of renal transit. 

To date, little is known of the catabolism of CCK but using 

various bioassay techniques, no significant extraction of CCK has 

been found across the liver (Debas & Grossman, 1974; Bridgwater 

at al, 1963; Way, Johnson & Grossman, 1969; Berry & Flower, 1971) . 
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The enzymatic inactivation of CCK by blood serum was demonstrated 

by Greengard et al (1941) but this process was too slow (greater than 

120 minutes) nutes) to account for the rapid half-time reported for CCK. 

The evidence to date would, therefore, indicate that a major 

site for catabolism of CCK was still to be determined. 

Materials and Methods  

Four healthy mongrel dogs weighing between 18 and 25 kg were 

anaesthetised with Pentobarbital Sodium (25 mg/kg) after an overnight 

fast. The dogs were prepared as shown in Figure 26. The right 

brachial vein was cannulated for infusion purposes and the left jugular 

vein was cannulated for peripheral blood sampling . A catheter was 

then passed into the aorta via the right femoral artery and a mid-line 

laparotomy incision then made. The right renal vein was cannulated 

under direct vision by way of the right femoral vein; further intravenous 

catheters were then passed into the mesenteric vein, the portal vain 

and the left common hepatic vein. (The latter vein was cannulated 

by the method of Shoemaker et al, 1959) . , 

Basal blood samples were obtained from all the catheter sites 

after which an infusion of 16% pure CCK (1 I.D.li./kg/min) was 

administered via the right brachial vein for five minutes . Samples 

were obtained simultaneously from all catheters at the end of the 

five minute infusion and at one minute intervals for the next five 

minutes . Samples from the jugular vein, which was acting as a 

peripheral vain, were continued at two minute intervals for ten 

minutes and then at twenty five and forty five minutes after 

completion of the infusion. 



CATHETER IN JUGULAR V . , 

CATHETER IN LEFT 
COMMON HEPATIC V. 

CATHETER INTO 
PORTAL V. 

CATHETER IN 
MESENTERIC V. 

CATHETER INTO 
AORTA 

CATHETER INTO 
RENAL V. 

) 
~ 

■ 

159 

Figure 26 Dog Preparation for Organ Transit Studies. 
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Blood specimens were immediately centrifuged and serum 

collected and stored at -20°C for later radioimmunoassay for 

CCK concentration. 

Statistical Methods  

Results are expressed as the mean of determinations - one 

standard error of the mean. Differences between means were 

analysed for significance by student "t" test; a P value of less 

than 0.05 was considered significant. 

Integrated CCK output was computed using a method* previously 

described by Thompson et al (1972). 

The percentage renal CCK uptake was equal to the arterial 

concentration of CCK minus the renal venous concentration of CCK 

divided by the arterial concentration of CCK multiplied by 100: 

CCKa  - CCK`T 	x 100 
CCK a  

Results 

The Effect of Organ Transit on CCK Concentration  

A. Head  

Aorta. Basal concentration of CCK in the aorta was 441 - 63 pg/ml. 

A peak response of 3,053 - 417 pgjml occurred at the completion of 

the CCK infusion. One minute later, the level had fallen to 

2,271 - 539 pg/ml and five minutes after the infusion, had reached 

972 - 171 pg/ml (Figure 27) . 

Jugular Vein. (Peripheral vein) . Basal concentrations of CCK 

in the peripheral vein were 463 - 48 pg/ml . Peak concentrations 

*Appendix 2. 
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Figure 27  CCK Concentrations in the Aorta and Jugular Vein 
in 4 Dogs after the Intravenous Infusion of 
1.0 I.D.U./kg/min of 16% Pure CCK. 
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of CCK occurred at the end of the infusion and were 3, 018 - 612 pg/ml. 

CCK levels again fell rapidly and within two minutes were 

1,702 - 209 pg/ml and five minutes after the infusion, were down to 

1,049 - 247 pg/ml . Twenty five minutes after completion of the 

infusion, CCK levels had almost fallen to basal and forty five minutes 

after completion of the infusion, were below basal level (Figure 28) . 

When these responses were compared (Figure 27), there was 

no statistical difference between the two sample sites . 

B. Small Bowel  

Mesenteric Vein. Basal concentration in the mesenteric vein 

was 532 - 50 pg/ml. CCK was at peak level at the end of the 

infusion with a level of 3,113 T  807 pg/ml . At one minute, the 

levels had remained fairly high at 2,751 L 675 pg/ml but within 

three minutes after completion of the infusion, had fallen to 

1,299 -F  244 pg/m1.. When these concentrations of CCK are 

compared with those in the aorta (Figure 29), no points of 

significant difference between the t;na groups were found. 

C. Liver 

Hepatic Vein. Basal CCK concentration in the hepatic vein was 

482 - 33 pg/ml . A CCK peak response was recorded at the end of 

the infusion with a level of 2,669 - 714 pg/ml. Levels of CCK again 

fell rapidly and by five minutes following the infusion were almost 

back to basal levels with a value of 777 - 109 pg/ml. 

Portal Vein. Basal concentration of CCK in the portal vein was 

533 - 62 pg/ml. The portal vein showed the highest peak response 
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Figure 28  CCK Concentrations in the Jugular Vein of 4 Dogs 
after the Intravenous Infusion of 1.0 I .D .0 ./kg/min 
of 16% Pure CCK. 
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Figure 29  CCK Concentrations in the Aorta and Mesenteric 
Vein of 4 Dogs after the Intravenous Infusion of 
1.0 I.D.U./kg/min of 16% Pure CCK. 
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after the infusion with a level of 3,448  - 1, 05 9 pg/ml . One minute 

after the completion of the infusion, the level in the portal vein 

remained again higher than the aorta with a value of 2, 642 - 890 pg/ml . 

After this, however, the levels fell rapidly and generally remained 

lower than those in the aorta . 

When CCK levels in the aorta, hepatic vein and portal vain 

were compared (Figure 30), despite portal vein levels appearing slightly 

higher and hepatic levels slightly lower than those in the aorta, only 

one point of statistical significant difference was encountered. This 

was two minutes after completion of the infusion when levels in the 

hepatic vein were significantly lower than those in the aorta . 

D. Kidney 

Renal Vein.  The basal concentration of CCK in the renal vain 

was 463 - 76 pg/ml and at completion of the infusion, a peak 

response of 1,729 - 368 pg/ml was recorded. Levels of CCK rapidly 

fell after completion of the infusion and by two minutes had fallen 

to 1,153 - 261 pg/ml. All post-infusion concentrations in the renal 

vein were lower than in the aorta. 

When the data were compared (Figure 31), no significant difference 

was obtained at basal concentrations, but CCK levels in the aorta 

and renal vein were significantly different at the completion of the 

infusion. Similarly, two minutes after the completion of the infusion 

levels in the renal vein were significantly lower than those in the aorta . 
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Figure 31 Relationship between Serum CCK Levels in the Renal 
Artery (Aorta) and Renal Vein in the Basal State 
(Time 0) and after a 5 Minute Intravenous Infusion 
of 16% Pure CCK (1 I.D.U./kg/min)  in 4 Dogs . 
Asterisks denote points of significant difference . 
(Thompson et al, 1975, b). 
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In order to demonstrate the cumulative differences between 

concentrations of CCK in the aorta and in the renal vein during the 

ten minute period after the infusion was begun, the integrated 

CCK responses in the aorta and renal vein were calculated. The 

integrated response during a given period is the difference between 

stimulated CCK concentration and the mean basal CCK concentration 

during the period of study. The units for expression of integrated 

CCK response are pg-min/ml. The integrated CCK response 0 to 10 

minutes in the aorta was 14,626 - 1,037 pg-min/ml and in the renal 

vein was 6,394 - 1,874 pg-min/ml; this difference was significant 

(Figure 32). A linear relationship existed between the arterial serum 

CCK concentrations and the arteriovenous difference in CCK 

concentrations (Figure 33). The mean regression equation was 

7 = -376.1 + 0.58x and the co-efficient of correlation was 0.98 

(a &0.01). 

Discussion  

The brief half-time of exogenous CCK in the circulation of 

the dog (2.6 minutes) was demonstrated again in this study with a 

rapid fall from peak levels after the infusion of 16% pure CCK 

(1.  I .D .0 ./kg/min) returning almost to basal within ten minutes of 

completion of the infusion. 

CCK levels did not alter on transit of either the small bowel 

or the head suggesting there was neither degradation nor uptake 

of CCK across these organs . This is almost certainly true of the 

liver where CCK levels in the aorta, portal and hepatic veins were 

similar throughout the experimental period. There was one point 
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Figure 32  Integrated CCK Levels from 0 - 10 Minutes for the 
Study illustrated in Figure 31. 
The asterisk denotes a significant difference between 
levels in the renal artery (aorta) and renal vein. 
(Thompson et al, 1975, b). 



170 

4 Dogs 
2200- 

E 

ā 1800- 
W 
U 
W 1400-
cr 
W 

Q 1000- 

Q 600- 

z 
200- CC 

• 
• 

• 

. 

•• 	

• • 

	 . r = 0.98 
y = -376.1+  0.58 x 

0'-1i I 	 T 	 T 	 T 	 I 	 > 
500 1000 1500 2000 2500 3000 3500 4000 

ARTERIAL CCK pg/ml 

Figure 33  Relationship of Renal Arteriovenous CCK Difference, 
y, and Arterial Serum CCK Concentration, x, in 
4 Dogs . r = Co-Efficient of Correlation. 
(Thompson et al, 1975, b) . 



171 

of significant difference between the aorta and hepatic vein two 

minutes after completion of the infusion. The biological significance 

of this single difference is obviously in doubt. It is important to 

note, however, that to obtain accurate estimation of CCK extraction 

across the liver, the mass of CCK entering and leaving the liver 

must be known. In this experiment, flow rates were not measured 

in the hepatic artery or the portal vein and so mass calculations 

have not been obtained. Despite this, the figures would suggest 

that there is no significant extraction of CCK during liver transit 

and this would confirm the findings of other laboratories using 

bioassay techniques (Bridgwater et al, 1963; Way, Johnson & 

Grossman, 1969; Berry & Flower, 1971; Debas & Grossman, 1974). 

Previous studies have shown that the kidney extracts about 

40% of circulating gastrin after either exogenous administration or 

endogenous release (Clendinnen at al, 1971; Clendinnen et al, 1973; 

Booth at al, 1973). In this study, significant differences in CCK 

levels in the aorta and the renal vein were observed. Peak CCK 

values after exogenous administration of CCK were recorded at the 

completion of the infusion, that is, at five minutes. These peak 

values also represent the point of greatest difference between 

arterial and venous concentrations of CCK. The renal extraction 

calculated from these values was 40% which is in accordance with 

previous findings for gastrin and also for tnsulin as reported by 

Rabkin and Colwell (1969) . 
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There is also a linear relationship between the arterial serum 

concentration of CCK and the amount of CCK removed by the kidney 

for widely varying arterial concentrations of CCK. This relationship 

is also in accordance with previous findings for gastrin (Clendinnen 

et al, 1971). 

It is of note in this study that CCK levels fell rapidly after 

the completion of the exogenous CCK infusion . Within five minutes 

of the completion of the infusion, levels of CCK were almost the same 

in the aorta and renal vein and had almost returned to basal levels. 

This suggests that renal extraction is in large part responsible for 

the short half-time of exogenously administered CCK (2.6 minutes). 

Little is known of the catabolism of CCK, however, but this study 

suggests that the renal uptake of CCK may be an important catabolic 

mechanism. It seems unlikely that the kidney, which receives only 

25% of the cardiac output, can account entirely for the rapid turn-over 

of exogenous CCK. This would indicate that a major site for catabolism 

of CCK is still to be determined. 

The present study also indicates that the dog kidney does not 

extract basal levels of CCK since the concentration of endogenous  

CCK was the same in the renal vein as it was in the aorta. This too 

is in agreement with findings for gastrin (Ciendinnen et al, 1971) . 

Accordingly, if only stimulated levels are considered, the difference 

in the integrated CCK concentrations (Figure 32) demonstrates that 

56% of the exogenously elevated levels of CCK were extracted by 

the kidney over the ten minute period. 
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The fate of the CCK picked up by the kidney in this study 

is at present unknown. We did not measure urinary levels of 

CCK but it has been previously shown that urinary excretion of 

gastrin, which is structurally closely related, is less than 0.5%  

of that entering the kidney (Thompson et al, 1975, a). A possibility 

is that it may be simply altered by the renal parenchymal cells 

and returned to the circulation in an immuno-chemically unrecognisable 

form .∎  Grace and associates (1974) have suggested that gastrin may 

be removed at least partially by direct uptake from peri—tubular 

blood and CCK, because of its similar molecular conformation, may 

be handled in a similar fashion. 

It is important to note, however, that Svatos (1959) did 

show the presence of a CCK-like substance in the urine which he 

called urocholecystokinin. As these determinations were by a 

bioassay technique, one is led to conclude that the levels in the 

urine may be quite high. Thompson, however (personal communication) 

has subsequently measured CCK in the urine and found urinary 

excretion of CCK to be negligible and, therefore, comparable to the 

findings for gastrin (Thompson at al, 1975, a). 

Since the recent demonstration of the great heterogeneity of 

the circulating forms of gastrin (Yalow & Berson, 1971, a; Yalow 

& Berson, 1972; Rehfeld, 1972; Yalow & Wu, 1973; Rehfeld & Stadil, 

1973; Rehfeld, Stadil & Vikelsoe, 1974; Thompson at al, 1975, a) a 

new concept of different molecular forms of hormones being extracted 

differentially must be considered. 
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It has been demonstrated in dogs that after release of endogenous 

gastrin by acetylcholine to the antrum, transit of the kidney resulted 

in extraction of 60% of big gastrin, 42% of G17 and 65% of mini- 

gastrin (Thompson et al, 1975, a) . There was no extraction of big 

big gastrin or component I (Thompson at al, 1975, a) . The 

heterogeneity of CCK has also been demonstrated (Mutt & Jorpes, 

1968, b; Harvey et al, 1974) . It is apparent from the demonstration 

of the selective renal uptake of the molecular forms of gastrin that 

the molecular forms of CCK may also be extracted differentially. 

.t the present time, we are unable to report on the specificity of 

our CCK antibody for these differing molecular forms . 

In conclusion, this study indicates that appreciable levels 

of exogenously administered CCK were not extracted by transit 

of the liver, small bowel or head but transit of the kidney resulted 

in a significant extraction of at least 40% of the administered CCK. 

This strongly suggests that the kidney plays an important role in 

the catabolism of CCK. It also suggests that a major site for 

catabolism of CCK is still to be determined. 
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CHAPTER 6  

CONCLUSIONS AND GENERAL DISCUSSION  

Several radioimmunoassays for CCK have been described 

(Young at al, 1969; Go, Ryan & Summerskill, 1971; Englert, 1973; 

Reeder at al, 1973; Harvey et al, 1973) . Throughout this study, we 

have used a specific anti-CCK rabbit serum and 99% pure CCK as 

both a labelled antigen and as a reference preparation to validate 

a sensitive and accurate CCK radioimmunoassay. This present 

assay is an improvement over the method used previously (Reeder 

et ai, 1973), the current method using a different antibody and 

utilising 99% pure CCK as both a labelled antigen and as a reference 

standard. The 99% pure CCK was found to be about twenty five times 

more immuno-potent than the 16% pure CCK used in previous assays 

and use of the lass pure CCK preparation for dose interpolation was, 

therefore, abandoned. 

Basal concentrations of CCK in normal subjects in this study 

were measured at about 700 pg/ml, a value that is considerably lower 

than that reported previously by Reeder and colleagues (1973) (4.8 

to 17.8 nanograms/m1). These levels are still considerably higher 

than those reported by Harvey and colleagues (1973, 1974) who 

demonstrated fasting levels in man of between 25 and 60 pg/ml. 

This difference is probably related to the use of different standards 

and antisera but may well be due to antibody selectivity as CCK 

has been reported to exist in at least three molecular forms; CCK-39, 
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CCK-33 and octapeptide of CCK (Mutt & Jorpes, 1968, b; Debas 

& Grossman, 1973; Harvey et al, 1974). It is possible, therefore, 

that the antibody used by Harvey and colleagues might recognise 

only one molecular form. A second possibility, which was originally 

shown by Go, Ryan and Summerskill (1971), is that a CCK antibody 

which has been developed with porcine CCK as immunogen may not 

cross-react with human CCK. 

It is important to note that considerable problems have been 

encountered in the development of the CCK radioimmunoassay by all 

investigators, and the problems encountered in setting up the assay 

are by no means solved. Several factors have contributed to some 

of the problems, including the non-availability of pure human CCK, 

the difficulty of iodinating (the only tyrosine residue in the porcine 

CCK molecule is sulphated), the lack of a reference preparation 

for use as a working standard and the relatively low immunogenic 

potency of CCK (Go & Reilly, 1975) . Because of these factors, the 

laboratories performing the studies have used different preparations 

of CCK for labelling, for production of anti-serum and for working 

standards in setting up the assay. This multiplicity has resulted 

in the lack of agreement among reported values for CCK in the 

peripheral circulation (Go & Reilly, 1975). In a recent report on the 

problems encountered in the development of this assay, Go and Reilly 

concluded that until pure human CCK is available, the porcine CCK 

preparation will continue to be used in development of radioimmunoassays 

for the measurement of CCK in biological fluids including human blood. 
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They suggested that it was advisable, from their experience, and 

from the experience of others, that the radio-labelled CCK and the 

CCK working standard should be 99% pure . In our present assay, 

these recommendations have been adhered to and our results indicate 

the ability of the assay to measure both endogenous release of CCK 

and CCK levels following exogenous administration. Further 

refinement of the radioimmunoassay may indicate that our absolute 

values are, at the present time, relatively high, but this in no way 

detracts from the demonstrated changes in both endogenous and 

exogenous CCK levels that this assay was able to delineate. 

The administration of a high protein, high carbohydrate liquid 

meal evoked a release of CCK that was more rapid in diabetic patients 

and in patients with duodenal ulcer than in normal subjects . It was 

also noted that there was a greater prolongation of elevated CCK 

levels in normal subjects than in either of the other two groups . 

Diabetic and ulcer patients showed a significant elevation of CCK 

levels at five minutes after the meal but significant elevations were 

not achieved in normal subjects until thirty minutes . These 

differences appear to be real but their significance is not apparent. 

We did not perform studies on rates of gastric emptying in the three 

groups but an increase in the rate of emptying might be expected 

in ulcer patients but not in diabetic patients . The prolonged, 

post-prandial elevation of CCK seen in our patients may be due to 

retention of the hyperosmolar test meal in the stomach. This response 

is in contrast to that reported by Harvey and colleagues (1973) when 

CCK levels were reported to fall rapidly after a peak release of CCK 
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at thirty five minutes following the ingestion of a pint of milk . 

Subsequently, however, Harvey et al (1974) demonstrated that 

solid or fatty meals leave the stomach more slowly, with peak 

serum CCK levels often not being reached for an hour or more after 

the meal. 

The greatest concentration of CCK found was in the serum of 

post-operative patients with Zollinger-Ellison syndrome . It is 

evident that, as our present antibody for CCK reacts, even though 

only slightly, with 17-amino acid synthetic gastrin and with natural 

34-amino acid gastrin, the interpretation of levels achieved in 

patients whose serum gastrin levels are often extremely high should 

be interpreted with caution. In practice, however, we found no 

correlation between high levels of gastrin and high levels of CCK 

in patients with the Zollinger-Ellison syndrome and the mean basal 

concentration of 1,628 pg/ml may well, therefore, represent genuinely 

high CCK concentration. Similarly, if the high CCK levels measured 

after food in the Zollinger-Ellison patients represent true elevations 

of CCK, the source of the large amounts of CCK might be the tumour. 

Certainly, it has been previously shown that in Zollinger-Ellison 

patients, after gastrectomy a brisk serum gastrin response occurs 

to a meal and this response is apparently due to a release of tumour 

gastrin. 

CCK release was also adequately demonstrated in dogs with 

Thiry-Vella loops in response to an amino acid infusion. The induction 

of anaesthesia by Sodium Pentobarbital resulted in a considerable 

diminution in CCK release in response to the standard amino acid 
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stimulus delivered locally to the distal duodenum and proximal 

jejunum. There was a fourfold diminution in the integrated CCK 

response over the forty- five minute infusion period and the awake 

dogs showed an increase from basal to peak of 146% whereas in 

anaesthetised dogs, the percentage increase was only 65%.. This 

demonstration of inhibition of CCK release by general anaesthesia 

radioimmunoassay technique is in accord with the bioassay 

findings demonstrated by Ivy and Oldberg in their original work in 

1928 and also later by Hong and associates (1956) . The finding of 

reduced circulating CCK levels during anaesthesia is in direct 

contrast to the reported increased serum gastrin levels during 

comparable conditions (Evans et al, 1974, b). This suggests that 

the site of action of anaesthesia is different for the two hormones; 

predominantly the target, parietal cell for gastrin, but primarily 

on the release mechanism for CCK. 

The effect of the adrenergic system on gastrin release and gastric 

secretion is still rather confused. Evidence has certainly accumulated 

for adrenaline induced gastrin secretion in both man (Stadil & Rehfeld, 

1973; Brandsborg, Brandsborg & Christensen, 1975) and dogs (Hayes 

et al, 1972) . Because the use of both alpha and beta receptor 

blockade has been shown to suppress the adrenergic release of 

gastrin (Hayes et al, 1972; Stadil & Rehfeld, 1973), the possibility 

arises that this effect is either due to the specific alpha or beta 

release of gastrin or perhaps the adrenergic stimulus is releasing 

another competitive hormone such as CCK. Accordingly, infusions 
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of the predominantly alpha stimulant, Noradrenaline and the predominantly 

beta stimulant, Isoprenaline, were given to dogs . The results show 

that Isoprenaline significantly released CCK which may then act 

competitively to inhibit gastrin induced acid secretion. The concept 

of cholecystokinin as a competitive inhibitor was proposed by 

Grossman (1970, b,c) after CCK had been shown to inhibit pentagastrin 

induced gastric acid secretion by approximately 80% (Gillespie & 

Grossman, 1964; Johnson & Grossman, 1970; Gillespie, 1971). 

He suggested that as gastrin and CCK had an identical carboxy-terminal 

amino acid sequence, it was possible to assume they acted on the 

same receptor site and that, as gastrin was a strong stimulant of 

gastric acid secretion and CCK a weak one, then CCK appears to 

inhibit gastrin because some of the receptors are blocked to strong 

gastrin by the relatively weaker CCK. 

This release of CCK by Isoprenaline cannot, however, be the 

complete answer as it has been shown that beta receptor blockade 

can diminish acid secretion both in response to insulin induced 

hypoglycaemia (Read, Thompson & Hall, 1972) and adrenaline 

induced acid secretion (Stadil & Rehfeld, 1973). 

A significant release of CCK in the cat was demonstrated by 

the perfusion of the duodenum and proximal jejunum with a mixed 

amino acid solution. This confirms work by Berry and Flower (1971) 

who demonstrated by a bioassay technique the release of CCK from 

the proximal small bowel of the cat. 
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This demonstration of CCK release in both cats and dogs 

utilising an amino acid mixture, in particular confirms the work 

of Konturek et al (1973) who demonstrated that the highest activity 

for release of CCK was exhibited by Tryptophan and Phenylalanine. 

In our study in dogs, these two amino acids were the only constituents 

of the amino acid mixture used but, in the cat experiment, glycine 

was added to this mixture in an attempt to release extra-antral 

gastrin (not this study), as glycine has been shown to be one of 

the most potent amino acids for stimulation of gastric acid secretion, 

probably by release of gastrin (Elwin, 1974) . (Extra-antral gastrin 

was not, in fact, released by the amino acid mixture (unpublished 

observations) and is further supportive evidence of the specificity 

of our CCK assay which did demonstrate significant release of CCK). 

The disappearance half-time of exogenous CCK (22 minutes) 

was remarkably similar in all the groups studied. These values 

agree well with the T- previously reported for exogenous CCK in 

dogs (Reeder at al, 1974) and is appropriate to the half-life of 

endogenous CCK in man, suggested by Harvey and associates (1973) 

to be between five and seven minutes . The explanation for the 

difference in measured exogenous CCK half-life and calculated 

endogenous half-life is the fact that, in all probability, CCK when 

endogenously released exists in at least two and probably three 

molecular forms (Mutt & Jorpes, 1968, b; Debas & Grossman, 1973; 

Harvey et al, 1974), whereas exogenously administered 16% pure 

CCK is predominantly a single molecular form (CCK-33) . 
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When one compares the disappearance half-times of CCK and 

gastrin, it is interesting to note that the half-time for exogenously 

administered 33-amino acid CCK corresponds more closely with the 

half-time for 17-amino acid gastrin (2 .7 minutes) than it does for 

34-amino acid gastrin (9 minutes - Straus & Yalow, 1974; 15 minutes 

- Walsh, Debas & Grossman, 1974) . Although levels of endogenous 

CCK, in response to foci, rose more rapidly in diabetic and duodenal 

ulcer patients than in normal subjects and post-prandial elevations 

persisted longer in normal subjects, the disappearance half-times of 

injected exogenous CCK were nearly identical in the three main 

groups . This would suggest that if diabetic and duodenal ulcer 

patients do have different metabolic rates for CCK, the difference 

must involve mechanisms other than the catabolism of the 33-amino 

acid form of CCK. 

When the catabolism of 16% pure CCK (predominantly the 

33-amino acid form of CCK) was investigated by assessment of 

transit of the liver, small bowel, kidney and head, the only 

significant site of extraction appeared to be by renal transit. 40% 

of the peak total CCK concentration presented to the kidney was 

extracted and when only stimulated levels were considered, the 

differences in integrated CCK showed that 56% of the exogenously 

elevated levels of CCK were extracted over the ten minute period 

of the study. This level of renal extraction is in accordance with other 

work with gastrin where between 30 and 40% of exogenously administered 

G-17 (Clendinnen et al, 1971) or endogenously stimulated mixed 

molecular gastrin (Booth et al, 1973; Thompson et al, 1975, a) has 

been demonstrated. Similarly, Rabkin and Colwell (1969) demonstrated 
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a 40% extraction of insulin on renal transit. 

This study also demonstrated that the dog kidney does not 

extract basal levels of CCK since the concentration of endogenous 

CCK was the same in the renal vain as it was in the aorta. This 

finding is also seen with gastrin and in a recent study by Thompson 

at al (1975, a), it was shown that, during basal conditions, there 

are five molecular forms of gastrin with the predominant component 

being big big gastrin. Following antral release of gastrin by 

acetylcholine perfusion, however, big gastrin, heptadecapeptide 

gastrin and mini-gastrin rose significantly. There was no significant 

uptake of any of the five molecular forms of gastrin on transit of the 

kidney during basal periods but, during periods of antral stimulation, 

the kidney extracted 60% of big gastrin, 42% of heptadecapeptide 

gastrin and 65% of mini-gastrin. The concentrations of big big 

gastrin and of component I were unchanged. These findings were 

suggestive that -the larger forms of gastrin are relatively inactive 

physiologically, whereas big gastrin, heptadecapeptide gastrin and 

mini-gastrin were physiologically kinetic. 

It is possible, therefore, since the heterogeneity of CCK has 

been established, that, as for gastrin, the different molecular forms 

of CCK have varying biological activity and are extracted differentially 

by the kidney. With our present knowledge, it is tempting to speculate 

that the basal CCK is a larger molecular form (possibly CCK-39) 

and the kinetic, i.e.  physiologically active released forms, are the 

established CCK-33 in association with the octapeptide of CCK. 
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This study confirmed that the liver does not significantly 

extract exogenously administered CCK, a possibility that had 

previously been demonstrated by bioassay techniques (Bridgwater 

et al, 1963; Way, Johnson & Grossman, 1969; Barry & Flower, 1971; 

Deus & Grossman, 1974). No significant extraction of CCK by 

transit of the head is not surprising as hormonal degradation by 

transit in the periphery has not been reported. Transit of the small 

bowel, however, has certainly been shown to have an effect on 

circulating gastrin (Becker, Reeder & Thompson, 1973) but again, 

is unlikely to be significant in extraction of CCK as the small bowel 

is the prime source of CCK, with the maximal levels in the duodenum 

and proximal jejunum. It is possible, therefore, that if selective 

catheterisation of the small bowel venous drainage was investigated 

there may be some extraction in the very distal sites. In this study, 

however, venous drainage of the small bowel was taken from the 

mesenteric vein which contains venous return from all the small 

bowel. 

Although the kidney is extracting between 40 and 50% of the 

elevated CCK levels after infusion, it is unlikely that the kidney 

can account entirely for the rapid turnover of exogenous CCK with 

a half-time of approximately 21 minutes . The kidney only receives 

some 25% of the cardiac output which would indicate, therefore, that 

a major site for catabolism of CCK is still to be determined. One 

site that needs investigating in this respect is the gastric fundus 

which has been shown by Evans et al (1974, a) to extract circulating 

endogenous gastrin. The fundus is a likely site for CCK degradation 
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because parietal cells are a target cell for CCK and there its function 

as a weak stimulant of gastric acid secretion tends to act as a 

competitive inhibitor of gastrin induced acid secretion (Grossman, 

1970, b,c). 

The probable fate of CCK picked up by the kidneys is not known. 

It may be simply altered by the renal parenchymal cells and returned 

to the circulation in an immuno-chemically unrecognisable form but 

it is likely that, as with gastrin, urinary secretion is not important 

(Clendinnen et al, 1971; Thompson et al, 1975, a; Thompson, 1976, 

personal communication). Despite this, however, the work of Svatos 

(1959) would indicate that the urine can contain some CCK-like 

activity. 

A furan r possible fate of the CCK extracted by the kidney is 

as suggested by Grace and associates (1974); who suggested that 

gastrin may be removed, at least partially, by direct uptake from 

peri-tubular blood and as CCK has a similar molecular conformation 

it too may be handled in a similar fashion. 

The small number of working radioimmunoassays for CCK 

indicates the difficulties that have been encountered in both the 

development and maintenance of this assay. Several factors, as 

discussed previously, have contributed to some of the problems. 

These include the non-availability of pure human CCK, the difficulty 

of iodinating, the lack of reference preparation for use as a working 

standard and the relatively low immunogenic potency of CCK (Go & 

Reilly, 1975). Because of these factors, the laboratories performing 
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these studies have used different preparations of CCK for labelling, 

for production of anti-sera and for working standards in setting up 

the assay. This multiplicity has resulted in a lack d agreement 

among reported values of CCK in the peripheral circulation (Go & 

Reilly, 1975) . Our assay, which uses a specific anti-CCK rabbit 

serum and 99% pure CCK as both a labelled antigen and as a reference 

preparation, has been shown to be both specific and accurate in 

the estimation of circulating CCK levels . We have been able to 

demonstrate endogenous release of CCK as well as levels after 

exogenous administration of CCK-33, in both man and experimental 

animal, and have estimated disappearance half-time and a site of 

metabolism for 33-amino acid CCK. 

In conclusion, it is hoped, from the knowledge already gained 

and with a working radioimmunoassay for CCK, that the physiological 

relationships between CCK and its diverse target organs may be 

explored with a resultant better understanding and, thereby, treatment 

of a wide spectrum of gastro-intestinal malfunctions . 
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APPENDIX 1 

DETAILED PROTOCOL FOR IODINATION OF CCK (99% Pure)  

I. 	Preparation of Column 

A. Make slurry of Sephadex G-25 (medium) with deionized 

H 2O. Wash off fine particles several times . Let 

stand overnight at 15°C. 

B. Cut off 10 ml serological pipette for use as a column. 

C. Put three 3 mm glass beads or glass wool into column 

and add Sephadex to "O" mark . 

D. Wash columns with 0.15 M phosphate buffer, pH 6.0. 

E. 

 

Coat column with 1 ml of 2% BSA. (0.2 mg in 10 ml of 

0.15 M phosphate buffer, pH 6.0). Prepare fresh 

for each iodination. 

F. Wash column with 10 ml of 0.15 M phosphate buffer, 

pH 6.0. 

II . 	Prepare 20 collecting vials containing 50)11 of 2% BSA. 

III. 	Preparation of reagents for CCK iodination. 

A. 2 .5 pg CCK in 15 ;u1 of deionized water . Store at 

-70°C until ready for use. 

B. 25 mg of chloramine T in 10 ml of 0.5 1VI phosphate 

buffer, pH 6.0 (2 .5 mg/ml) . MAKE FRESH JUST BEFORE 

IODINATION. 	 - 

C. 25 mg of sodium metabisulphite in 10 ml of 0.15 M 

phosphate buffer, pH 6.0 (2.5 mg/ml) . MAKE FRESH 

JUST BEFORE IODINATION. 
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ICI. 	Iodination Method 

A. To frozen CCK (2 .5 pg) add 50111  of 0.5 M phosphate 

buffer, pH 6.0. 

B. Add 2.0 mCi of carrier-free 1251 (Amersham/Searle) 

to CCK-buffer solution. 

C. Add 10 ul of chloramine T (2.5 mg/mi.). Shake gently 

for 60 seconds . 

D. . 	Add 25 ul of sodium metabisulphite (2.5 mg/ml). 

E. Transfer solution to Sephadex G-25 column. Allow 

to enter column. 

F. Elute with 1 M NaCl, pH 6.0. 

G. Collect 1.0 ml fraction into collecting vials containing 

50,u1, 2% BSA. 

H. Count each fraction to determine radioactivity. 

I. Iodinated CCK is eluted in fractions 3 to 6. 

Store at -20°C. 

J 	Check peak fraction to determine the percent of 1251 

CCK bound in the presence of excess CCK antibody. 

Fraction(s) containing greatest percentage bound 

can be used as tracer in the RIA. 

K. 
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APPENDIX 2  

The integrated cholecystokinin responses were computed in 

the following manner: 

The basal (i.e. prestimulation) concentration was multiplied 

by the time period of the stimulus to obtain the basal integrated 

cholecystokinin concentration. The stimulated integrated cholecystokinin 

concentrations were obtained by multiplying the duration of each of 

the sampling periods by the average of the concentrations at the 

beginning and end of each of the periods . The values were added 

and the basal integrated cholecystokinin concentration was subtracted 

from the total to obtain the stimulated integrated cholecystokinin 

response in each animal, which is expressed in picogram-minutes 

per ml (pg-min/ml) (After Thompson et al, 1972) . 
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The presentation of this thesis raised several questions as 

to interpretation and validity of cholecystokinin (CCK) levels as 

measured by a radioimmunoassay (RIA) technique, developed in the 

laboratories of Dr. James C. Thompson at the University of Texas 

Medical Branch, Galveston. This addendum has, therefore, been 

prepared to clarify and further validate these findings using the 

laboratory facilities of the Department of Medicine, University of 

Bristol under the particular supervision of Dr. Richard  Harvey whose 

radioimmunoassay for cholecystokinin was used in these studies . 

The particular questions raised were as follows: 

1. Could the short disappearance half-time, calculated after 

exogenous CCK infusion for only five minutes, be related to 

"fall-off", rather than to metabolism, and could this half-time 

be altered by infusing to a plateau concentration bef ore the 

infusion was stopped? 

2. Was the short disappearance half-time calculated for CCK 

related to any degradation of the CCK by whole blood during 

"bench time" before serum separation, while awaiting assay? 

3 . 	Was there evidence from our studies of a correlation between 

observed elevated CCK levels, measured by RIA and'CCK-like" 

biological activity? 

.4. 	Was there any chromatographic evidence to correlate the presence 

of a circulating peptide thought to be cholecystokinin at the 

times of elevated CCK levels shown by radioimmunoassay? 
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Experimental Design  

To answer these questions, the following experimental studies 

have been carried out. 

Experiment 1.  

Four normal fasting male subjects of similar body weight received 

a thirty minute intravenous infusion of 16% pure (75 I.D.U.) 

cholecystokinin in 50 ml of saline, a dose of 2 I.D.U./kg-hour.  

Blood samples were taken for estimation of CCK concentration by 

RIA before the infusion, at five minute intervals during the infusion 

and at two minute intervals for ten minutes after the infusion. Two 

further samples were taken twenty and thirty minutes after completion 

of the infusion. At basal and fifteen minutes, two additional specimens 

were collected with 10,000 units of Aprotinin (Trasylol), for subsequent 

estimation of CCK biological activity and for column chromatography. 

Experiment 2 .  

36 ml of fasting blood were taken from one subject to provide 

twelve 3 ml aliquots . 10 ng/ml of 16 pure cholecystokinin was 

then added to the whole sample . Six plain glass tubes and six 

heparinised tubes were used in the study. To the six heparinised 

tubes was added 10,000 units of aprotinin (Trasylol) . Blood 

containing added cholecystokinin was stirred for approximately half 

a minute and then 3 ml of whole blood added to each of the twelve 

tubes . Samples were treated in pairs, one glass tube with one 

heparinised tube to give appropriate serum and plasma samples . 

These were then treated in six different ways: 
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(a) Separated immediately, then frozen at -20°C and later thawed 

for radioimmunoassay. 

(b) Not separated but left for two hours before separation and freezing 

at -20°C. 

(c) Not separated but left for six hours before separation and 

freezing . 

(d) Separated immediately, then left for two hours before freezing. 

(a) 	Separated immediately, then left for six hours before freezing. 

(f) 	Separated immediately, then left for twenty four hours before 

freezing. 

For each sample, twenty minutes was allowed for the blood 

to clot and twenty minutes for centrifugation at 2,000 r .p . m . All 

samples were stored at -20°C until subsequent radioimmunoassay 

of cholecystokinin concentration. 

Experiment 3.  

Four patients with proven duodenal ulcer disease, who had 

given informed consent, were studied before and two months after 

highly selective vagotomy. After an overnight fast each patient 

had a Dreiling double lumen tube passed into the duodenum under 

radiographic control. This allowed collection of bile and pancreatic 

juice and also the instillation of a Lundh test meal into the stomach 

via the gastric lumen of the tube. The test meal was made up of 

18 gms of corn oil, 15 gms of Casilan (90% protein) and 40 gms 

of glucose made up to 250 ml. The collection of bile and pancreatic 

juice was carried out for an hour basal period and for two hours 
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after completion of the 250 ml Lundh test meal. Trypsin concentration 

of duodenal samples was measured by a technique described by 

Wiggins (1967) . Blood samples were obtained at basal and 5, 10, 

15, 30, 45, 60, 90 and 120 minutes after completion of the test 

meal for subsequent cholecystokinin radioimmunoassay. At basal 

and 30 minutes, samples were simultaneously collected into tubes 

containing 10,000 units of Trasylol for subsequent column 

chromatography.  

Pre-operative and one week post-operative acid secretory 

responses were measured to insulin (0.2 units/kg) and pentagastrin 

(6 }Ig/kg) stimulation. 

METHODS  

The Radioimmunoassay for Cholecystokinin  

The radioimmunoassay for cholecystokinin used in these studies 

was developed at the Department of Medicine, University of Bristol, 

under the supervision of Dr. Richard Harvey. The details of this 

assay have been fully described by Harvey at al (1974) . A summary 

of the method follows:- 

Unknown samples or standard solutions of cholecystokinin, 

each in a volume of 100p1, were placed in 9 x 50 mm round-bottomed 

plastic tubes . 50 )11 of diluted antiserum, and 100 pl of Trasylol 

(Bayer), diluted 1 in 15 in 1% non-immune rabbit serum, were then 

added with mixing and incubated together at room temperature for 

one hour. 50 ,ul of 125I-labelled hormone was then added and the 

mixture incubated at 4°C for twenty hours . 100 ul of precipitating 
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second antibody (donkey antirabbit, Wellcome Reagents Ltd.,), 

diluted 1 in 10 in 0.05M phosphosaline buffer, pH 7.4, was then 

added, with mixing, and the whole incubated at 4°C for a further 

twenty hours . At the end of this time, the tubes were centrifuged 

at 2, 000 r .p.m. for thirty minutes at 4°C , then the supernatant 

decanted and the tubes drained and wiped with tissue. The amount 

of 125I-labelled hormone bound by the precipitated antibody was 

then counted on an automatic well-type scintillation counter (Wallac) . 

All samples were measured in duplicate, the figures being expressed 

as the mean of the two duplicates . 

The antiserum employed is designated 002/75/9 and is a 

rabbit antiserum raised in response to injections of the C-terminal 

octapeptide of cholecystokinin (Squibb Institute for Medical Research, 

New Brunswick, New jersey), covalently coupled to bovine serum 

albumin by carbodiimide condensation. This antiserum detects molecules 

which possess the C-terminal CCK octapeptide structure (the biologically 

active part of the CCK molecule) and thus is capable of detecting all 

of the biologically active molecular forms of CCK. Since at least 

four such forms have been described, this type of antiserum is 

essential for studies in which an attempt is being made to measure 

all molecular forms of CCK. However, the exact immunoreactivity 

of each form is not currently known (not all being available in a 

sufficiently pure state) so figures for total CCK-like immunoreactivity 

must necessarily be imprecise and are expressed in the studies 

described here as CCK-33-like immunoreactivity. 
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All dilutions for the radioimmunoassay were made in 0.05M 

phosphosaline buffer, pH 7.4, consisting of standard phosphate 

buffer, 0.05M, pH 7.4, to which 4.5 G/L sodium chloride was 

added. For the gel filtration studies, a special buffer was prepared 

to inhibit degradation of larger to smaller CCK molecules. This 

consisted of phosphosaline buffer to which was added Trasylol 

(Bayer), 10, 000 units/litre, bovine plasma albumin (Sigma), 1 G/litre 

and sodium azide, 0.1 G/litre . Addition of these extra materials 

did not significantly affect the radioimmunoassay. 
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Bioassay for Cholecystokinin  

The bioassay technique for assay of cholecystokinin was 

based on the in vitro technique using transverse and oblique strips 

of rabbit gallbladder, developed by Amer and Becvar (1969) . This 

involved the continuous perfusion by Krebs solution of a longitudinal 

strip of rabbit gallbladder enclosed in a glass cylinder mounted 

within a heated water bath (Fig. 1) . The gallbladder strip was 

suspended on a pulley transducer which was attached to a pen 

recorder so that contractions of the gallbladder could be recorded 

in response to serum samples containing known quantities of 

cholecystokinin and also patient's serum. The sensitivity of the 

pen recorder was adjusted by increase or decrease of the tension 

upon the specimen by a rack and pinion system attached to the 

transducer pulley and by changes in electrical sensitivity. 

Fresh gallbladder strips taken from Dutch rabbits were used 

daily and standard and unknown serum samples were applied to the 

system in a random fashion. Standards were made up in fasting serum 

with cholecystokinin concentration calculated in milli Ivy Dog Units 

.) . Contractions were measured from the lowest point 

on the trough immediately preceding the contraction and further 

samples were only added to the system when recorded levels had 

returned to basal. 
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Figure 1 	Apparatus for cholecystokinin bioassay 
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Column Chromatography  

Serum samples used for chromatographic analysis were 

basal and fifteen minutes after the cholecystokinin infusion in 

one subject and basal and thirty minutes after the Lundh test meal 

in one patient before highly selective vagotomy. 

The columns used for gal filtration studies were 60 x 0.9 cm 

with a bed volume of 38 mi . Sephadex G 50 fine and superfine were 

chosen for separation. The columns were prepared in the usual way 

and two buffers were used: For samples from the exogenous CCK 

infusion study, 0.05 M phosphosaline with 100 mg/500 ml of sodium 

azide at a pH of 7.4. For samples that were obtained before and 

after the Lundh test meal, the buffer was changed to contain 0.05 M 

phosphosaline, 1% trasylol, 0.1% bovine serum albumin and 0.1% 

sodium azide. Serum samples (0.5 ml) mixed with 0.2 ml of dextran 

in 20% glucose were applied to the column. Eluate was collected in 

0.8 ml fractions between the appearance of dextran and for ten fractions 

after the appearance of the glucose. Fractions were stored at -20°C 

awaiting later radioimmunoassay for cholecystokinin concentration. 

Statistical Methods  

Results are expressed as the mean of determinations - one 

standard error. The student "t" test was used to analyse the data 

for statistical significance. Differences with a P value of less than 

0.05 were considered significant. Integrated cholecystokinin was 

computed by the method previously described (Thompson et al, 1972). 

Disappearance half-time was calculated using the linear regression 

method described by Walsh and colleagues (1974) . 
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RESULTS  

Experiment 1  

Average basal cholecystokinin concentration was 116 - 86 pg/ml. 

When 16% pure CCK was infused for thirty minutes, the concentration 

reached a peak of 1,333 - 431 pg/ml at fifteen minutes and then fell 

to a plateau concentration remaining at 932 - 265 pg/ml at the end 

of the infusion (Table 1) . Two minutes after completion of the 

infusion, there was a small rise in concentration and then a rapid 

fall to below basal within eight minutes . 

To calculate the disappearance half-time the method of Walsh 

et al (1974) was used. CCK concentration was expressed as a percentage 

of the peak, tie latter level having been calculated from the average 

of the concentrations obtained at fifteen, twenty and thirty minutes 

after the onset of the infusion, equivalent to the plateau concentration 

(Fig. 2) . The half-time (Tz) was then calculated by converting 

percentage peak CCK levels to natural logarithms and applying 

linear regression analysis (Fig. 3). 

The disappearance half-time calculated from the slope was 

2.39 minutes with a correlation coefficient r = -0.91. 

Biological activity of blood samples collected in trasylol 

for each subject at basal and fifteen minutes was measured using 

the bioassay method described . Typical contractions for the system 

are shown (Fig . 4) . The deflection for each sample was measured 

at least in duplicate. Standards (m.I.D.U.) were measured similarly 

and a standard curve constructed. 
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SERUM CHOLECYSTOKININ (pg/ ml)  

SUI3JEC'1 AVERAGE 5 10 15 20 30 32 34 36 38 40 45 50 60 
BASAL 

MINUTES 

N.1.R. 22 553 1290 933 483 1114 332 287 132 66 41 15 28 27 

P.L. 373 968 1441 2386 524 1308 3092 232 202 17 234 82 72 72 

G. T. 24 197 69 396 188 147 117 378 98 45 29 16 30 25 

R. C. N. W. 46 270 1238 1617 2198 1159 847 483 519 95 93 65 56 130 

MEAN 116 497 1009 1333 848 932 1077 345 238 56 99 45 47 63 

S.E. 86 175 316 431 456 265 682 55 06 16 47 17 11 25 

TABLE 1  CONCENTRATIONS OF SERUM CCK IN 4 SUBJECTS AFTER 
A 30 MIN. INFUSION OF 16% PURE CCK (2 I.D.U./kg-hr). 
THE AVERAGE PLATEAU CONCENTRATION FOR CCK WAS 
CALCULATED FROM THE LEVELS AT 15, 20 AND 30 MINUTES 
AFTER ONSET OF THE INFUSION (WITHIN THE BOX) 
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Figure 2. 	CCK Concentrations, expressed as a Percentage of the 
Peak, in 4 Normal Subjects after the Intravenous Infusion 
of 16% Pure CCK (2 I.D.U./kg-hr). 
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MINUTES 

Figure 3. Semilogarithmic Plot of the Disappearance Half-Time 
of Exogenous CCK from the Circulation in 4 Normal 
Individuals after the Infusion of 16% Pure CCK (2 I.D.U./kg-hr). 
The Slope of the Correlation Coefficient (r) was calculated 
by Linear Regression !analysis . 
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!Psi tP52 1PS3 1PS4 

Figure 4. 	Typical Bioassay Tracing of Contractions obtained after 
the Addition of Standard Serum (SS) or Patients' Serum (PS) 



245 

To compare biological and CCK-like immunoactivity, the 

incremental change from basal to fifteen minutes was calculated 

for both systems (Table 2). 

From the standard curve, the mean increment in biological 

activity was measured. The result (m.I.D.U.) was converted to 

nanograms . The mean increase in CCK activity measured by the 

two systems was 1.97 nanograms (bioassay) and 1.22 nanograms 

(RLA). 

Experiment 2  

The results obtained for recoverable CCK-like immunoreactivity 

after varying separation procedures are shown in Table 3. The 

results indicate that after 10 ng/mi CCK had been added to whole 

blood, 7.75 ng/ml (Serum) and 7.25 ng/ml (plasma) were measured 

by the radioimmunoassay under the presumed optimum conditions of 

immediate separation after clotting than immediate freezing. When 

the samples, either serum or plasma, were left for two hours, with 

or without separation, measured CCK levels were not significantly 

altered. After six hours,- however, levels had fallen by 50% in plasma 

in both separated and unseparated samples . In serum this was also 

true for the unseparated sample but immediately separated serum still 

retained the same CCK level. If separated serum and plasma were 

left for twenty four hours before freezing, the CCK levels had fallen 

to 25% of the maximum recoverable level. 
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BIOASSAY ( deflections) RADIOIMMUNOASSAY (pg/ ml ) 

BASAL 15 mins INCREMENT BASAL 15 	rains INCREMENT 

N.I.R. 16 29 13  22 933 911 

R. C. N. W. 27 31 4 46 1 617 1571 

G.T. 10 28 18 24 396 371 

P.L. 16 23 7 373 2386 2013 

MEAN 17.25 27.75 10.5 116 1333 1217 

S. E. 3. 5 1.7 3.1 85 4;i1 362 

TABLE 2  RESULTS OBTAINED FROM BIOASSAY AND RADIOIMMUNOASSAY 
DETERMINATIONS OF CCK ACTIVITY IN THE SERUM OF 4 
NORMAL INDIVIDUALS BEFORE AND AFTER THE INFUSION 
OF 16% PURE CCK (2 I .D .0 ./kg-hr) . THE MEAN 
INCREMENTAL CHANGE FOR EACH ASSAY SIS TEM IS SHOWN . 
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CONDITIONS  

CHOLECYSTOKL`LN CONCENTRATION 
ng/ ml 

SERUM PLASMA 
Separated immediately 7.75 7.25 

Not separated ; Left for 2 hrs 8. 0 7.75 

Not separated ; Left for 6 hrs 3. 9 3. 9 

Separated immediately ; 6.25 7. 0 
Left for 2 hrs 

Separated immediately ; 8. 5 3. 3 
Left for 6 hrs 

Separated immediately ; 1.75 1.95 
Left for 24 hrs 

TABLE 3 	THE EFFECT OF DIFFERENT SEPARATION PROCEDURES ON 
SERUM AND PLASMA CONCENTRATIONS OF CCK AFTER 
10 ng/ml 16% PURE CCK WAS ADDED TO WHOLE BLOOD 



248 

Experiment 3  

Basal serum CCK concentration in four pre-operative duodenal 

ulcer patients was 175 - 87 pg/ml. CCK concentration rapidly 

reached a peak level of 1,197 - 670 pg/ml ten minutes after the 

onset of the Lundh test meal and remained elevated above basal 

throughout the 120 minutes of the experiment. From the peak level 

at ten minutes until forty five minutes after onset of the test meal 

levels were at a plateau concentration but by sixty minutes had fallen 

to 338 - 114 pg/ml (Table 4, Fig. 5). 

Two months after highly selective vagotomy, mean basal 

CCK concentration was 2,194 T  1,689 pg/ml . This difference was 

not significant but basal CCK concentration for each patient was 

raised. Response to the Lundh test meal was as shown (Table 5, 

Fig. 5). The response was rapid with a peak CCK level of 

5,986 - 5, 048 pg/ml at five minutes . Levels remained elevated 

above basal throughout the test period but continued at almost peak 

levels up until ninety minutes, 5,336 L. 3, 944 pg/ml before falling 

to 3, 061 - 1,231 pg/ml at 120 minutes . Significance was not 

obtained but the standard errors were large . 

When pre- and post-operative CCK responses were compared, 

no significant difference was obtained but post-operative levels at 

all data points were higher than pre-operatively. 

As basal levels were greatly different in the groups, integrated 

CCK levels (pg-min/ml) were calculated (Tables 6 & 7) . The mean 

integrated response for the whole test period (0 to 120 min) was 

not significantly different in the pre- and post-operative studies 

but when individual time periods were compared, post-operative 
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SERUM CIIOLECYSTOKINTh pg /m1)  

NAM  

MINUTES 

AVERAGE 
BASAL 

5 10 15 30 45 60 90 120 

R.B. 188 319 1872 1807 813 509 493 860 709 

K. .3. 413 2010 2758 1473 1054 2758 562 735 - 

J. P. 20 123 85 107 45 56 75 102 57 

T. B. 77 68 73! 140 350 215 220 145 77 

MEAN 175 630 1197 882 566 885 338 461 281 

S. E. 87 463 670 443 227 632 114 196 214 

t 	test - 1.19 1.73 1.85 2.63 1.29 3.14 2.02 1.1 

ABLE 4 
	

CONCENTRATIONS OF SERUM CCK IN 4 DUODENAL 
ULCER PATIENTS BEFORE AND AFTER A 250 ml LUNDH 
TEST MEAL 
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Figure 5  A Plot of Serum CCK Concentrations in 4 Duodenal Ulcer 
Patients in Response to a Lundh Test Meal before and 
after Highly Selective Vagotomy 
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SERUM CHOLECYST_ OKINLW (pg/m1 )  

NAME 

MINUTES 

AVERAGE 
BASAL 5 10 15 30 45 60 90 120 

R.B. 1305 1629 13,763 5171 9459 8589 10,241 16,918 3073 

K.J. 7194 21,113 7679 13,763 12,887 4350 8117 3746 6316 

J. P. 123 673 513 303 469 134 108 469 2484 

T.B. 155 530 800 280 260 260 300 210 370 

MEAN 2194 5986 5689 4879 5769 3333 4692 5336 3061 

S.E. 1689 5048 3160 3177 3198 2007 2627 3944 1231 

t 	test - 1.1 1.16 1.71 1.78 0.50 1.15 0.73 1.21 

TABLE 5 CONCENTRATIONS OF SERUM CCK IN 4 DUODENAL 
ULCER PATIENTS AFTER HIGHLY SELECTIVE VAGOTOMY 
IN RESPONSE TO A LUNDH TEST MEAL 
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INTEGRATED CFIOLECYSTOKLNLN (pg- min/ml )  

NAME 
TIME 0-5 5-10 10-15 15-30 30-45 45-60 60-90 90-120 0-120 

R.B. 328 4538 8258 16,830 7095 4695 14,655 17,895 74,294 

K. J. 3993 9855 8513 12, 758 22, 395 18,705 7 065 82, 815 176, 099 

.13. 258 420 380 840 458 683 2055 1785 6879 

T. B. -22.5 -32.5 —147.5 2520 3082 2107 3165 1020 11,987 

MEAN 1139 3695 4325 8237 8258 6548 6735 25,879 67,315 

S. E. 954 2296 2346 3691 4906 4137 2850 19,373 39,366 

TABLE 6 	INTEGRATED CCK LEVELS IN 4 PRE-OPERATIVE DUODENAL 
ULCER PATIENTS IN RESPONSE TO A LUNDH TEST MEAL 
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INTEGRATED CHOLECYSTOKLNIN (pg- min/m1)  

NAME  
.. 

TIME 0-5 5-10 10-15 15-30 30-45 45-60 60-90 90-120 0-120 

R.13. 810 31,955 40,810 00,150 115,785 121,650 368,235 260,715 1,030,110 

K.J. 34,798 36,010 17.635 91,965 21,368 -14,403 -37,875 -64,890 84,603 

.1. P. 1375 2350 1425 3945 2678 -30 4965 40, 605 57, 373 

T 	13. 937.5 2550 1925 1925 1575 1875 3000 4050 17,637.5 

MEAN 9480 18, 216 15, 449 40, 996 35, 352 27, 272 84, 581 60, 120 297,431 

S. E. 8440 9140 9254 25,445 27,193 31,669 95,065 70,351 244,613 

TABLE 7 
	

INTEGRATED CCK LEVELS IN 4 DUODENAL ULCER PATIENTS 
AFTER HIGHLY SELECTIVE VAGOTOMY IN RESPONSE TO 
A LUNDH TEST MEAL 
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integrated cholecystokinin levels were significantly increased (P ( 0.01) . 

Serum gastrin levels were measured simultaneously throughout 

the study and correlation coefficients were calculated for simultaneously 

measured cholecystokinin and gastrin concentrations . The correlation 

coefficient for the pre-operative study was r = -0.005 and for the 

post-operative study r = 0.0893 . 

Trypsin levels in the duodenal aspirate were as shown (Fig. 6) . 

Trypsin levels were significantly increased by the test meal in both 

first and second hours in both pre- and post-operative studies (P K  0.05) . 

When basal levels and stimulated levels were compared before and 

after highly selective vagotomy, the trypsin levels were consistently 

reduced after the operation (Fig. 6) . The fall in basal trypsin levels 

was not significant but the trypsin levels for the two hours after the 

test meal were significantly reduced (P < 0.05) . 

G50 Sephadex separation was carried out on the serum of 

two subjects . The first was a normal adult male who had received 

the thirty minute infusion of 16% pure CCK. Columns were run on 

basal serum and serum taken fifteen minutes after the infusion. A 

trace of the separation is as shown (Fig. 7) . The main CCK peak 

occurs at fraction 18 but 00K-like immunoreactivity is above basal 

from fractions 15 - 24 with a small separate peak at fractions 9 and 10. 

When serum of a pre-operative duodenal ulcer patient was 

separated on a similar column but with a change in buffer and 

Sephadex G50 superfine, the separation was as shown (Fig. 8). 

The main difference between the thirty minute sample after the Lundh 

test meal and basal is a separation of two, perhaps three, peaks 
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Figure 6  Duodenal Trypsin Concentrations in 4 Duodenal Ulcer 
Patients before and after Highly Selective Vagotomy, 
in Response to a Lundh Test Meal 
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Figure 8  Column Chromatography of Serum from a Patient with a 
Duodenal Ulcer, Fasting and 30 minutes after a Lundh 
Test Meal. 
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between the fractions 32 and 43. Figure 8 also shows the expected 

positions of CCK-39, CCK-33 and the octapeptide of CCK. These 

positions were obtained by running 95% pure samples of these three 

forms of CCK down identical columns (unpublished data, Oliver and 

Harvey and Oliver and Harvey, 1977) . 

DISCUSSION  

Diseopearance Half-Time  

A thirty minute infusion of 16% pure CCK into four normal 

subjects produced a peak CCK concentration fifteen minutes after 

onset which then became a plateau for the final fifteen minutes . 

Two minutes after the infusion, there was a slight rise in mean CCK 

concentration but this was due to an elevated level in only one 

subject; the other three subjects had reduced levels o The 

subsequent fall in CCK concentration was rapid, reaching mean 

basal concentration within eight minutes . A disappearance half-time 

of 2.4 minutes was calculated using linear regression analysis 

(Walsh et al, 1974) . This half-time was identical to the one 

achieved by measuring half-time after a five minute infusion using 

the assay developed by Reeder et al (1973) and Thompson et al (1975, b) . 

This would suggest that for cholecystokinin, a shorter infusion period 

is permissible for measurement of disappearance half-time and would 

tend to support the validity of the previously used method . 
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Biological Activity 

To compare CCK-like immunoreactivity with biological 

activity, samples taken from four subjects under basal conditions 

and fifteen minutes after infusion of 16% pure CCK were assessed 

by both assay systems. To obtain an objective comparison, it was 

decided to measure the incremental change measured by the two 

systems as a result of the CCK infusion. The mean increment 

measured by radioimmunoassay was 1.22 nanograms for the four 

subjects . The increment measured by bioassay necessitated the 

conversion of a mean contraction for the four subjects to a response 

in milli Ivy Dog Units (m .I . D . U .) calculated from the standard 

curve and then converted to nanograms . The measured increment 

from this procedure was 1.97 nanograms . The incremental change 

measured by both systems was, therefore, reasonably close and 

the discrepancy was probably within experimental error for a 

bioassay determination. Although 16% pure CCK contains both 

CCK-33 and CCK-39, predominantly, the biologically active molecule 

(CCK-33) has been infused. There is, therefore, unlikely to be a 

difference in biological to radioimmunoactivity, particularly as this 

radioimmunoassay was developed to the octapeptide of CCK, the 

biologically active end of the molecule. 

Degradation of CCK by Whole Blood  

The disappearance half-time for cholecystokinin is short 

(2.4 minutes) and to date, the only confirmed site of extraction has 

been the kidney. Greengard, Stein and Ivy (1941) demonstrated that 

serum would degrade CCK but this was taking more than two hours. 
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In this study, the effect of whole blood on CCK degradation was 

assessed by examining recoverable CCK-like immunoactivity after 

differing separation procedures . Table 3 illustrates the results . 

To fasting whole blood, 10 ng/ml of CCK was added before mixing 

and then separation into twelve equal aliquots . The CCK was 

dissolved in 100 ,ul saline but the volume was too small to substantially 

dilute the whole blood sample and thus affect the apparent 75% 

recovery under optimum conditions . Plasma recovery was generally 

lower per than serum and dilution may play a part as aprotinin (trasylol) 

10,000 units/500 ul was added to each plasma sample. A likely 

explanation, however, for a 75% recovery is that due to technical 

error. In this experiment, 36 ml of blood were drawn from the fasting 

subject and CCK added and mixed. During this time, clotting was 

taking place and subsequent division into twelve equal aliquots 

was difficult . It could be that adding CCK to already clotting blood 

led to a loss in recovery. Another explanation is that freezing and 

thawing led to loss of CCK-like activity; an accepted occurrence for 

other peptide hormones, including gastrin. 

The effect of different separation techniques was well shown 

with two hours appearing to be the maximum time the sample should 

be allowed to stand before separation without loss of CCK activity. 

This would confirm previous results with serum (Greengard, Stein 

& Ivy, 1941) . In this series of experiments, serum recovery was good 

up to six hours if separation was performed immediately. This suggests 

that a constituent of whole blood that takes part in the clot formation 

does have a degrading effect on CCK activity. 
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CCK Secretion after Highly Selective Vagotomy  

The responses of four duodenal ulcer patients to a Lundh 

test meal were studied before and after highly selective vagotomy. 

Basal CCK concentrations in the duodenal ulcer patients (175 pg/ml) 

were higher than in the four normal subjects (116 pg/ml) but with 

small numbers the difference was not significant. Basal CCK levels 

using the assay developed by Harvey at al (1973) were lower than 

those obtained previously with the Thompson developed assay. 

Possible explanations for this were discussed in the main part of 

the thesis . 

There was a good. response to the Lundh test meal both pre- 

and post-operatively although CCK concentrations were much higher 

after the operation. The pattern of the release was not significantly 

altered by the operation although the peak CCK response occurred 

more rapidly. Basal cholecystokinin concentrations were markedly 

raised post-operatively but this was not statistically significant and 

larger numbers of duodenal ulcer patients would be needed for 

confirmation. Because basal differences were encountered, integrated 

CCK responses were calculated and there was a significantly increased 

output of cholecystokinin in response to the Lundh test meal after 

highly selective vagotomy. The explanation for this is not immediately 

apparent as highly selective vagotomy is a method of vagally denervating 

the parietal cell mass and thereby bringing about reduced acid output. 

Acid stimulation has been shown to be a major stimulus of both 

secretin and cholecystokinin release from the upper small intestine 

and reduced acid secretion would, therefore, be expected to be 
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associated with a reduced CCK release in response to a test ne al. 

The explanation may lie, however, in the finding of a reduced trypsin 

output after highly selective vagotomy. Although trypsin was 

significantly released post-operatively by the test meal, the output 

was significantly reduced as compared with pre-operatively. Reduced 

trypsin output might bring about a stimulus for further CCK release 

by a negative feedback mechanism with a resultant higher CCK 

output. This negative feedback mechanism has been suggested for 

the rat and the pig by Gtltze and Rothman (1975) . For this to be the 

explanation, the pancreas must have been directly or indirectly, 

temporarily, or even permanently, affected by the highly selective 

vagotomy. It was thought that the effect of truncal vagotomy was 

not one of pancreatic denervation but of reduced small intestinal 

hormonal release in response to a meal. This was based on a normal 

pancreatic response to exogenous hormones . It is now thought, following 

studies with transplanted canine pancreas, to be more likely due to 

the interruption of vagal reflexes between the small intestine and 

the pancreas (Wormsley, 1977). Our work indicating the ircreased 

cholecystokinin response would seem to confirm the latter suggestion 

but it is difficult to understand (provided adequate surgical technique) 

how a highly selective vagotomy would interrupt local small intestinal 

and pancreatic reflex arcs . Smith, Edwards and Johnson (1973) 

demonstrated that trypsin output in response to insulin hypoglycaemia 

was negligible after truncal vagotomy but continued to increase 

significantly after highly selective vagotomy. Patients, however, 

with duodenal ulcer disease who were not operated upon gave higher 

trypsin responses to the stimulus . This finding may be comparable 

to our own. 



263 

A second explanation which might be more acceptable 

would be the loss of the gastro-pancreatic reflex (Wormsley, 1977); 

a reflex in which the pancreatic response to gastric distension has 

been abolished by truncal vagotomy. In highly selective vagotomy, 

the antrum remains innervated and one. has, therefore, to postulate 

that the gastric distension required for the gastro-pancreatic reflex 

is not only an antral response. Also, as our investigations were 

carried out only two months post-operatively, it would be appropriate 

to repeat them at a longer interval to see if the changes noted were 

temporary (or reversible) . 

The volumes of duodenal aspirate collected post-operatively 

showed no significant difference to pre-operative collection. The 

reduced trypsin output is, therefore, not a reflection of volume change . 

Reduced fluid and bicarbonate output following vagotomy has been 

attributed to the decrease in gastric secretion of acid (Henriksen, 

1974) but in this study satisfactory reduction in acid response after 

highly selective vagotomy was achieved in response to insulin and 

pentagastrin stimulation but pancreatic volumes were unaltered. 

An alteration in gastric emptying was probably not responsible 

as transit time for solid and semi-solid test meals has been shown 

to be unaltered by highly selective vagotomy (Brandsborg et al, 1977, 

Binswanger at al, 1978) although MacGregor, Parent and Meyer (1977) 

demonstrated, with a liquid meal, reduced trypsin levels after truncal 

vagotomy and attributed this to a combination of rapid gastric emptying 

which diluted intraluminal contents, and a depressed pancreatic 

response. 



264 

Gel Filtration Studies  

Chromatographic analysis of serum from two patients, one 

after exogenous infusion of CCK-33 and the other after endogenous 

release of CCK in response to a Lundh test meal are shown. The 

same column was used for both separations but the Sephadex and 

the buffer were altered slightly after improved separation had been 

achieved with Sephadex G50 superfine . The separation technique 

as shown in Figure 7 was then applied to all subsequent analyses. 

When endogenous CCK released by a test meal was applied 

to the column, two major peaks appeared, one just before and one 

elating with the glucose fractions . When pure CCK-33 and octapeptide 

were applied to the same column under the same conditions (unpublished 

observations, Oliver & Harvey; Oliver & Harvey, 1977) these peaks 

were confirmed to be representative of CCK-33 and the octapeptide 

of CCK respectively. Similarly, by applying pure CCK-39 COCK 

variant) down the colr.mn, it was shown to appear, somewhat surprisingly, 

immediately after the void volume, in the fractions containing the 

blue dextran. In our study with endogenously released hormone 

no CCK-39 was apparently present. The peak that was encountered 

before the appearance of CCK-33 could be a separate unidentified 

molecular form of CCK or could be part of the CCK-33 separation 

with perhaps an error in measurement in the CCK-like immunoreactivity 

in fraction 34. Nevertheless, when "pure" CCK-33 and octapeptide 

were applied to the columns, peaks were encountered in this 

unidentified CCK zone. 
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After exogenous infusion of 16% pure CCK, separation was 

into one major and several minor peaks . The major peak is almost 

certainly CCK-33 and the peak at fraction 9 could represent CCK-39. 

Similarly, the small peaks at fractions 21 and 23 could represent 

octapeptide of CCK since elution of this fraction occurred with the 

glucose . 

These chromatographic results would suggest that the antibody 

used in the Harvey CCK assay system identifies all the presently 

known molecular forms of CCK and gives evidence to support the 

concept that the radioimmunoassay was indeed measuring 

cholecystokinin. 

The general conclusions from the data presented in this addendum 

can be briefly summarised: 

1. 	The disappearance half-time of 16% pure cholecystokinin s 

been shown using two different radioimmunoassay systems 

and two infusion techniques to be 2 .4 minutes . 

2 . 	Degradation of cholecystokinin by whole blood occurred after 

standing for two hours but if separation was carried out 

immediately, serum could be left for six hours before any 

further degradation took place . Serum appeared to retain its 

CCK activity more reliably than plasma. 

3. 	Highly selective vagotomy for duodenal ulcer disease caused 

both a raised basal CCK concentration and increased CCK 

release in response to a Lundh test meal. Trypsin output 

by the pancreas, although significantly stimulated by the 

test meal, was lower than pre-operatively suggesting some 

reduction in pancreatic function. This reduced trypsin output 
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could, by a negative feedback system, be responsible for 

the increased CCK output. The reduced pancreatic function 

following highly selective vagotomy might be due to a reduced 

gastro-pancreatic reflex. 

4. 	Gel filtration studies demonstrated cholecystokinin separation 

into at least two forms (CCK-33 and octapeptide of CCK) 

after both exogenous infusion and endogenous release . 

CCK-39 (CCK variant) was not separated after endogenous 

CCK stimulation but was probably identified after the exogenous 

infusion of 16% pure CCK which is thought to contain both 

CCK-33 and CCK variant. 
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