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"The fact that the peptic glands can be excited 

at all from the bowel was first observed by myselfu 

In our analysis of the effects of food-stuffs on the 

stomach it therefore became necessary not only to 

exclude influences arising in the mouth, but also to 

study the results independently of events occurring 

in the int_estine." 

I.P. PAVLOV (1902) 

--

/ 
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SUMMARY OF THE THESIS 

The existence of a stimul a tory intestinal phase 

of gastric acid secr et ion has been suspected for some 

time, and recently the importance of this phase has been 

recognizedo The intestinal phase is of particular 

interest in relation to the profound gastric hyp e r­

secretion associated with portacaval anastomosiso The 

results of many studies in dogs, and recently in man, 

have demonstra ted conclusively that shunt-related gastric 

hypersecretion is due to unmasking of the intestinal 

phase by hepatic bypass of a humoral stimulant that 1s 

normally inactivated by the livero Definitive 

experiments have shown that this humoral agent is a 

hormone that arisP.s in the jejunum 0 Elaboration of 

the hormone is trigkered both by the entry of food into 

the jejunum and by a brief period of jejuna] distension 

with a balloon .. 

In order to understand the sequence of events in 

this important stimulatory pathway and to is o lat e the 
,,_,,/ 

hormone from portal blood, the time course of hormone 

release has been determined in shunted dogs. Studies 

demonstrate that the intestinal phase hormone 1s 

released/ 
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released within 30 minutes of the application of the 

stimulus, and rapidly reaches peak concentration 1n 

the portal bloodo Intravenous infusion of active 

portal plasma harvested from a shunted intestinally­

fed dog stimulates gastric acid secretion after a 

delay of approximately one hour, and requires a mean 

1! hours to stimulate peak secretion, which suggests 

that intermediary steps may be necessary before the 

hormone can effectively stimulate the parietal cell 

mass 0 

Attempts were made to extract the hormone by three 

simple methods from portal plasma harvested at the 

optimal time from secreting donor dogs 0 The acid 

response of assay dogs with Heidenhain pouches to 

intravenous infusion of such crude extracts was 

insignificant and therefore disappointing 0 

It is revealed for the first time that the pig 

develops portacaval shunt-related gastric acid hyper­

secretion in response to food comparable to that observed 

in the dog and in man 0 Porcine jejunal mucosa is thus 

an appropriate source for isolation of the intestinal 

phase hormone 0 

Using/ 
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Using the same principles employed by Gregory 

and Tracy (1964) for their isolation of gastrin from 

hog antra~ it is demonstrated that pig intestinal mucosa 

extract contains a heat-stable acidic peptide which 

is a potent stimulator of gastric acid secretiono 

Administration of crude intestinal mucosa extract 

elicits gastric acid secretion after a brief delay, 

indicating that some intermediate reactions occur before 

the target organ - the parietal cell mass ... is stimulatedo 

It is concluded that the hormone responsible for the 

intestinal phase of gastric secretion and for portacaval 

shunt-related gastric hypersecretion is present in pig 

intestinal __ mucosa, and can be extracted by a method 

that selectively isolates heat-stable acidic peptides . 
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INTRODUCTION 

Although Pavlov in 1898 was the first to observe 

stimulation of gastric acid secretion by the inte s tinal 

feeding of me at extr a cts through a duodena l fistula$ 

he failed to mention the intestine in his final state-

ment concerning the factors controlling gastric secretion. 

In 1925, Ivy, Lim, and McCarthy were the fir s t to demonstrate 

clearly that a denervated gastric pouch secreted acid 

when an intestinal meal was given 0 They made the 

important proposal that there exists an intestinal phase 

of gastric secretion. Their proposal was subsequently 

confirmed by numerous workers (Gregory and Ivy, 1941; 

Sircus, 19.53; Dragstedt, 1959) who obtained indirect 

evidence to indicate that the intestinal phase is mediated 

by a humeral factor 0 

After Lebedinskaja (1933) had observed the occurrence 

of marked gastric acid hypersecretion following porta­

caval anastomosis in normal dogs, the work of many 

investigators (Dubuque, Mulligan and Neville, 1958; 

Clarke, Hart and Ozeran, 1958b; Guth, 1962) has served 

to define and characterize this phenomenon in experimental 

animals. Furthermore, the gastric hypersecretion seen 

in shunted animals has been cited as evidence in support 

of/ 
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of a clinical association between peptic ulcer and 

portacaval anastomosis in man (Dubuque and others, 

1958; Clarke and others, 1958b; Leger, Cachin and 

Pergola, 1960) o Since the acid response is more 

impressive when the small intestine contains food, 

the logical suggestion has been made that shunt-
, 

associated acid hypersecretion is a manifestation of 
' 

the unmasking of the intestinal phase of gastric 

secretion (Brown, Faustina and Orloff, 1967; Orloff, 

Villar-Valdes, Rosen, Thompson and Chandler, 1969b)o 

The identity of the intestinal phase stimulus is 

not ful 1 y known 0 Some have speci1lated that it may be 

a gastri~~lik~ material (Ivy and others, 1925; Babkin, 

1950), while ot~ers have proposed that it is a gastric 

secretagogue absorb~d from food (Gregory and Ivy, 1941; 

Dragstedt, 1959) o Assumptions implicating the role of 

histamine (Irvine and Code, 1958) have been proved to 

be unwarranted (Windsor, Thompson and Orloff, 1965; 

Hubens, 1967; Thompson, 1969a)o Studies in which 

the intestinal mucosa was stimulated by simple balloon 

distension have shown that the humor al a.gent 1 s not a 

secretagogue absorbed from food, but that it 1s rather 

a horrnone of endogenou s o:igin (Villar-Valdes , Thompson, 
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Rosen, Chandler and Orloff, 1969; Orloff, Abbott and 

Rosen, 1970a) that is very likely identical to the 

agent responsible for the intestinal phase of gastric 

secretion. 

A number of studies have been performed to determine 

the si i e of origin of the humoral mediator of the 

intestinal phase 0 Experiments involving stimulation 

of isolated intestinal segments have demonstrated that 

the hormone arises mainly from the jejunum of both man 

(Abbott, Rosen and Orloff, 1970) and the dog (Orloff, 

Villar-Valdes, Abbott, Williams and Rosen, 1970b). 

Normally, after release from the intestine, the hormone 

is rapidly. degraded by the liver, but when the portal 

blood bypasses the liver in the pr esence of a portacaval 

anastomosis, the hormone 1s free to stimulate the 

target organ - the pari etal cell mass - to secrete acid 

significantly 0 

The present thesis 1s based on information derived 

from several concurrent studies concerning the stimulatory 

intestinal phase hormone 0 An effort was made to isolate 

the humoral factor both from the portal blood of the dog 

and from its site of ori gin , the intestinal mucosa 0 

The time course of hormone release following app lication 

of/ 
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of a stimulus to the jejunum was determined in order 

to pinpoint the time of maximum hormone concentration 

in portal bloodo 

To this end, 58 dogs were subjected to an 

antrectomy, construction of a Heidenhain pouch, a 

Rouxwen-Y jejuna-cutaneous fistula, a portacaval 

anastomosis (Eck fistula) and insertion of an indwelling 

portal vein cathetero After a standard meal had been 

administered into the jejunal loop, 500 mlo of portal 

blood was harvested (with isovolaemic replacement) from 

the donor dogs at various time intervals 0 The portal 

blood was centrifuged in the col d , and the p lasma was 

infused oyyr a -15-minute period into an ass a y dog with 

a Heidenhain pouch 0 The 4-hour acid secret ory response of 

the assay dog to the test plasma was compared with its 

response to control plasma obtained from a fa s ted normal 

donor o 

The data obtained was crucial to the isolation of 

a humeral ag~nt from plasma collected at the optimal 

ti.me from the portal blood of the dog 0 Such information 

would also assist in future undertakings to extract the 

hormone from plasma harvested from the portal vein of 

cirrhotic patients with portacaval anastomosis 0 

Preliminary/ 
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Preliminary attempts were now made to extract the 

hormone in crude form by simple biochemical procedures 

from portal plasma harvested at the optimal time from 

secreting donor dogso Eighteen samples of portal 

plasma which demonstrated gastric-stimulating activity 

were treated by three different methods which 

respectively involved heating, extraction with isopropyl 

alcohol, and dilution and heatingo These crude extracts 

were tested by intravenous infusion into assay dogs with 

Heidenhain poucheso 

A more promising line of investigation is to 

isolate the hormone from the intestinal mucosa of the pig, 

an omnivore already widely used as a source of digestive 

hormones 0 Sin<;:e shunt-related gastric hypersecretion 

has not been demonstrated previously in the pig, six 

weanling pigs with Heidenhain pouches, well-conditioned 

to the labor at ory, were given test meals before and after 

end-to-side portacaval anastomosis. The pouch aci d 

response was measured in thirty-four samples 0 After 
' ; 

the anastomosis, all animals showed a significant increase 

in the acid secretory response to a meal 0 It was 

concluded that the pig, like man, has an intestinal phase 

of gastric secretion, develops shunt-related acid 

hypersecretion,/ 
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hypersecretion, and therefore should serve as a 

suitable species for studies aimed at isolating the 

hormone responsible for the intestinal phase of gastric 

acid secretiono 

To isolate the hormone from its source, fresh 

intestinal mucosa was obtained from a local Pacific 

Coast abbatoir as a slurry squeezed from the entire pig 

intestine* within several minutes of death 0 On the 

reasonable assumption that the hormone is a low-molecular 

weight peptide, the intestinal mucosa was boiled to 

pr e cipitate large proteins and peptides, and the supernatant 

was incubated with diethylaminoethyl (DEAE) c-e;llulose to 

absorb,' the· active agent o The active material was then 

removed from the cellulose with sodium hydroxide. 

Subsequent adjustme~t of the pH to 4 precipitated a 

substance which returned to solution at pH 7.4, and was 

soluble in isopropanol 0 This material was re-dissolved 

in saline, sterilized by filtration, and tested by 

intravenous infusion over 15 minutes into fasting dogs 

with Heidenhain pouches 0 

pouch/ 

The acid secretion of the 

,.~Because of difficulties with labour protocol, it was 

impossible to obtain mucos~ only from the jejunum, 
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pouch was determine d for a basal hour and for three 

hours after infusion of the mucosal ex tractso 

Control studies using dil~en t were done before each 

testo Twenty-fi ve extracts were tested over a wide 

dogage range of protein, and a typical dose-response 

relationship was demonstrated 0 

The significance of the result s of these various 

studies concerning the humoral mediation of the 

intestinal pha se is discu ssed , and the role of the 

intestinal pha se hormone 1n gastric acid secr etion is 

ascerta ined. 

'-, 
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HISTORICAL BACKGROUND TO THE INTESTINAL PHASE 

OF GASTRIC SECRETION 

The Intestinal Stimuluso 

The existence of a stimulatory intestinal phase 

of gastric acid secretion has been recognized for 

almost a half-century, buti until very recently its 

role in normal digestion and in gastrointestinal 

disease has been minimized or ignoredo Subs tan ti a 1 

evidence now confirms the fact that under certain 

circumstances, the introduction of food into the 

proximal portion of the small intestine stimulates the 

parietal cells of the stomach to secrete hydrochloric 
-· -. 

acido Although such an observation was first made by 

Pavlov at the turn of the last century, he paid scant 

attention to the phenomenon, as did several other early 

investigators (Chittenden, Mendel and Jackson, 1898; 

Le Conte, 1900; Sokolov, 1904; Gross, 1906; Lonnquist, 

1906)0 

_, 
Preliminary studies by Ivy and Mcilvain (1923) 

demonstrated the excitation of gastric acid secretion 

by the application of substances (including O.IN 

hydrochloric acid and 20 per cent ethyl alcohol) to 

the mucosa of the duodenum and first part of jejunum. 

It/ 
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It then fell to Ivy and others (1925) to prove 

beyond doubt the existence of an intestinal phase of 

gastric secretion. In their classic experiments, dogs 

with an 0esophago-duodenostomy and a denervated total 

gastric pouch developed profound acid hypersecretion 

when fed a meat or protein meal. They offered the 

hypothesis that the gastric response was due to 

secretagogues absorbed from food into the bloodstream. 

Armour and We bs ter (1932) corroborated the findings 

of Ivy and his colleagues, while working in Babkin 1 s 

laboratory. They demonstrated that a variety of agents 

(e.g. water, meat extracts, products of protein 

digestion, . alcohol, histamine, adrenaline, O. IN hydro­

chloric acid, magnesium sulphate) when applied to the 

intestinal mucosa o~ the. dog, induced gastric secretion 

after a latent period of 1 - 3 hours, whilst application 

of atropine and fat to the mucosa inhibited the flow of 

gastric juice. It was also noticed by them, and 

independently by Bolinger, Kelley and Ivy (1932)s that 

dogs whose nutrition were maintained for long periods by 

pure intestinal feeding, lost all appetite. It was 

surmised that the gastric secretion ob served in their 

experiments was an expression of a pure intestinal phase. 

In/ 
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In 1941, Gre g ory and Ivy observed that feeding a 

dog an intestinal meal stimulated a cid production from 

a denervated ga s tric pouch tr anspl anted to the sub­

cutane ous region~ They believed that the intest i nal 

phase was humorally mediated by means of a secretagogue o 

During the same series of experiments, although they 

proved that distension of the antrum triggered the release 

of a hormone (gastrin), no such manouvre was attempted 

with the small bowelo Babkin, in 1950, although 

believing that the mechanism whereby the intestine 

influenced the secretion of gastric juice was through 

secretagogues, n e ver-the-less kept an open mind, 

suggesting that "the problem of the occurrence of an 

1 intestinal gastrin 1 awaits further investigation." 

Previous misconceptions concerning humeral mediation 

of the intestinal phase by secretagogues were dispelled 

by Sircus (1953) who stimulated secretion from Heidenhain 

pouches by the distension of Thiry-Vella small bowel 

loopso Such gastric acid secretion was a~olished if the 

small bowel mucosa was an a esthetize d with procaine prior 

to dist ension 0 He thereby established indirectly that 

the proximal intestine released a hormone when it was 

distendedo His work was confirmed by others (Nagano, 

Johnson,/ 
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Johnson, Cobo, Oberhelman and Dragstedt, 1960) who 

believed that the small bowel stimulatory hormone was 

controlled by the same factors influencing gastrin 

secretion 0 

Augmentation of Intestinal Phase Secretion by Porta.caval 

Shunt. 

In the meantime, a series of important discoveries 

paralleled the above-mentioned eventso In 1933, 

Lebedinskaja, working in Pavlov's laboratory reported 

that two normal dogs with Eck fistulas (Eck, 1877) 

developed increase d gastric secretion from P av lov pouches 

in response to test meals 0 Since the dogs sub sequently 

developed iiver damage, she thought that normal liver 

function was a prerequisite for normal gastric secretion, 

and that her findings could explain the increased acid 

output observed in cirrhotic patients 0 Her study was 

confirmed by Gerez and Weiss ( 1937) who suggested that 

gastric secretagogues released from the gut were normally 

partially destroyed by passage through the liver 0 

Dubuque and others (1958) found that the acid output 

from canine Hei"denhain pouches increased from 21 mEq. 

per day prior to portacaval shunting, to 63.9 m.E.q. per 

day after operation 0 

1 i gat ion/ 

They noted that portal vein 
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ligation caused a similar rise from a control level 

of 24 09 mEq. daily to 68.3 mEq. daily. Subsequently, 

numerous investigators have duplicated these o~servations 

(Cl arke, Ozeran, Hart; Cruze and Crevling, 1958c; 

Kohatsu, Gwaltney, Nagano and Dragstedt, 1959; Silen 

and Eiseman, 1959)0 Thereafter, experiments studying 

gastric acid hypersecretion fQllowing portacaval shunt 

have been concerned with determining the spectrum of the 

effect of shunt ing on gastric secretion, and identifying 

the agent responsible for hypersecretion. 

Although gastric hypersecretion in dogs with a 

po2~tacaval shunt occurs in the fasting state, it is 

particularly pronounced following eating (Clarke and 

others, 1958c ; Kohatsu and others, 1959; Silen and 

Eiseman, 1959; Rex~ Co4e and ReMine, 1964). Hyper­

secretion occurs despite vagotomy (Kohatsu and others, 

1959); antrectomy (Clarke and others, 1958c; Gregory, 

1958; Kohatsu and others 1959; Cornish, Silen, Eiseman 

and Woods, 1960; MacPherson, Miller, Nishikawa, 

McKissock and Clarke, 1962); total gastrectomy after 

construction of a Heidenhain pouch (0 1 Sullivan, Cantlin, 

Sweeney, Rosteing and Foster, 1960); splenectomy and 

pancreatectomy (Silen and Eiseman, 1959). 

hypersecretion/ 

Gastric 
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hypersecretion is not abolished by jejunectomy or 

ileectomy (Castaneda, Griffin, Nicoloff, Stone, Leonard 

and Wangensteen, 1961), colectomy (Silen and Eiseman, 

1959) or the administration of oral neomycin (Clarke 

and others, 1958c). 

Studies on the hypersecretion following mesenterico­

caval, splenocaval and portacaval shunts have shown acid 

output s more than doubl~ that of the control values 

(Hayashi, Rheault, Semb and Nyhus, 1968), but mesenterico-

caval anastomoses resulted in the highest, and spleno­

caval shunts in the lowest degree of hypersecretion. A 

substance - "pouvoir secretagogue urinaire (P.S.U.) 11 
-

w hi ch w i 11. s t i mu 1 ate gas tr i c hypers e c re t i on in the rat 

has been recovered from the urine of patients with 

portacaval anastomosis only when these are pa.tent 

(Bonfils, Bader, Leger, Boury, Bernades and Dubrasquet, 

1967). This substance is not histamine and it has 

been shown to have gastrin-like properties. 

Substantial indirect evidence has led to the 

suggestion that the increased acid production associated 

with portacaval shunting is a manifestation of the 

unmasking of the inte sti nal phase of gastric secretion. 

In support of this proposal are observations that shunting 

of/ 
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of venous blood from the stomach, proximal duodenum, 

pancreas and spleen does not produce gastric hyper­

secretion1 while diversion of blood from the jejunum, 

ileum, or from the colon into the systemic circulation 

brings about elevated levels of acid output (Clarke, 

McKi s sock and Cruze 1 19 59; Leger and others, 1960; 

Clarke, Miller and McKissock, 1966). Postshunt gastric 

hypersecretion can be inhibited by agents which are known 

to affect the intestin a l phase (Cornish and others, 1960), 

viz. acid perfusion of a duodenal loop; intravenous 

injection of secretin, phenergan or atropine. 

Nature of the Stimulant. 

A. The controversy over Histamine. 

On the basis of these previous observations, many 

investigators, com:nE:ncing with Gerez and Weiss (1937), 

have postulated that portacaval shunt, by permitting 

portal blood to bypass the liver, prevents hepatic 

destruction of a potent secretagogue or hormone absorbed 

from the intestine (Gregory, 1957; Clarke and others, 

1958b; Kohatsu and others, 1959; Silen and Eiseman, 1959). 

Experimental studies aimed at identifying such a secreta-

gogue have largely focussed on the possibility of the role 

of histamine. Indirect evidence to support the humoral 

role/ 
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role of histamine arose 1n the following manner. 

In 1958, Updike, Code and Hallenbeck noticed that 

the feeding of a meal directly into the jejunum was 

followed by elevated gastric acid levels, accompanied 

by an increased output of free urinary histamine. They 

suggested that histamine liberated into the portal vein 

may be partially inactivated by the liver. Their suggestion 

was supported by the observation that the stimulatory effect 

of histamine on gastric acid secretion was found to decrease 

greatly when histamine was infused into the portal 

circulation rather than into the systemic circulation 

(Irvine, Duthie, Ritchie and Waton, 1959b; Silen and 

Eiseman, 1959) . ·, 

Histamine i 's normally absorbed from the intestine 

into the portal bloodstream following ingestion of protein 

(Silen and Eiseman, 1961); the urinary excretion of free 

histamine after a meat meal is increased in both man 

(Mitchell and Code, 1954) and the dog (Updike and others, 

1958; Irvine and Code, 1958; Irvine, Duthie and Waton, 

1959a). Histamine is formed in the gut from L-histidine 

by bacterial decarboxylation (Ackermann, 1911; Irvine 

and others, 1959a), and its formation can be reduced 

by/ 
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by the administration of antibiotics (Wilson, 1954; 

Irvine and others, 1959a). The liver inactivates 

histamine by means of histamine methyl transferase, 

which has been identified in large quantitie s in the 

livers of many species (Lindahl, 1960). Both isolated 

and intact liver s of the dog and pig have been observed 

to remove large histamine loads efficiently (Anrep, 

Barsoum and Talaat, 1953; Drapanas, Adler, Vang and 

McMenamy, 1965; Eiseman, Moore and Normell, 1964). 

Administration of an antihistaminase drug, aminog~anidine, 

produces a rise in the basal secretion of gastric acid, 

and potentiates threshold doses of histamine (Irvine and 

others, 1959b). 

Exogenous histamine introduced into the gastro­

intestinal traat of .a laboratory animal and of man does 

not normally influence gastric secretion but stimulates 

acid hypersecretion 1n the presence of a port acaval shunt 

(Irvine and others, 1959b; Bendett, Fritz and Donaldson, 

1963) • Silen and Eiseman (1961) observed that the 

histamine content of postprandial blood taken from the 

portal vein was greater than in arterial blood 0 Further-

more they found a progressive increase 1n peripheral 

arterial plasma histamine after eating in both intact 

dogs/ 
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dogs and dogs with portacaval shunts, with greater 

levels in the latter. However, the differences in 

histamine elevations after feeding between normal 

and shunted animals were not statistically significant; 

in 3 of 8 dogs, there was no change in the histamine 

response to eating before and after shunt; and there was 

a poor synchronisation between an increase in the acid 

secretion fr om a Heidenhain pouch and the rise in 

arterial plasma histamine. 

Rutherford, Mehlman and Brickman (1966) d e monstrated 

a rise in the postprandial level of arterial plasma 

histamine after a protein meal in animals with portacaval 

shunts. In addition, they found that the increased 

histamine response to eating did not occur in animals 

with shunting of venous blood from the stomach, duodenum, 

pancreas and spleen, but did occur when blood from the 

jejunum and ileum was shunted. Some doubt is cast on 

the validity of their work, because firstly, gastric 

secreti on was not measured; their results were based on 

a single sample of arterial blood taken three hours after 

eating, and they did not record whether the patency of 

the small and variously constructed shunts had been 

confirmed . 

Despite/ 
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Despite these earlier findings suggesting histamine 

as the humoral mediator of the intestinal phase of gastric 

secretion, strong evidence to the contrary began to mount. 

In the fasting animal, comparison of portal and peripheral 

blood histamine levels yielded inconsistent results 

(Anrep and others, 1953; Silen and Eiseman, 1961). Rex 

and others ( 1964) fed a meat meal to dogs with and 

without portacaval transpositions 1 and then examined the 

effect on the acid secretion into a Heidenhain p01.i.c h and 

the urinary excretion of free histamine. Although they 

found a significant increa s e in acid output during fasting 

and following eating in dogs with portacaval shunts, no 

significant difference occurred in histamine excretion 

in animals studied before and after making the shunt~ 

These authors proposed that an increase in responsiveness 

of the gastric mucosa rather than increased quantities 

of circulating histamine was the cause of "shunt-related 

hypersecretion". 

Initial studies in the rat suggested that the effect 

of portacaval anastomosis was to alter the metabolism of 

histamine at the site of the end-organ, namely the 

gastric mucosa. It was shown by Day, Skoryna, Webster 

and MacLean (1963) and Fischer and Snyder (1965) that 

the/ 
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the level of histamine was indeed increased in the 

gastric mucosa of the rat after portacaval anastomosis 

probably because of an increase in the histamine~ 

synthesizing enzyme , histidine decarboxylase. They 

were able to suppress the increase in histamine by 

inhibiting this enzyme with a substance, NSD-10558 

The choice of the rat was perhaps unfortunate since 

this animal has a unique histamine metabolism, and has 

been described as the "maverick of histamine metabolism" 

(Code, 1965), so that · rat studies on the role of 

histamine in gastric physiology generally are not 

applicable to other species, including man. 

In sharp contrast to these observations, Newman, 

Reeder, Davidson, Schneider, Miller and Thompson (1969) 

found no significant.increase in the mucosal histamine 

concentration in the dog after "shunting". There was 

no significant difference in the amount of histidine 

decarboxylase in the gastric mucosa of the dog before 

or after portacaval transposition, and the administration 

of NSD-1055 did not influence gastric hypersecretion after 

portacaval shunt. Using more refined fluorometric 

techniques for the measurement of histamine, Thompson 

(1969a) found no difference in the histamine content of 

portal/ 
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portal and peripheral venous blood after feeding. 

If histamine were responsible for hypersecretion after 

"shunting", one would only have expe cted the effect to 

b e demonstrable after feeding, but in fact the basal 

rate of a cid secretion is also increased (Clarke and 

others, 1958c; Silen and Ei seman , 1959; Rex and others, 

1964; Olbe, 1966; Hubens, 1966 and 1967). 

Further evidence against the proposed role of 

histamine as the intestinal mediator of gastric secretion 

c wme from Hubens (1967) who found that the increased 

gastric secretory response to intestinal stimuli 

detectabl e after shunting was blocked by agents that do 

not influence histamine - stimulated gastric secretion, 

namely atropine, locally and vagally-applied anaesthetic 

agents. No incr ease in blood histamine was detected after 

a meal 1n control, cirrhotic and shunted dogs, and there 

was no correlation between the level of blood histamine 

and the amount of acid secret e d (Windsor and other.s, 1965). 

In addition to the suggestion that histamine may be 

the intestinal humoral factor, other secretagogues have 

been proposed, including ammonia, amino acids, proteins 

or protein derivatives (Clarke and others, 1958c; Silen 

and Eiseman, 1959; Griffen, Slesh and Mooney, 1969). 

B. I 
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B. Hormonal Mediation of the Intestinal Phase. 

For the many reasons mentioned above, it is clear 

that the active agent is not histamine or a secretagogue 

absorbed from food. It has been proposed that the 

stimulant is either gastrin or a gastrin-like substance 

arising from the intestine (Sircus, 1953; Dragstedt, 

1957; Castaneda, Griffen, Nicoloff, Leonard and 

Wangensteen, 1960; Jordan, 1967). There are major 

arguments against gastrin as the intestinal hormone. 

Gastrin is almost or completely resistant to inactivation. 

by the liver (Olbe, 1960; Gillespie and Grossman, 1962; 

Amure and Ginsberg, . 1964; Li ck, We 1 sch, Hart, Br~ckner, 

Balser and yurtner, 1967; Thompson, Reeder, Davidson, 

Charters, Br~ckner, Lernrni and Miller, 1969) ·. Gastrin 

is degraded by the kidneys (Maxwell, Moore, Dixon and 

Stevens, 1971; Hjelmquist, Reeder, Brandt and Thompson, 

1972), whereas the portal blood stimulant clearly is 

very efficiently inactivated by the liver. Moreover, 

gastrin levels measured by radio-imrnuno assay after 

portacaval shunt in dogs have shown a decline rather than 

a rise (Clendinnen, Reeder, Jackson, Miller and Thompson, 

1970). 

At this stage it seemed possible that a humoral 

gastric/ 
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gastric secretagogue is released from the tissues 

by the intestine into the portal circulation following 

entrance of food. Brown and others (1967) investigated 

this possibility by feeding anlrectomized dogs with an 

intestinal meal. The acid secretion f rom each dog's 

Heidenhain pouch was measured during isovolaemic aut o ­

transfusion of blood from the portal vein to the thoracic 

aorta. The combination of an intestinal meal and hepatic 

bypass of portal blood by portal-systemic autotransufsion 

produced a significant increase in acid and volume 

secretion from each denervated gastric pouch. 

In a succeeding study, after receiving an intestinal 

meal, antrectomized donor d ogs underwent cross-transfusion 

of their peripheral venous blood, before and after 

portacaval anastomo~is, into the thoracic aortas of 

recipient donor dogs (Orloff and others, 1969b). The 

volume of cross-transfused portal blood was carefully 

replaced simultaneously with bank blood. Cross-transfusion 

between a shunted donor given an intestinal meal and an 

intact recipient resulted in sustained, highly significant 

increases in gastric output and secretory volume in both 

donor and recipient animals. 

These/ 
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These two studies demonstrat e d conclusively that 

a potent humeral agent of inte stinal origin mediates 

shunt-related gastric hypersecr e tion& To determine 

the relevance of these experim:~ntai fi n dings to man, 

studies of the gastric acid secre tory response to an 

intestinal meal were conducted in normal humans: patients 

with alcoholic cirrhosis, and patients with cirrhosis 

who had undergone portacaval shuntso The entrance of 

food into the intestine of both normal and cirrhotic 

subjects produced a sma~l depression of gastric secretiono 

In contrast, administration of an intestinal meal to 

cirrhotics with portacaval ehunts produced a marked and 

prolonged outpouring of gastric acid in every patient 

( Or 1 off, Chandler, A 1 derman, Keiter and Rosen, 1969a) • 

Thus it was clear that hepatic bypass of the liver by 

portal blood unmasks an intestinal phase of gastric 

s ecreti on in man, just as it does in the dog. 

That the humeral agent was not an exogenous 

s e cretagogue derived from food, but a hormone of 

endogenous origin was established by balloon distension 

experiments in normal subjects and in cirrhotic patients 

with and without port acava l shunts (Orloff and others, 

1970a). 

inflated/ 

Jejunal distension for 20 minutes with a balloon 
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inflated to 50 mm 0 Hg produced a massive and prolonged · 

hypersecretion of gastric acid comparable to that 

produced by an intestinal meal in the same (or similar) 

patients 0 

Site of Origin of the Intestinal Phase Hormoneo 

Since shunting of portal blood draining the intestine 

distal to the ligament of Treitz brings about an increa s e 

1n ga s tric secretion, several investigators have attempted 

to pinpoint the site of origin of the humoral agento 

Clarke and others (1959) demonstrated that acid secretion 

from Heidenhain pouches in dogs was increased after 

superior mesenterico-caval shunting and returned toward 

normal lev~ls ~fter subsequent portacaval transposition. 

Systemic shunting of the venous outflow from the stomach, 

proximal duodenum, pancreas and spleen failed to alter 

normal acid production 0 Their findings supporting the 

view that the mediator of shunt-related gastric hyper­

secretion arises from the gut distal to the mid part of 

the duodenum were confirmed by Leger and others (1960). 

Silen and fiseman (1959) found that colectomy did 

not affect shunt-related gastric hypersecretion in a 

small series of 5 dogs with portacaval transposition 0 

Castaneda and others (1961) demonstrated that resection 

of/ 
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of the jejunum or ileum did not eliminate the source 

of the humoral mediator. However, their findings are 

open to question since the number of studies were sma ll 

their results were not submitted to statistical analys i s, 

and the effect of small bowel resection on gastric 

secretion (Landor and Baker, 1964; Santillana, Wi se, 

Schuck and Bal 1 inger, 1969) was not recognised at the 

time of their report. 

Clarke and others ( 1966) observed an incr e ase in 

the 24-hour acid output both following systemic shunting 

of blood from the colon and after shunting of blood from 

the small intestine, and they concluded that the humeral 

stimulus a~ose throughout the small and large bowel. 

However, in 4 of the 6 dogs studied, it appears that the 

levels of free acid were in fact higher when blood was 

shunted from the small bowel. In 1968, McPhedran, Bett, 

Stone and Goldberg reported that aliquots of bl ood 

withdrawn from the acutely obstructed portal vein of 

dogs induced gastric acid secretion when injected into 

test animals with Heidenhain pouches. In sharp contrast 

to the findings of previous investigators, only portql 

blood draining from the stomach and colon had a 

stimulatory effect, whilst blood from the superior 

mesenteric vein {draining the small bowel ) prod~ced no 

such response. 
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In contrast, more recently, Orloff and others 

(1970b) have examined the gastric secretory responses 

to the introduction of food into isolated segments of 

jejunum, ileum and colon, both before and afte r porta­

caval shunt 1n dogs. Portacaval shunt did not greatly 

enhance the gastric secretory response to the presence of 

food in the distal half of the small intestine, and food 

in the proximal three-fourths of the colon failed to 

produce any response either before or after portacaval 

shunt. In contrast, .in the presence of a portacaval 

anastomosis, a jejunal meal stimulated massive and highly 

significant gastric hypersecretion. These results 

indicated that most, if not all, of the humeral stimulus 

originates in the jejunum. Comparable ex~eriments were 

conducted in patients; the gastric secretory responses 

to the introduction·of food intathe jejunum and into the 

ileum were compared in cirrhotic patients with and without 

portacaval anastomosis (Abbott and others, 1970). As 

in the dog, it was demonstrated conclusively that the 

hormone responsible for the intestinal phase of gastric 

secretion and for portacaval shunt-related acid hyper• 

secretion in humans originates in the jejunum. 

G~ s tric Secretion 1n Cirrhosis. 

The/ 
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The suggestion that there is a causal relationship 

between gastric and hepatic disease is not a new one 

(Leva, 1893; Hayem, 1898; Le bed inskaj a, 193 3) • Many 

studies concerning the influence of cirrhosis on gastric 

secretion have almost all demonstrated either a 

depression of acid production, or no change from normal. 

Although most of these have involved indirec t or 

qualitative determinations of acid secretion, seven 

quantitative studi e s have been done in chronic liver 

disease. 

Clarke, Costarella and Ward (1958a) found no 

significant differ ences between cirrhotic patients and 

normal subjects in basal acid secretion, the acid 

secretory response to a sucrose test meal, and the acid 

secretory response to an appetiz1ng breakfast. Ostrow, 

Timmerman and Gray (1960) measured the output of basal 

acid and basal pepsin, histamine-stimulated acid and 

pepsin secretion, and the concentration of 24-hour urine 

pepsinogen and blood pepsinogen in compensated ("healthy") 

and decompensated ("sick") cirrhotic patients. They 

reported that all components of the secretion were 

significantly reduced in both groups, suggesting that · 

ch~onic illness itself was not the cause of the impaired 

gastric/ 
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gastric function. Uropepsin and blood pepsinogen 

values were as low in postnecrotic and biliary 

cirrhosis as in alcoholic cirrhosis, indicating that 

alcoholism itself was not responsible for the decreased 

gastric secretion. 

Significant reduction of basal and maximal {post­

histamine) acid ou tputs were recorded in 26 cirrhotic 

patients (Scobie and Summerskill, 1964). Gastric hypo­

secretion was not related to the aetiology or severity 

of the hepatic di sease, nor to the extent of naturally­

occurring portal-systemic anastomoses. Tabaqchali and 

Dawson (1964) demonstrated the normality of gastric 

secretion .in 28 p a tients with cirrhosis. Schmidt and 

Martini (1969) reported a reduction in basal acid output 

in a series of 30 cirrhotic patients wh o were compared 

with 13 normal subjects. The mean of the results for 

histamine-stimulated secretion sh owe d no change from the 

normal, although the scatter of results was wider. 

Baddeley (196 8 ) found no difference 1n basal secretion 

between 26 cirrhotics and controls, whereas maximal volume 

and acid secretion of ascitic cirrhotic patients were 

significantly impaired when compared with non-ascitic 

cirrhotics and control patients. 

from/ 
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from this laboratory (Alderman, Keiter, Chandl er , 

Rosen and Orloff, 1969) reve aled that compensat ed 

cirrhotic patients have a small but significantly 

higher basal secretion (mean output of 4.2 m Eq . /L ) 

when compared to normal subj e cts (mean output of 2.5 m 

Eq. /L). The secretory response to histamine was 

similar in both groups of subjects. 

Simulation of Liver Disea s e 1n Animal Models. 

Because of the clinical association of peptic ulcer 

with cirrhosis and portacaval anastomosis, experime ntal 

models have been designed to reproduce the human 

situation in animals. Four groups of animal models 

' simulate the human situation: 

(1) Production of Liver Damage 

(a) Oral Administration of Carbon Tetrachloride . Guth 

(1962) reported that the increased ga s tric secretion of 

dogs rendered cirrhotic with carbon tetrachloride was 

not affected by subsequent portacaval shunting. Contrary 

to his findings, Hein, Silen, Skillman and Harper (1963) 

pointed out that the gastric hypersecr e tion found in dogs 

with experimental cirrhosis was augmented up to five-fold 

after portacaval transposition. In Stelzner's (1965) 

experiments, liver damage was characterized by hepatic 

centrilobular necrosis, fibrosis and bile-duct 

proliferation. 
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proliferation. There followed such an increased 

outpouring of gastric acid that all the animals 

developed anastomotic ulcers within two months. 

(b) Hepatic Vein Ligation (Orloff 1 Baddeley, Nutting, 

Ross, Halasz and Sloop, 1966) in dogs resulted not only 

1n liver cell necrosis and fibrotic changes, but also 

in portal hypertension and ascites. In contradistinction 

to those animals dosed with carbon tetrachloride, these 

animals developed a diminishe d output of acid from their 

Heidenhain pouches. 

(c) Combination of Carbon Te trachloride and He patic Venous 

Ligation (Baddeley and Fejfar, 1968). These authors 

observed an increased acid output during the~irrhotic phase 

(with pepsin secretion unchanged), but during the ascitic 

phase, there was a significant reduction in the production 

of gastric acid and pepsin, accompanied by change~ in the 

make-up of mucin. They concluded that peptic ulceration 

in cirrhosis may be due to changes in gastric mucosal 

resistance rather than acid-pepsin aggression. 

(2) Portal Vein Ligation (Dubuque and others, 1968; 

Gregory, 1958) in dogs with healthy livers soon resulted 

in the development of portal-systemic shunting. Increased 

acid secretion was subsequently obtained from a gastric 

pouch/ 
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pouch, particularly after a test meal. A potent 

gastric secretagogue was detected in blood taken from 

the acutely obstructed portal vein> which was neither 

histamine nor gastrin, and was present in blood from 

the stomach and colon, but not in blood draining from 

the small bowel (McPhedran and oth e rs, 1968). 

(3) Portal Blood Bypassing the Liver: 

(a) Eck fistula {Lebedinskaja, 1933; Gere z and Weiss, 

1937), or end-to-side configuration. 

(b) Portacaval anastomosis, side -t o-side (Lee and 

Fisher, 196:l_). 

(c) Portac.av-al transposition (Child, Barr, Holswade and 

Harrison, 1953; Clarke and others, 1958b; "Kohatsu and 

others, 1959). In contrast to dogs with an Eck fistula, 

portacaval transposition has the advantage of excluding 

the liver from the portal bloodstream without the production 

of detectable liver damage. If an arterial blood supply 

was anastomosed to the hepatic end of the divided portal 

vein in a shunted dog, thereby improving the oxygenation 

of the bypassed liver, there appeared a great increase 

1n gastric acid output despite an excellent hepatic blood 

supply and normal liver function t est s (Nicolo££, 

Doberneck, Leonard, Pet er and Wangensteen, 1962). The 

latter/ 
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latter investigators concluded that liver dysfunction 

does not play a role in postshunt hypersecretion. 

(4) Biliary Obstruction 

Berg and Job ling ( 1930) and Ballmann and Mann ( 1932) 

reported that ligation of the common bile duct in dogs 

producing complete obstructive jaundice, i .ncurred gastric 

and duodenal ulcers in most of the animals. 

no gastric secretQry studies were performed. 

Unfortunately, 

Silen, Hein, 

Alba and Harper (1963) noticed that the gastric hypersecretion 

which developed after ligation of the com.~on bile duct 

persisted after removal of the obstruction if irreversible 

liver damage had occurred. Gastric secretion returned to 

normal levels if hepatic dysfunction was reversible. Such 

a.n observation persuaded them to believe that the cirrhotic 

liver released a secretagogue. Windsor, Fejfar and 

Woodward (1969) have reported that in patients undergoing 

massive small bowel resection, there is an association 

b e tween acute gastric hypersecretion and transient post­

operative jaundice in the immediate postoperative period. 

Peptic Ulcer Associated with Cirrhosis 

The association of peptic ulcer and cirrhosis has 

been the subject for clinical investigation by many gro•.1ps 

of investigators (sec Table 1). Clinical radiological 

and autopsy evidence has been 0ffered to support 

an/ 
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TABLE 1: Incidenc e of Peptic Ulcer 1n Cirrhotic 

Patients 

First Author No. of Peptic Ulc e r>:< 

Patient s No. Per cent DU 

Schnitker 1934 72 14 19.4 -

Ask-Upmark 1939 38 9 24.7 -
Ra tnof f 1942 386 14 3.6 -
Lipp 1952 432 30 6.9 -
Dagradi 1955 92 12 13.1 11 

Swisher 1955 417 58 13.9 51 

Fainer 1955 94 16 17 -
Koide 1958 252 13 5.2 12 

MacDonald 1958 221 20 9 4 
-,.,-· 

Leger 1960 242 25 10. 5 16 
. 

Schriefers 1963 324 15 4.6 -
Scobie 1964 26 2 7.7 2 

Tabaqchal i 1964 290 33 11. 3 25 

Schmidt 1969 30 5 16.7 3 

* DU Duodenal ulcer 

GU Gastric ulcer 

GU 

-
.. 

-
-
1 

7 

-
1 

16 

9 

-

-
8 

2 
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an increased evidence of peptic ulcer in cirrhotic 

patients. The very diversity of criteria for patient 

selection and peptic ulcer diagnosis in relation to 

cirrhosis have so invalidated the arguments presented, 

that depending upon the references cited, it is possible 

to conclude that peptic ulcer is either more frequent or 

less frequent than 1n a comparable noncirrhotic population. 

Neither conclusion is valid, and the facts remain to be 

determine d by prospective studies. All the studies have 

been retrospective in nature, and have suffered from a 

lack of suitable controls. The reported incidence of 

peptic ulcer in cirrhotic pati ents has ranged from 3.6 to 

24.7 per cent. It has also been suggested on slender 

evidence (see Table 2) that there is a greater risk of 

the development of peptic ulcer in patients with primary 

biliary cirrhosis than in those with portal cirrhosis 

(Schmidt and Martini, 1969). 

TABLE 2: Incidence of Peptic Ulcer in Primary Biliary 
Cirrhosis 

First Author No. of 
Patients 

Lipp 1952 21 

Tabaqchal i 1964 42 

Gastric Secretion 1n Portacaval Shunt 

Several/ 

Peptic Ulcer 
No. Per cent 

3 14.3 

14 33.3 
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Several investigators have proposed that shunt­

relat ed hypersecretion may be du e to an increased 

reactivity of the gastric mucosa rather than to a specific 

humoral stimulant (Gill es pie and Grossman, 1962; Rex and 

others, 1964; Hubens, 1967). As part of - this proposal, 

it has been suggested that portacaval shunt produces an 

increase in the parietal cell mass (Landor, Porterfield 

and Wolf, 1966; Hubens, 1967). Reports of an elevated 

postshunt response to histamine stimulation (Clarke,Hof fs 

and El Farra, 1960; Hein and others, 1963; Rex and others, 

1964; Orloff and Windsor, 1966; Hubens, 1967), although 

not consistent, (Guth, 1962; Hayashi and others, 1968; 

Newman and others, 1969) have been cited as evidence for · 

increased mucosal reactivity. However, the consistent 

onset of acid hypersecretion within a few days after 

portac ava l shunt, the demonstration of augmented acid 

production following acute portal-systemic autotransfusion 

(Brown and others, 1967) and during cross - transfusion of 

blood from shunted dogs to normal recipients (Orloff and 

others, 1969b) provide strong evidence against the role 

of an increased parietal cell mass or mucosal reactivity 

1n postshunt hypersecretion. 

Role of Gastrin 

that/ 

It is clear from the studies mentioned 
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that if gastrin has any relationship to postshunt 

hypersecretion, it is a minor role. An trectomy 

performed before portacaval anastomosis does not 

prevent the development of hypersecretion after 

shunting. Similarly, the hyper secretion after 

shunting is not abolished by subsequent antrectomy, 

but it does result in a reduction in gast ric secretion 

by 43 per cent (MacPherson and others, 1962). Increased 

gastric secretion after portacaval shunt has also been 

attributed to the improved circulation of gastric mucosa 

consequent on diminished portal pressure (Ostrow and 

o the r s , 1 9 6 0 ) • Although blood flow to the stomach is 

increased following portacaval anastomosis, particularly 

to the antrum where the flow is more than doubled 

(Delaney, Goodale, Cheng and Wangensteen, 1965), serum 

gastrin levels, both fasting and postprandial, are 

diminished following portacaval transposition (Clendinnen 

and others, 1970) • 

Role of the Vagus Another set of mechanisms have been 

proposed for the observed action of humoral stimulators 

of gastric secretion, namely that such substances can 

sensitize the parietal cells to vagal stimuli. The 

facility to potentiate direct vagal action on the parietal 

cells/ 
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cells 1s a characteristic of gastrin, and is possibly 

also held by the intestinal stimulatory hormone. 

Responses to vagal stimuli were reported to be augmented 

by portal vein occlusion (Gregory, 1958). Using insulin­

stimulation in two dogs with Pavlov pouches as a model 

of vagal stimulation, Olbe (1966) noticed that gastric 

secretion increased over three-fold after portacaval 

transposition. In the presence of a mesenterico-caval 

shunt, sham-feeding of antrectomized dogs produced an 

increase of 7 - 20 fold in acid output from Pavlov pouches. 

Despite such evidence supporting a vagal influence of 

shunt-related secretion, a more direct vagal stimulant, 

2 - deoxy - D - glucose, had no effect on Heidenhain 

pouch acid secretion either before or afte:r:portacaval 

transposition (Newman and others, 1969). 

Clinical Studies Until ~ecently, the applicability of 

many experimental observations regarding shunt-related 

hypersecretion to humans with portacaval anastomosis has 

been uncertain. Prior to the investigations by Orloff 

and others (1969a), all studies of gastric secretion in 

shunted patients were confined to measurements of basal, 

and histamine - or caffeine-stimulated acid production, 

and ignored the intestinal phase of gastric secretion. 

Clarke/ 
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Clarke and others (1958a) revealed that basal acid 

output and the secretory response to a sucrose meal 

were similar in normal controls, cirrhotics and shunted 

cirrhotics. in contrast, Ostrow and others (1960) 

reported that the gastric output of pepsin, free and 

total acid, was significantly higher, both basally and 

after histamine in 11 shunted cirrhotic patients than 

in 29 cirrhotics without shunt. However, inconsistent 

results were obtained 1n the only two patients studied 

both before and after shunt. 

Bendett and others (1963) found that the basal acid 

output and histamine-stimulated secretion were not 

significantly different before or after portacaval shunt 

in 11 patients. Tabaqchali and Dawson (1964) observed 

inconsistent changes.in basal acid secretion and a 

reduction in the response to histamine after portacaval 

shunt in two patients. Schriefers, Schreiber and Esser 

(1963) studied basal and caffeine-stimulated gastric 

secretion before and after portacaval shunt in 17 patients 

and found no significant chang es. Furthermore, their 

studies in 130 cirrhotic patients with and without shunts 

failed to show significant differences in acid output, 

although there was a tendency toward hyperacidity in the 

shunted/ 
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shunted patients. Scobie and Summerskill (1964) 

reported similar levels of basal and histamine-

' 
stimulated acid secretion in control subjects and 

four patients with portacaval anastomosis. 

Wilkinson and Riddell (1965) compared overnight 

and histamine-stimulated acid secretion before and 

after portacaval shunt in 17 patients and found no 

significant differences. Ferrarese and Ronzini (1966) 

detected no consistent differences in the acid secretory 

response to histamine before or after portacaval shunt 

in 10 patients. In contrast to all these previous 

studies of basal and stimulated gastric acid secretion, 

Orloff and others (1969a) have demonstrated sustained 

and highly significant hypersecretion in res·ponse to an 

intestinal meal 1n all patients with portacaval shunts, 

but no response 'in normal subjects and nonshunted 

cirrhotics • . For the first time, shunt-related gastric 

hypersecretion was demonstrated in man. The gastric 

hypersecretory response to an intestinal meal in humans 

with portacaval shunts has been so consistent that the 

response may be a useful indicator for patency of the 

anastomosis. 

Peptic Ulcer Associated with Portacaval Shunt 

Since/ 

. ! 
' 
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Since the initial report by Dubuque and others 

(1958), there have been several studies on the subject, 

all retrospective and without suitable controls • 

. These investigations r e flect an incidence of peptic 

ulcer in shunted patients of approximately 10 per c ent , 

with a range of 1.6 - 38 per cent (Table 3). Five 

small prospective studies (Table 4) show an average 

incidence of 12.6 per cent, with a preponderance of 

gastric ulceration. It should be noted that in the 

first postoperative month of these seriously ill patients, 

there was an incidence of 21 per cent of acute stress 

ulcer (Orloff and others, 1969a). The true relationship 

of portacaval shunt to peptic ulcer remain s to be 

determined by careful prospective studies with suitable 

controls. 
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TABLE 3: Incidence of P ept ic Ulcer F ollowi ng 
Port acava l S hunt 

No. of Peptic 
First Author Shunt Ca s es No. % 

Child 1958 100 5 5.0 

Clarke 19586 62 5 8.0 

Dubuqu e 1958 60 9 15.0 

Ludington 1958 8 3 38.0 

Linton 1961 137 22 16.0 

McDermott 1961 237 35 15.0 

Wantz 1961 101 9 9.0 

Mikkelsen 1962 230 16 7.0 

Bendett - 1963 11 1 9.1 

Hallenbeck 1963 106 6 5.7 
.. 

Roussel ot 1963 104 - 6 5.7 . 
Schriefers 1963 125 2 1.6 

Liebowitz 1964 50 8 16.0 

Tabaqchali 1964 35 5 14.3 

TOTAL 1366 132 9.7 

* Du = Duodena l ulcer 

Gu = Gastric ulcer 

Ul ce r':< 
Du Gu 

.. -
3 2 

- .. 

1 2 

- .. 

- .. 

6 3 

13 3 

0 1 

- -
- -
- -
6 2 

4 1 
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TABLE 4: E£ospective Studies - P e ptic Ulcer 
Associated with Portac aval Shunt 

No. pf Peptic Ulcer>:< 
First Author Shunts No. Du Gu 

Clarke 1958c 62 5 3 2 

Os tr.ow 1960 2 1 - 1 

Bendett 1963 6 1 - 1 ... 

Wilkinson 1965 65 3 1 2 

Orloff 1969a 58 14 4 10 

TOTAL 193 24 8 16 

* Du = Duodenal ulcer 

Gu = Gastric ulcer 

Follow-up 
Time 

2 years 

2 years 

6 months 

2 years 

2-6 years 
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CHAPTER IV 

DETERMINATION OF THE TIME COURSE OF RELEASE OF 

INTESTINAL PHASE HORMONE INTO PORTAL BLOOD 

--· 
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DETER.i~INATION OF THE TIME COURSE OF RELEASE OF 

INTESTINAL PHASE HORMONE INTO PORTAL BLOOD. 

It has been shown recently by Orloff and his group 

( 1969a, 1969b) that the intestinal phase of gastric 

secretion is mediated by a potent hormone elaborated 

mainly in the jejunum. The present studies were 

planned to determine the kinetics of hormone release 

following application of the stimulus to the intestine, 

and to pinpoint the time of maximum hormone concentration 

in portal blood for subse·quent isolation of the hormone. 

With these ends in view, portal blood was harvested at 

15 minute intervals from suitably-prepared donor dogs 

following administration of an intestinally-fed meal. 

The plasma portion of the harvested portal blood 

was tested for gastric.stimulatory activity by intravenous 

administration to assay dogs with Heidenhain pouches. 

MATERIALS AND METHODS 

Fifty-eight satisfactory experiments divided into 

5 groups were completed at 15, 30, 45, 60 and 90 minutes 

respectively (Table 5) in order to determine the optimum 

time for sampling portal blood from the intestinally­

fed donor. 

TABLE/ 
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TABLE 5:: Number of studies for por tal blood harvesting 

Harves t Time (mins.) 15 

No. of Tests 11 

SURGICAL PREPARATION OF ANIMALS 

(1) Donor Dog (Fig. 1) 

30 45 60 90 

17 10 10 10 

(a) Establishment of Antrectomy, Heidenhain Pouch and 

Je junal Fistula. 

Healthy adult mongrel dogs were selected which were 

conditioned to the laboratory environment and which 

weighed between 25-30 kg. After 24 hours of fasting, 

each dog was anaesthetized with 0.5 mg./kg Nembutal (sodium 

pentobarbitone ) given intravenously. Endotracheal 

intubation was estabLished. The animal was shaved and 

prepared for laparotomy. A catheter for intravenous 

infusion was inserted into the left jugular vein through 

a cut-down. Histamine phosphate 2.75 mg . was injected 

subcutaneously to allow subsequent mapping out of the antrum. 

The abdomen was opened .through an upper midline 

incision. The spleen was mobilized and approximately 

10 ml. of 1: 10,000 solution of adrenaline was injected 

into a tributary of the splenic artery. 

secured/ 

Haemostasis was 
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secured by a silk ligature on either side of the 

needle punctureo When the spleen had contracted 1 

the vessels in the hilum were ligated as close to 

the organ as possible in order to preserve the vascular 

connections to the left gastro-epiploic artery. 

Splenectomy was now performed at this stage, as this 

procedure would have been necessary during the second 

stage of the surgical prepa ration when the portal vein 

was cannulated through the stump of the splenic veino 

Through a small d ist a l gastrotomy, the extent of 

the antrum was determined with pH paper (Hydrion AB 

pH 1-11) . ,:c The alkaline-secreting antrum is clearly 
• 

demarcated fromllie acid-producing body of the stomach 

by a green to red colour changeo Antrectomy was now 

performed 1 so that the proximal limit of resection was 

2 cm. above the line of pH change. A Heidenhain pouch 

was constructed with its vascular pedicle arising from 

the splenic vessels 0 In order to maintain the animal's 

nutrition by retaining as large a gastric remnant as 

possible, the length of the pouch was not more thai 8 cm. 

along the greater curvature 0 

After the cut edge of the gastric stump adjacen t 

to/ 

* Micro Essential Lab. 1 Inc., Brooklyn, N.Y. 11210, U.S.A. 
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to the lesser curvature had b een sutured, a Billroth ! , 

anastomosis was constructed ensuring a large gastro-

duodenal junction. Since this operation has be en 

succeeded by a considerable mortality rate and weight 

loss in the past (Orloff and others, 1969b) because of 

outlet obstruction to the stomach, a larger gastro­

duodenal anastomosis was now accomplished by making a 

longitudinal i n cision, 2.5 cm. in length, 1n the anterior 

wall of the first part of the duodenum at its midpoint. 

Twelve cm. distal to the duodeno-jejunal junction, 

a Roux-en-Y intestinal anastomosis with an iso-peristaltic 

loop of 20 cm. in length was constructed. After a 

stainless steel cannula had been inserted through a stab 

incision near the proximal end of the Roux~en-Y jejunal 

loop, the bowel end was closed., -- The jejunal cannula 

was brought out through the anterior abdominal wall via 

a stab incision located 4 cm. lateral to the midline, 

and 10 cm. caudal tG.t' the right costal margin. The cannula 

was plugged with a metal bolt. A second stainless steel 

cannula, in ser ted into the Hc idenhain pouch, was led out 

through a stab wound in the abdominal wall 2 cm. lateral 

to the midline and 4 cm. caudal to the left costal margin. 

On ! the day of operation, and for 5 days postoperatively, 

the/ 
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the dog was given Ampicillin 1 G. by intramuscular 

injection. On each of the first 3 postoperative days, 

the animal was infused intravenously with 1500 ml. 

10 per cent dextrose in 0.45 per cent saline. Water was 

offered to drink on the third postoperative day,and soft 

tinned dog food ("Kal Kan M.P.S. Chunk") from the fourth 

day. The neck catheter was removed on the fourth post-

operative day if the soft food had been accepted. On 

the eighth day, regulai hard food (Purina Dog Chow)* 

was introduced. Cormnencing on the first postoperative 

day, the anima}was exercised outdoors at least every 

other day up until the time of the intestinal meal test. 

(b) Portacaval Shunt and Insertion of Portal Vein Catheter 

About 3 weeks after the first operation, the dog 

was anaesthetized l~ghtly with Pentothal 5 per cent 

(0.5 ml./kg.) and its trachea was intubated. " A 'catheter 

was inserted into the right jugular vein by means of a 

cut-down. After positioning the animal on its left side, 

and preparing the skin for laparotomy> a right subcostal 

incision was made. The upper inferior vena cava was 

displayed, and the portal vein was mobilized from its 

trifurcation caudally to the junction of the pancreatico­

duodenal/ 

* Ralston Purina Co., St. Louis, Missouri 63188, U.S.A. 
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duodenal vein. The termination of the splenic vein 

was mobilized next. 

A side-to-side portacaval anastomosis, 2.5 - 3.0 cm. 

long was constructed; the hepatic limb of the portal 

vein between the shunt and the pancreatico-duodenal vein 

was ligated, converting the shunt to an end-to-side 

configuration (Eck fistula). The splenic vein was 

ligated 1~0 cm. away from its junction with the portal 

vein, and a 13 gauge saline-filled silastic catheter was 

passed through a small nick in the termination of the 

splenic vein, so that just the tip of the catheter 

protruded into the portal vein. The catheter was 

secured by a second ligature around the splenic vein to 

secure haemostasis. The first ligature was tied firmly 

around the catheter, and both catheter and ligature were 

passed beneath the portal vein so that the free end of 

the catheter was directed to the right side of the 

animal's body. The catheter was again secured with 

the first ligature. Free flow from the catheter was 

checked for after each manipulation. The catheter was 

led out below the incision through a stab wound in the 

abdominal wall into the subcutaneous space. Heparin 

0.5 ml. (2500 units) was injected into the catheter , and 

its/ 
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its end was ligated, and left in the subcutaneous 

space at the dorsal end of the wound. 

Durin g the opera ti on, the animal was transfused 

with 500 ml. whole blood, and an intramuscular inj ec tion 

of Ampicillin 1 G. was given. The antibiotic was 

continued for 4 postoperative days. On the first post­

operative day, 1500 ml. 10 per cent dextrose in 0.45 

per cent saline was infused, and soft food and water 

was offered. On the third postoperative day, the dog 

was given a further transfusion of 500 ml. whole blood 

24 hours in advance of the test day. The animal was 

exercised outdoors on the first and third days. 

(2) Preparation of Assay Dog. 

Small healthy conditioned adult mongrel dogs 

weighing 10 - 15 kg •. were selected. After 24 hours 

fasting, an upper midline incision was made under 

intravenous Pentothal anaesthesia, and a vagally­

denervated pouch (Heidenhain) was constructed from the 

body and fundus of the stomach, making the pouch as 

large as possible. A :stainless steel cannula, inserted 

into the pouch, was brought out through a stab incision 

in the anterior abdominal wall, as close to the midline 

and costal margin as possible in order to minimize acid 

burns. 
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Postoperation, during the first and second days, 

the dog was given a liquid mea l, and on the third and 

fourth days, soft food was offered. Thereafter, 

regular dog food was given. The animal was allowe d 

to recover over three weeks, and then a histamine test 

was performed to es tablish the functional status of the 

pouch. The histamine test consisted of a one hour 

basal period, followed by subcutaneous injection of 

2.75 mg. histamine phosphate. Gastric juice was 

collected every half hour for two hours. Only those 

animals whose Heidenhain pouches secreted at least 

1.0 mEq. acid in the two hours after the histamine 

injection were used as assay dogs. Since the assay dogs 

were used -;epeatedly over long periods of time, histamine 

tests were repeated every 4 - 6 weeks (Table 6) to 

confirm that the gastric mucosa of the pouch remained 

responsive to humoral stimuli. 

Sampling and Assay of Portal Blood (Fig. 2) 

Groups of 3 - 6 ~ogs were used for each experiment. 

The donor dog was anaesthetized "lightly with intravenous 

Pentothal 5 per cent following a fasting period of 

24 hours. The outflow end of the portal vein catheter 

was mobilized from beneath the skin. 

was/ 

Gastric juice 
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was collected under basal conditions for one hour from 

the Heid~nhain pouch. Next, the animal was fed 

through the jejunal fistula, the meal containing 48 G 

of protein, 19 G of fat and 84 G of carbohydrate, made 

up with milk to a volume of 500 ml. 

instilled over a period of 15 minutes. 

The meal was 

Gastric juice 

samples were collected every half-hour after the start 

of the meal for 51 hours. The volume of each collection 

was measured and the acid content was estimated by 

titration with O.lN sodium hydroxide to pH 4.5 using 

Topfer's reagent as the indicator. 

as mEq. per test period. 

Results were expressed 

At p~edetermined periods after the start of the 

meal, 500 ml. portal blood was collected by siphonage 

over a 15-minute period into sterile bottles to which 

0.5 ml. (2500 units) heparin had been added. The bottles 

stood in a mixture of ice and water. Simultaneously, 

the blood volume was maintained by transfusion of fresh 

bank blood into a peripheral vein. At the end of the 

experiment, the dog was killed and the patency of the 

portacaval shunt and location of the portal vein catheter 

was determined at autopsy. Only exp er iments in which the 

donor dog developed shunt-r e lated hyp ersecretion, defined 

as an acid output of 3 mEq. or more during the test, 

were/ 
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were included in the£valuation. Autopsy confirmed 

that all the secreting donor dogs had patent porta­

caval shunts and that the portal vein catheter was 

sited satisfactorily. Approximately 10 ~ 20 per cent 

of the surgically-prepared dogs failed to show shunt­

related hypersecretion and therefore could not be used 

to evaluate the time course of intestinal hormone 

release. Such dogs were either cachectic or showed 

haemorrhagic inflanunation of the pouch6 

PREPARATION AND TESTING OF PORTAL BLOOD PLASMA 

Immediately after collection, the portal blood was 

0 centrifuged at 4 C., and the plasma was bio-assayed 1n 

a dog whic~ had been fasted over the previous 24 hours. 

Bioassay of Portal Blood for Intestinal Phase Hormone 

The portal plasma from a dog undergoing intestinal 

stimulation, approximately 350 ml. in volume, was 

infused over a 15-minute period into an assay dog held 

in a Pavlov stand. In order to minimize extraneous 

stimulation of gastric secretion, the test was conducted 

in a quiet room, the gastric juice was collected by the 

same individual and efforts were made to keep the dog as 

calm as possible. The acid secretion of the Heid enhain 

pouch was measured for one hour before and half-hourly 

for/ 
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for four hours after administration of the test 

plasma. The acid secretory response in mEq. to 

portal plasma from a stimulated dog was compared with 

the response of the same assay dog to the same volume 

of normal bank plasma collected from a fasting dog. 

The sequence of administration of the control and 

test plasma was alternated from one dog to the next 

for each time of sampling. Pouch acid secretion was 

allowed to return to the basal level between trials of 

the control and test material. 

Since the assay dogs were used repeatedly over 

several months, it was not surprising that many animals 

developed hypers ensitivity transfusion reactions which 

were manifested by retching and/or vomiting, restlessness, 

muzzle swelling, urticaria. The absence or presence of 

plasma hypersensitivity reactions was noted in the record s 

of each experiment. 

In addition to this personally-obtained data, records 

of previous comparable experiments were studied with the 

kimetics of hormone release in mind. The material was 

previously reported by Villar-Valdes and others (1969) 

and Orloff and others (1970b) in shunted dogs, and by 

Orloff and others (1969a, 1970a) and Abbott and others 

(1970)/ 
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(1970) in cirrhotic patients with portacaval shunts. 

RESULTS 

Following surgical preparation of the donor dogs, 

approximately one-third of the series had to be 

excluded from the study because of malnutrition, and/or 

pneumonia, peritonitis 1 gastric hyposecretion. If a dog 

was not tested within one week of end-to-side portacaval 

anastomosis, then the animal was rejected because with 

passage of time, it developed progressive liver damage. 

The secretory pattern of each donor and assay dog 

was examined to time the onset of acid respon s e to the 

stimulus of a meal or infusion of plasma, and to time 

the hour of peak secretion. The onset of gastric 

secretion following feeding was arbitrarily defined as 

the time taken to tne collection of the first half hourly 

sample which contained more than twice the acid content 

of any of the basal samples. The amount of peak hour 

secretion was taken as the sum of two consecutive half 

hour samples which achieved the maximum value in mEq. of 

acid. The time of the hour of peak secretion was defined 

as the time taken to reach the completion of the hour of 

peak secretion. 

A. I 
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A. GASTRIC ACID RESPONSE IN THE DONOR DOGS. 

(1) Portacaval Shunt-related Gastric Hypersecretion. 

The acid secretion from the pouches of the donor 

dogs, following the stimulus of an intestinally-fed meal, 

are shown in Tables, 8, 10, 12, 14 and 16 respectively for 

each time interval and are surmnarized in Table 7. 

Fifty-eight shunted donor dogs developed profound gastric 

hypersecretion, with a mean total gastric acid output of 

11.18 mEq. at the completion of the Sf-hour test period, 

and were therefore suitable for the full experiment. 

For all of the 58 animals, the mean peak hourly secretion 

of 3.79 mEq. was highly significant at a p value of less 

than .001 when compared to the mean basal secretion of 0.16 

mEq. (Fig. 3). 

When the mean secretory response of the shunted dogs 

to an intestinal meal was plotted as a graph (Fig. 4), it 

can be seen that within the first two hours of the test 

there was a rapid rise in gastric output to reach a 

maximum rate of secretion, which was succeeded by a 

persistent outpouring of acid at the rate of approximately 

0.9 - 1.2 mEq. per half hour during the test period. 

(2) Kinetics of Hormone Release. 

The/ 
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The mean time of onset of the meal response; 

the mean time of the hour of peak secretion; and the mean 

of the total acid secretion during the peak hour expressed 

as per cent above mean basal secretion, for each of the 

five groups of donor dogs, is shown in Table 18. The 

mean peak hourly secretion, now expressed in an alternative 

manner, showed an enormous 12 to 57-fold increase above 

the basal secretory rate, demonstrating the expected 

gastric hyperse cretion in the shunted dogs following 

administration of an intestinally-fed meal, Gastric 

s e cretion began a mean 45 minutes after the start of the 

meal, with the onset ranging from 30 to 150 minutes. 

Peak gastric secretion was delayed on the average for 

3 hours, with a range of 1 to 5.5 hours. 

B. ACID SECRETION IN THE ASSAY DOGS. 

The mean acid secretory response of the assay dogs 

to infusion of portal plasma harvested between 30 and 

45 minutes after the start of the meal in the donor dogs, 

was increa sed 9-fold over the secretion stimulated by 

the control plasma (Table 19). The mean total acid 

secreted was o. 75 mEq. (Table 11), and this value was 

significant at a p value of less than .02 when compared 

to the mean control secretion of o.08 rnEq. 

When/ 
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When the portal plasma was sampled beginning 

15 minutes after the start of the meal (Table 9), 

there was a 3-fold increase above the control secretion 

and the difference was significant with a p value of less 

than .o5. Portal plasma harvested after 45 minutes 

stimulated even less gastric secretion (Tables 13, 15 

-and 17). For each of the five groups of assay dogs 

studied, the mean gastric acid response following infusion 

of harvested portal plasma is summarized in Table 7. 

The data indicate that the level of intestinal 

phase hormone in the portal blood rises significantly 

by the end of 30 minutes after the start of an intestinally­

fed meal; . the active agent reaches maximum concentration 

between 30 and 45 minutes after the commencement of the 

stimulus. After 4? minutes, hormone activity in the 

portal blood decreases markedly. 

The secretory response of the assay dog L • i • 
1.0 1n1. us 1 on 

of harvested portal plasma was delayed for a mean of 

one hour, with a range of 30 to 180 minutes (Table 20). 

Peak gastric secretion was attained at an average of 

lf hours after the start of the infusion, ranging from 

1 to 3 hours. 

The/ 



- 68 -

The secretory patterns following single balloon 

distension, multiple balloon distensions and 

administration of an intestinal me al in 37 shunted dogs 

with Heidenhain pouches were examined in the data 

recorded in previous studies conducted in this laboratory 

(Vill ar-Valdes and others, 1969; Orloff and othen;, 1970b). 

The onset of gastric secretion was delayed for a mean 49 

minutes following the start of the stimulus, with a range 

from 30 to 150 minutes, whereas peak gastric secretion was 

only achieved at a mean 3o'J hours later~ with a range of 

1 - 5.5 hours (T able 21 ) o 

When the kinetics of hormone release was examined, 
' 

in a grour of shunted cirrhotic patients studied earlier 

(Orloff and others, 1969a; Abbott and others, 1970; 

Orloff and others, 1970 a ), a comparable response to that 

in the shunted dog was found (Table 22) o The acid 

secretory response oc curred at a mean 69 minutes following 

the start of an inte stinal meal or simple balloon 

dist ension of the jejunum, with a range of 30 - 180 

minuteso Peak gastric secretion was again delayed 

until a mean 206 hours after the start of the meal, with 

a range from 1 to 4 hours. 

Hy£ersensitivity Reactions to Plasma (Table 23) 

In/ 
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In the 58 assay dog s tested, a hypersensitivity 

reaction to intravenous infusion of control bank 

plasma was observed in 32, while test portal plasma 

produced reactions in 24 animals. Although the mean 

acid secretory response to control plasma was reduced 

three-fold when a reaction was apparent the acid .output 

after infusion of test portal plasma was doubled 1n 

hypersensitive dogs. The only conclusion that can be 

drawn from these equivocal results is that the presence 

or a bsence of a hypersensitivity reaction following 

infusion of control and test plasma does not influence 

gastric acid secretion to a significant extent. When 

a severe reaction did present, it was more frequently 

associated with hyposecretion. 
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DISCUSSION 

Studies performed in this laboratory over the 

past six years have demonstrated conclusive ly that 

bypassing the portal blood directly i11to the systemic 

circulation unmasks a potent humoral agent t h at stimulates 

gastric acid secretion. Dogs prepared with Heidenhain 

pouches we re stimulated with an intestinally-fed meal 

(Orloff and others, 1970b) and simple balloon distension 

of the int e stine (Villar -Valdes and others, 1969) through 

a Roux- en-Y jejuna-cutane ous fistula. Gastric acid 

secretion was determined at half-hour intervals for Si 
hours after the stimulus. Three weeks later, the dogs 

underwent an end-to-side portacavat shunt, and then the 

tests were repeated. 

As expected from previous s~udies using classic 

autotransfusion lBrown and others, 1967) and cross­

transfusion techniques (Orloff and others, 1969b) the 

intestinal meal stimulated a marked gastric acid secretory 

response following portacaval shunt significant at the p 

of less than .001 level when compared to the acid 

secretion elicited by the meal before shunt. In the 

larger group of dogs now studied, the present results 

emphatically confirmed the previous findings~ by again 

obtaining/ 
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obtaining a highly significant acid secretory response 

to an intestinal meal in dogs with portal -systemic 

shunting. 

Balloon distension of the jejunum produ c e d a 

remarkably similar acid secretory response. In the 

presence of a portacaval anastomosis,· simple distension 

of the jejunum stimulat e d highly signific a n t gastric 

acid secretion when compared to the preshunt values. 

The introduction of food into isolated, jejunal, 

ileal and colonic intestinal loops in shunted dogs 

stimulated highly significant gastric hyp ers e cretion 

only when !he jejunum was the sit e of the stimulus (Orloff, 

and others, 1970b). It was concluded th a t the humoral 

agent unmasked by port a caval anastomosis was not a 

secretagogue absorbed from food, but a hormone of endo­

genous origin e laborat e d by the intestine in response to 

either food or simple distension. 

Comparable studi esw8r e performed in norma l humans, 

compensated cirrhotic s > and cirrhotics who had under­

gone portacaval shunt (Abbott and others, 1970). An 

intestina l me a l or balloon distension was administered 

using a doubl e -lumen n as o-intestinal tube positioned 

fluoroscopic a lly/ 
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f1uo roscopically in ihe jejunum and ileumo In the 

absence of a portac aval shunt, the mea l produced no 

discernible ac id secretory response o In marked 

con tras t, the shunted s u bjects had a signif i cant and 

.prolonged stimulation of their gas t r ic aci d secreti on 

in respon se to the mea l comparable to that observed in 

the laborator y dog 0 Balloon distension in the shun ted 

p at ient s produced a very similar gas tric acid secretion 

to that e licit ed b y an int est inal mealo Thu s in mans 

as well as in the dog, the proxima l intestine elaborates 

· a potent hormone capable of stimulating marke d gas tric 

acid secr e tiono Normally, this hormone is rapidly 

degraded by the liver, but i n the presence of a por ta ­

caval shunt it bypass e s the liver so tha t its effects 

on the parietal cell ar e unmaske do 

When the patterns of s ec r e tion in the pr e vious 

investiga tions in intact shunted dogs (Villar-Valde s and 

othe rs 1 1969; Orloff and othe rs, 1970b), shunted . 

cirrhotic patients (Orloff and others , 1969 a ; Abbott and 

others; 1970; Orloff and others, 1970 a ), and in the 

present studies of shunted donor dogs, were now ana lysed, 

the re was revealed a consistent de l ay of 45 - 90 minutes 

before gastric acid secretion responded to an intestinal 

stimulus./ 
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stimulus. Peak hourly gastric secretion was not 

achieved until 1.4 - 4.4 hours after administration 

of the stumulus. Although gastric hypersecretion 

1n the assay dogs in response to harvested portal 

plasma was very significant when the plasma had been 

collected beginning at 30 minutes after the start of 

the meal, yet significant results were obtained when 

portal plasma was sampled as early as between 15 to 

30 minutes following introduction of the meal into ·the 

jejunum. 

These results indicate that the main locus for the 

delay in shunt-related gastric hypersecretion is not 1n 

the elaboration and release of the intestinal phase 

hormone from the jejunal mucosa, but rather in the 

effector limb of hormone action, and that intermediary 

steps may be necessary before the hormone can effectively 

stimulate the target organ - the parietal cell mass -

to secrete acid. 

The reason for such a delay is open to speculation. 

One possibility is that the hormone is released in the 

form of an inactive precursor or substrate requiring . 
the presence of an "activator" to alter its chemical 

form and uncover its hormonal function. A further 

mechanism/ 
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mechanism to be considered is the inactivation 

offer ed by inhibiting hormones and reflexes. Because 

of paucity of knowledge, one c an only speculate at 

this juncture about the interrelationship between 

the stimulatory intestinal phase hormone and known 

inhibitors of gastric secretion e.g. secretin, 

cholecysto-kini n-pancreozymin, and enterogastrone if 

it truly exist s (Lucien, Itoh and Schally, 1970; 

Johnson and Grossman, 1971). Furthermore, the small 

intestine its e lf is beli eve d to release a humoral 

inhibitor of gas tric acid secret ion, whose influence 

is removed by massive small intestine resection 

(Frederick, Sizer and Osborne, 1965; Santillana and 

others , 19.69; Ruderman and Kame l, 1970). Nothing 

much is known abou t the factors controlling the 

elaboration and release of such a humoral factor from 

the small bowel, or its full role in gastric physiology. 

A further suggestion advanced is that the intes.tinal 

pha se hormone may activate an intracellular messenger 

such as adenosine - 3', 5' - monophosphate (cyclic AMP). 

Since its discovery in 1957 by Rall, Sutherland and 

Berthet, the demonstration of the wide distribution of 

cyclic AMP 1n tissues, and its involvement 1n the 

production of the effects of many hormones on their 

target / 
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target organs, has led to the concept that hormones 

act by a two-messenger system (Su therland, Oye and 

Butcher, 1965; Butcher, Robinson, Hardman and 

Sutherland, 1968). The first mess enger is the hormone 

which is released from the cell of origin and travels 

in the blood stream to the target tissue. At the 

target tissue the hormon e st imulates the formation of 

a second (intracel lular ) messenger which triggers a cell­

specific seque~ce of events that leads to the physio­

logical response associated with the hormonee Cyclic 

AMP has been clearly identified as the only second 

messenger discovered thus far, and it has already been 

suggested that cyclic A.lviP may serve as a mediator for 

the hormone gastrin at the level of the target cell 

(Rosen, Chandler, Multer and Orloff, 1971). 

The secretory mechanism of the int es tinal phase 

hormone is of a fragile nature since its elaboration 

can easily be inhibited by general debility in the 

experimental animal. The construction of a donor dog 

involves major surgery and its subsequent survival 

requires careful postopera tive care. A donor dog in 

poor general condition due to pneumonia, localized 

peritonitis or cachexia, invariably failed to secrete 

the/ 
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the qualifying minimum of 3 mEq. acid at the end of 

the 5!-hour tes t period, requiring it and its recipient 

assay dog to be withdrawn from the experiment. 

During harvesting of portal blood, if the donor 

dog's blood volume was not restored ml. for ml. with 

bank blood then it was observed that the target value 

of 3 mEq. was frequently not achieved 1 presumably 

because of hypotension which inhibited hormone formation. 

Finally, if there was an unavoidable delay of over 

one week after portacaval anastomosis (Eck , fistula) 

prior to the portal blood harvesting experiment 1 then 

the dog's general condition deteriorated becau;se of the 

progressive liver damage associated with an Eck fistula, 

and it was wiser not to use such a sick animal. 

Two other factbrs require consideration during 

evaluation of the meal response 1n the present invest-

. t. 1ga ~ 1 on. The first is whether removing a sample of 

hormone-rich blood from the portal blood stream will 

likely influence the magnitude and secretory pattern of 

gastric acid secretion in the donor dog. Whether or 

not such an effect will be significant has not been 

determined in these studies, but it has been assumed 

that because of the massive stimulation of gastric 

secretion/ 
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secretion by an intestinal meal, the removal of a 

small volume of portal blood over a short period will 

have a negli~ible effect on the acid responseo The 

second factor is that heparin is known to inhibit gastric 

secretion (Thomps on, 1966). During cross-transfusion 

experiments such as the present portal p!asma transfer 

studies, the same amount of heparin and the same regimen 

for heparinization must be used through out the 

investigations 0 

The intestinal phase hormone which is elaborated by 

the jejunum in response to food or simple distension 

produces profound and prolongeq gastric hypersecretion 

for at least .5o5 hours when it escapes hepatic degradation 

through a portacaval anastomosiso The nature of the 

food is not important• it is brief distension of the 

jejunum that triggers off prolonged elaboration and release 

of the hormone (Orloff and others, 1969b and 1970a). 

The pressure of a balloon distended for 20 minutes at 

50 mm Hgo is comparable to physiological pressures 

developed in the lumen of the jejunum during normal 

digest ion (Orloff and others, 1970a) 0 

In man and the dog, following ingestion of food, 

the intact stomach releases small amounts of food into 

thei 
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the upper small bowel over a few hours. Such 

intermittent stimulation leads to prolonged release 

of intestinal phase hormone over many hours. 

Presumably, several mechanisms operate to protect 

the organism against gastric acid hypersecretion. 

The first mechanism is that the bulk of the hormone 

in the portal venous blood is rapidly degraded by the 

liver, and only a small amount escapes hepatic 

inactivation and becomes free to stimulate the parietal 

cell mass to secrete approximately 10 per cent of the 

total gastric acid output in the dog (Dragstedt, 

Woodward, Storer, Oberhelman and Smith, 1950). A 

second mechanism has a teleological basis, which is that the 

stimulatoiy intestinal hormone is released at a time when 

the stomach contains food which dilutes and buffers any 

acid hypersecretion. 

With stimulation of gastric acid hypersecretion in 

the assay dog, acid released from the stomach remnant 

would reduce the duodenal pH and incur the release of 

secret in. Despite such inhibition offered to gastric 

acid secretion, the acid response of the Heidenhain 

pouch persisted at a remarkable secretory rate. In the 

studies performed by Kelly, Nyhus and Harkins (1965), 

the increased acid . secretion in response to chyme 

suggested/ 
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suggested to them that duodenal inhibition of 

the secretion of gastric acid secondary to a 

decreased duodenal pH was not of great importance 

in their laboratory preparation. 

Since the gastr ic acid response of the shunted 

dog to an intestinal meal (Fig. 4; Tables 18 and 

21) shows on the ave rage a peak within the first £ our 

hours after feeding, it is likely that such a peak 

may be attributed to the small amoun t of hormone which 

escapes hepatic inactivation during the time of 

maximal hormone concentration in the portal bloodstream -

30 to 45 minutes after application of the stimulus. 

The amount of hormone e scaping h e patic inactivation at this 

optimal time very likely triggers off the intestinal pha se 

of gastric secretion. 
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Figure 3: 

MEAN PEAK HOUR ACID RESPONSE TO AN 
INTESTINAL MEAL IN SHUNTED DOGS 
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Figure 4: 

MEAN GASTRIC ACID RESPONSE 
OF SHUNTED DOGS 

TO AN INTESTINAL MEAL 
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CHAPTER V 

PRELIMINARY EXTRACTION OF THE INTESTINAL PHASE 

HORMONE FROM THE PORTAL BLOOD OF THE D(X; 
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PRELIMINARY EXTRACTION OF THE INTESTINAL PHASE HORMONE 

FROM THE PORTAL BLOOD OF THE OOG. 

The investigations described in the previous chapter 

have demonstrated that in the dog the time of maximum 

concentration of the intestinal phase hormone in the portal 

blood is between 30 to 45 minutes after the start of an 

intestinal ly-fed mealo It seemed logical to attempt 

extraction of the hormone in crude form by simple biochemical 

procedures 1n the first inst ance from portal plasma harvested 

at the optimal time from secreti ng donor dogs. The potency 

of the crude extracts was bioassayed in dogs with Heidenhain 

pouches. 

MATERIALS AND METHODS 

A group of donor dogs (with splenectomy, antrectomy, 

Heidenhain pouch, Roux-en-Y jejunal fistula, end-to-side 

portacaval anastomosis and an indwelling portal vein catheter) 

was prepared for portal blood harvesting in the usual 

mannero After one hour of basal gastric secretion, the 

anaesthetized animal was stimulated with an intestinally­

fed meal~ containing 48G of protein, 19G of fat and 84G 

of carbohydrate made up to 500 ml. with milk, given through 

the jejunal fistula over 15 minutes. The gastric secretion 

from the Heidenhain pouch was collected every half-hour for 

5f/ 
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st hours after the meal, and the acid content of each 

sample was estimated by titration with o.1N sodium 

hydroxide to pH 4.5 using Topfer's reagent as the 

indicator. Results were expressed as mEq. per test 

period. 

At 30 minutes after the start of the meal, 500 ml. 

portal blood was collected over 15 minutes by siphonage 

into sterile bottles, containing 2,500 units (0.5 ml.) 

of heparin, which were standing in an ice-water mixture. 

The port al blood was cen~rifuged at 4°C, obtaining 

approximately 350 ml. of plasma from each unit of portal 

blood. Only plasma collected from a secreting donor ~dog 

(producing at least 3 mEq. of hydrochloric acid 1n st hours) 

was considered for further biochemical processing. Eighteen 

units of active portal plasma were collected from secreting 

donor dogs and thes e were separated into three groups for 

chemical extraction. 

After processing the portal plasma, the extract was 

administered by intravenous infusion over 15 minutes into 

a fasted assay dog restrained in a Pavlov stand set in a 

quiet environment. The acid secretion was measure d for 

one hour before and half-hourly for four hours after the 

administration of the extract. 

were/ 

The results in mEq. of acid 
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were compared in the same dog with those associated 

with admini strati on of an extract prepared in an 

identical manner from 350 ml 0 bank plasma 0 The bank 

plasma, which served as a control, was freshly-obtaine d 

from the peripheral venous blood of a fa sted normal <logo 

The three extraction procedures applied to the samples 

of cont rol and test plasma were as follows: 

1 • HEATING. The control and tes t portal plasma from 

five donor dogs were heated in. an autoclave set at 27 0°C. 

for 20 minutes, and during this period the plasma boiled 

fo r at least five minuteso After the plasma had been 

cooled in the au ~ocl ave, it was centrifuged at 4°C. to . 
remove the heat-coagulable prec ipitate, which was 

d iscarded, and the supernatant measuring 150 - 200 ml. 

was kept for testing 0 

2. ISOPROPANOL TREATMENT. Eight samples of control 

and test plasma were treated with isopropyl alcohol, in 

the ratio of two volumes of plasma to one volume of alcohol. 

A precipi tate form ed which was r an oved by cent rifugation. 

The supernatant was treated with three volumes of ether 

to remov e any residua l alcohol. The mixture was allowed 

to settle into two phases, with a chiefly ether fraction 

at the top, and a main ly aque ous fraction at the bottom. 

The/ 
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The top phase was siphoned off and discarded; residual , 

ether in the aqueou s phase was bloNn of f with an air­

stream, and about 250 - 300 ml. of extract from each 

sampl e was retaine d fo r testing. 

3 . HEATED DILUTE PLASMA. In the f i rst procedure which 

employed heated p l asma, a much-reduced volume of fluid 

was obtained by c en trifugati ono Because it appeared 

that the a vai l ab l e method of centrifugation at 10,000 r.p.m. 

was not powerful enough to extract all of the fluid 

entrapped in the mass of coagulated p r ot ein, it was 

decided to dilute the plasma in an attempt to increase the 

effici e ncy of centrifugation. An e qu a l volume of normal 

saline was now added to each unit of control and test 

pl asma, and the samp le was h eated 1n the autoclave and 

cen trifuged as before, obtaining appr oxima tely 350 ml. of 

supernatant for infusion into the assay dog. 

RESULTS. 

The results obtaine d during preliminary attempts at 

extracti on of the inte s tinal phase hormone from the portal 

pl asma of the dog proved to be dis appointing, despite the 

fact that only plasma which demonstrated gastric-stimulating 

activity was us e d. Although the mean gastric acid 

secreti on in the assay dogs following intravenous infusion 

of/ 
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of heated active portal plasma increased three-fold 

over the control value (Table 24), and the mean acid 

secretion following infusion of isopropanol-treated 

portal plasma was doub led (T able 25), the quantities of 

acid secreted were small and insignificant, and in no 

way did these compare with the results achieved by 

administration of untreated fresh portal plasma. An 

attempt to increa se the yield of hormone in the super­

natant by diluting the plasma prior to heating and 

centrifugation also proved to be fruitless (Table 26) as 

the results were meaningless. 

DISCUSSION 

In the.light of previous unpublished experience with 

material isolated from hog mucosa in this laboratory, it 

now appears that the active hormone is probably a. Im1 

molecular weight acidic protein or peptide, and that it is 

stable despite considerable heating, which are properties 

held by the three known digestive tract hormones, viz. 

gastrin, secretin and cholecystokinin-pancreozymin. 

Isolation of the hormone from the portal blood of the dog 

seemed feasible now that the time of hormone release into 

portal venous blood, and the time of peak hormone 

concentration had been established. 

Proteinsi 
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Protei ns can be fractionated according to e l ectr ical 

charge (iso-electric precipitation, electrophoresis, 

altered celluloses and Rivanol); molecular size (treatment 

with ammonium sulphate, pas sage through a Sephadex gel 

column, and dialysis); solubility (alcohol pr ecip itation) 

salt interaction ("sal,ting out") and denaturation by heat and 

other agents. 

cl.ifficulties. 

Each method has its own specificities and 

Since handling of large quantities of 

plasma and speed of fractionation appear to b e vita l, all 

methods are not equally applicable. Of these , denaturation 

of the bulk of pla sma proteins by heat appeared to be the 

logical initial step in the ex traction procedure especially 

since this method was used early in the protocol for the 

isolation of gastrin (Gregory and Tr acy , 1964), secretin 

and cholecystokinin -pancre o zymi n (Jorpcs 1 1968). 

When the assay dog 1s used as an indicator system, 

alternative methods of extraction incur several hazards. 

Since alcohol 1s a stimulant of gastric acid secretion, it 

had to be ensured that all the residua l isopropyl alcohol 

had been removed from the precipitate by washing with ether. 

If treatment of the portal plasma with ammonium sulphate 

1s to be employed, then the residual ammonium sulphate 

must be removed by time-consuming dialysis, before the 

extract can be administered to the assay dog. 

of/ 

Precipitation 
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of a protein fraction with trichloracetic acid was 

cons idered, but the diff icult y is that any r e sidual acid 

i n the pr e cipit ate would b e lethal to the dog. Dialysis 

of the portal plasma was feasible, but again would involve 

a length of time inc onvenient to the l aboratory. Instead 

of utilizin g assay dogs, an alternative test system for a 

gastric ac id stimulator would be to measure the potency of 

the crud e extracts with the isolated gas tric muc osa of the 

frog (Harris , Ni gon and Alonso, 1969), but the drawbacks 

are that subs t an c e s 1 e t ha 1 t o t he dog w ou 1 d pr ob ab 1 y k i 1 1 

the frog muc osa, and a lso that the te sts can only be done 

in midsummer, b ecause the fro g develops gastr ic ac id hyper­

secretion during winter hibe~nat ion. 

Although the results of these prelimina r y attemp ts at 

isolation of the int es tina l phase hormone have proved to 

be disappointing , further att emp ts at its isol a tion from 

plasma will be pur s u e d. Developme nt of a r ewardi ng 

method of extraction would f a vour isolation oithe hormone 

responsible for the int es tina l phase of gastric sec retion 

from portal blood harvested at the optimal ti me ( af te r an 

intestinal meal) from cirrhotic patients with portacaval 

anastomosis. 
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TABLE 24: Gastric acid secretion in assay_ dogs following 
int ravenous infusion of heated contro l and ----
port al_ :e!_asma 

Donor Dogs Assay Dogs 
Test Bas a l Test Pl asma - mEq / 4 Hr. 

No. rnEs.JHr., mEg/ s_± Hr. Contr ol Portal 

1 • 0 1 3.36 .03 • 15 

2 0 3.16 0 0 

3 • 1 26.15 0 .,01 

4 .15 12. 45 .02 0 

5 • 0 1 1 7 . 11 0 0 

Mean ,,05 12.45 .01 . 03 
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TABLE 25: Gastr ic a ci d secretion in assay dogs fo ll ow:L!lg 
int ravenous infusion of isopropanol-treated 
contr ol and portal plasma 

Donor Do gs As say Dogs 

Test Basal Te st Plasma - mEq/ 4 Hr. 
No. mEq /Hr. mE.9/ st Hr o Cont ro l Por tal 

1 • 05 23.75 . 02 .07 

2 .01 14. 73 0 .35 

3 0 11. 36 0 .06 

4 • 1 11 . 05 0 .13 

5 .05 4.48 .01 .02 

6 • 12 29.78 0 • 01 

7 .06 9.63 .29 .06 

8 ~23 9. 4 0 .04 .02 

Mean .08 14.27 .04 .09 



TABLE 26: 

Test 
No. 

1 

2 

3 

4 

5 

Mean 

- 109 -

Gastric acid response in assay dogs follo,~ 
intr avenous inf usion of heated di lute control 
and port a l plasma 

Donor Dog s Assay Dogs 

Basa l Test Plasma - mEq/4 Hr. 
mEg/Hr. mE -9.{2± Hr • Cont rol Portal 

.12 22.71 .06 0 

.25 9.30 .08 .0 8 

.25 17.73 • 12 • 01 

• 12 7.01 .08 0 

• 1 1 6.93 .13 .01 

• 1 7 12 . 74 .09 .02 



- 110 -

CHAPTER VI 

PORTACAVAL SHUNT-RELATED GASTRIC HYPERSECRETION 

IN THI:.: PIG -----
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PORTACAVAL SHUNT-REL~TED GASTRIC HYPERSSCRETION 

IN THE-1:..!Q 

Studies performed in this laboratory over the past 

(~ ix years have demonstrated conclusively that the gastric 

acid hyperse cretion associated with a portacaval shunt in 

the dog, and in man, is due to unmasking by hepatic bypass 

of a potent hormone elaborated by the jejunum (Orloff and 

others, 1969a, 1970a; Villar -Va ldes and others , 1969) o 

A dual effort to isolate and identify this hormone is 

currently in progress . In preliminary experiment s the 

active agent has been recovered in crude form from the 

portal blood of shunted dogs during intestinal feeding, 

but the amount available from this source is 1 imi ted. A 

potentially more promising line of investigation is to 

isolate the hormone, or its precursor, from the jejunal 

mucosa where it originates. Large quantities of hog mucosa 

are available as an alternative to pursuing these studies in 

dogs, but shun t-r elated gastric hypersecretion has not been 

demonstrated in the pig. The following investigation was 

designed to determine if the pig develops gastric hyper­

secretion after a portac ava l shunt in response to food 

comparable to that observed in the dog and in man. 

MATERIPJ...S AND METHODS 

Six/ 
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Six 6-week old weanling pigs weighing;_ 18 - 20 Kg. · 

were dewormed and then were allowed three weeks to become 

accustomed to standard Purina pig chow, to b e trained to 

walk on a leash, and to stand quietly in a Pavlov stand. 

Body weight was recorded twice weekly and at the end of 

the conditioning period, all the animals were eating well 

and gaining weight. Each pig was now subjected to the 

first of two surgical procedures: 

(a) Con struction of a Heidenhain Pouch 

After the pig had been fasted overnight, the animal 

was preme dicated with Atropine 0.5 mg. and * Innovar Vet 

4 ml. injected intramuscularly. One hour later, the 

animal was anaesthetized lightly with 2.0 ml. Pentothal 

5 per cent administered through a scalp vein needle 

inserted into an ear vein. As soon as the pig was 

induced, intubation of the trachea was accomplished using 

a long straight-bladed laryngoscope, and respiration was 

assisted with mechanical ventilation. The anaesthesia 

was carefully monitored throughout the procedure, since 

unpredictable respiratory depression is the rule rather 

than the exception in the pig. A slow intravenous 

infusion/ 

* (Each ml. contains Fentanyl 0.4 mg. and Droperidol 20 mg. 

Prepared by Pitman-Moore, Fort Washington, PA 19034) 
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infusion of 1000 ml. 10 per cent Dextrose in 0.45 

per cent saline was co1mnenced,and supplementary Pentothal 

5 per cent was administered as necessary. 

The abdomen was opened through an upper midline 

incision. The stomach was delivered into the wound 

and a greater curvature gastric pouch was constructed, 

supplied by a single vascular pedicle arising from the 

splenic vessels. Th~ Heidenhain pouch was at least 

7 cm. long in its greatest dimension. A stainless steel 

cannula was inserted into the pouch, secured with a silk 

purse-string suture and brought out through a left upp e r 

quadrant stab wound clo se to the midline, to avoid acid 

burns. 

Food was offered on the first postoperative day, and 

Ampicillin 1 G was given intramuscularly on the day of 

operation and for 3 postoperative days. Duri ng a 

recuperative period of three weeks, each pig was placed 

daily in a Pavlov stand to maintain its conditioning to the 

test environment . Following the recovery periodJ the 

acid secretory response of the pig was determined at one 

half-hour intervals for a control basal hour and for four 

hours following a standard oral meal*. 

three/ 

*' 14 oz. "Kal Kan M .P. S. Chunk" dog food 

Each pig was given 
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three test me als in a quiet room with a 48 hour rest 

period between tests. The volume of each half-hour sample 

of gastric juice was measured and the acid content was 

determined by tit ration with O.lN sodium hydroxide to 

pH 4.5 using Topfer's reagent as the indicator. The 

results were expressed as mEq. of acid per test period. 

( b) Portacaval Shunt Operation (Eck fistula) 

Upon completion of the three control test studies, 

the pig underwent a portacaval anastomosis. The animal 

was anaesthetized as in the first procedure, placed in 

the left semi-lateral position, and a right subcostal 

incision was made. The portal vein was mobilized from 

its trifurc ~t ion to the panc reati co-duodena l vein, and 

the splenic vein was cleared for 1.0 - 2.0 cm. No attempt 

was made to clean the caudate lobe of the liver from the 

inferior vena cava. On complet ion of the shunt, the 

hepatic limb of th e portal vein was lig a ted betwe en the 

shunt and the pancreatico-duodenal vein. 

Ampicillin 1 G was injected intr amusc ularly on the 

operation day, and daily thereafter for three days. Sof t 

food was offered on the fir st postoperative day. The 

stand training continue d during the recovery week. One 

week after th e shunt, each animal was tested again for 

its/ 
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its response to a standard oral meal in exactly the 

s ame manner as bef ore the shunt. 

RESULTS . 

The gastric acid responses to oral meals given to 

t he six conditioned pigs before portacaval anastomosis 

are given in Table 27, and the acid outputs after shunt 

are shown 1n Table 28 . Using these data, the mean 

values for the basal, peak hourly, and tot a l acid secretion 

in response to thirty-four test meals before and after 

portacaval anastomosi s were c alculated (Table 29 ) . All 

of the meals produ c ed a significant increase in pouch acid 

secretion presumably because of cephalic and direct antral 

stimulatiqn, but after hepati c bypass of the portal blood , 

and unmasking of the humeral stimulat or fr om the intestine, 

the acid secretory r esponse nearly doubled. The total 

secretory res ponse t o the meal before and afte r por tac ava l 

shunt differed signif ican tly with a p of less th an 0.02. 

Peak hourl y sec re tion a ft er shunt was increased above 

the preshunt value, differing signif icantly wit h a p of 

les s than 0.0 5., The cumulat ive acid secretory r esponse 

to the meals bef ore and after portacaval anastomos is is 

shown in Fig . 5 . The curves are simil ar in the first hour, 

but diverge as the effec t of t he intestinal hormone on the 

parietal/ 
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parietal cells progressively becomes more dominant. 

When the secretory pattern of response to a standard 

oral meal fed to the shunted pigs was examined (Table 30), 

it was found that the time of cnset of gastric secretion 

was delayed for a mean 34 minutes 1 with a range of 30 - 60 

minutes. The mean peak hourly secretion occurred at 2.5 

hours after the start of the meal, with a range of 1 to 4 

hours. 

DISCUSSION. 

The preparation used in this study did not exclude 

the effect of antral stimulation, but the out put of gastrin 

should have been simi lar in response to both the preshunt 

and the posfshunt meals. In fact, there is evidence that 

bypassing portal blood into the systemic circulation 

actually decreases the amount of gastrin produc ed by the 

antrum in response to an ingested meal (Clendinnen and 

o the r s , 1 9 7 0 ) • The influence of gas trin on the parietal 

cells also should not have been affected by hepatic bypass 

of the portal blood bec ause gastr in is not sufficiently 

degraded as it passes through the liver in the portal 

blood (Thompson and others , 1969). Thus, the nearly two-

fold increase in acid secretion observed after portacaval 

anastomosis cannot be attributed to variations in gastrin 

production/ 



- 117 -

production or destruction. Rather, shunting the portal 

blood directly into the systemic circulation permitted 

a second potent humoral agent, which normally would have 

been degraded by prior passage through the livers to 

exert its additive effect on the parietal cell test mass. 

The influence of this second hormone of intestinal 

origin became predominant as the meal left the stomach 

and began to distend the proximal jejunum. The cumulative 

acid secretion in response to the meals reflected the change 

in balance of the effects of gastrin and the intestinal 

humoral agent. Initially the preshunt and postshunt 

secretory rates were simil ar under the domin an t influence 

of gastrin, .but as more of the mea l moved into the 

intestine and the second humoral agent exerted its effect, 

the acid secretion of the shunted animals increased at a 

much greater rate. In the unshunted preparation the same 

stimulus of food in the intestine was present, and the 

humoral agent also shoald have been stimulated. However, 

without hepatic bypass the intestjnal harmone was largely 

inactivated by passage through the liver before it came 

in contact with its target organ , the parietal cell mass. 

When the patterns of secretion in the pigs after 

portacaval shunt were ex~~ined, it was found that in the 

relatively/ 
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relatively small number of animals studied, the onset 

of gastric secretion began at 34 minutes after the 

meal, occurring a little earlier than in the dog or 

man., even though the stimulus was food taken by mouth. 

As before, peak gastric secretion was delayed for 2.5 

hours, indicating that some intermediary steps may take 

place before the parietal cells are effectively stimulated. 

It has been demonstrated for the first time in 

these investigations that the pig develops portacaval 

shunt-related gastric acid hypersecretion 1n response 

to food comparable to that ob s erved in the dog and man. 

Therefore, porcine jejuna! mucosa is an appropriate source 

for isolati~n of the intestinal phase hormone and efforts 

to isolate and characterize this hormone are now currently 

in progress. 
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Time course of a ction of intestinal phase 
ho rmone in ELgs with portacaval shunts . 

Time of onset o f Time of peak 
Pig Gastric Secretion-mins . Gastri c Secretion-hrs. 

No. Mean Rang~ Mean Range 

1 30 30 2.5 2-3 

2 30 30 3.0 3-4. 

3 45 30 - 60 1. 5 1 .. 2 

4 40 30 -60 2.3 2-3 

5 30 30 3.0 3 

6 30 30 2.7 2 - 4 

Mean 34 min. 30 - 60 min 2.5 h rs 1-1 hrs 
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CHAPTER VII 

ISOLATION OF A GASTRIC SECRETORY HORMONE 

FRQ~ PIG INTESTINAL MUCOSA 
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ISOLATION OF A GASTRIC SECRETORY HORMONE 

FROM PIG INTE STINAL MUCOSA 

A programme for isolation and identificatjon of the 

intestinal phase hormone logically mu s t involve efforts 

to extract the agent or its precursor from the mucosa 

of the small intestine. After preliminary experiments 

had demonstrated that the pig develops shunt-related 

gastric hyp e rsecretion similar to that found in the dog 

and in man, the pig was selected as the source of intestinal 

mucosa because no other species of intestine is available 

locally in sufficient quantity. The gastric acid 

response of assay dogs with Heidenhain pouches to c rude 

extracts isolated from hog intestinal mucosa was now 

examined. 

MATERIALS AND METHODS. 

In general, hormones isol ated from endocrine tissue 

of mesoderma l origin have been found to be steroids , while 

tho se obtaine d from ectodermal or endodermal structures 

have proved to be amino acid res idues. All of the 

digestive tract hormones that have been i solated in pure 

for m, viz. secret in, gas trin and cholecystokinin­

pancreozymin, have been found to be low molecular weight 

peptides devoid of carbohydrate or other moieties. 

Therefore/ 
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Therefore, it seemed rea s onable to assume that the 

intestinal phase hormone would prove to be a peptide, 

and as a first step, to attempt to extract it from its 

site of origin ~ya method similar to that used by 

Gregory and Tracy (1964) for the isolation of gastrin 

fr om hog an tl:· a 1 mucosa • Their procedure involved 

boiling of the mucosa to denature the heat- s ensitive 

proteins, absorption on to an anion- exchange cellulose, 

extraction of the active material with alkaliz precipitation 

with acid, extraction with isopropanol and ether separation 

on a Sephadex column, and further purification by electro­

phoresis. 

The m:ucosa from the entire small and large bowel>\< was 

purchas ed on a twice-weekly basis in 500 gal. batches from 

Clougherty Brothers Packing House (an abbatoir for Farmer 

John brand pork products) in Los Angeles. Within ~inutes 

of the death of the animal, the intestinal mucosa was 

extruded by machine from the entire length of the jejunum, 

ileum and colon, and was collected with its wash water as 

a slurry to which the preservative 0.5 per cent benzyl 

alcohol was continuously added at the abbatoir to inhibit 

bacterial growth. A batch of 500 gal. slurry represents 

a/ 

* It was not possible to rearrange labour protocol so that 

only the jejunal mucosa was collected. 
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a half-day's slaughtering of 2500 - 3000 pigs and 

yields up to 2 - 3 G of crude extract. The slurry was 

processed in the laboratory within 12 hours of collection. 

The steps 1n the extraction procedure were as follows 

(Fig. 6): 

1. 0 The intestinal mucosa slurry was boiled at 100 C. 

for one hour. After cooling overnight, the heat-

coagulable precipitate was removed by centrifugation and 

it was discarded. 

2. Assuming that the agent was an acidic peptide, the 

supernatant was treated with large quantities (10 kg.) 

of di e thy 1 - am i no - e thy 1 ( DEAE') c e 1 1 u 1 o s e , a bas i c an i on 

exthange r~sin which selectively absorbs acidic peptidese 

After three hours, the cellulose was separated by 

centrifugation and it was washed repeatedly. 

3. The active humoral agent was eluted from the cellulose 

by treatment with O~lN sodium hydroxide. The mixture was 

centrifuged and the pH of the alkaline supernatant was 

adjusted to 4 in llN hydrochloric acid. While the 

mixture was allowed to stand at 4°C . overnight, a 

voluminous white precipitate formed and settled. 

4. The clear supernatant liquid was decanted and discarded. 

The/ 
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The pH o f the rema1n1ng mixture was adjusted to 7 

with O.lN sodium hydroxide. The insoluble material 

was removed by centrifuga tion at 4°C. and was discarded. 

5. The supernatan t was adjust ed to pH 4 with 5]\J hydro­

chloric acid, and it was allowed to stand at 4°C. over-

night. The supernatant was siphoned off and discarded. 

The remaining precipitate was resuspended in an equal 

volume of water, and dibasic potassium phosphate (300 G 

per 600 ml. precipitate) was added. 

6. The solution was treated with isopropyl alcohol 

(450 ml. p er 600 ml. aqueous solution) which extracted 

the active agent 0 The mixture was stirred vigor ously 

for 30 minutes and a llowed to stand until three layers 

eventually separated from the emulsion: 

( a ) top alcohol -wa ter phase, with alcohol 

predomina ting. 

(b) a central denatured protein phase 

( C) bottom water-alcohol phase with water 

predominating. 

The top pha se was aspirated off and the remaining two 

phases were discarded. 

7 . For every litre of the alcohol-water phase, 100 mle 

wat e r/ 
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water was added. An equal volume of ether was added 

to the alcohol-water solution, the mixture was stirred 

vigorously, and the ph a ses were allowed to separate. 

The lower aqueous phase was aspi r ated and the ethe r was 

discarded. 

8. The pH of the aque ous phase was adjusted to 4 and 

while it was allowed to stand overnight, a pre cipitate 

formed. 

9. The supernatant wa s siphoned off and discarded. The 

remaining solids were centrifug e d and the resultant 

precipitate was taken up in O.lN sodium hydroxide. When 

the precipitate had b e e n completely dissolved, the pH was 

adjusted to 7.4, and the volume was made up to 250 ml. 

with sterile 0.9N saline. 

10. The solution was sterilized by passage through a 

millipore filter which had a membrane of 0.22 microns. 

Aliquots were withdrawn for gastrin assay and total 

protein determinations. 

The crude muco s al extract from each batch of 

intestinal slurry was administered as an intravenous 

infusion over 15 minutes to fasting (as say ) dogs with 

Heidenhain pouches. 

at/ 

Pouch acid secretion was measured 
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at half-hourly intervals for one hour before, and 

for three hours after in f usion of the mucosal extract. 

Pair ed control studies using diluent were run in each 

test in the same dog. Twenty-five extracts were 

tested over a wide dosage range of protein. 

RESULTS 

The secretory response of the Heidenhain pouches to 

pig intestinal mucosa extracts is displayed in Table 31. 

For a scale of doses from .003 - 3.0 G., the r ange of total 

acid output varied between nil to 2130 )l.Eq. over thr ee 

hours . The basal secretion and the acid response to the 

control solution was zero in all of the dogs. The doses 

were arranged into four groups by weight (Table 32), and 

as can be seen, there was a typi ca l dose-response relation-

ship. A commensurate rise 1n gastric aci.d output was 

evident as the dose of mucosa l extract was increased. 

A thr eshol d response of 397 )l.Eq. was elicited by a dose 

of approximately 1 G. Above 2G., there was a highly 

significant mean total acid secretory response of 1115 pEq. 

Examinat ion of the pattern of pouch mucosal response 

(T able 33) revealed the onset of gastric acid secretion 

to occur at a mean of 45 minutes after · the application of 

the/ 
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the stimulus, with a range of 30 - 90 minutes. The 

mean time of peak gastric secretion was 1 .25 hours 

after the commencement of the infusion, with a range 

of 1 - 3 hours. The mean secretory pattern of the 

assay dogs in r0sponse to six doses of extract ranging 

between 2 - 3 G. is shown in Fig. 7. Ga stric acid 

secretion reached a peak within the first hour after 

the start of the infusion, and the rate of secretion 

dropped to zero at the end o.£:two hours. 

Radioimmuno assay of the six largest doses of 

intestinal mucosa extract for gastrin obt ained a mean 

0.0 9 )JJG per dose (T able 34). 
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Assay Dose Test - mEq. Acid Per Half Hour Total 
Dog in G. 1 2 3 4 5 6 mEq. 

1 .003 0 .oos .005 0 0 0 .01 
2 .003 0 . 0 2 .01 0 0 0 .03 
3 .004 0 0 0 0 0 0 0 
4 .0 06 • 01 .03 e04 0 0 0 .08 
5 .006 .09 .07 .03 .01 0 0 .2 
6 .00 75 0 0 0 0 0 0 0 
7 .007 0 0 0 0 0 0 0 
8 .0075 .03 . 03 0 0 0 0 .06 
9 .017 0 0 0 0 0 0 0 

10 .0 17 .02 .05 .01 0 0 0 .08 
11 .028 .07 .04 0 0 0 0 • 11 
12 .035 .04 • 0 5 0 0 0 0 .09 
13 .04 .os 0 0 0 0 0 .05 
14 .04 0 0 0 0 0 0 0 
15 • 12. • 01 . 02 0 0 • 01 .07 .11 
16 .12 0 0 0 0 0 0 0 
17 .7 0 • 53 .03 .01 0 0 .57 
18 1.4 .13 • 0.4 .02 0 0 0 • 19 
19 1.5 • 21 .19 .0 2 • 01 0 0 .43 
20 2.0 0 .6 1.5 .03 0 0 2.13 
21 2.3 1.0 .07 .01 • 0?. 0 0 1.1 
22 2.5 .5 .43 .03 0 0 0 .96 

· 23 2.5 • 51 . 4 1 .02 .02 0 0 .96 ; 

24 3.0 .42 .03 0 0 0 0 .45 
25 3.0 .72 .33 .0 4 0 0 0 1.09 

TABLE 31: Acid secret ory response of assay dogs with 
Heidenh ain pouches to intravenous pi.g 
int estinal mucosa extract . 
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Figure 7: 

MEAN GASTRIC ACID RESPONSE OF ASSAY DOGS TO 
SIX DOSES (2-3G) OF PIG MUCOSA INTESTINAL EXTRACT 
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TABLE 34 :: 

Mucosal 
Extract 

G. 

2.0 

2.3 

2.5 

2.5 

3.0 

3.0 

2.6 G 
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Gastrin 
Assay 
pG. 

0 _.24 

0.13 

0.02 

o.os 

o.o3 

0.06 

0.09 pG 

Content of gast rin assayed in s ix dose s 
of pig intes tinal muco3a extract. 
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DISCUSSION. 

The results in these investigations demonstrate 

that crude extracts isolated from pig intestinal mucosa 

contain a heat-stable acidic peptide which is a potent 

stimulator of gastric acid secretiono Administration 

of crude intestinal mucosa extract elicits gastric acid 

secretion after a brief delay, indicating that some inter­

mediate reactions occur before the targe t organ - the 

parietal cell mass - 1s stimulated 0 The hormone responsible 

for the intestinal phase of gastric secretion 1s present 

in hog intestinal mucosa and can be extracted by a method 

that selectively isolates heat-stable acidic peptides of 

low molecul ar weight 0 

Although the proximal jejunum contains small amounts 

of irrununoreacti ve gastri:n (Berson and Yalow : 1971), the 

amount of gas trin assayed in the extracts of pig intestinal 

mucosa was too small to acco·.1nt for the gastric acid out­

put elicited in the assay dogs since the gastrin content 

would need to be increased at least ten-fold in order to 

stimulate min imal rates of acid secretion (McGuigan, Isaza 

and Landor, 1971) o 

Isolation and Identification of Gastrointestinal ~ormones 0 

As early as 1946, Harper had shown that an alcoholic 

extract/ 
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extract of the mucosa of the upper part of the small 

intestine stimulated acid secretion by the stomach of 

a cat. Extracts of the lower part of the small bowel 

were inactive. However, further interest was concentrated 

on the isolation and purification of gastrin, secretin and 

cholecystokinin-pancreozymin. The biochemical epoch 

in the history of gastrointestinal hormon e s began in 

1964 when Gregory and Tracy isolated gastrin. Their 

method involved boiling of hog antral mucosa t o denature 

heat-sens itive proteins, absorption of heat-stable proteins 

on to an anion exehange cellulose, extraction of the active 

material with alkali, precipitation with acid, extraction 

with isopropanol and ether separation on a Sephadex column, 

and furthe r purification by electrophore sis. Gregory and 

Tracy demonstrated that hog gastrin is an acidic peptide 

made up of 17 linearly-arrang ed 1 - amino acids, with a 

molecular weight (MW) of 2114, occurring in two forms, 

Gastrin 1 and Gastrin 11. Following the discovery of 

secretin 1n intestinal mucosa extracts by Bayliss and 

Starling 1n 1902, many distinguished scientists failed in 

their attempts to isol ate the hormone over a period of 

50 years. Success awaited the d evelopment of new methods 

for the purification of peptides, including 10n exchange 

chromatography./ 
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chromatography. Jorpes and Mutt began work on the 

isolation of secretin from the upper three feet of hog 

intestinal m"Jcosa in 1952 (J orpes and Mutt, 1961), and 

by 1966 1 they had succeeded in identifying the full 

amino acid sequence (Mutt, Jorpes and Magnuss on, 1970). 

The extraction procedure for secretin was simil ar i n 

principl e to that of gastrin, and the hormone was found 

to be a strongly-basic posit ively charg e d p o lype pt i de 

made up of 2 7 amino acid residues , and having a MW of 

approximately 3500 . 

Isol at ion and pur ifi cat ion of chol e cystokinin­

pancre ozymin (CCK -PZ ) was accomplished by Jor pes and Mutt . 
by 1968 (Jo.rpe s, 1968) from the upper sma ll bowel of the 

pig. The e xtraction procedure was performed on the 

methanol-insolubl e material that remained after extracting 

secretin from hog intestinal mucosa, and involve d ion 

exchange absorption, organic solvent extraction, and a 

series of chromatographic s e parations. CCK-PZ consi :H s 

of 33 amino acid residues and has a MW of approx imately 

4300. 

Extraction of Int es tinal Phase Hormone. 

The isolation of the intestinal factor required a 

number/ 
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number of critical preliminary decisions: 

(a) what animal should serve as a source 

of starting material, 

(b) what procedures of purification would 

be most likely to yield active fractions, 

and, 

(c) how to set up a plant for preparation of 

the hormone on a large scale 0 

Since the pig develops portacaval shunt-related 

gastric acid hypersecretion 1n response to food, and has 

an intestinal phase of gastric secretion comparable to 

man and the dog, practical c~nsiderations of availability 

made the small intestinal mucosa of this omnivore as the 

most likely choice of starting material for isolation of 

the hormone 0 Starting with the assumption that the 

hormone was a small heat-stable protein or peptide 

similar to the other three known digestive tract hormones 

viz. gastrin, secretin and CCK-PZ, preliminary (and 

unpubli shed ) procedures were conducted in this laboratory 

on small batches (50 gals.) of hog mucosa obtained at the 

slaughter house using similar methods of extraction to 

that of Gr egory and Tracy (1964 ) for the isolation of 

gastrin. 

for/ 

These pilot ventures later became the basis 
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for the present method of extraction presented in 

this study. 

In these pioneer explorations, the mucosal slurry 

was kept frozen with dry ice during transportation from 

the abbatoir to the laboratory. After thawing, the 

0 batch was heated to 98 C. for one hour. The precipitated 

mass of protein was filtered by pressure through twill 

cloth usi ng a converted wine-press. The filtrat e was 

stirred for one hour with 100 G. DEAE cellulose, and the 

cellulos e was washed twice with distill ed water. 

Absorbed acidi c material was eluted with O.lN sodium 

hydroxide, and th e clear alkaline solution was acidified. 

with hydrochloric acid. From the r esultan t precipitate, 

three distinct fractions could be identified: 

(1) A diffusely precipitating material betwe en 

pH 7 - 5. 

(2) A fraction with a sharp isoelectric point 

at pH 3.8 - 4.3. 

(3) A large mass of material appearing at 

pH 2.8. 

Further consideration revealed that the first 

fraction was a consequence of insufficient washing of the 

cellulos e / 
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c e llulose, while the third fraction consisted 

entirely of nucleic acids and their breakdown products, 

and heparin- li ke material. The second fraction thus 

became the main focus for further attention. This 

fr a ction was redissolved a t pH 7 and extracted with 

isop ropyl alcohol from a potassium phosphate-saturated 

solu ti on at pH 9. A great mass of the material became 

denatured at this point, and was di scarded. The 

isopropanol-soluble f raction was then extracted with 

ether, and the small water residue was separated and 

again acidified to pH 4. The pr e cipitat e was collected, 

washed, redissolved at pH 7 .4 with buffer ed saline and 

sterilized by filtration. Yields by this procedure were 

of the or der of 50 mg. On ly minima l secretory r esponses 

or none at all were elicited in the assay dog by such 

small doses, and it became apparent that the programme 

would have to be conducted on an industrial scale. 

Accordingly, large boiling and storage tanks, pumps a nd 

a continuous cent r ifuge were purchased and these became 

the nucleus of the extraction equipment . 

The first month that the plant was in function was 

spent ironing out the many technical problems involved 

in translating the process from 50 gals. per week to 

1000/ 
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1000 gals. per week. Engineering problems were 

solved of the kind that are not usually met with 1n 

the laboratory, ranging from how to get 500 lb. drums 

off a truck without a liftgate, to the disposal of 

500 gals. of obnoxious-smelling liquid. The process 

is now functioning smoothly, and is yielding approximately 

3 G. of hormone per 500 gals. mucosal slurry. With 

furth e r experience gained, it now appears that repetition 

of some steps yields significant improvements in purity, 

and it is possible that a change in their order of 

performance will increase the yield. Certainly, the 

yield would be increased by introducing changes in the 

protocol at several points, such as, for. instance, trying 

to arrange with the abbatoir to have the mucosa! slurry 

boiled immediately after slaughter of the animals, in ord~r 

to forestall proteolytic destruction. There is a further 

loss of active factor during centrifugation of hormone~ 

absorbed DEAE cellulose, as the type of industrial 

centrifuge used was not as efficient as desired. 

The fact that prolonged boiling does not appear to 

destroy activity of the hormone in these preliminary studies, 

suggests that the active agent is a small molecule with 

a simple structure, since heat usually denatures complicated 

molecules/ 
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molecules or those held together by many hydrogen 

bonds. Heating d enatures proteins by uncoiling the 

molecule, ranging from "fragil e uncoiled" to "totally 

uncoil ed", and it is possibl e that pas s i ng the DEAE 

cellulose-treated material through the second 

centrifugation ma y further denature the active factor 

by rough agitation. 

In addition to precipitation of proteins at the 

isoelectric point of pH 4, gastric-stimulating fractions 

may precipitate at other isoelectric points such as pH 3, 

5 and 6. A lthough only acidic material has been 

a r bitrarily selected out and subsequen tly followed up . 
since it afforded an active f a ctor, basic compounds 

isolated on carboxy-methyl cellulose at an early stage 

may yield another or other active fractions. 
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CHAPTER VI I I 

THE RELATIONSHIP OF THE INTESTINAL PHASE 

HORMONE TO GASTRIC ACID SECRETION 
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THE RELATIONSHIP OF THE INTESTINAL PHASE 

HORMONE TO GASTRIC ACID SECRETION 

"The early history of medical milestones includes, 

in most cases, a latent period between the first 

observation of a phenomenon and the definitive 

investiga tion of it, as we ll as the medical application 

of the knowledge thus gained. Usually it has been so 

that at the time of the original discovery techniques 

and resources for the further investigation of the 

problem were not available" (Jorpes, 1968). Since the 

discovery of the existence of the intestinal phase of 

gastric secretion, the subsequent elucidation of its • 

physiologi_cal characteristics is a striking example of 

such inertia in development. 

The Iden tity of the·Intes tinal Hormone. 

Gastric acid secretion is stimulated by the sight, 

smell 1 or sugg~stion of food via the vagus nerves , by 

the presence of food 1n the stomach, and by food di s tending 

the upper portion of the small int est ine. The f i r s t two 

stimulatory phases are relatively we ll understood. In 

the first or cephalic phase, impulses travelling along 

the vagus nerves directly affect the acid-secreting 

parietal cells, and also stimulate the specialized cells 

in/ 
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1n the antral portion of the stomach, to se cret e the 

hormone - gas trin. In the sec ond or gastric phase, 

the antral mucosa is stimulated to secrete gastrin 

directly by distension or fo od within the st oma cho 

In both c ases, gastrin 1s released into the porta l 

venou s sy stem, passes through the liver, and then reaches 

the stoma ch through the systemic arterial circulat ion 

to dir e ctly stimulate the p ar i etal cells . 

Studies conducted in this laboratory over the past 

six years have demon st rated conclusively that the third 

phase , the intestinal phase of gastric secretion, also 

involves a hormone. This hormone is secr e ted by the 

mucosal lining of the jejunum i n response to food in the 

upper intestine, or in response to simpl e distension. 

The intestin a l phase hormone also is released into the 

portal blood, but unlike gastrin, it is largely inactivated 

when it passe s through the liver, and therefore exerts 

only a minor influence on gastric secr e tion in normal 

animals and in man. When the liver is b ypas sed by a 

portacaval shunt exper imentally in the l a boratory, or 

clinically in the treatment of portal hypertension, 

the intestinal pha s e hormone escapes destruction by the 

liver and its profound effect on gastric acid secretion 

becomes / 
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becomes unmaskedo 

The term "hormone" was first introduced by 

Bayliss and Starling in 1902 to describe an extract 

of intestinal mucosa 1 which they named secretin, that 

stimulated pancreatic secretion. Three years later, 

Edkins applied this same term to a gastr ic stimulator 

substance that he had extracted from the pyloric mucosa. 

In 1964, this second hormone, gastrin, was i solated in 

pure form, and iden tified and synthesized by Gregory and 

Tracy. Since then, two other gastro-intestinal hormones, 

secretin and cholecystokinin-pancreozymin, have b een 

isolated, identified and purified 0 All three of these 
• 

hormones h_ave proven to be low molecular weight peptides. 

Over seventy years ago, Pavlov was the first of several 

investigators to observe the secretion of acid from the 

i ntact stomach when food entered the small intestine 0 

Following the classic experiments of Ivy and his coll eagues 

(1925), the existence of a stimul a tory intestinal phase 

of gastric acid secretion has be en recogni zed for almost 

a half-century. Recent findings in this l aboratory have 

suggested that the hormone responsible for the intestinal 

phase of gastric secretion and portacaval shunt-related 

gastric hypers ecret ion is a small peptide similar to the 

other / 
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other digestive hormones that have been iso late d thus· 

far. 

It has b een suggested that this hormone might b e 

"inte stinal gastr in11 (Ivy and othe rs , 1925; Babkin, 

1950; Dragstedt, 19 57). If it is a gastrin-like 

compound , it is distinctly different from the gastrin 

secreted by the antrum of the stomach, since antral 

gast r in is not degraded by the liver (Lick and others, 

1967; Thomp son and others, 1969), whereas the intestina l 

phase hormone is a lmo s t totally inact iva t e d by the liver 

(Gerez and We i ss, 1937; Dubuque and others, 1958; 

Orloff and others, 1969b), a,nd very little of it gets 

into the systemic circul a t i on in intact subjects. It 

is po s sible that the intestinal phase agent contains the 

active C-terminal tetrapepti de moiety of gastrin to which 

1s attached a tag that facilitates efficient processing 

by the liver (Thompson, 1969b). 

The studi es describe d in this thesis have demonstrated 

that persistent gastric acid hyp erse cr e tion proceeds for 

several hours long after an int es tinal meal has been fed, 

and it is inde e d an enigma why such a potent gastric 

stimulator should be released in great quantities from 

the intestinal mucosa, only to b e almost wholly destroyed 

by/ 
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by the 1 i ver. Gastric hypersecretion occurs 

in the fasting state in shunted dogs, but it is 

· profoundly increased after eating (Clarke and others, 

1958c; Kohatsu and others, 1959; Silen and Eiseman, 

1959; Rex and others , 1964). Acid hypersecretion 

is not abolished by vagotomy (Kohatsu and others, 1959), 

antrectomy (Clarke and others, 1958c; Gregory, 1958; 

Kohatsu and others, 1959; Cornish and others, 1960; 

MacPherson and others , 1962 ), and splenectomy and 

pancreatectomy (Silen and Eiseman, 1959), and it occurs 

1n a Heidenha in pouch in the absence of the remainder 

of the stomach (O'Sullivan and others, 1960). 

Colectomy (Silen and Eiseman, 1959) and the 

administration of oral neomycin (Clarke and others, 

1958c) does not prevent the development of the intestinal 

phase. The acid response is inhibited by known 

intestinal phase inhibitors such as acid perfusion of 

the duodenum, and intravenous injection of secretin, 

phenergan and atropine (Cornish and others, 1960). 

Although it has been demonstrated by Castaneda and others 

(1961) that gastric hypersecretion is not abolished by 

jejunectomy or ileectomy, their evidence was based on 

the results of studies which were conducted with small 

numbers/ 
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numbers of animals, and in which the statistical 

significance of their results had not been determinedo 

The stimulatory effect of massive small intestinal 

resection on gastric acid secretion was not recognized by 

them at that timeo Recent investigations in which 75 

per cent of the small bowel was excluded during feeding 

now implicate the remaining small intestine as the source 

of increased stimulation to gastric acid secretion (Buxton, 

Wasunna, Saunders and Gillespie, 1972). The ab i 1 it y of 

small doses of gastrin to inhibit histamine-induced gastric 

secretion in dogs was greatly exaggerated after portacaval 

shunt, supporting an idea that,hepatic bypass is associated 

with the r ed~ced activity of an inhibitor normally 

influencing gastric secretion (Wilken, Hunt, Lowe, Billups 

and Hardy , 1969) o 

Portacaval shunt-related gastri c hypersecretion 

is evident as a manifestation of the intestinal phase 

when venous blood from the jejunum and ileum is shunted 

into the systemic circulation but does not occur 

following systemic shunting of blood from the stomach, 

duodenum, pancreas and spleen (Clarke and others, 1959; 

Leg er and others, 1960; Clarke and others, 1966; 

Hayashi and others, 1968). Although previous studies 

have / 
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have indicated that the co lon may release a 

gastric-stimulating hormone (Cl arke and others, 1959 

and 1966; Wise, 1969), r eoen t evidence has be en 

presented which opposes such claims (Orlof£ and others, 

1970b). 

Nahrwold and Grossman (1967) observed that in 

dogs there was a d ecrease in aci d secretion from 

Heidenhain pouches in response to feeding when bile was 

diverted from the intestine. They suggested that the 

presence of bile salts in the intestine facilitat es the 

int es tinal phase of gastric secretion. 

Magnitude of the Int es tinal 
1

Phase. 

Previous studi es performe d by Dr agstedt and his 

group (Dr agstedt and others, 1950) have indic a t e d that 

in normal d ogs the nervous phase accounts for 

approximate ly 45 per cent of the gastric juice secreted 

in a 24-hour per iod; the gastric ph ase accounts for 

about 45 per cent; and the intestinal phase is 

responsible for 10 per cent or less. Buxton, Wasunna, 

Bedi and Gillespie (1970) have sugge sted that synerg is~ 

exists between the intestinal phase and the other two 

phases of the meal response, and the y concluded that 

the intestinal component repr e s ent ·s b e tween 18 and 38 

per cent/ 
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per cent of the total meal response. Since 

innervated f undic (Pavlov) pouches were used 1 the 

influence of extraneous stimuli via th e vagi were 

not excluded by the m. 

Synergi s~ with other Phases of Gas tric Secretio~. 

Olbe (1960) demonstrated that the secretory 

response to insulin hypoglycaemia from vagally-

innervated gastric pouches increase d betwee n 165 and 

560 per cent following portacaval transpo s ition. He 

also found that the s e cretory response to sham feeding 

increased 100 per cent following portacava l tran sposition. 

How ever , his conclusions were based on studies perf orme d 
I 

with very _small numbers of dogs, and the statistical 

significance of the results was not prove d. No 

conclusive evidence h as been obtained to prove that 

vagal stimulation may effect the release of the intestinal 

humeral factor in an amount suffi cient to produce 

significant gastric acid secretion. 

The possibility that gastrin may be involved in 

the third phase of gastric secretion has drawn the 

attention of several investigators. Woodward 1 Lyon 

Landor and Dragstedt (1954) were unable to inhibit 

gastric secretion associated with th~ intestinal pha s e 

by/ 
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by acidificati on of the isola ted antrum. This 

result influenced them to beli eve that the hormones 

mediating the gastri c and intestinal phases of gastri c 

secreti on were not identical. However, Margo l us and 

Harrison (1957) d emon strated profound inhibition of 

Heidenhain pouch secret ion following food when the 

totally-denerva.ted antral pouch was u:rigate d with aci d. 

In 1962, Thompson, Tramon tana , Lerne r and Stallings 

de monst rated antral inhibition of the int es tinal phase 

in two p re p ara tions. In one study, the response of a 

Heidenha in pouch to an intestina l meal was suppressed 

by 80 per cent after acidification of a d enerva ted 

ant r al po~ch. In the second s t udy , acidification of 

the isolated antrum r esulted in 79 per cent inh ibiti on 

of gastric secretion stimulated by the distension of an 

isolated Thiry-Vella fistula with a balloon. 

Studies by Jordan and de la Rosa (1964) suggested 

that gastrin may potentiate the intestinal phase. 

reported that the inhibition of intestinal phase 

They 

secretion found after antrectomy or after infusion of acid 

or cocaine into the isolated antrum could be abolished by 

a threshold dose of exogenous gastrin. Jordan ( 1 9 6 7 ) 

thought that the mechanism r esponsi ble for the 

intestinal/ 
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intestinal phase of gastric secre tion was dependent 

on the antrum and exerted its effect by releasing 

gastrin from the antrum or potenti a ting the acti on 

of gastrin 0 

The observations made by Jordan and de la Rosa 

(1964) were confirmed by Curt, Isaza, Woodward and 

Dr agstedt (1 97 1) who have suggested that the effect of 

the intestina l hormone on the parietal c e ll mass 1s 

potentiated by the presence of antral ga~trino However, 

in their studies, the d ogs were fed oral meals , so that 

the influence of duodenal inh ibition was not excluded, 

and since animals without portacaval shunts were tested, , 

the effect o f hepatic de gradation of the intestjnal 

hormone was not taken into considera t i on 0 

The Delay in Action by- the Hormone 0 

Th e intestinal phase hormone is released when the 

jejunum is dist end e d by food (Orloff and others, 1969a 1 

1970 a, 1970b) or by simple pressure from an inflated 

balloon (Villar-Valdes and othe r s, 1969; Or loff and others 

1970 a) o The pre ssure of a balloon distended for 20 minutes 

at 50 mm Hg is comparable to physiological pressures 

developed in the lumen of the jejunum during normal 

digestion (Orloff and others, 1970a) 0 

secre tory/ 

The gas tr ic 
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secretory response to balloon distension of the 

small bowel is abolished by the prior application of 

5 per cent proc aine to the intestinal mucosa (Sircus, 

1953). 

Only two other studies have been performed where 

the effect of balloon distension on the small intestine 

was observed. In the studies by Sircus ( 1953), there 

was a latent period of 15 to 30 minutes before a 

secr e tory respon se occurred, while Nagano and his 

coll eagues (1 960) recorded a delay of 30 to 120 minutes 

when the duodenum was dist ended. However, in their 

investi gat ions, the statist~cal significance of their 

results w~s not determined, and the number of tests 

performed was not mentioned. 

The kinetics of action of the intestina l phase 

hormone was now examined in the records of previous 

investigations of humans (Tab l e 22) and dogs (Table 21) 

in this l aboratory , and in dogs (Tab l e 18) and pigs 

(Tabl e 30) 1n the pr esent studies. The results are 

summarized 1n Table 35. Although the p igs were fed 

oral meals, intestinal phase secre tion commenced 

soone s t in this g roup, occurr ing at a mean 34 minutes 

after the start of the meal. 

ot I ~: . 

Following the administration 
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of an int e stinal meal, the onset of ga s tric s e cretion 

began at a mean 45 minutes in dogs with portac a val 

anastomo s is, and wa s delayed until 69 minutes after 

applicat ion of the stimulus in shunt e d cirrhotic 

patients, with a range varying between 30 and 180 

minutes. The time of peak gastric secretion wa s 

delayed in all of the groups on the average for three 

hours, with a range from 1 to 5.5 hours. As early as 

1950, Babkin had emphasized that there was a very long 

latent period (one to three hours) before gastric 

acid secretion followed the stimulus of an intestinal 

meal. 

There is thus a consistent time lag between the 

application of the stimulus and the gastric secretory 

response. This suggests that there are intermediary steps 

between the application of the stimulus and the ultimate 

effect on the parietal cell. The present studies have 

indicated that the site of delay is not during the 

elaboration and release of the hormone, but rather at the 

level of the target organ. One can only speculate about 

the reasons for such a delay, which may be due to 

activation of a precursor; competition with inhibiting 

hormones (Lucien and others, 1970; Johnson and Grossman, 

197 1 ) of gas t r i c secret i on ; 

messenger/ 

or an effect on a second 
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messenger system through cyclic AMP (Sutherland and 

otherst 1965; Butcher and others, 1968) o Such a 

time lag and the persistence of the response long 

after the stim~lus is withdrawn are characteristics 

of endocrine action, although the physiological 

response to many other hormones, such as gastrjn, and 

secretin, is quit~ prompt 0 

Exaggerated Intestinal Phase and Peptic Ulcer ., 

Durin g gastric resection, it was once common 

practice for some surgeons to establish a gastro­

jejunostomy 30 cm. or more beyond the suspensory 

duodenoj e junal ligamen t of treitzo Such a long 

afferent duodenojejunal loop has been shown to b e an 

important predisposing factor in the production of 

stomal ulceration (Merendino , Lannin, Ko louch, Baronofsky, 

Li tow and Wange nsteen, 1945). Gastrojejunal ulceration 

as a consequence of an exaggerate d intestinal phase has 

been attrib~ ted to the establishment of such long-lo~p 

Billroth II or Finsterer-Devine exclusion types of 

partial gastrectomy (Dragstedt, 1959) .. 

; 
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QUESTIONS POSED BY EXAMINER 1 on the Thesis entitled "On the Humoral Mediation 
of the Intestinal Phase of Gastric Secretion" submitted by Dr R.C.Kester for 

the degree of Doctor of Medicine. 

1. Although it seems very reasonable to look for a direct correlation 
between the maximal concentration of circulating stimulant hormone arising 
from the small intestine, and the peak acid response in time, need these 
two factors of necessity correlate? It might be, for example, that 
variations in synergy or potentiation from other sti~uli, or the local 
cholinergic background in the fundic gland area mi ght be more crucial to 
the timing of the peak response, than the concentration per se of the 
humeral agent. This might particularly apply to t hese experi ments which 
are conducted under general anaesthesia , during which a reduction in 
cholinergic activity would likely be present. 

2. In the experiments using plasma derived from portal vein blood were 
steps taken to remove or discount ~istamine and other secretagogues? This 
would seem important before concluding that any stimulation of secretion 
from the administration of this plasma was due to an additlonai material. 

3. While it is admitted ~hat the demonstration of acid hypersecretion in 
pigs following portacaval shunt is a welcome addition to the background 
knowledge to the present work, particularly when extracts of mucosa have 
been made from this species, can we be absolutely convinced that the hyper­
secretion is really arising from·a source in the small intestine? After 
all, these animals, unlike the dogs, still retained their antra, and the 
meals were administered orally, rather than by tube directly into the 
small intestine. It is ~dmitted that it _is very likely the mechanism of 
this acid hypersecretion is strictly comparable to that in the dog 
experiments, but it seems that absolute proof of this fundamental conclusion 
is lacking. Would it not have been better more closely to mimic the 
experimental situation of the dogs when doing the experiments in the pigs? 

4. Again when it comes to the preparation of extracts of the mucosa of 
t he intestine, it would clearly have been preferable to use as starting 
material for these extracts just the mucosa from the small intestine without 
the added colon. Although the excuse is presented that it was not possible 
to alter the technique used in the abattoir, surely it is possible by 
direct personal attendance, for the medical investigators and technicians 
to secure the mucosa of the appropriate segment for themselves by simply 
separating the mucosa of the two organs at the time of collection. Even 
if a small sample of one individual batch were obtained in this way this 
might have given further strength to the argument that the peptide isolated 
in such a manner was relevant. An attempt at drawing up a profile or 
distribution of the peptide in different segments of the small intestine 
would also, of course, be of interest. 

5. There is a considerable amount of repetition in the introduction and 
the historical background chapters, and this comment applies to several 
parts of the text. 

6. How does/ ••• 

> 
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6. How does one reconcile the finding that the acid hypersecretion 
induced by portacaval shunting in animals was not abolished by resection 
of either the jejunum or ileum? It doesn't seem altogether a complete 
answer simply to say (page 31) that the experimental evidence was on a 
small number of observations, or that the effects of small bowel resection 
introducing a certain degree of hypersecretion may have confused the issue. 
It is presumed that the latter comment suggests that acid hypersecretion 
resulting from the partial resection of small bowel may have more than 
compensated for the removal of a certain amount of source of intestinal 
humoral stimulant. 

7. One slight cause for concern, to which mention has already been made, 
is that many of the current observations were made unde_r general anaesthesia. 
It is generally known that most forms of general anaesthetic will suppress 
gast ric secretion both under basal conditions and in response to a V8riety 
of stimuli, and the pattern of res~onse may be somewhat different from that 
obtained in the fully conscious state. The general anaesthesia alone may 
be responsi ble for both induced and delayed responses, and may be an 
important factor in the long latent period which is apparent in many of 
the present series of experiments. 

8 . From the results in Table 6 it appears that there is quite a considerable 
degree of variation in the Heidenhain pouch responses with the passage of 
time. For example, Dog l shows~ range from 1.67 to 5.06 mEq, Dog 7 shows 
a range from 1.22 to 6.08 mEq, and these two extremes are within one month 
of each other. These considerable variations are perhaps worthy of comment. 

9. Why was titration carried out to a pH of 4.5 rather than the neutral 
point of 7.0? 

10. Turning next to page 62, can we be sbsolutely certain that all dogs 
which did not show acid hypersecretion following the portacaval shunt, 
solely had some other specific or non-specific explanation for this failure? 
!~hy did these dogs show cachexia or haemorrhagic inflammation of the pouch, 
or some other complication, and was there any other possible explanation for 
the failure of a proportion to show the customary hypersecretion? What 
about the autopsy findings in these dogs who did not hypersecrete - did 
these have blocked shunts ? 

11. With regard to the animals which showed ''Hypersensitivity" types of 
reaction following repeated administration of portal vein plasma, were the 
secretory responses in these animals used or discarded? There always must 
be a little uncertainty about the interpretation of secretory responses in 
the presence of such reactions. First a possibly significant release of 
his tamine or other secretory stimulants might artifically increase responses, 
and on the other side, it is well-known that nausea, pyrexia, and other non­
specific indicators of general systemic upset may quite distinctly suppress 

secretory responses. From the data presented in Table 23 it appears that 
the hypersensitive dogs had lower basal secretion, but higher test responses 
to portal plasma. How, therefore, can it be confidently concluded, as stated 
on page 69, that the presence or absence of a reaction had no effect, when 
test responses admittedly doubled, i.e. increased by 100 per cent! 

12. On page 64/ ••• 

··~-, •• c,, ..• ., •·,, .-, ..• ·'··· ., 
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12. On page 64 it is stated that tests had to be done wi t hin a week of the 

po rtacaval anastomosis, since with the passage of furt her time liver dama ge 

developed. Does this not mean that all the animals were alread y sick on 

a ccount of this da ma ge, and presuma bly the rate of the dama ge develo ping 

va ried from one animal to another. Therefore a con s idera ble contri bution 

to the secretory chan ges observed could well be du e t o this liver upset 

r a ther t han primarily to the alte ra t ion in blood flow diverted past a 

surposedlv normal liver. 

13 . It is not absolutely clear tuhat was the source of the bank blood used in 

the control experiments, and it would seem important pa rticula rl y to know if 

t he blood was withdra wn in do gs which had been fasted for a sufficient 

length of time to avoid the inclusion of any small intestine stimulatory 

hormone following feeding. 

14 . Can we be absolutely sure tha~ the nature of the foo d introduced into 

t he jejunum is not important in eliciting this small intestinal phase of 

secretion? It sounds just a little unlikely that the only mechanism of 

tr i ggering off the release of this hormone is ~echanical distension, and I 

wo ~der if sufficiently thorough analyses of the different diet compa.nents 

irrigated through segments of the small intestine with the avoidance of 

si gnificant distension, have been made. 

15. In Table 9, although the m~an control plasma level is less than that of 

the harvested portal vein blood, two dogs gave large acid responses to the 

c ontrol plasma, and indeed the outputs to the control were grossly in 

excess of anything achi~ved with the test plasma. Indeed these responses 

to the control plasma are so large as to invite comment and possible 
explanation. 

16. If we compare the results in the assay dogs presented in Tables 11, 13, 

15 , 17 and 19, we see that there is a marked difference in the secretory 

outputs durin g the control plasma tests. In the controls for the tests using 

blood harvested at 45 and 60 minutes particularly the controls were very high 

indeed, 0.22 and 0.38 mEq as compared to 0.04 and O. OB in the two series with 

blood collected at an earlier stage. It seems entirely possible that these 

unusually hi gh control values may have defeated any statistical significance 

which might be associated with the secretory responses to the test portal 

vein plasma . 

17. It is also interesting in this series of experiments with portal blood 

ha rvested at different times after the meal, that when the control va lues 

we re hi gh t here is almost an impression of "inhibition'' followin g the portal 

blood infusion. Is it a pos si bili ty that thi~ portal vein blood mi ght contain 

i n addition to the accepted humoral stimulant, an additional inhibitor agent? 

18. In Ta bles 27 and 28 there is quite a large variation in the meal res ponses 

in repeat tests in the same animals. This is particularly marked in the first 

a ni mal in each ta ble. 
19 . I won der/ • • • 
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19. I wonder why the effects of the pig extracts were not tested in the same 

species, i.e. pigs, particularly when this group of investigators clearly had 

rleveloped expertise with these animals. This would have immediately got over 

an y major argument of possi ble species difference. 

20. Under number 10 on page 130 it is stated that aliquots of the extract 

were withdrawn for gastrin assay. I wonder if assays of other possible 

stimulants, e.g. histamine, were also performed? 

21. In the summary of mechanisms of stimulation of gastric secretion on paqe 

la 8 I think it would have been appropriate also to mention the possibly very 

important contribution of direct distension of the fundic gland area. 

22. As is commented, the earliest responses were to meals which were given 

orally, and does this not add considerable support to the notion that the 

small intestine stimulating hormone of gastric acid secretion depends for its 

f ull and prompt response on co-operation with other phases of stimulation of 

the secretion ? 

23. Finally, I think that perhaps one of the greatest questions with which 

the reader is left is what evidence is there that the factor released in the 

doq experiments is necessarily in any way related to the material which has 

been extracted in the pig mucosa experiments? It may be possible to Bxtract a 

very large range of peptides with considerable power to stimulate gastric acid 

secretion, by a variety of extraction processes, but this is a very long way 

indeed from proving that such factors have any physiological role, and 

particularly that they play a part in the mediation of the stimulation arising 

from the small intestine. It is well known that many powerful biological 

effects can be manifest by extracts prepared from e variety of techniques, and 

t hey may or may not have•any physiological significance. I do not feel that 

any evidence has been presented either for or against this particular material 

extracted in this series of experiments being a normal physiological mediator 

of the small intestinal phase of gastric acid secretion. After all, this 

material was collected primarily from fasting pigs, and in the fasting situation 

as illustrated bythe earlier work in this thesis, it has not been possible to 

demonstrate effective quantities of the stimulating agent. Against this line of 

argument, however, it could be stated that the material is accumulating in the 

cells of origin in the mucosa of the small intestine, but I just believe we have 

no good evidence one way or the other. It certainly would be interesting to 

extend this work in an attempt to build up a more complete picture of the 

nature, source, distribution, and mechanisms for release enactivation etc. of this 

material, and it is possible that this is under way. Meantime, from the 

evidence presented in this thesis, we ?re still clearly a long way from knowing 

whether this substance is of importance or not. 



QUESTIONS POSED BY EXAMINER 2 on the Thesis entitled ''On the Humoral Mediation 

of the Intestinal Phase of Gastric Secretion" submitted by Dr R.C.Kester for 

the degree of Doctor of Medicine. 

1. In showing the gastric hypersecretion in a denervated pouch after 

portacaval shunt and instillation of food into the jejunum he draws heavily 

on previous work done by the department and does 

(a) not present any control do gs without portacaval shunting 

(b) has failed to establish whether the pouches are completely 

denervated by insulin testing and 
(c) glosses over the possibility that the product may be histamine by 

reference to previous authors 
(d) does not adequately explain why 10-20% of dogs showed no such 

secretion - a factor which might have changed the statistics quite 

drastically 
(e) does not mention the Cape Town work showing that bile duct ligation 

or liver damage alone will cause gastric hypersecretion, and as his 

dogs were investigated int the first week after operation, whether 

this might not be a factor. 

2. He rather abruptly dismisses the previous work showing that total small 

bowel resection and even tolectomy still causes acid hyper-secretiorrand 

that various manoevres on the liver and bile ducts will cause hypersecretion. 

He also fails to mention the possible or probable release of cholecystokinin 

which is a known stimulant of gastric acid secretion. 

3. Consequently, in the absence of being able to extract an hormone, the 

evidence rests very heavily on a group of experiments which show that 

portal vein plasma caus~s hypersecretion at 30 and 45 minutes after infusion 

to an assay dog preparation. Although significant at the l in 50 and l in 

20 level these differences are rather slight and had there been a minor 

variation in 1 or 2 results at each of these interval times, the results 

might well have been inconclusive. 

4. Finally, Or Kester has not described his statistical methods t hus 

qreatly loading the reviewer with an added burden of checking some of the 

statistics by a number of methods. 



QUESTIONS POSED BY EXAMINER 3 on the Thesis entitled ''On the Humeral Mediation 

of the Intestinal Phase of Gastric Secretion" submitted by Dr R.C. Kester for 

the degree of Doctor of Medicine. 

1. The gastric acid secretion was measured from denervated (Heidenhain) 

pouches. No mention was made luhether the pouches' response to insulin was 

ever tested to confirm they were truly denervated. Neurogenic factors thus 

cannot be entirely excluded. Secondly, the pouche s ' response to B known 

stimulator of ga stric acid secretion (e.g. histamine or pentagastrin) would 

have qiven much better perspective as to how si qnificant any intestinal phase 

o f Qastric acid s ecretion mi ght be. The intestinal nhase is descri bed 8S 

"profound", but how does this compare with the actual and theor e tic maximal 

acid response ? 

2. The do gs used in the first part of the study were said to dev8lo p 

pr oo rP.ssive l iver dama ge after a period of one week f ollowjng portacaval 

s huntin a . It would be important to know the state of their livers when the 
- t 

study was done a t four days. A liver biopsy could have been done as the do gs 

were under light anaesthesia, a nd in fact it seems as if they were s ac rif i c8d 

af te r the study. If th i s were so, renal histology would have been useful as 

gastrin is largely excrete~ by the kidneys. 

3. The results of the studies are defined in tables. A clearer picture mi ght 

e~erge ~y plotting gra ohs of control and test data. In chapter 4 the total 

acid output of the 4 hours of control infusions was gil/en as a single fi gu re; 

it woul d he useful to know how the ~attern of secretion durin g the control 

pe riod differed from that during the test infusion. 

4 . No mention is made ot the statistical methods used . Most if the data are 

s ke wed and seem more fitted to non-parametric than parametric statistical 

analysis. In fact using a Mann-Whitney two-tailed LI-test, the data in ta ble 9 

becomes not significant (P D.10), but, using the same method, data in ta ble 11 

r emains hi ghly significant. 

5 . It is difficult to understand the reason for the time delay between 

s timulation and effect. In donor doQs the mean time of onset of gastric aci d 

secretion was 45 minutes after the stimulus, with peak stimulation at 2 .9 hours. 

In assay dogs, the mean time of onset of gastric secretion was 61 minute s with 

a peak at 1.6 hours . If the onset of secretion is dela yed in the assay dogs , it 

is difficult to fathom why the peak of secretion should occur earlier than in the 

donor do9s. Furthermore, the assay dogs had a normal circulation and,presuma bl y 

normal livers. It has been claimed that the intestinal phase hormone (I PH) is 

rapidly inactivated by the liver. If this is in fact so, why was it not 

inactivated during the inordinately long time it took to act in the assay do g. 

I t was suqgested that the delay in action took place at the effector site 

(the parietal cell); this may be so, but to postulate this might be due ta 

t ime required for activation of adenyl cyclase and the cyclic AMP system is 

un realistic as this is extremely rapid, t~e effect usually bein g not i cea ble 

i n minutes. It is noted that the infusion of crude gut extract into pi gs 

resulted in a far more rapid effect - onset usually is in the first half hour 

pe riod. This is far more in keeping with a true hormonal effect. 

6. Transfusion/ ••• 
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6. Transfusion reactions were understandably experienced with repeated 

infusions of plasma. When reactions were severe, hyposecretion was more 

co mmon than hypersecretion. Thirty-two control and twenty-four test infusions 

were associated with reactions. Assuming an equal proportion of reactions 

to be severe in each group, this would bias the figures against the control 

infusions. 

7. It is not permissa ble to assume that delayed onset of secretion in an 

orally fed pig results from gut stimulation. A pig's stomach is notorious 

for its slow emptying with constant bile reflux into the gastric antrum. No 

attempt was made to ensure when and to what extent the stomach had actually 

discharged its contents into the duodenum. 

The next weighty evidence that there might be such a substance as IPH 

is provided in chapter 7 where a dose-related response is achieved with 

intravenous administration of crude ~xtract of pig intestinal mucosa. This 

was indeed a major undertaking. It would have been interesting to see 

whether known extracts of gut mucosa (e.g. cholecystokinin) would have 

produced a similar response, and perhaps what the extract would do to 

secretion stimulated by a bqckground submaximal dose of gastrin. This. 

would have enabled a clearer definition of some of its properties. 



ANSl!lCflS TO llLIES TI ONS POSED BY EXAMINERS on the Thesis entitled " On the 

Humo r al rieciiati on of the Intesti nal rJ hase of Gastric Secretion" submitted 

tiy Dr R. C. Kester for the de gree of Doc tor of r1edi cine . 

ExaminP.r 1, Ll uestions land 7 

I believe that any influence of anaesthesia was eli~inated by the use 

of controls that tuere also anaesthetized . Tn the previous experiments 'Jn 

cr oss circulation that were done under anaesthesia (~rloff, Villar - Valdes , 

P s en, Thomn son and Chandler , 1069) . the secretory oattern was similar t o 

that fnund in suhsequent exreriments . Mo re over, studies have heen nerfor~ed 

!n hnth hum~ns (Orloff , Ahbott and Rosen , 1970) and do gs (Villar-Valdes, 

Thn~pson, gosen, [handler, and Orloff , 1969) without anaesthesia , end the 

cattern of response ha s be en identical . 

Exa~ine r 1, QuPs t ion 2 . 
Fxa~iner 2 , Duestion le . 

The question was out whether histamine could be responsi ble for the 

stimulation , and was it looked for. Since the portal blood is teing shunt~~ 

into the svstemic circulation , it should make no difference uJhether one loovs 

for histamine in the oortal blood or in systemic bl ood . In previous s tudies 

on histami ne, blood was sampled frnm a catheter in the infer io r vena cava 

just ooposite the portacaval shunt , and no di f fer8nces j_n the levels 108re 

fou nd when compared to systemic arterial blood ( Windsor, Thomps on and Orloff , 

1965) . Since it had been shown conclusj_vely that histamine is not t he 

hu ,no ral agent resoons j ble for the gastric hy rJ ersecretion 1uhich accompanies 

r: " rtacaval shunt , it did not seem 1uarranta ble to evaluate its siqni ficance 

i the oresent investigations . 

Exami ner 1, Question 3 . 

The studies of shunt-related gastric hypersecretion jn the piq have 

~een condu cted alono three lines. The first plan was to deter~i ne j_f the 

,ig develoos po rtacaval shunt-related gastric hypersecretion in r8s ponse to 

food comoarable to that observed in the dog and man . The results or8sente d 

in t hi s thesis indicate that such gastric hypersecretion after hepatic bypas s 

doe s occur . 

The remainino 2 studies in pigs are still in progress . Th8 y are exa 1~inin1 : 

(a) The gastric secretory response to intest i nal distension by an indwellin g 

jejunal talloon cat~eter before and after end - to-side portacaval anastomosis. 

Ea ch rJ i g undergoes intestinal meal and bal l oon inflatj_on tests. 

( ti ) Gastric secretorv response to food instilled into isolated segments of 

t ~e intestine before and after portacaval shunt . The segments of howe l 

is olated in the form of Thiry-Vella fistulas are the duodenum, j8junum ileum, 

and o r oximal three- fourths of the colon. 

examiner 1, Question 4 . 

In an attempt to improve the extraction nrocedure of the active agent 

fro~ the qut ~ucosa of the 11iq , extracts are now ~a d8 solely fro m th e small 

~awel . This chanqe in procedur e was made followin g t he fir st nroup of 25 

extrac ts, and I am not in a position to give first -hand details of tho re s ults. 

Examiner l / ••• 
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xr1111i ner 1, rJuestion ~. 

~lthouoh the as say doos were we ll- conditioned t o l a bora t ory conrlitions, 

vAriation in t he gast ric acid resoonse to successivR monthly histAmine tests 

was anparent . The dogs were sta rvPd for 24 hours nrior to the hi stAmine test , 

and u1ere testerl i_n gro uns of 3 - t1 in a ci uiet rnom. There may have heen a 

mo re uniform re sponse if ea ch rloq was testerl in isolatio n . Onqs 1 and 7, and 

inrlPed [)ori q , 1i1ere withd ra1,m from the ha tc h uihe n it was ob ,1ious that their 

nastric pouches were not resoonrlinq satisfactorily to histamine. In the 

Qofinitive experiment, each doq acted as his own. control. 

~~miner 11-~u estion 9 . 

Most indicators used for titration of acid c han ne at a P~ o f 3 . S to 4 . S , 

ratf-ier than pH 7 . [1 . The cho.i.ce of indicator is ar bitrary, but Any "acirl" 

t,_,at 1,,oulrl be r,ic kerl ur, hetliJeen nH 4. S and 7. n 1.1m ul rl he insi oni f i cant. 

Exami ner 1, Question l[). 

Auto psv of t he donor do qs who failed to show gas t ric hypersecretion 

after nor ta cAva l anastomosis rlemonstrated that the i r shunts were stil l oatent . 

T~ese dogs were no t ed to be in poor condition due to cachexia, in. ma rke rl 

r:ontrast tci t he secretino doqs, because fol l ouJi rir1 antrec tomv ririrl co nst r• w t i nn 

o f 3 He irlenha in pouch! the remai nin n oastr i c stl1mo 1uas insufficient to 

~a intAin ~rieq uate nutrition . If the Heidenhain ~ouc h W3S no t f~s hioned 

wit., careful attention to the nrPsP rv 3tinn fJ f trie blo od sunrl-" , then ""'WfJ <:;" l 

h l8edinn at the ti ~e of th8 tPqt renrlPred the aastr i c samn l e un.:;uita~ l P f or 

rn]o r irne tric titration . 

[xEJmi nPr 1 , nues~-~9.r_:i_~~ . 
~ ~-i ri e r _'.h__ 'Jue s ti~~ 

Tho eFfect of hvnersensitivity reacti.0ns cir, the acirl rPs nons Ps to c on t rnJ 

.,nrl on r tal rlasnia 1, rq s looked a t with inter8st. ~·o rJefin i te secretory ~1et te rri 

could be established, as rec1r:tions anrl nonrRactions L"Pre r::in rio:ril" scattFJr 0 ,-J 

th roL· ,.,h nut th<=1 101,1 a nci hioh 'lcjd resnonses, a nrl th ere uias also n'J c or relati on 

hehJPRn th8 de gre e of rP.action and the le"el. ci f acici sec n :it ion. 

;:- x,=i mi ner ] ! nuestion 12. 
-
• x')mj_ner ? fJu estion le . - - ·- ! 
- xa·ni rier 3 , flu estinn '2 . 

oe rheos I ma de ton fine a point about ernphasizinn cerrying ou t the 

intPstinal meal tests so on after estahlishment of a oortacaval s hun t , i . e. 

no rta ca val shunt made on a Monday, and the intestina l meal test and portal 

transfer stud • carried out on the succeeding Friday . Altho uqh liver biops ie s 

were not do ne to assess ros si ble li ver dama ~e , the livers o f the sick ani ~2ls 

~t autorsy , and the healthy shunted animals (insoected durin~ re tr ieval of 

the cannulae) were alwa ys macroscorically normal . l~ith this s ho rt interv3 l 

after shunting , we believed that liver damage was ins ignificant . 

~xaminP.r 1, Question 13 . 

For the source of bank plasma for the control experiments, mon grel rions 

weioh in o be tween 15- 25 kg were used . They were starved for a t least 24 hou rs 

irio r t o collection of their blood , which was by exsan ~uina tion of the 

li~htJy-a na esthetized animal on the afternoon before the test rlay . The blood 

WDS centr ifuged , and th e o lasma was stored a t 4°c . 
r) uestion 14 / • •• 
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[1118stion 14. 

~Anardin~ the nature of the suhstAnces introduced into the jejunum, a 
number of investi()ators ha ve st.uriierl the effP.r.t nf prntP.in anrl non-nrotRin 
fonrlstuffs, or[]anic and inorganic chemical aqP.nts on thR intestinal phase . 

fJn studiPs that I am aware of hi:lve snecificc"Jl11 ::i 11oiclP. rl distensi.on d1ir i.nn, 

thr> introrluction of t he st1bstances, or hc1ve cornnarecl U1e secretory resr.onsPs 

~v qtatiqtical ana]vsis. 

)uestions 15 - 15 . 

I 8"1 not able 
for the lS, 4S a nd 
usual lv obtained . 

to (Jive a reasonable exnlanation 1,1hy the ccintrol 11a lue s 
68 minute (~lasrna transfer) tests were hiqh Dr th::in 
Each doq served as his own control, and the rlifferences in 

acid response were analysed . 

': uestion 17. 

Since circulation of the intestinal humoral factor would stimulate the 

oa stric remnant (apart from the pouch) , acidification of the duodenum would 

release secretin , an inhibitor of qastric secretion, and such an inhibitor 
woL1ld be collected in the harvested portal blood, togAther with other pos sjcle 

unidentified humoral intestinal inhibitors . 

f)u 8stion 18 . 

It is admitted that the individual resnonses for P.ach piq varied with 

successive tests , despite patient conditioning of the animal to the 
lahoratorv environment , and seclusion of the animal in a quiet room wi th the 

sa~e investigator on each occasion . The piq in a Pa\/lov stand was much more 

restless than the docile assay dogs , and this may account toward the 
var ia bility of the results. (See also answer to Ouestion 3) . 

~uestion 1'1. 

The question of testing pig intestinal rnucosal extracts in pi gs is 
inoortant, bearing in mind soecies snecificity: some of the problems 
oreventino such testing were mainly economical and loqistic in kee9ing a set 

of piqs with ~ast ric oouches at hand for a nrolonqed per iod . 

01 uestion 20 . 

Du ri r ~ extraction of the active peptide from the pio mucosa, histamine 

'··'3S left attached to the DE/\C resin durinq elution of the pe ptiri e uiith sociiurri 

rwd roxide, and was removed by centrifugation . l\ routine check' of thA final 
nroduct confirmed the absence of histamine . 

'; uestiori 22 . -----· 
It is highly likelv that the intestinal phase bears a synerqistic 

rplationshio to the nther nhases of gastric secretion , and this possi~ility 
~::is drawn thP attention of several irivestiqators . A stud v would need to he 
~ade to cocoare the acid secretory response to oral and intestinal fee~in 1 

in order to answer one asrect of the question asked . The answer ~av come 
u•roen tf-,e results appear frrirn current im,est..i qations of shunted pigs with 
Thirv-Vella fistulas . 

Question 23/ • •• 
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~uestion 23. 

One cannot be certain that the factor released in the do g is related 
to t~e material extracted from the pig m1Jcosa. In the experiments conducted, 
the pig and the human respond to an intestinal meal in a manner identical 
to that observed in t~e dog. From a biological standpoint, it would be 
hiqh l v unusual for the pi~ and t he doq to be different . 

Examiner 2, Question la. 

It was not deemed necessary to study control doqs withotJt portacaval 
shunting, since this would have repeated previous studies in thi s la borator y 
emp loyin g such controls ( Orloff and others, 1 969 ; Orloff, Villar-Valdes, 
~bbott, Williams and Rosen, 19 70 ). 

Examiner 2, Question lb. 
Examiner 3, Question 1. 

Most workers in the field of gastric physiology do not feel that it is 
necessary to test so standard a preparation as the Heidenhain pouch for 
completeness of denervation. Regardless, the key to all studies is the 
inclusion of parallel controls that do not show the response. 

Examiner 2, Question 2. 
Examiner 3, Question 7. 

It is possible that cholecystokinin is released during intestinal 
feedin g . However, cholecystokinin is only a mild stimulant of gastric 
secretion, and in a relative sense, is not nearly as potent as the intestinal 
9hase hormone . Moreover , the main source of cholecyctokinin is the duodenum, 
while the main source of the intestinal phase hormone is the jejunum. 

Examiner 2, Ques tion 4. 
Examiner 3, Question 4. 

With regard to the statistical method used, in the absence of enough 
data to decide whether the results were skewed or not, the statistical 
method employed was the paired test. With reference to Table 9 , a non­
pa rametric test (~n test)~ shows the probability to be . DOB , so that 
this confirms the significance of the results. Furt hermore, the Wi lcoxon 
Matched- Pairs- Signed-Ranks Test~ shows the data to be si gnificant at the 
level of . 01. 

Ex3miner 3, Question 3. 

A set of graphs are enclosed which plot the control and test dat8 to 
show the patterns of secretion. Althou gh the pattern of secretion in 
response to control plasma somewhat resembles that followin g infusion of 
the test plasma in the 45, 60 and 90 minute tests, the pattern seen after 
infusion of portal plasma collected between 30 and 45 minutes shows the 
most strikino rli fference. 

~ Nonpara metric Statisti~s for the Behavioural Sciences by Sidney Siegel , 
r . ~8 and 75 . McGraw Hill 8ook Co., London, 1956 . 
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