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PREFACE 

This thesis is concerned with an experimen tal investigation of 

abomasal secretion in sheep. 

The a.bomasum is the most caudal region of the ruminant stomach and 

is the only truly secretory part of it. 

The experimen tal work considered includes the study of hydrochloric 

acid secretion, the electrolyte composi tion and the peptic activity of 

abomasal secretion. 

Simultan eous observations have been made of abomasal acid secretion 

and motility of the reticulum and rumen recorded from partial exteriorisations 

of these structures. These observations have been made under a variety of 

conditions including periods when animals were feeding and fasted, and 

during rumination. 

The effect of intraduodenal infusions of fatty acids and oil on 

abomasal acid secretion and reticulum and rumen motility and of intravenous 

infusions of the same fatty acids has been studied. 

Observations have also been made of the intravenous infusion of 

various substances reported to influence gastric secretion. Extracts 

exhibiting 'enterogastrone' activity have been tested; the effects of 

insulin studied; and the action of a synthetic gastrin ( ICI 50 ,  123) which 

exhibits gastrin-like properties has been investigated. 

These observations were undertaken in the hope that it would be 

possible to elucidate further, factors which control or affect abomasal acid 

secretion. An attempt has been made to determine whether any clear cut 

relation could be established between abomasal secretory activity and reticulo­

rumenal motility. 

The observations presented below have been discussed in relation to 

the literature. 
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CHAPTER I 

INTRODUCTION 

The ruminant stomach consists of four discrete compartment s: the 

ret i culum , rumen, omasum and abomasum . 

Ruminant s display two types of gastric diges t ion of ingested fo od 

material ; one o f  these is a fermentative digestion due to the activity of 

the symbio tic micro -organisms established and maintained in the reticulum 

and rumen . The other is a hydrolytic digestion due to the hydrochloric 

acid  and pepsi n secreted in the abomasum . 

In th is thesis the gas tric secretory activit y  o f  the adult ruminant 

is the pri�e considerati on, that is the secret ion which c ontributes to the 

hydrolytic digesti on . 

The Ret iculum an d Rumen 

The reticulum and rumen communicate through a large opening, the 

reticulo-rumenal orifice , and may be regarded effec tively as potentially a 

s ingle fermentat ion reservoir . I t  is in this reservoir that the exploitation 

o f  structural carbohydrates takes place.  The bac teria and protozoa present 

in the ret iculum and rumen c ontribute in this respect ;  the bac teria are 

largely responsible for the breakdown o f  cellulose and starch while the 

protozoa are mainly starch consumers. (Annison and Lewis, 1959). 

The activities of the micro-organisms include the following: 

1. The production of short chain volatile fatty acids from carbohydrates. 

These products are absorbed to a large extent from the rumen. 

2. The conversion of non-protein nitrogen into amino acids; carbo­

hydrates serve as an energy source in this process. 

3· The hydrolysis of triglycerides and hydrogenation of unsaturated 

fatty acids. Only small amounts of triglyceride and unsaturated 
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fatty acids enter the duodenum (Garton, 1965): the proportion 

probably increases wit h  high fat diets (Hill, 1965) . 

4. Increasing the biological value of ingested protein: this is brought 

about by processes of degradat ion and resynthesis. 

5 .  The synthesis of vitamins, which are essential for t he well be ing of 

the host, but whose production depends on the activity of the symbiotic 

micro -organisms. 

The development fro� an exclusively hydrolytic gastric digestion in 

the young suckling onimal to a combination of both fermentative and hydrolytic 

digestions in the adult may be rapid. This transition is stimulated to a 

considerable extent by the ingestion of plan t material 

Flat t , 19 6 5 ) • 

In the suckling or milk fed young animal, the ingested food material 

passes dir ectly to the abomasum by way of the oesophageal groove. The 

mechanisms cont rolling this structure have been discussed by Watson (1944) 

and Comline and Titchen (1951, 1961 ) .  

In the young animal the reticulum and rumen are relatively poorly 

developed (Tamate, 1957) and thei r motility is characteristically irregular 

(Benzie and Phillipson, 1957) . Dzuik and Sellers (1955) provided evidence 

that suggested the essential basic neurological mechanisms were present but 

the occurrence of normal patterns o f  motility in terms of force and frequency 

of contractions, depended on muscular development and the presence of solid 

feed in the reticulum and rumen. However, t he irregular motility in milk 

fed calves compared with that o f  calves on solid feed may have been due to 

a deficiency of sensory stimulation, sensory receptors and efferent innerv-

ation. The effects should not, without additional evidence, be attributed 

solely to an under developed musculature. 
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In the course of the transition of the reticulum and rumen towards 

their mature form their capacity increases, musculature and epithelium 

develop and both their circulation and metabolic activity increase 

(McGilliard, Jacobson and Sutton, 1 965) .  These factors appear to be 

closely correlated and are markedly altered by the continued ingestion of 

solid feed. 

In young ruminants feeding on milk, the ingested material flows 

directly to the abomasum. Presumably with progressive maturation of an 

animal (in an endocrinolagical and neurological sense) conditions prevail 

which make it more probable that the maximum response to the stimulus 

accorded by ingesta will occur. With the regular ingestion of plant material 

most of which passes to the reticulum and rumen, a potent stimulus to the 

development of these structures is delivered: the fibrous nature of plant 

material and the VFA produced from this material are believed to be of part­

icular importance (McGilliard et al, 1965, Warner and Flatt, 1965). 

The appropriate neurological development may be governed by local 

environmental conditions, including the composition of the blood: this overtly 

changes mainly in respect to blood sugar (a relative hyper to hypoglycaemia) 

and an increased steam volatile fatty acid (VFA) concentration. 

A feature in the development of the reticulum and rumen, is that the 

symbiotic micro-organisms become essential for digestion to occur. The 

animal itself aids with its copious secretion of saliva with considerable 

buffering power and high electrolyte (particularly sodium) content which 

contributes to the maintenance of a favourable medium for fermentation. 

The regular muscular contractions enable the reticulum and rumen to act as 

a continuous fermentation system. These contractions contribute by: 

1 .  Mixing the digesta and so distributing the micro-organisms through­

out the 'system•. 



- 4 -

2 .  Enabling rumination to oc cur whereby material is further broken down . 

3. Assisting r emoval o f  gaseous by-products of the fermentation.  

4. Their role in promotin8 the passage of  ingesta out of the reticulum 

and rumen for fur ther dige stion and absorption in caudal parts o f  

the alimentary tract . 

The co-ordi nated cyclic activity of the reticulum and rumen depends 

on their extrinsic innervation via the vagus nerves .  In the ab sence of 

this innervation and in the absenc e of  such cyclic motility ,  death follows; 

as  i t  does after bilateral vagotomy ( Duncan , 1 953 ) . 

The Omasum 

The func tions of the omasum are not well understood. It possesses 

a particularly high internal surface area to volume ra tio and has attributed 

to it as one of its functions an important role in absorption ( Oyaert and 

Bouckaert , 1 961 ) .  It is also thought to contribute to the passage of 

di gesta into the abomasum by pumping or aspiration of th e more fluid digesta 

from the reti cu lum and rumen ( Stevens , Sellers and Spurrell , 1 960 ) . 

Partic le size and the ir density appear to determine to some extent the 

quantity and nature of the material which passes into the omasum from the 

r eticulum and rumen .  

�kman and Sperber ( 1 952 ) have remarked on the diminution of  bicarbonate 

which occurs during the passage of digesta through the omasum . This is 

thought to decrease the neutralising power of digesta flowing into the 

abomasum . Barcro ft , McAnally and Phillipson ( 1 944 ) have reported that 

absorption of VFA occurs in the omasum. 
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The Abomasum 

In the abomasum the digesta is subjected to the hydrolytic phase of 

digestion. 

components: 

The exocrine secretion of the abomasum contains the following 

1. The proteolytic enzymes pepsin and rennin, the latter's clotting 

power is of greater importance than its proteolytic activity. 

Berridge, Davis, Kon, Kon, and Spratling (1943) found that the young 

milk fed calf secretes only rennin, the secretion of pepsin first 

became pronounced with the ingestion of solid feed. Henschel, Hill 

and Porter (1961) could not substantiate these findings. Their 

results indicated pepsin could be secreted in calves as early as the 

seventh day. As the ruminant matures rennin secretion diminishes 

while that of pepsin increases until it is virtually the sole 

proteolytic enzyme.(Hill, 1956) . 

Passive immunity is conferred on the newly born animal by the anti-

bodies attached to the globulin proteins in colostrum. Peptic 

hydrolysis of these globulins would be detrimental to the animal's 

health. It would appear from the findings of Hill (1956) that there 

is little abomasal secretion in the newly born animal. This would 

increase the opportunity the globulins may have to pass into the 

small intestine where they are absorbed unchanged. 

2. Hydrochloric acid both provides a suitable medium for peptic digestion 

(optimum pH 2.1) and contributes to digestion by acid hydrolysis. 

3. Mucus which acts as a buffer in preventing the destruction of the 

mucosa by acid, and also as a lubricant in protecting the mucosa 

from harmful objects. 

The abomasum of the adult ruminant possesses the characteristic 

feature of continuous secretory activity. Due to this the contents of the 
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abomasum are always of high acidity and remain so even with the frequent 

passage into the abomasum o f  near neutral reticula-rumen content s ( the 

o masum reduc es the neutralising pow er to some extent because o f  its capacity 

in reabsorbing co2 or :r�co; ). 
In comparison to the situation in animals with a simpler stomach , 

gastric proteolysis may oc cur relatively quickly be cause of the pH conditions 

and the nature of the material which enters the abomasum. The main feature 

is the finely divided physical form of the material enabling the rapid 

penetration o f  the secreti ons . 

In the sheep it has been estimated the abomasum secretes about 5 - 6 

l itres and that of the cow or ox 30 - 35 litres of gastric juice/24 hours 

( Hill , 1 965 ) . The volume of  sal iva secreted/24 hours for a 25 kg she ep is  

about 6 litres . It is interestin0 to compare the se volumes of  acid and 

saliva with the water content of  blood . 

the vicinity of  1 . 5 litres . 

For a 25 kg sheep this would be in 

The large volume o f  acid secretion is produced by an extensive are a  

o f  gastric mucosa: the surface area of the muc osa is increased by the 

presenc e of numerous large folds of it (Hill , 1 965 ) .  The secretory 

activity of  the cells maintai ns a continuous flow of j uice .  Both resyn-

thesis and depletion o f  ' zymogen' granules has been detected histologically 

in different cells in small areas of  the abomasal mucosa. It is not known 

whether both processes - resynthesis and secretion - occur at the one and 

same time in the same c el l  (Hill , 1 965 ) . Presumably they may . 

It can be argued that the most important c ontribution abomasal 

digestion makes in the ruminant is by i ts proteolytic activity . This would 

not occur w ith any degree of e fficiency in the abs ence of HCl secretion.  

A consi deration of enzyme-substrate reactions makes it  appear probable that 
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it is a more controlled and graded reaction than that which would be 

accorded simply by acid hydrolysis. Some workers hold the view that peptic 

digestion in the abomasum is of little significance (Annison and Lewis, 

1959) because of the rapid passage of digesta through this region. It 

should be realised, however, that there is a rapid acidification of digesta 

entering the abomasum, that pepsin is autocatalytic below pH5, and that 

consequently the maximum level of peptic activity is likely to be attained 

within a short time of the entry of digesta into the abomasum. Even 

though the digesta may not remain long in the abomasum, these considerations 

suggest that considerable proteolysis may occur in it. 

The abomasum could have an absorptive function. This has been 

postulated in the case of VFA (Phillipson and Ash, 1965) but has not been 

demonstrated for VFA and such substances. The relative amounts of 

lipids and their fatty acid compositions do not change markedly in the 

digesta passing through the omasum and abomasum (Garton, 1965). In the 

abomasum most of the micro-organisms disintegrate (Smiles and Dobson, 1956), 

facilitating subsequent digestion of their structural lipids in the small 

intestine. This disintegration is probably brought about by the unfavourable 

medium resulting in death of the micro-organisms which are subsequently 

destroyed by the combined acid and peptic activity. 

The presence of a lipase in gastric juice obtained from animals with 

a simple stomach was suspected as early as 188o (Cash cited by Luciani, 

191 3), but this was generally attributed to contamination. Laqueur (1 904 

cited by Luciani, 1 91 3) using Pavlov pouches provided evidence of a 

"lipolytic ferment in the gastric mucosa". This enzymic activity was not 

aided by bile in contrast to pancreatic lipase. Recent evidence of a 

gastric lipase present in the secretions of simpler stomachs has been 

reported by Bank, Krut, Marks, Bronte-Stewart and Uys (1 964). Argument 
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continues how ever , about the existence o f  a true gastric lipase . 

The Gastric Mucosa 

Individual constituents of the secretion of the abomasum are produced 

by individual cells, brief descriptions o f  which follow.  

Parietal Cells : The se are large spheroidal cells with a round nucleus 

( Zimmerman , 1898, cited by Babkin , 1950). The cells contain intra-cellular 

capillaries or canaliculi . They stain readily wi th acid aniline dyes . 

Parietal cel ls  are re6arded as the site of hydrochloric acid formati on ;  

evidenc e for this conclusion has been provided from the work o f  Linderstrpm-

Lang (1934, 1935) Glick (1934, 1935) ( cited by Conway 1953). Linderstrpm-

Lang investigated the micro-ch emical dis tribution o f  hydrochloric acid and 

enzymes in the mucous membrane of pig stomachs . A correlation was revealed 

between acid secreti on and parie tal cell  cou�ts and also between pepsin 

content and numbe rs o f  chief  cells . 3upporting evidenc e for the assignation 

to parie tal cells o f  acid secretion was obtained frot:J pigments and 

histological exam ination . This evidenc e first appeared from the use of 

the Prussian blue reaction . FitzGerald (1910) has reviewed the lit erature 

on this reaction in this connection . 

Hare specialised investigations have indicated the wall o f  the parie tal 

cell canaliculi is the sit e  of  acid formation. (Hollander 1 943 , Golgi 1 893 , 

Langendorff and Laserstein 1894 , Hoerr and Bensley 1 936 , all cited by Conway 

1953 ) . A more detailed discussion of the relation between the parietal 

cell and acid secretion has be en undertaken by Conway ( 1 953 ) . 

These cells are smaller than the parietal cells and possess 

a spherical nucleus; they are situated close to the lumen of the gland and 

lack secretory capillaries. According to Babkin ( 1 950 ) the parietal cells 

in the body of the gland are separated from the lumen by peptic cells. 
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The parietal cel ls  are connected  to the lumen by intercellular capillaries . 

Due to the. disposi tion of the parietal cells, it appears that  the peptic 

c el l  se cretion is perhaps washed out in , or by , the acid secretion . 

The peptic c ells have the characteristics of  gland cells producing 

an organic secretion . They possess granules which are larger than those 

of parietal cells and have a higher refractive index . The smaller granules 

of parie tal c el l s  are thought to  be  mitochondria , while those of the peptic 

c ells have be en related to zymogen granules . 

Peptic cells are the only cells o f  the gastric glands whic h do not 

divide by mitosi s , but are formed from mucous c ells in the ne ck ( Babkin , 1 950 ) . 

This pro cess has be en supposed to be reversible in that in certain 

pathological condit ions a reduc tion of peptic cells is observed , and the 

cell numbers are made up by an increase o f  mucous c ells . '.'ihether this 

occurs as an actual tra'1sformation of the highly spe c ialised peptic cel ls , 

or j us t  the cessation of manufacture of  these cel ls in favour of mucous 

cells is not known . 

Peptic c el ls are responsible for the formation and l iberati on o f  

pepsinogen , the precursor of pepsin . \'.'hen the secretion contains a high 

enzyme content there is  a concomitant diminution of the granule s in the 

peptic  cells .  ( Bowie and Vineberg 1 935 , Bowie 1 936 , cited by  Babkin 1 950 ) . 

This i s  not wel l  seen in ruminants because of the continuous nature of  the 

gastric secretion . 

Muc ous Neck Cells: These c ells characteristically contain flat nuclei 

occupying the base of the c el l .  The cytoplasm is granular and possesses 

characteristic staining properties and a higher mucin content than the 

surface epithelium cells (Bloom and Fawcett , 1 962 ) . 

These are tall regular columnar cells which 
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c ontain granules believed to be mucigen which has specific staining 

properties ( Bloom and Fawcett , 1 962 ) . Upon their release , these granules 

yield an alkal ine mucus which protects the surface of the mucosa . 

Other cells found in the gastric mucosa include the Argentaffine 

cells , thought to be concerned with the production of intrinsic factor . 

These cells are more numerous in the intestine , particularly the duodenum . 

The composition of the gastric secretion from di fferent regions of 

the stomach varies according to the types of cells present in the secretory 

tubules . In the cardiac region of  the stomach the secretory cells are 

mainly of a mucous nature , with only a small number of peptic and parie tal 

c ells . Although the abomasal secretory glands of the ruminant are similar 

to the secretory glands in the simpler stomachs of some othe r  animal s ( Hill , 

1 951 ,  Sommerville , 1 956 ) the existence of a cardiac zone of  t he abomasum 

was first proposed on the basis of evidence provided by Bensley ( 1 902 ) and 

later confirmed by Hill ( 1 9 51 ) . The omaso-abomasal junc tion was su ggested 

as a region which is analagous to the cardiac zone in the simpler stomach 

o f  some animals . The fundic region of  the stomach contains the largest 

number of parietal and peptic cells . The secretion from this area is 

normally highly acid and rich in enzyme . 

In contrast in the pyloric region parietal cells are sparse or absent . 

The secretion from this area of the abomasum is largely of a mucous nature. 

( Sewell 1 878 , Pauli 1 884 , both cited by Hill 1961 ) .  There is  in the pyloric 

r egion a small number of peptic cells . The mos t significan t  function of 

the pyloric mucosa is its probable role in providing an excitatory stimulus 

to the parietal cells of the fundus . This is achieved through the liber-

ation of the hormone gastrin . The mucous nature of the secretion may 

contribute towards the neutralisation of material entering the duodenum and 

s erve to prevent to some degree , the acidification of the pyloric mucosa 
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which has been shown to inhibit gastrin release in dogs (Longhi, Greenlee, 

Bravo, Guerrero and Dragstedt, 1 957 ) . 

The Study of Gastric Acid Secretion 

In the study of gastric acid secretion a variety of techniques have 

been used in an endeavour to elucidate the mechanisms involved in this 

unique phenomenon of the body. 

(i) The Test Meal (James 1 957 ) : 

Cannon ( 1 898 ) was one of the first investigators to use the Test Meal. 

Cannon fed alkaline bread, aspirating the stomach contents from different 

regions so as to obtain an indication of the degree of acidification. He 

also fed cats bread and bismuth and followed the passage through the 

alimentary tract radiologically. Gianturco ( 1 934 ) used a similar approach 

by feeding cats meat coated with barium sulphate. 

The Fractional Test meal was used as the principal method of obtaining 

a measure of gastric emptying time until Hunt and Spurell (cited by James, 

1 957 ) developed the Serial Test meal, whereby the complete stomach contents 

were aspirated after a certain time interval, on different days. The 

technique is most applicable to fully co-operative subjects i.e. to man. 

(ii) Fistulae: 

A further aid in the investigation of digestion has been the fistulated 

stomach. By this means samples of stomach contents may be obtained at any 

stage of digestion, allowing subsequent analyses to be carried out. 

Beaumont, Carlson, and Wolf and Wolff contributed a great deal to an under­

standing of human gastric function from their studies of subjects with fistulae 

(for a review see Wolf and Wolff, 1 943). 

Unfortunately the fistula is of limited value in the study of 
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stomach secretions as severe contamina ti on occurs by the ingested food 

material , saliva, and reflux from the duodenum. This di sadvantage may be 

overcome in acute experiments to some ext ent by emptying the stomach and 

isolating it by ligation of the oesophagus and duodenum - the se t echniques 

are not applicable where the subject must recover .  

( iii ) Pouches : 

The preparat ion of certain regions of the stomach into isolated 

pouches has greatly facilitate d  the study of gastric secreti on . Hollander 

(1951) has reviewed the his tory of several varie ties of gastric pouch . 

The following provides a bri ef survey of these development s :  

( 1 ) Heidenhain Pouche s :  Heidenhain (1879) devised the original 

fundic pouch which is completely separated from the rest of the stomach . 

This pouch is regarded as possessing a blood supply only , but many 

Heidenhain pouche s have some degree of vagal innervation . 

( 2 )  Pavlov Pouches : Pavlov modifie d the Hei denhain pouch in a 

manner which cont ribute d  to the preservation of the vagal nerve 

supply to the gastric glands . He cons tructed a mucosal septum 

be tween the pouch and main stomach in such a way tha t the pouch 

largely retained its vagal and sympathetic nerve supplie s . 

( 3 ) Denervated and Auto- transplanted Gastric Pouches: Ivy and 

Farrell (1925) introduced the auto-transplanted pouch. A Heidenhain 

fundic pouch was transplanted to the mammary region where it eventually 

obtained a new blood supply from the very vascular mammary gland. 

When this occurred the original blood supply was removed by ligation 

and section of the original pedicle containing arteries, veins and 

nerves. The use of this pouch has been of some moment in providing 

definitive evidence of a hormonal role in gastric secretion. Other 

forms of this type of pouch have been prepared with the muscle layer 



- 1 3  -

of  the pouch removed (Klein and Arnhe im 1 932 ,  Gregory and Ivy 1 941 ) , 

( 4 )  A Pouch of  t he Entire Stomach : This type of pouch wit h  an oesoph-

ogeal-duodenal anastomosis was first us ed by Ivy , Lim and McCarthy 

( 1 925 ) . This pouch is of  limit ed value : its main use has been in 

the definit ion of the intestinal phase of gastric secretio n .  

( 5 )  Innervated Antral Pouches :  These were probably first used by 

Zeliony and Savich ( 1 91 1 ) .  In these a mucosal septum is constructed 

between the antral region and the rest of the stomach . Continuity 

of the alimentary tract may be re-establish ed by gastroduodenostomy 

of gastrojejunostomy. 

( 6 )  Iso lated Antral Pouches :  Are those which are comple tely 

divided from the rest of the stomach; the extent o f  their vagal 

innervation is in many cases uncertain ('.'(ohlrabe and Kelly , 1 959 ) . 

Difficulty has been experienc ed in constructing an antral pouch so 

as t o  c ont ain only antral mucosa on one side and fundic mucosa on 

the o the r .  

A wi de variety o f  pouches are used in the study of  gastric secreti on. 

These have b een unfortunately , in some respects , of variable construction and 

composition . This no doubt , is responsible for a maj or part of the 

conflicting data present in the lit erature . Despite this criticism it 

must be admitted tha t many clues on the control of gastric secretion have 

be en provide d  by different workers using different preparations and their 

seeking to resolve difficulties arising from conflicting result s . This 

has served as a stimulus to further work in that attempt s have been made 

to resolve apparently conflicting r esults obtained with the di fferent 

techniques ,  and provide a "comple te"  understanding of the control o f  gastric 

secretion . 
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A common test for the innervation of a pouch was its response to 

an insulin induced hypoglycaemia. Secretion produced in response to  

insulin a&ninistration was supposed to occur by  vagal stimulation of the 

acid and pepsin secreting cells. Recent evidence (Uvnas, Emas, Fyro and 

Sjodin , 1 966 ) has shown that gastrin may be released by insulin hypoglycaemia, 

and gastrin may stimulate pepsin secretion (Gregory and Tracy, 1 964 ) . 

It is possible therefore, that secretion may occur from a denervated pouch 

in response to an insulin induced hypoglycaemia. Insulin has also been 

shown to inhibit gastric secretion (Hirschowitz, 1 966a ) (this aspect will 

be discussed in detail later) . 

Inter-relationships between Abomasal 3ecretory Activity and aeticulo-rumenal 
Motility 

Inter-relrttionships between abomasal secretory activity and reticula-

rumenal motility have been demonstrated by AsD. and Hill, who have emphasized 

the importance of the passage of digesta to the abomasum (Hill 1 955 , 

1 960 , Ash 1 961 a ) . Ash (1961b) also provided evidence of the stimulation of 

HCl secretion by steam volatile fatty acids in the fluid digesta entering 

the abomasum. 

However , it has been recognised that conditions in the abomasum 

per se influence the activity of the reticulum and rumen . Phillipson ( 1 939) 

demonstrated that abomasal di stension caused an inhibition of reticulum and 

associa ted rumen movements . This finding was confirmed by Dussardier 

( 1 955 ) and by Titchen ( 1 954 , 1958 ) . In decerebrate preparations refl exly 

stimulated reticulum contractions were prone to inhibition by distension of 

the abomasum if the splanchnic nerves were int act . Inhibitory afferents 

have also been demonstrated in the vagus nerves ;  this observation has bnly been 

made in decerebrate preparations ( Titchen , 1 958 ) . 
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Stimulation of reticulum and rumen motility by a reduction in 

abomasal pH to 1. 0 has been cited by Titchen as a physiological stimulus. 

He suggested that abomasal acid secretion could give increased reticulum 

contractions. This has not been established since it has been shown only 

in decerebrate preparations in which the slowly declining secretion of 

HCl after decerebration was accompanied by a decline in the force and 

frequency of reticulum contractions. Iggo (1957) in studies of single 

afferent fibres of the vagus nerve has demonstrated the presence of acid 

receptors in the eat's stomach. 

Ash (1961a) has suggested that the inflow of digesta into the abomasum, 

the secretion of acid, and the flow of material from the abomasum are 

integrated, with the abomasum controlling these functions. However, as 

yet no clear cut relationship can be defined between reticulo-rumen 

motility and abomasal acid secretion. 

Apart from the preparation of, and study of the effects of gastrin 

extracts from sheep and cattle abomasal mucosa, (Anderson, Fletcher, 

McAlexander, Cohen, Pitts and Harkins 1961, Anderson, Fletcher, Pitts and 

Harkins 1962) the hormonal control of acid secretion in ruminants has not 

been systematically investigated. 
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CHAPTER II 

NOR�IAL s..:;CRETICN IN THE FZD-FA.STZD ST.4TE 

Introduction : 

Many physiologists have endeavoure d  to separate th e roles played by 

nervous and humoral mechan isms in the control of digestive secretions . 

Earlier workers concerned with gastric secretion explained their discoveries 

solely in terms of reflex responses . Fos ter ( 1 889 )  realised that intact 

vagi were not essential for gastric secretion . He stated that secretion 

was probably due to  a local mechanism. Heidenhain ( cited by Foster )  in 

studies of a fundic pouch obt aine d evidenc e  of a secretatogogic e ffect of  

ingesta on acid secreti on. 

In contrast secretion of acid in response to the direct stimulus o f  

food was at tributed t o  a local nervous mechanism induced by chemical stimula­

t ion of peripheral nerve endings (Khizhin 1 895, cited by Luciani , 1 91 3  p 1 1 1 ) .  

Von Mering ( 1 899, cited by Luciani ) found that atropine and pilocarpine 

had similar effects  to thos e demonstrated on salivary secretion . Pavlov 

in sham feeding experiments demonstrated a reflex secretion of gastric juice : 

upon section of  the vagus nerves this refl ex secretion ceased . 

It was not until after Bayliss and Starling ( 1 902 ) had discovered 

secretin that Edkins ( 1 905 ) formulated the gastrin theory . Edkins showe d  

that extracts  of  the pyloric mucosa sti mulated gastric secret ion . He 

attributed this activity o f  such extracts to a hormone which he named gastrin . 

Sinc e that time c onsiderable attention has been paid to the possibility o f  

hormonal mechanisms of stimulation o f  gastric secretion. 

Controversy as to the existence and nature of  an excitatory antral 

hormone persisted for many years. Ivy ( 1 930 ) discussed the possibility 
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that his tamine was the gastric hormone . He concluded , "In the light of 

our present knowl edge , we are warranted in stating that histrunine is 

closely related to , but not identical with the active principle of pyloric 

mucosa extracts ." 

Almos t 60 years after Edkins' fi rst preparation o f  a "gastrin" 

extract , Gregory and Tracy (1964 ) described the preparation and properties 

of "pure gastrin" . 

Recent  work has been par ticularly conc erned with the combined actions 

of neural and humoral mechanisms . It has emphasized the importance o f  

permissive , additive and synergistic relationships between these two forms 

of  stimulat ion . 

Digestive glands si tuated in the most cranial regions of the aliment­

ary tract , for example the salivary glands , are mainly or even wholly under 

neural co nt rol . In some lower regions humoral control is  predominant . 

Considerable integration of the two occurs however , and in many cases they 

are interdependent . Evidence that vagal ac tivity might influence the 

response of the digestive glands to hormones was provided by Uvnas ( 1 942 ) . 

Experiments performed in anaesth etis ed cats indi cated that : 

1 .  vagal excitation could cause a release of gastrin . 

2 .  concurrent vagal excitation was an impor tant factor in determining 

the response of the fundic glands to gastrin. 

been supported by Andersson and Olbe ( 1 964 ) .  

This observation has 

Evidence on the participation  of the vagus in the release of gastrin 

has been reviewed by Gregory ( 1 962 ) ,  who also advanced strong support for the 

view that cholinergic excitation sensitises the oxyntic cells to gastrin.  

The synergistic relationship be tween vagal activity and gastrin has 

been further elucidated by the work of Olbe ( 1 964 , 1964a ) . Using dogs 

with vagally innervated fundic pouches , Olbe found the response to sham 
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feeding ceased upon excision of  gastrin producing regions . Intravenous 

infusions of a gastrin extract ,  at subthreshold doses , restored the sham 

feeding response in "antrectomised" dogs . This potentiation of the direct 

vagal action on gastric acid glands by gastrin is shared with other 

secretatogogues . A similar response has been obtained with the infusion 

of sub threshold amounts of histamine or after mesenteric-caval venous 

anastomosis , a procedure which may result in a polypeptide , his tamine or 

other such agents released from th e small intestine escaping hepatic break­

down ( Olb e ,  1 966 ) . 

In the ruminant , Krinitsin ( 1 935 ,  cited by Hill 1 961 ) in studies on 

the secretory response of an innervated and subs equently denervated abomasal 

pouch , consi dered the vagus nerves ful filled an adaptive and trophic 

func tion in intensifying the me tabolic processes of the secretory cells 

thus rendering them more responsive to excitatory stimuli . 

The strongest contender for the final common mediator of  gastric acid 

secret ion is at the present t ime considered to be histamine . Evidence  

for this view has been obtained from studies of: the histamine forming 

capacity (histidine decarboxylase content ) of the rat gastric mucosa 

( Kahlson , Rosengren , Swahn , and Thunberg, 1 964 ) , the inhibition o f  his tamine 

format ion by specific inhibitory agents (Levine 1 965 ) , histamine destruction 

( Code 1 965 ) , the relationship between histamine and vago-mimetic drugs 

(Shore 1 965 ) and of the relationship between histamine , gastrin and other 

secretatogogues (Haverback , Stubrin and Dyc e 1 965 ) . 

This view is not held by  all .  Clark, Curnow , Murray , Stephans and 

Wyllie (1 964) found in man that hexamethonium and atropine inhibited a 

histamine induced gastric secretion . They concluded that histamine acted 

through nerves which in turn produc ed the local chemostimulator , acetylcholine. 
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Supporting evidence in monkeys has been provided by Rosato , Smith , Gel fand 

and Brooks ( 1 966 ) and Rosato , Smith and Brooks ( 1966 ) where a histamine 

stimulated acid secretion was inhibit ed by atropine . However , atropine 

is in some respects no more specific than any other pharmacological agent 

used to blook responses. Hellanby and Pratt have drawn attention to the 

side effects of atropine which limit its  use fulness as an analyt ical agent 

( Hellanby and Pra t t ,  1939 ) . 

The classical conc ept of gastric stimulatory mechanisms has been 

regarded as consisting of three well de fined stages : cephalic , gastric and 

intestinal . A brief review of acid secreti on from the abomasum in terms 

of these phases is present ed below . 

1 .  Cephalic phase of abomasal acid secretion : 

It has be en stated that in the adult ruminant the c ephalic phase o f  

vagally stimulat ed gastric acid secreti on is absent ( Hill , 1 965 ) . This 

conclusion has been largely reached through the observations of Hill (1960 ) . 

In sham fed she ep with oe sophageal fi stulae ,  no secretory response  was 

obtained . However , some reservations were held as to the condition of the 

animals used. There was also in these animals no response in acid secretion 

on feeding wi th the reticule-rumen empty . Vagal stimulation of  the stomach 

c aused by an insulin induced hypoglycaemia produced an increase in acid 

and pepsin output in the secretion of the abomasum. On emptying the 

reticule-rumen prior to insulin adminis tration ,  the hypoglycaemia produced 

an increase in pepsin output only . Espe and Cannon (1937) obt ained results 

from milk fed calves with Pavlov pouche s that indicated the cephalic phase 

o f  gastric secre tion was absent or of very little significance . 

That a conditioned hypermotility of the reticulum and rumen may occur 

in response to feeding or in anticipation of feeding in cattle and sheep 

has been shown by Quin and Van der Wath (1938), Dedashev (1959) and Reid (1962). 
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Bogdanova ( 1 950 , cited by Hill 1 96 1 ) noticed diurnal changes in abomasal 

secret ion in calves , and an increase in secretion associate d  with the t ime 

of feeding . Hill ( 1 961 ) int erpreted  the secre tory respons e as arising 

from the increased pa ssage of diges ta to the abomasum caused by the 

hypermotility o f  the reticulum and rumen . 

2 .  Gastric phase of abomasal acid secretion : 

In the ruminant this has been held  by Hill ( 1 961 a )  to  be the most 

important pha se ;  the main controlling factor is believed to  be the passage 

of digesta from the reti cula-rumen and omasum t o  the abomasum. 

Savich and Tichomirov ( 1 91 1 ) ,  Popov ( 1 932 ) Belgowski ( 1 91 2 ) ( all 

cited by Hil l ,  1 961 ) showed in she ep and cattle , that aboma sal ac id secre tion 

is continuous . Hill ( 1 955 ) underto ok an experiment al inve stigation of 

the relative cont ributi ons of humoral and nervous stimulation in the 

maint enance of this cont inuous "spontaneous"  acid secretion by the ab omasum. 

·;,·hen di gesta was pr event ed from entering t he ab omasum , gastric ac id secretion 

ceased . From this he concluded tha t the continuous natur e of aboma sal 

secretion was due to spe cific stimuli - and that the se arose  from the entry 

o f  digesta into the abomasum . 

Ash ( 1 961 a )  measured acid se cretion from an abomasal pouch and flow 

of digesta from the abomasum simultaneously.  He observed  a close corre-

lation between acid secretion and flow of digesta. Hill ( 1 960) supports 

this evidenc e with studies of insulin induced hypoglycaemia in sheep . No 

acid secretory response was obtai ne d  when the reticula-rumen had been 

emptied prior to the insulin administration. Ash ( 1961b ) discussed 

distension e ffects of the abomasum in the production of acid secretion. 

He found an increased secretion occurred upon distension of the abomasum. 

A copious secretion of aci d  from the oxyntic cells i s  produced by 

the hormone gastrin. In the monogastric animal the stimuli to gastrin 
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release from the pyloric or antral region of  the stomach are : 

1 .  vagal excitation of the antrum . 

2 .  local stimulation o f  the antrum by swallowed food . The 

form of stimulus afforded by the food may be one of distension , 

of a tac tile natur e or of  chemic al origin . 

That the vagus nerves participate in gastrin release has been realised 

for some time , but the impor tance of  this in the ruminant is not known . 

Tactile stimula tion and distension of the abomasum by digesta is probably 

a potent form of stimulus to gastrin release . Hill ( 1 955 , 1 960 , 1 961 a ,  

1 965 ) emphasizes the impor tance of the flow of digesta to the abomasum in 

its secreti on of acid . 

In the exploitation of  structural carbohydrates , the ruminant 

produces an abundant supply of  volatile fatty acids . These are absorbed 

through the reticula-rumen and omasal epithelia (13arcroft , HcAnally and 

Phillipson 1 944 ) . However , some VFA are still cont ai ned in the digesta 

ent ering the abomasum ( Ash 1 961 a ) . Popov ( 1 932 , cited by Hill 1 965 ) 

found that the addition o f  acetic acid to the abomasum stimulated gastric 

se cretion. Ash ( 1 961 a ,  1 961 b )  carried out a series of experimen ts on the 

introduction into the abomasum of buffered solutions of various proportions 

of acetic , propionic and butyric acids . These  substances markedly stimulated 

the secreti on of  acid from the abomasum . The excitatory mechanism is not 

clear : even when a small volume o f  acetate was added to an empty rumen 

( where there was little chance of overflow into the abomasum) acid secretion 

was stimulated. An acid secretory response was also obtained upon 

intravenous administration of sodium acetate ( Hill 1 965 p224 ) .  

3. Intestinal pha se of abomasal acid secretion : 

There  has been little study on the int estinal phase of abomasal acid 

secretion. The main e mphasis has been on the inhibitory e ffects of  
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conditions in the duodenum on abomasal acid secretion . 

Inhibition o f  gastrin release from the antral regions o f  the simple 

stomach when the gastric contents are more acid than pH 2. 0 - 2 . 5  has been 

shown by Longhi , Greenlee ,  Brave , Guerrero and Dragstedt ( 1 957) . In the 

abomasum a similar situation appears to operate. Ash (1961b) used dis-

tension of the abomasum with a saline filled balloon as a stimulus to acid 

secretion from an innervated pouch . As the acidity of the abomasal fluid 

increased, the secretion of acid by the pouch began to decline. The pH 

of the digesta which leaves the abomasum remains wi thin a fairly narrow 

range . Ash (1961b) compared this situation with the fluctuating acidity 

of the pouch secretion. He interpreted these two findings as reflecting 

a relationship between gastrin stimulation and inhibition. 

The duodenum actively par ticipates in the control of abomasal acid 

secretion. The presenc e of fat or its digestion products and other food 

products in the duodenum causes an inhibition of abomasal acid secretion 

and motility , with a concomitan t inhibition of reticulum and rumen motility. 

These effects have been attributed to the release of the hormone enterogastrone . 

Acidification of the duodenal mucosa is e ffective in inhibiting abomasal 

acid secretion (Ash 1961b). It is thought this e ffect is mediated by the 

vagus . 

In the following experimental study the possibility o f  there being 

a relationship between reticulo-rumenal motility and abomasal secretion 

has been investigated. It was thought that the existence of such a 

relationship might be demonstrated by simultaneously recording movements 

of the reticulum and rumen from partial exteriorisations and collecting 

secretion from an abomasal pouch. 
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Methods : 

A.  Preparation of Animals : 

Young Romney ewes or the ir crosses ( ab out 25 kg) were used. These 

sheep were kept in an animal room and fed red clover chaff and water ad lib . 

After some month s th is diet was supplemented by a fixed amount of  a protein 

rich (min . 20;6) concentrate ( ' Primrose ' vitalized sheep nuts , Ivianawatu 

Mills N . Z . ) . 

Gastric secretion was obtai ned from an isolated pouch of the abomasum . 

?re-operative preparation o f  the animals included habituation for as 

long as possible befor e the operation . The animals were fasted 24 - 48 

hours but were allowed access to water throughout the fasting period . 

The abdomen and neck were clipped closely a few hours be for e the operation . 

Premedication in the form o f  a morphine substitute , pethidine HCl 

( ' Pethilorfan ' ,  Roch e )  was given intra-muscularly in earlier operations . 

This practice was discontinued in an endeavour to facilitate rapid recovery 

from the anaesthetic . Benzyl-Penicillin (' Crystapen ' , B . P . Glaxo ) 500 , 000 

units and atropine sulphate ( BDH) 5 mg were inj ected intr avenously prior 

to anaesthesia which was induced wi th thiopent one sodium ( 1 Intraval 1 ,  May 

and Baker) . Anaesthesia was mai ntained with ether administered from a 

Boyle ' s  vaporizer via a cuffed endotracheal tube.  The depth of anaesthesia 

was judged  chie fly by the degree of muscular relaxatio n ,  the nature of 

respirati on ,  the strength of  the heart beat and assessed blood pressure . 

In some operations changes in heart rate were recorded using a cuff and 

an electrical transducer on the foreleg. 

Surgical Procedures : 

Aseptic precautions were adopted in all operations . The skin was 

sterilized with 70% ethyl alcohol and tincture of iodine , and draped with 
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sterile linen . 

The type of pouch pr epar e d  may be described as a modi ficat ion o f  

that illustrat e d  by Hill and Gre gory ( 1 951 ) as their Heidenhain pouch type 

C . The pouch remains at tache d t o  both me sent erie s , rec e iving a blood 

supply fro m vessels on the greater and le sser curvatur e s  of the ab omasum . 

The approach us ed was e i ther through a lateral laparot omy wound 

ab out 3 - 5 cm cau da l  to and parallel wi th the costal arch or through a 

midline l a parotomy inc ision . A f t er the ab omasum had be e n  loc ated a regi on 

o f  the fundus was s e l e c ted in wh i ch to prepare a pouch ab out 1 2  - 1 5  cm 

cranial t o  th e pylorus . The area to be cont aine d in th e pouch was c are -

fully chos en so that i t  possessed a lar ge ar t e rial blood v essel . It was 

hope d nerves mi ght course in the c l ose v i c inity of th e blood v e ssel s . 

The abomasum we.s transe c t e d  comple tely but the two mesenteries wi th 

their blood an d ne rve supply were kept int ac t . �he first line o f  sutur e s  

i n  th e pouch s t i tched mucosa t o  muco sa . A .s e cond line o f  inv er ti ng sutures 

was appl ie d ov er the first , suturing serosa to serosa . This fo rmed a 

water ti ght seal and preven t e d  any pro trusion o f  th e a c id secreting mucosa . 

The other side o f  the pouch was treated similarly . In produc ing c o n tinuity 

of the ab o masum by r e j oining the c audal and cranial regions,  the technique 

of suturing mucosa to muc osa followed by serosa to serosa was aga i n  applied . 

A stainless s t e e l  cannula ( Fig. 1 ) was inserted into the pouch either 

along the line o f  sutures or in a region with no sutures present ; this 

position depended on the position of the pouch and the likely ease of its 

delivery through a stab wound in  the abdomen . The cannula was covered 

with omentum and brought out through a stab wound or the abdominal midline 

wound . The abdominal wound was closed by suturing muscle and peritoneum 

to musc le and peritoneum . The skin was j oined with a line o f  Michel clips . 

The cannula was held in place with the aid of an elastrator ring 
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( a ) 

Fig. 1 : 

( b )  ( c) 

Type s of cannulae used in th e preparat ions . From le ft 
to right : ( a ) s tainle s s  s t e el c annula ins e r t e d  into th e 
ab omasal pouch , ( b ) latex mushro om de Pezzer cathe ter used 
to facilit ate fre e  drainage of the pouch ; th e stem was 
cut to pro j e c t  about 2 cm out o f  th e s t em of ( a ) , ( c ) 
poly-propylene duodenal cannula , c entimetre s c al e . 
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( Elastrator N . Z . ) . Free drainage of the pouch was facilitated by ins ertion 

into the cannula o f  a latex mushroom or urethral de Pezzer catheter 

( Bardex 640 , F . G . 22 ) ( Fig . 1 ) . 

The wounds were covered with "tulle gras" "'- vase line based ointment ) 

and the animal given an intramuscular inj e c tion of long acting penicillin 

( ' Prolopen ' ,  Glaxo 850, 000 unit s ) . The Michel clips were removed 7 - 8 

days later . 

A feature of the operative procedure was the large amount of  saline 

used to wash away digesta contaminat ing  visc era and to keep t he structures 

warm and moist . 

haemostasis . 

The liberal use of saline was also thought to aid in 

Fast-operat ive care : 

The animals were suspe nded in canvas s lings of a corset type design , 

whe r eby the sl ing closel y  fi t t ed the bo dJ , but allowed generous movement 

of the animal wi thin th e cra t e . Food and water were offered as soon as 

the animal had stood , could swal low and exhibit ed co-ordinated movements 

of its head and neck . Eating usual ly followed wi thin 4 hours of  the 

operation . This  initial feeding phase was transient and loss of  appetite , 

and perhaps comple te cessation of feeding for up to 6 days frequently occurred . 

2 - 4 weeks after the pouch operat ion , according to the condition 

of the animal , partial exteriorisations of the reticulum and rumen , and 

the insertion of a duodenal cannula were undertaken . For this purpose 

the preparation and anaesthesia was similar to that explaine d as before.  

The technique o f  the partial exteriorization of the reticulum was that of 

Titchen ( 1 958a ) . The partial exteriorizations of the rumen were carried 

out by the technique as described by Reid ( 1 962 ) .  

The duodenal cannula was inserted at a point about 1 0  cm from the 
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pylorus . These cannulae were originally of perspex but this type was 

later discarded in preference to poly-propylene cannulae ( Fig. 1 ) ,  thought 

to be of a less irritant nature. The duodenal cannula was brought out 

through a stab wound in the abdominal wall on the right side, 2 cm caudal 

to the costal arch and about 8 - 10 cm from the mid-line. Recovery from 

these operations was considerab ly faster than from that of preparation of 

a pouch. 

Recor ds : 

Abomasal pouch secretion was recorded at 1 5  min intervals throughout 

the collection perio ds. A latex finger cot was tied over the stainless 

steel cannula and projected freely into a plastic funnel suspended under 

the animal. A polythene tube passed from the plastic funnel to a glass 

filt er funnel from which a tube led int o one of  a series of test-tubes 

contained in a fraction co llector . The fraction co llector was placed 

beneath the crate in an elevated position ,  so as to reduc e the dead space 

o f  tubing from the pouch cannula to the test-tubes . The fraction collector 

was modified to operate from a time clock so that 1 5  min samples could be 

collected rather than fixed vo lumes. The changing of  the tubes was 

signalled on the kymograph by the introduction of a s witch into a signal 

cir cuit; the s witch was activated each time an empty tube was advanced 

after a 1 5  min period of c ollection in another tube. When experiments 

were not in progress the secretion was diverted to a large collecting flask. 

Motility of  the reticulum and rumen was recorded as the contract ions 

of partial exteriorizations of the : 

( i) reticulum 

( ii )  cranial dorsal rumen 

( iii) main ventral rumen 

Records of these contractions were obtained by the mechanical system 

of recording briefly reported by Reid and Titchen ( 1 959)  and later discussed 
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and describe d by Reid ( 1 962 ) . The strings operated frontal writing 

levers on a smoke d 10"  kymograph paper . Thus the kymograph ( Palmer , 

London )  was used to record the following : 

( 1 ) time ( usually in 60 sec ) 

( 2 )  change of  the tubes in which secretion was 

collected �very 1 5  min ) 

( 3 )  activity of the three  exteriorizations 

( 4 ) jaw movements 

Jaw movements were recorded by a closed air-tambour sy stem. 

This method distinguished be tween eating , rumination and inac tivity. 

Analyses of Gastric Secretion : 

( i )  Volume : Volumes of 1 5  min samples were measured in a measur ing cylinder 

and read to the nearest 0 . 5 ml graduation . Volume was always measured on 

1 5  min samples al though subs equent analyses were frequently per formed on 

poole d 30 min samples . 

Free and total acidity estimates were obtaine d by titrating 

with 0 . 025 N sodium hydroxide using Topfers Reagent for an indicator of 

free acidity and phenolphthalein for total acidity ( James  1 957 p 31 ) .  

1 . 0 ml or 0. 5 ml of gastric juic e was the usual quantity titrated. 

( iii ) £H.!. The pH of the abomasal secretion was determine d electrome tric-

ally with a Beckman pH meter . The volume of 1 5  min collection periods 

did not in all cases , permit the estimation of pH. 

1 ml of gastric juice was dilut ed  to 1 : 1 00 

by distilled wat er ; the resulting concentration of sodium and potassium 

was determined by a Flame Photometer ( Evans Electro-selenium Ltd) . In 

cases of very l ow acid secretion, higher dilutions of Na were required.  

Pepsin activity of the secretion was determined 
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by a modi fic ation of Hunt ' s method ( 1 948 ) in whi ch :  

1 .  1 .0 ml o f  gas tric j uice was allowed to rea c t  for 10 min wi th an 

acidified ( pH 2 . 1 ) oti solution o f  haemoglobin a t  37°C.  The haemogl obin 

used was ' Bacto-Haemoglobin ' ,  Di fco . 

2 .  The reac tion was s to pped after 10 min b y  th e addition o f  10 ml 

of 5X tr ichloroacetic acid ( TCA ) . 

3 .  The r esu lting mixtur e was cen tri fuge d ;  the supernatant cont ai n e d  

digestion products o f  t h e  haemogl obin . Tyrosine and phenylalanine 

c ontaining pep t ides were estima t ed colorime tri c ally , the amo unt o f  

these substanc es pr e s ent was regarded as an index o f  pept i c  ac tivity 

in the gast ric j uic e . 

4 .  0 . 5 m l  o f  the supernatant was reac ted with 1 .0 m l  of Folin-Cio cal ­

teau reagent and 4 ml o f  0. 5 N NaOH . The intensity o f  the resul t i ng 

blue colouration was measured with the aid o f  a sp e c trophotome ter . 

The value s obt aine d were compared wi th a set o f  tyrosine standards . 

A blank was obtai ne d by the addi tion o f  1 0  ml TCA to the gas tric j ui c e  

b e fore the ha emogl obin . A duplicate for each sample was determined . The 

e s t ima t es obt a i ne d  by this method are relative only . The pepsin potency 

gradually diminishe d even though the j uice was fro z en stor e d , s o  tha t  a 

valid co mpari son of peptic a c tivity c an only be made within the one expe ri -

me n t . An exc eption to th i s  is where analyses were carried out dir e c t ly 

a f t e r  c ollec t io n  - this proved imprac t ic al in experiments whic h invo lved 

c ol l e c tion of sample s ov e r  prolonged periods . 
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Results :  

Secretion from isolated abomasal pouches and the motility of 

exteriorizations of the reti culum and rumen were studied in fed and fasted 

animals . Observations made involved studies on the motility and secretory 

activity when animals , first ate after a fast ; when they ate food which 

was continuously available ; when both fed and fasted animals were ruminating; 

and at times  wh en both the fed and fasted animal had no characteristic 

pat tern of feeding activity . For conv enience of description the la tter 

s tate may be re ferred to as the "inac tive " condition . 

In all five animals in which the secretory activity of  isolated 

pouches of  the ab omasum was studied , there was a continuous secretion ; the 

volume , acidity and pepsin conten t of which varied according to the 

condition whi ch maintained at the time . Relationships were established 

between the volume and composi tion of secretion to the fed , feeding and 

fasted condition of the animals . 

in the case o f  rumination . 

No such clear relationship was evident 

A detaile d consideration of  these  relationships is given below . 

l'iuch of this detailed information was obtained from prolonged observation 

in two animals in which cont inuous periods of colle ction of secretion and 

of recording of the activity from exteriorizations were continued for up 

to 100 hours at a time . In general these observations have be en confirmed 

in all the animals . The results obtai ned  are discussed under the headings 

of ' feeding ' , ' rumination ' ,  ' inactivity ' and ' fastin g ' . 

1. Feeding 

Continuous secretion from the abomasum was observed in all five sheep 

in which abomasal pouches had been prepared. Although cont inuous in nature , 

the pouch secretion varied greatly in its volume and acid content . Volumes 

of secretion ran ged between 1 ml to 20 ml/15 min and acid concentration 
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Relationships between an animal ' s  feeding ac tivity , abomasal 
pouch secretion and reticulum movements in a she ep fed 
ad lib . Graph from above downwards : reticulum contractions 
/30 min, acid output from the pouch in m-equiv H+/30 min , 
pepsin output from the pouch in relative units/30 min , 
30 min time intervals ,  act ivity of  an imal ( N  = nothing, 
i . e .  neither feeding nor ruminating ;  E = eating; 
R = ruminating) . A c lear increase in the frequency o f  
reticulum contracti ons , acid and pepsin output followed 
feeding. This was so in a number of experiments in 
different an imals .  
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varied from 60 - 1 60 m . equiv H+/litre . The lowest values for the volume 

and acid cont ent were obt ained in sheep subje cted to prolonged fasting . 

In two of the animals detailed and prolonged observations were 

ma de of the way in which secretion vari ed , both in volume and composition ; 

according to  whe ther they w ere feeding or fasted and under both conditions 

( i . e . fed or fasted)  when they were ruminating. The use of a jaw recorder 

enabled the determination of the animals ' activity during the 1 5  min 

collection periods of pouch secretion . Similarly the records of motility 

fro� the partial exteri orizations enab led the correlation of reticulum and 

rumen movements with abomasal pouch secretion . (See Tables 1 and 2 ) . 

Eating w as consisten tly followed by an increase in volume , acidity 

and pepsin output from the pouches . This respons e was evident in animals 

whenever they fed ; it was observed when food wtich was continually avail­

able was eaten ( fresh supplies were made available at 9 . 00 a . m . and 4 . 30 p . m . 

daily ) ,  and when food was o ffered to end a period of fasting . 

In every case a cl ear cut relationship between eating and pouch 

secretion ( in t erms of acid and pepsin outputs and volume o f  secretion ) was 

establishe d ( Fig . 2 ) . These responses were obtained in animals both when 

they were fed red clover chaff and concentrate nuts . Acid output from the 

pouch usually reached a peak within 60 min of first eating ( except after a 

fast ) ;  the pepsin concentration of the secretion usually reached a peak 

w ithin 1 5  min . The increase in pepsin output was not simply due to a 

maintenance o f  pepsin concentration in an increased volume o f  secretion .  

There was both an increase in the volume o f  secretion and the pepsin concen­

tration.  This contrasted with the situation of times other than feeding 

when if there was an increase in the volume of  secretion the c oncentration 

o f  pepsin fell.  

As well as  the definite abomasal secretory responses ,  an increased 
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frequency of contractions of the reticulum and rumen was observed when the 

animals ate . While feeding on the red clover chaff, reticulum and 

associated rumen movements ( ' A '  sequences, as termed by Reid 1962) occurred 

at a frequency of 22 - 26 contractions/15 min ; in contrast the frequency 

of �' sequences when eating the conc entrate nuts increased even more greatly 

- to or in excess of 44 contractions/15 min. Rumen movements alone ( ' B' 

sequences, as terme d by Reid 1962) were not measured during feeding because 

the records of contractions of the exteriorizations of the dorsal and 

ventral rumen often could not be distinguished from movements of the 

animal. 

Rumination : 

In contrast to the responses to feeding no consistent relationship 

could be established between the state of rumination and secretion from 

abomasal pouches . On occasions a definite relation appeared to exist 

be tween secretion and rumination . With long periods of rumination ( 6o  -

90 min ) there was, during the first 30 min, a gradual decrease in secretion , 

volume and acidity and thereafter an increase in both these parameters . 

No such relation was detected during the shorter periods of rumination. 

There were increases and decreases in the volume of pouch secretion and in 

it s acid conc entration with rumination in both animals .  In some ins tances 

the commencement of rumination was accompanied by an increase in pepsin 

output and concentration ( despite an increased volume of secretion). 

Inactivity: ( this term has been used as a convenient expression to refer 

to the absence of either eating or ruminating. ) 

Under conditions of ad lib feeding, when the animals were eating, 

reticulum and rumen contractions were frequent. Upon the cessation of 

eating, a period of inactivity ensued in which reticulum and associated 



Fig. 3 :  Record o f  the activity o f  an animal and movements o f  the 
reticulum and rumen in a sheep fed ad lib . Records 
from above downwards : jaw movements , contractions o f  
the main ventral rumen , contractions of  the cranial dorsal 
rumen , contractions o f  the reticulum,  signal for the 
change in collection of samples of abomasal pouch secreti on 
at 1 5  min interval s ,  60 sec time-marker . 



Fig. 4 :  The e ffects o f  fasting on movements o f  the reticulum and 
rumen . Records from above downwards : j aw movements , 
contractions of the main ventral rumen , contractions of 
the cranial dorsal rumen , contractions of the reticulum , 
signal for the change in collection of  samples of 
abomasal pouch secretion at 15 min intervals ,  60 sec 
time-marker .  � · was a reduced frequency of ' B '  sequences 
of contraction of the rumen and weak contractions of 
the cranial dorsal rumen in the ' A '  sequences . Food 
was withdrawn 7 hr previous to this recor d  being obtained.  
Same animal used as  in Fig• 3.  
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rumen movemen ts were reduced in frequency ( to about 8 - 1 2  contractions/ 

1 5 min ) . The secretion from pouches during this period varied considerably . 

In one animal the secretory response of the abomasal pouch followed a similar 

trend to that of reticulum and rumen motility , in that in this animal acid 

output decreased during the inactive period. In contrast in another 

animal , abomasal pouch secretion was maintained or even increased upon 

the cessation o f  eating. Stomach movements were not recorded from this 

animal , but subsequent observat ions when recordings of mo tility were undertaken 

showed a decrease in reticulum and rumen motility as reported in the 

previous preparation. Periods o f  inactivity which oc curred after rumination 

were charac terised by an increase in acid secretion from the pouch but 

reticulum and rumen contractions were slowed in frequency . In general 

periods of inactivity were associated with a decreased frequency of stomach 

movements ( Fig .  3 ) .  

In the fasted state , in all animals studied inac tive periods which 

occurred after rumination were frequently characterised by an almost complete 

cessation of reticulum and rumen movement s and a very low volume of pouch 

secretion - this low level of activity continued for periods of 1 0  - 1 5 min .  

Fasting: 

In the preparations studied it was found that abomasal pouch secretion 

and reticulo-rumenal motility waned in an apparently related fashion as a 

fast ( 1 1  - 1 2  hr ) progressed. In the earlier stages of fasting long periods 

of rumination oc curred : these were replaced by shorter p eriods of rumin­

ation ( 1 5  - 30 min ) and extensive periods of inac tivity ( 60 - 75 min ) . 

As the fast continued , the frequency o f  stomach movement s decreased . This 

was particularly true of the ' B '  sequences in which contractions of the 

dorsal rumen be came very weak ( Fig. 4) . 
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The volume of acid secretion from the abomasal pouch gradually 

lessened as the fasting pro gressed, but fluctuated considerably during its 

decline ( values ranged from 1 - 14 ml/1 5 min ) : in some cases there 

appeared to be a direct relationship between the frequency of stomach 

movements and the volume of secretion ( Fig.  5 ) . The acid conc entration 

of the secretion did not alter markedly : it lay between 1 25 - 1 48 m-equiv . 

H+
/litre . A comparison in the animas when fasted and fed over the same 

time period indicated t hat fasting result ed in lower amount s of abomasal 

secretion and a decreased frequency of reticulum and associated rumen move-

ments ( Fi g. 5) . Both reticulo-rumenal motility and pouch secret ion varied 

widely at these lower l evels of activity . The difference in acid out put 

of a pouch in the same sheep fasted and fed over the same t ime period is  

shown in Fig.  6 .  

I n  the animals t o  whic h the above description re fers it  was found 

occasionally tha t the response to fasting dif fered : in some cases within 

a few hours of the fast , the ac id secretion became meagre in volume 

( falling from 1 2  - 1 4  ml/1 5 min to 1 - 7 ml/1 5 min ) and reduc ed in acidity 

( 60 - 1 20 m-equiv H+/litre ) ;  this resulted in a rapid decline in acid 

output fr om the pouch ( Fig. 7 ) .  At these t imes of reduc ed gastric secretion 

there were less frequent and le ss strong contractions of the reticulum and 

rumen . 

In the present study less systematic observations on the e ffect o f  

fasting and pepsin secretion from abomasal pouches were made . In general 

there was a decline in pepsin output which was largely related to the 

decline in volume of secretion. 

Responses to feeding after fasting: 

Different forms in the response to feeding after a 1 2  hour fast were 



fig. 8 :  The responses  recorded 2 hr after a sheep first fed 
following a 1 2 hr fast . From above downwards : jaw 
movements , contractions of the main ventral rumen , 
contractions of the cranial dorsal rumen , contractions 
of the reticulum , Volume in ml of 1 5  min sample s  of 
abomasal pouch secretion , signal for the change in 
collection of samples o f  abomasal pouch secretion at 
1 5  min interval s , 60 sec time-marker . In this animal 
at this time there were larger volumes of ab omasal 
pouch secretion and more frequent reticulum contrac tions 
whilst the animal was actually eating. Lower volumes 
of secretion were associated with reduced frequencies 
of reticulum and rumen contractions . 
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fig. 10 : The stimulation of  abomasal pouch secretion accorded 
by teasing a fasted animal with food . Graph from above 
downwards : reticulum contractions/1 5 min , activity of  
the animal (R  = ruminating ; E = eating;  N = nothing) , 
thick black line = volume of secretion from the pouch 
in ml/1 5 min , wide shading = total acid concentrati on in 
the secretion in m-equiv H+/litre , narrow shading = pepsin 
concentration of the secretion in relative units/ml , 
dotted area = pepsin output from the pouch in relative 
units/1 5 min , 1 5  min time intervals . 



Fig. 1 1 : The e ffec ts on reticulo-rumenal motility and abomasal 
secretion of teasing a fasted sheep with food . 
Records from above downwards : jaw movements , contract­
ions of the main ventral rumen , contractions of the 
cranial dorsal rumen , contrac ti ons of the reticulum , 
S . F. = teasing with food , Volume in ml of 1 5  min 
samples of abomasal pouch secretion , signal for the 
change in collection of sample s of abomasal pouch 
secretion at 1 5 min intervals . 60 sec time-marker , 
T . A . = total acid concentration in m-equiv H+/litre 
of the 1 5  min sample s of abomasal pouch secretion . 
There was a marked increase in pepsin concentration and 
output after teasing with food.  
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observed. The amount of  feed consumed,  the frequency of contractions of 

the reticulum and rumen and the level of secretion maintained by the abomasal 

pouches varied in the different animals studied. A high level of  secretion 

in one animal was associated with continual activity in the form of eating 

or rumination . In another animal , lower levels of secretion were associated  

with a smaller food intake , and long periods of  inac tivity (after feeding) in  wh 

reticulum and rumen cont ractions occurred at a low frequency ( Fig. 8 ) . 

Levels of abomasal pouch secretion and reticulo-rumenal motility approaching 

those normal for the fed animal were sometimes not attained until 10 - 1 2  

hours after feeding commenc ed  ( Fig. 9 ) .  

Cephalic phase of abomasal acid secretion : 

The simultaneous reco rding of aboma sal pouch secretion and contractions 

of the reticulum and rumen from the partial exteriorizations enabled the 

clear demons tration of a cephalic phase of abomasal acid secretion . Prepar-

ations to feed spread over 5 - 1 0  min without actually feeding fasted 

animal s ( teasing with food ) ,  resulted in an increased output of acid and 

pepsin in the secretion from the abomasal pouches ( Fig. 1 0 ) .  During the 

period of teasing an increased frequency of reticulum and associated rumen 

contractions was evident ( Fig. 1 1 ) .  Following this period of stimulation , 

secretion and motility ( unless rumination occurred) decreased . Although 

the volume increased to a maximum 1 5  - 30 min after the start of teasing 

with food, the acid concentration was at its greatest 30 - 45 min from the 

initiation of teasing, that is at a time when the volume of secretion had 

begun to decline (Fig.  10 ) .  Pepsin concentration increased within the 

first 1 5  min but was not maintained subsequently. The maximum pepsin 

output occurred with the maximum volume of secretion. The maximum pepsin 

concentration thus occurre d  before the maximum output was attained ( Fig .  10) . 
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The response to teasing with food of  the same sheep when 
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reti culum contrac tions/1 5 min , acid output from the 
pouch in m-equiv H+/1 5 min , pepsin output from the 
pouch in relative units/1 5 min , 1 5  min time intervals .  



- 35 -

S imil ar responses in pou c h se c retion and ret i c ulo-rumen al motility to 

t e as ing with fo od were a ls o  obt ained in fed animals ( Fig . 1 2 ) .  

In one experiment dur ing c omplete inhibition o f  abom asal a c id 

se c r e tion and reti c ulum and rumen motility prod u c ed by the intr aduoden al 

in fus ion of olei c a c id ,  a t e a sing respons e w as obt ained in the form 

o f  a n  in c re ased a c id output from the pou c h . It is noteworthy th at a t  

this t ime there w as a c omplete absen c e o f  c ontr a c tions o f  the reti c ulum 

and rumen . Unfortun at ely the volume of jui c e w as insuffi c ient to permit 

peps in estimations to be und ert aken . 

An inhibit ion of a "psy c hi c " n a ture w as also dete c ted on some 

o c c a sions . In one instan c e  the high level of pou c h se c retion in r esponse 

to feeding w as abruptly halved in volume on the appe ar an c e of str angers 

in the anim al room ; when they h a d le ft the room , the volume of se c retion 

returned to norm al. 

Ele c trolyte c on c entr a tion of abomas al a c id se c re tion : 

In the pou c h  se c retion investig a ted a de finit e rel a tionship w as found 

to exis t between the ele c trolytes , so dium and pot assium , and the a c idity o f  

the se c retion . 

Sodium ion c on c entr a tion v aried inversely with the H
+ 

c on c entr ation 

of the se c retion .  Under ad lib c onditions of feeding N a+ c on c entr a t ion 

r anged from 1 - 25 m-equ iv/litre . 

v aried from 3 - 75 m-equiv/litre . 

the te as ing respons e .  

Under f asted c onditions N a+ c on c entr a tion 

The lower value of N a
+ w as asso c i a ted with 

In c ontr ast to N a+ c on c entr a tion , pot ass ium ion c on c entr a t ion 

showed a dire c t  rel a tionsh ip with a c id c on c entr a tion. Under ad l ib feed ing 

K+ c on c entr a tion r anged from 4 - 1 5  m-equ iv/l itre , while under f asting 

c onditions K+ c on c entr at ion values were of t he order 2 - 1 1  m-equ iv/l itre . 

As with the lower v alue o f  N a+ , the higher v alue for K+ (1 1 m-equiv/l itr e )  



- 36 -

obtained under the fasted condition was associated with the �ham feeding" 

response . At times a low acidity did not have an associated rise in Na+ 

concentration . An example of this was an acidity of 1 1 1  m-equiv H
+/litre 

( pH 1 . 1 1 ) when the Na
+ 

conc entration was 2 m-equiv/litre ( see Table 2 

�31 , 32 ) .  
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Discussion : 

The continuous secreti on o f  gastric acid is a characteristic feature 

in ruminan ts . Hill ( 1955) provided evidence  that the continuous secretion 

of ab omasal acid was not spontaneous in the sense of an inherent property 

of the secretory cells ( c . f . parotid salivary gland secretory activity of 

ruminants , Babkin 1 950 ) but was due to specific stimuli occasioned by the 

entry of digesta into the abomasum . 

In the abomasal pouches of sheep studied in the present work , 

continuous secretion was evident even during long periods o f  fasting. 

The secretion from the pouches (which were est imated to be of about 80 ml 

capacity) ,  was voluminous and the acid in a conc entration which approached 

the maximum which has been calculated (Babkin 1 9 50, Conway 1 953) and 

demonstrated in other species (Jame s ,  1 957 ) . The acidity of the secretion 

of the pouches studied here was as high as that reported by Masson and 

Phillipson ( 1 952 ) , Ash ( 1 961 a - b )  and Hill ( 1 960 , 1 965 ) . 

A marked secretory response to feeding was revealed .  This was 

particularly so when new feed was offered .  

were also demonstrated o n  other oc casions . 

Secretory responses to feeding 

Ash ( 1 961 a )  collected abomasal 

pouch secretion at 60 min intervals from ad lib fed sheep .  He found 

variation from hour to hour in acid secretion , but no consistent e ffec t  of 

feeding. However , when these animals were subjected to twice daily feeding, 

definite secretory responses were revealed .  In experiment s  in which pouch 

secretion was collected for successive periods of 1 5  min , Ash reported a 

definite increase in acid secretion when fasted animals fed ;  he found 

little if any enhanced secretion in feeding animals which had continuous 

access to food. In other experiments Ash followed both abomasal out flow 

and the secretion from an abomasal pouch. An increase in daily food intake 

was assoc iated with higher levels o f  secretion of, and outflow from , the 
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abomasum: both decreased when t he food intake was reduced. Phillipson 

and Ash ( 1 965 ) have reported that out flow of digesta from the omasum in 

relation to feeding is variable, but on restricted diets an increased out­

flow may be observed within 30 min of first feeding ; this out flow reached 

a peak 1 - 3 hours a fter feeding. Phillipson and Ash ( 1 965 ) have also 

investigated the effects of feeding on the flow of digesta from the abomasum. 

Flow from the abomasum was high during feeding , but subsided when feeding 

had finis hed. They argued that i f  a depression in the outflow of digesta 

from the abomasum corresponded to a period of high outflow from the omasum, 

the abomasum would become distended. The abomasal distension could 

eventually cause a reduction in the frequency of reticulum and associated 

rumen contractions and this in turn could lead to a reduced flow of digesta 

into the abomasum. The inhibitory ef fects o f  abomasal distension on 

reticule-rumen motilit� have been recognised ( Phillipson 1 939 , Titchen 1 958 ) . 

An inhibition of out flow from the abomasum was presumed to have been a 

possible consequence of distension of the duodenum by the initial large 

flow of digesta into this regio n .  Ash (cited by Phillipson and Ash 1 965 ) 

has shown that distension of the duodenum with an inflated condom reduced 

the force and frequency of contractions of the reticulum. Running abomasal 

contents through an isolated duodenal loop had virtually no effect on the 

reticulum. Ash interpreted these findings as suggesting that the inhibitory 

action on the reticulum arose from the physical stimulus of a distension, 

rather than anything of a chemical nature. 

Ash ( 1 959) showed acid secretion was stimulated when rumen fluid or 

buf fered solutions were introduced into the abomasum o f  s heep in which the 

rumen had been emptied. The responses were potentiated when the VFA 

concentration of the solutions was increased. The distension resulting 

from the rapid flow of digesta into the abomasum, together with the chemical 

stimulation accorded by the digesta (e.g. VFA ' s ) would be expected to 
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provide a potent st imulus to acid secretion.  Either a physical or 

chemical stimulus alone it can be argued , is potentially capable of causing 

an increase in the abomasal secretory activity . It appears reasonable to 

suggest that the secretory responses obtained on feeding are due in large 

part to the increased passage o f  digesta into the abomasum, thereby promoting 

secretion by distens ion , chemical and possibly tactile stimuli .  I n  the 

fasted animal decreases in acid output which oc curred during periods of 

inactivity following rumination , could possibly be explained in t erms of 

motility of the reticulum and rumen . In a fasted animal small amounts of 

diges ta may pass into the abomasum during rumination , thus producing a 

stimulus for ac id secretion . In the following inactive periods when motility 

dropped to almost nil , there would be lit tle passage of digesta and 

consequen tly little acid secretion . 

Hill ( 1 965 ) has discussed the increased concentration and output o f  

pepsin from aboma sal pouches during the secretory respons e t o  feeding . In 

some animals , Hill failed to detect an increased secretory response .  There 

are at least two explanations of this . One o f  these is a lack o f  vagal 

innervation o f  the abomasal pouch . Al though a basal secretion o f  pepsin 

from abomasal pouches may result from intrinsic cholinergic me chanisms , 

Hill has suggested that reflex vagal excitation of the pepsin secreting 

cells must oc cur intermit tently if not continuously . However , another 

explanation might b e  provided from Schofiel d ' s  experiments whereby inhibitory 

mechanisms arising from the small intestine and antrum have been postulated 

as causing a reduction in pouch motility and pepsin output following feeding. 

In studies of Heidenhain and transplanted pouches in dogs , Schofield ( 1 959) 

demonstrated a decrease in pouch motility and a depression of pepsin output 

following feeding . It was suggested from studies made of the e f fects of 

atropine and hexamethonium, that both motility and pepsin secretion were 

dependent on the same activi ty of the intramural nerve plexuses .  As the 

' 
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inhibitory response was obtained in extrinsical ly denervated pouches a 

humoral mechanism appears to have produced the effect .  In the present 

experiments in fasted animals , on feeding a slight delay in the secretory 

response in terms of the acid and the volume of secretion occurred, but 

the respons e gradually increased to a peak and was maintained or fluctuated 

about a higher level. Both motility and secretion varied together , but 

it was not possible to separate cause and effect . The defini te secretory 

response to feeding after a fast confirms previous work ( Ash 1 961a,  Hill 

1 960 ) . 

In the light of the present experiment s it is not possible to agree 

with Hill ( 1 96 1 a ,  1965 ) that there is no cephalic phase or a cephalic phase 

of minor importance in the ruminant .  In the present experiments hyper-

motility of th e reticulum and rumen and acid secretion from the abomasal 

pouch occurred on teasing the sheep with food . The greatest acid and 

pepsin output oc curred 1 5  - 30 min after the start of the teasing period . 

The pepsin concentration o f  the secretion was greatest within the first 

1 5  min .  Motility usually decreased markedly a few minut es after the 

stimulation period ended.  

Preshaw and Webster ( 1 967 ) in a comparison of sham feeding and teasing 

as stimuli for gastric acid secretion in dogs wi th gastric fistulae 

demonstr�ted that the duration of stimulation was an important factor in 

determining the volume and acidity of the secretory respons e .  Teasing 

with food produced a much smaller response than that of sham feeding, whose 

ma gnitude was comparable to the maximum secretory response of gastrin or 

histamine . The differential e ffect b etween teasing and sham feeding was 

attributed to a lack of oral stimulation .  The teasing may b e  regarded 

as a true �ychic component of the cephalic phase of gastric acid secretion. 

Whether this cephalic phase o f  abomasal acid secretion observed was 
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the result of a direct vagal stimulation of the aboma sal secretory cells, 

or it oc curred indirectly in some other way has not been determine d .  The 

responses in the pepsin conc entration o f  the secretion and the pepsin output 

from the pouch suggest a direct vagal s timulation.  However , an explanation 

of the cephalic phase of abomasal acid secretion in the ruminant could be 

a vagal stimulation of pepsin secretion and stimulation of acid secretion 

by gastrin liberated by the increased  passage of digesta into the abomasum 

from the resultant hypermotility of the forestomachs . The longer latency 

of the oxyntic c ells to vagal stimulation, as compared with the peptic cells 

is well known . Linde ( 1 954 ) produced a constant level of acid secretion 

in anaesthetised cats by a series of subcutaneous injec tions of histamine . 

On the additional stimulation of the vagus , pepsin output increased immediately 

but acid and water output did not increase for 1 0  - 1 5  min.  In  view of 

these results it would be unwise to conclude that on the basis of the 

latency of the oxyntic cells ' response that the increased secretion from 

the abomasal pouch was due solely to the passage of digesta from the retic­

ulum and rumen . 

A particularly int eresting observation was that an increased acid 

output oc curred despite the absence of motility of the reticulum and rumen 

in response to teasing during the inhibition produced by the intraduodenal 

infusion of oleic acid . In this case , movement of digesta from the reticulum 

and rumen appears unlikely to have occurred , so the secretory response was 

probably due to a vagal release of gas trin , or a direct vagal stimulation 

of the abomasal secretory cells. 

Recent findings in monogastric animals (Andersson and Olbe 1 964 )  

indicate that tonic vagal activity of the oxyntic cell is o f  great import-

ance in potentiating it s response to gastrin. In animals with a simpler 

form of stomach , the c ephalic phase of gastric acid secretion is presumed 
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to facilitate the initial gastric digestion required by the sudden entry 

of large amounts of food into the stomach ( Gregory 1962 ) .  Hill ( 1 960 ) in 

experiment s with sheep failed to demonstrate a cephalic phase of abomasal 

acid secretion by sham feeding in animals with oesophagostomies , or by 

feeding animals with an empty reticulo-rumen . Hill suggested the apparent 

absence o f  a cephalic phase was probably due to the continuous digestion 

of ruminant s ;  the continual passage o f  digesta into the abomasum eliminated 

the requirement of an auxillary acid secretion in the form of a cephalic 

component . Although a continual passage of digesta from the reticulum and 

rumen and omasum into the abomasum occurs , the volume of material passed 

varies in proportion according to the animal ' s  ac tivity . Phillipson and 

Ash ( 1 965 ) have reporte d  that the flow of digesta into the abomasum increases 

on feeding. 

In the present exp eriments , in contrast to previous workers ' results,  

secretory responses from the abomasal pouches were obtained with feeding and 

also in response to t easing the animals with food.  There would appear to 

be some j ustification in assuming tha t just as feeding a simple stomache d 

animal result s in an increased gastric secretion of which the cephalic  

phase contributes greatly ,  feeding a ruminant may also result in  an  increased 

abomasal acid secretion by a similar mechanism . This cephalic phase of 

abomasal acid secretion would oc cur simultaneously with the increased 

passage of  digesta into the abomasum and thus c ontribute in no small way 

to the acid secret ion required at this time. The cephalic phase of vagal 

stimulation could facilitate the abomasal secretory response by sensitising 

the oxyntic cells to gastrin , increasing the pepsin secretion of the juice,  

and potentiating the liberation o f  gastrin. 

Hill ( 1965) has suggested the existenc e of reflex control , from the 

forestomachs of pepsin secretion . In non-ruminant animals reflex pathways 
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originating in mechanoreceptors and chemoreceptors in the stomach and 

duodenum have been shown to exert e ffects on the stomach through vagal 

e fferent fibres ( Harpe r ,  Kidd and Scratcherd 1 959 ) . Proof of  the refl ex 

control of  pepsin secretion by the forestomachs has not be en demonstrated , 

although Hill offers as evidence an experiment where an increase in pepsin 

conc entration and output oc curred during rumination . He thought it 

unlikely that stimulation of pepsin secretion arose via an orogastric 

reflex as eating a meal with th e reticula-rumen empty was without effect . 

It should be realised, however, that emptying the reticula-rumen is a 

severe proc edure and may consequently int erfere with responses, particularly 

reflex responses in a non-speci fic manner .  

The result s presented here support previous work from which it was 

concluded that an increased pepsin conc entration and output were encountered 

on feeding. No consis tent relationship could be established between 

ruminati on and pepsin secretion. The increased pepsin output on feeding 

might be taken as indirect evidence  o f  a vagal innervation of  the abomasal 

pouch . 

The control of stomach motility and secretion in the ruminant is a 

complex one. Emphasis in this chapter has been placed on the nature of the 

secretory mechanisms of the abomasum, and in particular the possible causes 

in the fluc tuation in the volume and acidity of the pouch secretion. 

Responses in abomasal acid secretion to feeding have been demons trated at 

all times.  

A c ephalic phase of  abomasal acid secretion has been established by 

teasing the animals with food. This form of stimulus has been shown in 

simple stomached animals to be of a much smaller magnitude than the acid 

secretion produc ed in response to sham feeding . It remains to be seen 
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whether sham feeding ( carried out under sui table conditions ) may result 

in an even greater secretory respons e from the abomasum. 
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CHAPTER III 

INTRADUODENAL AND INTRAVENOUS INFUSIONS OF FAT, 

AND INTRAVENOUS INFUSIONS OF ENTEROGASTRONE 

In 1 886 Ewald and Boas ( cit ed by Gregory 1 962 ) discovered that the 

addi tion of olive oil to a meal inhibited gastric secretion and slowed gastric 

emptying. These actions of fat were studied intensively by Pavlov and 

eo-workers. They held the view ( cited by Code 1 951 ) that the inhibition 

occurred as a refl ex and that it was probably a vagal reflex between the 

stomach ( e ffector ) and duodenum ( source of afferent stimulation ) .  

Lim, Ivy and McCarthy ( 1 925 ) showed that the vagus was not essential 

for this inhibition to occur .  They found that the secretion , induced 

mechanically in vagotomised stomachs ( separated from the oesophagus and 

intestine s )  was inhibited by the presence of fat in the duodenum. Farrell 

and Ivy ( 1926 ) found that feeding inhibited the motility of a completely 

transplanted fundic pouch of a dog. This inhibition was most marked if the 

meal c ontained fat .  Feng, Hou and Lim ( 1 929 ) obtained evidence that the 

presenc e  of fat in a meal al so inhibited gastric secre tion . In dogs 

provided with denervated or transplanted fundic pouches , 50 ml of olive oil 

added to a meat meal led to a failure to obtain the secretory response normal 

with such a meal .  

Babkin ( 1 950) stated that there are two phases of the action of fat 

on the gastric glands ; one inhibitory , the other excitatory . The volume 

of secretion , the acidity and peptic activity are all lowered in the 

inhibitory phase . The excitatory phase is usually manifest as a prolonged 

excitatory period following the inhibition and may even , with larger 

quantities of fat digested , result in a hypersecretion by the gastric glands . 

This excitatory phase is characterised by an increase in the volume and 
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acidity of the j uic e ,  but a low pepsin content is still maintained .  Babkin 

( 1 950 ) also stated that fat inhibits chiefly the cephalic phase of gastric 

secretion and there is little inhibition o f  gastric secretion when fat is 

present in the stomach and is prevented ( by expe rimental mean s )  from passing 

to the duodenum . 

The inhibitory effect of fat on gastric secretion stimulated by 

histamine appears to be determine d by the ratio of histamine to fat , and 

their respective times of administration ( Code 1 951 ) . An illustration of 

the dose respons e relationship was provided by Lim et al ( 1 925 ) .  On the 

introduction of 1 00 mg histamine into a stomach pouch , the gastric glands 

were stimula ted to secrete despite the previous profound inhibition 

due to fat : in contrast , in similar circumstances the secretory response 

to 50 mg histamine was diminished by the fat induced inhibition . 

Alley and Babkin ( 1 939 , cited by Babkin 1 950 ) investigated the 

effects of his tamine and pilocarpine on gastric secretion inhibited by 

fat in dogs provided wi th Pavlov or Armour pouches. Both drugs were given 

subcutaneously . Histamine phosphate elicited a copious secretion of 

gastric juic e despite the previous ingestion of fat . Histamine stimula ted 

gastric secret ion even though there was partial paralysis of the vagal 

innervation o f  the gastric glands . Pilocarpine caused a gastric secretion 

whos e volume was similar to the contro l  (pilocarpine without fat ) but whose 

pepsin cont ent was on average one third of that of the secretion of the 

control animals . This was taken to indicate that pilocarpine stimulated 

the oxyntic c ells direc tly,  whereas for the peptic cells to respond to 

pilocarpine� the participation of the parasympathetic nervous system appeared 

necessary . Babkin concluded : 

"The facts that fat inhibits only to a slight extent the gastric 

secretion evoked by histamine and diminishes the ability of 
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pilocarpine to s ti mula t e  the out put o f  pep sin wi thout int er fering 

wi th the produc tion of the acid an d l iqu id par t s  of the j ui c e  

support th e theory t hat the digestive glands are compound struc t ur es ,  

forme d of various sets o f  secretory epithelia, the work o f  each 

set be ing regulated ind ependen t ly by di f fe r ent ne rves ,  hormone s , 

absorb e d  chemical substances , or drugs . " 

The par t played by the nervous system in th e inhib ition o f  gastric 

s e creti on an d  motility by the presence of fat in the duodenum remains 

obs cure . Quigley an d lvie scum ( 1 938 )  invest igated th e e f fec ts of fa ts an d 

fatty acids on the moti l i ty o f  th e pyloric antru m  an d  pyloric sphin c t e r  o f  

c o nscious do gs . In chronic doubl e vago t omis e d  anima ls , the dep re ssant 

a c tion of the fats was greatly diminished . A vagal r e fl e x  was not believed 

to be excl usivel y  invo lv e d ,  but ins tead the idea of an inc reased sympathetic 

dis char ge ,  or the dischar ge unopposed by the vagus result ing in an inter­

ferenc e with th e pro duc tion o f  enterogast rone , or leading to a decrease in 

the sensi t ivity of th e pyloric region to enterogastrone was favour e d . 

Recent studies by Halvor son ,  �liddleton , Bible r ,  Harkins and Nyhus ( 1 966 ) 

have shown that vagotomy has no e ffe c t  on th e inhibit ory a c t i on on gas t r ic 

secre ti on o f  fat in the duodenum . The ir r esult s indicated that the release 

o f  an inhibiting humoral substanc e by fat in the duodenum was not related 

to the vagal inne rvati on of th e duodenum . The s e  workers al s o  int erpr e t ed 

their resul t s as sugges t ing that the inhibitory action o f  fat in th e du o denum 

acted dir ectly on the parie tal cell as subcutaneous inj e c ti ons of his t amine 

failed to s timulat e  ac id secretio n . 

Grech ishkina and Skliarov ( 1 959 ) found that in do gs with Pavlov 

pouches the inhibit ory e ffec t of fat on gastric secre tion was pr eserved 

a ft er dest ruction of th e parasympathetic nerve supply to the pouch. The 

inhibiti o n  o f  gastric s ecretion by fat be came l e ss marked when the c oe liac 
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plexus was removed, that is after the destruction of the sympathetic 

nerve supply .  These result s are apparently a contradic tion of the theory 

advanced by Quigley and Meschan ( 1 938 ) ,  provided that pyloric motility and 

gastric secre tion are inhibited by the same mechanism .  Fields and Duthie 

( 1 965 ) studied  the effect of vagotomy on the intraluminal digestion of 

fat in man . They concluded that the diminished amounts o f  bile acids 

and lipase found in the intestinal lumen after vagotomy was due to the 

withdrawal of a parasympathe tic stimulus in the case o f  bile delivery . 

This could result in a reduction in the formation of the micellar phase of 

fat digestion and absorption. There is little support in the literature 

for the idea that the vagus is in any way concerned in the control of the 

secretion of bile . There is little other evidence on the poss ible role 

of the nervous system in the me diation of the fat inhibition . 

Many workers have endeavoured to elucidate the conditions in the 

duodenum which govern the inhibition of gastric secretion and motility 

brought about by fat .  Sircus ( 1 958 )  carried out experime nt s on dogs wi th 

duodenal cannulation and innervated  or denervated pouches . Infusions of 

fat emulsions into the duodenum inhibited gastric secretion in response to 

both a meal and histamine. No di fference was observed between the effects 

in denervated and innervated pouches . When similar fat emulsions were 

perfused through an isolated duodenal loop , inhibition of the secretory 

response o f  the innervated pouch failed. On incubating olive oil with 

pancreatic secretion , inhibition o f  the gastric secretory response to 

meals was obtained. Perfusion of glycerol , oleic acid and linoleic acid 

through a duodenal loop deprived of pancreatic secretion resulted in a 

slight augmentation of gastric secretion from the innervated pouch . 

Menguy ( 1 959 )  found that fat introduced into the small int estine of 

the intact rat inhibited gastric s ecretion. This inhibitory activity was 
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decreased when bile was previously diverted from the smal l int estine. 

When bile salt s were added, the same degree of inhibition as in the intact 

rat oc curred. In a later s tu dy Menguy ( 1960 ) demonstrated in the rat , 

that the inhibitory e ffect of fat in the duodenum on gastric motility was 

dependent upon the presenc e of both bile and lipase . Long and Brooks 

( 1965 ) compared the inhibitory properties of oleic acid wi th its parent 

triglyceride , triolein.  In  dogs with innervated pouches the duration of  

inhibition was longer and the absorption slower with oleic acid than with 

triolein.  

The inhibition of  gastric secretion and motility by the presenc e of 

fat in the duodenum has been attributed to the liberation of a duodenal 

hormone , enterogastrone .  The existence o f  t his hormone has been supported 

by the extraction of an inhibitory principle from the duodenal mucos a .  

Conj ecture still exists however, as to the nature and physiological propert­

ies of enterogastrone , and the possibility remains that gastric secretion 

and motility are inhibited by two separate entities.  

It is appropriate at this stage to review the events leading up to 

the postulation of an inhibitory duodenal hormone , and the subsequent failure 

to isolate and characterise such an enti ty . Feng,  Hou and Lim ( 1 929 ) 

demons trated in dogs , that fat inhibit ed gastric secretion as well as 

gastric motility . Feeding 50 cc of olive oil half an hour before a 1 50  gm 

meat meal inhibit ed secretion from Bickel gastric pouches ( pouches with both 

their parasympathetic and sympathetic nerve supplies removed ) for a period 

of about 2 hours .  50 c c  o f  olive oil given with 200 gm meat inhibited 

secretion from autotransplanted pouches, although the inhibition was not 

always marked, and at times did not extend beyond the first hour . 

Paraffin oil had no inhibitory e ffect on gastric secretion . The intravenous 

administration of thoracic duct lymph from animals previously fed fat , and 
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the intravenous administration of an ethereal extract of thoracic duct 

lymph failed to inhibit the gastric secretory responses of the pouches .  

Diversion o f  the thoracic duc t  lymph from the circulation via a cannula 

failed to alter the inhibitory response to orally administered olive oil • .  

These results suggested a humoral agent was responsible for the inhibition 

and tha t it was not an absorbe d  digestion product of fat ,  or at least it 

was not one which was transported by the lymphatic system. It was concluded 

that fat excites the producti on , from the intestine , of a chalone ( for a 

definition of thi s  term see Babkin, 1 950 p 560 ) for gastric secretion. At 

that time Feng et a1 ( 1 929 ) favoured bile as the inhibitory agent . Kosaka 

and Lim ( 1 930) studied the rol e  of bile and cholecystokinin in the inhibition 

of gastric secretion by fat . The intravenous inj ection of dog ' s  gall 

bladder bile ( 0 . 3  cc/kg body wt . )  did not cause inhibition of gastric 

secreti on. The adminis tration of 30 cc of bile by stomach tube immediately 

be fore a meal did not influence acid secretion . Following cholecystectomy 

fat s t ill caused an inhibition of gastric secretion and in some cases this 

inhibition appeared to be more int ense and prolonged. In the cholecystect-

omised animal , the ingestion of bile with the oil definitely reduced the 

degree and duration of the inhibition on gastric secretion accorded by the 

oil . 

The intravenous injection of 2 . 5  mg/kg/body weight of cholecystokinin 

( prepared by Ivy ) produced no effect on gastric secretion . 5 mg/kg of 

cholecystokinin inhibited secretion in response to a meal . The inhibitory 

action of cholecystokinin persisted after removal of the gall bladder , 

indicating that the cholecystokinin e ffect did not depend upon its gall 

bladder action. Kosaka and Lim concluded that cholecystokinin may include 

or may actually be the chalone for gastric secretion. 

Kosaka and Lim ( 1 930a ) obtained saline extract s  of intestinal mucosa 



- 51 -

which inhibited the meal response in Heidenhain pouch do gs . The active 

principle was name d  enterogastrone ( entero = intestine ; gastr = s tomach ; 

one = chalone ) .  The significance of the intestinal extracts was questioned 

as colonic extract s  also exhibited consid erable inhibitory activity.  Kosaka 

and Lim in 1 933 ( cited by Babkin 1 950 ,  p 636 ) used a picric acid method of 

extraction to obt ain active preparations of enterogastrone from the blood 

of an animal that had been fed with olive oil . Gray, Bradley and Ivy ( 1 937 ) 

prepared and biologically assayed ent erogastrone . The preparation of the 

hormone involve d  the extraction of hormones from the duodenal mucosa with 

dilute hydrochloric acid and their subsequent precipitation with sodium 

chloride. Enterogastrone was further concentrated from this first or 

"A precipitate" as it was termed by Gray et al ( 1 937 ) , by precipitation with 

tannic acid. 

An arbitrarily designated gastric secretory unit of  enterogastrone 

was defined by Gray et al ( 1937 )  as follows : 

"A unit of enterogastrone is that quantity , which when inj ected 

intravenously in a 1 2  - 14 kg dog with a pouch of the entire 

stomach receiving sufficient histamine subcutaneously at 10 minute 

intervals to maintain a uniform flow of 1 cc o f  gastric j uice 

( 5  mg HCl ) per minute ,  causes a 50 per cent reduction in the 

secretion of hydrochloric acid during two hours following its 

injectio n . "  

One unit of enterogastrone was contained in about 50 mg of tannic acid 

preparation. 100 mg of the preparation produced a fall in blood pressure 

of about 10 mm Hg. Although the extract had inhibitory effects on both 

motor and secretory activities of the stomach, small doses completely inhib­

ited motility for a period proportional to the dose, � such doses had no 

effect on gastric secretion in total pouch dogs during the continuous 
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administration of  histamine . A characteristic of  small doses of the 

enterogastrone preparation was that it lowered the secretory rate to a 

constant reduced level , which persisted for several hours . The secretory 

response to a meal of meat was more readily inhibited than the secretory 

response to a single dose of histamine : Gray et al attributed this to a 

quantitative difference in the character of the two stimuli . The inhibitory 

effect of the extract on a gastric secretory response initiated and maintained 

by continuous administration of histamine increased with the size of the 

dose of  enterogastrone and varied inversely to the strength of the secretory 

stimulus. When extracts were administered subcutaneously, four times the 

dose of enterogastrone had to be given to obtain an effect equal to that 

obtained with a dose administered by the intravenous route .  

Greengard, Atkinson, Grossman and Ivy ( 1946 ) presented a communication 

summarizing a series of  investigations on enterogastrone which culminated 

in a method of preparation of the chalone which was suitable for injection 

in man . The method of extraction was similar to that of  Gray et al ( 1 937 ) ,  

but contained a fur ther purification step in the form of a picric acid 

precipitation.  The product was colourless , easily soluble in  water and 

j udged by its effects on a histamine induced gastric secretion in the 

total pouch dog was of  a potency of  1 unit/25 mg. It  possessed little i f  

any inhibitory action on gastric motility in contrast to the cruder product 

prior to the picric acid treatment . Visscher (1948 ) subjected preparations 

o f  enterogastrone to electrophoretic separation at pH 7 . 5  and tested the 

fractions obtained in anaesthetised rats in which the pylorus was ligated.  

The slowest moving fraction showed the greatest inhibition. In dialysis  

experiments it was found that activity was recovered from the external 

solution and this anti-secretory activity was equal to that of the starting 

material . The soluble fraction of the non-dialysable material was nearly 
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inactive . 

Obrink ( 1 947 ) studied the electrophoretic properties of a purified 

enterogastrone preparation .  He  found the secretory depressing factor had 

no or at least a very slight electrophoretic mobility between pH 2 .06 and 

7 . 42 ,  and the components showing mobility appeared to be ineffective in 

inhibiting a histamine induced gastric secretion. Winberg ( 1 947 ) reported 

on the use of dialysis for the preparation of enterogastrone . Winberg 

improved the procedure involved in the extraction of ent erogastrone by the 

method of Greengard et al ( 1 946 ) .  Dialysis through a cellophane membrane 

was an essential step in the new me thod. Several ina ctive preparations 

were "ac tivated" and purified by dialysis although only small amounts of  

active material were obtained.  Dialysis was suggested as  a method for 

separating the stimulatory subs tances of  high molecular weight from the 

inhibitory substances of low molecular weight . 

Winberg and Obrink ( 1 948 ) investigated the possibility that entero­

gastrone might be a protein by s tudying the e ffect of proteolysis on their 

preparations . The experiments performed showed that the inhibiting power 

of an enterogastrone extract on a histamine induced gastric acid secretion 

was una ffected by incubation with either pepsin or trypsin. · Obrink and 

Winberg ( 1 950 ) exposed two different enterogastrone preparations to heat . 

The preparation with a lower cont ent of organic material was the more thermo­

sensitive one and did not withstand temperatures above 4o
°

C .  Although each 

preparati on had equal biological activity it was thought that organic 

impurities had a protective e ffec t  on the thermolabile enterogastrone molecule .  

Obrink and Winberg ( 1950a ) reported that an enterogastrone preparation 

showed a characteris tic absorption curve in the ultraviolet region . This 

curve had a maximum at 2600R and a minimum at 2350�. Evidence was obtained 

that this absorption curve was due to the ac tive enterogastrone molecule ; 
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a decrease in biological activity was accompanied by a diminution of the 

absorption curve a t  2600� . Obrink and Winberg concluded from their invest­

igations that the chemical and physical properties of the enterogastrone 

molecule indicated that it was unlikely that enterogastrone was a protein 

but could be rela ted to a nucleic acid . No further advances have  been made 

in the elucidation of the structure of enterogastrone . Emphasis has 

recently become focussed on th e discrepancies between the manner in which 

ent erogastrone extracts inhibit gastric secretion and the inhibit ion accorded 

by the presenc e o f  fat in the int estine . 

Linde , Obrink and Ulfendahl ( 1 952 ) have studied the mode of  enterogastr-

one-action on HCl secretion. They concluded that enterogastrone inhibits 

the volume output as well as the primary and secondary acidity in Heidenhain 

pouch dogs , but that it has no specific action on the acid concentration 

per se . The changes in acidity after ent erogastrone administrat ion have 

been regarded as secondary to alterations in the secretory rates .  

In 1 932 , Kosaka , Lim , Ling and Liu (cited by Gregory 1 962 ) offered 

the first comparison of the inhibitory e ffects on a histamine secretory 

response in a Heidenhain pouch dog of ( a )  an enterogastrone preparation ,  

and ( b )  50 ml o f  olive oil given by mouth before inj ection of the his tamine . 

The extract produced a considerable inhibition of the histamine respons e ,  

but the olive oil was almost ine ffective . Gray et al ( 1 937 ) use d  dogs with 

denervated pouches of the entire s tomach to compare the inhibition of  

secretion caused by  a unit of ent erogastrone with the inhibition caused by 

50 ml olive oil administered oral ly. The extract was about twi c e  as 

e ffective as the oil in bringing about an inhibition of hydroch�oric acid 

pro duction. 

Grossman, Greengard, Woolley and Ivy ( 1 944 ) studied the action of an 

enterogastrone preparation on pepsin secretion in dogs . They found pepsin 
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output was moderately depressed by enterogastrone in the absenc e of vagal 

influences, but no definite inhibition of pepsin concentration was detected. 

A depression of pepsin conc entration after fat administration occurred only 

in those pouches  which were vagal ly innervated. The experiments indicated 

that vagal nervous influences are extensively concerned in the inhibition 

of pepsin secretion by fat , and that enterogastrone preparations have no 

direct inhibitory action on pepsin secretion . 

Harris ,  Grossman and Ivy ( 1 947 ) investigated the role of the vagus 

nerves in the inhibition o f  gastric motility by fat ,  and by intestinal 

( enterogastrone ) and urinary (urogastrone ) extracts.  Their result s showed  

that fat in the intestine inhibited gastric motility induced by distension 

in both the vagally innervated and vagally denervated stomach . Intraven-

ously administered urogastrone and enterogastrone inhibited the distension 

induced motility of the vagally innervated stomach , but neither affected 

motility in the vagally denervated stomach . Sircus ( 1 958 ) reported that 

denervation o f  a fundic pouch abolished  the inhibitory effect o f  fat in the 

duodenum on acid secretion stimulated by histamine : he had found that fat 

in the duodenum could inhibit the acid secretion of an innervated fundic 

pouch in response to histamine . 

Uvnas ( 1 948 ) discovered that enterogastrone prepared according to the 

method described by Greengard et al ( 1 946 ) did not inhibit in the anaesthet­

ised cat gastric secretion stimulated by the intravenous infusion of histamine. 

As enterogastrone preparations had been reported to inhibit secretion in 

dogs Uvnas suggested that the discrepancy may have been due to fundamental 

differences in the gastric secretory mechanism in the dog and cat. He 

apparently overlooked the absence of reports on enterogastrone in anaesthet­

ised dogs, i.e. of reports in the two species under comparable experimental 

conditions. Howat and Schofield ( 1954) obtained inhibitory responses with 
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enterogastrone preparations on gastric secretion stimulated by histamine 

in anaesthetised cats. Pancreatic secretion stimulated by secretin was 

also inhibited by the preparation of enterogastrone . Their active 

preparations were provided by Ivy , as they had failed to prepare potent 

extracts in their own laboratory. These inactive preparations of 

enterogastrone stimulated gastric and pancreatic secretion , and as such 

exhibit the same properties of the extracts prepared by UTnas ( 1948 ) .  

It is probable that Uvnas ' s  results were due to inactive preparations . 

The relationship between the effects of fat administered intra­

duodenally and of the effects of enterogastrone extracts has been further 

complicated by the finding of Grossman , Woolley , Dutton and Ivy ( 1 945 ) 

that nausea produced by mechanical stimulation of the oesophagus or duodenUJII 

inhibited a histamine response in vagotomised pouches of the entire stomach 

and in transplanted fundic pouches o f  dogs. Gregory ( 1956 )  undertook a 

careful study to determine whether fat inhibited the gastric secretory 

response to histamine . In dogs , transplanted fundic pouches were stimulated 

to secrete at a constant and slow rate by the continuous administration of 

histamine . Fat introduced into the duodenum in such a way as to minimise 

nausea caused slight secretory inhibition on the low rates of secretion and 

no inhibition on higher rates of  secretion . Enterogastrone was presumed 

to have been liberated as in similar experiments in which motility was 

recorded, a profound inhibition of  tone and motility of the pouch occurred . 

The view that enterogastrone has a physiological action in inhibiting the 

"antral phase" of the gastric secretory response to a meal , was strongly 

supported by the finding of Gregory and Tracy ( 1 959 ) that fat in the duodenum 

inhibited the secretion of a denervated fundic pouch when this pouch was 

stimulated by gastrin liberated from  a pyloric pouch irrigated with 

acetylcholine . The subsequent discovery that the introduction of fat into 
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the duodenum did not inhibit the response of  denervated fundic pouches to 

injections of gastrin was taken to indicate that enterogastrone inhibited 

the release of gastrin from the antrum . Recent work (Bibler , Harkins and 

Nyhus 1 966 ) has indicated that enterogastrone may act at the oxyntic cell 

level . A discussion of this work and the contrary conclusion drawn from 

it will follow later in the chapter . 

No en terogastrone extracts so far produced have had precisely the 

same e ffects as fat infused into the duodenum , but a secretin preparation 

of Greenlee , Longhi , Guerrero , Nelsen , El-Bedri and Dragstedt ( 19 57 )  has 

be en reported to pos sess properties characteristic of an endogenous entero-

gastrone release . Gregory ( 1 962 , p 1 31 )  has cited results which indicate 

that the effects observed were not due to secretin,  but may have been due 

to the presence in the extract of  the hormone enterogastrone . 

As well as inhibiting the secretory and motor responses of the stomach , 

entero gastrone ha s  also been implicated in the control of food intake . 

Maclagen ( 1 937 ) reduc ed the feed intake of rabbit s by the subcutaneous and 

intravenous adminis tration of an enterogastrone preparation prepare d  by Lim. 

This may have been a non-specific effect as the preparation was relatively 

crude and the effects were transient . Janowitz and Grossman ( 1 951 ) in an 

investigation of the regulation of food intake in dogs, found prefeeding 

small doses of carbohydrate, fat or protein hydrolysate was wi thout significant 

effec t  on subsequent food intake . Larger quantities inhibit ed food intake . 

As the smaller prefe eding doses were assumed to cause the release o f  

endogenous enterogastrone the experiment was presumed to provide physiological 

evidence that enterogastrone per se does no t contribute directly to satiety. 

It should be realis ed, however, that the small prefeeding doses may not have 

been of suffic ient quantity to cause the release or a significant increase 

in the liberation of enterogastrone and that enterogastrone may still be 
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involved in the regulation of food intake . 

Although the supposed liberation o f  enterogastrone is best demonstrated 

by the presenc e of fat or its digestion produc ts in the duodenum, other 

products of digestion have also be en implicated in the release of this 

chalone . Sircus ( 1 958 ) showed carbohydrate , protein digestion products 

and hyper and hypotonic solutions inhibit ed pouch secretion of dogs . He 

dis cussed the possibility that an osmoreceptor mechanism was involved.  

In the ruminant few studies have been undertaken to elucidate the 

influence of duodenal digestion produc ts or duodenal extracts in the control 

of  forestomach motility and abomasal secretion and motility . 

Singleton ( 1 951 ) inhibited abomasal motility by infusing 5 ml of a 

50% emulsion of oliv e oil into the duodenum. The inhibition was character-

ise d  by "a short latent period" and periods of inhibition al ternated with 

bursts of activity . 

Reid ( 19 57 )  administered mineral oils in the form of  light and heavy 

paraffins into the rumen or omasum of cows. A depression of food intake 

was obtained only wi th light paraffins. When these light paraffins were 

emulsified or administered into the omasum , the latency of the effect was 

decreased and the depression of food intake was intensified and prolonged. 

Hill ( 1 965 , p 225 ) cited unpublished results from experiments in 

which 5% palm oil added to the diet had no significant e ffec t  on the acidity 

of secretion or flow from the abomasum. 10% palm o il caused a reduct ion 

in the flow of di gesta from the abomasum. A differential e ffect of triglyc­

erides in the feed was obtaine d :  5% tallow produced an increase in the flow 

of digesta from the abomasum . 

Phillips ( 1 965) cited unpublished results from his laboratory on the 

infusion of oleic and linoleic acids into the duodenum. It was found that 

amounts greater than 1 .5 - 2 ml/hour of these acids caused severe diarrhoea 
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and loss of appetite. 

Titchen , Reid and Vlieg ( 1 966 ) carried out studies on the effects of  

intraduodenal infusions of fat on the food intake of sheep . 100-1 50 ml of 

peanut oil infused into the duodenum over 17 hr ( 0 . 1 8  - 0.49 ml/kg/hr ) 

depressed food intake,  caused a reduction in stomach movements and led to 

diarrhoea . 50 ml of peanut oil administered over the same time did not 

have any of these effect s .  1 1 . 5 t o  2 3  ml infusions over 30 min (0 .80 -

1 . 84 ml/kg/hr ) of peanut oil , olive oil , soya bean oil , a hydrolysate of 

peanut oil and of oleic acid caused a reduction in the movements of the 

reticulum and rumen . ' B '  sequences were less affected than ' A '  sequences . 

The hydrolysate of peanut oil and the oleic acid had more profound inhibitory 

effects than did peanut or olive  oil . Slow infusions of heavy liquid 

paraffin failed to produce the e ffects obtained with peanut oil . The 

faster infusion of heavy paraffin if anything , it was suggested, appeared 

to increase the frequency of reticulum and rumen movements .  

Following on from the work o f  Titchen et al ( 1 966 ) , a detailed 

investigation has been undertaken of the effects of the introduction of fat 

into the duodenum on abomasal secretion and forestomach motility.  As 

enterogastrone has been implicated in mediating these inhibitory effects , a 

comparison was made between the inhibitory responses on abomasal secretion 

and reticulo-rumenal motility of the intraduodenal administration of fat 

and of the intravenous administration of enterogastrone extracts. 
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Methods : 

A constant speed infusion apparatus ( Sage Instrument s Ltd .  N. Y . ) was 

used for the intravenous and intraduodenal adm inistration of oleic acid 

(May & Baker ) , the int raduodenal administration of olive oil ( Gilseal , 

pharmaceutical quality ) and for the intravenous administration of entero­

gastrone extract .  A gas-liquid chromatographic analysis of  the oleic acid 

(kindly undertaken by the Biochemistry Dept . ) showed the sample of oleic 

acid to contain 68% oleic acid , 8 . 6% palmitoleic acid , 5 . 3% myristic acid , 

4 . 7% palmitic acid , 4 . 0% linolenic aci d ,  2 . 4% linoleic , 3 . 1 % lauric acid , 

3 . 1 % myristoleic and a small quantity of  other acids. Behr , Fuson and 

Snyder ( 1 959 ) have o ffered the following as the composition of olive oil ; 

oleic acid 83%, linoleic acid 7%, palmitic acid 6% and stearic acid 4%. 

The methods of collection , estimation and recording applied to  

abomasal secretion , and motility of  the exteriorizations were the same as 

those describe d  previously . At times of  severe inhibition of abomasal 

secretion the low volumes collected ma de it necessary to pool samples so 

that the 1 5  min period of sampling was extended effectively in some cases 

to as long as 90 min . 

The method used in the preparation of an enterogastrone concentrate 

was that Greengard , Atkinson , Grossman and Ivy described in Gastroenterology 

z, 1946 .  Freshly slaughtered pigs ' intestines were obtained from the 

abattoir of a local bacon factory and taken to the Biochemistry and Physiology 

laboratories at the University where the complete extraction process was 

carried out . 6 kg of intestine yielded approximately 700 mg of extract.  

The final extract took the form of a white powder which retained biological 

activity over several months when stored at 4°c .  

The extract was dissolved in 0 . 9%  saline at a concentration o f  5 mg/ml 

a few hours be fore its administration to the animal . In an endeavour to 
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reduc e bacterial contamina tion the solution was passed through a sterile 

millipore filt er (Millipore , USA grade GSWP 025, 00 ;  GS 0.22 p) . Prior 

to it s intravenous infusion the enterogastrone solution was warmed to 37°C 

in a water bath . 

All intravenous infusions were introduced into the jugular vein via 

a polythene cannula. The j ugular vein was cannulated 24 hours be fore the 

experiment. Heparinized sal ine was us ed as a means of preventing clotting 

in the polythene cannula. Control infusions of sal ine were made before 

and in some cases after the administration of the extract .  

An attempt was made t o  assay the level of depressor substances 

present in the extract . The intravenous injection o f  25 mg of material 

into a spinal preparation o f  a cat had no significant e ffect upon blood 

pressure . 50 mg of  the extract produced a decrease in blood pressure 1 5  -

20 sec after its administration . 0.05 mg of histamine intravenously 

produced  an entirely dif ferent response in that an initial small drop in 

blood pressure was followed by a marked increase . It  was assumed that the de-

pressor activity of the extract was not due to histamine . 
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Results : 

The intraduodenal infusion of 0 . 01 6  ml/kg/min of oleic acid resulted 

in a reduction in the volume , acidity and pepsin content of abomasal pouch 

secretion. 

the juice. 

Olive oil did not cause an inhibition of the pepsin content of 

Reticulum and rumen motility was inhibited to a variable degree 

depending upon the subs tanc e infused and the rate of infusion. 

Infusions of  10 ml oleic acid into the duodenum over 30 min (0 .016  

ml/kg/min ) caused, within 15  min of  the start of  the infusion , a reduction 

o f  ' A '  sequences of the reticulum and rumen contractions , and a diminution 

to  50% of the resting level of the volume of acid secretion . The inhibition 

o f  motility of the reticulum and rumen , and secretion from the abomasal 

pouch persisted  for up to 6 - 7 hr . 

2 ml of oleic acid infused into the duodenum over 20 min ( 0 .005 ml/ 

kg/min ) led to a marked reduction in the volume o f  secretion within 30 min 

o f  the start o f  the infusion. An 80% inhibition of acid secretion persisted 

for about 90 min. The frequency of reticulum and rumen contractions was 

slowed slightly but did not exhibit any marked inhibition . Olive oil at 

the same dose rate, after a longer latency, caused an inhibition of secretion 

of shorter duration than di d oleic acid , and was without significant effect 

upon reticulum and rumen motility . 

The intravenous administration of oleic acid in the form of the 

free fatty acid resulted in a sudden ( apparent within 8 min and 0.1  ml ) and 

complete inhibition of reticulum and associated rumen movements.  The acid 

conc entration of the secretion was not inhibit ed with equal rapidity despite 

the rapid reduction in the volume of secretion. 

Infusions of 10  ml of oleic acid into the duodenum: (See Table 3)  

In fed and fasted animals ,  infusions of 10  ml oleic acid over 30 min 

(0.016  ml/kg/min) into the duodenum reduced the volume of secretion from the 
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abomasal pouch to 50% of its pre-infusion level wi thin 1 5  - 20 min .  The 

acid conc entration was maintai ne d  at pre-infusion levels for the first 1 5  

min o f  the infusion. Thereafter , the volume of secretion pro gressively 

declined as did the acid concentration of the secretion and the frequency 

of reticulum and rumen movements . An e ffect  on food intake was evident 

at this stage . This was becaus e the infusions were usually undertaken at 

the time when fresh feed was routinely offered , and at this time a prolonged 

period of continuous feeding of 90 min or more usually took place . However 

on those occasions when an infusion of oleic acid was und ertaken , the usual 

period o f  feeding was reduced to 30 - 50 min. When feeding oc curred 

reticulum and rumen movements increased to a frequency in the vicinity o f  

that normal for the feeding animal on clover chaff (about 26 contractions/ 

1 5  min ) . The frequency of these movements gradually slowed as eating 

became less avid . In contrast ,  neither the volume of secretion , nor its 

acidity were changed appreciably by feeding. When feeding ceased,  a com-

plete inhibition of  the ' A '  sequences was apparent , but ' B '  sequences 

cont inue d .  Acid output from the abomasal pouch remained inhibited,  and 

an inhibition of pepsin output was detected . 

The animals showed a marke d change of demeanour within 6o min o f  the 

infusion. Most of the sheep subjected to these intraduodenal infusions of 

oleic acid spent some time (4 - 5 hr )  slumped in their slings ; on standing 

' B '  sequences commonly occurred. Short periods of eating were followed 

by reticulum and associated rumen contractions but there was no concomitant 

rise in the volume and acidity of secretion.  

The effect of  offering feed 90 min after the infusion commenced to  an 

animal fasted for 1 2  hr was examined. In this animal there was a complete 

inhibition of reticulum and associated rumen movements with the oleic acid 

infusion. It ate for 50 min. ' A '  sequences were initially , when the 
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animal ate , of  a high frequency ( 26 contractions/1 5 min ) , but gradually 

dwindled ( Fig. 1 3 ) . The volume of secretion increased slightly , but there 

was no inc rease in acidity . 

marke dly on feeding . 

In contrast pepsin secretion was elevated 

With 1 0  ml infusions of  oleic acid intraduodenally ,  motility and 

secretion remained inhibited for 7 - 9 hr ; the volume of secretion was 

reduc ed for about 5 - 6 hr to the extent of 90% ( 0 . 2  - 3 ml ) and acidity 

for 2 - 3 hr to the extent of 95 - 98% (2 - 4 m-equiv H+/litre ) of  the 

resting levels - see Fig .  1 4 . 

Motility on its return from the inhibition accorded by the intra­

duodenal infusions of oleic acid exhibited after-e ffects of the inhibition 

in that : 

1 .  contractions of the ventral rumen were absent or much reduced in force 

in the ' A '  sequences for up to 30 min aft er reticulum contractions had 

returned . 

2 . contrac tions of the reticulum of a diphasic and monophasic nature 

oc curred be tween the triphasic contractions associated with the regurg­

itation of rumination ( Fig. 1 5 ) .  

3 .  contractions of  t he reticulum frequently occurred on top of  a prevailing 

level of sustained reticulum tonus during the first period o f  rumin­

ation observed a fter the infusi on . 

4 .  contractions o f  the reticulum showed an exaggerated relaxation between 

the 2nd and 3rd pha ses of the triphasic c ontraction. 

5. contractions of the reticulum associated with regurgitation were 

increased in number as shown by YP to 29 "triphasic "  contractions of the 

reticulum per 1 5  min in comparison with the usual 1 4  - 1 8  contractions 

per 1 5  min during periods o f  rumination ( Fig. 1 5) . 

An increase in the volume and acidity o f  the abomasal secretion 

preceded the resumptio n  of feeding or rumination and anything approaching 
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Fig. 1 3 :  The effec ts of an intraduodenal infusion of 1 0  ml 
oleic acid over 30 min on reticulo-rumenal motility 
and abomasal pouch secre tion . Records from above 
downwards : j aw movements , contractions of  the main 
ventral rumen , "infusion o f  oleic acid" , contracti ons 
of the cranial dorsal rumen , contractions of the 
reticulum , Volume in ml of 1 5  min samples of abomasal 
pouch secretion, signal for the change in collection 
of sample s of abomasal pouch secretion at 1 5  min 
int ervals , 60 sec time-marker . Not e  the marked 
inhibition on moti lity and volume o f  secreti on which 
was reversed by preparation ( P . F. ) to and actual 
feeding ( F. ) .  Feeding did not increase the acid 
conc entration of the secreti on ( see Table 3 
exp 27/6 , # 1 5 ) . 
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Fig. 1 4 :  The effects of 10 ml oleic acid infused over 30 min 
into the duodenum of a sheep which had been fasted for 
1 2  hr . The sheep was fed 90 min after the infusion 
commenced;  it ate for about 50 min . The oleic acid 
infusion inhibited reticulum contractions and acid 
output . On feeding there was a temporary reversal of 
the e ffect on reticulum contractions but no such e ffect 
on acid output . Graph from above downwards : reticulum 
contractions/1 5 min , acid output from the pouch in 
m-equiv H+/1 5 min , 1 5  min time intervals . 
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normal motility of the reticulum and rumen. As movements of the reticulum 

and rumen approached normal frequencie s ,  the secretion from the pouches 

quickly rose even higher in volume and acidity and thus to pre-infusion 

levels . During the maximum period of inhibition of secretion th e sodium 

conc entration increased to around 1 40 m-equiv/litre , while that o f  potassium 

fell to 1 m-equiv/lit r e . The return of acidity was characteris ed by an 

unusually high K+ concentration ( e . g . 1 6  m-equiv/litre ) .  

In one experiment undertaken in an animal from which food had been 

removed and in which motility o f  the reticulum and rumen and secretion from 

the abomasal pouch were completely inhibited by the intraduodenal infusion 

of 10 ml oleic acid , the animal was teased with food . The she ep appeared 

to show no int erest in the feed , and no change of reticulo-rumenal mot ility 

was detected , but the volume of secretion doubled and the acid output in 

successive 1 5  min pe ri ods increased over six- fold from 0 . 01 2 to 0. 078 m-equ iv 

The period of teasing appeared to stimulate  recovery from the 

oleic acid induc ed inhibition , as after teasing with food the volume and 

acidity of the pouch secretion steadily increased until normal levels were 

eventually attained.  

In a similar experiment , various substances were used in an endeavour 

to overcome the inhibition of secretion and motility . Infusions into the 

abomasal pouch of 20 ml of saline at 37
°

C and 20 ml of 0 . 1 5N HCl at 37°C 

were wit hout e ffect  on motility . Infusions into the pouch of 0 . 5  mg 

methacholine chloride ( Amechol , S . A .  Moore Ltd . , London ) in 20 ml saline at 

0 
37 C ,  1 . 0 mg Ame chol in 5 ml of saline and 0 . 1  mg histamine acid phosphate 

in 10 ml of saline had no demonstrable e ffec t  on motility or secretion. All 

o f  these doses may be considered as being too small ( compared with those 

found efficacious in other species by other workers ) .  Distension o f  the 

pouch wit h  130 ml of acid secreti on failed to stimulate  reticulum contractions. 
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Fig. 1 6 :  The e ffect s  o f  an intraduodenal infusion of 2 ml oleic 
acid over 30 min in a sheep fed ad lib . An inhibition 
o f  pouch secretion was evident within 30 min . Graph 
from above downwards : periods in which the animal was 
eating ( E) , reticulum contractions/1 5 min, acid output 
from the pouch in m-equiv H+/1 5 min , 1 5  min time intervals ,  
time of oleic acid infusion . Note the increase in 
reticulum c ontractions when the animal first ate after 
the in fusion had been completed , and the absence of a 
similarly immediate secretory response on eating. 
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Fig. 1 7 :  The e ffects of an intravenous infusion over 30 min of 
2 ml oleic acid in a sheep fed ad lib . Graph from 
above downwards : periods during which the animal ate 
( E ) , reticulum contractions/1 5 min , acid output from 
the pouch in m-equiv H+/1 5 min , 1 5  min time intervals . 
Not e  the rapidity with which the maximum inhibitory 
e ffects  became apparent in the case of the reticulum 
contractions compared with the e ffects on gastric secretion. 
The oleic acid infusion was commenced during the most 
vigorous period of eating of the day : the cessation 
of eating for 45 min ( 1 5  min during and 30 min after 
the infusion ) is an effect which can be ascribed to 
the infusion . 
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0 . 25 mg histamine acid phosphate given subcutaneously produced no change in 

secretion or motility . In contrast 0. 5 mg histamine administered intraven-

ously over 30 min (0.8  pg/kg/min ) resulted in a burst of secretion 1 5  min 

after the infusion commenced. The acid concentration of this secretio n  

increased markedly from 2 - 88 m-equiv H+/litre . I f  further increased t o  

1 00 m-equiv H+/litre , although the volume o f  secretion had dropped t o  the 

pre -histamine levels . The increase in the volume and acidity of the pouch 

secretion was transient ; the volume increase lasted for only 1 5  min and 

the acid conc entration for 30 min . There were no effects on reticulum and 

rumen motility comparable to those on acid secretion. The acid c onc entration 

o f  the secretion was subsequently maintained at a level greater than that 

which had be en present prior to the adminis tration of histamine . 

A comparison of  the intraduodenal and intravenous administration of oleic acid : 

�n_i£f�s�O£ £f_2_m! £l�i£ �c!d_i�t£ !h� �u£d�n�-o�e£ 20_m!n_(Q.QO} 

�lLkB/�i£) resulted in a marked drop in the volume of and conc entration o f  

acid in pouch secretion wi thin 30 min o f  the start of the infusion . An 

80% inhibition of  acid secretion persisted for about 90 min ( Fig. 1 6 ) . In 

contrast to infusions of larger doses of oleic acid the pepsin concentration 

in the secreti on from the abomasal pouches was not greatly affected. 

Reticulum and rumen motility slowed slightly desp ite continued feeding , and 

declined markedly if there was a cessation o f  eating. In other experiments 

where feeding did not occur during and after the infusion ,  lit tle effect on 

motility was evident, ( se e  Table 4) . 

�-i£f�s!o£ £f_2_m! £l�i£ �c!d_i�t£ !h� iu�!� !ein_o!e£ 2Q_m!n 

lO�OQ3 __ m!(�gim!nl led to a reduction in the volume of pouch secretion within 

1 5  min of first entering the blood stream ( Fig .  1 7 ) .  An 80% inhibition of 

the acid secretion lasted for 3 br .  The acid concentration o f  the secretion 
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Fig. 1 8 :  The effects  of the intravenous infusion of 0 . 5 ml oleic 
acid over 30 min . The infusion was made into the j ugular 
vein of a sheep fed on an ad lib basis . Graph from 
above downwards : reticulum contractions/1 5 min , acid 
output from the pouch in m-equiv H+/1 5 min , 1 5  min time 
intervals . Note the marked inhibition of reticulum 
contractions ( culminating in their disappearance for a 
period o f  1 5  min ) and the inhibitions of acid output 
from the pouch . 



Fig. 1 9 :  The inhibitory effects o f  an intravenous infusion of 0 . 5 
ml oleic acid over 30 min in a sheep fed ad lib . 
Records from above downwards : jaw movements , contractions 
of the main ventral rumen , contractions of the c ranial 
dorsal rumen , contractions of the reticulum , quantities 
of oleic acid infused , signal for the change in collection 
of  samples of abomasal pouch secretion at 1 5  min interval s ,  
60 sec time-marker . Note the persistence of  ' B '  
sequences of contraction of the rumen during the 
inhibition . 
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decreased slowly to a minimum of 2 m-equiv H+/litre ( from the original 1 30 

m-equ iv H+/litre ) 2 hours after the infusion s tarted. This level was 

maintained for 75 min ; thereafter the acid conc entration slowly increased 

as the volume o f  secretion increased . 

levels about 4 hours later ( Fig.  1 7 ) .  

There was a return to the pre-infusion 

Pepsin output from the pouches was 

significan tly depressed , but the pepsin concentration was not reduced , in 

contrast to reductions observed after the intraduodenal infusions at higher 

dose rates ( 0 . 01 6 ml/kg/min ) .  

In the experiment shown as Fig.  17 , reticulum and rumen contractions 

were totally absent for a period of 60 min . The onset of this inhibition 

occurred within 4 min and when 0 . 3  ml of the oleic acid had been infused . 

At one stage despit e short periods of eating, no reticulum contractions 

occurred . After 2 - 3 hou rs groups of contrac tions o f  the reticulum and 

rumen followed each period o f  eating. Normal motility did not return until 

6 hr after the infusion . ( see Table 7 ) .  

!h� �n!r�v�n£U� �nfu�i£n_o£ 2•2 �l_o!e�c_a�i� £V�r-� �i� lO�OQO� 

�lik£/�i�) caused after 1 5  min an almos t complete inhibition of secretion 

from the pouch . After a fur ther 1 5  min of this profound inhibition the 

volume of secretion slowly rose over 2 hr to normal levels . 45 min after 

the start of the infusion a drop in the acid concentration of the secretion 

from the pouch was evident : this drop in acid concen tration became more 

marked in subse quent samples ( see table 7 ,  exp . 4/1 0 ) . The acid output 

of the pouch reached pre-infusion levels 2� hr after the infusion ended 

( Fig .  1 8 ) .  No definit e e ffects on the pepsin concentration of the secretion 

were evident but pepsin output was significantly depr essed for about 2 hr . 

Within 8 min of the start of the infusion (when 0 . 1  ml of oleic acid 

had been infuse d )  a complete inhibition of reticulum movements was observed, 

this con�nued for 30 min ( Fig. 19 ) .  A few rumen contractions ( ' B '  sequenc e s )  
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persisted.  Reticulum and rumen motility returned and the frequencies of  

these contractions were  normal wi thin 75  min o f  the start of  the infu sion 

( Fig. 1 9 ) .  

Intraduodenal infusion o f  olive oil : 

2 ml of oliv e  oil was infused into the duodenum over 20 min ( 0 . 005 

ml/kg/min ) at a time when the animal was secreting at a high level in 

response to the daily feed. The acid output from the abomasal pouch was 

not inhibited wi thin 30 min o f  the start of the infusion : after this time 

there was a reducti on in acid output from the pouch which lasted for 75 - 90 

min. No inhibitory e ffects on pepsin secretion from the abomasal pouch , 

or on movements of the reticulum and rumen were detected . 

An increase in  acid output , subsequently followed by ano ther depression 

in acid output occurr e d  in some cases during the "inhibitory" period . 

This form of response was observed with infusions of both olive oil and 

oleic acid (See Fig. 2C, .and Table s 5 and 6 ) .  

A comparison be tween the e ffects in the one animal of 2 ml infusions 

of oleic acid and olive oil into the duodenum over 20 min has been  made 

( Fig. 20 )  and the result s are summarised in the following tabular form : 

Olive 
oil 

Oleic 
acid 

Latency o f  
R esponse 

30 m in 
or more 

1 5 - 30 m in 
or less 

Duration of 
inhibition o f  

" d  t t a cl. ou ;pu 

75 m in 

225 m in 

Depth of 
· nh · b • t • l. l. l. 1. on 

I Maximum inhib-
ition o f  acid 

output 
> 90% 

Maximum inhib-
ition o f  acid 

output 
> 90% 

Motility o f  r e t iculum 
an d rumen 

No de finite e ffect 

Slowing in frequency 
o f  ' A ' sequ ences of 
retic ulum and rumen 

contractions 

Intraduodenal infusions of oleic acid, linoleic acid and linolenic acid:  

A comparison was made of  the effects pr oduced by 2 ml infusions into 

I 
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Fig. 21 : The intravenous infusion of  an enterogastrone extract 
in a fed sheep . Feed had been removed just  before the 
experiment c ommenced ; new feed was offered 1 5 min after 
the infusion commenced . A control infusion of saline 
had been given . Graph from above downwards : feeding 
activity of the animal (N = nothing or no feeding or 
ruminating act ivity ; R = ruminatio n ;  E = eating) ,  
reticulum c ontractions/1 5 min , acid output from the 
pouch in m-equiv H+/1 5 min time interval s ,  time and dose 
of substanc es infused intravenously. Note the delayed 
effect  of the extract on acid output from the pouch . 
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the duodenum over 20 min ( 0 . 005 ml/kg/min ) of oleic , linoleic and linolenic 

acids. Although no differential effect could be distinguished in their 

actions on abomasal acid secretion , a definite relationship between the 

degree of unsaturation of the fatty acid and the inhibition of reticulum 

and assoc iated rumen motility was evident . The higher the unsaturation of 

the fatty acid,  the greater appeared to be the inhibition of motility.  

Further experiments are required to allow a more precise statement to be 

made.  

The intravenous infusion of enterogastrone extracts : 

The intravenous infusion of 50 mg of enterogastrone extract over 30 

min ( 0 .083 mg/kg/min ) in sheep , caused an inhibition of abomasal pouch 

secretion and a reduction in the frequency of reticulum and rumen movements .  

No consistent e ffects were observed as the degree and duration o f  the 

inhibition of both pouch secretion and reticulo-rumenal motility varied 

with different ent erogastrone preparations , some of which failed altogether 

to exhibit inhibitory properties .  

In two experimental investigations undertaken be fore the morning 

change in feed 50 mg and 21 5 mg of enterogastrone extract in 10  ml of saline 

was infused intravenously over 30 min ( 0 . 083 mg/kg/min and 0 . 358 mg/kg/min 

respectively ) .  With the larger dose after 1 5  min of the infusion ( 1 1 0 mg ) ,  

the frequency of reticulum and associated  rumen movements was slightly 

reduced, and secretion from the abomasal pouch was slightly increased. New 

food offered midway through the infusion was taken and an increase in 

reticulum and rumen motility and abomasal pouch secretion followed. 

The cessation of feeding ( 1 30 g feed consumed)  after 6o min was 

accompanied by a transient period of  irregular motility of the reticulum 

and rumen , and a sudden decrease in both the volume and acidity of secretion 

( Fig .  21 ) .  The return to normal motility was almost immediate but 



Fig. 22 : The inhibitory effects on reticulum and rumen motility 
and abomasal pouch secretion of the intravenous infusion 
over 30 min of 50 mg of an enterogastrone extract in 
2 ml saline . Records from above downwards : jaw movements ,  
contractions o f  the main ventral rumen, contractions of  
the cranial dorsal rumen , contractions o f  the  reticulum, 
Volume in ml of 1 5 min samples o f  abomasal pouch 
secretion, volumes of the infusion of the enterogastrone 
solution (0 . 5 ml , 1 . 0 ml , 1 . 5 ml , 2 . 0  ml ) ,  signal for 
the change in collection of samples of abomasal pouch 
secretion at 1 5 min intervals , 60 sec time-marker . 
Note the inhibition of  food intake , reticulo-rumenal 
motility and abomasal pouch secretion within 20 min 
of the start of the infusion . 
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Fig. 23 : Effects on the frequency of  contractions of the reticulum 
and acid output from a pouch of intravenous infusions of 
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secretion remained inhibited for 30 min, see Table 8. 

In the s econd study ,  a different batch o f  enterogastrone was used.  

Within 1 5  min of  the s tart o f  the infusion o f ,25 mg of  the extract eating 

was inhibit ed,  the fre quency of reticulum and associated rumen contractions 

slowed ,  and a marked inhibition of the output of secretion from the pouch 

oc curred ( Fig . 23b ) . Acid conc entration was somewhat slower in being 

reduc ed by the extrac t .  Consumption of the new feed offered midway through 

the infusion provided a stimulus of su fficient strength to overcome t he 

inhibition of both secret ion and motility ( Fig . 23b ) .  Feeding ceased when 

the animal had ingested 200 g of the red clover chaff . 

In another study with a third ba tch of an enterogastrone preparation , 

the infus ion was given in the early afternoon 4 - 5 hr after the animal ' s  

feed ha d  been change d .  50 mg o f  ent erogastrone extract i n  2 ml of saline 

was administered over 30 min ( 0 . 083 mg/kg/min ) . At the commenc ement of 

the infusion the animal was ruminating and subsequently began to feed. 

Feeding ceased after the introduc ti on o f  25 mg of the preparation . Retic-

ulum and associated rumen movemenm ( ' A ' sequences)  were markedly inhibited  

for 25  min ( Fig. 22 ) . Movements of the rumen alone ( ' B '  sequences ) were 

affected to a lesser degree .  In those ' A '  sequenc es which did occur there 

were characteristically weak contractions o f  the main ventral rumen . A 

partial marked inhibition of the frequency of reticulum and rumen contractions 

persisted for a further 20 min until rumination occurred ( Fig. 22 ) .  

After the administration o f  50 mg of extract over 30 min the volume o f  

the pouch secretion dropped to  about 50% of its original level , but no 

change in acid conc entration was detected . 1 5  min later the volume of 

secretion fell to 10% of the resting level , while acid concentration 

decreased to 4o% o f  its resting level . Acid output from the abomasal pouch 

was reduced for about 50 min ( Fig .  23a ) .  
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In the experiment s r�p o r t e d  pe psin output from the pouch decreased 

during and follow ing the infusion of ent erogastrone , the fall in output 

was related to the decrease in volume o f  secretion , not to a decrease in 

pepsin concentration . In one experiment the intravenous infusion of  

enterogastrone extract was followed by a definite lowering o f  feed intake . 

Normally when feed was changed at 9 . 30 a . m .  the animal consumed 250 - 300 

g of the cha ff . After 21 5 mg of extract in one experiment it was reduced 

to 1 30 g and in another after 50 mg of extract 220 g of feed was eaten in 

a comparable period during and after the infusion .  

Extrac ts o f  ent erogastrone prepared by the method o f  Greengard et al 

( 1946 ) were on occasions obtained in the form of a brown gum , in contrast 

to the usual white powder. Upon intravenous administration this amorphous 

material exhibited no inhibitory effects upon secretion and motility . 
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Discussion : 

There have been no repor ts of studies recor ding simultaneously the 

e ffects of intraduodenal infusions o f  fat on both reticulum and rumen 

motility and abomasal acid secretion . Othe r effects of  the intraduodenal 

administrati on of fat and ot her subs tan ces have been studied and reported . 

Hill ( 1965 ) describe d changes in acidity of  abomasal secretion and the flow 

of digesta from the abomasum resul ting from the addition o f  triglyceride 

to the diet . Singleton ( 1951 )  infuse d  carbohydra te , protein and fat into 

the duodenum and repor ted e ffec ts on abomasal motility . Phillips ( 1965 ) 

reported experiments in which the infusion of C1 8 unsaturated fatty acids 

into the duodenum caused diarrhoea and inappetence .  Titchen , Reid and 

Vlieg ( 1 966 ) investigated the effects of intraduodenal infusions of fat 

on the food intake of sheep . Movements of the reticulum and rumen were 

recorded from part ial exteriorizations of the se regions . 

In the experiments discussed her e ,  the intraduodenal infusions of 

oleic acid in the higher dose range led to a definite inhibition of abomasal 

secretion , reticulum and rumen motility , and food intake . Abomasal pouch 

secretion was usually inhibited be fore reticulo-rumenal motility, but in 

some cases a decrease in the frequency of reticulum and rumen contractions 

preceded a lowering in acid output from the pouch. The short latency 

before secret ion fell , however, made it unlikely the effect was a direct 

result of the decreased frequency of  stomach movements .  The inhibitory 

e ffect on abomasal pouch secretion exhibited a short latency even with high 

levels of secretion and was manifest as a reduction of volume , acid and 

pepsin output from the pouch . Presumably higher levels of  secretion are 

associated with stronger stimuli to secretion . Abomasal acid secretion 

was more susceptible to the inhibition in the early stages of feeding or of  

the infusion than was reticulo-rumenal motility. Feeding soon after the 
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infusion provided a sti mulus o f  suffic ient s t r ength to overcome the 

inhibitory influenc e on movemen t s  of the reti culum an d rumen b ut not the 

inhibition of pouch secretion . As the inhi b i tory e ffect waned an inc rease 

in acid s e creti on from th e pouch preceded th e return of normal movements 

o f  th e reti culum an d rume n .  Smal l er doses o f  oleic acid produc e d  

marked reduc ti ons in a c id secretion from t h e  pouch but h a d  lit tle d e t e c t -

abl e  e f f e c t  o n  mo tility o f  the r e t i c ulum and rumen . This may be taken to 

suggest that it is unlikely that the inhib i t i on of ab oma sal acid secre tion 

and reti culum and rumen moti lity are ne c e ssari ly brought ab out by th e 

sam e  mechanism . 

The magnitude of the respons e to th e int ravenous in fusion o f  oleic 

acid in the fo rm of the free fat t y  acid was mo s t  marked . �1ov ements o f  

the reti c ulum an d r umen were comple t ely inhibit e d  within 4 min ( 0 . 3 ml ) of 

the s tart of th e infusi on . An immediate and c omple t e  r e ducti on in th e 

delivery o f  the abomasal secretion , but a mai n taine d a c i di ty which o c curred 

in one experiment su Gge s t e d  an inhibi tion of pouch mo tility may have preceded 

that o f  i t s  se creti on . A visible s ide e f fe c t  o f  the int ravenous fat ty a c id 

in fusions was transient "snuf fing" by the animal s . This may have been a 

reaction to the format ion of pulmonary fat embol i ; i f  it was , it was shor t 

liv e d  (20 min ) . This type of experiment mus t be regarde d  as of a pr elim-

inary nature - the intravenous adm inistration o f  fatty acids or o f  oils in 

an appropriate form which does not c ause pulmonary or other side e ff e c t s  is 

a ne cessary adj unct to th e present experiments . In man emulsions o f  fat 

have been fo rmula ted whi ch possess minimum side e ffec t s  and allow their 

introducti on intraven ously to provide a high cal oric int ake in a minimum 

amount o f  fluid . 

In contras t to the situation in the simpler stomache d animal , in the 
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ruminant at least a very high proportion of  the die tary fat is modified 

befo re reaching the duodenum . In  the rumen , ingested triglycerides are 

hydrolysed and the resultant unsaturated fatty acids hydro genated (hydro-

genati on may oc cur be fore hydro lysi s ) . The principal fatty acid entering 

the duodenum of the ruminant is  the saturated C1 8 acid ( stearic acid) , 

although a small quantity of C1 8 unsaturated fatty acids also oc curs ( Ward , 

Scott and Dawson ,  1 963 ) . The effects resulting from the introduction of 

different fatty acids in the ruminant should not be presumed to be the same 

as in simple stomached animals . 

Two maj or theories have be en propos ed as to the absorption of fat 

from th e int estine. Verzar ( 1 936 ) in his Lipolytic Hypothesis modified 

an even older theory of Pfluger and suggested that fat was split in the 

lumen of the int estine by lipase to liberate glyc erol and th e constituent 

free fat ty acids. These fatty acids were "solubilised" in an aqueous 

phase by bile and absorp tion to ok place from this phase . Frazer ( 1 9 46 )  

contested this hypothesis and propos ed that triglyceride o r  neutral fat 

was not completely hydro lysed to glycerol and fatty acids. His theory 

was deriv e d  from th e observation that if triglyceride was emulsified to a 

particle size of less than 0. 5 p ,  absorption of the triglyceride was possible 

without prior hydro lysis . Frazer suggested neutral triglycerid e  was 

hydrolysed to a mix tur e  of mono , di and triglycerides and free fatty acids . 

The glycerides were absorbed into the lacteals· and eventually travelled 

into the thoracic duct lymph . The free fat ty acids passed directly into 

the portal blood stream and were t aken up by the liver. 

Subsequent investigations have supported both theories in part . 

Hoffman ( 1 966) has discussed a physico-chemical approach to the intraluminal 
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phase o f  fat absorption . He stressed the solubility of the hydrolytic 

products in the bile salt micelle and indicated much more lipid should be 

absorbed in the form of monoglyceride and fatty acid than as diglyc eride 

and triglyceride.  Electron microscopic studies of triglyceride absorption 

by pinocytosis have been provided by Palay and Karlin ( 1 959 ) .  Rubin ( 1 966 ) 

however,  advanc ed the view that there is little basis for most o f  the 

mechanisms proposed for the process of triglyceride absorption . 

The route o f  fat absorption at any t ime has been shown to depend on 

conditions existing in the small intestine . Wiseman ( 1 964 ) has reviewed 

the process of absorption of fat from the intestine . Evidence has accumulated 

that the absorption of long chain free fatt y  accids or their triglycerides 

occurs  almost entirely via the lymph (Wiseman p 1 34 ) . Short chain fatty 

acids are absorbed mainly via the por ta l blood and exist in the free form.  

Fatty acids o f  10 carbon atoms or less do not appear to travel v ia the 

lymph in any great amount , whereas those of  longer chain length do . This 

partitioning between portal and lymphatic r outes of absorption can be 

attributed to the greater permeability of lymphatic capillaries. Borgstrom 

( 1953 ) noted that in the absence of bile from the intestine only one quarter 

of the absorbed palmitic acid was transported in the lymphatics. This led 

him to suggest the existence of an alternative pathway of fat absorption . 

This suggestion was supported by Saunders and Dawson ( 1 963 ) who fed c1 4  

oleic acid to rats with biliary fistulae and thoracic duct fistula e .  Only 

7% of the oleic acid absorbed was recovered in the lymph and 28% o f  the 

lymph lipid radioactivity was free fatty acid . Attempts to correc t  the 

defects of absorption in rats deprived of bile by giving the oleic acid 

emulsified in taurocholate ,  in polyoxy-ethylene sorbitan monolaurate ( Tween 

20 , an emulsifying agent ) or as sonicated emulsions ( emulsified in an 

ultrasonic disintegrator without the aid of chemical emulsifying agents ) 
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were made . All three treatments led to the appearance of an increased 

proportion of the fatty acid in the lymph. Tween 20 and the sonicated 

emulsions did not correct the de ficiency in esterification as shown by the 

high percentage of oleic acid in the free fatty ac id form in the lymph . 

Taurocholate in a concentration similar to that found in the int estinal 

lumen partially corrected the de ficiency in the esterification of oleic 

ac id. 

The impor tance o f  the particle size of the digestion products in the 

lumen of the intestine in determining the ultimate fate of these substances 

has been indicated. Rubin ( 1 966 ) has reviewed electron microscopic 

studies of triglyceride absorption in man . He has discussed the confusion 

which has arisen over the term pinocytosis and has suggested this process 

is be st expressed by the recognition of three classes of pinocytosis as 

proposed by Fawcett ( 1 965 ) .  In this concept macropinocytosis has been 

defined as a process that is sufficiently gross to be resolved by light 

microscopy . Smaller invaginations which may only be seen by electron 

microscopy have been designated as occurring by micropinocytosis.  This 

latter process has been further divided into two type s ;  one involving 

smooth surfaced thin membranes, the other involving heavier membranes with 

specialized coatings . Rubin has reported that accumulating evidence 

suggests the heavier "fuzzy" membranes have properties for selec tive binding 

of particular classes of ions or molecules which can then be absorbed by 

micro-pinocytosis. Absorbed  digestion products have been shown to enter 

the intestinal columnar c ell in different ways . Rubin ( 1 966 ) has provided 

evidence for the micropinocytotic entry of protein into the intestinal c ells 

of new born suckling puppies. In puppies fed whole protein ( colostrum) 

and corn oil simultaneously ,  the pinocytotic entry of whole protein was 

reported to be demonstrated, but no clear morphological evidence of pino-
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cytosis of fat was evident . The membrane of the invagination thought 

to be associated with the entrance of the protein was thicker than the thin 

membranes surrounding fat particles . Shiner ( 1 966 ) has submitted evidence 

to show that fat droplets may enter the intestinal cell through the membranes 

o f  the microvilli without the requirement of a pinocytotic mechanism .  

Drople ts of 250� diameter were observed close to the inner o f  the double 

membranes surrounding the microvilli . In contrast droplets absorbed by 

pinocytosis between the microvilli were o f  about 500R diameter . In a 

comparison between the intra-microvillous transport and the pinocytotic 

entry of fat , Shiner suggested that the process of intramicrovillous trans­

port , by the great area available for absorption was compatible with the 

observed speed with w hich fat enters the epithelial cell . 

Saunders and Dawson ( 1 963 ) have discussed the e ffec t s  on the metab­

olism of fat ty acids entering the intestinal cell by pinocytosis.  Fat 

globules entering the cell in this way were surrounded by a membrane of the 

endoplasmic reticulum which contains many of the enzymes necessary for 

triglyceride synthesi s .  I t  was thought that fatty acids entering the cell 

by pinocytosis may be converted to triglycerides while those entering by 

other pathways may remain unesterified. 

It would appear from the results cited that fat and other digestion 

products may be absorbed into the intestinal cell in a variety of ways ; the 

mode of absorption probably determines to some extent the immediate environ­

ment into which the absorbed substances come into contact and this in turn 

could affe c t  the subsequent metabolism of an absorbed digestion product in 

the intestinal cell.  The route taken by the material absorbed from the 

lumen of the intestine probably reflects the form and particle size ( molecu-

lar or otherwise ) in which it is discharged by the cell . In an animal 

subjected to abnormal amounts of fat in the intestine , pathways of fat 
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absorption not usually of any consequence in the transport of digestion 

product s  from the lumen of the intestine may become of moment . For example 

it seems probable ,  although no de finite evidence has been provided ,  that 

in the normal animal a small amount of long chain fatty acids pass into the 

portal vein and hence into the general circulation (unless they are com­

pletely metabolised by the liver ) .  This pathway could conceivable become 

of greater importance when large amounts of fat were present in the intestine . 

The relationship be tween fat absorption and the inhibitory e f fect o f  

fat o n  gastric secretion and mo tility is emphasized when one considers the 

profound influence that conditions in the duodenum exert on this inhibitory 

action ; o f  particular importance are the pancreatic lipolytic enzyme lipase , 

and bil e .  Heath and Morris ( 1 962 , 1 963 ) have shown that the absorption 

of fat , and the role of bile and pancreatic j uice in the absorption o f  fat 

in sheep and lambs is essentially the same as that which occurs in simple 

stomache d animals . Menguy ( 1 959 ) analysed some of the inhibitory e f fects 

on gastric secretion in the intac t rat by the introduction of fat into the 

small intestine . This inhibitory ac tivity was decreased when bile was 

diverted from the small intestine . �Vhen bile salts were administere d , the 

same degree of inhibition as in the intact rat oc curred . In previous 

experiments , ( Menguy and Koger , 1 959 ) it had been found that the parenteral 

administration of bile salts inhibited gastric secretion in rats ; this 

same dose intraduodenally failed to alter gastric secretion . Unpublished 

results quoted,  showed that oleic acid intraduodenally was not as effective 

as olive oil in inhibiting acid secretion in the rat . Menguy ( 1 960 ) in 

further studies in rats found that the introduction o f  olive oil into the 

duodenum suppressed gastric motility . In rats in which the bile was kept 

out of the small inte stine by "shunting" it t o  the rectum ,  the same amount 

of oil consistently failed to alter gastric motility . When the oil was 
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mixed with bile salts , complete and immediate suppression of gastric 

motility occurred . In rats with diversion of both pancreatic and biliary 

secretions , gastric motility was unalt ered by either oil alone or oil mixed 

with bile sal ts .  Oleic acid failed t o  alter gastric motility in "bile 

shunt ed"  rats . In a study o f  fat absorption in rats deprived of their 

exocrine pancreatic secretions , Masarei and Simmonds ( 1 966 ) observed that 

virtual ly no triglyceride was absorbed in the absence of both bile and pan-

creatic juice. The triglyceride had been administered as a fine emulsion 

with most of the particles less than 0 . 3 p in diameter , and this was taken 

to suggest that the experiment s provided strong evidence against the 

absorption of triglyceride by pinocytosis.  In contrast the absorption of 

finely emulsified fatty acid was not significantly decreased in pancreati c  

fistula animals ( lipase and bile absen t ) . These workers conclude d that 

bile or pancreatic juices are essential for the absorption of triglyceride 

from the small intestine , but not for the absorption of fat ty acid . 

Kern and Borgstrom ( 1 965 ) have di scussed the e f fect of a conjugated 

bile salt on ole ic acid absorpt ion in the rat . They state that conjugated 

bile salts participate in the int estinal absorption of fat ty acid and suggest 

they do by the following mechanisms : 

1 .  the "solubilisation" o f  fatty acids and monoglycerides within the 

lumen of the intestine by the formation of micelles ; it is in this 

form that the lipids are thought to be absorbed normally.  

2 .  within the intestinal epithelial c ell they facilitate the synthesis o f  

triglyceride and stimulate the incorporation o f  glucose and glycerol 

into lipid . 

3.  they exert a poorly understood and controversial e ffect upon gastro­

intestinal motility . 

Kern and Borgstrom ( 1 965 ) showed that oleic acid  is very slowly 
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absorbed by rats with biliary fistulae ; when a pure conjugated bile salt 

was fed simultaneously with oleic acid the rate o f  absorption of the oleic 

acid was increased . They suggested that their data indicated bile salts 

increased the rate of gastric emptying , but no conclusive evidence o f  this 

was obtained .  The addition o f  bile salts to the diet increased the per­

centage of the labelled oleic acid (use d  to detect the fate of oleic acid ) 

in the triglyc eride frac tion extracted from the small intestinal mucosa o f  

biliary fistula rats . This effect o f  bile was not present in control oper-

ated rats.  The rate of absorpt ion of oleic acid seemed to be dependent 

upon the amount of bile salt present . Bile sal t in excess o f  the amount 

usually present did not increase the percentage o f  labelled oleic acid in 

triglyceride in the mucosa . It was suggested that excess bile salt 

increased absorption by an intraluminal e ffect , perhaps by leading to an 

increased mic ellar solubilisation . 

The presence of bile and lipase in the intestine is  probably of 

importance in determining the osmolali ty of the intestinal contents . The 

possibility o f  the existence o f  a mechanism sensitive to the osmolality of 

the intestinal contents which initiates an inhibition of gastric secretion 

and motility has been proposed ( Hunt 1 956 , Sircus 1 958 ) . Sircus ( 1 958 ) 

showed in dogs that hypertonic saline , glucose , fructose , polysaccharide 

complexes and peptone inhibited gastric secretion when introduced into the 

duodenum in concentrations so as to raise the osmolality beyond certain 

levels . Ther e  was a notable similarity of inhibition produce d  by these 

di fferent substances in different pouch and duodenal preparations in respect 

of latent period, duration of action and degree of effect .  This suggested 

the possibility that a single common osmoreceptor mechanism operates in the 

small int estine . The osmoreceptor was postulated to act by the release of  

an inhibitory agent or  perhaps by  interfering with the vasculature of the 
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gastric mucosa .  Support for the latter view has been provided b y  Menguy. 

He cited unpublished results (Menguy 1 960 ) in which it was found that an 

inhibition of  the gastric secretory activity produced by fat in the intestine 

was accompanied by a decrease in blood flow to the fundus of the stomach . 

It seems probable  that both the osmotic and pH sensitivi ty ( Hunt 1 956 , 

Sircus 1 958 ) and the capacity to respond to these forms of  stimulation are 

present in the duodenum . Fat , however , is e ffec tive in causing an inhibition 

even when instilled into the jej unum ( Sircus 1 958 ) . 

Although the absorption of fat from the intestine has been de finitely 

implic ated in the response of  gastric secretion and motility, the exact 

mechanism of the inhibition has not been established. Since both secretion 

and motility have be en inhibited in transplanted pouche s ,  a humoral agent 

has been generally accepted to be responsible for the inhibitory actions. 

Feng , H�u and Lim ( 1 929 ) concluded that fat per se was not the inhibitory 

agent responsible for the reduc tion in secretion from autotransplant ed  pouches . 

Intravenously administered thoracic duct lymph collected be fore and after a 

fat meal was without ef fect on secretion . Defatted lymph ( ether extract ) 

appeared to cause a slight stimula tion of secretion . The experimental 

details provided are meagre and it is difficult to regard their experiments 

as providing a final answer on the problem . Quigley , Zettleman and Ivy 

( 1 934 ) analysed the factors involved in gastric motor inhibition by fats. 

Their results showed that no gastric motor inhibition followed the intravenous 

inj ec tion o f  emulsified fat (egg yolk) or the products of fat digestion 

( soap , glycerine and intestinal lymph ) . However , after the introduction o f  

egg yolk the dogs still exhibited a voracious appetite despite the existing 

lipaemia . This suggests the fat was not in a suitable physiological form 

to produce motor inhibition , as satiation would be expected to have occurred .  

1 00  m g  sodium oleate i n  10 c c  of  saline administered intravenously failed 
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to inhibit motility . An olive  oil emulsion was tried but proved too toxic 

for intravenous administration . It  appears unlikely from these studies 

that thoracic duc t lymph contains the inhibitory principle . Clear experi-

mental evidence is lacking that an absorbed digestion produc t of fat serves 

as an inhibitory factor . However , in the present undertaking, the inhib-

ition o f  reticulum and rumen motility resulting from the intravenous infusions 

of oleic acid , suggests that the entrance o f  long chain free fatty ac ids 

( abbreviated below to LCFA ) into the general circulation ( either via the 

lymphatic or portal route )  could be th e inhibitory mechanism exerted by the 

presence of fat in the duodenum. The decrease in the esterification o f  

LCFA b y  the int estinal mucosa i n  the absence o f  bile results in a higher 

level o f  blood LCFA in the free form ( Saunders and Dawson 1 963 ) . In the 

normal animal sudden loading o f  the intestine could conceivably cause ( due 

to a temporary deficiency of bil e )  an elevated blood FFA level both from 

lymphatic and portal vein transport .  The long durat ion o f  an inhibition 

induced with the larger doses o f  oleic acid ( 1 0  ml ) use d  in the present 

experiments was probably due to stasis of the gut content s .  During such an 

inhibit ion , reticulum and associated rumen move�ents ( ' A '  sequences ) were 

affected to a greater degree than rumen movements alone ( ' B '  sequences ) . 

A number of ' B '  sequences ( which are usually associated with eructation ) ,  

frequently occurred in groups when the animals stood . This event could 

have been the result  of reflex stimulation o f  rumen contractions by the 

exposure of receptors to gas .  Reid ( 1 962 ) has reported that the insufflation 

of gas into the reticulum and rumen resulted in a stimulation of ' B '  sequence 

c ontract ions . 

In studies on the parental administration o f  fat emulsions in the 

rat , Baume , Meng and Law ( 1966 ) found these infusions had dose related 

depressant e ffects  on the volume and acidity of gastric juice. No acute 
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microscopic mucosal lesions were locate d ,  although neutral fat accumulation 

occurred in t he gastric mucosa and submucosal arterie s .  One explanation 

offered of the e ffect was the int estinal or biliary excretion of intravenously 

administered fat with the subsequent release o f  enterogastrone . Burr , 

McPherson and Tidwell ( 1 960 ) administered fat emulsions intravenously to 

rats and followe d  their appearance in the cont ents of the intestine . Fat 

was administered either as labelled fat emulsions , labelled chyle and as 

labelled abumin fatty acid complex. It  was calculated 1 1 % of the intestinal 

lipid originated from blood lipid secretion. This work supported the 

hypothesis that blood lipid re-enters the intestinal tract .  Baume et  al 

( 1 966 ) also o ffered as possible mechanisms for the diminution in gastric 

secretion , ei ther a reduction in gastric blood flow or a direc t  ac tion o f  

the intravenous fat on the oxyntic cells . However , the results obtained 

may have been due in part to central e ffects . Cirpili a nd Ridley ( 1 966 ) 

have obtained evidence in rats of an association between the ventromedial 

nuclei o f  the hypothalamus and the acid and pepsin secreting cells o f  the 

stomach. Changes in the blood composition following intraduodenal infusions 

of oils and fatty acids may in fluence higher centres in the brai n .  May er 

( 1 955 ) and Kennedy ( 1 953 ) have advanced, respectivel� long term and short 

term lipostatic theories on the control of food intake . Circulating levels 

of non-esterified fatty acids have been considered on low carbohydrate  diets 

to give a be\ter indication of hunger-satiety relationships than the change i n  

arterio-venous glucose ( see Anand 1 961 ) .  

The differential effect obtained with the intraduodenal infusion of 

oleic, linoleic and linolenic acids on motility indicates that a mechanism 

may exist whereby unsaturated fatty ac ids entering the blood stream may 

inhibit movements of the reticulum and rumen. If one were to argue tele-

ologically this would be held to enable further hydrogenation of  unsaturated 
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fat ty acids in the cranial compar tments of the ruminant st omach . The 

e ffects observed could be a reflec tion of the ra te of absorption of the 

fatty acids ( see discussion below o f  Roberts ' ( 1 931 ) work ) . The present 

experiments provide an indication of the importance of undertaking an 

extensive c omparison o f  the e ffects o f  intravenous and intraduodenal infusions 

o f  these fatty acids . Roberts ( 1 931 ) studied t he effects o f  oils on 

gastric secretion and motility in man. From an analysis of the actions 

of the oral administration of di fferent oils and fatty acids , Roberts 

c oncluded that possibly a relationship exis ted be tween the iodine value 

of the oils and their inhibitory potency . The greater the degree o f  unsat-

uration of the constituent fatty acids of the oils,  the greater the inhibition . 

He suggested the e ffects  might reflect  the di fferent rates of absorption 

o f  the fats . Quigley and Meschan ( 1 941 ) showed that oleic or linoleic 

acids inhibited the frequency and ma gni tude of c ontractions o f  the pyloric 

sphinc ter more effectively than cream , palmitic , ricinoleic and myristic 

acids . The sodium sal t s  of the fatty acids were more effective than the 

triglycerides . Card ( 1 941 ) compared the inhibi tory action of different 

fats and fatty acids introduced into the duodenum on gastric contrac tions . 

No difference was dete cte d  in the inhibition resulting from tributyrin, 

tricaproin , tripalmitin and triolein when emulsified with bile sal t s .  Lin-

oleic acid was twice as potent in reducing gastric contractions as butyric , 

caproic , palmitic or oleic acids . 

A comparison between the e ffects of  the intraduodenal infusion of 

oleic acid and olive oil in the sheep were studied in the experiments des­

cribed earlier. The latency of the inhibition produced by the introduction 

of 2 ml o f  oleic acid into the duodenum was shorter than that with 2 m1 of 

olive oil administered in a comparable manner . The duration and intensity 

of the inhibitory e ffects on acid secretion were greater with oleic acid. 
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These results support the findings of Long and Brooks ( 1 965 ) who found that 

in dogs with vagally innervated gastric pouches the duration of the gastric 

inhibition was longer and the absorption more prolonged with oleic acid than 

with triolein. The longer laten cy in response to the olive oil is presumably 

due to the time required for hydrolysis of the triglyceride . In the sheep 

only traces of monoglyceride are present in the small intestine ( Lough , 

Lennox and Garton , unpublished results ,  cited by Garton 1 965, p 397 ) : the 

importance of monoglyceride in micelle formation has been mentioned previously 

by Hoffman ( 1 966 ) .  It appears ,  therefore , the quantitative release of an 

inhibitory principle from the int estine o f  sheep might b e  of moment in relation 

to an increased duration of fat absorption in these animals . 

The graded dose effect o f  oleic acid on motility o f  the reticulum and 

rumen and secretion from the abomasal pouch c an be taken to suggest that the 

two inhibitory effects are no t brought about by the same mechanism . In the 

sheep a 2 ml dose of oleic acid introduced into the duodenum caused a def­

inite decrease in the pouch secretion but had no significant effect on 

movement s  of the reticulum and rumen . The 2 ml dose may have been of 

insufficient amount to raise the blood free fatty acid levels above a post­

ulated critical level ; in c ontrast the absorption of this dose could have 

been such to cause the production of an inhibitory agent ( perhaps entero­

gastrone ) which may affect gastric secretion only and have little or no 

effect on reticulum and rumen mot ility. An indirect e ffect of the inhibit­

ory agent in this case may result from a decrease in abomasal acid secretion 

with a consequent withdrawal o f  an afferent s timulus t o  reticulum and 

associated rumen mevements . Additional evidenc e to support the view that 

in sheep , motility of the forestomachs and secretion o f  the abomasum are 

differentially affected by the presence of fat in the duodenum is provided 

by the observation that feeding an inhibited animal soon after the intro-
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duction of fat , markedly stimulated movements of the reticulum and rumen , 

but had no stimulatory e ffects on abomasal acid secretion. 

As a duodenal hormone , namely enterogastrone , is presumed by many 

to be released from the intestine by the presence of fat , an investigation 

of the e ffects of enterogastrone extracts in sheep was initiated.  The 

experiments described above appear to provide the first reports of the 

effec ts in ruminant s  of the administration of enterogastrone on reticulum 

and rumen motility and ab omasal pouch secre tion. 

In sheep the e ffec ts of the extract s  were shorter in duration as 

compared wi th the responses reported in the cat and dog .  The reasons which 

may be o ffered to explain the di fferent time course of the response include 

the following : 

1 .  The extracts prepared could have been less active than those used by 

Greengard e t  al ( 1 946 ) . I t  is possible that in the present case the 

situation was intermedia te be tween that of Greengard et  al ( 1 946 ) and 

of Howat and Scho field ( 1 954 ) . Howat and Schofield ( 1 954 ) failed to 

prepare active extracts in their laboratory and depended on the provision 

of potent preparations from Ivy ' s  laboratory . 

2. Enterogastrone per se , prepared from pig int estine may exhibit a lower 

activity in sheep than in o ther animals .  Investigations o f  the same 

hormone in different specie s ,  have in some cases demonstrated the 

existence  of small di fferences in the amino acid content and sequence 

oc curring in the active centres of the molecule (Gorbman and Bern , 1 962 ) . 

This point is of importance in relat ion to the ac tivity of gas trin 

discussed later. 

3. Compared with animals possessing a simpler form of stomach, in sheep a 

stronger s t��ulation to acid secretion may exist . This could result 

from -� 8. .' greater ·' sensitivity of the acid secreting cells to chemical 
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and nervous stimulation,  and might be accompanied by an increase in 

sensitivity to inhibitory agents . 

The abomasal secretory mucosa in it s provision of a continuous and 

at t imes intensive secretion of acid and pepsin , has perhaps evolved 

a mechanism such that during these periods , exhaustion of the cells 

involved does not occur .  Anderson , Fletcher , McAlexander , Pitts , 

Cohen and Harkins ( 1 961 ) have isolated gastrin extracts from the fundic 

as well as the pyloric region of the abomasum of cattle . It is no te-

worthy that these extracts were much longer ac ting when tested in do gs 

than those obtained from non-ruminants . 

4. The mode of adminis tration of the extrac ts differed in that in the 

experiments under taken above slow intravenous infusions over 30 min 

were given . Earlier workers gave single inj ec tions o f  ma terial . 

Some preparations o f  enterogastrone had more profound e ffects on 

the motility of the reti culum. and rumen than did others ; this could be 

ascribed in par t ,  to the ac tivity of the animal at the time o f  infusion. 

On the other hand , the degree of puri fication of the extrac t may have contrib­

uted to the apparent di fferential act ions . A preparation of enterogastrone 

made by Gray and his colleagues inhibited both pouch secretion and motility 

( Gray et al , 1 937 ) .  Another preparation was reported to inhibit pouch 

secretion but to possess little i f  any inhibitory effect on pouch motility 

( Greengard et al , 1 946 ) . The recovery of  an extract with motor depressant 

properties from the by-products of purification has not been reported to 

the date of writing.  

One question which arises is  whether reticulum and rumen motility are 

more susceptible to inhibition by enterogastrone extracts than is abomasal 

motility. In ruminants it has been established that movements of the more 

cranial regions of the stomach are under the control of the central nervous 
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system. In animals with a simpler form of stomach the intrinsic innervation 

or mechanisms are perhaps more dominant in the control of the basic motor 

activity of the stomach : a fine regulator of this ac tivity is provided by 

the extrinsic nerves . The dependence o f  the orderly motility of the retic­

ulum and rumen on the control exerted from the medulla oblongata may mean 

that a greater susceptibility to inhibitory effects is due to  a central 

e ffec t  o f  enterogastrone rather than solely a peripheral mechanism. 

Harris , Grossman and Ivy ( 1 947 ) investigated the role of the vagus 

nerves in the inhibition of gastric motility by fat and int estinal extrac ts . 

They demonstrated that intestinal extrac ts failed to inhibit distension­

induced motility in the vagally denervated st omach : this was taken to have 

indicated that the mo tor inhibitory factor in the extrac t , which is active 

in the vagally innervated stomach , is not related to the motor inhibitory 

chalone released by the presence of fat in the intestine . Harris et  al 

( 1 947 ) suggested the inhibitory agen t in the extrac ts may be non-specific 

in character and point out that the specific chalone for mot ility released 

by the presence of fat in the duodenum ( capable of inhibiting distension­

induced mot ility in the extrinsically denervated stomach , as well as the 

innervated stomach ) has never been isolated as a separate entity from the 

intestinal mucosa. 

In sheep some similarity in the inhibitory effects on reticulum and 

rumen movements resulting from intraduodenal infusions of fat , and the 

inhibition accorded by exogenous enterogastrone was observed . In both 

cases the frequency o f  ' B '  sequences of contraction was less affected than 

that o f  ' A '  sequences,  and in both cases ventral rumen contractions o f  the 

' A ' sequence were greatly reduced in force .  This effe c t  however , could be 

general for a number of inhibitory mechanisms and in the cases above not 

due to the same active principle .  Irregularities in contractions o f  the 
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reticulum on rumination such as were observed in the recovery from a long 

term oleic acid induc ed inhibition were not observed during or after the 

administration of enterogastrone extracts . 

Uvnas ( 1 948 ) prepared an enterogastrone extrac t according to the 

method of Greengard et al ( 1 946 ) for use in the study of gastric secretion 

of cats . His preparations contained a vasodepressor material which 

apparently was not histamine - the extract failed to cause contraction of 

guinea pig ileum . This is akin to the situation found in the present study 

and commented on in "methods" in this chapter . Uvna s reported the content 

of secretin was high in his enterogastrone preparation as t he pancreatic 

secretory response to the extract was 1/1 0th of that elicited by a commercial 

secretin material . Uvnas '  preparation failed to inhibit histamine 

stimulat ed gastric secretion and in some cases produced a distinc t increase . 

Uvnas suggested the lack of inhibitory potency and the small potentiating 

effect of the extract was the result of contamination with gastrin . The 

possible signi ficance o f  this in the inhibition of reticulum and rumen 

movements will be t aken up in a later discussion dealing with gastrin . It  

is possible that in the case of those experiments described above in which 

inhibitory effects on motility of the reticul um and rumen were not detected,  

the inhibition was masked by the over-riding e ffect occasioned by the effect 

of feeding. 

The influence o f  enterogastrone on abomasal pouch secretion was mani-

fest mainly as an inhibition of the volume of secretion . Acid output was 

lowered but the acid c oncentration of the secretion was not greatly inhibited 

initially; this is in keeping with the view of Linde , Obrink and Ulfendahl 

( 1 952 ) who contend that the inhibition of acidity appears to be a consequence 

of the reduction in volume of gastric secretion. 

Feeding during a fat-induced inhibition of secretion and motility 
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result ing from the intraduodenal infusion of 1 0  ml oleic acid failed to 

increase the acid output from abomasal pouches , but st imulated reticulum 

and associated rumen contractions ( ' A '  sequenc es ) . Feeding after an 

intravenous infusion o f  enterogastrone extract resul ted in an increased 

frequency of reticulum and rumen movemen t s ,  and an increase in the acid 

output from t he pouch. These observations may be  simply due to a quantit-

ative di fferenc e in the circulating levels o f  the inhi bitory agent . On the 

other hand , the infusions of 2 ml oleic a c id into the duodenum , where 

feeding faile d to stimula te acid secret ion from the pouch , implies that 

either the cont ent of ac tive enterogastrone in the extract used was low in 

compar i son to the amount liberated from the intestine in response to fat , 

or the inhibition o f  secretion produced by the extract occurs by some 

mechanism other than that accorded by fa t . 

In one experiment , no re sponse to the intrav enous infusion of 21 5 mg 

extract was detected until fe eding ceased , 45 min after the infusion ended . 

Movements of the ret iculum and rumen became irregular for 7 - 8 min and the 

volume of pouch secretion dropped from 1 2  ml/1 5 min to 1 . 5 ml/1 5 min . The 

decrease in pouch secretion could not be at tributed to the irregular motility , 

but was more likely due to some agent which affected both of these . Whether 

the inhibitory agent was present in an active state throughout the period 

of feeding and once th e desire for food was partially satisfied the inhib-

i tion broke through , or whether the extract was metabolised in some way to 

liberate active products is not known . With the largest dose used ( 21 5  mg) 

perhaps there were sufficient st imulatory substances present to mask inhibition. 

No inhibitory effects were det e cted on the pepsin concentration o f  the pouch 

secretion , but peps�n output was lowered considerably. Grossman, Greengard , 

Woolley and Ivy ( 1 944 ) in a study of pepsin secretion and enterogastrone 

found that no inhibition of pepsin concentration occurred in denervated or 
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innervated pouches in response to the extract s ,  but a depression o f  

pepsin conc entration a fter fat adminis tration occurred i n  the vagally 

innervated pouch. 

A non-specific inhibition of pouch secretion and reticulo-rumenal 

mot ility mus t be regarded as a distinc t possibility when the actual crudity 

of the extrac t is envisaged. Pyrogens are a common contaminant of biolog-

i cal preparations . Temperature recordings were not taken after the entero-

gastrone administration as it was thought this further int er ference might 

influence secretion anyway . Necheles ( 1 942 , 1 945 , cited by Howat and 

Schofield , 1 954 ) claimed an inhibition o f  gastric secretion may be produced  

by doses of  pyrogens too  small to affe c t  body temperature . I t  was hoped 

that the millipore filtration would e liminate bac terial contaminat ion . 

I t  is however , di fficult to dismiss the results obtained as being of no 

significance and due to contaminants . 

An indication o f  the possible importance of contaminants  in the 

prepara tions was provided by the observation that the infusion of the gummy 

and pr esumably less purified ma terial was without adverse e ffect upon 

secretion and mot ility. It  would appear from this result that the inhibitory 

principle in these preparations was either combined with other material in 

such a way so as to be unable t o  exert its true e ffec t or else it was entire­

ly absent . 

One o f  the experimental difficulties in intravenous infused experiments 

undertaken on gastric secretion is the ac tion of heparin on the responses. 

Thompson,  Lerner , Tramontana and Miller ( 1 966 ) investigated the range of 

action of heparin in suppressing canine gastric acid secretion . 10 ,000 

U . S . P .  units o f  heparin given intravenously at the time o f  the secretory 

stimulus significantly inhibited the responses in gastric secretion to a 

meal , gastrin , histamine , insulin and ace�kholine in dogs o f  20 - 25 kg . 
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An experiment in the pr esent study was undertaken to test the action of 

heparin on pouch secretion in she ep . 1 000 units given intravenously was 

without e ffect on ret iculum and rumen motility and the volume of abomasal 

pouch secret ion.  A possible inhibitory e ffe c t  on the ac idity of secretion 

was not iced after one injec tion , but this was not confirmed by further 

studies . A de tailed inv estigation as to the potency of heparin in inhibit-

ing acid secretion in the sheep is warranted. 

The failure to purify and characterise enterogastrone as a separate 

entity , and the failure of en terogastrone extrac ts to exhibit the properties 

of  endogenous en terogastrone has led many workers to regard the existence 

of the hormone with suspicion . Accumulating evidence ov er recen t years 

has suggested ent erogas trone could be one o f  the accepted duodenal hormones 

passing either unrecognised or in another form .  Greenlee e t  al ( 1 957 ) 

describe d a secretin preparation which when tes ted agains t pouch secreti on 

in th e do g , was found to possess al l the physiological properties of entero-

gastrone liberated by the presenc e of fat in the duodenum . Gillespie and 

Grossman ( 1964 )  studied the inhibi tory e ffect o f  secretin and cholecystokinin 

on gastric secretion in do gs in response to gastrin and his tamine . Rapid 

intravenous inje c tions of secretin and cholecystokinin inhibit ed the acid 

response of Hei denhain pouches to c ontinuous gastrin extract .  Cholecysto-

kinin caused a greater inhibition than secretin .  Respons es t o  small doses 

of histamine were inhibited by cholecystokinin , but not by secretin.  

Gregory and Tracy ( cited by Gregory 1962 p 1 29 )  infused fat into the duodenum 

(liberating enterogastrone ) and found this procedure di d not cause an 

inhibition of pouch secretion stimulated by inj ections of gastrin .  It  was 

concluded enterogastrone interfered with the release of gastrin from the 

antrum. 

Jordan and De la Rosa ( 1964) investigated the inhibition of gastric 
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secretion by duodenal mucosal extracts. "Pure" preparat ions of secretin 

and cholecystokinin provided by Jorpes were parenterally adminis tered to 

dogs with denervated fundic pouche s . Secretin did not significantly inhibit 

the stimulati on of gas tric secretion following feeding unless a do se in the 

toxic range was us e d .  Secretin did ,  however , inhibit secretion following 

a second meal . The data was int erpreted to suggest tha t secretin exerted 

a greater e ffect on the int estinal phase of gastric secretion .  This view 

was suppor ted when secretin failed to inhibit gastric secretion ( gastric 

phase ) stimulated by perfusion of the antrum with liver ( a  means of achieving 

gastrin r elease ) . Cholecystokinin preparations inhibited gastric secretion 

which oc curred with both the first and second meal s ,  as well as that 

stimula t ed  by per fusion of the antrum with liv er solution . Diversion of 

bile to the outside did not diminish the inhibitory effe c t  of cholecystokinin . 

Johnson and Magee ( 1 965 ) repor ted gastric motor inhibition by cholecystokinin-

pancreozymin extrac ts . Secret in extracts and serotonin failed to inhibit 

gas tric motility . Two cholecystokinin-pancreozymin preparations consistently 

inhibit ed the motility of denervated pouc hes and innervated stomachs . 

Intraduodenal instillation of small volumes of olive oil and peptone inhibited 

pouch motility in a similar manner to the cholecystokinin-pancreozymin 

extract s .  After boiling in water for 60 min the preparations remained 

potent in inhibiting motility . Incubation with activate d  pig pancreatic 

juice at 37
°

C for 30 min destroyed the gastric motor inhibitory and cholecysto­

kinetic properties of the extract .  In a further study Johnson,  Brown and 

Magee ( 1 966 ) reported that cholec ystokinin-pancreozymin extracts produced 

an inhibition of gastric motility in man . The extracts  were not tested 

against acid secretion at this s tage .  

Jorpes and Mutt ( 1 966 ) took crude extracts of c holecystokinin-pancreo­

zymin and passed them over an acidic ion exchanger , a basic ion exchanger , 
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a sephadex column an d  another acidic ion exchanger. This procedure 

resulted in a 1 0,000 fold increase in hormonal activity without any observed 

change in the ratio o f  cholecystokinin-pancreozymin . It  was assumed that 

both activities were exerted by the same substance.  Evidenc e to support 

this contention was obtained when both activities were lost by oxidation 

with H2o2 and restored with cysteine .  

The idea that enterogastrone , pancreozymin and cholecystokinin are 

one and the same hormone is an attractive proposal. Pancreozymin stimulates 

the enzyme output from the pancreas . Cholecystokinin causes contractions 

of the gall bladder with the subsequent delivery of bile into the duodenum. 

Enterogastrone inhibits gastric secretion which would have increased the 

duodenal acidity . Lipase,  bile and a less acid pH provide optimum conditions 

for fat absorption. One simple observation that makes this idea difficult 

to accept is that peptone which is a particularly effective stimulant to 

pancreozymin release from the duodenum (Wang and Grossman 1 951 ) ,  has not 

as great an effect as fat on gastric secretion. 

The existence of three separate entities , pancreozymin , cholecystokinin 

and enterogastrone has not been disproved. As the hormones arise from the 

same region, the duodenum, and produc e their effects on digestive organs , 

a similarity in their molecular configurat ion is conceivable .  A common 

property pertaining to hormones with similar sequences of amino acids is an 

overlapping of their activities ;  this has been described for example ,  with 

adrenocorticotropic hormone and melanocyte-stimulating hormone from the 

hypophysis (Li, 1963 ) . Hormones possess in their structures certain 

sequenc es of amino acids which are essential to the activity of the molecule . 

These areas are known as the active centre o f  the hormone. In purification 

processes part of the molecule which determines the specificity of a hormone 

for a definite tissue may have become damaged or lost . If the active 
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centre has remained intact , the result ing molecule may now be active in 

other t issues and exhibit properties of hormones with a similar ac tive 

cent re . 

Ent erogas trone ha s  been implicated as the parent molecule o f  the 

gas tric secretory depressant factor urogastrone , found in urine ( Gray , 1 941 ) .  

Kaulbersz , Patterso n and Sandweiss ( 1 962 ) found tha t urogastrone extracts 

prepared from the urine of hypophysectomised dogs did not possess the usual 

secretory depressant characteristics of urogastrone pr eparations. Entero-

gastrone extracts prepared from the int estine of hypophysectomised dogs 

were no dif ferent frorr. those of normal do gs. It was suggested this was 

evidenc e that urogastrone is unlikely to be excreted entero gastrone . The 

conclusion may be questioned as hypophysectomy could conceivably have 

affe c ted some tissue responsible for the degradation of enterogastrone 

subsequent to its release from the int estine. The writer is particularly 

scepti cal of the physiological significanc e that is attribut ed to , and the 

proposed origins o f ,  biologically active fac tors isolated from urine . 

Although the liberation of enterogastrone appears to be related to 

the absorption of fat by the int estinal mucosal c ell ( Menguy 1 959 , 1 960 , 

Sircus 1 958 ) a more general mechanism conc erned with enterogastrone release 

mus t be envisaged to encompass the inhibitory actions not only of fat but 

also carbohydrate and protein (Schofield 1 959, Sircus 1 958 , Johnson and 

Magee 1 965) . Schofield ( 1 959 ) has provided evidence which strongly suggests 

entero gastrone plays a regulatory role in the process of  gastric emptying 

even in the absence o f  fat. In a dog fed lean meat , the tone and motility 

of a completely denervated or transplanted fundic pouch was inhibited 

1 5  min after consumption of the meal . The manner of the inhibition was 

similar to that obtained upon the introduction of  fat into the duodenum. 

It  appears that one could regard enterogastrone as be ing one part of a 
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mechanism which operates to provide relatively stable conditions in the 

small intestine - stable c onditions say in terms o f  osmolality , pH and 

concentrations of products of the hydrolytic digestion of fat ,  carbohydrate 

and protein. 

The result s presented earlier can be taken to suggest tha t mot ility 

of the reti culum and rumen and abomasal acid secretion are not ne cessarily 

inhibit ed by the same me chanism . It  is suggested that motility o f  the 

forestomachs may be markedly influenc ed by the pr esenc e o f  long chain fatty 

acids in the blood stream . In the absence o f  evidence o f  a greater sensitiv-

ity of the gastric secretory mechanism to circulating fatty acid and in the 

light of the unsatisfac tory role of the effects o f  vagotomy , it appears 

that the most likely explanat ion for th e inhibitory effects in the case of  

secretory resp onses is  tha t which supposes the liberation o f  a chalone or 

inhibitory hormone , from the smal l intest ine . Conclusive evidence to 

suppor t these suggestions will not be provided until a purified extract of 

ent ero gastrone has been obtaine d ;  until it has been demonstrated t o  mimic 

the effects of  the introductio n of fat into the duodenum ; demonstrat ed to 

possess inhibitory e ffects on gastric secretion , but no direct  ac tion on 

motility of the reticulum and rumen ; and its release has been identified 

by a specifi c  bioassay or better still , chemical assay procedure . 
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CHAPTER IV 

GASTRIN 

Although Pavlov stressed the importance  of the cephal ic phase of 

gastric secretion , he indi cated tha t this c ould not be taken to account for 

the en tire secretory response o f  the stomach to a meal ( Pavlov 1 91 0  cited 

by Gregory 1 962 ) .  Experiments per formed by Pavlov and his pupils showed 

gastric secretion could be exci ted by the presence of food in the stomach , 

and that the stimulus originated in the pylor i c  not the fundi c region : the 

mechanism was assumed to be a ne rvous refl ex in keeping wit h the concepts 

which Pavlov had developed. 

In 1 905 Edkins proposed the "Gastrin Theory" of gastric acid  secretion . 

Edkins suggested the secretory cells of  the stomach were stimulated by a 

mechanism analagous to that proposed by Bayliss and Starling ( 1 902 ) for 

secretin in the secretion of pancreatic juice .  This view was ba sed on 

experimental observations in anaesthetised cats in which extracts o f  the 

pyloric mucous membrane on intravenous adm inistration , caused a ma rke d 

secretion of gastric juic e .  Fundic extracts di d not cause secretion . The 

activ e  extracts retained the ir stimulatory properties after boiling.  

Cardiac extracts from the pig stomach , in  general had the same efficiency 

in promoting secretion as did pyloric extracts . Attempts to demonstrate 

both biochemically and physiologically ,  the existence of an antral hormone 

were unsuccessfu l .  This was i n  part due t o  the fact that extract s  made 

from almost any tissue  contained a powerful s timulant of gastric secretion 

- the ubiquitous substanc e in all tissue extracts is histamine . In 1919  

Popielski ( cited by Gregory 1 962 ) discovered that histamine was a powerful 

stimulant of gastric secretion . This observation led to the realisation 

that in all the extracts histamine was probably a pot ent stimulant o f  gastric 

secretion . Effort s  t o  prove the existence  of a stimulatory hormone on 
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gastric secretion by physiological experiments involved proc edures whereby 

the fundic region was vagal ly denervated or comple tely separated from other 

regions of the stomach .  Trans planted fundic pouches provided ,  pot entially , 

the best vehicle to test a possible humoral sti mulus to  gastric acid 

secre ti on . 

Stimulation of the antrum with a variety of agen ts , faile d in most 

cases to produce a secretory r esponse in denervated and transplanted fundic 

pouches . It was later real ised that these initial failures were due to the 

related decreased sensitivity o f  the acid secreting cells and reduc tion in 

gastrin release from the antrum , which result from removal of the vagal 

innerva t ion . A further point which mus t be  considered is that in many 

cases irrigation o f  the an trum wi th acid was used as a means of providing 

a "stimulus" to gastric acid secretion . In fac t  a low antral pH is now 

known to be inhibitory to gas trin release . 

Ivy ( 1 930 ) in reviewing the information gathered , concluded that 

histamine was closely related t o ,  but was no t th e act ive princ iple of , pyloric 

mucosal extract s .  Komarov ( 1 938 ,  cited b y  Gregory 1 962 ) showed that the 

trichloroacetic acid precipitate of an acid extract of pig , cat or dog 

antral mucosa was a protein fraction free of histamine . This extract 

stimulated the secretion of acid upon it s intravenous administration to 

anaesthetised cats and consc ious dogs. Pepsin secretion was not stimulated 

and the extracts were not active when injected subcutaneously .  I n  anaes-

thet ised cats atropine failed t o  suppress the acid secretion maintained by 

repeated intravenous injections of this extract .  

Gregory and Tracy ( 1 959 , 1 96o ,  1 961 ) described a me thod for preparing 

gastrin which provided a potent and highly purified product .  The active 

part o f  this extract was fre e  of histamine , dialysable through cellophane 

and e ffective in stimulating secretion when  given intravenousl y ,  intramuscu-

larly and subcutaneously. Pepsin secretion did not appear to  be stimulated .py it . 
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In man , responses to the extract were strongly reduced by atropine . The 

consti tution and properties o f  two gastrins extrac ted from pig antral mucosa 

were described by Gregory and Tracy ( 1 964 ) . A new preparation me thod was 

evolved that worked easily and cheaply on a large scale . The final product 

of this me thod comprised two almost identical peptides , designated as 

Gastrin I (GI ) and Gastrin II ( GII ) . 

The amino acid sequence of GII was elucidated as Pyro-glutamyl-

Glycyl-Prolyl-Tryptophyl-Methionyl- ( Glutamyl ) 5-Alanyl-Tyrosyl-Glycyl­

SOl H 
3 

tryptoph�l -Methionyl-Aspartyl-Phenylalanine amide 

It was subsequent ly found that two gastrin peptides di ffered only in that 

in GII the tyrosyl residue was sulphated ( Gregory and Tracy 1966 p 98 ) .  

The N and C terminal groups in both gastrins have been estab lished as pyro-

glutamyl and phenylalanine amide respectively . 

Gregory and Tracy ( 1 964)  have reviewed the physiological properties 

of antral extracts  when these were inj ected intravenously into anaes the tised 

animals . The extracts exhibited some or all of the following ac tions : 

1 .  stimulation of gastric acid secretion 

2. stimulation o f  pepsin secreti on 

3. slight stimulation of volume or flow of pancreatic secretion 

4. stimulation of the addition o f  enzyme to pancreatic secretion 

5.  stimulation of gastric and small intestinal tone and motility 

6. little or no stimulation o f  gall bladder tone or o f  hepatic 

biliary flow 

7. inhibition of gastric acid secretion stimulated by some other 

means 

Gregory and Tracy then presented a preliminary survey of actions on 

the gas�rointestinal tract of GI and GII , a resume of which follows : -

LIBRARY, MASSEY U NIVERSI'TY, 
PALM ERSTO N RTH, N.Z. 
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1 .  Acid and pepsin responses to subcutaneous injec tions : 

In conscious dogs single subcutaneous inj e c t ions in the range 0.25 -

2 . 5  pg/kg body weight of  GI or GII stimulated acid and volume flow of gastric 

juice from denervated fundic pouches . Large single subcutaneous inj ections 

( 4  - 5 pg(kg )  o f  GI or GII gave a small response in acid and volume of  

secretion , but  produced a large amount of pepsin in the j uic e .  

2 .  Inhibition of oxyntic c ells and stimulation o f  peptic cells by intra­

venous injections : 

In dogs with denervated fundic pouches , repeated small subcutaneous 

inj ec tions of GI or GII established a steady secretory response proportional 

to the dose . During such a response 1 0  - 50 pg o f  GI or GI I inj ected 

int ravenously caused an inhibition o f  acid and volume output from the 

pouches . When the flow o f  j uice returned a large and sustained output o f  

pepsin oc curred - the output o f  pepsin was too great t o  represent accumulation. 

A similar response in terms of pepsin output was o btained if the background 

secretion was maintaine d by his tamine . It was further demonstrated that 

both the inhibition of the oxyntic c ells and stimulation of the peptic cells 

persisted after atropine . 

3 . Gastro-intestinal motility: 

Motor activity o f  a denervated pouch was stimulated by intravenously 

administered GI or GII .  These induced contract ions persisted after the 

administrati on of atropine . A Thiry-type jejunal loop was first stimulated 

to contract and then there was a prolonged period of decreased tone on the 

intravenous administration of GI or GII . In contrast to  the situation with 

gastric motility , atropine inhibited this response . 

4. Stimulat ion of pancreatic secretion : 

The intravenous inj ection of 50 pg.of Gl cr GII caused a prompt but 

short lived ( 1 5  min ) increase in the volume of pancreatic flow from 
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anaesthetised cats or dogs and conscious dogs . 

In anaesthetised  animals when a steady flow of enzyme poor j uice was 

produced by continuous adminis tration of secretin , 50 pg GI or GI I intraven­

ously,  caused  an increase in volume flow and a considerable increase in 

enzyme content of the secretion . These hydrelatic and ecbolic effects of 

the gastrins persisted after atropine . 

5 .  Biliary tract : 

50 pg GI or GI I intravenously caused a slight increase in gall bladder 

tone and flow of hepatic bile . 

6 . Effec ts on blood pressure : 

This  effect persisted after atropine . 

Rapi d  intravenous inje ctions of GI or GII in dogs under chloralose 

anaesthe sia caused a prompt fall in blood pressure . 1 00 pg of gastrin 

produced a s imilar response to that of 1 pg histamine base . Repeated 

injections ( after the first ) caus ed smaller responses or had no e ffec t  at 

all . The response to  10  - 20 pg G I  or GII was negligible . 

Continuing \ri th their previous work , Tracy and Grego ry ( 1 964)  described 

the physiological properties of a series of synthetic peptides related to 

Gastrin I .  Studies were made o f  the effects of the peptides on secretion 

of the stomach and pancreas and th e motility of gastric pouches and the 

intestine . It was found that th e C terminal tetra-peptide sequence 

tryptophyl-methionyl-aspartyl-phenylalanine amide 

was require d  for the entire range of physiological activities . Morley , 

Tracy and Gregory ( 1 965 ) have reported on the structure-fu nction relationships 

in the active C terminal tetra-peptide sequence of gastrin . 

Konturek and Grossman ( 1966 ) undertook a quantitative comparison of 

histamine ,  natural porcine gastrin ( GII  of Gregory) , the C terminal tetra­

peptide amide and two related pept ides , as stimulants of gastric secretion 

in dogs with vagally innervated and vagally denervated gastric preparations . 



- 1 02 -

The maximum response of the Heidenhain pouch to gastrin and the peptides 

was lower than to histamine . The maximal response of the fistulated stomach 

(vagally innervate d )  was about 20% higher with gastrin than with histamine . 

The peptides were more potent than histamine on a weight basis but only � 
alanyl penta-peptide gave a maximal secretory response equal to that of 

gastrin. Wormsley,  Mahoney and Ng ( 1 966 ) investigated the effects  of a 

gastrin-like pentapeptide ( ICI 50 , 1 23 )  on the stomach and pancreas of man . 

This peptide t-butyloxycarbonyl � alanyl-tryptophyl-methionyl-aspartyl-phenyl­

alanine amide exhibited similar physiological properties to gastrin .  Constant 

intravenous infusions in the dose range from 0 . 01 - 0 . 1 pg/kg/min produced 

maximum acid output s . Greater dose rates  were necessary to stimulate bicarbon-

ate and enzyme output of the pancreas . The stimulation of pancreatic activity 

was only apparent on a continuous background of secretin administration . 

The inhibitory action of gastrin extracts on a steady acid secretory 

response was first reported by Uvnas in 1 943 ( cited by Gregory and Tracy 1 964) . 

In 1 963  Gillespie and Grossman found in dogs with Heidenhain pouches secreting 

in response to continuous inj ection of gastrin extrac t or of histamine , that 

the rapid intravenous inj ection of gastrin extract caused a marked inhibition 

of acid secretion ( Gillespie and Grossman 1 963 ) . Evidence o f  a specificity 

of the effects of antral extracts  was obtained in experiments where extracts 

from the fundic gland area, duodenum , ileum , colon and pancreas were found 

to produce little or no inhibition of acid s ecretion. 

The observation Gregory and Tracy ( 1 96 4 )  made that large doses of 

their pure gastrin inhibited acid secretion c onfirmed the suggestion o f  

Gillespie and Grossman ( 1 963 ) that gastrin may inhibit , a s  well a s  s timulate , 

acid secretion . Gregory and Tracy ( 1 96 4 )  however , retained reservations 

whether the gastrin they used may not be identical to the physiologi c al form 

found in the animal . Quintana , De la Rosa and Dragstedt ( 1 965) investigated 
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whether endogenously liberated gastrin would inhibit continuous acid 

secr etion . Irrigation of an isolated antral pouch with a suspension of 

liver failed to inhibit a plateau of acid secretion from Heidenhain pouches 

in dogs established by the continuous intravenous injection of histamine . 

Rather , the two stimuli appeared to summate . Inhibitory e ffect s  o f  

exogenous gas trin previously obtained b y  other workers were attributed 

by �uintana et al to the e ffect of an excessive dose or an excessively rapid 

release of the hormone into the blood stream . 

Recently , the possible role of gastrin in the stimulation of 

pancreatic secretion has been demonstrated ( Preshaw , Cooke and Grossman 

In dogs with a transplanted pancreas , stimulation of an antral 

pouch with acetylcholine caused a gastric secretory response and an increase 

in the protein content of pancreatic secretion . In other dogs with 

pancreatic fistulae and a transplanted antral pouch a gastric and pancreatic 

response was obtained on perfusion of the antral pouch with acetylcholine . 

The pancreatic response was not due to passage of gastric j uice into the 

intestine . Both gastric and pancreatic responses were abolished by acidi f-

ication o f  the antral pouch . It was suggested the pancreatic secretory 

response was mediated by gastrin . Supporting evidence has been provided 

by Blair , Brown , Harper and Scratcherd ( 1 966 ) who found that in the cat 

chemical and mechanical stimulation of the antrum produced a hormonally 

mediated increase in pancreatic enzyme secretion . The block of these e ffects  

by  atropine an d  cocaine indicated that release of the antral stimulant was 

dependant on a local cholinergic reflex . 

Preshaw , Cooke and Gro ssman ( 1 966 ) in dogs with pancreatic and 

gastric fistulae , showed sham feeding caused a marked increase in pancreatic 

protein output . This pancreatic response to sham feeding was inhibited 

upon acidification of an innervated pouch of the pyloric gland area . It 



- 1 04 -

was suggested that par t at least o f  the pancreatic  response t o  sham feeding 

was mediated by the vagal rel ease o f  gastrin from the pylorus . 

In a study o f  the e ffect  of gas trin and hi stamine on t he secretion 

of bile , Zaterka and Grossman ( 1 966 ) showed that both pure gastrin II and 

his tamine increased the rat e of flow of bile in do gs sub j e c t e d  to total 

gastrectomy with oesophago-j e j unostomy , cholecystectomy and l i gation of the 

minor pancrea t ic duct . The choleresis caused by gas trin was similar to 

that produce d  by secre t in ;  it was charac terised by an increase i n  the 

c onc entration and output of bicarbonate . Histamine produced a decrease 

in the bicarbona te conc entration and an increase in the chloride concentra tion . 

Nei ther gastrin nor his tamine produc ed flow rates equal to those at tained 

by secre tin . From such studies , i t  appears that a rather wider spectrum 

o f  ac tions of gastrin tha t Edkins ( 1 905 ) origina l ly postula ted ha s been 

demonstrated . 

In ruminants there have been few repor ts o f  the effects of gastrin 

on abomasal acid secretion . Of moment has been the report that gastrin 

extracted from the sheep and cow possesses a greater potency than gastrin 

extracted from animals wi th a simpler stomach . In the following experiments 

a preliminary investigation of the e ffects of gastrin on abomasal acid 

secretion and reticulo-rumenal motility has been carried out . 
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Methods : 

An analogue of  gastrin , t-butyloxycarbonyl � alanyl-tryptophyl­

me thionyl-aspartyl-phenylalanine amide ( ICI 50 , 1 23 ; kindly supplied by Dr. 

Fitzgerald , Imperial Chemical Industries Ltd , England ) , was used in the 

experiments undertaken . The pentapeptide , a white powder , was dissolved 

in ammonium hydroxide solution ( 100 mg powder in 0. 26 ml N NH40H , diluted to 

1 00 ml wi th distilled water ) . The required dose was made up and ad�ministered 

The peptide prepared in thi s  way was confirmed by experi-

ment to be potent in stimulating gastric secretion from the fistulated 

stomach in anaesthetised dogs ( dose o f  gastrin a�Iinis tration = 3 pg/kg 

body weight intravenously ) . 

Intravenously administered "gastrin" ( ICI 50 , 1 23 )  was given into the 

jugular vein of she ep which had been cannulat ed  with a polythene tube at 

least 1 6  hr previously . Infusions of "gastrin" were given by a Syringe 

Pump (Sage Instruments Ltd , N . Y . ) .  Subcutaneous inj ections were made in 

the suprascapular region . 

Jaw movements , motility of  the reticulum and rumen and abomasal pouch 

secretion were recorded  as described previously . 
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Fig. 24:  A comparison between the e ffects of a single rapid intra­
venous inj ection of 1 00  ug and the slow intravenous 
infusion over 23 min of 75 pg of ICI 50 , 1 23 in a sheep 
fasted for 1 6  hr . Graph from above downwards : 
reticulum c ontractions/1 5 min , acid output from the 
pouch in m-equ iv H+/1 5 min , pepsin output from the pouch 
in relative units/1 5 min, mode of administration o f  
I C I  50 , 1 23. Note  the inj ection o f  the peptide had 
a negligible e ffect  on reticulum contract ions and a 
small e ffec t upon pepsin output from the pouch . A 
marked inhibition of motility and s ecretion occurred 
with the intravenous infusion of the peptide : the 
inhibition o f  secretion was more prolonged with the 
infusion than with the single injection . 
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Results : 

"Gastrin" ( ICI 50, 1 23 )  administered either intravenously or subcut­

aneously , failed in sheep in every case to cause a significant stimulation 

of abomasal pouch secretion . The peptide was administered intravenously 

in doses ranging from 1 - 1 00 pg ( 0 . 04 - 4 pg/kg body weight ) , while 

subcutaneous doses varied between 0 . 5 and 20 pg (0 . 02 - 0 . 8 pg/kg body 

weight ) . The higher doses of "gastrin" ( ICI 50 , 1 23)  resulted in an inhib-

ition of acid output from the abomasal pouch and a reduction in the frequency 

of reticulum and rumen movements . The decrease in acid output was manifest 

as an inhibition of both volume and acid concentrat ion of the pouch 

secretion . The intravenous in!'usion of "gastrin" ( ICI 50 , 1 23 ) at high dose 

rates , caused a sudden and complete inhibition of reticulum and rumen 

motility. The duration of this inhibition lasted only for the period of 

infusion and normal motility returned rapidly onc e the infusion ended . 

Intravenous administration of ICI 50,1 23 ( "gastrin" ) : ( See Table 9 )  

In an animal fasted for 1 6  hr , a single injection o f  1 00 pg of 

"gastrin" ( ICI 50 , 1 23 )  caused an immediate reduc tion in the volume of secretion 

from the abomasal pouch. 1 5  min after the inj ection the acid concentration 

of the juice decreased and fell over the next 30 min from 1 08 m-equiv H
+

/li tre 

to 47 m-equiv H+/litre . The acid output from the pouch was inhibited for 

45 min ( Fig. 24) . The pepsin output decreased during the period of the 

volume inhibition , but the pepsin concentration of the secretion was not 

materially affected.  On the injection of  "gastrin" ( ICI 50 , 1 23 )  reticulum 

and rumen movements were completely inhibited for about 4 min . This 

inhibition of the reticulum and rumen was followed by a 4 min period of  

rumination in  which the reticulum exhibited  a high degree of  tonus . There-

after no further irregularities in movements of the reticulum and rumen were 

observed. 



Fig. 25 : The inhibitory e ffects on movements of the reticulum 
and rumen o f  an intravenous infusion of 75 �g ICI 50 , 1 23 
over 23 min in a fasted sheep. Records from above 
downwards : jaw movements , c ontractions of the main 
ventral rumen , contractions of the cranial dorsal rumen, 
contractions of the reticulum , signal for the infusion 
o f  ICI 50 , 1 23 ,  60 sec t ime-marker . Not e  the rapid 
return of normal motility following the inhibi tion . 
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In the same animal , 75 p.g of "gastrin" ( ICI .50 , 1 23 )  was infused 

over 23 min ( 0 . 1 3  pg/kg/min ) .  A decrease in the volume of the pouch 

secretion occurred within 1 5  min , and persisted a further 30 min. The acid 

conc entration of the secretion was r e duc ed 1 5  min after the commencement o f  

the infusion , and fell from 1 06 m-equiv H
+/litre to 1 8  m-equiv H

+
/litre within 

30 min . The latency of the r esponse in terms of both the volume and acid 

concentration of the juice was similar to that obtained with the inj ection 

of 100 pg "gastrin" ( ICI 50, 1 23 ) .  The pepsin output from the pouch fell 

during the inhibitory period . In contrast to the e ffects o f  a singl e  

inj ection the pepsin c on centration o f  the secretion was markedly reduc ed 

for a period o f  45 min . This inhibition of the pepsin content of the 

juic e became evident in the first 1 5  min of the infusion and was seen as 

a decrease in the unit concentration o f  the enzyme in addition to the 

reduction in the volume of secretion. For a comparison between the rapid 

injection and the infusion of ICI 50 , 1 23 see Fig .  24. Re t iculum and rumen 

movements recor ded from the partial exteriorizations exhibited a sudden 

and complete inhibition from the time the infusion commenced to when it had 

finished . Normal motility of th e reticulum and r umen in terms of the 

force and the frequency of contractions was recorded be fore and after the 

profound inhibition ( Fig. 25) . 

In a similar experiment , but in a fed animal , 75 pg "gastrin" ( ICI 

50, 1 23 )  infused over 23 min ( 0 . 1 3 JOg/kg/min ) caused a slightly di fferent 

form o f  response in abomasal secretion and reticulo-rumenal motility . Both 

the volume and acid concentrat ion of the gastric juice dropped within 

1 5  min of the start of the infus ion .  Ac id output from the abomasal pouch 

was inhibite d  for 75 min and pep sin o utput for 6o min .  The acid concentration 

of the secret ion fell over a period o f  6o m in from 1 35 m-equ iv H+/li tre to 

1 6  m-equ iv H
+

/litre .  The pepsin c oncentrat ion in the abomasal secret ion 

was de finitely inhib ited during the infusion period and may have been 
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Fig. 26 : The intravenous infusion of ICI 50 , 1 23 in a sheep fed 
ad lib . Graph from above downwards : reticulum 
contractions/1 5 min , acid output from the pouch in 
m-equiv H+/1 5 min , pepsin output from the pouch in 
relative units/1 5 min, 1 5  min t ime intervals ,  substances 
and the doses and periods of their intravenous infusion . 
Note the inhibition of reticulum movements , and acid 
and pepsin output from the abomasal pouch on the infusion 
of all doses of the peptide . A control infusion o f  
5 ml of the vehicle was without effect . 
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reduced for a further 30 min , al though this reduc tion was not as ma rke d as 

that which occurred during the actual infusion . As in the fasted state , 

reticulum and associ ated rumen movements ( ' A ' sequences ) showed a complete 

inhibition over the period of infus ion . Hm\ ever , the rumen movements of 

' B ' sequences were not as grossly affec ted, althot:.gh in these , contrac tions 

of the main ventral rumen were weak . The frequency of ' B '  sequence 

contractions increased when the animal stood. Near the end of the infusion 

in this fed state the animal ate a little and this was followed by three 

reticulum and associated rumen c ontractions : at this time the reticulum 

exhibited a marked degree of  tonus . Normal motility of the reti culum and 

rumen returned upon the complet ion of the infusion . 

4o pg "gastrin"  ( ICI 50 , 1 23 )  infused intravenously over 23 min 

(0 . 08 pg/kg/min ) in a fed sheep caused a reduc tion in the volume o f  the 

abomasal pouch secretion for 1 5 - 30 min and a fall in the acid conc entration 

which lasted for 45 min . The decrease in acid conc entra tion was small 

( 1 36 - 1 01 m-equiv H+/litre ) : in contrast the acid output from the pouch 

was reduce d  to 50% of the resting level for 30 min ( Fig. 26 ) .  The pepsin 

conc entrat io n  was reduced for only 1 5 min . Prior to the infusion o f  

gastrin the animal had been feeding and the reticulum and rumen exhibited a 

high frequency of contractions. Feeding continue d throughout the infusion 

but the for c e  and frequency of reticulum and associate d  rumen contractions 

were reduc e d ,  but not complete ly inhibited. Normal motility of the reticu-

lum and rumen resumed within 1 20 sec of the cessation o f  the infusion . A 

cont rol  infusion o f  saline and NH40H solution ( the vehicle for ICI 50 , 1 23 )  

had no e ffec t  on either pouch secretion or motility o f  the reticulum and 

rumen ( see  Fig. 26 ) .  

In other experiments 1 pg and 1 0  pg of "gastrin" ( ICI 50 , 1 23 )  infused 

intravenously over 60 min ( 0 . 008 ps/kg/min and �.0008 pg/kg/min respe ctively ) 
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had no e ffect on abomasal pouch secretion or ret iculum and rumen mot ility . 

Subcutaneous administration of "gastrin 1 1  ( ICI 50, 1 23 )  : ( See Table 1 0 ) . 

In one animal fasted for 24 hr when 5 fg (0 . 2 pg/kg ) o f  "gastrin" 

( ICI 50 , 1 23 ) was given subcutaneously there was no effect on the secret ion 

of the abomasal pouch or movements of the reticulum and rumen . 

In contrast a subcutan eous inj ection of 1 0  pg "gastrin" ( IC I  50 , 1 23 )  

led to a rapid fa ll in the volume and acidity o f  the pouch secretion ( Fig . 

27 ) . The acid concentration of the j uic e decreased from 59 to 28 m-equiv 

H
+

/litre : a weak inhibition o f  acid output persis ted for 20 min ( Fig . 27 ) . 

The pepsin output from the pouch was reduc ed for a period corresponding to 

the inhibition of volume ( Fi g. 27 ) . The pepsin conc entration in the abomasal 

se cretion was not a ffec ted . A slight slowing in the frequency o f  ret iculum 

and associated rumen contra c ti ons was evident 1 5  min after th e inj ect ion .  

Repeated 1 flg "gastrin" ( ICI 50 , 1 23 ) inj ec tions at 1 5  min int erval s 

failed to produc e any significant response in terms o f  abomrtsal acid secretion 

and reticulum and rumen movements ( Fig . 27 ) . A single subcutaneous 

inj e c tion of 0 . 5 pg "gastrin" ( ICI 50 , 1 23 )  also failed to produce an e ffect 

( Fig . 27 ) ;  however , there may have been an exc itatory action as evidenc ed 

by s timulation of triphasic c ontrac t ions o f  the reticulum which were no t 

associated with regurgitat ion . In the fasted animal soon after the 

adminis tration of "gastrin" ( ICI 50 , 1 23 )  triphasic contrac tions o f  the 

reticulum (both associated with and without regurgitation ) were occasionally 

observed. These were never observed at any other time - the control 

periods oc cupied more time than did the periods of observation during and 

after gastrin adminis tration . That rumination which occurred with this 

event was charac terised by frequent small remasticatory periods . 

In experiments where abomasal acid secretion and reticulum and rumen 

movements had been inhibited by an intraduodenal infusion of oleic acid , 
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Fig. 27 : Effects of the subcutaneous injection of ICI 50 , 1 23 in 
a sheep fast ed for 24 hr . A distinct inhibition o f  acid 
and pepsin output occurred with the 10 ug dose . Graph 
from above downwards : reticulum contrac tions/1 5 min , 
acid output from the pouch in m-equiv H+/1 5 min , pepsin 
output from the pouch in relative units , 1 5  min t ime 
intervals , time o f  each dose of subcutaneously 
adminiatered ICI 50 , 1 23 indicated by arrows . Not e  the 
e ffect on reticulum contrac tions of feeding ( nuts eaten 
firs t ,  followed by chaff ) . 
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The inhibitory e ffects of  an infusion into the duodenum 
o f  1 0  ml oleic acid over 60 min in a sheep fed ad lib . 
ICI 50, 1 23 failed to  stimulate secretion . In contrast 
histamine had a marked stimulatory e ffec t  on secretion . 
Graph from above downwards : reticulum contraction/1 5 
min , acid output from the pouch in m-equiv H+/1 5 min , 
pepsin output from the pouch in relative units/1 5 min , 
1 5  min time intervals , substances infused . Note how 
feeding during the oleic acid infusion stimulated retic­
ulum movements , but had no excitatory effect on acid 
output from the abomasal pouch. 
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the intravenous administration of "gastrin" ( ICI 50 , 1 23: 0 . 01 6 pg/kg/min ) 

failed to stimulate  either acid secretion from the abomasal pouch or 

contractions of the reticulum and rumen ( Fig. 28 ) . 0 . 5  pg histamine given 

intravenously over 20 min ( 1  pg/kg/min ) stimulated abomasal pouch secretion 

( Fig. 28 ) .  1be experiment is illustrated in Table 1 1 .  

An interesting feature of  the secretory r esponse of  the abomasal 

pouch to administered gastrin , was the high cont ent of mucus in the samples . 

Estimates of  the mucus c ontent were not made , but the magnitude o f  the 

increase was clearly visible . Another point o f  interest was the frequent 

occurrence of diarrhoea a few hours after the introduction o f  gastrin . 

This diarrhoea was only transient and appeared only when a number of  doses 

o f  the pentapeptide had been given over a short period . 
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Discussion : 

The failure of  11gastrin11 ( ICI 50 , 1 23 ) to stimulate abomasal pouch 

secretion over a wide range of doses was unexpected. Stimulation of  acid 

secretion using the same preparation has been reported in man (Wormsley et al 

1 966 ) and an identical pentapeptide has been shown to stimulate acid 

secretion from Heidenhain pouches and gastric fistulas of dogs ( Konturek 

and Grossman 1 965 ) . Similarly Tracy and Gregory ( 1 96 4 )  and Morley,  Tracy 

and Gregory ( 1 965)  in their studie s  on a series of synthetic peptides found 

the pentapeptide alanyl-tryptophyl-methionyl-aspartyl-phenylalanine amide 

highly active in stimulating acid s ecretion in dogs. The possibility of 

an inac tive  preparation would appear to be ruled out by the secretory 

response obtained from the fistulated stomach of an anaesthetised dog .  

Intravenous injections of "gastrin" ( ICI 50 , 1 23 ) were made , and an  increase 

in the gastric secretion , volume and acidity was evident wi thin 3 - 5 min 

of the inj ection . This response to a single small dose o f  "gastrin" 

lasted only for about 1 5  min . 

Sinc e the preparation was active in the anaesthetised dog ,  but 

failed to produce secretory responses in anaesthetised and conscious sheep , 

it is possible that sheep gastrin differs from the synthetic peptide ICI 

50 , 1 23 .  Anderson et al ( 1 961 ) isolated and characterised gastrin from 

cattle ; this gastrin was found to be more potent than pig gastrin in 

stimulating acid secretion in dogs , and also the secretory response to 

the extract exhibited a latency of 60 - 90 min in contrast to not greater 

than 30 min with pig gastrin. Anderson et al ( 1 962) subsequently isolated 

and assayed sheep gastrin . These  extracts exhibited a weaker activity in 

the dog than either pig or cattle gastrin and in contrast to cattle gastrin 

no delayed secretory response after injection was observed. Although 

both fundic and antral preparations were active , the latter were more 
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potent than the former. 

Gregory and Tracy ( 1 966 ) have reported that attempts have been made 

in their laboratory to isolate and characterise the peptides present in sheep 

antral mucosa . The predominant peptide was isolated and its amino acid 

sequenc e determined ; it was found to di ffer from pig and human gas trins . 

Two other similar peptides were also present in small amounts , but these , 

at the time , were not satisfactorily separated . Apparently no attempts 

were made to isola t e  and characterise peptides extracted from regions of 

the abomasum other than the pylorus . 

The observation of Anderson et al ( 1 961 ) that cattle gastrin was 

more potent than pig in stimulating acid secretion from the dog , together 

with the report o f  Gregory and Tracy ( 1 966 ) that sheep gastrin di ffers from 

pig , supports the v iew that pig gastrin or its analogs may exhibit a low 

potency in sheep . The definite inhibitory effect of the pentapeptide 

suggests that a competitive inhibition of the physiological gastrin may have 

resulted from the introduction of a peptide with a similar ac tive c entre . 

An alternative explanation for the lack o f  a secretory response could be 

o ffered in that sheep possess a very sensitive secretory mechanism and 

limit ed range within which gastrin will stimulate secretion . Gas trin in 

a dos e  above this range could cause an inhibition of abomasal acid secret ion. 

The inhibitory e ffects of large doses of gastrin in animals with a 

simple stomach have been documented ( Gillespie and Grossman 1 963 , Gregory 

and Tracy 1 964) . Gillespie and Grossman caused a reduction in acid 

secretion in response to gastrin and histamine , upon the rapid intravenous 

inje c tion of large doses of gas trin . Gregory and Tracy ( 1 964) found that 

an inhibition of acid secretion occurred with high doses of pure gastrin. 

Quintana et  al ( 1 965) failed to inhibit an acid secretory response 
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to  histamine , by the stimulation of the production of endogenous gastrin . 

They attributed the inhibitory effects of  gastrin obtained by other workers 

to an excessive dose or to a rapid release of the hormone into the blood 

stream. 

It is possible that in the ruminant there is a very critical blood 

l evel of gastrin or the abomasal mucosa is sensitive in some other way to 

gastrin . The observat ion that the acid inhibition caused by ICI 50 , 1 23 

in the fed animal was greater than that for the fasted animal could be taken 

to suggest an interplay between endogenous and exogenous gastrin . Morley , 

Tracy and Gregory ( 1 965 ) reported that a very small ( 1  pg )  intravenous 

inj ection of Gastrin I or II augmented a background histamine response of  

acid secretion in dogs . A larger dose ( 5  pg or greater ) led to an inhibition 

which was usually produced with larger doses of gastrin . This finding is 

of particular interest with respect to the ruminant in which a continuous 

acid secretion has been concluded to be occasioned by the constant and 

specific stimuli of digesta ent ering the abomasum . The func tional state 

of  the abomasal secretory processes may be regarded as analagous to that o f  

a background secretion produced by histamine or gastrin in the simple 

stomached animal . The introduction o f  exogenous gastrin in the ruminant 

c ould conceivably cause  an inhibition in a similar manner as that reported  

by Morley et al ( 1 965 ) . However , in an oleic acid induced inhibition o f  

abomasal pouch secretion , the slow intravenous infusion of  "gastrin" ( ICI 

50 , 1 23 ) , did not cause any stimulatory effects . It would be expected 

from the results of  gregory and Tracy ( 1 959 ) that after the liberation of 

enterogastrone (produced by the presence of oleic acid in the intestine ) ,  

the circulating levels of  gastrin would be reduced  so an excessive dose  

e ffect of gastrin should not have arisen . However,  the recent results of 
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Bibler , Harkins and Nyhus ( 1 966 ) in which the introduction of fat into the 

duodenum resulted in an inhibition o f  exogenous gastrin stimulated gastric 

secretion , indicate that the action of the peptide on the oxyntic cell may 

have been inhibited . The acid secreting cells were still func tional as 

an intravenous infusion of histamine caused a definite acid secretory 

response from the abomasal pouch . 

The transient e ffects on secretion and virtual absence of effects on 

reticulo-rumenal motility of a single intravenous injec tion of 1 00 pg in 

comparison t o  the intravenous infusion of 75 pg of "gastrin" ( ICI 50 , 1 23 )  

suggests that the pentapeptide was rapidly inactivated . This was particularly 

the case with the inhibition of reticulum and rumen movements , where , with 

the inj ected material the effect  was slight . The continuous introduc tion 

of gastrin into the blood stream by infusion was sufficient to maintain an 

inhibition . The method of gastrin inactivation remains obscure . Gillespie 

and Grossman ( 1 962 ) demonstrated that the ability of a ' histamine-free ' 

gastrin extrac t to stimulate acid secretion on intravenous infusion , was 

undiminished by passage through the liver . It would appear that some other 

mechanism must be conc erned in the inactivation of gastrin . Gregory and 

Tracy ( 1 96 6 )  have proposed that gastrin may be inactivated by removal of  

the masking amide group or from the  oxidation of  the S atom in  the methionine 

residue of the C-terminal tetrapeptide . It is quite possible that endog-

enous gastrin is not inactivated as rapidly as was the pentapeptide , used 

in these experiments. 

The marked effects of the infusions of ICI 50 , 1 23 on movements of the 

reticulum and rumen and to a lesser degree pepsin secretion of the abomasal 

pouch indicate an interference with vagal mechanisms . Gre gory and Tracy 

( 1 964)  reported pure gastrin stimulated motility of the gas tro-intestinal 

tract of dogs . Logan and Connell ( 1 966 ) studied the e ffec t  of ICI 50 , 1 23 
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on intest inal motility in man . Their results  indicated that the activity 

of the peptide may be selective . ICI 50 , 1 23 in doses which provoked a 

maximal gastric secretion , had a constant mot or e ffect on the rectum and 

usually a motor but occasionally an inhibitory effect on the sigmoid colon . 

These workers cited as a possible physiological role for the motor func tion 

of gastrin , the initiation of or participation at least in the gastrocolic 

response . The gast rocolic response has been defined as an augmentation of  

the segmental activity of the colon and small intestine observed after 

eating or after distension of the stomach . 

Tracy and Gre gory ( 1 96l 1 ) indicated that some of the peptides they 

studied ,  on intravenous inj ection , possessed an inhibitory act ion on gastric 

tone and motility which followed their stimulatory effects . This type of 

action was not consistently observed with natural gastrin . A recent  report 

on the effects of gas trin and its analogues on isolat ed smooth muscles of  

different species has been made by Mikos and Vane ( 1 967 ) . These workers 

studied the actions o f  synthetic human Gastrin I ,  natural pig Gastrin II 

and ICI 50 , 1 23 on rat and hamster smooth muscles . In the rat , the descend-

ing colon only , showed a high sensitivity to gastrin . GI , GII and ICI 50 , 1 23 

were equiactive in s timulating contractions of  the rat descending colon . 

These actions of the peptides were substan tially decreased or abolished by 

hexamethonium , hyoscine and morphine . This indicated the actions o f  the 

peptides on rat colon were indirec t ,  presumably through stimulation o f  

preganglionic cholinergic nerves.  

In  contrast hamster fundal strips were  contracted by GI , GII and 

ICI 50 , 1 23 ;  ICI 50 , 1 23 was twice as potent  as either GI or GII .  The 

contrac tions of the fundal strips were unaffected by hyoscine , mepyramine , 

hexamethonium, nicotine and morphine in concentrations higher than that 

required to  block the actions of acetylcholine , histamine and ganglionic 
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transmission . Thus the experiments showed the action of gastrin and 

relate d  peptides on hamster fundal strips was a direct one ( c . f . that on 

rat colon ) . The authors postulated that the receptors for gastrin in 

smooth muscle , nervous tissue and those involved in gastric secretion have 

similar configurations . 

These results support the view of a di fferential effect of gastrin 

within and between species . In the sheep both abomasal acid and pepsin 

secre tion and movements of the reticulum and rumen were affected in a similar 

manner ( i . e .  inhibited ) . There may have been a colonic stimulation judging 

from the diarrhoea produced soon after the administra tion of ICI 50 , 1 23 . 

In the ruminant orderly movements o f  the more cranial regions of  

the s tomach depend on the influence of the CNS . Parasympathetic post-

ganglionic cholinergic efferents innervate the musculature of the reticulum 

and rumen . Similarly these same type o f  efferents are supposed to  be 

concerned in the control of p epsin secretion .  The observation that pepsin 

secretion was inhibited particularly during the infusion indicates a common 

mechanism of inhibition . Gregory and Tracy ( 1 964)  found a large output of 

pepsin in the secretion from the Heidenhain pouches in dogs following a 

"gastrin-induce d" inhibition . Schoenfield,  Siplet and Komarov ( 1 966 ) 

studied the effect of  a gastrin preparation on gastric secretion in chronic 

fistu la rats . In high doses the gastrin extract ( a  high potency extract 

supplied by Gregory ) caused an inhibition of total acid output and volume o f  

gastric secretion . These workers regarded the gastrin extract as also 

responsible for a true inhibition of basal pepsin secretion. 

In the phenomenon of gastric secretion, a close association between 

the vagus and gastrin :tas been indicate d .  Uvnas , Em!s ,  Fyro and Sj odin 

( 1 966 ) have studied the interaction between vagal impulses and gastrin in 

the control of gastric secretion : the removal of vagal impulses and its 
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subsequent importance in the decrease in activity of gastrin has been 

discussed . The workers concluded ,  with reference to vagal impulses and 

gastrin , "Each o f  the two stimuli may under experimental conditions become 

intensive enough to break through the st imulatory threshold of the HCl 

secreting glands . It is doubt ful , however , whether they ever do this under 

physiological conditions . " 

It is di fficult to offer a singl e  explanation for the inhibition o f  

gastric secretion accorded by "gastrin" ( ICI 50 , 1 23 ) . Since acetylcholine 

is the chemical transmitter of postganglionic cholinergic e fferents , and 

as the nature of the inhibition due to  "gastrin" ( ICI 50 , 1 23 ) appears similar 

to the nicotinic effec ts of acetylcholine ( these e ffec ts are described by 

Goodman and Gilman , 1 955 ) one such explanat ion could be that gastrin directly 

or indirectly liberates acetylcholine with the resultant large dose producing 

nicotinic effec ts . The observations o f  Gr�gory and Tracy ( 1 96 4 )  are not 

in opposition to this view and also provide an indication of the diversity 

o f  action of gastrin . These workers reported that gastric motility stimulated 

by gastrin , peptic ac tivity stimulated by gastrin and oxyntic cell activity 

inhibited by gas trin were all resistant to atropine ( atropine does not antag­

onise the nicotinic effects of acetylcholine ) ;  in contrast the response of 

intestinal motility to gastrin was inhibited by atropine . 

From the results presented and the limited observations reported,  it 

would appear that the inhibition of abomasal acid secretion mos t  likely 

results from a disturbance of the c irculating levels of gastrin . The 

severe inhibitory effects of the pentapeptide on movements of  the reticulum 

and rumen and the diminution of pepsin secretion which corresponded to the 

infusion indicate that block of a vagal effector mechanism may account for 

the inhibition. No definite evidence has been provided to justify the 

acceptance of any one theory . 
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An observation of  interest was that in the fed animal upon the 

intravenous infusion of the peptide , ' B '  sequence s  of contractions of the 

rumen were less affected than ' A '  sequences of  contraction of the reticulum 

and rumen . Is this a characteristic of an inhibition of movements of  the 

reticulum and rumen in that ' B '  sequences are more  resistant than ' A '  

sequences , or does it indicate that the gastrin and oleic acid induc ed 

inhibitions operate  through a similar mechanism? If so , is this mechanism 

central , peripheral or perhaps both? These and many other questions remain 

to be resolved - perhaps one of the most interest ing is whether the actions 

o f  the synthetic gastrin preparat ions provide a clue on the relations 

between the function and struc ture o f  gastrin preparations in different 

species . 
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CHAPTER V 

GENERAL DISCUSSION 

Those animals with a simple form of s tomach do not exhibit continuous 

gastric secretion - the secretion from the stomach occurs in association 

with the ingestion and/or gastric and intest inal digestion of  food . At 

other times .than those o f  eating or digesting food - the "interdigestive" 

period - secretion is at a low level or absent . 

An indication of  the part played by the central nervous system in 

the regulation of  gastric secretion and par t icularly in relation to blood 

sugar levels has been obtained from a series of experimental observations 

made on gastric secretion in rats  made hyperphagic by bilateral hypothalamic 

lesions placed ventromedially ( Cirpili and 2idley 1 966 ) . Vfuen such 

animals were maintained on a restricted food intake they showed significantly 

higher levels of gastric acid and pepsin secretion than did normal animals 

on the same or comparable food intakes. 

The administration of  2 deoxy-D-glucose by the intravenous route led 

to an increased secretion in both normal control and sham fed animals : 

2 deoxy-D-glucose did not produce  an increased secretion of  gastric juice 

in animals made hyperphagic with ventro-medial hypothalamic lesions , 

( 2  deoxy-D-glucose is not metabolised yet presumably occupies "receptor 

sites" in metabolic cycles or pathways conc erned in glucose transport - it 

thus prevents glucose becoming available and being utilised and produces a 

functional cellular deficiency of  glucose ) .  

These reactions to  2 deoxy-D-glucose and the earlier finding of  a 

suppression of  secretion in hyperphagic rats during insulin hypoglycaemia 

indicate an association between the ventromedial nuclei and the acid and 

pepsin secretory responses which occur during hypoglycaemia or interference 
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with glucose metabolism. 

Further evidence of  an association be tween the hypothalamus and 

gas tric secretion has been provided by Hischer and Brooks ( 1 966 ) . Bipolar 

electrodes were implanted unilaterally into the ventromedial or lateral 

hypothalamus of  rats fitted with chronic gastric cannulae and were used 

to s timulate discrete regions of the hypothalamus . Electrical s timulation 

of the hypothalamus through electrodes which were placed in the v entromedial 

nucleus ( "satiety centre " ) resulted in a significant decrease in volume and 

output of both acid and pepsin of the gastric contents. No significant 

change in the acid and pepsin concentration was detec ted. Animals in which 

the electrode tips were in the lateral hypothalamus ( "feeding centre" ) 
exhibited a significantly increased volume of secretion and acid output during 

periods of electrical stimulation . During the gastric secretory response 

to an insulin induced hypoglycaemia , elec trical stimulation o f  the ventro­

medial nucleus caused a reduction in the volume and acid and pepsin output 

of the secretion . In contrast , electrical stimulation of the lateral 

hypothalamus had no effect upon the insulin induced respons e . I t  was 

subsequently shown that bilateral vagotomy undertaken in two rats , abolished 

the increased acid secretion previously obtained in response to electrical 

stimulation of  the lateral hypothalamus . These studies on the e ffects  of  

ablation and stimulation o f  areas in  the  hypothalamus on  gastric secretion 

are consistent with the exist ence of a localised syst em within the hypo­

thalamus controlling gastric secretion in a manner similar to  the hypothalamic 

control of food intake . 

It is interesting t o  predict that such a control also exists in the 

ruminant . This is of moment in t he light that definitive evidenc e  has 

been provided o f  the control of  the CNS over movements o f  the more cranial 

regions of the ruminant s tomach . Although this control is basically 
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medullary , the medullary c en tres are prone to the effect of influence 

from higher par ts of the CNS . 

The changes in freque ncy of movements o f  the reticulum and rumen 

observed during the normal periods of feeding , ruminat ion and inactivity 

deserve special ment ion . Reid ( 1 963 ) has discussed the e ffects of di etary 

factors on the motility o f  the reticulum and rumen . The higher frequency 

of reti culum and asso ciated  rumen contractions ( ' A '  sequences ) observed 

with a concentrated protein feed ( in the form of nut s )  is probably a 

re fl e ction of the degree of  reflex oral , pharyngeal , oesophageal and gastric 

stimula tion. Borgatti ( 1 9 48 ) has drawn attention to the greater buc cal 

stimulation accorded when ingested fo od was chewed for the first time , 

than that occasione d during the mastication of material regurgitated from 

the stomach . He suggested this cont ribut ed to the di fferent frequencies 

of reticulum and rumen cont ractions observed during feeding and rumination . 

Evidence has be en provid ed in ruminan ts of a refl ex oesophageal stimulat ion 

of s tomach movem ents.  Clark and Wei ss ( 1 952 ) demons trated that tactile 

s timulation of the caudal part of the thoracic oesophagus provokes or 

inc reases reticulum contractions and salivary secretion . Distension of 

the oesophagus in decerebrate preparations and anaes thetis ed animals has 

b een shown to stimulate reticulum and rumen co ntractions ( Kay and Phillipson 

1 959 , Sellers and Titchen 1 959 ) . Reid ( 1 962 ) has reported that tactile 

stimulation of the reticulum produced an increased frequency of  reticulum and 

associated rumen contractions. Stretch of the reticulum has also been shown 

to stimulate reflexly , contractions of itself ( Titch en 1 9 58 ,  Reid 1 962 ) .  

In addition, both tactile and stretch stimulation o f  the reticulo-rumenal 

fold modify reticulum and rumen movements ( Titchen 1 960 , Reid 1 962 ) . 

From these reported observations it can be inferred that the sudden 

drop in frequency of reticulum and associated rumen contracti ons upon the 

cessation of feeding is probably due to a combination o f  factors.  These  



Fig. 29 : The inhibitory e ffects of  distension of an abomasal pouch 
with saline , on movements of the reticulum and rumen . 
Records from above downwards : jaw movement s ,  contractions 
of the main ventral rumen , contrac tions o f  the cranial 
dorsal rumen , contractions of the reticulum , signal 
for the volume o f  saline in the pouch , 60 sec time­
marker . Vfuen the pouch was distended with 80 ml 
saline , a pressure o f  45 mm Hg was developed in the 
pouch . Note the high tonus o f  the reticulum first seen 
be fore its complete  inhibition and continuing through 
the period of inhibition . 
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could include: a decrease in the afferent impulse input to reflex centres, 

particularly those impulses arising from oral, pharyngeal and oesophageal 

sites ; the reflex inhibition of reticulum and rumen movements produced by 

distension of the abomasum (Phillipson 1939, Titchen 1958) and possibly the 

duodenum (Phillipson and Ash 1965) ; satiety could also contribute to a 

decreased motility through a diminution of excitatory efferent impulses 

arising in the CNS . This latter factor may be reflected in the gradual 

slowing in frequency of reticulum and associated rumen movements ('A ' 

sequences) as feeding progresses. 

A relationship between the central nervous system a nd gastric secretion 

and motility in the ruminant has been demonstrated in the experiments 

presented here by the occurrence of a cephalic phase of abomasal secretion. 

In the response to teasing a sheep with food, both an increase in the 

frequency of reticulum and associated rumen movements ('A ' sequences) a nd 

an increase in abomasal acid secretion (thought to be unrelated, in part 

at least, to an increased passage of digesta into the abomasum) was observed. 

Attention should be drawn to the fact that the technique of partial 

exteriorizations employed in these studies allows the recording of movements 

o f  the reticulum and rumen wall only, and therefore an increased frequency 

of contractions of the reticulum and rumen does not necessarily mean a 

concomitant increase in the passage of digesta from these regions has 

occurred. 

In an attempt to determine whether an abomasal pouch was innervated, 

the pouch was distended with 80 ml of isotonic saline at 37°C.  This volume 

of saline produced a pressure within the pouch of 45 mm Hg (measured by an 

electromanometer) and the distension accorded, after a latency of 30 sec 

resulted in a tonus increase of the reticulum for 4 min, followed by an in­

hibition of reticulum and associated rumen movements (Fig. 29) . 30 ml of 

isotonic saline when withdrawn from the pouch was followed by a return of 
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reticulum movements but tonus of the reticulum was evident during these 

contractions . Normal motility resumed soon after the withdrawal of the 

full 80 ml of saline . 8o ml of abomasal acid secretion ( 1 4o m-equiv 

H
+

/litre ) introduced int o the pouch resulted in a lesser degree of inhibition 

than a similar volume of saline . It was thought this may have b een due 

to the presence o f  acid receptors in the abomasal mucosa.  

Although this experiment supported t he conclusion that the abomasal 

pouch possessed an innervation,  the nature of this innervation could not 

be determined :  the inhibition o f  reticulum and associated rumen movements , 

may have arisen from inhibitory fibres taking either a course in vagal or 

sympathetic nerve trunks ( Titchen 1 958 ) .  

In another attempt to determine the innervation o f  the abomasal pouch 

0 . 5  u/kg of "glucagon free "  insulin ( Eli Lilley u . s . A . ) was administered 

intravenously to an animal fasted for 24 hr .  The insulin caused within 

1 5  min an immediate inhibition of reticulum and associated rumen movements 

and of abomasal pouch secretion. Apart from a slight stimulatory e ffect 

on motility and secretion 45 min after insulin ' s  adminis tration , an almost 

comple te inhibition of reticulum and associated rumen movements lasted for 

6 hr until the animal was fed . Rumination did not occur at any stage. 

Acid secretion from the pouch was inhibited for 9 hr and did not return 

to normal despit e c ontinual eating, until 3 hr after feeding had c ommenc ed. 

This unexpected pro found inhibition of forestomach motility and 

abomasal secretion demonstrated the danger of using insulin as a determinant 

o f  a vagal innervation . Previous reports of an inhibition of pouch secretion 

have been provided in a review of the act ion o f  insulin hypoglycaemia on 

motor and secretory functions of the digestive tract (Bachrach 1 953 ) . 

Recently Hirschowitz ( 1 966a , 1 966b ) and Hirschowitz and Robbins ( 1 966 )  

have obtained evidence that the inhibition o f  gastric secretion b y  intraven­

ously administered insulin is due to a direct effect of insulin on the 
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gas tric mucosa and is dependant on the do se of  insulin given . In a further 

study , Hirschowitz and Sachs ( 1 966 ) reported that the inhibitory action o f  

insulin on gastric secreti on could b e  rapidly reversed or largely prevented 

by the intravenous administration o f  K+ . 

As well as this direct inhibitory action o f  insulin on the acid 

secreting cel ls ,  Olbe ( 1 96 4 )  has produced evidence which has indicated that 

the response of the oxyntic cell to vagal excitation may be entirely 

dependant upon the presen c e  of circulating gastrin . In do gs prepared with 

oesophageal fistulae , sham feeding produc ed a gas tric secretory respons e . 

Upon excision of the gas trin liberating regions the respons e to sham feeding 

virtually disappeared . Intravenously infused gas trin extract at sub-

threshold do ses restored the sham feeding respons e . 

Thus the direct inhibitory action of insulin and it s probable 

dependence on  gastrin , to gether with it s prope rty of exciting the release 

of gastrin , make it unsuit able as an agent for determining a vagal innerv­

ation . It  would appear that 2 d�oxy-D-glucose may be a more appropriate 

vagal stimulator ( Feinblat t ,  Gel fand and Smith , 1 966 ) . 

In the elucidation of  factors concerne d in the duodenal control of  

abomasal secretion and ret iculum an d  rumen motil i ty, the natur e of the 

inhibitory action of fat and its digestion produc ts remains obscure . The 

experimental studies undertaken have indicated that more than one mechanism 

exists for the inhibition of  abomasal secretion and forestomach motili ty .  

I t  has been suggested from the results obtained that movements  o f  the 

reticulum and rumen are profoundly affected by the level of long chain free 

fatty acids in the circulation . Likewise , abomasal acid secretion is  also 

affected by this condi tion , but there appears to  be  another mechanism 

operating at the level of gastric secretion although having lit tle if any 

e ffect  in low concentrations on motility of the reticulum and rumen . 

This additional mechanism could be the elusive inhibitory hormone , entero-
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gastrone . However , the enterogastrone extracts prepared and administered 

to the she ep had inhibitory actions on both abomasal secretion and fore-

stomach motility. As enterogastrone extracts with properties simulating 

those of endo genously released enterogastrone have yet to be prepared , it 

seems as though the true inhibitory agent ( termed enterogastrone ) is still 

to be isolated. Recent developmen ts in the field of duodenal hormones 

has resulted in repor ts that pancreozymin-cholecystokinin preparations 

inhibit  gastric secretion and motility in a way similar to that of endogenous 

enterogastrone ( Johnson and Magee 1 965 , Johnson,  Brown and Magee 1 966 ,  

Gillespie and Grossman 1 964) . Brown and Magee ( 1 967 ) have shown that 

cholecystokinin (a commercial preparation , Vitrum ) produced a profound 

inhibition of gastric secretion in Heidenhain pouch dogs secreting in 

respons e to endogenous gastrin released by per fusing the antrum 'Ni th 

acetylcholine or peptone solutions. Thus , these recent result s suggest 

that cholecystokinin is an inhibitory hormone acting on gastric secretion 

and motility . 

Following up this work on duodenal hormone preparations , Brown and 

his colleagues studied the effect of  duodenal alkalinisation on gastric 

motility ( Brown , Johnson and Magee , 1 966 ) . In dogs alkaline buffer solutions 

and pancreatic juic e when introduced into the duodenum were found to 

stimulate motility of denervated  fundic pouches . Pancreatic juic e did 

not increase the pH sufficiently in the duodenum to s timulate motility in 

transplanted fundi c  pouches .  I t  was suggested that the solutions either 

preven ted the release of an inhibitory humoral agent , or they released a 

stimulat ory humoral agent . A subsequent study ( Brown , Johnson and Magee 

1 967 )  showed that the response o f  transplanted fundic pouches to alkalinisation 

o f  the duodenum could be abolished by the intravenous administration of 

small doses of cholecystokinin-pancreozymin extract .  Olive oil , peptone 
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and HCl when introduced into the duodenum also inhibited the motility 

response.  

Of  interest with reference to  the above stu dies is  the experiment 

performed by Chey and Lorber ( 1 966 ) in which dogs with Heidenhain pouches 

underwent "total " pancreatectomy or ligation of the pancreatic ducts . 

After either operation , the daily acid output significantly increased in 

respons e to a meal . The inst illation into the duodenum of  fresh canine 

pancreatic juic e caus ed an immediate and striking decrease in the acid 

hypersecretion . This inhibitory effect  was abolished by boiling the juic e 

prior to its a dminis tration . The inhibitory effect was no t due to the 

alkalinity o f  the juice as the intradu odenal ins tillation of sodium bicarb-

onate in a concentration comparable to that of fresh can ine pancreatic 

juice did not influence the daily acid secretion . It was suggested the 

acid hypersecretion might have result ed from the impairment or removal of 

a duodenal inhibitory mechanism . 

The evidence presented above is consistent with the view of a tonic 

release from the duodenum of an inhibitory agent acting on gastric secretion 

and motility .  Under certain c ircums tances changes ( chemical , osmolality , 

or pH ) in the duodenal content (and under many experimental conditions 

these changes are non-physiological ) may result in an inc reased liberation 

of the inhibitory agent or agents. How these postulated agents are released 

remains obscure . It appears unlikely from the different routes of 

a�istration us ed , and the number of substances effecting an inhibition 

that a single mechanism operates in mediating the effects on gastric 

secretion and motility : rather a number o f  mechanisms acting separately , 

additively or synergistically should be envisaged whether they be blood 

levels of fat ty acids , glucose or amino acids, inhibitory hormones or an 

inhibition o f  stimulatory hormones ,  peripherally or centrally site d  
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osmoreceptors or even neural re flexes. 

It  can be seen that the control of stomach motility and secretion in 

the ruminant is a complex one . Emphasis in this thesis has been placed on 

the nature of the secretory me chanisms of the abomasum , and the infl uence 

of abomasal exocrine secretions on other regi ons of the stomach . Experimental 

observations have strongly suggested the oc currence of a cephalic phase 

( in the sense of a direct vagal stimulation o f  the secretory cells )  of  

abomasal secretion , and the importance  of acid secretion in the control 

of reticulum and rumen motility in the conscious animal must remain a real 

possibility . 

Attempt s to define the relationship between abomasal secretion and 

reticulo-ruminel motility have not been succ essful . Certain workers 

argue to the view that the passage of digesta into the abomasum is the 

main stimulus to abomasal acid secretion ( Hill 1 955, 1 960 , Ash 1 961 a ) . 

Tit chen ( 1 958 ) has c ited the secretion of acid by the oxyntic cell as a 

physiological stimulus to the motility of  the reticulum and rumen . 

Bost and V�ine ( 1 966 ) in experiments on conscious sheep demonstrated  that 

reticular activity was modified reflexly by distension of the omasum and 

abomasum : slight di stension intensified contractions , while severe dis-

tension inhibited contractions . These workers also found that the reticula-

omasal sphincter controlled the passage of ingesta;  this passage of 

ingesta was irregular and was not strictly related to "cycles of reticular 

activity".  Ash ( 1 961 a)  has suggested that the inflow of  digesta into 

the abomasum , the secretion of acid and the flow of mat erial from the 

abomasum are inte grated, wi th the abomasum controlling these functions. 

While no conclusive evidence  has been obtained ,  preliminary experiments 

indicate that an analogue of gastrin ,  ICI 50 , 1 23 has a different ial effect  

on motility of the alimentary tract of sheep. It is possible that gastrin 
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per se possesses this effec t  and contributes to an abomasal control of 

reticulum and rumen motility . 

The experimental studies undertaken have served to illustrate the 

importance of the duodenal control of abomasal acid secretion and of 

reticulo-rumenal motility . As well as these more basic control systems , 

however , higher centres in the brain have been shown to influence motility 

and secretion ; for example the inhibition of abomasal secretion observed 

with the appearance of strangers . 

It is suggested that many control mechanisms concerned with abomasal 

secretion and forestomach motility , operate as part of a complex co-ordinated 

series of direct hormonal and reflex responses summing to ensure the 

continuation of effective fermentative and hydrolytic phases of digestion 

that are exhibited by ruminants .  
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Ex:eeriment :  29/5 

Sample Activity 
( 1 5 
min) 

1 N-R 
2 R-E 

3 E 
4 E-N 

5 N 
6 N 

7 N-R 
8 R 

9 N-R 
1 0  R 

1 1  N 
1 2  E 

1 3 E 
1 4  E 

1 5 E-N 
1 6 N 

1 7 R 
1 8  R 

1 9 R 
20 . R-N 

21 N 
22 R 

23 R 
24  N 

25 E 
26 E 

27 N 
28 R 

29 R 
30 N 

31 .  R 
32 R 

33 R 
34 N-R 

TABLE 1 

72 hour run on No . 2 

Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

Contr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 

( Aseq ) ( Bseq ) 
/1 5 min /1 5 min 

where 
meas . 

1 5 1 1  
1 9 

25  
1 7 7 

8 9 
9 1 0  

1 4  9 
1 6  8 

1 2  7 
1 3  

1 0  
22 

23  
22  

1 7 
1 1  8 

1 7 8 
1 5 8 

1 6  8 
1 1  6 

1 2  1 0  
1 6  8 

1 5 7 
1 0  5 

1 9 

m in lll-EqU:i.v 
H+/1 

1 3 ) 1 49 9 ) 

1 2 . 5 )  1 64 1 2  ) 

5 ) 
7 . 5 )  1 39 · 5 

1 2 . 5 )  1 48 1 3  ) 

1 2  ) 1 48 . 5 1 1  ) 

7 - 5 )  1 52 1 3 ) 
1 5 • 5 )  1 76 5 1 4 . 5 )  • 

1 2 . 5 )  1 48 . 5 1 3  ) 
1 0  ) 1 51 8 ) 

1 2  ) 1 53. 5 1 2  ) 

1 2 . 5 )  1 46 
1 2 . 5 )  

1 � :� � 1 47 . 5  

1 2 . 5 )  1 52 . 5  1 2  ) 

1 1  ) 
1 0 . 5 )  1 47 

� · 5 � 1 33 - 5  

1 1 . 5 )  1 46 1 2. 5 )  

1 3. 5 )  1 46 1 3.5 )  

lll-€qui. V ml 30 min m�v �v 
H+/30min rel . units /1 /1 

3 .28 8 . 2 1 80 8 8 

4. 02 1 0. 2 250 8 1 0  

1 .  74 9 · 9 1 24 1 7 5 

3. 78 8 . 3  21 2 8 1 1  

3. 42 9 . 0 207 9 1 0  

3 . 1 2 1 0. 2 209 1 2  1 0  

5 · 30 7 ·7 231 7 1 5 

3· 79 8. 5 21 7 8 1 1  

2 . 72 8 . 3 1 49 9 7 

3. 68 8 . 5 204 8 1 0  

3 .65 9- 3 232 7 1 0  

2. 95 8 . 2 1 64 8 8 

3 . 74 8. 8 21 6 7 1 1  

3. 1 6  9.0  1 93 7 8 

1 . 40 9.0  94  1 7 4 

3 .50 9. 4 226 8 1 2  

3- 94 9 · 9  267 8 1 0  

pH 

1 . 05 

1 . 05 

1 . 1 0  

1 . 05 

1 . 00 

1 . 05 

1 .05 

1 .05 

1 . 00 

1 .05 

1 .05 

1 . 05 

1 . 03 

1 . 05 

1 . 20 

1 . 1 0  

1 . 05 



Sample Act ivity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 

( 1 5  Contr . Contr. ml/1 5 cone . output c one ,! outpu1/ cone . cone . 

min ) ( Aseq) (Bseq) m in m-equiv m-equiv ml 30 min lll-aluiV m-�v 

/1 5 min /1 5min H+/1 H+/30 rel . units /1 /1 

where m in 
meas . 

35 R - ) 1 42 . 5 9 . 4 9 1 0  1 . 1 0  
36  R 1 3 1 3 ) 

37 N 1 5 1 0 ) 1 46 3 . 28 1 2 . 5 281 8 1 0  1 . 05 
38 E 25 1 2 . 5 )  

39 E 1 5 . 5 ) 1 50 . 5 4 . 29 1 0 . 6 302 6 1 3  1 . 08 
40 E 25 1 3 ) 

41 E 22 1 5 ) 1 49 4 . 32 g .o 261 5 1 4  1 . 05 
42 .i!. 22 1 4  ) 

43 N 1 4  1 1  1 2 ) 1 49 4 . 32 8 .2 238 6 1 2  1 . 1 0  
44 R-E 1 8  1 7 ) 

45 E 26 1 4. 5 )  1 45 3 . 91 9 · 3 251 7 1 0  1 . 05 
46 E-R 21 1 2 . 5 )  

47 R 1 9 1 2  1 5 ) 1 47 . 5 4. 35 9 . 3 274 6 1 1  1 . 1 0  
48 R 1 9  1 0  1 4 . 5 ) 

49 R 1 9 1 2 1 5 ) 1 48 4. 59 9 . 4 291 5 1 2  1 . 08 
50 R-E 20 1 6  ) 

51 E 25 1 6  ) 1 46 . 5 2 . 78  9 . 0 1 71 5 1 4  1 . 05 
52 E 3 ) 

53 --R 1 4 . 5 )  1 53 4. 36 7 - 7 · 21 9 5 1 2  1 . 1 0 
54 R ) 1 6 ) 1 0  1 4  ) 

55 E 22 1 3 ) 1 48 . 5 4 . 01 8. 8 238 5 1 0  1 . 1 0 
56 E-N 1 4  ) 8  1 4  ) 

57 N 10  8 1 3 ) 1 49 4 . 1 0  8 . 2 225 6 1 0  1 . 05 
58 N-R 1 5 1 0 1 4 . 5 ) 

59 R 1 8  1 6 . 5 )  1 47 . 5 4. 79 8. 6 279 5 1 3  1 . 1 0  
60 R-E 1 7  1 6  ) 

61  R 1 7 9 1 5 ) 4 . 01 g . 8 265 6 1 0  1 . 1 0  
62 R-N 1 1  9 1 2  ) 1 48 . 5 

63 N 1 0  5 9 . 5 )  1 42 2. 98 1 0 . 9  229 1 1  7 1 . 1 5  
64  N-R 1 5  9 1 1 . 5 )  

65 R 1 5  9 1 3 . 5) 1 49 3 . 87 1 2 . 3  320 1 0  1 0  1 . 05 
66 R 16  8 1 2. 5) 

*PF 
67 N 1 8  1 3 . 5) 

*F ) 1 49 4. 1 7  1 3. 0  364 1 0  1 1  1 . 08 

68 E 26 1 4. 5 )  

69 E 27 1 7 · 5 )  1 47 5 . 00 1 1 . 4  388 7 1 3 1 . 08 
70 E 25 1 6 . 5 )  

71 E 21 1 2  ) 4 .08 1 0 . 2 280 7 1 2 . 5  1 . 05 
72  E 23 1 5 . 5 )  1 48 . 5  



Sample Activity Reticulum Rumen Volume Total Acid 

( 1 5 Contr. Con tr. ml/1 5 cone . output 

min ) ( Aseq ) ( Bseq ) m in IIKqUiV m-equi.v 
/1 5 min /1 5 min H+/1 H+/.30 

where m in 
meas . 

73 E-N 20 1 9  ) 1 48 . 5 5 . 1 2  
74 N 1 3  1 0  1 5 . 5 )  

75 rt 1 8  1 0  9 ) 1 45. 5 1 . 53 
76 R 1 9 1 1  1 . 5 )  

77 R 1 8  1 2  8 . 5 ) 1 37 3 . 08 
78 R 1 8  1 0 . 1 4  ) 

79 R-E 22 1 6  ) 1 45 . 5 4. 66 
80 E 23 1 6  ) 

81  E-N 1 5 1 6  ) 1 46 . 5 4. 68 
82 N-R 1 3  9 1 6  ) 
83 R-N 1 6  1 6  ) 1 50 4 . 72 
84 E 22 1 5 . 5 )  

85 E-N 20 1 6 . 5 )  1 48 4. 74 
86 N-R 1 7 1 5 . 5 ) 

87 rt 1 8  1 1  1 6  ) 1 48 . 5 u . 1 6 
88 N-R 1 5 1 0  1 2  ) 
89 R-N 1 5  8 4 ) 1 36 1 . 70 
90 N 1 2  9 8 . 5 ) 

91 R 1 6  8 1 1  ) 1 45 3 . 62 
92 N 1 2  9 1 4  ) 

93 1 5 ) 1 43 4. 43 
94 N ) 1 3  1 6  ) 

95 N-R 1 6  1 5  ) 1 44 3 - 53 
96 R 1 3 7 9 . 5 )  

97 N 1 0  6 3 . 5 )  1 29 1 . 03 
98 N 8 3 4. 5 ) 

99 N 7 5 8 . 5 ) 1 31 2 . 1 6  
1 00 N 1 1  6 8 . 0 )  

1 01 R 1 5 6 9•0 )  1 36 2. 31 
102 R-N 1 1  4 8 .0 ) 

1 03 N 10  4 6 .5 ) 1 26 1 . 51 
1 04 N 6 2 5 . 5 )  

1 05 N-R 1 2  1 0. 5 )  1 39 3 . 4o 
106 R 1 2  7 1 4  ) 

107 N 1 0  6 1 0 . 5 )  1 41 . 5 2 . 83 
1 08 N 9 1 9 . 5 ) 

109  N 1 1  5 4 ) 1 . 61 
1 1 0  N-R 1 5 7 8 . 5 )  1 28 . 5 

1 1 1  R 1 5 6 1 1  ) 2 . 1 8  
1 1 2  R-N 7 1 5 ) 1 36 . 5  

Pepsin Na+ K+ pH 
cone,! output/ cone . cone . 

ml 30 min 
rel . units 

1 0 . 6 366 

8 . 6 90 

1 0 . 7 240 

1 1 . 7 374 

1 1 . 2 358 

1 0 .7 337 

9 . 8 31 4 

9 . 6 269 

9 . 8 1 22 

9 . 0 225 

1 1 . 4 353 

1 0. 7 262 

1 0 . 2  82 

9 . 4 1 55 

8 . 6 1 46 

9 . 4  1 1 3  

9 . 4  230 

1 1 . 2 224 

1 4. 1  1 76 

1 0 . 7  1 71 

m-e:rui. v m-e:ruiv 
/1 

7 

1 0  

1 7 

7 - 5 

6 . 5 

6 

8 . 5 

7 

1 8 . 5 

1 0  

8 . 5 

8 . 5 

23 

1 8  

1 4. 5  

21 

1 1 . 5 

1 0 . 5  

1 9 . 5  

1 2 . 5  

/1 

1 0. 5 1 . 1 0  

6. 5 1 . 1 0  

6 1 . 1 5  

1 1 . 5 0. 98 

1 2 . 5 1 . 1 0  

1 1 . 5 1 . 05 

1 2  1 . 1 0  

1 1  1 . 08 

6 1 . 1 5  

8 1 . 1 0  

1 2  1 . 1 0 

1 2  1 . 1 0 

2. 5 1 . 20 

5- 5 1 . 1 0 

7 1 . 05 

4. 5 1 . 20 

1 2  1 . 05 

7 . 5  1 . 08 

5. 5 1 . 1 5 

8 . 5  1 . 1 0  



Sample 
( 1 5  
min ) 

1 1 3  
1 1 4  

1 1 5 
1 1 6  

1 1 7 
1 1 8  

1 1 9 
1 20 

1 21 
1 22 

1 23 
1 24 

1 25 
1 26 

1 27 
1 28 

1 29 
1 30 

*SF 
1 31 
*SF 
1 32 

1 33 
1 34 

1 35 
1 36 

* F  
1 37 
1 38 

1 39 
1 40 

1 41 
1 42 

1 43 
1 44 

1 45 
1 46  

1 47 
1 48 

Activity Ret iculum Rumen Volume Total Acid Pepsin Na+ K+ 

N-R 
N 

N 
N 

N 
Nib . 

R 
R 

R-N 
N 

N 
N 

N 
N 

N-R 
R 

R-N 
R 

N 

N 

N 
N 

R 
R-N 

E 
E 

E 
E 

E 
E 

E 
E 

E 
E 

E-R 
R 

Contr . Contr. ml/1 5 cone . 
( Aseq ) ( Bseq ) 

/1 5 min /1 5 min 
where 
meas . 

1 1  4 
9 2 

9 4 
8 1 

8 2 
1 2  

1 7 7 
1 6  6 

1 2  
1 0  2 

8 1 
8 2 

1 0  
1 0  

) 1 0  
1 7 5 

1 2 2 
1 2  3 

1 5 

1 5 
1 3 

9 1 

1 5 4 
1 1  1 

30 
29 

27 
27 
25 
25 

21 
22 

23 
23 

22 
23 1 2  

m in m-ecpi..v 
H+/1 

1 3 . 5 )  1 35 
9 . 5 )  

1 1  ) 1 39 8 ) 

3. 5 )  1 31 
9 ) 

1 0 . 5 ) 1 37 · 5 
9 ) 

9 ) 1 37 1 0  ) 

6 . 5 ) 1 35 6 . 5 )  

8 . 5 )  1 36 
9 . 5 )  

1 1  ) 1 39 .5 
1 0 . 5 )  

7 . 5 )  1 36 
4 .5 ) 

4 .5 ) 
) 1 29 . 5 

4 . 5 )  

1 2 . 5 )  1 42 .5 
9 -5 )  

4 ) 1 1 9 3 ) 

1 r ·5 � 1 30. 5 

1 4  ) 
1 5 . 5 ) 

1 40 

1 6  ) 
1 5.5 )  1 43.5  

1 5 ) 
1 7 ) 1 46 . 5  

1 5 •5 )  1 47 5 1 5. 5)  
• 

1 5 •5 )  1 43 5 1 3 .5 )  • 

output cone./ output/ cone . c one . 
m-a:J.ui..v m1 30 min m-equiY m-e:piv 

H+/;0 rel . units /1 /1 
m in 

3 . 1 0  9 .6 221 1 5 . 5 7 · 5 

2 . 64 9 . 6 1 82 1 0 . 5 8 . 5 

1 . 64 1 1 . 8 1 47 17 . 5 6 .5 

2 . 72 1 0 . 2  1 99 1 1 . 5 8 . 5 

2 . 60 1 0.7 203 1 1  8 

1 . 75 9 . 4  1 22 1 3 6 . 5  

2 . 45 8 . 5 1 53 1 2 . 5 7 . 5 

3. 0 1 0 . 2 21 9 1 0 . 5  8 

1 . 63 1 0 .7 1 28 1 2 . 5  7 

1 . 1 6 1 0 . 2 92 1 7 8 . 5 

3 . 1 4  7 .8 1 72 7 1 0 . 5 

0 . 83 9 . 4  66 24 3 

2 . 81 1 0 . 6  228 1 2 . 5  1 1 . 5 

4 . 1 3  1 0.7 31 6 6 1 3.5 

4 . 52 1 1 . 2 353 5 1 3 . 5 

4 . 69 9 . 4  301 4 1 3 

4 . 57 7 · 5  232 4 . 5  1 2 . 5 

4 . 1 6  8.6  249 4 .5 1 2  

pH 

1 . 1 0  

1 . 1 0  

1 . 1 5 

1 . 1 0  

1 . 1 0  

1 . 1 0 

1 . 08 

1 . 1 0  

1 . 20 

1 . 20 

1 . 1 0 

1 . 30 

1 . 1 0  

1 . 00 

1 .08 

1 . 1 0  

1 . 1 0  

1 . 08 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na K+ pH 
( 1 5 Contr . Contr. rnl/1 5 conce . output cone./ output/ cone . cone . 

min ) ( Aseq ) ( Bseq ) m in m-eq.ri.v �quiv ml 30 min m-€q.liv m-a:p:iy 
/1 5 min /1 5 min H+jl It /30 rel . units /1 /1 

where m in 
meas . 

1 49 R-E 22 1 6  ) 1 47 . 5 4. 72 9 . 1 291 5 1 2 .5 1 . 10 1 50 t.. 20 1 6  ) 
1 51 N-R 22 1 6  ) 1 45. 5 4 . 58 1 0 . 1  31 8  4. 5 1 2 . 5 1 . 1 0  1 52 R 1 9 9 1 5 . 5 )  
1 53 R 1 7 1 0  1 4  ) 1 42 . 5 4. 1 3 1 1 . 2 325 5 1 0  1 . 1 0  1 54 R-N 1 8  1 5 ) 
1 55 E 21 1 7 ) 1 45. 5 4 . 80 9 . 8 323 4 . 5 1 2 . 5  1 . 08 1 56 E-N 1 8  1 6  ) 
1 57 R 1 6  1 1  1 5 . 5 )  1 47 4. 1 2 8 .5 238 4 1 1 . 5 1 .08 1 58 N 1 1  7 1 2 . 5 )  
1 59 N 1 1  1 0  1 2  ) 1 47 · 5 3 . 61 7 . 8  1 91  7 - 5  8 1 . 08 1 60 R 1 8  1 0  1 2 . 5 ) 
1 6 1  R-N 1 2  7 1 2  ) 1 48 3· 77 10 . 2 260 7 8 . 5 1 . 1 0 1 62 R-E 23 1 3 . 5 )  
1 63 E 1 5 ) 1 48. 5 4 . 75 1 0 . 1 323 5 1 2  1 . 1 0 1 6 4  R ) 9 1 7 ) 
1 65 R-E 22 1 5 . 5 )  1 45 . 5 4. 73 1 1 . 4 370 6 1 3 . 5 1 66 E 20 1 7 ) 
1 67 E-N 1 8  1 7 ) 1 47 3 - 90 9.0 238 6 1 1 . 5 1 68 N 10  6 9 . 5 )  
1 6 9  N-R 1 2  5 1 2  ) 1 49 3 . 72 8 . 5 21 2 7 . 5  9 1 70 R 1 8  1 1  1 3  ) 
*SF 
1 71 N 1 8  1 5 ) 

F ) 1 47 . 5 4 . 87 1 0 . 7  353 7 1 2  
1 72 E 31 1 8  ) 
1 73 E 30 1 8  ) 1 53 5 . 05 1 0 . 1  333 6 1 3 . 5 1 7 4  E 28 1 5 ) 
1 75  E 26 1 6 . 5 ) 1 54. 5 4. 33 6. 9 1 93  6 1 0 . 5 1 76 E 25 1 1 . 5 ) 
1 77 E 26 1 3  ) 1 51 . 5  4. 4o 6. 4 1 86 7 ·5 1 1  1 78 E 25 1 6  ) 
1 7 9  N 1 7 1 7 . 5 )  1 45 . 5  5 .02 7 . 4  255 6 . 5  1 2 . 5 1 80 R 21  1 2  1 7  ) 
1 81 R 1 9  1 4  1 6 . 5 ) 1 50 . 5 4 . 59 8 . 3  253 6 1 1 . 5 1 82 E 26 1 4  ) 
1 83 E 24  1 6 . 5 ) 1 51 5 . 06 7 . 2  241 6 . 5  1 2 . 5  1 84 E 24 1 7 ) 
1 85 N-E 1 6  1 8  ) 1 51 5 . 36 8 .2  291  6 . 5 1 3  1 86 E 1 7 . 5 )  



Sample 
( 1 5  
min) 

1 87 
1 88 

1 89 
1 90 

1 91 
1 92 

1 93 
1 9 4  

1 95 
1 96 

1 97 
1 98 

1 99 
200 

201 
202 

203 
204 

205 
206 

207 
208 

209 
21 0  

21 1 
2 1 2  

2 1 3 
21 4 

2 1 5  
21 6 

21 7 
21 8 

2 1 9  
220 

221 
222 

223 
224 225 
226 

Activity Reticulum Rumen Volume Total Acid 
Contr . 
( Aseq ) 

/1 5 min 

E-N 1 7 
E 22 

N 1 4  
N 1 3  

N 1 5 
R 1 8  

R 1 5 
N 1 0  

N 1 0  
N 8 

E-R 1 5 
R 1 8  

R 1 8  
N-R 1 3  

R-N 1 1  
N-R 1 5 

R-N 1 3  
N- E 1 0  

N 8 
R 1 6  

R-N 1 4  
E 1 9  

N-R 1 4  
R- N 1 1  

N 8 
N 8 

N-R 1 3  
R 1 5 

R 1 6  
N 9 

N 9 
R 1 4  

R 1 5 
N 1 5 

N-R 1 4  
R 1 7  

R 1 6  
E )1 2  

E 29 
E 28 

Contr . ml/1 5 cone . 
(Bseq ) 

/1 5 min 
where 
meas . 

8 

1 1  
1 0  

1 2  
8 

7 
8 

1 1  
9 

9 
9 

7 
7 

9 
8 

6 
9 

9 

1 2  
8 

6 
5 

8 
8 

8 
7 

5 
)4 

8 

9 

8 

m in ID-e:{Ui..v 
H+/l 

1 5. 5 )  1 48 1 5  ) 
1 6  ) 1 48  1 4 . 5 ) 

7 . 5 )  1 42 . 5 1 1  ) 
1 2 . 5 )  1 43 1 2  ) 

5 . 5 )  1 4o. 5 
7 . 5 )  

1 1  ) 1 42 . 5 1 5 ) 

1 6  ) 1 41 1 6  ) 
1 5 ) 1 43 1 1 . 5 ) 
1 4  ) 1 43 1 2 . 5 )  

1 1  ) 1 57 · 5 1 2 . 5 )  

1 4  ) 1 56 . 5 1 4. 5 )  

1 3 . 5 ) 1 54 1 0  ) 
3 ) 1 32 . 5 1 0  ) 

1 1  ) 1 42 . 5 8 ) 
2 ) 

1 0 . 5 )  1 45 . 5  

1 2  ) 1 48 1 1  ) 

1 1 • 5 )  1 44 5 1 1 . 5 )  • 

1 2  ) 
7 ) 1 44.5 

1 0• 5 )  1 45 5 1 4.5 ) • 

�� -5 � 1 47 . 5  

output 
l'll-€qUi V 

H+/30 
m in 

4. 51 

4 . 51 

2 . 64 

3- 50 

1 .83 

3 - 70 

4 . 51 

3 - 79 

3- 79 

3 . 70 

4 . 46 

3. 62 

1 . 72 

2 . 71 

1 . 82 

3 . 4o 

3 . 32 

2.74 

3 . 64 

lf . 65 

Pepsin Na pH 
cone,/ output/ c one . cone . 

ml 30 min l'A-eluiV m-equi.v 
rel . units /1 /l 

7 . 4 226 7 - 5 1 0 . 5 

7 . 0  2 1 3  6 . 5 8 . 5 

1 3 . 4 248 1 0  8 

9 . 8 24o 8 8 . 5 

1 3 . 3 1 73 1 3  6 

9. 4 244 9 1 0. 5 

1 0 . 2 326 7 - 5 1 2  

1 2 . 3 326 7 - 5 1 0  

8 . 3 220 7 - 5 9 . 5 

7 . 8 1 83 8 8 

8. 5 242 7 - 5 1 0 . 5 

8 . 5 200 8 9 - 5 

8 . 2 1 06 1 7 . 5 7 

8 . 2 1 56 9 9 - 5 

8 . 0 1 00 1 0  1 0  

8 . 5 1 95 9 · 5  1 0  

8 . 0  1 84 9 · 5 1 0  

7 - 5  1 42 8 . 5  1 1  

9 .0  225 9 · 5  9 - 5 
9 .0  283 7 . 5  1 3  



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5 Contr . Contr . ml/1 5 cone . output cone./ output/ cone . cone . 
min ) ( Aseq ) ( Bseq ) m in 111-e:J.uiV lll-€q.liV ml 30 min �ui.v Ill-«J.uiv 

/1 5 min /1 5 min H+/1 H+/30 rel . units /1 /1 
where m in 
meas . 

227 E 23 1 6 . 5 )  1 40 4. 83 9 . 0  31 0 6 . 5 1 3  
228 E 23 1 8  ) 

229 E 24 1 7 . 5 )  1 49 5 . 07 6 . 6 224 7 1 4  
230 N-R 1 8  )1 0 1 6 . 5 )  

231 R 1 8  1 2  1 7  ) 1 46 4 . 89 7 . 4  248 6 . 5 1 3 . 5 
232 R 1 8  1 1  1 6 . 5 )  

233 R-E 22 1 7 . 5 )  1 47 5 - 29 8 . 0 288 6 . 5 1 4  
234 E 22 1 8 . 5 )  

235 N-E 1 8  ) 1 lJ.7 . 5 5 . 31 7 . 2 259 6 . 5 1 2 . 5 236 E-R 1 9  1 8  ) 

237 R 1 8  1 2  1 2 ) 1 46 3 . 65 5 - 9 1 47 8 . 5 8 . 5 238 R-N 1 1  9 1 3  ) 
239 R 1 7 1 2  1 5 ) 1 46 . 5 4. 47 8 . 2 250 240 R-N 1 5  1 5 . 5 )  
2 lt1 R 1 7 1 1 1 6  ) 1 Lf7 Lt . Lt1 8 . 0 24o 7 - 5 1 0 . 5 242 R 1 7 1 2 1 4  ) 

2 43 R-N 1 3  9 1 2 . 5 )  1 47 . 5 3 . 54 1 0 . 7 257 9 8 
244 N 1 1  5 1 1 . 5 )  

2 45 N-E 21 1 4  ) 1 4;; . 5  4 . 22 9 . 8 284 8 1 0  
246 .i!. 20 1 5 ) 

247 E 20 1 8 . 5 )  1 45 4. 86 1 0 . 7  358 7 - 5 1 1 . 5 248 N-R 1 6  1 1  1 5 ) 

249 R-N 1 1  8 1 3. 5 )  1 44 . 5 3 . 1 8  9 . 8 21 6 8 8 250 N 1 0  7 8 . 5 )  

251 N 9 7 10  ) 1 40 3 . 22 1 6 . 7  384 1 1 . 5 7 252 R 1 6  8 1 3  ) 

253 R 1 8  1 2 1 2 . 5 )  1 42 3 . 62 9 . 1 232 9 9 -5 254 R 1 7  1 0  1 3  ) 

255 N 1 2  6 1 3 ) 1 41 3 - 45 1 1 . 4 279 9 9 · 5 256 N 1 1  3 1 1 . 5 )  

257 E 1 0 . 5 )  1 42 . 5  3 . 49 1 1 . 2 274 1 0  9 - 5  258 E 22 1 4  ) 

259 E-R 1 8  1 4 . 5 )  1 45 4. 06 8 .0  224 7- 5  1 0  260 R 1 7 9 1 3. 5 )  
261 R 1 5  9 1 2 . 5 )  1 45 3 . 91 9 . 8  265 8 8 . 5  262 R-N 1 2  8 1 4. 5 )  

263 N 8 6 6 . 5  1 44 . 5  0 . 94/ 9 . 0  58/ 9 8 
1 5 MIN 1 5  MIN 



Sampl e  Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5  Contr . Contr. ml/1 5 cone . output cone./ output/ cone . cone . 
min ) (Aseq) ( Bseq ) m in !ll-e:lUiv m- equiv ml 30 min m-equiv m-equi.v 

/1 5 min /1 5  min H+/1 H+/30 rel . units /1 /1 
where m in 
meas . 

*SF 
264 N 1 5  1 2 . 5 ) 1 39 . 5 3 . 82 8 . 5  234 9 8 . 5 265 N-R 1 5  1 5  ) 

266 R 1 8  7 1 2 . 5  1 45 . 5 1 . 82/ 9 .8  1 22/ 6 . 5 1 0  
1 5  MIN 1 5 MIN 

F 267 E 26 1 6 . 5 ) 1 31 4 . 52 8 .6 297 7 1 1  268 E 29 1 8  ) 

269 E 27 1 8 . 5 ) 1 46 . 5 5. 1 3 7 . 4 259 6 1 3  270 E 26 1 6 . 5 ) 

271 E 24 1 5 . 5 )  1 47 · 5 3 . 83 7 · 5 1 95 7 · 5 1 0 . 5 272 E 23 1 0 . 5 ) 

273 E 24 1 5  ) 1 49 4 . 69 5 . 9 1 86 7 · 5 1 2  274 ..., 24 1 6 . 5 ) ..!. 

275 E 22 1 6 . 5 ) 1 50 5 . 1 0 7 . 4 252 6 . 5 1 3 . 5 276 E 23 1 7 . 5 ) 

277 N-E 20 1 7 . 5 ) 1 53 5 . 35 6 .7  234 6 . 5 1 4 . 5 278 :E-N 20 1 7 . 5 ) 

279 N 1 3  9 1 7  ) 1 48 . 5 4. 31  9 . 1  264 6 . 5 1 1 . 5 280 N 1 2  7 1 2  ) 

281 R 1 9 1 1  1 2 . 5 ) 1 49 3 . 87 7 . 8 203 8 1 0  282 N-E 1 1  1 0  1 3 . 5 ) 

283 E 23 1 6 . 5 ) 1 44 4. 90 8 . 2 279 6 . 5 1 3  284 E 24 1 7 . 5 ) 



TABLE 2 

ExEeriment : 4/6 
1 00 hour run on No . 2 

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5 Contr . Contr . ml/1 5 cone . output c one./ output/ cone . cone . 
min ) ( Aseq )  ( Bseq)  m in m-equi.v m-€qU.iV ml 30 min m-equi.v m-equiv 

/1 5 min /1 5 min H+/1 H"iJ30 rel . units /1 /1 
where m in 
meas . 

1 E 1 3 1 42 . 5 3. 99 6 . 9 1 93 5 9 1 .09 2 E 24 1 5 

3 E 22 1 7 ) 1 42 . 5 4 . 84 7 . 0 238 4 1 2  1 . 07 4 E 20 1 7 ) 
5 N 1 2  7 1 6  ) 1 4o  3 . 92 5 . 9 1 65 4 6 . 5 1 . 06 6 N 8 5 1 2  ) 
7 R 1 5 7 1 2  ) 1 41 . 5 2 . 97 5- 9 1 24  6 . 5 5 1 . 06 8 R 1 6 9 9 ) 
9 R-N-E 1 4  8 4 ) 1 31 2 . 1 0  7 . 8 1 25 9 - 5 6 . 5 1 . 02 1 0  E 22 1 2  ) 

1 1  E-N 1 9  1 3 . 5 ) 1 4 1 · 5 3 . 82 6. 4 1 73 5 9 1 . 00 1 2  N 12  8 1 3 . 5 )  
1 3  R 1 7  1 0  1 4. 5 )  1 41 . 5 3. 89 6 .7 1 84 5 - 5 8 . 5 1 . 01 1 4  R 1 6  8 1 3 ) 
1 5 N-E 1 6 1 0  ) 1 40 3 . 50 7 . 8 1 95 6 8 . 5 1 . 01 1 6 E 23 1 5 ) 
1 7 E 21 1 5 . 5 )  1 27 . 5 3 . 70 6 . 2 1 80 4 . 5 8 . 5 1 . 08 1 8  E-N 1 3  1 0 1 3 . 5 )  
1 9  N 1 0  5 1 1 . 5 )  1 30 .5 2 . 94 5.3 1 1 9  5 - 5 5 · 5 1 . 06 20 N 1 0 3 1 1  ) 
21  N-E 1 3  4 7 . 5 )  1 37 2 . 47 1 0. 7 1 93 9 . 5 5 1 . 00 22 E-N :> 1 9 1 0 . 5 )  
23 R 8 ) 1 36 . 5 2 . 46 9. 8 1 76 1 0 . 5 5 1 . 01 24 R ) 17 1 0  ) 
25 R-N-R 1 5 9 1 0  ) 1 34.5 2 . 02 8. 2 1 23 1 1  6 . 5  1 . 02 26 R-N 1 2  6 5 ) 
27 N 7 5 � - 5 � 1 24. 5 1 . 93 8 .5 1 32 20 5 ·5 1 . 08 28 N-R ) 9 ) 5 
29 R ) 6  1 2  ) 1 41 . 5  3 - 75 7 - 5 1 99 6 9 1 . 00 30 E 24 1 4.5 )  
31 E-N 1 6  1 6  ) 1 1 1  3 · 50  5.0 1 57 2 7 - 5 1 . 1 1  32 N 10 1 5. 5 )  
33 N 8 1 1 .5 )  1 39 3. 00 5- 9 1 27 5. 5 5 . 5  1 . 00 34 N-R 1 2  1 0 ) 
35 R 1 4  6 ) 

1 . 47 6. 9 1 6 36 R 1 4  5.5)  1 28 79 5 1 . 09 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5  Contr . Contr. ml/1 5 c one . output cone./ output/ cone . cone . 
min ) ( Aseq ) ( Bseq )  min m-equiv m-equiv ml 30 min m-Equiv tn-e!Uiv 

37 

38 

39 

4o 

41 

42 

43 

44 

45 

46 

47 

48 
1+9 

50 

51 

52 

53 

54 

55 

56 

57 
58 

59 

60 

61 

62 

63 

64 

65 

66 

67 
68 
69 

R-N 
N 

N-R 
R-E 

E 

E-N 
N 
N 

N-R 
E 
E 

E 
E 
E 

E-N 
N 

N-R 
R-E 

E 

N 

N 

N-E 

E 

E 

E 

E-N 

N 

R 

R 

R-N 
N 

N-R-E 

/1 5 min /1 5 min It /1 H+ /30 rel . units /1 /1 

1 1  

8 

1 4  

1 6  

21 

20 

1 1  

1 4  

1 5  

26 

27 

25 

24 

22 

1 6  

1 2  

1 3  

1 8  

22 

) 1 0  

9 

1 3  

23 

24 

23 

16  

1 2  

1 5  

1 5  

1 2  
9 

1 6  

where 
meas . 

7 

7 

) 5 

6 

7 
10 

7 
8 
8 

9 1 31 

1 1 . 5 1 36 

m in 

1 5  MIN 
1 . 1 8  

1 . 56 

1 2  1 36 . 5 1 . 64  

1 2 . 5  1 36 . 5 1 . 71 

1 5  1 39 2 . 08 

1 5  1 39 - 5 2 . 09 

1 4 . 5  1 40. 5 2 . 0�-

1 4 .  5 1 39 . 5 2 .  02 

1 4  1 42 1 . 99 

1 5  1 4o . 5 2 . 1 1  

1 5. 5 1 43 2 . 22 

1 3 . 5 1 41 1 • 90 

1 3  1 41 . 5 1 . 84 

7 · 5 1 35 1 . 01 

1 1 . 5 1 34. 5 1 . 55 

1 3 . 5 1 39 1 • 88 

1 5 1 39 2 . 08 

1 5  1 41 . 5 2 . 1 2 

1 5 .  5 1 44 2 . 2 3 

1 5. 5  1 43 . 5 2 . 22 

1 5 1 42 • 5 2 • 1 4 

1 3 1 43 . 5 1 . 86 

1 0 . 5  1 39 1 . 46 

1 3  1 41 1 . 83 

1 6 . 5  1 44 2 . 38 

1 7 . 5  1 43 2. 50 

1 5 . 5  1 44.5 2 . 24 

1 4.  5 1 27 1 • 84 

1 3  1 41 . 5 1 . 84 
1 4  

8 . 5  
1 1 .0 
1 4. 5  

1 42 . 5  

1 38 
1 35 · 5  
1 38 . 5  

1 . 99 
1 . 1 7 
1 . 49 
2 .01 

7 .0 

5. 9 

6. 4 

5. 6 

6 . 2  

5. 8 

5. 6 

6.7 

5. 1 

6 . 4  

7 . 0 

7 . 4 
5. 8 

5 . 8 

6. 4 

5. 1 

5. 8 

6. 4 

8.0 

6 .7 
6.2  
5. 6 
5.6 
6.7  
6.7  
7 .0  
6 . 9  
6 . 9  
9.6 

8.5 
6.9 
6. 9 
6 . 4  

1 5  !>UN 

63 

68 

77 

70 

93 

87 

81 

97 

71 

96 

1 1 0 

1 00 

75 

43 

74 

69 

87 

96 

1 24 

1 0 4  

93 

73 
59 
87 

1 1 0  
1 24 

1 07 
1 00 
1 25 

1 1 9 
59 
76 
93 

7 7 . 5 1 . 1 0  

5 8 1 . 05 

5 7 1 . 08 

4 . 5 9 

4 1 0  1 . 05 

3 8 1 . 03 

4 8 1 . 01 

4 8 . 5 1 . 02 

4 . 5 7 - 5 1 . 02 

3 8. 5 1 . 00 

4. 5 7 - 5 1 . 00 

5 7 1 . 02 

9 5 

1 1  6 1 . 09 

5 8 . 5 1 . 02 

5 9 1 . 05 

4. 5 8 1 . 05 
5 9 - 5 1 . 01 

4 . 5  1 1  1 . 00 

4 . 5 1 0  1 . 01 

4. 5 8 1 .00 

7 ·5 6 1 .03 

7 · 5  7· 5 1 .03 

4.5 1 1  1 . 00 

4 . 5  1 2  1 . 02 

4 . 5  1 1  1 . 06 
4 . 5  6 . 5  1 . 20 

6 8 1 . 1 0  

5 8 1 .02 
1 0 . 5  7 1 . 02 
1 1  • 5 5 • 5 1 • 09 

6 . 5  9 · 5  1 .08 



Sample Activity Reticulum Rumen Volume Total Acid 
( 1 5  Contr . 
min ) ( Aseq ) 

/1 5 min 

70  E 20 
7 1  E 23 

7 2  E 23 
73  .u 22 

7 4 E-N-R 1 6  
7 5  R 1 5 

7 6  R 1 5 
77 R-N-R 1 3 

7 8  R 1 5 
79  E 23 

80 E-N 1 8  
81 N 8 

82  N-R 1 2  
83 R 1 5 

84 rt 1 6  
85 R-N-E 1 4  

86 � 
.u 22 

87 E 21 

88 N 1 0  
89 N- R ) 7 

90 R 1 4  
9 1  R 1 5 

92 R 1 4  
93 R 1 I• 

*PF 
94 N 1 2  
95 N 1 2  

96  R 1 5 
97 E 27 

98 E 26 
99 E 22 

1 00 E 22 
1 01 E 23 

1 02 E 22 
1 03 N 1 4 

1 04 N-R 1 2  
1 05 E 25 

1 06 E 25 
1 07 E 25 

Contr . ml/1 5 cone . 
( Bseq ) 

/1 5 min 
where 
meas . 

1 0  
8 
9 
9 
8 

7 
8 
8 
8 

7 
) 5 
1 0  

8 
8 
9 

1 1  
1 0  

m in �Equi.V 
H+jl 

1 6  ) 1 43 1 8  ) 
1 9 ) 1 44 1 8 . 5 )  
1 8  ) 1 54 1 7 ) 

1 2  ) 
1 4o . 5 1 4  ) 

1 6  ) 1 39 . 5 1 7 ) 
1 7  ) 1 42 10 . 5 )  
1 3  ) 1 40 . 5 1 4. 5 ) 
1 3 ) 1 4o . 5 1 4  ) 
1 5 ) 

1 41 . 5 1 6  ) 
1 0  ) 
1 3 . 5 ) 1 38. 5 

1 5 ) 1 40 1 4. 5 )  
1 4- ) 1 4o . 5 1 1  ) 

1 1 . 5 )  1 37 1 4. 5 ) 
1 3 . 5 )  1 41 1 1  ) 
1 3  ) 
1 2 . 5 )  1 37 ·5 

1 5 • 5 )  1 39 5 1 7  ) • 

�� •5 � 1 43.5  

1 4  ) 
1 6  ) 1 41 . 5 

1 6 . 5 ) 
1 42 1 6 . 5 )  

output 
�iv 
H+/30 
m in 

30 MIN 
4.86 

5. 40 

5- 39 

3 . 65 

4. 60 

3 . 90 

3 . 86 

3 .79 

4. 39 

3 . 25 

4 . 1 3 

3 . 31  

3 . 56 

3 . 45 

3 . 51 

4. 53 

4 . 81 

4. 2 4  

4 . 69 

Pepsin Na+ K+ pH 
cone./ output/ cone . cone . 

ml 30 min m-equi v ITH!qUiv 
rel . units /l /l 

30 MIN 

7.0  238 4 . 5 1 2  1 . 00 

7 . 4 277 3 . 5 1 3 . 5 0 . 98 

7. 4 259 3 . 5  1 1 . 5 1 . 00 

6 . 4 1 66 6 8 1 .01 

6. 9 228 4. 5 1 0 . 5 1 .03 

5. 9 1 62 5 1 0  1 . 01 

6 . 4 1 76 7 7 1 . 01 

7 - 5 202 7 . 5 8 1 . 03 

7 . 4 229 5 1 0 . 5 1 . 04 

6. 4 1 50 1 0 . 5 6 . 5 1 . 03 

6. 9 203 6 . 5 8 . 5 1 .06 

7 . 4 1 85 7 - 5 8 1 . 00 

7 . 8 203 1 0 . 5 8 . 5 1 .03 

6. 9 1 69 8 7 - 5  1 . 01 

7 . 4  1 89 9 - 5 7 · 5 1 . 1 0  

5. 6 1 82 5 1 1  1 . 05 

5-9 1 98 6 1 1  1 . 06 

7 . 4  222 7 9 1 . 04 

6 .7  221 5 1 1 . 5 1 . 03 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5 Contr. Contr. ml/1 5 cone . output cone./ output/ cone . cone . 
min )  ( Aseq ) ( Bseq) m in rn-equiv m-equiv ml 30 min m-Equi v m-ecpiv 

/1 5 min /1 5 min H+/1 H+/30 rel. units /1 /1 
where min 
meas . 

108  E 22 1 8  ) 
1 42 . 5 5 .06 7 .0 2 48 5 1 2 . 5 1 . 08 1 09 N-R 1 6  1 2  1 7 . 5 ) 

1 1 0  R 1 5 1 3  1 5 ) 
1 44. 5 4. 48 6 .7 208 6 9 · 5 1 . 02 1 1 1  R-N-R 1 6  9 1 6  ) 

1 1 2 R 1 6  1 1  1 8  ) 1 4o 5 . 04 6 . 9  2 48 5 1 1 . 5 1 . 07 1 1 3 R 1 6  1 1  1 8  ) 
1 1 4  � 25 1 8 . 5 ) 

1 41 . 5 5 . 38 6 . 7 255 5 1 4  1 .05 1 1 5 E 23 1 9 . 5 ) 

1 1 6 (a ) E 25 20 ) 1 39 . 5 5 . 44 6 . 4 250 4. 5 1 3 1 . 1 0  1 1 6 ( b ) E 21 1 9 ) 

1 1 7  N-R 1 6 1 4  1 8  ) 4. 3 1 44 4. 5 1 0 . 5 1 . 00 1 1 8  R 1 6  1 2 1 5 . 5 ) 

1 1 9 R-N 1 4  10 1 4 . 5 ) 
4. 8 1 48 6 . 5 7 · 5 1 . 00 1 20 N-R 1 5 10 1 6 . 5 ) 

1 2 1  R 1 5 10 1 6 . 5 ) 
5. 1 1 42 7 8 .5 1 . 00 1 22  N-R 1 2  9 1 1 . 5 ) 

1 23 rt 1 2 . 5 ) 
5 . 8 1 48 8 . 5 7 1 . 00 1 2 4  E 24 1 3 ) 

1 25  E 22 1 5 . 5 ) 
5. 1 1 74 5 1 0 1 . 00 1 26 E-N 1 3 1 1  1 8 . 5 ) 

1 27 N-R 1 2 8 1 7 . 5 ) 
4. 3 1 32 5 9 . 5 1 . 00 1 28 R 1 4  7 1 3 ) 

1 29  N 8 4 10 . 5 ) 
7 . 4  1 84 7 · 5 9 1 . 00 1 30 R 1 5 1 2 1 L� . 5 ) 

1 31 R 1 4  1 0  1 5 ) 
6 . 1 1 80 9 . 5 9 · 5 1 . 00 1 32 R-E 1 8  1 4. 5 ) 

1 33 E-N 1 7 1 5 ) 5 . 1  1 32 1 0  5 1 . 00 1 3 4  N 9 4 1 1  ) 
1 35 N-R 1 2  9 10 . 5 ) 4. 5 86 24 . 5  4 1 . 00 1 36 R 1 4  1 0  8 .5 )  
1 37 R 1 4  8 4 ) 6 . 7  80 1 1  8 .5 1 . 09 1 38 R 1 4  6 8 ) 
1 39 R-N-E 1 3  1 0  ) 5 . 8  1 44 6 . 5  9 · 5 1 . 01 1 4o E 21 1 5  ) 
1 41 N 10  4 1 5 . 5 )  6 . 7  1 60 1 9 4. 5 1 . 00 1 42 R 1 3  1 0 8 . 5 ) 
1 43 R 1 5  6 7 . 5 ) 7 . 0  1 22 1 1 . 5 6 . 5  1 . 02 1 44 R-E 1 7 > 4 1 0  ) 
1 45 E 1 9  1 2 . 5 )  5 .6  1 00 9 · 5 9 1 . 00 1 46  N-R 8 5 5 . 5 ) 



Sample Activity Reticulum Rumen Volume Total Ac id 
( 1 5 Contr . 
min ) ( Aseq ) 

/1 5 min 

1 47 R 1 4  
1 48 R 1 3 

1 49 R-N 9 
1 50 N 1 1  

1 51 N 1 4  
1 52 N 1 3  

1 53 E > 1 7  
1 54 E 26 

1 55 E 26 
1 56 E 24 

1 57 ..:!., 20 
1 58 .6 23 

1 59 � 23 .D 

1 60 N 1 2  

1 61 N-R 1 2  
1 62 R 1 7  

1 63 R 1 7  
1 6 4 R 1 5 

1 65 -:;"' 25 ..._, 

1 66 B 22 

1 67 N 1 4  
1 68 R 1 5  

1 69 R 1 4  
1 70 R-N 9 

1 71 N-R 1 4  
1 72 R 1 3 

1 73 N-E 1 6  
1 74 E-N-R 1 9 

1 75 R 1 4  
1 76 R-N 1 0  

1 77 N-R 1 1  
1 78 R-N 1 1  

1 79 N-R 1 1  
1 80 R 1 4  

1 81 E 20 
1 82 R 1 4  

1 83 R 1 4  
1 84 R 1 4  

1 85 R-N 1 2  
1 86 E 24 

Contr . ml/1 5 cone . 
( Bseq ) 

/1 5 min 
where 
meas . 

7 
6 
6 
3 

9 
10  
1 1  
1 2 
1 1  

10  
1 1  

8 
8 
8 
8 

9 
7 
8 
6 

>6  
8 

1 0  
1 1  

8 
1 0  

m in m-equiv 
H" �l 

1 1  ) 
8 ) 
4 . 5 )  
8 . 5 ) 

1 4 . 5 )  
1 5 . 5 )  
1 8 . 5 ) 1 48 . 5 1 6  ) 
1 7 . 5 ) 1 45 1 9  ) 
1 7  ) 1 49 . 5  1 5 . 5 )  
1 5 ) 1 46 . 5 1 3 . 5 ) 
1 4. 5 ) 1 52 1 6  ) 
1 3 ) 1 59 1 4  ) 
1 6  ) 1 53 . 5  1 8  ) 
1 7  1 46 . 5  1 5 
1 0 " 5 )  1 45 5 1 5  ) 

• 

1 3  ) 1 41 . 5 1 7  ) 

1 5 . 5 ) 1 42 1 4  ) 
9 . 5 )  1 41 1 0 . 5) 

1 0  ) 
9 ) 1 40 . 5 

1 3 . 5 ) 
1 40  1 6 . 5 ) 

1 7  ) 
1 6 . 5 ) 1 43 

1 2  ) 
1 58 9 . 5 ) 

1 0  � 1 36 1 2  

output 
m-equi..v 
H+/30 
m in  

5 . 1 2 

5 . 29  

4 . 86 

4 . 1 7  

4 . 64 

4 . 29 

5 . 22 

4 . 69 

3 . 71  

4 . 24 

4 . 1 9 

2 . 82 

2 . 67 

4 . 20 

4. 79 

3 . 40 

2 . 99 

Pepsin Na+ K+ pH 
cone./ output/ cone . cone . 

ml 30 min m- equiv rrr-equiv 
rel . units /1 /1 

4.8 92 1 5 4. 5 1 . 01 

5· 3 68 25 5 1 . 07 

4 .0  1 20 6 . 5 1 0 . 5 0 . 99 

4. 8 1 66 4. 5 1 2  0. 98 

4. 6 1 68 4 1 3 . 5 0 . 98 

3. 8 1 2lf 4 1 3 . 5  0 . 99 

3 . 8  1 08 5 9 0 . 98 

5 . 6 1 70 5 1 1 0. 98 

6. 6 1 78 7 1 0  0 . 99 

h . 8 1 64 5 1 3 . 5 0 . 99 

4. 8 1 54 4 . 5 1 1 . 5  0 . 98 

4 .0 1 02 6 . 5 8 . 5 0 . 99 

5. 1 1 52 5 1 1 . 5  1 .00 

5. 6 1 68 5 1 0. 5 1 .00 

4. 8 96 9 6 . 5  1 . 00 

5. 1  96 1 1  6 1 . 00 

5 . 1 1 52 8 1 1  1 . 00 

5. 8  1 94 5 1 2 . 5  1 . 00 

6 . 1  1 31 8 . 5  9 ·5  1 . 00 

?. 4  1 62 1 1  7 1 . 01 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5 Contr. 
min ) ( Aseq ) 

/1 5 min 

1 87 E-N 20 
1 88 N-R 1 5 

1 89 R ) 8  

1 90 R 1 4  

1 91 R-N 1 2  

1 92 N-R 1 2  

1 93  R 1 lt  

1 94 R-N 1 0  

F. s . 
1 95 N 1 2  

1 96 N 1 3  

1 97 N 1 2  

1 98 (a )  R 1 5 
1 98 ( b )  R-N-R 1 4  

1 99 R-N 8 

200 N 9 

201 N 6 

202 N 9 

203 N 1 3  
204 R 1 4  

205 R-N 1 2  
206 N 9 

207 N 1 0  
208 N 9 

209 N-R 9 
210  R-N-R 1 2  

21 1 R-N 9 
21 2 N 7 

21 3 N ) 6  
21 4 N 9 

21 5 N-R 9 
21 6 R 1 4  

2 1 7 R-N 9 
21 8 N 4 

Contr . ml/1 5 cone . 
( Bseq ) 

/1 5 min 
where 
meas . 

1 0  

) 6 
7 
7 
7 
8 
7 

6 
7 
9 
4 

5 
1 

5 

6 

1 

2 

2 
2 
0 

) 2  

2 
1 
1 
0 

m in !Il-€qUiv 
H+/1 

1 6 . 5 ) 1 43 1 7 ) 

1 2 . 5 1 47 
1 1 . 5 1 50  

9. 5 1 45 
1 0 . 5 1 30 

7 - 5 1 39 

7 . 5  1 29 

1 2 . 5 1 36 
1 5 . 5 1 32 
1 1 . 0 1 43 

6 . 0 1 35 
7 . 0 1 24 
4 . 5 1 30 
2 . 5 94 

5 . 0 1 00 
8 . 0 1 1 0 

1 3  ) 1 34. 5 1 2  ) 
1 2  ) 
1 0 . 5 )  1 35 ·5 

6 • 5 )  1 27 5 9 . 0 )  • 

7 . 5 ) 1 26 2 . 5 )  
2 . 0 )  82. 5  1 . 0 ) 
3 ) 71 . 5  4. 5 )  
6 ) 1 1 8 . 5  6 ) 

�:; � 1 17 . 5  

output cone./ output/ cone . cone . 
ID-€q.liV ml 30 min ID-€q).liv m-equiv 
H+/30 rel . units /1 /1 
m in 

4 . 79 5 .6 1. 88 4. 5 1 3  

1 5 NIN 1 5 i'1IN 

1 . 84 4.3 54 4 . 5 7 

1 . 72 4. 6 53 8 5 

1 . 38 5 . 1 48 1 0  5 

1 . 36 6 .7  70 1 7 6 . 5 

1 .04 6 . 6 49 8 . 5 5 - 5 

0 . 97 6 . 1 46 1 9 . 5  4 

1 .  70 5 .8 72 1 1 . 5 9 

2 . 05 4 .8 74 5 1 1  

1 .  57 5 . 1 56 4 6 

0 . 81 5 . 1 31 8 . 5 3 . 5 

0. 87 7 . 8 55 1 9 3 . 5 

0. 58 6 . 2 28 20. 5 4 

0.23 7 .8 1 9 46 2 . 5 

0 . 50 8 4o 44 2 . 5 

0 . 88 6 .7 54 25 6 

30 MIN 30 MIN 

3 . 36 4. 0 1 00 9 . 5 8 .5 

3. 05 4. 6 1 04 1 0  8 

1 . 99 6. 6 1 02 1 9 . 5 5 -5  

1 . 26 7 · 5 74 1 7 . 5  5 

0 . 25 8 . 3  25 52 . 5 2 . 5 

0. 54 9 . 6  72 66 3 · 5  

1 . 42 6. 1 74 23. 5  5 · 5  

0 . 70 5. 1 30 26. 5  5 

pH 

1 . 00 

0 . 99 
1 . 00 
1 . 00 
1 . 02 
1 . 00 
1 . 07 

1 . 01 
1 . 00 
1 .00 

1 . 08 

1 .09 

1 . 06 

1 .0 1  

1 . 03 

1 . 07 

1 . 09 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5 Contr . Contr. ml/1 5 cone . output cone./ output/ cone . cone . 
min ) ( Aseq ) ( Bseq ) m in m-equi.v m-equiv ml 30 min 111-€qui v In-€q uiv 

/1 5 min /1 5 min H+/1 H+/30 rel . unit s  /1 /1 
where m in 
meas . 

21 9 N 4 2 2 . 5 ) 63 . 5 0. 38 8 . 3 54 69 4 
220 N 7 2 4. 0 ) 
221 N 6 0 7 . 5 )  1 1 9 . 5 1 . 70 6 . 1  88 22 7 1 . 08 
222 N 1 0  1 7 ) 
223 R 1 3 3 5 ) 1 24 0 . 74 5. 8 34 20 5 - 5 224 N 2 0 1 . 0 ) 

1 5  MIN 1 5  tv iN 

• F. S. 
226 N 1 0  3 - 5 7 . 2 25 7 1  3 - 5 

227 N 1 1  7 -5 5.8 43 27 . 5 7 

228 N 8 0 4. 5 3. 8 1 7  1 6 . 5 5 

229 N 1 4  0 5- 5 5.2 27 22 .5 5 
230 N-R 9 2 3 . 4  1 20 o. 41 5. 8 20 20 4 

231 'q-N 4 0 1 . 2 )  70 0. 20/ 7 .0 21/ 62  2 232 N 6 0 1 . 7 ) 30 MIN 30 MIN 

1 5 r-nN 1 5 �liN 

•sF 
233 N 1 0  3 . 5 59 0 . 21 10 .6 37 74  2 . 5 

234 N 1 1  8. 8 1 20 1 .06 7 . 5 66 1 6  7 - 5 1 .06 

235 N 6. 0 1 34 o. 8o 4. 0 24 7 · 5 6 1 .02 

30 MIN 30 MIN 

236 N 0. 9 )  89 0 . 36 9.6 38 1 3 . 5 4 .5  237 E ) 1 2  3 . 1 ) 
238 E 25 7 . 8 ) 1 2 . 44 5. 6 1 04 1 2 . 5 8 . 5 1 . 01 239 E 28  10 .5 )  33- 5 

240 E 25 1 2 ) 1 42 3 . 41 4.5 1 08 4 . 5 9 - 5 1 . 00 241 E ) 1 3  1 2  ) 
242 E 2 4  1 3  ) 3 - 91 4. 0 1 06 3 1 1  0. 98 243 E 25 1 3 . 5 ) 1 47 . 5  

244 E 22 1 2 .5 )  1 46 . 5  3. 1 5 4. 5 96 4 . 5  8 0 . 98 245 N 1 3  ) 5 9 ) 
246 N-R 1 4  9 9 ) 1 . 90 4.5 60 6 . 5  6 . 5 0 . 99 247 R 1 6  8 45 ) 1 40 . 5  

2 48 R 1 5 6 •5 ) 1 34 1 . 81 6 . 1 82 1 3. 5  5 .5  1 . 02 249 E 20 7 ) 



Sample 
( 1 5  
min ) 

250 
251 
252 
253 
254 
255 
256 
257 
258 
259 
260 
26 1 
262 
263 
26Lt 
265 
266 
267 
268 
269 
270 
271 
272 
273 
271� 
275 
276 
277 
278 
279 
280 
281 
282 
283 
284 
285 
286 
287 
288 
289 

Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 
Contr . 
( Aseq ) 

/1 5 min 

E-N 6 
N 6 

N 5 
N-3 1 0  

E 23 
E-N 1 6  

r� 8 
N-R 1 4  

R 1 7  
R-N-E 1 5 

E 20 
N 9 
·� 22 .::. 
� 
� 22 
E 21 
N 8 
N 9 
R 1 3  

R- N-E 1 0  
N 7 
R 1 3  
R 1 6  

R-E 1 8  
E 25 
E 22 

E-N 1 8  
N 9 

N-R 1 0  
R 1 5  

R-N 1 4  
R )1 2 

R-N-E . 22 
E 29 
E 27 
E 23 
E 22 

E-N 1 6  
N 10  

N-R 1 1  
R 1 6  

Contr . ml/1 5 cone . 
( Bseq ) 

/1 5 min 
where 
meas . 

4 
5 

6 
9 
9 
8 

5 

6 
5 
a / 

4 
3 
7 
6 

8 
4 

9 
7 

>5 

8 
7 

10  

m in m- ecpiv 
H + /1 

4 ) 1 26 2 ) 
2 . 5 )  82 3 . 5 )  
9 . 5 )  1 35 1 2  ) 

10  ) 1 44 7 . 5 )  
8 . 5 )  1 43 4. 5 ) 
6 . 5 )  1 35 . 5 9 ) 

1 3 ) 1 44. 5 1 3 . 5 ) 
1 2 . 5 )  1 44. 5 5 . 5 )  

7 . 5 )  1 39 . 5 8 . 5 ) 
4 ) 1 32 1 1  ) 

1 1  ) 1 44 . 5 10  ) 
1 1 . 5 ) 1 1�3 . 5 1 3  ) 
1 4 • 5 )  1 33 5 1 5 . 5 ) • 

1 2  ) 1 46 . 5 1 2 . 5 ) 
1 2  ) 1 46 4 ) 

9 . 5) 1 45 1 0 . 5 )  
1 5 . 5 )  1 39 1 5 . 5 ) 
1 6 ) 1 42 1 7 ) 
1 3  ) 1 42 1 4  ) 
1 3 . 5 ) 1 41 . 5  5 ) 

output cone./ output/ cone . cone . 
m-equiv ml 30 min ll'l-Equiv m-equiv 
H+/30 rel . unit s /1 /1 
m in 

0 . 76 6 . 6 38 20 . 5 4 . 5 

0. 49 9 . 3 58 52 . 5 2 . 5 

2 . 90 6 . 6 1 h2 1 0 . 5 9 - 5 

2 . 52 4 . 8 84 4. 5 6 . 5 

1 . 86 6 . 2 80 7 5 

2 . 1 0  6 . 9 1 06 1 3  6 

3 . 83 5. 1 1 34 l.t 1 1  

2. 60 4. 3 76 3. 5 8 . 5 

2. 23 5. 8 92 8 . 5 6 . 5 

1 . 98 6 . 1 92 1 5 . 5 5 

3 . 03 4. 6 97 4. 5 9 

3 . 52 5 . 8 1 it 2 4 1 0  

4. 00 5 . 6 1 68 1 1 2 . 5 

3. 59 3. 8 93 2 9 

2 . 34 5 - 3 84 4 7 · 5 

2 . 90 6 .7 1 34 5 7 · 5 

4. 30 7 . 0 21 6 3 1 3 . 5 

4. 69 4. 8 1 58 4 1 1 . 5 

3. 83 3. 8 1 03 4. 5 1 3  

2. 62 5. 1 54 8 8 

pH 

1 . 01 

1 . 00 

1 . 00 

1 . 02 

1 . 00 

0. 98 

1 . 00 

1 . 02 

1 . 00 

1 . 00 

1 . 01 

0 . 99 

1 . 00 

1 .00 

1 . 01 

1 . 01 

0 . 98 

1 . 00 



Sample 
( 1 5 
min ) 

2 90 
291 

292 
293 

29Lt 
295 

2 96 
297 

298 
299 

300 
30 1 

302 
303 

30 4 
305 

306 
307 

308 
309 

31 0 
31 1 

31 2 
31 3 

31 4  
31 5 

31 6 
31 7  

31 8 
31 9 
320 
321 

322 
323 
324 
325 
326 
327 
328 
329 

Activity Reticulum Rumen Volume Total Acid 
Contr . 
( Aseq ) 

/1 5 min 

R 1 8 
R 1 8 

R-E 2 3  
� 2 6  ""' 

E 2 6  
N 1 3  

TI'-R 1 5 
R-N 1 1  

"'"" 2 3  D 
- 2 8  '-' 

E 25 
E 2 1 

N 1 3  
N-R 1 2 

R 1 7 
R 1 7  

.._, 
)1 1+ 

E 27 

E 25 
E 2 5 

N 1 5 
N 1 0  

N-H 1 4  
R 1 6  

R-N 1 2  
R 1 4  

R 1 6 
R-E 20 

E 2 1 
N 1 0  

N-R 1 3  
R 1 5 

R-N-R 1 3 
R 1 6  

R 1 5 
N-R 1 5 

R 1 6  
R-N-E 1 4  

E 2 6  
N-E 23 

Contr . ml/1 5 cone . 
( Bseq ) 

/1 5 min 
where 
meas . 

9 
1 0 

> 7 

8 
5 

1 1  
9 

8 
1 2 

)8 
6 

1 1  
1 0  

9 
1 0  

8 

7 

1 0  
6 
8 

1 1  
1 0 

8 
1 1  

8 

m in m-e:pi.v 
H+/1 

1 1  • 5 )  1 35 1 1  ) 

1 4 ) 1 h1 
1 5 ) 

1 5. 5 )  1 41 
1 3 ) 
1 3 ) 1 41 · 5 

9 ) 
1 2 ) 1 54 
1 6  ) 

1 6  ) 
1 5 . 5 )  

1 45 . 5 

1 6  ) 1 Lt.1 
1 5 . 5 ) 

1 4 . 5 ) 1 41 
1 1  ) 

1 3 ) 
1 7 ) 

1 38 . 5 

1 7 • 5 )  1 43 5 
1 7 ) 

• 

1 5 · 5 )  1 4 4 5 1 2 . 5 ) 
• 

1 2 ) 1 43 . 5 1 5 ) 

1 0  ) 1 42 . 5 1 2 . 5 ) 

1 4  ) 1 39 . 5 1 4  ) 

1 6  ) 1 39 - 5 
1 7  ) 

1 5 ) 
1 41 . 

1 3 . 5 ) 

1 5 ) 
1 4 . 5) 1 42 

1 3  ) 1 41 7 ) 

9 ) 1 41 
9 ) 

1 6  ) 
1 7 . 5 ) 1 40. 5 

output 
m-€qUiv 
H+/30 

m in 

3 . 04 

4. 09 

Lt. . 02 

3 . 1 1  

Lt. . 31 

4. 58 

4. 44 

3 . 60 

4. 1 5 

4. 95 

l.t . 05 

3 . 87 

3 . 21 

3 . 91 

4. 60 

4. 02 

4. 1 9 

2 . 82 

2 .54 

4.71 

Pepsin 11' + . �a K+ pH 
cone./ output/ cone . cone . 

ml 30 min ID-Equi.V 111-e:lUlV 
rel . units /1 /1 

6 . 1 1 38 8 . 5 7 1 . 00 

6 . 1 1 76 5 - 5 1 2 . 5 1 . 00 

5. 8 1 66 6 1 2 1 . 00 

L, . 6 1 02 6 . 5 8 . 5 0 . 99 

6 . 6 1 8Lt 8 1 1J 1 . 02 

4 . 6 1 44 5 . 5 1 h 1 . 00 

4. 0 1 26 4. 5 1 1 . 5 1 . 00 

4. 6 1 1 8  5 . 5 9 1 . 00 

4. 8 1 4Y 6 . 5 1 0 . 5 1 . 00 

4 . 5 1 56 4 . 5 1 3 . 5 0 . 99 

3 · 5  98 5. 5 1 0  0 . 99 

L! . 0 1 08 6 . 5 9 1 . 00 

4. 5 96 8 7 · 5 1 . 00 

5. 3 1 48 8 1 0 1 . 00 

5. 1  1 68 6 . 5 1 3 . 5  1 . 00 

4. 6 1 32 6 . 5 1 1 . 5 0 . 99 

4.3 1 26 6 . 5 9 0. 99 

4. 6 92 7 8 1 . 00 

5 . 8 1 04 8 . 5 5 1 .00 

6 . 1 204 4 . 5  9-5 1 . 01 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5 Contr. Contr . ml/1 5 cone .  output cone./ output/ cone . con e .  
min ) ( Aseq ) ( Bseq ) m in m-equi..v lll-€qUiV ml 30 min m-eq.ri.v m�v 

/1 5 min /1 5 min H+/1 H+/30 rel. units /1 /1 
where  m in 
meas . 

330 E 27 1 2 ) 1 4o 4 . 27 4. 5 1 38 5 1 3  1 . 01 331 E 26 1 8 . 5 ) 

332 E 24 1 4. 5 ) 1 42 4 . 61 3. 8 1 2 4  4. 5 1 2 . 5 1 . 00 333 E 25 1 8  ) 

334 E 22 1 6  ) 1 42 4. 83 3 . 2 1 08 5 1 1 . 5 0. 99 335 N 1 5 1 8  ) 

336 N 1 2  9 21 . 5 )  1 4/.J_ 5 . 40 3 . 5 1 32 5 · 5 8 . 5 0. 99 337 R > 9 ) 8  1 6 ) 
338 R )1 6 >9 1 8 ) 1 41 4. 80 5. 1 1 74 4. 5 1 0 . 5 1 . 00 339 R 1 9 1 2 1 6  ) 

34o R 1 7 1 1  1 4 . 5 )  1 4 2 . 5 h. 27 4. 8 1 it4 5 . 5 8 . 5 0 . 98 341 R-N-.6 1 9 1 5 . 5 

342 E 27 1 8  ) 1 39 . 5 L, . 95 3. 8 1 34 '+ 1 1 . 5 1 . 00 3 u3 N-R 1 8  1 7. 5 )  
344 R 1 7  1 2 1 5 ) 1 42 . 5 4 . 28 4. 5 1 34 4 . 5 8 . 5 0 . 99 345 R-N 1 4 8 1 5 ) 

3 46 N-E 21 1 5 ) 1 41 4 . 51 4. 6 1 48 5 1 0 0 . 99 347 E 25 1 7 ) 

348 E 23 1 8 . 5 )  1 42 5 . 25 3. 8 1 40 5 1 2 . 5 0 . 99 349 E-N 1 7 :> 8 1 8 . 5 ) 
350 N 1 2  9 1 7 ) 1 1 · 4 . 5 4. 55 3. 8 1 20 4 . 5 9 . 5 0. 98 351 R 1 7 1 1  1 4. 5 ) 
352 R-N-R 1 2 9 1 4  ) 1 4D . 5 4. 57 5. 1 1 66 6 9 . 5 0 . 99 353 R 1 8  )1 0  1 8 . 5 )  
354 R 17  10  1 7 . 5 )  1 4o . 5 4. 64 5. 1 1 98 5 1 0 . 5 0 . 99 355 R-N 1 5 9 1 5. 5 ) 

356 N-R 1 1  8 1 5  ) 
4 . 36 5. 1 1 60 6 . 5 357 R 1 4  9 1 6 . 5 )  1 38. 5 9 ·5 0 . 97 

358 R-E 22 1 9 ) 1 41 5. 28 4. 8 1 80 5 . 5 1 2 . 5  0 . 99 359 N 1 5 ) 7 1 8 . 5 )  
360 N 8 6 1 4. 5 ) 

1 41 . 5 3 . 4o 4. 5 1 08 7 8 0 . 99 361 R 1 5 1 2  9.5 )  
362 R 1 5 9 5 .5 ) 

1 27 1 . 71  5. 8 78 1 8  3· 5  1 . 02 363 R-N-E 12  ) 6  8 ) 
364 E 25 1 3. 5 ) 

1 32 3. 43 6 . 1  1 58 9 . 5 9 1 . 00 365 N 15 ) 6  1 2 . 5 ) 
366 N 10 4 1 0  ) 1 38 2 . 55 4.5  84  1 2  5- 5 1 . 00 367 R 1 2  1 0  8 . 5 ) 



Sample 
( 1 5  
min ) 

368 
369 
370 
371 

372 
373 
374 
375 
376 
377 
378 
279 
380 
381 

382 
383 
384 
38 5 
386 
387 

388 

Activity Reticulum Rumen Volume Tota l Acid 

R-N 
R 

R 
N 

N-E 
E 

E 
E 

E 
H' .w 

E 
E 

E-N 
N- � 

R 
N-:r< 

R 
R-E 
E-N 
N-R 

R 

Contr . Contr . ml/1 5 cone . 
( Aseq ) (Bseq ) m in ID-€qtliv 

/1 5 min /1 5 min H+/1 
where 
meas . 

1 3 > 9 1 1  ) 1 42 
1 8  ) 1 0  1 2  ) 

1 6  1 2  1 3 . 5 ) 1 36 
1 3  > 8  1 4 . 5 ) 

1 5  1 6  ) 1 37 
)1 5 1 7 ) 

27 1 6 . 5 ) 1 37 
> 22 1 7 . 5 ) 

24  18  ) 1 42 
24  1 9 ) 

27 1 8 . 5)  1 38 
24 1 9 ) 

20 1 8 . 5 )  1 42 
17 1 3 1 6 . 5) 

1 8  1 3 1 8 . 5 )  1 37 1 8 . 5) 
1 9 . 5)  1 40 1 7 . 5 ) 

21 1 7 . 5)  1 39 
1 4  9 1 7 - 5 ) 

1 7 )1 1 1 6 . 5 1 37 

• P . F. = prepare feed 
F. S . = feed shown 
S . F. = shown feed 

output 
m-equiv 
H+/30 

m in 

3 - 27 

3. 86 

4 . 52 

4. 66 

5 . 25 

5- 17 

4 . 97 

5. 07 

5 . 1 8 

4. 86 

2 . 26/ 
1 5 MIN 

Pepsin Na+ K+ pH 
cone. / output/ cone . cone . 

ml 30 min m-equ:iv m-equiv 
rel . units /1 /1 

6 . 2  1 42 3 - 5 1 2  0 . 99  

4. 5 1 26 9 ·5 9 - 5 1 . 00 

4. 5 1 48 8 1 2  1 . 00 

4. 3 1 46 7 · 5 1 1 . 5 0. 98 

3 . 8 1 40 5. 5 1 2 . 5 0 . 99  

3. 8 1 h2 5 - 5 1 3 1 . 00 

3 . 5 1 22 4 . 5 1 2  0 . 99 

4. 0 1 48 6 1 2  1 . 00 

4. 5 1 66 5 1 2 . 5 0 . 99 

4. 6 1 60 5- 5 1 0 . 5 1 .00 

4. 6 76/ 5. 5 1 1  0 . 99 
1 5 MIN 



TABLE 3 

Experiment :  22/6 

The intraduodenal infusion of  1 0  ml oleic acid over 
30 min . The animal had access to feed before , during 
and after the infusion , new fee d  was changed 1 5  min 
after the infusion commenced ( N . F. ) .  

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na 
( 1 5  
min) 

5 R-N 
6 N 

1 0  ml ?_ N 
1 . new o ��c 8 E ac�d 

9 E 
1 0  E-N 
1 1  N 
1 2  N 
1 3 N 
1 4  N 
1 5  N 
1 6  N 

1 7 N 
1 8  N 
1 9 N 
20 N 
21 N 
22 N-E 
23 N 
24 N 
25 N 
26 N-E 

27 E-N 

28 N 

29 N-E 

30 E-N 

Contr . 
(Aseq ) 

/1 5 min 

1 3 

1 4  

1 �  
feed 

27 

p. / 

4 

0 

1 

0 

1 

0 

0 

0 

0 
0 

0 

0 
5 

0 
0 
0 

10 
2 
2 
2 
8 

Contr . ml/1 5 
( Bseq ) m in 

/1 5 min 
where 
meas . 

9 · 5 

9 . 0 

4 . 3  

3 - 2 

1 . 6 

0 . 95 
5 0 . 25 

4 0 . 40 

8 0 .70 

4 1 .05 

1 0 .70 

1 0 . 65 

2 0 . 45 

5 0 . 30 
1 0. 30 
1 0 . 20 

1 0 . 20 
0 . 95 

1 0 . 85 
0 0 
0 0 

6 
0 . 95 

0 1 . 05 
2 . 5  
3 .0  

cone . output cone/ output/ cone . cone . 
m-tqtri.v m-equiv ml 1 5  min m-ecp:i.v lll-€qlliv 
If /l H+/ 1 5  rel . units /l /l 

m in 

1 45 1 . 38 6 . 2 59 1 4  9 

1 43 . 5 1 .  29 6 . 4 58 1 5  8 . 5 

1 41 0 . 6 1 7 - 5 32 1 7  5 - 5 

1 1 7  0 . 37 8 .0 26 35 5 

1 25 0 . 20 

93 0 . 09 

73 0 . 02 

43 0 . 02 9- 3 59/ 88 . 5 3 - 5 
1 20 !HN -

35 o. o4 

8 <0 . 01 

6 " 

2 " 

2 " 

2 " 

2 " 8.0  26/ 1 40 1 

2 1 05 MIN 

2 " 

2 " 

2 0 . 01 7 ·7  : �6 1 38 1 
4 0 . 01 ) 7-7  1 5/ 1 42 1 

1 0  0 . 01 ) 30 MIN 

30 0 . 07 ) 9-9  54/ 1 06 . 5  2 . 5  62. 5  0 . 1 9 ) 30 MIN 

pH 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  
min ) 

31 

32 

33 

34 

35 

36 
37 
38 

39 
4o 

41 
42 

Ex:eeriment : 

3 
4 

5 

6 

7 

8 
� 

1 0  ml 9 oleic 
acid 1 0  

-> 
1 1  

1 2  

1 3  

1 4  

* FEED 
1 5  

1 6  

1 7  

1 8  

Contr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 

( Aseq ) ( Bseq ) m in rn-equiv m-equiv ml 1 5  min m-Equiv �equi..v 

/1 5 min /1 5 min H+/1 H+/1 5 rel .units /1 /1 

where m in 
meas . 

N 3 l 5 . 0  1 08 0. 54 7 . 2  36 48 5 . 5 

N 3 3 5 . 8 1 24 0 . 72 6 . 1  35 29 7 

N-E 7 3 5 . 5  1 24. 5 0. 68 5. 9 33 29 7 .5 

R 23 1 . 7 1 06 . 5 0 . 1 8} 
R 20 5 1 .05 77 0. 09 1 2 . 8  1 1 0/ 47 7 · 5  

R 1 8  6 5 . 8 1 02. 5 0 . 59 
45 MIN 

R-E 22 9 . 5 1 Lf2 1 .  35 ) 1 1 . 0  225/ 1 1 . 5 1 4  
E 25 1 1 . 0 1 47 1 . 62 ) 30 MIN 

� 24 1 2 .0 1 50 1 . 80 ) 6 . 7 1 62/ 7 1 6  
E 27 1 2 . 0 1 53 1 . 84)  30 MIN 

E-N 1 4  8 . 5 1 Lf9 . 5 1 . 27 ) 5 . 9 1 25/ 8 1 4 . 5 
N-E 1 6  1 2 . 0 1 53 · 5 1 . 84 ) 30 mN 

27/6 - The intraduodenal infusion of 1 0  ml olei c  acid over 30 min . 

R-N 
R-N 

N 
N-R 
R-N 

N 

N 
N 

N 

N 
N 
N 

N-E 
E 

E 

E-N 

The animal was fasted for 1 2  hr an d fed 90 min after the 

in fusion co��enced ( F) . 

1 6  5 8 . 0 1 33 . 5 
1 5  6 5 . 5 1 26 . 5 

1 3  3 3. 0 1 25 

1 3  6 5 . 5 1 1 2 . 5 

1 6  4 2 . 5 1 1 5 . 5 

1 6  6 .0 1 07 . 5  

1 5 4. 0 1 1 8 . 5 

9 3 1 . 1  1 1 3. 5  

9 1 . 2 76 

6 0 . 75 52 

0 0 1 . 25 33 

1 0 0 . 65 1 7  

27 3 .3  12  

24  2 . 1  1 2  

20 1 . 45 1 2  

1 2  1 . 35 1 6  

1 .07 ) 1 0 . 2 
0. 69 ) 

0 . 37 1 1 . 7 

0. 62 1 1 . 2 

0. 29 1 1 . 2 

0. 64 1 3 .0 

0 . 47 1 1 . 7 

0 . 1 2  

0 .09 

o.o4} 
o.o4 1 0 . 9 

0 . 01 

0.04 1 3. 9 

0.02 1 4. 6  

0.02 } 
0.02 

1 38/ 1 6  
30 MIN 

35 

62 25 

28 

78  28 

47 

29/ 
45 MIN 

46 

73/ 
45 MIN 

8 

4 

4 . 5  



Sample Activity Reticulum Rumen Volume 
( 1 5  Cont r .  Contr .  ml/1 5 
min )  ( Aseq ) ( Bseq ) m in 

/1 5 min /1 5 min 
where 
meas . 

1 9 N 0 5 1 . 05 

20 N 0 5 1 . 35 
21 N 0 2 1 . 25 

22 N 3 1 1 . 35 

23 N 4 5 2 . 3  
24 N 1 3 1 . 7 
25 N 1 2 2 . 1 

26 N 1 1 1 . 9 

27 N 0 0 1 .  5 
28 N 1 3 2 . 5 
29 i'! 0 0 1 . 4 
30 N 0 1 2 . 3 

31 N 0 0 2 . 5 
32 N 0 0 2 .9 

33 N 1 1 3 - 5 
34 N-E 1 3 4. 1 

35 E-N 4 4. 9 

36 N 1 0 5- 3 
37 N-E 1 0  6 . 1 
38 E-N 5 4 . 3 
39 N-E 1 7  1 .  9 

4o E-N 25 6 . 9 

41 N-R-E 9 .0 

42 E 29 9 · 5  

43 N-E-N 28 - 1 0. 5  

44 E 28 - 1 1 .0 

45 E 28 - 1 2 .5  

Total Acid Pepsin 
cone . output cone ./ output/ 

m-equiv rD-a:J.ui. V ml 1 5  min 
H+/1 H+/1 5 re! . units 

m1.n 

1 0 0. 01 

6 < 0. 01 

4 " 1 3 . 0 64/ 
60 MIN 

3 t l  

2 

4 t l  1 2 . 5 " } 75/ 
8 0 . 02 45 MIN 

1 4  0. 03 

1 6 0 . 02 

1 2  0 .03 9 . 4 90/ 

1 2  0 . 02 75 HIN 

1 2 0 . 03 

1 4  0 . 03} 1 1 . 4 62/ 
31 0 . 09 30 MIN 

58 0. 20 9 . 8 34 
79 0 . 32 1 0 . 6 43 

92 0 . 45 8 . 5 42 

108 0 . 57 8 . 0 42 

1 1 4  0 . 69 6. 9 42 

1 1 6  0 . 50 6 .7 29 

1 00 0 . 1 9 } 1 2 . 5 1 1 0/ 
92 0 . 63 30 MIN 

1 28 0 . 1 1 } 1 0 . 7  1 98/ 
1 37 1 . 30 30 MIN 
1 37 1 .  44 1 0 . 1  1 06 

1 43 1 . 57 } 1 0. 2  260/ 
1 41 1 . 76 30 MIN 

Na+ K+ 
cone . cone . 

m-€quiv m-equiv 
/1 /1 

90 1 

72 1 

80 1 

44 3 

31 4 . 5 
25 5 

23 4 

38 4 . 5 

1 4  9 

1 0  9 - 5  

8 1 1 . 5 

ExEeriment :  24/8 - The intraduodenal infusion of  1 0  ml oleic acid over 30 min . 

1 E 

2 E 

3 E-N 
4 N..R' 

Fee d  was removed 1 5  min after the infusion began. 

25 
22 

1 4  1 1  
1 3 9 

1 4• 5 ) 1 47 5 5.5 ) 
• 

1 4. 5 ) 1 45 1 5  ) 

30 MIN 30 MIN 

2 . 94 1 0 . 1  202 

4. 28 1 0 . 7  2 1 6  

1 0  8 . 5  

1 4 . 5  8 . 5  



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  Contr.  Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 

min ) (Aseq ) ( Bseq ) m in III-e::J.ul V m-ecpiv ml 30 min m-Equi.v m-eqt..tiv 

/1 5 min /1 5 min H+/1 H+/30 rel . units /1 /1 
where m in 
me as. 

5 R 1 6  1 0  1 5. 5 ) 1 46 L� . 68 1 0 . 1 324 7 · 5  1 2  
6 R-E 22 1 6 . 5 ) 

7 E 22 1 6 . 5 )  1 46 . 5 4 . 84  9 . 4 310 1 1  1 3  
8 E 22 1 6 . 5 )  

9 N 1 2  1 1  1 0 . 5 )  1 41 3 . 60 8 . 2 208 6 8 
1 0  N-R 1 2  9 1 5 ) 

1 1  R 1 5 9 1 6  ) 1 43. 5 4. 52 7 . 4 232 6 . 5 1 2 
1 2  R 1 4  1 2  1 5 . 5 )  

1 3  R-E 1 8  1 5 . 5 )  1 44 4. 68 10 . 2 332 7 · 5 1 1  
1 4 .2; 23 1 7 ) 

1 5 E 23 17 ) 1 46. 5 5. 06 9 .6 332 5 1 4  
1 6  E-N-E 1 8  17 . 5 )  

1 7 N 1 1  9 1 5  1 47 . 5 2 . 21/ 8 . 5 1 27/ 5 1 3 
1 5  MIN 1 5  �'iiN 

1 8  N 1 2  7 7 . 5 )  1 36 1 . 90 1 3. 9 1 9 4 21 4 
1 9 N-R 1 2  9 6 . 5 )  

20 R 13  9 1 2  ) 1 37 3 . 56 1 1 . 8 306 1 6 . 5 8 . 5 
21 R 1 5 8 1 4  ) 

22 R 1 5 1 1  1 3  1 43 . 5  4. 02 1 2 . 8 358 1 0 . 5 1 0 . 5 
23 R 1 Lf 9 1 5  ) 

24  N 1 1  8 1 5 . 5 )  1 45. 5 4. 22 1 2 . 0 348 7 . 5 1 2 
25 R 1 3 1 2 1 3 . 5 ) 

26 R 1 3  8 1 6  ) 1 47 4. 34 1 2 . 6 37 2 7 · 5 1 1  
2:7 R 1 4  1 1  1 3 . 5 )  

28  R 1 h  1 0 1 3 . 5 )  1 44 3. 96 9 . 8 270 1 0. 5  9 - 5 
29 R 1 4  9 1 4  ) 

30 R 1 4  1 0  10 .5 )  1 38 2 . 90 1 3. 4 282 1 3  7 ·5 
31 R 1 4 1 0  1 0 . 5 )  

32 R-N 1 4  1 5 ) 1 45 . 5  4.22 1 0 . 1 292 9 · 5  1 3 
33 N-R )1 0 > 8  1 4  ) 

15 MIN 1,2 MIN 

34 R-N 1 2 1 0  1 4  1 53 2 . 1 4 

35 N-R-N 1 4  1 1  1 4  1 51 2 . 1 1 1 0 . 2  1 43 

36 N 1 3 ) 8  1 2. 5  1 50  1 . 87 9 . 1  1 1 4  
-

10 ml 37 R 1 5 1 1  6 . 5  1 49 0. 97 1 1 . 7  76 

oleic 38 N 8 8 0.7 1 22 o . o8 l 
acid 

39 N 4 4 0. 9 90 o . o8 1 2.0 1 20/ 

4o N 0 1 0.9  56 0.05 
1 50  MIN 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 
( 1 5  Contr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) ( Aseq)  ( Bseq ) m in m-equiv �uiv ml ;JJ min ll'i-€q1Ji. v m-ecp.ri.v 

/1 5 min /1 5 min H+/1 H+/1 5  rel . units /1 /1 
where m in 
me as . 

Lf1 N 0 1 0 . 7  35 0. 02 
42 N 0 2 0. 9 26 0. 02 
43 N 0 0 o.8 24 0 .02 
44 N 0 1 1 . 4 1 3  0 .02 1 2 . 0 1 20/ 

45 N 1 3 2 . 2 4 0 . 01 1 50 MIN 

46 N 0 3 1 . 6 2 (0 . 01 
47 N 0 0 o . 6 2 " 

48 N 0 1 2 . 5 2 l l  

49 N 0 2 1 . 6 2 " 
50 N 0 1 1 . 0 2 " 1 1 . 2 80/ 
51 N 0 1 1 . 2 2 " 75 NIN 

52 N 0 2 0 . 9 2 " 

53 N 0 1 
54 N 0 0 POUCH Il\'FUSION3 OF SALINi , 

55 N 0 0 ACID and 
56 N 0 0 ACID S�CRETION 
57 N 0 1 

58 N 0 2 
59 N 0 0 
60 N 0 0 1 .0 8 0.01 
61 N 0 0 1 . 5 6 " 

62 N 0 0 1 . 5 4 <. 0. 01 8 .2 481/ 
6o MIN 

63 N 0 0 1 .7 6 0 . 01 
64 N 0 0 1 . 5 8 " } FEED SHOWN 1 1 . 2 50/ 
65 N 0 0 3 . 0  26 o. o8 30 MIN 

66 N 0 1 2. 0 26 0 .05 } 1 2 . 3  64/ 
67 N 0 0 3 . 3  32 0. 1 1  30 MIN 
68 N 0 0 2. 1 36 o . o7 } 1 1 . 8 48/ 
69 N 0 0 2.0  41 o . o8 30 MIN 
70 N 0 1 5· 7 43 0. 24 1 1 . 0  63/ 

1 5  MIN 
71 N 0 0 3·3 49 0 . 1 6 } 1 1 . 0 82/ 
72 N 0 0 4. 1 57 0 . 23 30 MIN 



Sample Activity Ret ic ulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  Con tr. Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) (Aseq)  ( Bseq )  m in m-equiv m-equ:iv ml 1 5 min m-e:ruiv m-e;qu:hr 

/1 5 min /1 5 min H+/1 H+/1 5  rel . units /1 /1 
where m in 
meas . 

73 N 0 0 3. 9 66 0 . 26 9 . 6  37 

74  N 0 0 4. 5 67 0 . 30 9 . 0  4o 

75 N 0 1 4. 0 63 0. 25 9 . 1 36 

76 N 0 0 4. 9 73 0 .36 9 . 0 44 

77 N 1 0 4 . 3  82 0 . 35 9 . 0 37 

78 f\' 3 0 3. 0 64 0 . 19} 58/ . l  1 1 . 2 
79 R 20 1 2. 3 45 0. 10 30 tHN 

80 R 29  5 3. 7 58 0. 21 1 1 . 7 43 

FEED 
81 N-E 26 5. 5 87 o . 48 1 3 . 3 73 

82 E 1 0  1 25 1 . 25 1 3 . 4 1 34 

83 1 2 1 42 1 . 70 1 2 . 0 1 44 

84 1 2  1 47 1 . 76 1 3 . 3 1 6o 



TABLE 4 

Experiment : 1 4/9 

The intraduodenal infusion o f  2 ml oleic acid over 30 min. 

The animal had access to feed before , during and after the in fusion . 

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 

( 1 5  Contr .  Contr . ml/1 5 cone . output cone./ output/ cone . cone . 

min ) ( Aseq ) ( Bseq ) m in m-equiv m-9:lui..V ml m in m-eq.ri.v m-equiv 

/1 5  min /1 5 min H+/1 H+/ rel . units /1 /1 
where m in 
meas . 30 MIN ;20 MIN 

1 1 4 . 5 ) 1 49 4. 46 344 
2 N 1 5 . 5 )  1 1 . 7 1 7 . 5 9 . 5 1 . 01  

3 E 1 2 . 5 )  1 39 3 . 1 2 1 4 . 4 346 22 7 1 . 05 
4 E 35 1 1 . 5 )  

5 E 27 6 . 5 ) 1 1 4  1 . 76 1 5. 5 24o 42 5 1 . 1 5  
6 E 24 9 ) 

7 N 1 5  1 6 ) 1 4D 1-j . 68 1 3 . 0 436 1 6 . 5 1 2  1 . 00 
8 N 1 4  1 2 1 7 . 5 ) 

9 :2; 20 1 6 . 5 ) 1 1�4 . 5 h . 31J 1 3 . 0 390 1 4  9 .5 1 . 02 
1 0  1 6  1 5  1 3 . 5 ) 
1 1  N 1 3 1 0  1 6  . 5 )  1 44 . 5 4 . 1 2 1 3.0 1 6 . 5 
1 2  N-E 1 4  ) 7 1 2  ) 

370 7 · 5 1 . 03 

1 3  i 20 1 0  ) 1 29 2 . 96 1 L.. . 1 352 26 . 5 5 1 . 1 0 

1 4  Z- �J 1 5  1 3  ) 

1 5 N-R 1 3  1 5 ) 
1 40 4. 06 1 3. 0 376 1 7 . 5 8 1 . 07 

1 6  R 1 8  1 4  ) 
1 7 N- E- N 1 5 1 0  ) 1 33 . 5 3 . 26 1 3 . 0 31 8 23 7 1 . 08 
1 8  N )9 1 4 . 5 ) 

1 9 R 20 1 4  1 8  ) 1 42 5 . 04 1 2. 3 436 1 2 . 5 1 1 . 5 1 . 00 
20 R 1 7 1 7 . 5 ) 

1 5  MIN 1 5  MIN 

21 N-E 1 6  1 8  ) 1 43 . 5  2 . 58 1 2. 5 225 1 4  1 0  1 . 03 

22 N-E 1 8  20 1 43 2 . 86 1 2 . 3  2 46 1 2 1 2 . 5 1 . 04 

2 ml 23 N 1 5  1 6 . 5  1 42 2 . 34 1 1 . 2 1 85 1 3 1 0  1 . 01 

oleic 24 E-N 1 1  3· 5 1 34 0 . 47 9 . 6  34  21 6 . 5 
acid 

25 N 1 2 1 . 4  78 0 . 1 1  64.5  3· 5 

26 N 9 >7 1 . 4 47 0.07 

27 N-E 1 5 2 . 0 25 0. 05 1 2 . 5  25 

28 N-E-N 1 4  3 . 8  1 4 0.05 1 5 . 2  58 1 26 1 

29 N 1 1  9 6 56. 5 0 . 34 1 2. 0 72 84 3 



Sample Activity Reticulum 2umen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5  Contr . Contr.  ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) (Aseq ) ( Bseq ) m in m-e::]uiv m-ecpiv ml m in m-equi.v m-eq.riv 

/1 5 min /1 5 min H+/1 H+/ rel . units  /1 /1 
where m in 
meas . 

1 5 HIN 1 5 MIN 

30 N 1 2  8 1 0  1 05 . 5 1 . 05 13 . 0 1 30 38 6 . 5 1 . 1 8  

31  N 1 4  1 4 . 5 1 26 . 5 1 . 82 1 2 . 0 1 7 4  22 . 5 1 0  1 . 1 0  

32 E-N-E 1 9 1 5. 5 1 3Lr. 5 2 . 08 1 2 . 3 1 91 1 7 . 5 1 1  1 . 1 1  

33 E-N-E 21 1 4  1 34 1 . 88 1 2 . 5 1 75 1 7 . 5 1 0  1 . 1 1 

Ex,eeriment: 21/9 - The intraduodenal infusion of 2 ml oleic acid over 30 min . 
The animal had acc ess to feed before , during and after the 
infusion. 

30 fi:IN 30 MIN 

5 S-N 1 8  1 8  ) 1 34 5 . 0 1 3 . 6 504 1 6  9 
6 �-N 1 6  1 11 1 9 ) 

7 N-E-N 1 5 ) 1 0  1 7 . 5 )  1 36 4. 82 1 3 . 6 482 1 5 8 . 5 
8 .i!.-N 17  18  ) 

9 N 1 4  1 2  27 1 30 3 . 51/ 1 3 . 6 367/ 24 6 
1 5  f-IIN 1 5  l'1IN 

1 0 N 1 4  8 1 8 . 5 )  1 36 5 . 96 1 3 . 3 504 1 9 8 
1 1  N 1 4  8 1 8  ) 
1 2  N-R 20 ) 1 31 4. 84 1 3 . 6 544 22 8 
1 3 R-N-R ) 1 4  1 7  ) 

1 4  R- N 1 4  8 9 . 5 )  1 1 0 1 . 60 1 4 . 6 21 2 34 4 
1 5  N ) 9 )6 5 ) 

1 6  N 1 2  7 1 3 . 5 ) 1 1 8  3 . 60 1 3 . 6 41 4 31 . 5 5 · 5 
1 7  N 1 3  9 1 7 ) 

15 MIN 1 5 MIN 

1 8 E 20 1 1 1 7 1 30 2 . 21 1 1 . 8 201 20 7 

1 9 E-N 1 9 1 4  1 7 . 5 1 30 2 . 27 12.0 210 1 9 7 

20 N 1 4 1 1  1 6 . 5 1 30 2 . 1 4 1 1 . 4 1 88 1 9 7 

-
2 ml 21 N-R-N 1 4  1 1 1 3 . 5  
oleic 

1 30 1 .75 1 1 . 4  1 54  21  7 

acid 22 N 1 1  1 1  3 99 0.30 1 1 . 4  34  56 4. 5 

23 N 1 1  1 1  2 . 8 59 0.16  1 2 . 8 36 81 3 - 5 

24  N 10  9 2 . 8  28 o . o8 13.6  38 1 1 2 . 5 1 . 5 

25 E 1 9 3 . 4  1 7  0.06 1 3. 4  46 1 1 4  1 . 5 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  Contr . 
min ) ( Aseq ) 

/1 5 min 

26 E 1 9 

27 E-N 1 2  

28  N-R 1 6  

29 R-N-E 1 6  

30 E- N 20 

3 1  E 23 

32 E 

i;xEeriment : 30/8 - The 
The 
the 

1 R-E 23 
2 E 25 

3 E 25 

4 E 25 

5 E 22 
6 E 22 

7 E 21 
8 E 1 9 

9 N 1 5 
1 0  N 1 2  

1 1  N-R 1 5 
1 2  R 1 3  

1 3 R 1 4  
1 4  R 1 4 

1 5  R 1 3  
1 6  N-R 1 4  

1 7  R 1 2  
1 8 R 1 3 

1 9 R 1 1  
20 N-R 1 2  

21  R 1 2  
22 R 1 2  

23 R 1 4  
2 4  R 1 4  

Contr . ml/1 5 cone . output cone . /  output/ cone . cone . 
( Bseq ) m in m-equi.v 11'1-€CpiV ml m in m-equi.v !Tl-€quiv 

/1 5 min H+/1 H+j rel . units /1 /1 
where m in 
meas . 

1 5 HIN 1 5  i"liN 

3. 0 4 0. 01 1 3 . 3 4D 1 26 1 

1 1  4 . 2  4 0 . 02 13 . 4 56 1 20 1 

1 1  8 . 5 62 0 . 53 13 . 4 1 1 4- 75 4 

1 0  1 0  1 06 1 . 06 1 3 . 0 1 30 39 5 

1 4  1 1 5 1 . 61 1 2 .0 1 68 29 . 5 7 

1 7 1 35 2 . 29 1 1 . 4- 1 94 1 4 . 5 1 0  

1 8 . 5 1 42 2. 63 1 2 . 0 222 1 4  1 0 . 5 

intraduodenal infusion o f  2 ml oleic acid over 30 min . 
animal had access 
infusion . 

1 2  
8 

1 3 
1 2  
1 1  
1 1  
1 2  
1 2  
1 2  
1 0  

7 
7 
9 

1 0  
1 1  

8 

8 ) 
9 . 5 )  1 35 

BLOCK 
29 ) 
1 4. 5 )  1 42 . 5 

1 3 ) 1 4o 1 0 . 5 )  
9 • 5 ) 1 38 5 1 4 . 5 )  • 

1 3 ) 1 41 1 3 . 5 )  
1 2 . 5 )  1 4D 1 3 . 5 )  
1 1 . 5 ) 98,5  1 1 . 5 )  
1 3 . 5 )  87 .5 1 6  ) 
1 4 . 5 )  1 43 1 2 . 5 )  
1 1  ) 1 42 . 5  1 1 � 5 ) 
1 2 • 5 )  1 44 5 1 3  ) • 

1 4 ) 58 1 3. 5) 

to feed before , during and after 

30 hiN 30 HIN 

2 . 36 6 . 2 1 08 1 4  9 . 5 

6 . 20 4. 3 1 90 8 1 1  

3 . 28 h . 2 98 9 . 5 1 0  

3 - 72 u. . 2 1 00 1 2 . 5 1 0 . 5 

3 .7 Lf 3- 7 98 7 · 5 1 1  

3 - 50 6. 4 1 66 8 1 0  

2 . 1 6  3. 8 88 7 6 

2 . 58 3 . 2  94  5 7 - 5 

3 . 86 4.6  1 24 7 1 1 . 5 

3 . 20 4. 6 1 04 9 . 5  7 . 5  

3. 68 4 .2  1 06 8 1 0. 5  

1 . 60 2.7  74  4 6 

pH 

1 . 01 

1 . 00 

1 . 00 

1 . 00 

1 .00 

1 .00 

1 . 1 0  

1 . 20 

1 . 00 

1 . 00 

1 . 00 

1 . 37 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na pH 

( 1 5 Contr . Contr. ml/1 5 cone . output cone ./ output/ cone . cone . 

min ) ( Aseq ) ( Bseq) m in m-equiv m-equiv ml JJ min � equiv tll-€qUiv 
/1 5 min /1 5 min H+/1 H+/30 re1 . units /1 /1 

where m in 
meas . 

25  R 1 3 1 3 1 3 . 5 ) 1 h1 3 . 74 5 . 1 1 34 8 1 1  1 . 00 
26 R 1 3 9 1 3 ) 

27 R 1 0  8 6 ) 1 30 . 5 1 . 24 5. 4 52 1 8  7 1 . 04 
28 N 8 7 3 . 5 )  

29 N-R 1 3  1 1  8 . 5 ) 1 37 2 . 9+ 5. 1 94 1 7 . 5 9 . 5 1 . 02 
30 rt 1 4  9 1 0  ) 

3 1  R 1 4  1 0  1 0  ) 1 40 . 5 2 . 94 4. 6 96 1 1 . 5 8 1 . 00 
32 R 1 4 9 1 1  ) 

33  R-N-R 1 2  8 1 1 . 5 )  1 4o 3 . 56 5. 1 1 30 1 0  1 0 . 5 1 .00 
34  R 1 3 1 2  1 4  ) 

3 5  N-R-N 1 1  1 3  ) 1 46 3 . 64  6. 7 1 68 1 1  1 2  1 . 00 
36 R - N ) 1 0 1 2  ) 

1 5  MIN 

37 N-E 21 1 2 . 5 1 50 1 . 87 ) 4 . 6 1 1 8 8 9 0 . 95 
38 E-N-E 25 1 3 1 49 1 .  94 ) 

2 m1 E 24 1 2  1 50 1 . 80 7 . 4 89/ 1 0  1 1 . 5 0 . 92 
oleic 39 
ac id 

1 5  MIN 
4o E 23 2 . 3 1 33 0. 31 

41 E 20 1 . 3 88 0 . 1 1  9. 8 72/ 54 4 

4 2  E 1 6  1 . 3 57 0 . 07 60 MIN 

43 E 1 7 2 . 1 52 0 . 1 1  

1 5  t-;IN 

44 E-N 1 5 4 . 3 68 0. �9 1 3.0 56 66 4. 5 

45 N 8 9 6 . 3  1 20 0. 76 9. 9 62 4o 5. 5 

46 N 8 7 7 1 29 0. 90 8 . 2 57 28 5 .5 

47 N-E 1 1  8 7 1 32 1 . 06 7 . 4 52 23 6 

48 E 25 7 . 5  1 23 0. 92 1 3 . 3 1 00 29 . 5 5 1 . 1 0  

49 E-R 1 8  8 1 43 1 . 1 4  8 . 5 68 21 . 5 6 1 . 1 0  

50 R 1 6  1 3  8 1 34 1 . 07 9. 4 75 21 . 5 6 1 . 05 

51 R ) 1 1  5 1 35 0.67 9. 8 49 25 5 

52 E 25 7 1 24 0. 87 1 2 . 3  86 3 1 . 5  6 . 5  1 . 1 5 

53 E 20 1 1 . 5 1 39 1 . 60 8 . 2  94 1 7  1 0. 5 1 .02 

2_0 MIN 30 MIN 

54 R 1 5 1 2  1 3 ) 1 42 3 . 1 2  7 · 5  1 64 1 2 . 5 1 2  1 . 00 
55 R 1 5 10 9 ) 



Sample Activity Reticulum Rumen Volume Total Ac id Pepsin Na pH 
( 1 5  Contr . Contr . m1/1 5 cone . output cone ./ output/ cone . cone . 
min ) ( Aseq )  ( Bseq ) m in m-eq.liv ID-Eql..liv m1 30 min ll'l-€C]I.liv m-equiv 

/1 5 min /1 5  min H+/1 H+/30 rel . units /1 /1 
where m in 
meas . 

56 R 1 5 9 9 ) 1 36 2 . 72  9.0 1 80 1 4  
57 R-N-E 23 1 1  ) 
58 E- N 30 1 4  ) 1 4o  4. 06 7 . 4  21 4 8 1 5 1 . 00 
59 N-E 21 1 5  ) 
60 E-N 21 1 6  ) 1 41 4 . 52 6 . 9 220 6 1 6  0 . 99 
61 R 1 7  1 5 1 6  ) 

-

2 m1 62 E-N 1 5  1 4  ) 1 53 4 . 1 6  5- 9 1 60 6 . 5 1 4 . 5 0 . 98 
oleic 63 N 1 4 1 3 1 3 ) 
acid 1 5  MIN 1 5 HIN 

64 N 1 1  1 0 5 1 50 0 . 75 5. 6 28 1 1 . 5 7 

65 N 1 1  1 0  5 1 22 0 . 6 1  8. 6 43 27 4 

66 N 1 2 ) 1 0  7 1 27 o . 89 8. 8 62 27 5 1 . 1 0 

67 N ) 9 ) 8  8 . 5 1 37 1 . 1 6  7 - 7 65 1 8 . 5 6 . 5 1 . 02 

30 �1I N 

68 N-R ) 1 3 )1 1 7 1 39 0 . 97 )  8. 6 1 24 1 6 . 5 5- 5 1 . 00 
69 R-N-E 1 8  7 -5 1 39 1 . 04)  

30 �UN 

70 E 24 1 2 ) 1 39 3 . 4o 7 - 7 1 88 1 2 . 5 9 - 5 1 . 01 
71 E 26 1 2 . 5 ) 

72 � 23 1 1  . 5 )  1 39 3 . 34 8. 2 1 96 1 1 . 5 9 . 5 1 . 00 
73 E 22 1 2 . 5 )  

74 ", 22 1 4  ) .u 1 41 3 . 9 4 6 . 2 1 74 8 1 1  0 . 95 
75 E 1 9 1 4  ) 

76 E-N-E 23 1 4  ) 1 41 3 . 52 6 . 7 1 68 8 1 0  0 . 95 
77 E-N-E 1 9 1 1  ) 



TABLE 5 

Experiment : 1/3 

The intraduodenal infusion of 2 ml oleic acid over 20 min in sheep S . D. M . 
The animal had access to feed  before , during and after the infusion . 

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na + K+ 

( 1 5 Contr. Contr . ml/1 5 cone . output cone . /  output/ cone . cone . 
min ) (Aseq ) ( Bseq ) m in m-equiv m-equiv ml 60 min m-eq..rl.v m-ecpiv 

/1 5 min /1 5 min H+/1 H+/ rel . units /1 /1 
where m in 
meas . 

30 HIN 

1 1 7 E 1 8  1 1 . 5 ) 1

3

6 3 . 2 } 
1 1 8 N-E-R 17 1 2 ) 
1 1 9 R-N 1 5 8 ) 

1 1 . 5 484 1 9 . 5 8 . 5 

1 20 R-N 1 1  1 1  ) 1 42 2 . 70 

FEED 
1 21 E 35 9 . 5 )  1 7 1  

3
- 4  } 1 22 E 26 1 0 . 5 )  

1 23 E 22 1 4 . 5 ) 
1 2 .

3 

624 1 7 . 5 8 . 5 

1 24 1!.:- N 21 1 6  . 5 ) 1 39 4 . 30 

1 5  BIN 

1 25 N-i-N 21 9 1 23 1 . 1  

1 26 E-N 1 8  1 5 . 5 1 26 1 . 95 

2 ml 
1 3. 6 708 1 5 9 · 5 

oleic 1 27 N-E 1

3 

1 5 . 5 1 37 2 . 1 2 
acid 

1 28 N 1 3 1 4 . 5  1 35 1 . 96 

1 29 N 1 3 1 6 . 5 ) 1 35 2 . 23 

1 30 N-E 1 3 9 . 5 1 28 1 . 22 1 3 . 3 560 1 8  5 .5 
1 31 N 1 3 7 . 5 1 1 8  0 . 88 

1 32 N ) 8  8 1 1 5 0 . 92 

1 33 N 1 4  6 . 5 1 03 0 . 70 

1 34 N-E 1 4  1 1 . 5 1 24 1 . 36 1 4 . 7 352 26 5 
1 35 E 1 9 5 . 5 1 22 0 . 67 

1 36 E 20 2 92 0 . 1 8 

1 37 N-E 1 7 3 4o 0 . 1 2} 
1 38 E-N 1 5 9 . 5  1 02 0. 97 1 5 . 0  568 24 8 . 5  
1 39 N 1 4  1 4 . 5 1 50 2 . 1 7 

1 40 N 1 6  1 3 . 5  1 40  1 .89 



Ex;eeriment : 3/3 - Oleic acid infusion into the duodenum of  sheep S . D . M . -
2 ml/20 min . Fed state . 

Sample Activi ty Ret iculum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  Contr . Contr. ml/1 5 cone . output cone . / output/ cone . cone . 

min ) ( Aseq ) ( Bseq ) m in m-equiv m-e<piv ml 60 min �V !I'I-€CJ!..l.iV 
/1 5 min /1 5 min H+/1 H+/1 5 rel . units /1 /1 

where m in 
meas . 

Fi!::ED 
168  E ) 1 7 > 9 1 u. .5 1 � 3 2 . 07 

1 69 E-N 22 1 5 1 6  1 50 2 . 4 1 2 . 0 768 6 . 5 1 2  

1 70 N 1 8  1 0  1 7 1 50  2 . 55 

1 71 N 1 7  1 8  1 7  1 56 2 .65 

2 ml 
oleic 1 72 N 1 5 1 0  1 4 1 57 2 . 20 
acid 

1 73 T\- E 1 6  1 3  7 · 5 1 31 0. 98 1 1 . 7 280 1 5 7 . 5 

1 74 N-E 1 2  6 9 . 5 1 31 1 . 21+ 

1 75 N 1 2  6 4 1 23 0 . L' 9 

1 76 N 1 1  5 2 . 5 103 0 . 26 

1 77 N 1 3 9 5 . 5 84 0 . 46 1 5. 4 260 48 . 5 4 

1 78 N 1 0  6 4 1 01 o . 4o 

1 79 N 1 2  4 5 93 0 . 46 

1 80 N-..::-N 1 2  7 6 1 1 1  0 . 67 

1 81 N 1 6  8 8 .5 1 1 7 0 . 99 1 3 . 6 328 22 5 

1 82 N-:8-N 1 6  9 7 1 22 0 . 85 

1 83 N 1 5 8 3 - 5 1 1 4 o . 4o 

1 84 N-R ) 8  ) 5 2 . 5 82 0 . 20 

1 85 R-E-N 1 5  8 5· 5 99 0. 54 1 5. 5 464 6 . 5 

1 86 E 1 6  8 7 .5 1 00 0 .75 

1 87 E-N 1 8  1 2  1 4. 5 1 1 7 1 . 7 



TABLE 6 

Experiment : 2/3 

The int raduodenal infusion o f  2 ml olive oil ov er 20 m in in she ep S . D . H . 
The animal ha d acce::;s to feed be fore , during an d  after the infusi on 

Sample A c t ivity Reticulum Rur.:�en Volume To tal Acid Pepsin Na+ K+ 
( 1 5  Contr . Contr . ml/1 5 cone . output co ne ./ output/ c one . cone . 
min ) ( Aseq ) ( Bseq)  m in m-£qt!iv ID-€qu iv ml 60 min m-equi.v m-equiv 

/1 5 min /1 5 min H+/1 H+/30 rel . units  /1 /1 
where  m in  
rne as . 

1 44 R 1 6  8 1 2  ) 1 42 2 . 54} 1 45 R-N 1 5 6 1 3  ) 

FEED 10 . 2 572 1 2 . 5 1 0  

1 46 E 29 1 8  1 5 ) 1 31 4 . 06 
1 47 E-N 23 1 4  1 6  ) 

1 48 � 2 4 1 7  1 7 ) 1 41 4. 80 1 49 E-rr 20 1 6 1 7  ) 
1 5  BIN 1 1 . 0 704 8 . 5 1 1 . 5 

1 50 E-N 20 1 3 1 5 1 39 2 . 08 
1 51 rr-..:,; 1 9  1 1 1 5  1 38  2 . 07 

2 rnl 
olive 1 52 E-�: 1 7 1 1  1 6  1 37 2 . 1 9  

oil 
1 1 . 0 660 7 8 . 5 

1 53 E 1 9  1 2 1 5  1 38 2 . 07 

1 54 E-N 1 4  9 1 7 . 5 1 37 2. 4o 
1 55 N 1 6  8 1 1  1 38 1 . 52 
1 56 N-E-N 1 7  2 1 1 7 0 . 23 
1 57 N 1 4  8 2 65 0 . 1 3  1 3 . 6 328 5 
1 58 Nib 1 4  8 7 73 0 . 51 
1 59 N 1 2  9 1 0 . 5 1 21 1 . 27 

1 60 N )1 1 >5 1 3  1 31 1 . 70 
1 61 N-E 1 4  1 1  1 6  1 34 2 . 1 4 1 0 . 6  552 10  9 . 
1 62 N-E-N 1 6  9 1 5  1 37 2. 05 

1 63 N-E 1 6  1 2  9 .5 1 33 1 . 26 

ExJ2eriment : 4/3 - Olive oil infusion into the duodenum of sheep S . D . M . - 2 ml/20 min 
Fed state . 

FEED 
1 E 1 8 1 0  1 3 . 5  1 28 1 . 73 
2 E-N 1 5 8 1 4  1 31 1 . 83 
3 N 1 4 8 1 5 1 37 2. 05 
4 N 1 6  1 0  1 4.5 1 37 1 . 99 



Sample Act ivity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  Con tr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 

min ) ( Aseq) ( Bseq ) m in �V �quiv ml 60 min m-equiv m-equiv 
/1 5  min /1 5  min H+/1 H+/) 5 rel. units /1 /1 

whe re m in 
meas . 

2 ml 
olive 5 N 1 5 1 0  1 5 . 5 1 36 2 . 1 1  
o il 

6 Nib 1 6  9 1 5  1 39 2. 08 

7 N 1 6  8 8 . 5 1 36 1 . 1 6 

8 N 1 5  9 2 1 1 8  0 . 24 

9 R-N 1 4  6 8 1 03 0 . 82 

1 0  N 1 2 7 1 0 . 5 1 30  1 . 36 

1 1  N-E-N 1 5 9 1 1  1 3� 1 . 47 

1 2 N 1 4  7 1 2 . 5 1 38 1 . 71 

1 3 N 1 3  8 1 1 . 5 1 37 1 . 57 

1 4  N-E-N 1 5 7 1 0  1 34 1 . 34 

1 5 N 1 5  8 6 . 5 1 30 o . 84 

1 6  N )1 3  ) 6  9 1 26 1 . 1 3 

1 7  N-E 1 6  9 5 1 1 8  0 . 59 

1 8  E-N-i 20 1 2  1 1  1 27 1 .  40 

1 9 E 1 8  1 3  1 35 1 .75 

20 E 20 1 5 1 2 . 5 1 37 1 . 71 



TABLE 7 

Experiment : 6/9 

The intravenous infusion o f  2 ml oleic acid over 30 min . 
The animal had access to feed before , during and after the infusi on . 

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 
( 1 5  Contr . Contr. ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) (Aseq) (Bseq ) m in ITH'qUiv lll-€qUiV ml 30 min �v m-eq..ri.v 

/1 5 min /1 5 min r-r+/1 H+/30 rel . units /1 /1 
where  m in 
meas . 

1 N-R 1 8  1 4  17 ) 1 28 3 . 40 6 . 2 1 66 1 4 . 5 1 2 2 R 1 5 1 1  9 . 5 ) 1 . 07 

3 R 1 5 1 0  1 1 . 5 )  1 24 . 5 3 . 1 2 6 . 4  1 6o  1 9 . 5 6 1 . 07 4 R 1 5  1 0  1 3 . 5 ) 
5 N 1 3 1 0  1 4 . 5 )  1 34 4 . 22 6 . 1 1 92 1 3  1 2  1 . 02 6 R 1 4  1 0  1 7 ) 
7 R 1 4  9 1 7  ) 1 36 . 5 4 . 58 6 . 9 232 8 . 5 1 2  1 .  01 8 R-E 1 8  1 6 . 5 )  
9 E 24 1 7 . 5 )  1 32 4. 76 6 . 9 248 7 1 2 . 5 1 . 02 1 0  E 20 1 8 . 5 )  

1 1  N 1 2 1 1  1 6  ) 1 39 - 5 1 . 85 5 . 6 1 2 N 9 7 10 . 5 ) 1 50 1 0 1 0 1 . 00 

1 3 R 1 2  1 0  7 . 5 ) 1 24 3 . 30 6. 9 1 28 22 . 5 4 . 5 1 . 01 1 4  R 1 5 9 1 1  ) 
1 5  R 1 4  10 1 3  1 23 . 5 3 . 20 5. 9 1 54 1 7  7 - 5 1 . 0Lf 1 6  R 1 4  9 1 3 
1 7 R-N 1 1  8 1 5  1 20 3 . 6o 5. 9 1 76 1 4 1 .04 1 8  N 9 5 1 5  9 

1 9 N 1 1  7 1 5 . 5 ) 1 26 3 . 90 5. 1 1 58 1 2 . 5 10 . 5 1 . 02 20 N-R 1 1  7 1 5 . 5 )  
2 1  R 1 4  7 6 . 5 )  1 1 2 1 . 1 2 5. 4 54 27 6 1 .09 2 2  R-N 1 2 8 3 . 5 )  
23 N-R 1 2  6 1 2 . 5 )  1 07 2. 88 5- 9 1 6o 23 8 1 . 1 0  24 R 1 3  7 1 4. 5 )  
2 5  R 1 3  6 1 3 . 5 )  1 34 3. 88 5. 1 1 48 1 5 1 0 . 5  1 .01 26 R 1 4  9 1 5 . 5 )  
27 R-N 1 3  7 1 4  ) 1 1 4  3. 20 5. 0 1 40 1 1  9 1 . 05 28 R-N 1 3 6 1 4  ) 
29 N-R 1 2  7 1 4  ) 1 24 3 . 54 6. 4 1 82 1 2 . 5  9 1 . 03 30 R 1 4  7 1 4. 5 ) 
31 R-N-R 1 2  6 1 3 . 5) 1 27 3. 36 6 . 1  1 64 1 3  9 - 5 1 . 01 32 R-N 1 3  7 1 3 ) 
33 N 8 3 6 ) 1 1 3 .5 1 . 70 7 . 2 108  25 5 . 5 1 . 05 34 R 1 4  7 9 ) 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na K pH 
( 1 5  Contr . Contr . ml/1 5 co ne . output cone ./ output/ cone . cone . 
min ) ( Aseq ) ( Bseq)  m in m-equi. v m-equiv ml 30 min rn-e:ru:Lv �v 

/1 5 min /1 5 min H+/1 H+/30 rel.  units /1 /1 
wh ere m in 
meas . 

35 R 1 4 7 9 . 5 )  1 20 2 . 34 6 . 4 1 26 1 8 . 5 5 . 5 1 .02 
36 R-N-R 1 4  6 1 0  ) 
37 N 1 4  1 5 . 5 )  1 27 4. 06 7 -5 24o 1 7  1 1  1 . 00 
38 N 1 6  1 6 . 5 )  

39 N >7 1 3  ) 1 33 3. 4o 8. 2 208 1 8  1 1 . 5 1 . 00 
4o N 16  1 2 . 5 )  

1 5 MIN 1 5  MIN 

41 R 17 1 0 . 5 1 32 1 . 39 8. 2 87 21 6 . 5 1 . 05 

42 :ct-E 1 9 9 . 5 1 27 1 . 21 9 . 0 85 24 5 - 5 1 .08 

2 ml 43 E-N 4 6 . 5 1 28 0 . 83 7 . 7 50 22 9 1 . 05 
oleic 
aci d  44 N 0 3. 1 1 1 4 0 . 35} 
IV 1 4 . 1 96/ 54 5 1 . 1 8  

45 N 0 3- 7 68 0 . 25 30 MIN 

46 N 0 1 . 2 55 0. 07 

47 �-E 0 2 . 3 31 0 . 07 

48 E-N 1 1 . 5 1 0  15 . 4 1 4o/ 1 1  I+ 2 

49 �-N 8 2 . 1 1 0  0 . 02 75 1'1IN 

50 N 4 1 .  8 2 0 . 01 

51 N-E 1 3 2 . 5 2 0 . 01 } 10 . 4 62/ 1 32 1 .  5 
52 N ) 6  3 - 5 2 0 . 01 30 NIN 

53 N 4 1 1 . 9  2 0 .01 } 
54 N-E 1 2  1 . 3 2 0 . 01 10 . 9 66/ 1 26 2 

55 N-E-N 1 3  2 . 7 1 0  0 . 03 45 MIN 

15 �UN 

56 N 9 5 4. 5 1 2  o .o6 1 1 . 7  53 1 20 2. 5 

57 E-N 1 6  6 . 5 77 0. 50 8 . 8  56 58 5 

58 N-E 1 2 4 7 . 5  1 09 o. 82 7 ·5 57 39 6 

59 E 20 1 0  1 1 5 1 . 1 5 7 ·5 75 30 · 5 6 .5 1 . 1 0  

30 MIN 

6o E 1 9 1 1  1 32 1 . 45 ) 7 . 2  1 68 1 8  7 .5 1 .08 
61 E 1 8  1 2  1 4o 1 . 68 ) 

30 MIN 

62 E-N 1 4 8 1 1 . 5 ) 1 22.5  2. 52 6 . 1  1 26 1 5 .5  6 1 .08 
63 N 1 1  6 9 ) 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na pH 
( 1 5  Contr . Contr . ml/1 5 co ne . output cone ./ output/ cone . cone. 
min ) (Aseq ) ( Bseq ) m in m-equiv J"tlo€qui v ml 30 min m-eq.ri.v ffi-€ql.liv 

/1 5 min /1 5 min H+/1 H+/30 rel . units /1 /1 
wh ere m in 
meas . 

6 4  N-E 1 5  9 8 . 5 )  1 1 4 . 5 2 . 2 4  6. 2 1 20 20 . 5 5. 5 1 . 1 0  
65 E 1 8  1 1  ) 

66 N 1 2  4 1 1 . 5 )  1 21 2 . 66 5. 4 1 1 8  1 6 . 5 6 . 5 1 . 05 
67 N 1 1  3 1 0 . 5 )  

68 N 1 1  5 1 2  ) 1 23 . 5 2 . 84  6 . 2 1 h2 1 4 . 5 7 1 . 07 
69 E 1 3 1 1  ) 

E;x:eeriment : 4j1 0 - The intravenous in fusion of 0 . 5 ml oleic acid over 30 min . 
The animal had access to feed be fore , during and a fter the 
infusion . 

1 5  l'-1IN 1 5  J.IIN 

1 E 23 1 4 . 5 1 48 2 . 1 5 1 4. 1 204 4. 5 1 0 . 5 0 . 99 

2 E 23 1 4 . 5 1 46 2 . 1 2 1 4 . 9 2 16  6 . 5 8 .5 0 . 99 

3 N-E 23 1 3 1 42 1 . 85 1 6 .0 208 1 1 . 5 6 1 . 00 

4 E 20 1 3  1 44 1 . 87 1 5. 0 1 95 8 . 5 9 0 . 99 

5 N-E-N 20 1 5 . 5 1 Lf5 2 . 25 1 4 . 2 220 5 1 1  0 . 99 

0 . 5 ml 6 N 8 1 0  1 47 1 .  47 1 3 . 8 1 38 3 1 2  0 . 98 
oleic 
acid 7 N 0 0 . 20 1 50  0. 03 
IV 

8 N 4 0 . 25 1 48 o. o4 

9 N 7 2 . 7  1 07 0 . 29 1 5 .2  41 

1 0  ..!.. 21 3. 5 86 0 . 30 17 . 5 61 52 . 5 6 

1 1  E-N-E 21 7 74 0 . 52 20 . 0 1 40 84 4. 5 1 . 30 

1 2  N 1 6  1 6  7 81 0 . 57 19 . 2 1 34 62 3. 5 1 . 29 

1 3  N 1 4  1 2  3. 5 63 0 . 22 1 9. 2 67 82 1 . 5 

1 4  N 1 3  9 4 39 0 . 1 6 1 8 . 4  74 96 1 

1 5 N-E 24 5.5 35 0 . 1 9 1 8 . 7  1 03 1 1 2 1 

1 6  N-E 21 1 4 .5 108  1 . 57 1 8. 4 267 50 7 ·5 1 . 1 2  

17 N )1 5  1 1  1 4o  1 . 54 1 6 . 3  1 79 1 5. 5 9 1 .00 

1 8  N 1 4  9 1 5 . 5  1 46 2 . 26 1 5 . 7  243 7 7 . 5  0 . 98 

1 9 N 1 3  1 5 1 47 2 . 20  1 5 . 0  225 5 8 0 . 97 

20 N 12  8 1 3. 5  1 49 2 .01 1 4 . 9  201 4 9 ·5 0 . 97 

21  N-E 17 1 5 1 47 2 . 20 1 4 . 4  21 6 4 1 0  0 . 97 



TABLE 8 

Experiment : 1 5/7 

The intravenous infusion of 50 mg o f  enterogastrone extract over 30 min . 

The animal had access to feed before , duri ng a�d after the infusion . 

Sample Activity Reti culum Rumen Volume Total Acid Pepsin Na K pH 

( 1 5 8ontr. Contr . ml/1 5  cone . out� ut cone . / output/ cone . cone . 

min ) (Aseq ) ( Bseq ) m in m-equi.v �'}liV ml 30 min m-equiv !Il-€qUiv 

/1 5  min /1 5 min H+jl H+/1 5  rel. units /1 /1 

where m in 
meas . 

1 9 . 5 1 42 1 . 35 ) 6 . 9  1 24 1 4 1 0 .5 1 . 07 
2 R-N '> 7 > 2  8 . 5 1 lt4 1 . 22 ) 

3 tJ-::; 1 5  1 0  1 lt1 1 • 1-+ 1 ) 6 . 9 1 42 1 2 1 0  1 . 1 0 
4 N 1 4  1 0 . 5 1 44 1 . 51 ) 

1 0  !'lll 5 N 1 3  8 1 42 1 . 1 4 ) 7 . 2  1 08 1 3  8 1 . 02 

sal ine 6 N-E 1 8  7 1 36 0 . 95 ) 

7 �-H-E 1 8  6 1 36 o. 82 ) 9 . 8 1 32 1 8  8 . 5 1 . 02 

8 E 21 7 · 5 1 4 0  1 . 05 ) 

1 0 ml 
9 E-N 1 2  0 . 70 1 l.J2 0 . 1 ) 

extrac t 1 0  �.., Z? 5 . 5 1 1 5  0 . 63 ) 
9 . 8 58 36 7 . 5 1 . 08 

( 50 mg ) 
.:!.. 

1 1  ..:; 29 8 . 5 138 1 . 1 ? )  6 . 4 10 4 1 6  9 . 5 1 . 01 

1 2  .!!. 27 8 . 5 1 44 1 . 22 ) 

1 3 E 27 1 0  1 47 1 .  47 ) 5 . 4 1 1 4  1 1 . 5 1 1  1 . 01 

1 4 E 24 1 1  1 /t7 1 . 62 ) 

ExEerimen t :  20/7 - The intravenous infusion of  21 5  mg o f  entero gastrone extract 

over 30 min . The animal was offered new feed 1 5  min after 

the infusion commenced . 

1 R > 3 >2 9 1 42 1 . 28 ) 5. 6 1 20 1 6 . 5 1 2 . 5 1 . 00 
2 R 1 5 1 1  1 2 . 5 1 44 1 . 8 ) 

3 R-N 1 3 1 0  1 2 . 5 1 48 1 . 85 ) 
) 5. 1 1 24 9·5 1 1 . 5 1 . 00 

4 N-R 1 5 9 1 2 1 48 1 .78 )  
Saline 

5 R 1 6  1 0  1 0 . 5  1 50 1 . 57 ) 
) 5.6  1 06 1 1 . 5 9 · 5  1 .00 

6 R-N 1 2  7 8 1 45 1 . 23 ) 

Extr .  7 N 1 1  8 1 0 . 5  1 42 1 .  49 ) 
FEED ) 6 . 2  1 30 1 1 . 5 1 1  1 . 01 

21 5 mg 8 N-E 26 1 2. 5  1 45 1 . 81 )  

9 E 28 1 1 . 5  1 45 1 . 67 ) 6 . 2  1 48 1 2 . 5  
1 0  E 26 1 2 . 5  1 42 1 .77 ) 

1 1  1 . 00 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na K pH 

( 1 5  Contr . Contr. ml/1 5 cone . output cone ./ output/ cone . cone . 

min ) ( Aseq) ( Bseq ) m in m-e::J1 .. liV rn-equiv ml 30 min rrr€Cpiv m-ecpi v 

/1 5 min /1 5 min H+/1 H+/1 5 rel . units /1 /1 
where m in 
me as . 

1 1  E-N-E 1 6  1 8  1 2  1 47 1 . 76 ) 5 . 0 68 9 1 2 . 5 1 . 00 
1 2 N-E-N 1 5 1 3 1 . 5 1 39 0 . 21 ) 

1 3 N-R 1 4  1 0  4 1 00 o . 4o 10 . 2 41/ 48 . 5 4. 5 
1 5  !ViiN 

1 4  R 1 7 1 1 9 .5 1 34 1 . 27 ) 6. 9 1 4 4 1 6 . 5 1 0  1 . 02 
1 5 R-E 23 1 1 . 5 1 45 1 . 67 )  

1 6  E > 23 1 3 1 46 1 .  90 ) 5. 9 1 56 9 . 5 1 3  1 . 00 
17 E-N >1 4 1 3 . 5 1 51 2 . 04)  

Ex12eriment :  1 /9 - The intravenous infusion of 50 mg of  enterogastrone extract 
ov er 30 min . The a nimal had access to feed be fore , during 
and after the in fusion . 

30 MIN 
1 )1-R 1 11 1 2 . 5 )  1 30 2 . 8 8 . 5 1 82 21 10 1 . 08 
2 N-E 25 9 ) 
3 � 27 1 2 ) 1 36 . 5 3 . 54 8 . 3 2 1 6  1 9 . 5 1 2 . 5 1 .08 
4 E 26 1 4  ) 

5 E 26 1 5 . 5 )  1 !  2 . 5 4. 11-2 8 .3 258 1 0 . 5 1 3 1 . 02 
6 E >1 8 1 5 . 5 )  

1 5 t.UN 1 5 ru N 

2 ml 7 E-N 22 1 7 1 39 . 5 2 . 37 9 . 9 1 68 1 0. 5 1 4 . 5 1 . 1 1 

saline 8 N-R 1 7 ) 1 4 1 6 . 5 1 41 2 . 33 1 0. 1 1 67 9 - 5 1 6  1 . 02 

9 R 1 6  1 2  1 5. 5 1 41 2. 1 8 9 . 9 1 53 9 . 5 1 4 . 5 1 . 01 

2 ml 1 0  R-E 20 )12 1 4 . 5 1 42 2 .06 9 . 3  1 35 1 0 . 5  1 3 1 .05 

Extr . {50 mg)1 1  N 5 > 2  6 . 5 1 42 0. 92 10 . 9 71 1 5 . 5 1 0. 5 

1 2  N 7 6 1 . 2 96 0 . 1 1 )  1 5.0 .. 78/ 82.5 4 . 5 
1 3  N 1 0  1 0  4 55 0. 22 ) 30 MIN 

1 4  R 1 5  9 1 1  1 1 7  1 . 29 1 3.8 1 51 28 . 5 12 1 . 1 0  

1 5 R-E 21 1 3 1 43 1 . 86 1 1 .7 1 52 1 6 . 5 1 4 . 5  1 . 08 

1 6 N-R 1 8  >1 1 1 3  1 47 1 . 91 1 0. 6 1 38 1 3.5 1 3 . 5  1 .09 

2 ml 17 R 1 6  9 1 0 . 5  1 34 1 . 41 10 .6  1 1 1  17 . 5  9 1 .08 

Saline 1 8  R 1 6  9 9 . 5  1 27 1 .21 1 1 . 8 1 1 2  22 6 . 5  1 . 1 0  

1 9 R-E 20 7 1 1 9 0. 83 1 3 . 3  93 30 6 



Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ pH 

( 1 5  Contr . Contr.  ml/1 5 cone . output cone ./ output/ cone . cone . 

min ) ( Aseq ) ( Bse q )  m in ID-€q.rilr ID-€quiv ml 1 5  min m-equiv ID-€qrllr 
/1 5  min /1 5 min H+/1 H+/1 5  rel. units /1 /1 

where  m in 
me as . 

20 E 24 1 1 . 5 1 2�. 5 1 . 44 1 3 . 9 1 60 24. 5 9 1 . 1 0 

21 E- N 1 8  1 4  1 37 · 5 1 . 92 1 1 . 8 1 65 1 4  1 4  1 . 09 

22 N-R 1 6  1 2  1 5  1 39 . 5 2 . 09 1 1 . 5 1 72 1 0 . 5  1 4 . 5  1 . 07 

23 R > 7 >6  1 3 1 39 1 . 81 1 1 . 2 1 46 1 1 . 5 1 2 . 5 1 .05 



TABLE 9 

Experiment : 21/10 

The intravenous inj ecti on and infusion of ICI 50 , 1 23 
Animal fasted 1 6  hour 

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na 

( 1 5  Contr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) ( Aseq )  ( Bseq)  m in m-equiv m-equiv ml 1 5  min m-e::ruL v ID-€<piv 

/1 5 min /1 5 min H+/1 H+/1 5 rel . units /1 /1 
where where m in 
meas . meas . 

1 N 1 4  9 1 38 1 . 24 1 3 . 6 1 22 21 . 5 9 . 5 

2 N 1 4  6 . 5 1 28 0 . 83 1 3 . 3 86 22 7 · 5 

3 N 1 6  5 97 o . 48 1 5 . 5 77 51 5 

4 N 1 3  1 6 . 5 108 0 . 70 1 4 . 2 92 36 5. 5 

1 00 �g "Gae:trin " 
IV ( 4 pg/ks ) 

5 N-R-N 1 3  4 1 08 0. 43 1 6 . 0 64 41 5 

6 N 1 5  2 73 0 . 1 5  1 6 . 3 33 

7 N 1 �  4 47 0 . 19 1 7 . 0 68 1 1 1  3. 5 

8 N 1 1+ 6 . 5 98 0 .64 1 4. 7 95 80 5 

9 r� 1 1+ 6 1 01 0 . 61 1 3 . 8 83 ti6 4 . 5 

75 ).lg 
"Gastrin" IV 10  N 2 0 3 - 5  1 06 0.37 1 2 . 2 43 41 6 
(0 . 1 3  �g/kg/ 1 1  N 7 0 2 . 5 60 0 . 1 5  1 1 . 7 29 52 4 . 5 

min ) 

1 2  N 1 4  2 1 8  o. o4 1 3 . 4 27 1 22 1 . 5  

1 3  N 16  6 . 5 64 0. 42 1 5 . 4 100 90 4 . 5 

1 4  N 1 5  6 109 o. 65 1 4 . 1 85 40 6 

ExEeriment : 24/10 - The intravenous infusion of ICI 50 , 1 23. Animal fed . 

1 
2 
3 
4 

4o p.g 
1 1Gastrin1 1  IV 
( 0 .  08 �g/kg/ 

min ) 

7 
8 

N-E 

E 
E 
E 

5 E 
6 E 

E 

E 

33 1 0 . 5 1 30 

37 1 1 . 5  1 30 

27 1 2 . 5  1 27 

25 1 2 . 5 1 33 

5 1 1  1 36 

1 7  5. 5 1 27 

22 9 101 

21 1 0  1 24 

1 . 36 1 3.3 1 1+0 1 8 .5 10  

1 . 49 1 3. 8 1 59 17  1 0  

1 . 59 1 4. 7  1 84 1 9 1 0 . 5 

1 . 66 1 4. 7  1 84 1 3. 5  1 2  

1 . 50 1 4 . 6  1 61 1 2 . 5  1 1 . 5 

0 . 70 1 3 . 4 7 4  29 5 - 5  

0 .91 1 6. 0  1 44 47 4 

1 .24 1 5. 5  1 55 24  7 

I 



Sample Activity Reticulum �umen Volume 'I'otal Acid 
( 1 5 
min ) 

20 p.g 
"Gas trin " IV 9 
0 . 04 p.g/kg/ 1 0  

m in 

1 1  
1 2 
1 3 

1 4  

7 5  l.lg 
"GPstrin" IV 1 5  
( 0 . 1 3 p.g/kg/ 1 6 

min ) 

1 7 
1 8  

1 0 _, 

20 

21 

5 ml 22 
NH + 4 23 So1n . IV 

24 
25 

Ex12eriment : 

4 
5 
6 
7 

1 . 2 J.lg 8 
"Gastrin" 9 

1 0  I V  (0. 0008 1 1  
pg/kg/min ) 1 2  

1 3  

Contr .  Contr.  ml/1 5 cone . output 
( Aseq) ( Bseq ) m in m-eq.ri.v m-equiv 

/1 5 min /1 5 min H+/1 H+/1 5 
wh ere where m in 
me as . meas . 

E-N 1 4  1 1  1 34 1 .  47 

N-E 1 7 1 0. 5 1 33 1 .  4o 

E 25 5 1 1 8  0 . 59 

, 1-E 22 6 72 0 . 43 

�- �1 20 1 0 . 5 1 24 1 . 3 

N 1 9 9 1 0 . 5 1 35 1 • 1�2 

N 3 5 3 . 7 1 20 o . Lf4 
N 1 1  1 1  3 . 5  87 0 . 30 

N 20 6 3 . 0 29 0 . 09 

N-:q-.:; ) 1 7  ) 6  2 . 2 1 6  0 . 03 

1!:: 22 8 . 5 79 0 . 6? 

..!.. 23 1 1  1 33 1 . 46 

z 21 1 2 1 36 1 .  63 

E 21 1 3. 5 1 38 1 . 86 

E 23 1 1+ . 5 1 37 1 . 99 

E 23 1 5 1 38 2 .07 

E > 1 1  1 2 . 5 1 37 1 .  71 

28/1 0 - Animal fasted 1 6  hours . Intravenous 
and his tamine . 

N-R 1 9 7 1 2  1 21 1 . 45 

R-N 1 6  5 9 1 1 3 1 .02 

N 1 4  4 5 93 0 . 46 

N 1 6  7 80 0 .56 

N 1 6  8 99 0 . 79 

N 1 5 4 8 1 1 1  0. 89 
N 1 1  1 4. 5 89 o . 4o 
N 1 5 4 4 47 0. 1 9  

N 1 3  3 4 . 5  71 0 . 32 

N 1 3  4 4 60 0. 1 2  

Pepsin Na+ K+ 
cone ./ output/ cone . cone . 

ml 1 5  min rn-eq.li_ V m- EqU:iv 
re1 . unit s /1 /1 

1 4 . 7 1 62 1 6 . 5 7 · 5 

1 5 . 2 1 60 1 9 7 ·5 

1 7 . 0 85 33 . 5 4 

1 8 . 0 1 28 84 3 

1 5. 5 1 63 27 7 

1 Lf . 7 1 54 1 6 . 5 7 . 5 

1 5 . 5 57 28 . 5 4. 5 

1 5 . 8 55 60 3 

1 7 . 3 52 1 1 7 1 

1 ? . 6 39 1 38 1 

1 6 . 5 1 Lto  78 4. 5 

1 4 . 2 1 56 1 7  9 

1 3 . 8 1 6 6  1 4  1 0 . 5 

1 3 . 3 1 79 1 2  1 2  

1 3 . 3  1 93 1 2 . 5 1 2 . 5 

1 2 . 5 1 87 1 2 . 5 1 3 . 5 

1 2 .3 1 54 1 4. 5 1 4  

infusions o f  ICI 50 , 1 23 

1 3 . 0 1 56 26 . 5 1 0 . 5  

1 3 . 4 1 21 35· 5 6 . 5 

1 3 . 3 66 62 5 

1 4 . 6 1 02 72 4 . 5 

1 2 . 8 102 56 7 
1 1 . 7 94 41 8 
1 1 . 7 53 64  4. 5 
1 2. 8  51 1 00 2 . 5  
1 2 . 8  58 86 5 

1 2 . 2 49 90 3 . 5 



Sample 
( 1 5  
min ) 

Act ivity Reticulum Rumen Volume Tot al Acid 
Contr . Contr . ml/1 5 cone . output 
( Aseq ) ( Bs e q )  min rrr-equiv m-equiv 

/1 5 min /1 5 min H+/1 H+/1 5  

Pepsin Na K 
cone ./ output/ cone . cone . 

ml 1 5 m in m-eq.rl. v Dl-elUi v 

1 0  pg 1 4  
"Gas trin " 1 5 
IV ( 0 . 008 1 6  

pg/kg/min ) 1 7 
1 8  

1 9 
20 
21 
22 

0 . 5 mg 23 H�s tarnine 24 Iv ( 0 . 5 pg/ 25 
kg/min ) 

26 
FEED 

27 
28 

N 
N 
N 
N 
N 

N 

N 

N 

N 
N 
N 

E 

wh ere 
meas . 

1 5 
1 2 
1 1  
1 2  
1 2 

) 7 

1 5  

21 
1 3  
1 6  

1 5  

51 
31 

where 
meas . 

2 
1 
3 
4 
3 

7 63 
5 . 5 77 
3 .  5 61 
4 . 5 38 
6 . 5  66 

4. 5 68 
4 46 

7 - 5  78 
7 - 5 1 1 1  

9 . 5 1 1 1 
1 0 . 5 1 24 

7 .5 1 29 

2 . 5 81 

8 
1 1 . 5 1 1 7 

rel . unit s /1 /1 
m in 

0 . 44 
0 . 42 
0 . 21 
0 . 17 
0 . 43 

1 2 . 2 
1 1 . 7 
1 2 . 2 
1 2 . 2  
1 2 . 2 

0 . 31 1 0 . 4 
0 . 18  1 1 . 0 
0 . 58 1 1 . 7 
0 . 83 9 . 9 

8 . 8 
5 . 6 
4 . 5 

0 . 20 1 2 . 0 

0 . 68 1 L: . 2 

1 . 3h 1 3 . 3 

85 92 
6 4  68 
43 84 
55 1 1 8  
79 88 

47 80 
Lf4 1 06 
88 76 
74 h1 

8Lt 
59 
34 

30 

1 1 4  
1 53 

35 
20 
1 5 

6 Lt 

4. 5 
7 
5 
3 
5 

4 . 5  
3 . 5  
6 
9 

1 0 . 5 
1 4 . 5 
1 3 

6 . 5 

9 - 5 
1 1 . 5 



TABLE 1 0  

Experiment : 9/1 1 

Subcutaneous inj ections of rer 50 , 1 23 
Animal fasted 24 hour 

Sa.rnple /'.ct ivity Reticulum Rumen Volume Total Acid Pepsin N 
+ 

· a K
+ 

( 1 5  eontr . eontr . ml/1 5 co ne . output cone ./ output/ cone . cone . 
min ) ( Aseq ) (Bseq) m in l'll-€q.li V m-equiv ml 1 5  min ll1-€ql.i v lll-€qUiv 

/1 5  min /1 5  min H+/1 H
+/1 5  rel . unit s /l /l 

where where m in 
mens . meas . 

2 N 1 5 7 102 0. 71 1 5 . 5 1 08 44 9 

3 N 17 5. 5 87 0 . 48 1 6 . 3 90 64 6 
4 N 1 3  3 4 65 0 . 26 1 6 . 3 65 78 5 

5 N 1 4  4 3. 5 37 0 . 1 3 1 6 . 6 58 1 04 3 . 5 

5 p.g "Gastrin " 
se co . 2 pg/kg) 

6 N 1 6  0 1+. 5 55 0 . 25 1 6 . 5 ?Lr 96 4. 5 

7 N 1 3 1 4. 5 66 0 . 30 1 6 . 0 72 78 5 

8 N-R-N 1 7 2 3. 5 57 0 . 20 1 5 . 8 55 92 4 . 5 

9 R-N 1 3  5. 5 59 0 . 32 1 5 . 5 85 88 5 
1 0 pg "Gastrin" 
se ( 0 .  4 pg/kg ) 

1 0 N 1 4  2 2 38 0 . 08 1 5 . 2 30 
1 1  N 1 0 0 3. 5  28 0 .09 1 5 . 4 54 1 1 2 3 

1 2  N 1 �  2 6 . 5 49 0 . 32 1 6 .0 10 4  96 4 

1 3  N 1 2  0 3. 5 80 0 . 28 1 5 . 4 54 68 7 
1 4  N 1 1  0 5. 5 68 0 . 37 1 5 . 0 82 76 5 

1 ..ug "Ga.strin" 
se c o . o4 .Alg/kg)  

1 5 N 1 4  1 4 . 5 43 0 . 1 9 1 5 . 5  70 1 04 5 · 5 
) 

" 1 6  N 1 4  1 4. 5 76 0 .34 1 5 . 4  69 70 8 
-----4 

" 1 7 N-R 1 6  5 70 0 . 35 1 5 . 4  77 74 5 · 5 

1 1  -is N 1 2 2 . 5  42 0. 1 0  1 5. 0  37 94 3 · 5 

1 9 N 1 3  4 . 5 45 0 .20 1 5 . 2 68 96 5 

20 N ) 9 3 · 5 44 0 . 1 5 1 4 .7  51 98 4 

0 .  5 ..ug "Gastrin" 
se ( 0. 08 p.g/kg) 

21 N 1 3 4 .5  4o 0 . 1 8 1 5. 4 69 1 06 3 . 5  

22 ' R '  1 5  2 . 5  51 0 . 1 3 1 4. 7 37 96 4.5  
FEED 

23 E 56 4.5  33 0 . 1 5 1 6 .0 72 1 1 2 5 



.... 

Sample Activity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 
( 1 5 Contr .  Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) (Aseq)  ( Bseq) m in m- equLv m-equiv ml 1 5 min rn-e<pi v rrH:!ql.liv 

/1 5 min /1 5 min H+/l H+/1 5 rel . units /l /l 
where where m in 
meas . meas . 

24 E 40 8 85 0 . 68 1 5 . 5 1 24 64 8 
25 E 29 5 89 0 . 44 1 5 . 4  77 52 8 
26 E 26 5 · 5  85 0 . 47 1 4 . 6 80 62 7 · 5 
27 E 26 8 . 5 97 0 . 82 1 3 . 4 1 39 50 1 1  
28 E 24 8 . 5 1 01 0 . 86 1 4 . 2  1 21 38 1 3  
29 E 26 7 - 5 1 02 0 . 76 1 4 . 2  1 06 38 1 3 
30 E 24 7 98 0 . 69 1 3 . 4 94 44 1 0  
31 E 20 6 86 0 . 52 1 4. 6 88 66 7 -5  
32 E 25 6 . 5  90 0 . 58 1 4 . 2 92 54 8 . 5 



TABLE 1 1  

ExEeriment : 31/1 0  

The intraduodenal infusion o f  1 0  ml oleic acid over 60 min 
and the subsequent intravenous infusion o f  ICI 50 , 1 23 and histamine 

in an animal fed a.d lib . 

Sample Act ivity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 
( 1 5  Contr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 
min ) ( Aseq )  (Bseq ) m in � m-equiv ml 1 5  min m- equiv 1ll-€q.li v 

/1 5  min /1 5  min H+/1 H+/1 5  rel . units  /1 /1 
where where m in 
meas . meas . 

1 1 1  109 1 . 2  1 2 . 5 1 37 46 1 0 . 5 

2 N 8 . 5 86 0 . 73 1 2 . 8 1 09 66 5 

3 N 22 6 72 0 . 43 1 3 . 3 80 82 4 . 5 

1 0  m1 4 N 1 7  2 . 5 37 0 . 09 1 2 . 5 31 1 06 4 
oleic acid 5 .6 44 '+. 5 1 4  0 .06 1 3 . 3 61 1 38 2 . 5 
ID ( 0 . 067 6 E 21 7 2 0 . 01 8 . 5 59 1 56 2 
ml/kg/min ) 7 E 1 3 3 - 5 2 0 . 01 7 . 4 26 1 50 2 

8 N-.6 1 2 3 2 1 1  6 . 1 1 8  1 56 2 

9 E-N 5 ) 10 4 2 1 1  7 . 2 29 1 56 2 
1 0  N 0 1 2 Lf 2 I f  7 . 4 30 1 56 2 

1 1  N 0 7 3 · 5 2 " 7 . 2  25 1 56 2 

9 pg "Gast- 7 . 4 26 1 56 rin" IV 
1 2  N 0 5 3 - 5 2 " 2 

( 0 .02 pg/kg 1 3  N 
/min ) 

0 5 4 2 1 1  9 . 4 38 1 56 2 

1 4  N 1 3 2 . 5 2 " 8 . 6 21 1 54 2 
1 5  N 0 6 2 . 5  2 1 1  8 . 2 20 
1 6  N 1 5 6 . 5 2 0 . 01 9 . 4 61 1 54 2 
1 7  N 1 3 3 · 5  2 0 . 01 8 . 5 30 1 54 2 
1 8  N 0 4 3 . 5 2 " 6 . 9  24 1 54 2 

0 .5 mg Hist-1 9 N 0 !) 3. 5 2 1 1  6 . 4 22 1 48 2 . 5 amine IV 
1 pg/kg/min 20 N 3 10 . 5 79 0 . 83 8 . 0  84 72 7 

21  N 0 2 4 100 o . 4o 8 . 5 34 48 8 . 5 
22 N 0 5 44 0 . 22 1 2 . 2 61 88 4 . 5 
23 N 1 5 35 0 . 1 7 1 3 . 0  65 1 00 3 
2 4  N 4 6 43 0 . 26 1 2 . 3  7 4  96 3 
25 N 1 0  3 5 46 0 . 23 1 2 . 2  61 96 3 . 5  



Sample Act ivity Reticulum Rumen Volume Total Acid Pepsin Na+ K+ 

( 1 5  Contr . Contr . ml/1 5 cone . output cone ./ output/ cone . cone . 

min ) ( Aseq ) ( Bseq ) m in � equiv m-equiv ml 1 5  min rn-e:piv t!Hquiv 
/1 5 min /1 5  min H+/l H+/1 5  rel . units /l /1 

where where m in 
meas . meas . 

FEED SHOWN 

26 N ) 1 9 8 43 0 . 34 1 2 . 3 98 98 3 

27 N 1 3 1 3 8 0 .02 1 5 . 2 46 1 28 2 

28 N 1 2  4 3 2 0 .01 1 5 . 2 46 1 32 1 . 5 

29 N 1 0  1 6 1 2  0 . 07 1 6 . 0  96 1 28 2 

FEiW 

30 E 33 1 0 . 5 81 0 . 85 1 4 . 1  1 48 62 7 · 5  

31 E 26 8 105 0. 84 1 3 . 6 1 09 Lf{) 7 

32 n 
� 22 1 2 99 1 .  20 1 3 . 4 1 61 4.�- 7 

33 b ) 5 1 4 . 5 1 2 1  1 . 75 1 2 . 8 1 86 30 1 1 . 5 
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