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INTRODUCTION 

The work embodied in this thesis arose as a sequel to 

an attempted analysis of the conditions necessary for the 

production of gastric juices by electrical stimulation of 

the vagus nerves. As shown by previous investigators, 

secretion produced in this way differed markedly from regular 

gastric juice. Like the latter it possessed a high diges-

tive power but differed in that it had a comparatively low 

acidity and contained a large amount of mucus or mucoid-like 

fluid. In the present investigati0n, the first procedure 

followed was to apply electrical currents of different in-

tensity to the vagus nerves. By this method it was ob-

served that two different types of gastric juice were secreted, 

depending upon the strength of the current employed. In 

brief, a weak ourrent initiated a secretion, which was mucoid-

like in character, whereas a strong current produced a flow 

of regular gastric juice. 

Based upon this fact a new conception of the mechanism 

regulating gastric secretion was formed, namely, that different 

stimuli activate the different cytological elements which 

axe present in the gastric mucosa. In attempting to prove 

our hypothesiS, it was approached from another angle. The 

effects of different chemical stimuli upon the gastric glands 

of / 
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of a dog with a Heidenhain pouch were studied. Thus it 

was definitely established that histamine, one of the most 

powerful gastric stimulants, activates the parietal cells only, 

and is responsible for the formation of a highly acid gastric 

juice with an extremely low digestive power. When the ad-

ministration of histamine was supplemented by pilocarpine, a 

"synthetic" regular juice resulted, because pilocarpine is a 

typical parasympathetic drug which, in the dog, chiefly affects 

the pepsin- and mucus-producing cells. 

A histological study of the gastric mucosa after prolonged 

vagal 'or hista:mine stimulation was undertaken. The peptic 

cells showed marked changes after strong vagal stimulation and 

none after prolonged histamine stimulation. These structural 

changes confirm the physiological results obtained. 

The oesophagus was shown to be a rich source of mucous 

secretion, and it was proved that the vagus nerve is the secret­

ory nerve of the oesophageal glands which produce mucus. 

Stimulation of the vagi by previous investigators produced 

a scanty gastric secretion containing a large amount of mucus. 

As it was thought that hyperventilation as employed by others in 

their experiments might have been one of the factors responsible 

for this, an investigation of the interdependence of gastric 

secretion and the carbon dioxide content of the blood was made. 

This thesis is therefore divided into five parts, each 

representing a cognate evolution of the same problem. A cor-

responding review of the literature is prested in each part. 
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PAR T I 

HISTORICAL: 

THE VAGUS AS THE SECRETORY NERVE TO THE GASTRIC GLANDS 

Physiology, one of the oldest of the biological sciences, 

reveals its manifold seorets slowly and with reluotance to 

the ever-~probing investigator. The history of the vagus 

nerve and its functional connection With the gastrio mucosa 

has been no exoeption to the general rule. As early as 

lSl4- Brodie observed that, when dogs were killed by an intra­

venous injection of arsenic, there was a copious secretion 

of mucus and watery fluid in the stomach. He found, however, 

that, if the vagi were severed previous to the administration 

of the lethal dose of arsenic, the stomach was always 

empty at autopsy. Wood ( lS70) confirmed Brodie1s observa-

tions. From that time to 1890 various European workers, 

experimentin6 along different lines, came to the conclusion 

that the vagus plays an important part in the regulation of 

gastric secretion. It remained, however, for Pavlov and 

Schumov-Sima.novski (1690) to discover that the vagus nerve 

is a secretory nerve to the gastric glands. Numerous in­

vestigators have since confirmed this fact, but none have to 

date added materially to our knowledge concerning the mechanism 

of vagal action and the effect which it exercises histologically 

and I 
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and physiologically upon the gastric glands. 

The predecessors of Pavlov were familiar with the effects 

of a variety of stimulants on receptive surfaces, e.g. eyes, 

ears, nose and mouth. Pavlov advanced the hypothesis that 

stimuli thus received were transmitted to the gastrio glands 

by the vagus nerves. The proof of this supposition was based 

on two simple and yet indisputable experiments. An oesopha­

gotamised dog with a gastric fistula and with the right vagus 

cut below the recurrent laryngeal nerves, was sham-fed, and 

the gastric juices thus obtained were analysed. 1lhe left 

vagus nerve was then severed. Sham feeding in the doubly 

vagotomised animal now initiated not a single drop of se­

cretion. In the second type of experiment, a dog was pre­

pared in exactly the same manner except that the left vagus 

was cut and allowed to remain in the wound beneath the skin. 

After two or three days the peripheral end of this nerve was 

stimulated by an induction current, a few drops of highly 

acid juice being obtained. 

These results were confirmed by Oushakov (1896), who re­

sorted to the acute type of experiment. Gastric juice was 

obtained after stimulation of the peripheral cut ends of the 

vagi in the neck by an electrical induction current. The 

animals were first immobilised by section of the spinal cord 

below the medulla and the secretion collected through a gastric 

fistula I 



- 5 -

fistula. The acidity of the gastric juice thus obtained 

was on the average much lower than in normal and oesophago­

tomised dogs, but the digestive power was high-. Approximately 

one half of the total volume of the secretion was composed 

of mucus, this accounting for the comparatively low acid 

values. Oushakov concluded that, in addition to the fibres 

responsible for the stimulation of acid and pepsin, there 

were special mucus-stimulating fibres in the vagus. There 

was a long latent period {from one to one and a half hours} 

between the beginning of stimulation and the appearance of 

secretion. 

Babkin (1928) draws attention to the difference between 

the latent periods of the gastric and of the salivary glands 

following nervous stimulation. He subscribes to the explana­

tion offered by Oushakov that in the vagus there are secre­

tory inhibitory as well as secretory fibres. He suggests 

that both groups of fibre~ are stimulated simultaneously but 

that at the onset of stimulation the inhioitory fibres are 

more easily excited than the secretory fibres. After a time 

they become relatively less sensitive, thu~ permitting the 

action of the secretory fibres. 

A rather ingenious method of stimulating the vagi was 

reported by Stahnke (1924). He placed specially constructed 

electrodes in the lower oesophagus near the c8l:dia in dogs. 

Stimulation I 
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stimulation resulted in hypermotility, hypersecretion, py­

lorospasm, chronio gastritis and ultimate erosion of the 

gastrio mucosa. This technique is certainly much simpler 

than isolation of the nerves by operative procedures. How­

ever, with this method it is impossible to know when the 

vagi are being stimulated and how far the electrical stimulus 

spreads and involves other nervous centres. 

The only dissenting voice which has been raised since 

Pavlov first announced his results was that of Farrell (1928), 

who failed to obtain gastric secretion after vagal stimula­

tion. However, he reported results in agreement with Pavlov 

after cutting the vagi in an oesophagotomised dog with a 

gastric fistula. 

As has already been stated, cutting of the vagi completely 

arrested the reflex secretion from sham or psychic feeding 

(Pavlov) • 

A great deal of work has been done along these lines, 

most of which tends to confirm this early finding. All the 

results are not entirely in accord; for example Ophuls (1906), 

experimenting upon rabbits, cut the vagi bilaterally below 

the diaphragm and reports that there was no change in the 

gastric secretions. In the same year Orbel1(1906), working 

upon experimental dogs with Pavlov or Heidenhain pouches, 

found that, when a Pavlov pouch was de-orived of its vagal 

innervation / 
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innervation, there were changes in the composition of its 

secretions. He found that the volume of the secretion, 

as well as the acidity and the peptic output, gradually 

diminished. There was a response to chemioal stimulation 

resulting from the introduction of food into the main stomach 

but the type of secretion obtained from the pouch varied 

with the type of food and never contained such great concen­

trations of acid and pepsin as before removal of the vagal 

innervation. 

McCrea (1926), reporting the results of vagotomy per-

formed on both men and animals, is definite in stating that 

"on section of the vagi psychic secretion is losttl. He 

states further that "denervation of the pylorus or resection 

of the vagal branch to the pylorus gives similar results to 

vagotomy or complete denervation of the stomach but the early 

paresis and dilation do not appear". He suggests that the 

diVision of the nerves of the pyloric region abolishes the 

second phase of gastric secretion. 

Similar conclusions were arrived at by Hartzell 

(l929~30) and by Thompson (1930). The latter states that 

after pyloric resection the psychic phase is the most sig­

nificant phase of gastric secretion. 

The theory that the vagus contains different types of 

fiores for the gastric mucosa has attracted considerable 

attention / 
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attention of recent years. It will be remembered that 

Oushakov conceived of two sets of fibres in the vagus, one 

group controlling the acid and peptic_glands, the other ac­

tivating the muoous elements in the mucosa. Working from 

an .entirely different angle, Heinbecker (1930, 1931) and 

Hein-becker and O'Leary (1933) demonstrated three distinguish-

able potential complexes in the vagus. The first had 

physiological properties characteristic of somatic nerve 

fibres, the other two had propertie~ of a much slower order 

associated with autonomic motor functions. They have corre­

lated the three potential complexes histologically with 

three different types of fibres. The first is derived 

from the larger myelinated fibres, the second from thinly 

myelinated and the third from non-myelinated fibres. The 

efferent fibres to the heart have their cells of origin in 

the central nervous system, whereas the cells of ori,gin for 

efferent fibres to the lungs and intestine are in the nodose 

ganglion. There is no evidence of a synaptic junction in 

their pathway through the ganglion nodosum. Neither are 

they of sympathetiC origin. 

Some years ago Savitsch (1922) presented evidence which 

suggested the presence of mucus secretory fibres in the vagus. 

He experimented on dogs with a gastric fistula and an 

oesophagotomy. At the commencement of the experiment the 

reaction I 
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reaction in the stomach was acid; sand was then introduoed 

into the animal's mouth, and produoed a secretion of alkaline 

muous from the stomach which neutralized the acid present. 

~he different effects of vagus stimulation on the gastric 

mucosa can be explained according to the theory of Kiss 

(1931, 1933) that the vagus contains sympathetic fibres. He 

found that the oervical portion of the vagus contains three 

kinds of fibres, the same thinly and heavily myelinated fibres 

as in the intracranial portion and in addition a large number 

of unmyelinated fibres. Tne unmyelinated fibres are derived 

from the superior cervical ganglion of the sympathetio and 

enter the vagus through its own ganglion. He states that the 

Bubdiaphrag~atic portion of the vagus contains 75% of unmyelin­

ated fibres having their origin not in the vagus but in the 

sympa the tic. The minori ty of abou t 2510 are thinly myelin­

ated and may be partially sensory (original vagus) and partial­

ly preganglionic sympathetiC fibres. In conclusion he 

states that tithe so-called parasympathetic influence of the 

vagus has no anatomical basis in the case of the abdomen. 

The parasympathetic phenorrenon can be only a negative phase of 

the sympathetic". 

McSwiney and Spurre1l (1933), however, from their work 

on cats believe that the cervical vagus receives no contribu-

tion from the sympathetic nervous system. They maintain 

there I 
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there is no cell station for the gastric fibres in the vagal 

ga,nglia. The fibres enter the ganglia as myelinated fibres 

and lore their myelin sheaths when they leave it ... 

METHODS / 
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METHODS 

For convenience of description the technical methods 

used will be olassed under two headings: 

(1) Acute experiments, 
(2) Chronic experiments. 

Acute Experiments 

Dogs of medium size were used. Care was taken to 

ensure that each animal received adequate nourishment but 

yet had an empty stomach on the day of the experiment. 

Eaoh animal received a bowl of milk twenty-four hours prior 

to the experiment, and was permitted water at all times. 

standard Preparation 

Certain standard technical procedures were employed in 

the great majority of the experiments: in all other cases the 

procedures were identical with these except for certain 

local modifications which will be described under different 

headings -below or els~where in the text. 

The standard preparation is as follows: A dog is 

anesthetised by means of e1her. Once the induction stage 

has been achieved the animal is given a mixture of chlora-

lose (0.05 gm. per kg.) and urethane (0.5 gm. per kg.) 

intravenously. Care must be taken to inject the chloralose-

urethane mixture slowly; an injection given too 

rapidly / 
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rapidly not infrequently causes paralysis of the respiratory 

centres, often resulting in death. Through a mid-line in-

cision a tracheotomy is performed and at the same time the 

oesophagus is carefully isolated from its surrounding struc­

tures and tied at the level of the thyroid cartilage. The 

left external jugular vein is sought and a permanent glass 

cannula inserted. The carotid sheath is then brought into 

the wound and cut in a longitudinal direction. At this stage 

it would be well to point out that the sheath must be cut 

over the artery and completely separated from it. By so 

doing the vagus nerve is not traumatised and, on its under 

surface, maintains its connection with the surrounding sheath. 

This is important because it has been noticed that a nerve 

completely separated from its sheath quickly becomes dried up 

and useless. Nerves prepared as described always appear 

fresh and moist after many hours of stimulation. The vagus, 

thus separated from the carotid artery, is now carefully 

cleaned for a distance of half an inch and severed at the 

level of the thyroid cartilage. A fine silk ligature is 

tied around the distal severed end. The nerve is then re-

placed in its normal position and the remaining operative pro-

cedures are oarried out. The other vagus is similarly isolated. 

A second mid-line incision is now made through the 

abdominal wall. The stomach is carefully pulled to the left 

so as to expose the pylorus. 

nerves / 

The blood vessels and 
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nerves are separated by blunt dissection from the pyloxo­

duodenal junction and a strong cord tied around the bowel 

at this level. By this means the stomach is isolated 

from the duodenum. When the cord is securely tied, there 

is no possibility of bile regurgitation. This olosure 

has been frequently inspected at autopsy and invariably 

found to be secure. By means of a purse-string suture a 

metal fistula is next inserted into the anterior surface of 

the stomach approximately midway between the incisura 

and the greater curvature. It is necessary here in acute 

experimentation to reverse the usual technique employed 

for inserting a gastric fi~tula. Ordinarily the mucosa 

1s oarefully inverted to avoid leakage and the possibility of 

peritonitis. In these experiments, rarely of more than 

g hours' duration, the prevention of bleeding is even more 

important than the avoidance of peritonitis. It will be 

recalled that the blood vessels of the stomach lie for the 

most part in the submucosa. Inversion of the mucosa may 

give rise to bleeding and consequent contamination of the 

gastric secretion with blood. This is avoided through e­

version of the mucosa 'by means of artery foroeps placed on 

the margin of the incision made through the stomach. 

The fistula ,is tied with a strong cord so as to include 

serosa, submucosa and mucosa. 

prevents I 

This simple procedure 
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prevents any bleeding whatsoever. The stomach is returned 

to its normal position and the abdominal wall closed about the 

metal fistula. 

At the conclusion of the operative preparation the 

animal was placed in a prone position on a stand specially 

designed with a central window through which the gastric 

fistula projected. The animal was kept warm throughout 

the experiment. 

The vagus nerves were placed on platinum electrodes and 

rhythmically stimulated (15 interruptions per minute by 

Metzel's metronome) for a period of 10 minutes each. The 

induction coil employed was of the type supplied by A. H. 

Baird, Edinburgh, and was calibrated to give the following 

currents for the corresponding oentimeter readings on the 

scale: 

om. milliamperes om. milliamperes - -
0 9.95 6 4.45 
1 9.80 7 2.90 
2 9.40 g 1.gO 

~ g.~5 9 1.00 
7. 5 10 0.50 

5 5.95 11 0.20 

At the beginning the electrodes were always placed 

close to the severed distal end of the vagus nerves. When 

there was evidenoe of diminished 100a1 

irritability I 
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irritability of the nerve, the electrodes were moved to a 

fresh position on the nerve. Criteria of nerve action were 

based upon changes in the blood pressure and heart rate. 

Isolation of the Qe~~~agus 

The isolation of the oesophagus without injury to the 

secretory nerves of the stomach presented considerable tech­

nical difficulty. The most satisfactory method is as follows. 

A dog is prepared as described above under Standard ~re-

paration. After the insertion of the gastric fistula the 

stomach is held as high up as possible on the greater curva­

ture by an assistant who maintains gentle traction downwards 

with one hand and, with the other, retracts liver and spleen. 

By this procedure a good exposure of the oesophageal diaphragma­

tic Junction can usually be ootained. The operator then 

makes a small incision (1;4") through the serosal layer of 

the oesophagus in a direction parallel to its long axis and 

just below the diaphragm. A curved blunt d~ssector is 

carefully passed around the entire circumference of the oeso­

phagus in the subserosal space. A piece of stout-cord is 

threaded on the dissector and the latter is slowly withdrawn 

carrying the cord with it. The cord now encircles theoeso-

phagus, and, lying as it does in the subserosal space, it can 

in no way injure the oesophageal plexus of nerves when tied. 

In certain eXperiments the cord is tied; in others, where 
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. 
a cannula is to be inserted, the primary incision is continued 

through all the coats of the oesophagus. As soon as the 

edges of the mucosa present themselves, two artery forceps are 

applied to the cut surfaces. The opening is then carefully 

enlarged so as to admit a large curved right-angled glass 

cannula of 112ft to 3/14-" external diameter. One end of the 

cannula is inserted through the opening in an upward direc­

tion, and is passed through the diaphragmatic portion of the 

oesophagus to a distance of about one inch above the diaphragm. 

The other end of the cannula protrudes through the abdominal 

incision above the gastric fistula. The cord is then tied 

securely around the oesophagus and cannula. The aodominal 

wound is sutured about the cannula and fistula. A second 

glass cannula is inserted into the oesophagus in the region 

of the neck just below the thyroid cartilage, and securely 

fixed. 

By this method the oesophagus is completely isolated from 

the saliva of the mouth above and from the gastric juices 

below. At the same time the stomach is isolated from the 

oesophageal secretions. When the procedure is carefully 

carried out, the oesophageal plexus of nerves remains uninjured. 

strong stimulation of the vagi in the neck still produces 

the usual profuse gastric secretions. 
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Isolation of Stomach {Fundal Portion) 

Oertain experiments required the complete isolation of 

the stomach from the oesophagus and from the pyloric mucus-

bearing area. The standard preparation was first made, and 

then the oesophagus was isolated as described above, either 

with or without oesophageal oannulae. A small longitudinal 

incision was made on the anterior surface of the pyloric 

part of the stomach at a distance of 4- to 5 om. from the 

pyloric sphincter. The muscular coats alone were sectioned. 

By careful disseotion the submucous mucosa was separated from 

the muscularis throughout the entire circumference of the 

pyloric antrum. The isolated submucosa and mucosa were 

then tied securely. By this method the pyloric part was 

isolated from the remainder of the stomach with a minimal 

amount of trauma and without entering into the lumen of the 

organ. 

HYRerventilation, Inspiration of Carbon Dioxide and 
Intravenous Injections of Acid and Alkali 

In these experiments the standard preparation was used. 

In one group gastric secretion was obtained by electrical 

stimulation of the vagus nerves; in another group subcutaneous 

injection of histamine (ergamine acid phosphate) was the means 

of gastric stimulation employed. Secretion was collected in 

graduated centrifuge tubes at definite intervals. The volume 

of I 
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of each. sample was measured, and. the chemical composi tion 

of the secretion and the blood chemistry were determined by 

the methods described below. 00
2 

was adwinistered by means 

of Douglas bags filled with 5 or 10% 002 and air.. These 

bags were attached to the intake faucet of an air pump_ The 

outlet of the pump was attached to the tracheal cannula. 

Hyperventilation was employed at the rate of 64 to 80 per 

minute. The pump used had a stroke volume of 1700 cc. In 

certain experiments acid (0.5 normal HOI), sodium bicarbonate 

(10%) and sodium cyanide (1/100 normal) were injected intra­

venously. 

Ohemical Methods 

The free and total acidities were determined by titra­

tion, T~pf"er's reagent and phenolphthalein being used as 

indioators. The total chlorides were determined by the 

method of Wilson and Bald (1928), and the peptic power by 

Hawkls modification of Mettls method. The volume of visible 

mucus was estimatea. by centrifuging the juice. Blood was 

withdrawn from one carotid artery, the other being used for 

recording the blood pressure. All blood samples removed from 

the carotid were collected and centrifuged under paraffin 

oil, using the angle centrifuge. The time of centrifuging 

was usually under two minutes, so that loss of CO2 was minimized. 

The / 
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The 002 content was determined on the true plasma without 

equilibration, by the method of Van Slyke (1917). Plasma pH 

was estimated by Cullen's colorimetric procedure (1922), and 

the ohlorides in the blood and plasma by the method mentioned 

above. Lactic acid in the whole blood was determined by 

the method of Friedmann, Cotonio and Shaffer (l927~ expressed 

in mg. per 100 cc. of whole blood. 

The chemical composition of the oesophageal secretion 

was determined by the following methods. The specific gravity 

of the secretion was determined by picnometer and the pH by 

the indicator method of Clark and Lube (1928), the samples 

not having been collected under oil. The acid-combining 

power was dete'rmined by heating 1 cc. of the secretion with 

5 cc. of N/50 H
2

S04 in a bOiling-water bath for 5 minutes 

and by back titration with N/50 NaOH, methyl red being used 

as an indicator; it is expressed in milli-equivalents per 

litre. Nitrogen was determined by Pregl's (1930) micro-

Kjeldahl procedure. The nitrogen content of the filtrates 

obtained on precipitation of the mucus secreted with four 

volumes of absolute alcohol is interpreted as non-protein 

nitrogen. &uino nitrogen was determined by formol titration 

according to the method of Van Slyke and Cullen (1914 - see 

Peters and Van Slyke, 1932 , p.547). Potassium was determined 

by the method of Kramer and Tisdall (1921), calcium by the 

method I 
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method of Clark and Collip (1925). Chlorine was determined 

by the method of Wilson and Bald (1928), phosphorus (total) 

by the method of Fiske and Subbarow (1925), the wet prooedure 

in which sulphuric and nitric acids are employed being used 

for digestion. pepsin was determined by the Mett's tube 

procedure as modified by Nirenstein and Schiff (1927) with an in­

cubation period of from one to three days. 

Chronio Experiments 

Heidenhain- and Pavlov-pouch dogs were employed, as well 

as a dog with oesophagotomy and a gastric fistula. The response 

of each to standard meals of bread, meat and milk was studied 

for some months after operation. In all cases care was 

taken to exclude psychic and conditioned reflexes. Hista-

mine and pilocarpinewere injected su-bcutaneously, histamine 

in doses ranging from 0.75 to 1 mg. and pilocarpine in doses 

of from 4 to 7 mg. It is essential that the stomach 

should be empty at the beginning of the experiment and the 

making of a gastric fistula is recommended in the case of every 

animal with a Heidenhain- or Pavlov-pouch; otherwise it is 

impossible to be certain that secretions obtained from the 

pouch are not due to retained stomach contents. 

EXPERIl~NTAL / 
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EXPERIMENTAL RESULTS: 

THE ACTIVATION OF DIFFERENT ELEMENTS OF THE GASTRIC 
SECRETION BY VARIATIOl~ OF VAGAL STlivIULATION 

Certain fac:ts have been established in the past fifty 

years concerning the vagus and its relation to the gastric 

mucosa. A few of these have been indicated in the preceding 

section on the literature. Although the vagus nerve had been 

definitely proven to be a secretory nerve of the gastric glands, 

many pOints concerning its action were not olear. 

The variations in the composition of the gastric secre-

tion activated during direct stimulation of the vagus 

(Oushakov, 1896) or in response to reflex stimuli originating 

in the oral cavity (Savitsch, 1922) have to date remained 

unexplained. Oushakov observed during his experiments that 

a large quantity of mucus accompanied the acid juice passing 

through the gastric fistula. This mucus was alkaline and con-

sequently lowered the acidity of the gastric juice considerably. 

He concluded that,in addition to the fibres activating the 

production of regular gastric juice, the vagus nerve contains 

mucus-secretory fibres for the surface epithelium of the 

gastriC mucosa. Savitsch, on the other hand, using dogs with 

oesophagotomy and a gastric fistula, produced aflow of mucus 

from the gastric fistula when the dogs were fed sand. In order 

to I 



- 22 -

to explain these phenomena and the part played by the para­

sympathetiC nervous system in gas~ric secretion a more detailed 

investigation was essential. 

Another interesting fact disclosed by Oushakovls experi­

ments was the extremely long latent period (from forty-five 

minutes to one-and- a -half hours) elapsing between the com­

mencement of vagal stimulation and the appearance of gastric 

seoretion. He ascribed this unusual effect to the presence 

of inhibitory-secretory fibres in the vagus nerve supplying 

the gastric glands. According to his interpretation the 

inhibitory fibres were less resistant to the electrical 

stimulus than the secretory fibres and thus more rapidly 

lost their excitability. A latent period of such long 

duration was never observed under normal conditions, the 

latent time being usually 4 to 10 minutes (dogs with oesopha­

gotomy and gastric fistula and dogs with a Pavlov pouch). 

It was thus important to know whether the exceedingly long 

latent period reported by Oushakov was due to inhibitory­

secretory fibres or to some peculiarity of his experimental 

technique. 

Numerous workers have obtained different types of gas­

tric secretion when the vagi were stimulated by different means. 

The gastric juice from sham feeding, for eX~llple, was ex­

ceedingly high in both peptic power and acid content_whereas 

the / 
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the juice obtained by direct stimulation of the peripheral 

ends of the va~~s nerves was high in pepsin and low in acid 

( Oushakov ) • 

With these facts in mind let us consider the histological 

structure of the organ in question. In the final analysis 

the function of an organ of necessity is dependent to a 

large extent upon its structure. The stomach mucosa, accor­

ding to recent workers, exhibits at least four different 

cytological elements: -

1. Surface epithelial cells, 

2. The chief neck cells or mucoid cells 
(Bensley, 1998; Lim, 1922; Aschoff, 192); 
Zimmerman, 1928), 

3. The chief body cells or peptic cells, 

4. The parietal cells or oxyntic cells. 

Thus structurally the gastric mucosa is composed of 

independent units; hence the premise concerning the indepen­

dent function of these groups has a histological baSis. The 

influence of the vagus nerve on the peptic and parietal 

cells has already been indicated by Pavlov and other inves-

tigators. However, the relation of the vagus fibres to the 

other cytological elements of the gastric mucous membrane is 

still somewhat obscure. 

In the present investigation an attempt has been made 

to I 
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to correlate previously known facts by applying induction 

currents of different strengths to the vagi in dogs with 

the object of obtaining gastric secretions of different com­

position. 

Weak Stimulation 

In this group of experiments the vagus nerves of dogs 

were stimulated by a weak induction current, namely, a current 

of 0.50 milliamp. or less, being barely perceptible to the 

human tongue. The animals were prepared according to the 

standard method for acute experimentation (see under"Methods u). 

Any deviation fro~ standard technique will be mentioned in 

the text. 

The experiment outlined in Table I illustrates the 

effect of weak stimulation of the vagi upon the stomach se­

cretions. Stimulation was continued over a period of 

370 minutes. The current was gradually increased until it 

approximated to a moderately strong current. The fasting 

contents were definitely acid (0.05 ~n. fo free HOl with 

0.07 gm. % total HOI). The peptic power was low. (19.2 

Mett's units). There was no secretion of free fluid and 

none of free acid. The volume of secretion increased in 

the third hour of stimulation and was composed entirely of 

thick jelly-like mucus. The increase in volume 

(samples I 



TABLE I. 

GAST:::IC SJ£CR~TION - 1'.~1.L/SCT OF WtiX VAGAL STIMULATION 

Rxp. Dot. 28, 1929. 

Dog, weight 7.8 kg. Anaesthetized with Dial, injected intraperitoneally. 
Artificial respiration used throughout the experiment. Oesophagus tied in the 
neck; pylorus tied at the junction with the duodenum. 

-- "" -'''---
Sample Time Volume Free ROl Total HOl pH Peptio Remarks 

- . Activity 
Mins. o.c. Gm.% Gm. % Mett's Units 

1 30 1.6 0.05 0.07 19.2 Control period .. 

2 10 5.2 0.01 0.02 20.8 Continuous stimulation be~un: 

li.o 
Ooil 1 em. 

3 120 0.5 0.00 0.00 7.27 Stimulation altered, It 13 em • 
II 60 1.7 0.00 0.00 5.85 10.0 t1 11 em • 
5 60 2.8 0.00 0.05 3.63 353.~ tf II 

6 30 2.5 0.00 0.02 !t.07 163.8 n tt 

7 30 3.1 0.00 0.02 4.511 353.ll t1 " 
8 30 1.8 0.00 0.02 338.5 11 11 

9 30 2.0 0.00 0.02 312.8 n tt 

.. ,. -'. ___ -.._=~~:::::.7:::_' --_.....-..oIf ... _ 01 _ .... -

I 

I 
I 
I 

~ 
\J1 

• 
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(samples 4, 5, 6, 7) corresponded to the gradual increase in 

the strength of the current. There was an increase in the 

peptic power which ran parallel to the increased flow of mucus. 

Samples 3 and 4 were definitely alkaline with an extremely 

low peptic activity. The increase in peptic power occurred 

simultaneously with a rise in the total volume of secretion. 

It cannot, therefore, be considered as being due to concentra­

tion but must be regarded rather as a true secretion of pep­

sin produced by the gradually increasing strength of the 

electrical stimulus. 

A second experiment involving weak stimulation of the 

vagi is demonstrated in Table II. In this experiment there 

were certain departures from the standard technique of pre­

paration. The anaesthetic employed was Luminal (0.1 mg. 

per kg. introduced intravenously). A window was made in 

the left chest wall by the partial removal of four ribs. 

The respiratory rate was maintained at normal levels by means 

of an air pump_ The oesophagus was tied, and both vagi 

were isolated and cut approximately 11 inches above the 

diaphragm. Electrodes were apPfied to the peripheral ends 

of the severed vagus nerves. Stimulation was continued over 

a period of eight hours. The total volume of secretion was 

low throughout (1 ~c. or less per hour). During the first 

six hours it was composed entirely of a clear gelatinous 

substance I 



'I'ABLi: II • 

• GAsrrHIC SECrtl1 lrrON - ~~.uRCT OF Yrrl.AK VAGAL STD.TULATION 

Dog, weight 6.6 kg. Anaesthetized with Luminal, 0.1 mg. per kg., given intra­
venously. Artificial respirr1tion used. Vagi isolated and cut above die;phragm 
through window in left chest vilell. 

-

Sample Time Volume Muous Reaotion Peptio Remarks 
(Litmus) Activity .. .. .. 

Mins. c.c. c.c. l~e-"tt-r s Units 

1 30 1.2 0.1 Neutral 1.1I Control period 

, 

2 60 0.8 0.3 Alkaline ~.O Oontinuous stimulation, coil 12 em. 

60 
for 7 hours 

3 O~.3' 0.35 n 7.8 
It 60 1.0 1.0 tI 51.8 

· 
5 60 0.9 0.9 It 16.0 

6 60 0.6 0.6 u 27.0 
· 

7 60 1.0 0.5 11 16.0 
. · 

8 69 0.6 0.3 If 16.0 

. . . . - . ... _.- . .. .. p .-=:::;-:---=~~:~~:':~=-~==-:'---:-7·~.~::::.....-:::...:._.~;_,=---=::~..=-::::~ __ .... _.~ ...... ~ 

• 
."" -.I 

I 
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sUbstance of high viscosity and definitely on the alkaline 

side. At the end of this period clear fluid commenced to 

flow, just as though it were an acid secretion. Such was 

not the case, however, as it was highly alkaline and still 

oontained approximately 50)~; mucus by volume. 

The experiments just cited were early attempts and the 

results were not as completely studied as in some of the 

more recent ones. l~evertheless they show olearly that weak 

stimulation of the vagi produces a secretion of alkaline or 

slightly mucoid fluid and not of regular gastric juice. When 

the stimulation is of sufficient strength, as in the experi­

ment shown in Table II, the mucus possesses considerable 

digestive power. 

In a third experiment conducted along the same lines 

(see Table III) the vagi were stimulated in the neck as is 

customary in the standard experiment. The anaesthetic in 

this case was Dial (0.65 cc. per kg. administered intra­

peritoneally).. Artificial respiration was maintained from 

the onset. The stomach contents were practically nil, 

collection over a 75-minute period amounting to 0.2 c.c., 

which was acid to litmus. Weak stimulation was applied 

over a period of four nours. There was a continuous and 

steady flow of clear, very viscid secretion. The reaction 

of the secretion changed from acid to neutral and became 

definitely / 



TABLTf III • . 
GASTHIC S1'f'CEE~lION - 1;r.b1FECT Ob' 'NEAK VAGAL StrII;~UL1\TION 

WxP. Nov. ~t 1930. 

Dog, weight 8.6 kg. Anaesthetize'd with Dtal (0.65 c.c.) administp.red intra"Deritoneall~. 
Vagi cut in the neok; oesophagus tied in the neck; pylorus tied; fistula in anterlor 
surface of stomach. 

-
Sample Time • Vo1rune Reaotion :b'ree Total Peptio Remarks 

(]fJi tmus) HOI He1 Activity 
11ins. o.c. -Gm.1o Gm. 'fo [Mett-' s Uni ts 

p.m. 
125.4 1 12:05-1:20 75 0.2 .t\ (} id Control period ~ 

\.C • , 
2 1:20-2:20 60 3.0 Neutral 0 0 36.0 Continuous stimulation 

' , , 
3 2:20-3:20 60 1.5 A11taline 0 0 alt.6 

begun 1:20. Coil 11 em. -

~ 3:20-lf:20 60 3.0 n 0 0 107.1 

5 II : 20-5: '20 60 0.6 u 0 0 16.0 

" II ____ __.._._'_ 

----~----... '-• .. ~ < --.~ ... -.~ - .. -....., 
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definitely alkaline two hours after the commencement of 

stimulation. There was no change in the concentration of 

the pepsin in the secretion. 

A fourth experiment with weak stimulation is shown in 

Table IV. The vagi were stimulated for a period of eight 

hours. The original stomach contents were alkaline with 

a low peptic activity. After stimulation for one hour 

the secretion was composed entirely of alkaline mucus and 

continued thus for four hours. In the fifth hour the secre­

tion became more fluid and its reaction was neutral. The 

total volume of secretion was somewhat high for weak stimu­

lation. 

From the four experiments just quoted it is clear that 

weak stimulation of the vagus nerves whether in the neck or 

in the thorax produces mucoid secretion. This secretion is 

scanty; its reaction is slight'ly alkaline, neutral or slightly 

aOid, and its digestive power is never very high. In many 

ways the functional results resemble those obtained by Savitsch 

after the introduction of sand into a dog's mouth. The 

source of the mucus will be discussed later in this section. 

Certainly there are indications that Oushakov may have been 

right when he suggested that special mucus-secreting fibres 

might be present in the vagus. 

Strong / 



TAHL1r IV. 

GAST~:~IC S1?CR;:TION - 1"Fl!'?CT OJ]' WTUK V'AGAL STI1::.ULATION 

Exp. Dec. 13, 1929. 
Dog, weight B.6 kg. Under chloralose and urethane anaesthesia. Artificial respiration 

used.. oesophagus t·ie d in tbe neck; pylorus tied at tbe junction wi th the d.uodenum. 

Sample Time Volume :Mucus Free Total Reaction Peptic Remarks 
Hel HOI {IIi tmus j J~ ctivi ty -l,'f • Vl.lnB. c.c. c.c. Gm.7o Gm. ?o ]v1e~t-' s Units 

1 2.3 O.lt 0.00 0.00 Alkaline 1.44 Gastric contents 

2 60 7.0 7.0 11 " II 0.64 Oontinuous stimulation 
- . for 8 hours (weak) 

3 60 6.4 6.4 tI It tt 16.0 

~ 60 3.2 3.2 u Ii II 31.3 

5 60 11.0 4.0 It t1 It 36.0 

6 60 3.3 1.1 n " Neutral 23.0 

7 60 3.2 2.0 " 11 t1 ~6.2 

8 60 2.7 1.8 ,. n u 56.2 

9 60 3.0 2.0 tI tf tt 16.0 

=~=.!::::::r-~,_ ~ ,~-""""',.r.::!,:::,~":..:."'.~-:_:-:::;:-=.' ::.':'~::-: ';'7·;'·::;~~"~ ...... ~ .->;'-;:-'::-'-::;.::--;:;' 

I 

I 
I 

, 
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strong stimulation 

In the following series of experiments the vagus nerves 

were stimulated with a strong current, namel~ a current of 

one millivolt or more. In the experiment shown in Table V, 

strong electrical stimulation was applied to the vagi in the 

neck and the resultant gastric secretions collected through a 

gastric fistula. The animal was prepared according to 

the standard method. The stimulating current was 9 cm. 

(i.e. 1 milliamp.), being gradually increased to g cm. (l.g 

milliamp.). There was a latent period of approximately 

40 minutes. The rate of secretion gradually increased and 

reached the peak of its curve within an hour. Over a ~riod 

of five hours secretion was maintained at a constant level 

of volume and acidity. At the end of five hours the volume 

of the secretion diminished, as did the free and total acidity. 

This decrease was due to diminished excitability of the nerves 

at the point of contact with the electrodes. The values 

.~ returned to their previous levels by moving the elec­

trode to a fresh position on the nerves. This procedure 

was repeated a little later. At the end of the ex-

periment the nerves were still acting and the dog was in 

good condition. The total period of stimulation was extended 

over ten hours. There was a volume output of 80 to 100 cc. 

per hour of crystal-clear, watery fluid. 

showed I 

This fluid however 



TABLi V. 

GASTRIC sr~CHT~i.CIOlT - E.B'PT;"'CT OF STHONG VAGAL STI1,IULATION 

Ixp. Oct. 29, 1931. 
Dog, weirht 25 kg. Under chloralose and urethane anaesthesia; no artificial respir~tion; 
oesophagus tied in the neck; pylorus tie6 at the junction with the duodenum • 

. -

Sample Time Volum~o Free Total :Mucus l?apt io Remarks • , HOI HOI Aotivit:y .' - .. . .. .,-
Mins. c.c. Gm.1o Gm. Ufo c.c. .. Matt's 

~. 

Units p.m. . '~/ -' 

1 . 1~~0 a 00 0.19 1.8 146 Gastric contents • 
1 4 2 ~:~0-5:10 30 .0 0.10 0.23 0.5 Control period 

3 5: 10-5 :l~ 0 30 15.0 0.25 0.39 2.1 1~~ 5.10 p.m. Continuous stimula- J tion begun, Coil 9 em. ~ 

it 5:lto-6: 10 30 61.0 0.~1t 0.56 1.9 256 5:40 p.m. Secretion established "" I 

5 6:10-7:10 60 54.0 0.38 0.51 1.8 4alt b:45 p.m. stimulation altered, 
6 7: 10-rl{O 30 53.0 0.~3 0.55 1.6 900 Coil 8 om. 

l 7:40- :10 30 b2.0 0.411 0.55 1.8 576 
8 :10-8 :40 30 If 6.5 0.42 0.55 1.9 1296 

9 8 :40-9 :10 30 Itl.O o 1.12 0.55 1.7 1296 • 
! 10 9:10-9:40 30 40.0 0.40 \ 0 h2 1.7 108~ .".J 

11 9:40-10:10 30 116.0 0.42 0.5b 1.0 102 
12 10:10-10:ltO 30 40.5 0.39 0.53 1.3 784 
13 lO:}~O-11:10 30 112 0 0.42 O.~6 0.6 ~~~. 10:~O-11:30. Intravenous injec-• 
lit 11: 10-11: it 0 30 13.5 0.~2 0 •. 6 0.5 tion t N! saline t 235 c.c .• 
15 11:11o-12:10 30 2.1.5 0.28 0.39 1.3 1156 11:40, Electrode moved to new 

I place on nerve. 
a.m. 11:50. Stimulation altered, 

16 12: 10-12 :40 30 31.5 O.31t O.~7 1.5 1225 ooil 7 cm. 
17 12 :~O-1: 10 30 1l2.5 0.37 0.50 0.9 529 
18 1:10-1:40 30 63.0 0.~2 0.5~ 0.5 729 
19 1 :ltO-2: 10 30 2~;~ 0 0.42 0·a2 0.2 floo 1:50 B.m. Ilectrode again moved 

2:10-2:40 
• 

784 20 30 39.5 0.211 O. 0 0.9 to new ~1ace on nerve 
21 2: ltO-3: 10 30 37.0 0.28 0.38 0.6 784 
22 3:10-3:40 30 45.5 0.22 O'3~ o.g 784 . (, 

23 3:140-4 : 10 30 39.0 0.21 Ol33 0.7 l~OO 1+ : 10 a. m. Stimulation 
2!t 14:10-4:40 30 34.0 0-.9- 34 0.42 0.9 256 altered. Coil 6 cm. 

--



- 34-

showed a high concentration of both free and total acid 

(o.~ gm. ~ free HOl and 0.56 gm. % total HOI). The rise 

in the acid concentration like that of the pepsin output 

paralleled the increase in the total volume. All three com­

ponents diminished when the nerves on account of lowered 

local excitability failed to act. Likewise all three rose 

when new points of contact were established between the 

nerves and the electrodes (see Fig.5,.page 150a ). 

There are numerous investigators who hold the view that 

gastric secretion is a continuous process and that the glands 

of the stomach are never at rest. Thus, in order to meet 

this type of criticism,the followins control experiments were 

undertaken (Table VI). 

Two dogs were prp~ared simultaneously according to the 

standard technique for acute experimentation. The vagus 

nerves of the animal concerned in Table VI were stimulated 

with a strong current. No stimulus was applied to the cut 

nerves of the control animal, but it was placed on a stand 

and collection of the stomach secretions was proceeded with 

in exactly the smne manner as in the first animal. 

stimulation was commenced with a current of 9 em. (1 milli-

amp. ) • There was a latent period of less than ten minutes 

before secretion was well under way. The secretory rate 

rapidly increased as did the free and total acidity. At 

its / 

If 
Fig. 1, which was to have been inserted here, has been 

omitted, as a similar experiment is illustrated in Fig. 5. 
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TABLi VI. 

GASTHIC S-~~CR:'~~l}ION - Eb'.b'ECT 0]' STT:ONG VAGAL STllvlULA'rrON 

Exp. June 10, 1930. " 
Dog, weight 21.8 kg. Under chloralose and urethane anaesthesia. No artificial respir­
ation. Oesophagus tied in neck; pylorus tied at tho junction with the duodenum. 
Latent period of secretion, 10 minutes. 

~ ......... 

Sample Time Volume ]'ree Total Mucus :Peptic Remarks 
HOI HOI Activity 

:Mins. c.c. Gm.;o Gm. 7~ c.c. l~~ett' s 
p.m. Units 

1 . 6.5 0.00 0.17 1 0 4Eill.O Gastric contents • 
2 11:30-12:10 40 3.5 0.03 0.13 0.4 256.0 Control period 
3 12:10-12:20 10 7.8 0.11 0.18 0.4 676.0 12:10 p.m. Continuous stimu-

- lation begun. Coil 9 em. 
11 12:20-12:25 5 s·lt 0.25 0.35 0.15 57~.O 12:20, Secretion began. • 

~ 12:25-12:30 5 10.5 0.32 o 42 0.1 • gt(g I 12: 30-12 :40 10 37.5 0.43 0.51 O.~ 

J 12 :1\ 0-12: 50 10 40.5 0.42 0.52 0.9 784.0 ; 
12:50- 1:00 10 40.0 o. It 1 0.~1 0.5 973.0 

9 1:0-1:20a.m. 20 50.0 O.3lt O. 3 O.E) 576.0 
a.m. 

38 0 0.43 0.49 1.lt 9
'
-18 • 0 1:40. stimulation 10 1:20-1:~0 20 

11 1 :40-1: rt5 15 0:6 0.38 0.52 0.5 discontinued 
12 1:~5-2: to q5 0.9 0.22 0.31I 0.3 
13 2: 10-3: ltD 60 o.b 0.07 0.20 0.1 3: 1!01t Stimulation recommenced 
14 3: LfO-4 :00 20 11.5 o 22 0.32 2.0 230lJ • 0 coil 9 cm • 

~: OO-~: 20 • 12 20 ~O.O 0.37 O.~2 2.5 17611.0 4 : 20 .• Hyperventilation begun 
Ib 4:20-ij:30 10 22.0 0.23 O. 3 0.7 1351t.O 

iJ 4: 30-It: 50 20 31.0 o 26 o 43 3.0 102~ .0 • 0·1.t1t ~:50-5:10 20 15.0 0.27 1 l~ 1021t.O 
o·~~ • 

19 5:10-5: 30 20 18.0 0.27 1.6 1156.0 • I 

20 5: 30-5:50 20 16.0 0.23 0.39 1.6 1286. 0 5:50. Hyperventilation I 

21 5:50-6:10 20 17.0 0.25 0.39 1.6 discontinued I 
1\T "Q I'J. nI'\Yl+~1'\1 OYl;Yr101 T'I"Y'O"l"\Q'Y'orl ; Yl +110 oamo YY\nVlVlO.,... r"th""l!H""',.q V1 ...... """,... ......... +_ ~. __ . __ ~ - - ....... -.. ,~ 

vagal stimulation. ~ 

I 

~.>1 
\Jl 

I 
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its height the vo1ulne of output ranged from 150 to 240 cp. 

per hour. After one-and - a -half hours the stimulation was 

discontinued for two hours. Immediately after the cessa-

tion of stimulation secretion stopped almost completely. 

There was a fall in botn free and total acid (0.43 to 0.07 

gm. % and 0.49 to 0.20 gm. % respectively). stimulation was 

recommenced and produced a return of secretion which gradually 

increased in volume and free and total acidity. After 40 

minutes the animal was artificially hyperventilated with 

consequent but gradual fall in all the components of the secre-

tiona This last effect will be discussed in the section on 

CO 2 and gastric secretion. 

The control animal during the s~~e time interval failed 

to secrete in the absence of vagal stimulation. 

Further examples of strong stimul&tion of the vagi and 

the resultant production of copious gastric secretion are 

nresented in Tables VII and VIII. 
.L 

Here again the volume of 

the secretion was large, and its acidity and digestive power 

high. 

From the aforementioned experiments it is evident that 

two types of gastriC secreti~n are obtained as a result of 

vagal stimulation, the character of the secretion aepending 

entirely upon whether a weak or strong current is used. Up 

to this time the combination of weak and strong current~ 

applied I 



>j 
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TABLJ: VII. 

GASTHIC S-q'OR"TrrrON - E_:~l]"\T~CT O~' STnOnG VAGAL STIMUIJArrrON. 

WXP. Feb. 25, 1929. 
Dog, weif::ht 7 kg. Under chloralose and ureth.;1ne anaesthesia. No artificial respira.tion. 
Oesophagus tied in the neck; pylorus tied at the junction with the duodenum. Gastrj.c 
contents - none. Latent period of secretion, 15 minutes. 

- -

Sample Time Volume Free Total Mucus Total l.)eptic Remarks . 
HOI HCI Chloride Aati vi ty 

• I 

~;rins • o.c. Gm.ft Gm.o;o c.c. lJT.g .10 lwiett's 
Units 

p.m. 
0. lt 5 1 12:05-1:00 ~6 0.01 o 02 0.00 Oontrol period. 

2 1:0-2:00 1 il 0.08 0: 14 0.1 141+ • 0 1:15, continuous • . stirrrnlation begun, . 
3 2: 00- 3:0( ~ 60 0.8 0.10 o • lIt 0.3 196.0 Coil 13 om. 
11 3:0-1:30 30 7.0 0.28 0.33 1.4 573.9 400.0 3:00 •. Stimulation 

3: 30-3:40 6.5 o 114 0.49 0.6 321t • 0 
altered. Coil 9 em. 

g 10 5~~.5 3:15 Secretion commenced • 
3:40-3:50 10 8.0 O.lt5 0.52 0.6 5 .3 1400.0 

J 3: 50-4: 00 10 4.0 O.~b 0.52 0.3 560.2 400.0 3:50 ~lectrode moved to 
4: 00-1.;: 10 10 4.0 0.4Q o.~o 0.3 5~5.7 32~.4 new place on nerve; 

9 4 :10-4: 20 10 3.8 0.41 O. J o.~ 5 0.3 3b8 -1 hyperventilation begun. • 
10 ~ : 20-4: 30 10 2.5 O.M 0.4 o. 5~18. 9 400.0 
11 4 : 30-4 : 4 0 10 2.2 0.34 0.~2 0.2 5~7.5 tfOO 0 
12 It : 11 0-4 : 50 10 6.5 0.39 0.lt7 0.7 '400: a ~ :40, Hyperventilation 5 5.9 

~:50-5:00 0.~3 558.8 324.0 
discontinued. 

13 10 5.1 0.&0 0.2 
III 5:00-5:10 10 b.o 0.112 O. 7 0.3 5~3.0 3211.0 
15 5:10-5:20 10 4.5 0.43 O.~O 0.2 5

47. 3 312.9 
Ib 5:20-5: 30 ~o 5.5 O.~3 O. 8 O.~ 5 l.5 256.0 

_. 

I 

00 ~ 
I 
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TABLB VIII. 

GASTRIC SECRET IOU - EFFECT OF STRONG V. GAL ST ~TIW • 

Exp. July 23, 1931. 

Sample 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 
21 
22 
23 
24 
25 

26 
27 
28 
29 

. 30 

Dog, under chloralose and urethane anaesthesia; no artificial respiration. Oesophagus 
tied in the neck; pylorus tied at the junction with the duodenum. 

, 
Time Volume Free Total Mucus Peptic Remarks 

HC1 HC1 Activity 
lM.ins c.c. Gm.~ Gm.ro c.c. Met~'s 

Uni s 
a.m. 

11:45 ... 12:30 45 0.4 aoid. aoid trace Control period 

p.m. 
12:30-12:50 20 1.0 " 0.5 12;30 p.Jp.. Continuous stimulation 
12:50-1:00 10 4.5 0.05 0.29 0.3 557 begun. Coil 9 cm. 
1:00- 1:10 10 8.0 0.05 0.29 0.7 369 
1:10 ... 1:20 10 7.2 0.2). 0.44 0.5 576 
1:20 ... 1:30 10 6.7 0.26 0.44 0.7 625 
1:30- 1:40 10 6.5 0.28 0.49 0.3 676 
1:40- 1:50 10 5.5 0.26 0.47 0.4 676 . 1:50 p.m. Stimulation altered, 
1:50- 2:00 10 4,6 0.26 0.47 0.3 784 Coil 8 cm. 
2:00-2:10 10 6.5 0.25 0.43 0.3 676 --
2:10 ... 2:20 10 5.2 0.26 0.45 0.2 784 
2:20- 2:30 10 4.7 0.26 0.50 0.3 433 
2:30- 2:40 10 3.7 0.29 0.44 0.3 557 
2:40- 2:50 10 5.0 0.28 0.49 0.3 1024 
2:50- 3:00 10 8.4 0.23 0.39 0.4 900 
3:00- 3:10 10 11.0 0.27 0.47 0.2 900 
3:1 - 3:20 10 9.5 0.29 0.50 0.1 784 
3:20- 3:30 10 8.5 0.29 0.51 trace 784 
3:80 ... 3:40 10 3.5 0.33 0.50 0.2 784 
3:40- 3:50 10 6.5 0.24 0.42 0.2 784 
3:50- 4:00 10 8.4 0.22 0.39 0.2 676 
4:00- 4:10 10 8.2 0.29 0.48 0.1 484 
4:10- 4:20 10 7.5 0.20 0.37 0.1 576 
4:20-4:30 10 4.5 0.28 0.47 0.3 400 
4:30 .... 4:40 10 7.5 0.15 0.26 0.4 576 4:40 p.m, Electrode moved. to a 

- - . new ~l~ce on nerve • 
4:40- 4:50 10 7.5 0.23 0.42 0-.5 729 
4!!50- 5! '10 '19~ et:2 .... .. 

- • . • J 
1-

5:0 - 5:1 10 9.0 .27 0.47 0.3 40 
5:10- 5:20 10 6.0 0.23 0,42 0.3 ·196 
5:20 .... 5:30 10 7.0 0.20 0.37 0.3 400 
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applied alternate~y to one vagus nerve or to both nerves 

at once, in the same animal, had not been attempted. Since 

it is probable that under normal physiological conditions 

stimuli of different strengths are sent through the vagi 

to the gastric mucosa, then in acute experimentation the vagi 

likewise may be expected to convey different stimuli in one 

and the same animal. The effect of transition from weak 

to strong stimulation may be seen in Tables IX and X. 

In the ex-::e riment shown in Table IX, stimula tion was 

commenced with a weak current (coil 13 em.). After two hours 

the reaction of the secretion chanC;ed from acid (0.02 gm. 7b 

free HOl; 0.11 gm. ~:(; total HOl) to alkaline. An alkaline 

secretion composed almost entirely of mucus was secreted for 

270 minutes, at whieh point a stronb current (coil 9 em.) 

was introduced, causin6 a gradual rise in the volume of se­

cretion and a definite secretion of both free and total acid. 

Hence by variation of the strength of the electrical stimu­

lU5 applied to the vagus nerves the gastric mucosa was made 

to swing through three phases of reaction - fro.~; acid to 

alkaline and back again to acid. Two other points ar~ worthy 

of note in this experiment: firstly, the spectacular rise 

in peptic units from 64- to 1632 accompanying the appearance 

of acid secretion; secondly, the curve of the mucus secre-

tion, starting with an absence of mucus in the stomach contents, 

rising I 
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TABLi IX. 

GAST1\IC ST~CRETION - lfFJfECT Ob' TRA.l~ SIT ION ~·RO];l WEAl{ TO STl~OlJG 'vAGAL STILIULATION 

W,xP. March 20, 1930. 
Dog, weight 13 kg. Under chloralose and urethane anaesthesia. No artificial respiration. 

Oesophagus tied in the neck; pylorus tied at the junction with t11e duodenum. Latent period 
of secretion, 20 minutes. 

j 

Sample Time Volume Free Total Mucus Chlorine Peptic Remarks 
HCl HOI Activi ty 

Mins. o.c. Gm./o Gm. 10 c.c. ~11gm. 0;0 Mett's 
a.m. Units 

1 1.7 

1°
002 0.11 0.00 134.5 Gastric contents 

2 10:30-11:30 60 3.0 0.00 0.06 0.00 ~452.3 369.9 10;30 Continuous 
3 11:30-12:00 30 1.0 Trace I stimulation begun, 
1\ 12:00-12:30 30 It.O 0.00 0.01 1.5 429.6 16.0 Coil 13 om. 
5 p.m. 

469.0 16.0 ~ 12:30- 1:00 30 5.0 Alkaline 2.0 
1:00- 1:30 30 3.5 It 2.5 i 331.8 16.0 Stimulation altered, 

~ 1:30- 2:00 30 5.0 tt it.9 Coil 11 cm~ 
2:00-2:30 30 2.5 " 2.2 331.8 89.1t It 10 em. 

9 2:30~3:00 30 3 0 II 3.0 334.6 36.0 u 9 om. • 
10 3:00-3:30 30 5.5 If 5.0 336.0 64.0 3:10, secretion 
11 3:30-3:45 15 3.0 0.00 0~27 3.0 453.7 1632.0 commenced 
12 3:45-!t :00 15 4.9 loon 0.~3 3.0 472.0 1830.1t 13 4 :00-4 :10 10 6.5 1.0 
III 4 :10-~: 20 10 "Lost 
12 1t: 20-4 : 30 10 : 2.4 0.47 0.3 1324.9 4: 30-4 :40 

If. 0.29 523.2 Ib 10 :~: 2.5 O.~ Stimulation altered. 

iJ 1l:1t0-4:50 10 ~~; 3 0 
~O. 27 0.52 0.5 506.1 1321t.9 00i1 7 em. 

4:50-5:00 10 -, 1:8 0.3 
~- -

I 
I 

, 

) 
1 

I 

I 

..t::" 
o 
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TABLE X. 

GASTRIC SECRETION - JiFF.h1CT O}, TRANSITION FROM ¥rF!AK TO STRONG VAGAL STIlvlULATION • 

Exp. March 17, 1930. 
Dog, weight 10 kg. Under chloralose and urethane anaesthesia. No artificial respiration. 
Oesophagus tied in the neck; pylorus tied at the junction with the duodenum. 
Latent period of secretion, 25 minutes. 

Sa.mple Time . Volume Free Total :Mucus Chlorine Peptio Remarks 
H01 He1 Aot1v1t~ 

Mins. o.c. Gm.% Gm.% 0.0. flVIgm.% Mett's 
a..m. Units 

1 10:50-11:20 30 3.1 0.00 0 0 05 0.4 595.3 Control period 
2 11:20-12:20 60 0.35 a.cid aoid 0.2 11:20. Oontinuous stimula-

tion begun. 
~.m. Rt. va~us ooil 15 om. 

3 12: 0- 1:20 60 0.75 alkaline 0.75 16.0 Lt. 11 13 n 

11:40. Stimulation altered. 
4 1:20- 1:40 20 3.7 " 3.7 479.2 16.0 Rt. va~B ooi1 14 om. 

Lt. It 15 om. 
5 1:40-2:20 40 0.85 " 0.85 16.0 1:50. Stimulation altered. 

Rt. va~uB 0011 13 om. 
Lt. It 12 em. 

6 2:20- 3:20 60 1.4 11 1.4 486.2 16.0 3:10. Stimulation altered. 
Rt. va~us ooi1 11.5 om. 
Lt. " 10.5 om. 

7 3:20- 4:20 60 1.5 n 1.5 16.0 4j15. Stimulation altered. 
Rt. & Lt. ooil 9 om. 

8 4:20- 4:55 35 1.9 0.05 0.10 1.9 521.8 576.0 4:50. Acid seoretion began. 
9 4:55- 5:20 25 3.1 0.23 0.32 3.0 524.6 1024.0 

10 5:20- 5:50 30 3.5 0.15 0.30 2.8 612.2 1632.1 
11 5:50- 6:25 35 11.9 0.24 0.37 3.5 557,,2 829.4 
12 6:25- 6:35 10 3.6 0.38 0 0 51 0.5 576.6 998.5 
13 6:35- 6:45 10 1.6 0.36 0.50 0.2 521.8 924.1 

'-- --,,_.--- .... - .. ----

• 

I 

I 

~ ..... 
I 
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rising gradually to form 100% of the secretion during weak 

stimulation and diminishing to a minimum with the advent of 

secretion produced by strong stimulation. 

A similar experiment- is presented in Table x. 
strong stimulation of the vagus nerves thus produoes 

a seoretion oi gastric juices which differs greatly from that 

obtained by weak stimulation. With the former we obtain a 

secretion which is high in both free and total acidity and 

also in peptic power. In composition it resembles closely 

the secretion of psyohic stimulation or of sham feeding. 

Weak stimulation, on the other hand, is responsible for a 

seoretion composed almost entirely of alkaline mucus with 

a low peptic activity. The gastrio mucosa is capable of 

responding to either form of stimulation during aoute experi­

mentation. 

The Source of Mucus in Gastric Juice 

It has been shown histologically that there are four 

possible souroes from which mucus in the gastric secretion 

may be derived: 

1. I 



1. 

2. 

3. 

4-. 
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oesophagus, 

Pyloric antrum, 

The surface epithelium of the fundal 
part of the stomach, 

The mucoid cells of the peptic 
glands. 

From a purely histological point of view the presence 

of mucoid cells in the above regions might be considered 

sufficient. The physiologist however requires more defin­

ite proof. We have in the attempted solution of this ques­

tion resorted to methods of trial and elimination - an old 

and time-worn procedure, it is true, and yet not infrequently 

a most effective one. 

First, in order to exclude the oesophagus as a possible 

source of mucus, its isolation from the secreting stomach was 

essential. There were many technical difficulties to be sur-

mounted {for details of the procedure finally employed see 

section on the oesophagus under t1Methodsfl~ A dog, prepared 

according to standard method, was used. A cannula was in-

serted into the lower end of the oesophagus below the diaphragm 

without injur}ng the branches of the vagus nerves. A 

second cannula. was tied into the ~~§.l end of the oesophagus 

in the region of the neck. The vagus nerves were electri-

cally stimulated in the neck and gastric secretions collected 

from a gastric fistula as in~her experiments already mentioned. 

Under I 



-44-

Under suoh oonditions weak stimulation of the vagi caused a 

flow of muous from the stomach and none from the oesophagus. 

strong stimulation, on the other hand, initiated a copious 

flow of acid juice from the stomach. In addition a consider­

able amount of thick gelatinous transparent alkaline mucus 

was obtained separately from the oesophagus. Thus mucus ob­

tained under the influence of weak stimulation comes from the 

stomach and not from the oesophagus (see Table XI). 

In this experiment the current to begin with was weak 

(14 cm.). It was gradually increased over a period of four 

hours to 11.5 em. and finally, 45 minutes late; to 9 em. 

(strong). The stomach contents were acid and contained approxi-

mately 50% mucus. During the second hour of stimulation 

the secretion became neutral and in the third hour alkaline. 

The volume of secretion was small, ranging from 0.2 cp. to 

0.65 c~. per hour. There was no oesophageal secretion. As 

the current was increased in strength clear acid fluid 

appeared. This gradually increased in volume and in free and 

total acidit~ reaching its height in 90 minutes. During 

this short period the volume rose from 0.65 c~. to 3S.g CPA 

per hour - the reaction changing from alkaline to an acidity 

of 0.50 gm. % free and 0.54 gm. % total acid. With the advent 

of strong stimulation the secretion, which previously had 

oontained 100% mucus, became clear with only a faint trace 

of / 
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TABU XI. 
I 

GASTRIC S~CRE'rION - "({'.b'jfi:CTS 0]' VAG-U STILULA1I'ION V{IF~Ji! OESOPHAGUS IS ISOLATED. 

:ixP. ]11arch 25, 1930. 
Dog, wei~~'llt 5.9 kg. Under chloralose and urethane a.naestbesia, No artificial rss:piratiO:l. 
Pylorus tied at junction with duodenum; fistulae in oesophar;us above and below diaphragmo 
natent period o£ secretion 10 minutes. 

, 

Sample Time Volume Free Total Mucus Chlorine I.?eot 10 HemarIrs 
. HOI HOI .. Activity --Mins. c.c. Gm. '70 Gm.~o c.c. lvlgm. ~fo :Mett's 

a.m. Units 

1 3.0 0.00 0.13 1.5 58 ~1,. 7 S198 • 5 Gastric contents I 

2 11:25-12:25 60 0.55 0.00 0.06 0.2 ll:25a.m. Continuous 
stimulation be~un, 

I 

p.m. Coil 1 em. 

3 12:25-1:25 60 0.4 neutral O.~ 

4 1:25-2:25 60 0.2 alltaline 0.2 1: 1t 5 p.m. Stimulation 
. altered, coil 13 cm • 

5 2:25-3:25 60 0.65 II 0.65 . 6~o 2 : ~ 0 p. m. II 12 • 5 em. • 

6 3:25-1.t:05 30 1.5 0.09 0.12- trace 481.8 268.9 3:20 p.m. n 11.5 tt 

7 1J : 05-lt : 15 20 '5.5 0.36 0.43 tI 527.4 !te!l.o 4:05 p.m. u 9 " 
8 4:15-4:25 10 6.0 o 114 0.51 tI 561.4 256 e o 4:15 p.m. Aceid • 

secretion started 
-

9 4: 25-4 :110 15 9.5 O.1~7 0.5Ll 0,1 589.7 256.0 

10 It :40-4: 55 15 9.7 0.50 0.54 t')'int 571.2 268.9 
trace 

11 il :55-5: 25 30 12.14 0.47 0.53 0.5 592.5 243.3 5:15 p.m. Stimulation . altered, ooil 6 em .5:25-5:40 12 15 3--,,-4 o l{o a ~f! '571 2 219.0 • , clear 
- -

r 
,.J:' 

\J1 

I 
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of mucus. With strong stimulation, however, a definite se­

cretion of thiok alkaline mucus was oollected from both the 

upper and lower oesophageal fistulae. 

A similar experiment is reported in Table XII. The 

ourrent, which at the beginning was somewhat stronger, i.e. 

12 em. (which is still on the weak side), was gradually 

increased to 9 cm. (strong). The secretion, at first acid, 

passed through an alkaline phase and then quickly, with the 

applicati9n of a stronger current, reverted.to acid. Here 

much larger quantities of mucus were present during weak 

stimulation than in the previous experiment. Moreover, 

mucus continued to be secreted once gastric juices were flow­

ing freely. 

A third and more complete example is shown in Table XIII. 

In this case the total volume of gastric secretion collected 

was 100.7 ~c. during 2S0 minutes of strong stimulation, 

14.9 cp. of which was mucus. In addition 20.1 c~. of mucus 

were obtained from the upper and lower oesophageal cannulae. 

The experiments reported above show that the mucus 

obtained in gastric juice has at least two sources of origin: 

(1) Oesophagus, (2) Stomach. Further experimental analysis 

showed that the great part of the mucus secreted during 

stimulation of the vagi comes from the fundal part of the 

stomach. This was proved in the following manner. The 

oesophagus I 
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TABLIr XII. , 

GASTRIO SlrCRiTION - 1J:JJ'l?i:C rfS 0]1 VAGJ1Il STIl.lJI:4.i:'ION WHEN O:iSOPEAGUS IS ISOLATiD. 

hp. ]ilarch 21, 1930. 
Dog, weight 13.9 kg. Under ohloralose and urethane anaesthesia. No artificial respir­
ation. Pylorus tied at tlle junction with the duodenum; fistulae in oesopharns above and 
below diaphragm~ L~tent period of secretion 7 minutes. 

Sample Time Volume Free Total Mucus Ohlorine Peptic Remarks 
HOI HOI Activity 

:Mins. 0.0. Gm.'io IGm.1o a.a. liTgm. rro Mett's 
p.m. i Units 

1 3.0 0 •. 00 0.08 3.0 I 32It.O Gastrio contents 

2 12:05- 1:05 60 1.2 0.00 0.09 1.2 282.0 12:05, Oontinuous stimu1a-
I tion begun, coil 12 om. 

3 1:05- 1:35 30 5.1t alkaline 5.4 '172.0 36.0 

lJ 1:35- 2:35 60 0.9 acid acid 0.9 529.8 

5 2:35- 3:05 30 0.00 O.O~ ~92.0 243.3 2:~3 p.m. stimulation 

6 lts4.o 
altered, ooil 13 em. 

3:05- 3:35 30 1.5 0.09 0.17 1.5 3:25 p.m. stimUlation -

3:35- 1+:05 
I 

576.0 
altered, coil 12 em. 

7 30 1.3 0.07 O.llt 1.3 

~ 4 : 05- It: 20 15 5.5 0.18 0.19 3.5 545.9 576.0 ~:lO p.m. stimulation 
altered, coil 9 om. 

l.J :20- 1I:.lJ; 8,0 o.l~O 56~.2 576.0 
~:17 p.m. secretion started 

9 25 0.31 2.5 
-.. 

10 It :45- 11: 50 5 10.0 o 41 · - 'J.50 1.3 582.7 576.0 

11 it:50- 5:0 10 8.9 (J 44 • 0.53 0.7 lt16.1 . 
12 5:0 - 5:10 10 7.5 o.~ll O.5~ 0.6 567.0 416.1 
13 5:10-5:20 10 12.5 o ~~ O.5Q 1.7 566.6 432.0 • 

l~ 5:20-5:30 10 15_. 1t o.4~ 0.5l.t 0.9 57~. 3 ~32.0 

~ 
-J 

I 



TABLE XIII. 

GASTRIC AND OESOPHAGEAL SECRETIONS - L1!'}'ECTS OF JTRONG V\GAL S.TIUIDLATION 0 

Exp. March 28, 1930. Dog. under chloralose and urethane anaesthesia. No artificial respiration. Pylorus tied at 
the junction with the duodenum; fistulae in oesophagus above abd below diaphragm. 
Latent period of secretion 42 minutes. 

Time (]) Gastric Secretion CD Oesophageal Remarks 
Crt r-t Seoretion Pf 

P-l 
S IVolume Free 'rota1 1N1ucus IChlorine Peptic ! IVo1ume Peptic 
~ 

'(/) H01 HOl Activity Activity 

Minso c.c. Gm.1~ Gm.% c.c. H.gm.(jb Mattis c.c o Mett's 
Units Units 

aom. 
10:50-11:20 30 1 0.5 acid acid 0.5 10: 50. C ont inu-

oue stimulation 

11:20-11:32 12 2 0.7 " n 0.4 324.0 1 3.5 0 begun. Coil 9 em 

ll:3e;12:02 30 3 6.0 0.14 0.37 1.5 480.7 519.8 11:32. Secretion 
commenced. 

p.m. 
12:02-12:12 10 4 3.0 0.30 0.40 1.4 519.0 676.0 
12:12-12:22 10 5 8.4 0.36 0.45 1.8 534.5 501.7 2 4.0 0 

12:22-12:32 10 6 6.5 0.42 0.50 1.2 538.7 416.1 12:32. stimu1a. .. 
12:32 .. 12:42 10 7 1.7' 0.42 0.50 0.15 557.2 400.0 tion <liscon-

12:42- 1:30 48 8 1.3 0.33 0.45 0.3 324.0 tinned. 

1:30- 2:00 80 9 1.4 0.07 0.27 1.4 484.0 3 3.5 0 1:40. Stimu1s.-
2:00--2:20 20 10 4'~5 0.24 0.36 1.4 528.8 576.0 tion recom-
2:20- 2:40 20 11 8.7 '0.39 0.45 1.4 521.9 484.0 mencea..·~ 

2:40- 3:00 20 12 8.7 0 0 42 0.47 1.4 534.5 400.0 4 3.0 0 Coil 8 cm. 
3:00- 3:20 20 13 7.3 0.3'7 0.51 0 0 7 528.8 353.4 5 1.1 0 

3:20- 3:40 20 14 10.5 0.41 0.48 0.55 626.6 400.0 6 3.0 0 

3:40- 4:40 60 15 31.5 0.42 0.52 0.8 572.6 196.6 7 2.0 0 

I -. 

• 
~ ro 
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oesophagus was tied below the diaphragm and the pyloric an­

trum isolated from the remainder of the stomach. In order to 

accomplish the latter operation, a small longitudinal inoision 

was made on the anterior surface of the pylorio part of the 

stomach at a distance of 4 to 5 om. from the pyloric sphincter. 

The musoular coats alone were sectioned. By oareful dis­

seotion the submucous mucosa was carefully separated from 

the muscularis throughout the entire circumference of the 

pyloric antrum. The isolated submucosa and mucosa were 

then tied securely. By this method the pyloric part was 

isolated from the remainder of the stomaoh with a minimal 

amount of trauma and without entering into the lumen of the 

organ. 

Table XIV represents an experiment in which the above 

procedure was followed. In spite of the absence of the 

oesophagus and of the pyloric part of the stomach, i.e. the 

part secreting alkaline mucoid fluid containing pepsin, 

there was a flow of mucus after stimulation with a weak 

current. From a study of this experiment it will be observed 

that over a period of six hours there was a steady flow of 

mucus. The reaction of this secretion was faintly alkaline 

or neutral to li tmus paper, but i-t contained a faint trace 

of acid when titrated. It is interesting to note that the 

original contents of the stomach collected during a period 

of I 



!&\'BLE XIV. 

GA.~IC SECRllTION - iFln£CT 0,&' V.AG~~L ~FL1I1-!~ULATION IJl-n~H BODY OF STOlvll~CH IS ISOLATED. 

W,xP. Sept. 19, 1930. 
Dog, weight 12.1 lqg. Under chloralose and urethane anaesthesia. No artifi.cial respiration. 
Oesophagus tied in the neck and below the dia~hragm; body of stomaob isolnted from the 
pylorus. Latent period of secretion lZ minutes. 

Sample Time Volume J!'re e Total ~~ucus Pe-ptic 
lActivity 

Remarks 
HOI Hel 

}}~ ins. c.o. Gm. ,,/0 
c..:;- ,.. ... -

Gm. ;0: O. C' • :Mett's 
p.m. Units I 

1 3:00-~:~O 90 2.0 0.02 0.17 Trace 64.0 Control period 

2 4:30-5:30 60 2.5 0.00 O.l~ 2 l-t 61+.0 4:30 p.m. Continuous stimulation • begun: Coil 14 cm. r 

3 5:30-6:30 60 1.6 0.00 0.05 1.6 36.0 

it 6:30-7:30 60 1.5 0.00 0.03 1.5 16.0 

5 7:30-8 :30 60 1.6 0.00 0.00] 1.8 36.0 
~ . . . 

6 8:30-9:30 60 1.5 0.00 0.00] 1.5 36.0 8.ItO p.m., Stimulat,lon altered; 

60 2.4 2.4 
Coil 13.5 om. 

7 9:30-10:7>0 0.00 0.00] 100.0 
. .. 

8 10:30-11:00 30 2.7 0.05 0.18 0.4 321t.O 10:30 p.m. Stimulation altered; 
f 

1.6 35'-l.O 10;l.J3 p.m. 
Coil 9 em. 

9 11:00-11:30 30 0.09 0.23 1.0 Secretion started 

10 11:30-12:00 30 4.8 0.1~ 0.28 4.0 576.0 11:40 p.m. Stimulation altered: 
a.m. 0 

Coil B. 5 cm. 
11 12:00-12:30 30 5.0 0.18 o.~ll 4.0 78~.O 12:12 a.m. 150 c.c. N/ saline given I 

, intravenously 
12 12:~O':'12:50 20 8.5 0.25 0.39 5.0 806.5 

13 12:50- 1:10 20 8 ~ • o. 2~ o.llo 4.0 900.0 
------ - •.. :;: - ";::::: I : I ~ : I";;:Z: :;:: ~ ~ I = ,--

I 

\Jl 
o 
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of 90 minutes contained only a trace of mucus and had a 

fairly high acidity. This suggests that the traces of acid 

in samples 2, 3, 4, 5, 6 and 7 represent simply a washing 

out of the original acid content by freshly secreted mucus. 

Further, when a strong stimulus was applied there was a 

flow of free acid within 13 minutes. This oocurred after 

six hours of weak stimulation. The secfetion thus o'btained 

gradually increased in volume, acidity and peptic power to 

values comparable with those obtained in other experiments 

in which strong stimulation was applied. 

A similar experiment is shown in Table XV. The animal 

was prepared in exactly the same way. Weak stimulation was 

continued over a period ot" four hours. A total of 3.0 c.o. of 

mucus was secreted. strong stimulation was followed by 

acid secretion which gradually increased in volume,acidity 

and peptic power. 

From the afore-mentioned experiments it is clear that 

mucus can be obtained from the fundus or body of the stomach 

by weak stimulation. The most difficult point to establish 

is the exact source Qf the mucus secreted during stimulation 

of the vagi in relation to the histological structure of 

the stomach. Under the conditions of stimulation employed 

a certain proportion of the total mucus secreted must, it 

was thought, be contributed by the surface epithelium, 

particularly I 



TABLW xv. 
F • 

GAITRIC S]tORETION - WRCT OF VAGAL STD\;iULATION WHD BODY OF STOW~OH IS ISOLA,Tl~D. 

~XP. June 27, 1930. 

I 

Dog, weight 13 kg. Under chloralose and urethane anaesthesia. No artificial respiration. 
Oesophagus tied in the neok and below the diaphragm; bpdy of stomaoh isolated from the 
p~lorus. 
Latent period of secretion 14 minutes. 

Sample Time Volume ~~~ucus Remarlts 
. . - . . . . 

:h[ins. c.c. c.c. 

p.m. 

1 l~OO- 2:00 60 3.8 1.0 1 p.m., c·)ntinuou8 stimulation commenced, 
Coil 15 em. 

~ 2:00- 3:00 60 1.0 1.0 2:15 p.m., stimulation altered, Coil Ilt. 5 om. 

3 3:00- 4:00 60 0.5 0.5 

14 4:00- 5:00 60 0.5 0.5 it "p.m., stimulation altered, Coil 13 em. 
! 

5 5:00- 5:25 25 6.0 5.5 . 5 p. m. , t1 It U 9 em. 
5:1rt p.m., secretion commenced 

6 5:25-5:35 10 9.0 1.5 

7 5: 35- 5:115 10 6.8 1.0 

... 

I 
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particularly if the stimulation of the vagi influenoes the 

motility of the gastric mucous membrane. In order to ascer­

tain whether this was true or not the following experiment 

was performed (see Table XVI). 

Direot Observation of Secreting Mucosa 

The animal was prepared in the standard manner with 

certain modifications of technique. A gastric fistula was 

inserted into the posterior surface of the stomaoh instead 

of the anterior surface and brought out through a stab wound 

in the left flank. A glass window was sewed into the an­

terior surface of the stomaoh in such a manner as to permit 

observation of part of the gastric mucous membrane during 

the experiment. In the resting state the mucosa was faintly 

pink and slightly moist. The inter-rugal spaces were dry 

or just peroeptibly moist. After twenty-three minutes' 

stimulation of the vagi the mucosa became definitely pinker, 

almost rose-coloured. From the inter-rugal crypts a clear 

fluid commenced to well up. Shortly after, drops of clear 

acid fluid appeared in the collecting flask. The seoretion 

followed the course usually observed after strong stimula­

tion of the vagi. Besides the gradual formation of gastrio 

juioe, definite movements of the gastric mucous membrane 

were seen. 

with / 

These movements seemed to be correlated 
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TABLi XV'I • 
• 

GASTRIC SlrCR.1'TION - 1i?~'Jj"TCTS 0]1 ST-!-,OFGVAGAL 3Tlt.UL.ATION, UNDER DIRECT Oi3SiRVATION. 

1Cxp. :March It, 192)0. 
Dog, weight 6.4 kg. Under chloralose and urethane anaesthesia; metal fistula in posterior 
surface and glass window in anterior surface of the stomach. 
Latent period of secretion 23 minutes. 

. , 

Sample Time Volume Free Total Mucus Chlorine Peptic Remarks 
ReI ROI Activity 

Mins. c.c. Gm. Ufo Gm.io 0.0. ~.[gm. To :Mett's 
p.m. Units 

1 2:40-3:20 ~O 4.0 0.23 0.31 0.115 567.2 48~.O 2:40 p.m. continuous stimu-
lation-begun. Coil 9 em. 

2 3: 20-3:1tO 20 2.3 0.31 0.38 0.1 551.6 !tail.D 3:03 P.ID. secretion seen 

3:1l0-3:50 4.5 O.1.t2 547.3 676.0 
through vlindow. 

3 20 0.33 0.3 

4 3:50-4 :00- 10 1.8 0.39 0.47 0.1 565.7 676.0 
5 4:00-4:10 10 0.7 Trace 676.0 
6 ~:lo-4:20 10 1.9 0.34 0.42 0.2 51t7.3 718.0 4:15 p.m. Stimulation 

4:20-4:30 
I 

0.~3 55~.1.t 7~4 .0 
altered. Coil 8 cm. 

7 10 3.3 0.33 0.3 
8 4 :~9-Ji :40 10 4.2 0.36 0.47 o.l{ 560.2 900.0 ~:~o p.m. Hyperventilation 

9 l} :llo-ll : 50 10 3.1 0.36 o.~4 0.3 55Lt.4 78~.0 begun. 

10 ~:50-5:00 10 2.8 0.23 0.36 0.3 558.8 576.0 
11 5:00-5:10 10 2.~ 0.25 0.38 0.3 537.5 739.8 5:10 ~.m. stimulation 

5:10-5:20 10 O.3lt 51il.7 636.0 
al ered. Coil 7.5 om. 

12 5.1 0.22 0.3 
13 5:20-5:30 10 3.1 0.30 0.lJ4 0.4 548.7 636.0 5:25 p.m. 'Hyperventilation 
14 5:30-5:40 4 4 0.34 0.45 O.It 

discontinued. 
10 562.8 '-l81t.O • 

-~-

r 

~ , 
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with the time of stimulation. 

Thus the muous of the surface epithelium may be washed 

out by the flow of gastrio juioe and also pressed out by the 

movements of the mucous membrane. Further, it is possible 

that the vagi have a direct action on the secretory elements 

of the surface epithelium. There are, however, oertain facts 

which indicate that the muooid secretion may arise from 

another source. For example; (1) under vagal stimulation 

the mucus secreted was obtained in large volumes and had a 

more liquid character than the mucus of sur~ace epithelial 

origin. (2) When this mucus was properly diluted with a 

N/20 solution of HC1, it possessed a marked peptic power. 

The presence of a high peptic content usually coincided with 

the increased flow of mucus and the appearance of the first 

traoe of acid secretion. Suoh was the picture when weak 

stimulation was applied to the vagus nerves. A strong current 

produced a secretion of gastric juice which was high is acid 

and enzyme content but poor in mucus. (3) Webster (1930), 

working in this laboratory, found a mucin-like substance 

present in the gastric juice in a soluble state. Its con­

centration ran parallel to that of the peptic power of the 

juice. 

Hence it might not be unreasonable to suppose that the 

muous which possessed digestive enzymes was seoreted by special 

mucoid / 
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muooid oells located in the neck of the peptic gland. This 

hypothesis will be discussed later. 

Latent Period of Gastric Secretion 

The latent period of secretion was much shorter in our 

experiments than in those reported by Oushakov. In our ex­

periments there was also a difference between those in whioh 

strong stimulation was preceded by the application of a weak 

current and those in whioh strong stimulation alone was 

used. Thus the average latent period for twelve experiments, 

in which the vagus nerves were stimulated with a weak ourrent 

prior to the application of a strong one, was 21 minutes. 

The shortest latent period was 7 minutes and the longest 

35 minutes. When a strong ourrent alone was employed, the 

average latent period for sixteen experiments was 27 minutes, 

the minimum 15 minutes and the maximum 42 minutes. 

DISCUSSION / 



DISCUSSION 

The experimental data presented above demonstrates that 

it is possible to obtain two types of gastric secretion by 

the application of currents of different strength to the 

vagus nerves in the neck. The gastric mucosa thus responded 

in a varied manner depending upon the type of stimulus 

which reached it. When a weak stimulus was applied, a 

mucoid secretion was provoked, whereas,in response to strong 

stimulation, gastric juice of normal composition was pro­

duced. It will be remembered that previous workers re­

ported a marked difference in composition between the gastric 

juices obtained by sham feeding and those produced by elec­

trical stimulation. 

Pavlov obtained a scanty secretion ~nd Oushakov a secre­

tion containing much mucus when the vagus nerves of a dog 

were electrically stimulated. A conSideration of the compo-

sition of the gastric juices thus obtained by the afore­

mentioned authors reveals that it can be compared in every 

detail with the composition of the gastric secretions ob­

tained in our experiments in response to a weak or moderately 

weak stimulation of the vagus nerves. Furthermore, the 

gastric juice of sham feeding as reported by numerous inves­

tigators (e.g. Pavlov, Oushakov), except for a lower peptic 

power, is identical in composition with that obtained when 

strong / 
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stimulation is applied to the vagus nerves. In both,the 

volume and the free and total aoidity are high. It may be 

that previous workers when stimulating the vagi employed 

only a weak or moderately weak ourrent. Further the large 

quantity of mucus in the gastric seoretion may also be 

partly attributed to the effect of artifioial respiration 

which was employed in their experiments. From the results 

presented in Part V. it will be seen that hyperventilation 

of the animal during vagal stimulation greatly diminishes 

the flow of acid gastric juioe without affecting the secre­

tion of mucus. Another source of mucus in gastric secre­

tion of vagal origin lies in the oesophageal glands. These 

glands are under the control of the vagus nerve (see Part IV) 

and their mucoid secretion will also be mixed with gastric 

juice unless its entrance into the stomach is prevented. 

Evidently these factors were not considered by previous in­

vestigators. 

Similarly, in the normal physiological functioning of 

the intact animal, different nervous stimuli are apparently 

responsible for gastric secretions unlike in composition. 

It will be recalled that Savitsch (1922) obtained a secretion 

of mucus from a previously acid stomach by stimulation of 

the mouth cavity with sand. The stimulus was an unpleasant 

one and the results were quite different from those produced 

by I 



- 59 -

bJ psychio stimulation,whioh is pleasant and provokes a 

flow of regular gastric juioe. 

In considering the mechanisms involved in the produc­

tion of two different types of secretion by stimuli of varied 

intensity, it seems probable that there are different nerve 

fibres in the vagus supplying distinot gastric seoretory 

elements and that each fibre or group of fi"bres is affected 

by currents of various strengths. This conception has as 

its foundation certain histo-anatomical physiologioal facts 

ooncerning the vagus nerve wilich were described by Hein­

becker (1930-31) and by Heinbeoker and O'Leary (1933). 

In considering the effect of strong stimulation of the 

vagi it is interesting to note that the gastric secretion 

thus produced possesses a higher peptic content than the 

gastric juice obtained from dogs with oesophagotomy and 

gastric fistula or with a Pavlov pouch. Therefore it would 

seem that the vagus nerve, in addition to its power of acti­

vating the parietal cell~bears a definite relation to the 

pepsin-producing cells of the gastric glands. To use the 

expression of Heidenhain, the vagus nerve might thus be 

termed the true ntrophic nerve" of the gastric mucosa. 

Interpretation of the part played by the gastric mucus 

in the stomaoh is by no means easy, nor is it less diffioult 

to oomprehend the significance of its production by vagal 

stimulation I 
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stimulation. There are two main theories concerning the 

function of gastric mucus in relation to the stomach. One 

is that the gastric mucus is a protective agent for the gas­

tric mucosa (Babkin, 1929). The other is the theory sub­

scribed to by Brestkin and Bickoff (192~), who maintain that 

mucus, when mixed with gastric juice, goes partly into solu­

tion and being rich in pepsin thereby raises the digestive 

power of the juice. The ability of mucus to digest coagu­

lated protein after being acidified is established. However 

the conception that mucus possesses a weak digestive power, 

and not a strong one as Brestkin and Bickoff think, is more 

in accord with the results of this investigation. There is 

another possibility which cannot be ignored, namely that the 

pepsin in mucus is the result of contamination with pepsin 

secreted by the peptic cells during the resting state of the 

gastric glands. 

Again it is possible that mucus may play some part in 

certain pathological conditions. For example, there might 

presumably be some correlation between the formation of 

peptic ulcers and the function or lack of function of the 

mucoid cells of the gastric mucosa. Kaufman (190S), after 

analysing many clin,ical cases, came to the conclusion that 

free microsoopioal mucus was deoidedly lacking in cases of 

peptic ulcer. He attributed the relief of pain following 

gastrio I 
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gastric lavage with a solution of silver nitrate to the ex­

cessive amount of mucus thrown out in response to a local 

irritant. It is possible that muous protects the gastric 

mucous membrane against autodigestion. The clinical ob-

servations of Kaufman (1908) suggest this probability. More 

convincing evidence in support of this theory has been ad­

vanced by Webster and Kamarov (1932) who found a dissolved 
,/ 

mucoprotein in gastric juice, which they designated as 

"dissolved mucin f1 , and by Babkin and Kamarov (1932) who 
,/ 

demonstrated an inhibitory effect of mucus on peptic digestion. 

Thus it is likely that both "visible mucus lf and "dissolved 

mucin" tend to protect the mucous membrane from autodiges-

tiona In the present investigation it has been demonstrated 

that the secretion of mucus is under the control of the vagus 

nerve - which seems to be another of the many important 

functions of this nerve. 

Volkovitch (189g) in Pavlov's laboratory studied a case 

of spontaneous gastric ulcer which had formed in an isolated 

Pavlov pouch in a dog. He found that there was no change 

in the first or nervous secretory phase after feeding but 

that there was a great prolongation of the second or chemical 

phase. In addition the acidity of the juioe was above 

normal, while the peptic content was somewhat below normal. 

Thus it would seem that in the presence of peptic ulcers (in 

the I 
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the dog) there is a hypersecretion of gastric juice, but 

the juice is poor in organic substances and in mucus: that 

is, it differs in oomposition from the normal and yet 

remains highly active. The elements of gastric secretion 

thus appear to be pathologically separated and may be pro­

duced independently in much the same manner as we have 

succeeded in producing different types of secretion by 

electrioal stimulation of the vagus nerve. 
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PAR T II 

HISTORICAL: 

HISTAMINE AND PILOCARPINE IN RELATION 
TO GASTRIC SECRETION 

Thirteen years after the synthetic preparation of hista­

mine (~-1mi_azo1ylethy1am1ne) by Barger and Dale (1910) 
I 

came the disoovery of popielski (l920). He found that sub-

cutaneous injection of this substance was followed by copious 

gastric secretion. Since that time many investigators have 

studied the effect of histamine upon gastrio seoretion. 

popielski himself was of the opinion that the effective parts 

1n Edkins' pyloric extract was histamine. Koch, Luckhardt 

and Keeton (1920) attempted to isolate the active principle 

oontained in extracts of the pyloric mucosa~ Although they 

were unable to obtain histamine in their extracts, they 

stated that histamine and gastrin "may later be found to be 

identical or closely related". Indeed in the light of recent 

work their deductions seem highly justified. Eleven years 

later Sacks, Ivy, Burgess and Vandolah (193l) isolated hista­

mine as a sulphate from the pyloric mucosa of the hog. One 

year later the same authors published almost indisputable 

evidence that the active secretory prinoiple ih extracts of 

the I 
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the pyloric muoosa is histamine or a very olosely rel~ed 

iminazole. They further showed that no iminazoles 

other tha~ pilooarpine and isopilocarpine and histamine 

are gastric stimulants. Ivy and MoIlvain (1923) have ahown 

that a oontinuous applioation of a 1/1000 histamine solution 

to the duodenal or jejunal muoosa over a 2Q-minute period 

resulted in a gastric secretion whioh continued for one to 

two hours. In fact they found that the intestinal applica­

tion of histamine is even more effective than that of meat 

extraot. 

MaoKay (1930) pOints out that histamine can be obtained 

from both the normal muoous membrane of the alimentary tract 

and the intestinal oontents, and states that "in view of this 

and the fact that very minute amounts of the amine favour 

the secretion of gastric juice, it is possible that the sub­

stance may play a part in the physiological processes of 

digestion. Since the intestine serves as a pathway for the 

stimUlation of the glands of the stomach, the presence of 

histamine there may be one of the important factors in pro­

ducing the intestinal phase of gastric secretion as well as 

the continuous gastric secretion. II 

Additional support for this view is found in the work 

of Mellanby and Twort (1912). They discovered a colon 

bacillus capable of converting histidine into histamine. 

Some I 
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Some years later Hanke and Koessler (1922) enlarging upon the 

work of Me1lanby and Twort found that of 29 strains of 

B. 0011 communis and B. ooli oommunior investigated, six -
of these were capable of converting histidine into histamine. 

This occurred in vitro and under certain conditions, an acid 

medium being necessary for the process. 

It is evident from the above facts that the utilisation 

of histamine as a gastric stimulant does not introduce a drug 

which is foreign to the animal or human mechanism. Rather 

is it to be regarded as one of the naturally occurring and 

entirely physiologioal gastric stimulants. 

Rate of Gastric Secretion in Response to Histamine 

Encouraged by the work of Popielsk1 (1920), investigators 

both in Europe and American have employed histamine as a 
r 

secretiagogue for the gastric glands. The majori ty agree that 

histamine provokes a copious gastric secretion. In volume 

and total acidity the secretion parallels that obtained with 

food and other chemical stimuli except that the volume is 

greater and the total acidity higher. There is some disagree­

ment, however, concerning other constituents of the gastric 

juice produced by histamine and as to the latent period. In 

man and in dogs with Pavlov's pouch the latent period follow­

ing the subcutaneous injection of histamine was found to range 

from I 
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from 5 to 15 minutes (Matheson and Ammon, 1923; Gompertz 

and Vorhaus, 1925; Rachon and Walawski, 1929). There are 

some workers who report longer latent periods ranging from 

30 to 55 minutes for man (Carnot, Koskowski and Libert, 1922). 

When; however, the gastric mucosa is deprived of its central 

nervous system connections by isotransplantation into the 

mammary gland of a gastric pouch taken from the fundus, then 

the latent period is very much longer, sometimes as long 

as one hour (Ivy and Farrell, 1925). 

The duration of the secretion evoked by histamine varies 

with the dose of the drug administered. The usual dose 

of 0.5 to 2 mg. produces a secretion which continues for 

one to two hours. popielski (1920) in a dog with a gastric 

fistula obtained secretion lasting six hours with a dose of 

3.2 mg. A smaller dose given to the same animal at a later 

date evoked a secretion which lasted only one hour and thirty 

minutes. 

The maximum rate of secretion in response to histamine 

injection, according to the majority of workers, is we~l 

established within the first hour. A rapid diminution then 

occurs, followed by almost complete cessation of secretion 

after one hour and thirty minutes. This may vary, however, 

in different individuals. 

Gompertz and Vorhaus (1925) in a series of cases found 

three I 
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three main groups: The first - comprising 11% of the cases 

studied - 1n which the maximum rate of secretion was attained 

in 15 to 30 minutes; a second group - forming 66% - 1n whioh 

it was reached in from 30 to 60 minutes; and a third - compris­

ing 22% - in which the height of the secretion was reached 

in from 60 to 90 minutes. 

The Acidity of the Histamine Gastric Juice 

Among the earliest investigators to use histamine clini­

cally as a gastric stimulant were Carnot, Kosko.ski and Li­

bert (1922). They reported the results of a study based 

upon four cases. In three of these the maximum acidity was 

reached after the volume of the secretion had commenced to 

decline. In the fourth case, however, the augmentation in 

the aCidity,both total and free, paralleled the increase in 

volume. About the same time Matheson and Ammon (1923) sugges­

ted that there is a definite sequence in the secretion of 

gastriC juice following histamine stimulation. According to 

their observations the peptic activity increasee after 

injection of histamine and reaches its maximum usually in 

about 5 to 15 minutes. Shortly afterwards the maximum 

acidity is attained, and finally a little later the secretory 

rate reaches its height. Others have failed to confirm 

any definite sequence 1n the histamine secretion {Gompertz 

and / 
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and Vorhaus, 1926). Bloomfield and polland, (1929), 'l?-0wever, found 

that the curves for the rate of seoretion and total acidity 

reached their maximum at approximately the same time. 

The Chlorides of the Histamine Gastric Juice 

Following the injection of histamine Berglund, Walquist 

and Sherwood (1927) found a close correspondence between the 

curves of titrable HCl and chloride concentration. They 

conGluded that normal stomaoh juice contains only insignificant 

amounts of chlorine if in any ot~r forms than HOl. Similar 

results were obtained by Po11ana, Roberts and Bloomfield 

(192g). The increase in the chlorides begins promptly after 

histamine administration,reaches its maximum within 20 to 

30 minutes and is maintained with only a slight decrease 

during the remaining period of secretion. The fasting level 

of ohloride was 465 mg. per 100 cc. - the maximum reached 

was 553 mg. per 100 cc. Polland, Roberts and Bloomfield 

point out that the curve of the total ohlorides coincides 

with the curve of the volume of secretion only in the first 

part of its course. It reaches its maximum at the same 

time but does not fall with the diminution of the volume. 

They conclude, as did Berglund, Walquist and Sherwood, that 

the curves of titrable acidity and total chlorides were prac­

tically parallel. The difference between the two they attribute 

to / 
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to the neutralising of some of the juice by mucus and by 

base secreted by the gastric glands. Thus the total chlor­

ide may be considered as an index of the acid-secreting power 

of the stomach. Recently Gilman and Cowgill (1931) have 

presented evidence that the total chloride content of histamine 

gastri-c juice approximately equals the total ionic content 

of the blood. 

The peptic Activity of the Histamine Gastric Juice 

The question of whether or not histamine stimulates the 

formation of enzymes in gastric secretion is still a matter 

of controversy. Rothl1n and Gundlach (l92l),who were among 

the earliest experimenters to employ histamine as a gastric 

stimulant, claimed that there was an increase in proteolytic 

activity after the injection of this drug into a dog with 

a Pavlov pouch. Others investigating the secretions of the 

human stomach came to the same conclusion (Carnot, Koskowski 

and Libert, 1922; Matheson and Ammon, 1923; Rachon and 

Walawski, 1925). More recent investigators have been unable 

to confirm their results. Thus Polland and Bloomfield (1929) 

report a decrease in the pepsin concentration when the volume 

of the secretion increases. Since, however, the increase 

in volume is proportionally greater than the decrease in 

pepsin concentration, the total amount of pepsin secreted per 

unit I 
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unit of time is augmented. In addition they observed a fall 

in the nitrogen concentration. 

SUch was the status of the problem in 1930-31 when 

Gilman and Cowgill (1931) and Vineberg and Babkin (1931) 

studied it. The results of the ~~~st investigations will 

be referred to in the experimental part of this section. 

The Mechanism of Histamine Aotion 

The mode of action of histamine upon the gastrio glands 

is not quite clear. Theories concerning this problem seem 

to fall into two classes. According to the first, enunciated 

by popielski (1920), histamine action takes place directly 

upon the gastric cells themselves. According to the second, 

advanced by Rothlin and Gundlach (1921), its action is similar 

to that of a parasympathetico-mimetic drug, i.e. it acts 

through stimulation of the vagal nerve endings like pilocarpine. 

There is much evidence against the latter view, and con~ 

sequently considerable support for the first. Ordinarily 

atropine paralyses the parasympathetic nerve endings, and 

hence inhibits the secretion of the oepha1ic phase, whether 

the stimulus be initiated by sham feeding or by stimulation 

of the vagus nerve with an induction current (Oushakov, 1896). 

Histamine if a true parasympathetico-mimetic drug should not 

act J 
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aot when given after atropine. Popie1sk1 found that the 

gastrio secretory response to histamine was not affected 

either by intrathoracic section of the vagi or by atropine. 

This was oonfirmed by L1m (1922). 

Further evidence in favour of histamine action being 

independent of the nervous system was presented by Ivy and 

Farrell (1925). A fundus pouch was transplanted to the 

mammary region of a dog where it took on a new blood supply. 

Suoh a pouch by the nature of its making was deprived of all 

central nervous system connections, and yet these pouches 

responded to histamine stimulation. It was observed that 

during lactation there was a greater histamine response than 

before. The volume and rate of the secretion were greatly 

augmented without any change in the quality of the secretion. 

Ivy and Farrell believed that tne increase in the volume of 

secretion was due to the improved vascularity of the mammary 

region occurring during lactation. 

The vaso-dilatorR properties of histamine have been con-
{~ 

sidered by some workers to be the activating force in secre-

tion (Lee, 1929). There is however a great deal of evidence 

to discredit this view. Some years ago Barcroft (1914), 

working on the salivary glands, showed that marked vaso-dila­

tion induced with yohimbine failed to produce secretion. 

MacKay (1930) obtained similar results, using histamine as 

the I 
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the vaso-dilator. Perhaps the most convincing evidence is 

to be found in the work of Ivy and Farrell (1925) already 

mentioned. Their transplanted gastric pouches responded to 

vaso-dilation with an increase in the volume of the secre­

tion only; the quality of the secretion did not alter. 

Thus it may be concluded that vaso-dilation produced 

by histamine undoubtedly favours secretion but per se is n~t 

responsible for its stimulation. 

Pilocarpineas a Gastric Stimulant 

Tshurilov (1894) found that pilocarpine is a weak stimu­

lant for the gastric glands. Doses of 0.003 to 0.005 gm. 

produced profuse secretion of saliva without effect on the 

gastric secretion. Larger doses, 0.006 to 0.01 gm. and 

0.1 to 0.2 mg. per kg. in the dog, did produce gastric 

secretion but this was scanty in comparison to the salivary 

secretion stimulated (Zitovitsch, 1902). When a dose 

of 0.01 gm. pilocarpine was administered subcutaneously, 

approximately 700 QC. of saliva were secreted with the pro­

duction of only 42.5 ~c. of gastric jllce. ~ was a latent 

period of g to 16 minutes, the time varying according to the 

size of the dose. The acidity generally was low and varied 

according to the amount of gastric mucus secreted. The 

most characteristic feature of the gastric secretion obtained 

in I 
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in response to pilocarpine is the relatively high organic 

oontent and enzyme ooncentration. 

EXPERIMENTAL / 
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EXPERIMENTAL RESULTS: 

THE INDEPENDENT OR SIMULTANEOUS CHEMICAL STIWJLATION OF 
DIFFERENT CYTOLOGICAL ELEMENTS OF THE GASTRIC GLANDS 

It was shown in Part I that the qualitative ohanges in 

the composition of gastric juice secreted under different 

oonditions are due to unequal quantitative activity of the 

different groups of secretory elements in the gastric glands. 

The stimulus used was electrioal and reached the gastric glands 

through the vagus. From the following experiments it may 

be seen that the same principle holds true for chemical 

stimulants. Histamine and pilocarpine were chiefly studied. 

Heidenhain-and Pavlov-pouch dogs were employed as well 

as a dog with oesophagotomy and a gastric fistula. For 

details see "chronic experiments" under "Methods!' The 

necessity of a permanent gastric fistula in all experimental 

animals has already been indicated. By means of such a 

fistula it is possible not only to be certain that the stomach 

is empty but also to follow the reaction of the stomach 

simultaneously with that of the gastric pouch under observa-

tion. In human beings a gastric fistula is an impossibility, 

which, along with the fact that it has frequently been omitted 

in the animal experiments of others, explains in part the 

oonflioting reports of gastric function to be found in the 
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literature. For convenience of comparison we shall first 

present tables showing the response of a Heidenha1n pouch 

to psychic stimulation and to meals of milk and meat. 

The effect of psychic stimulation of a dog with a 

Heidenhain pouch is shown in Table XVII. After a oontrol 

period of one hour, during which the dog was isolated from 

all extraneous influences, he was shown large pieces of raw 

meat over a period of one hour. Whereas the gastric secretion 

from the stomach was dou'bled after the psychic stimulation, 

there was no increase in the volume of secretion from the 

pouch, though there was a slight rise in the acidity in the 

second half-hour of stimulation. While the acidity did not 

attain the concentration of the oontrol period, yet the 

slight rise suggested the presence of a few remaining vagal 

fibres in the pouch. 

In the experiments shown in Tables XVIII and XIX the 

same animal was given milk and meat respectively. Following 

a control period of one hour the ingestion of food into the 

main stomach was responsible for an excellent secretion from 

the isolated pouch. The rise of the secretory rate was 

olosely paralleled by the increase in acid concentration, 

the maximum rate of secretion corresponding closely to the 

maximum of acid concentration. There was little or no 

mucus produced in either experiment, nor was there any increase 

in I 
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TABLE IVII. 

GASTRIC SECR.illTI01~ FROM DOG WITH HEIDENHAIN POUCH AND GASTRIC FISTULA - .lill?FECT OF 
PSYCHIC STIMULATION. 

Feb. 12, 1930. 

Sample Time Pouch Secretion Stomach 
....... " 

Secretion Remarks 

Volume Free Total !vlucus Volume 
HOl Hel 

Mine. c.c. Gm.% Gm.~ c.c. c.c. 

1 30 0.6 0.35 0.40 clear 15.0 , Control period, one hour 
2 30 1.0 0.29 0.35 trace 9.0 

3 30 0.6 0.00 0.04 0.1 18.0 
~ Psychic stimulation, one hour 

4 30 0.65 0.12 0.18 clear 11.0 

5 30 0.55 0.11 0.24 trace 

...:J 
()) 



TABL:r XVIII. 

GASTilIC SWCRJlTION FROM DOG \iITH WIDRNHAIN POUCH IN RESPONSE' TO MILK. 

Jan. 27, 1930. 

--~~--.- ~- - ------ ----

Sample Time Volume Free Total Mucus Total Peptic 
HOI HOI Ohlorine Power Rema.rks 

. -
I~rins. o.c. Gm."o Gm.o;o c.c. !VIg.7o ' :Mett' s . ,. 

Units 
. 

1 60 0.95 o 33 • O.~O 0.0 5~.8 ~O.9 Control period 

Dog fed 600 c.c. w~o1e milk 
. . 

2 30 2.1 0.31 0.33 0.09 ~99.1 23.0 
. 

3 30 3.1 0.42 o ltlt • traoe 519.0 10.21t 
. -
4 30 it.O 0.44 0.46 u 516.1 0.16 

-

5 30 10.3 0.47 0.50 clear 52lt.6 0.0 
- -

6 30 ~.6 0.44 0.45 11 513.3 0.0 
. -

7 30 7. l1 0.46 O.lt7 tt 517.0 0.0 
. 

a 30 3.0 0.47 0.lt9 tt 5lt5.9 0.0 
I 30 2.0 0.42 0.46 tt 50lt.9 9 0.0 
I 
, 

10 30 1.6 0.41 o.lt4 It ~89.2 2.5 
-

_~ ... ",,~:J:I!:l $=C C::... ,: ::&E::'i~:;::~-"" 
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Sample Time 

:tlffns t 

1 60 

2 30 

3 30 

4 30 

5 30 

6 30 

7 30 

g 30 
i 

TA"BLI' XIX • 
• 

GASTRIC S~CRiTION .b'ROM DOG WITH HWIDi'NRAIN POUCH IN RESPONSJr TO MUll • 

• 

Fouch Seoretion 1. Stomaoh Remarks 
Secretion , 

Volume Free Total :Mucus Total Peptic Volume I 

HOl HOI Chlorine Power 
0.0. Gm.% ' (Jm.~ c.c. Mg.1o 11!ett's c.c. 

"Uni ts 

1.3 0.18 0.25 0.0; It 62.0 92.1 acid Oont::rol period 
empty 

Dog fed 200 gIn. beef 

3.6 0.23 0.27 0.2 527.6 92.1 
heart 

6.6 o 1411 • o.llg olear 527.4 16.0 

~.3 0.49 0.50 n 537.4 5.76 

3.5 o.~6 0.49 trace 5~B.6 10.2 
'~':' .. . 

3.4 o.lilt 0.50 0.05 530.3 t! • 0 
. 

2.5 O.ll5 o.lt7 trace 567.2 li.o 
. 

2.14 0.lt3 O.ll9 t1 538.8 27.0 

, 
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in the proteolytic production. In both experiments the 

chloride output closely paralleled the total acidity. 

An analysis of these experimental results reveals one 

fact of unusual interest. It is evident that, although the 

acidity of the gastric juice paralleled the rate of secretion 

closely with but slight variations, the enzyme concentration 

on the other hand pursued a peculiar course during the secre­

tory period. Thus in the experiment (Table XVIII) in which 

600 co. of whole milk was the gastric stimulant, samples 

5 to 9 failed to show any digestive activity_ When 200 gm. 

of meat were given to the same animal (Table XIX), the 

decline in the enzyme content of the gastric juice secreted, 

although reaching low figures, was not so marked (samples 

4 to 7). Undoubtedly the milk, which contained a relatively 

large quantity of fat, inhibited the discharge of enzymes 

into the gastric juice more than did the meat with its low 

fat content. At the conclusion of the secretory period the 

enzyme concentration partially increased in both experiments. 

Thus in this particular animal with a Heidenhain pouch there 

was a difference in the production of the fluid and HOl as 

compared with the pepsin concentration in the gastric juice 

secreted. One constituent might be formed in abundance, 

another in small amounts or not at all. 

Chemical stimulants are known to activate a secretion 

of I 
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of gastric juice possessing a lower enzyme content than is 

found in gastric secretions of vagal origin (obtained by 

sham feeding, stimulation of the vagi or pilocarpine). How­

ever, the values for pepsin in the experiments just described 

are lower than those reported by other investigators for 

a Heidenhain-pouoh dog. The peouliarities of the secretion 

produoed by the Heidenhain pouch in the present case may be 

due to the almost complete absence of vagal fibres, as indi­

cated by the experiments with psychic stimulation, and to the 

region of the stomach from which the pouch was taken. It 

was formed partly from the region of the greater curvature 

and partly from the antrum where the glands contain few 

peptic cells and many parietal cells or Zwischenzellen. 

These factors although explaining the low concentration of 

pepsin obtained did not account for its gradual diminution 

during the secretory phase. A more adequate explanation 

was therefore sought. Possibly the impulses to the peptic 

cells for some reason diminish during the middle of the 

secretory period, whereas those to the parietal cells re­

tain their full strength. A state would then exist which 

would be favorable for the secretion of a juice having a 

high acid concentration and a low enzyme content. In order 

to test this hypothesis, histamine was used. The experiments 

which will be described in the following pages were based 

upon I 
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upon the correctness of the hypothesis just enunciated. 

Gastric Secretion in Response to Histamine 

(A) Heidenhain-Pouch Dog 

Following histamine stimulation, as shown in Tables 

XX and XXI, the secretory rate mounted rapidly. The maximum 

aoidity was attained at once in one experiment (Table XXI) 

and in the other (Table XX) it was not reaohed for 60 min­

utes, at which time the secretory rate had commenced to de­

cline. In both there was a gradual decline in the pepsin 

concentration with an increase towards the termination of 

secretion. The latent period was approximately 8 minutes 

in each. 

!B) Bavlov-Pouch Dog 

Histamine produces in a dog with a Pavlov pouoh much the 

same results as those obtained with a Heidenhain pouch de­

prived of its vagal innervation (Table XXII). The gastrio 

juices stimulated by histamine in the Pavlov-pouch dog as in 

the Heidenhain-pouch animal showed a diminution of pepsin 

concentration which only increased towards the end of secre­

tion as the volume diminished. 

(0) I 



Sample 

1 

2 

3 

I 

4 

5 

I 6 

7 

TABLlr xx. &, 

GASTRIC S1!'CRB:TION ]\ROM DOG \VITH H"TIDFNHAIN POUCH AND GaE1THIC . .B1ISTULA - Rb'l!'"TCT OF 
HISTAl~INW STIMULATION 

June 3, 1930 

--
Time Pouoh Seoretion Stomaoh Remarks . 

Seore·tion 

V·olume Free Total Muous ~Peptla Volume 
• HOI HOI Aotivit17 

"j Mins. c.o. Gm.io Gm. /0 c.o. ett's a.c. 
a.m. Units 

9:55-10:55 60 l.tt 0.07 0.111 tlraoe 144.0 20.0 
tf· .. -- . Control period 10:55-11:55 60 1.4 0.06 0.7 256.0 15.0 

! 
12 noon) histamine 

(1 mg. injected 
BuboutaneouSly. noon p.m. 

12:00-12:15 15 0.4 alkaline olear 20 0 • 

p.m. 
'.. I .... 

12:15-12:30 15 2.7 o. 2~ 0.30 " 14~. 0 26.0 12:15 p.m., seoretion 
0.2: 30-12:45 15 2.9 0 •. 36 o.1I4 If 77.0 

oommenced 
30.0 . . - . • 

12:lt5- 1:00 15 1 ~ 0.40 0. 119 tt 611.0 18.0 • . . . . • 
1:00-1:30 30 1.It 0.36 o.lls 

. 

" 64.0 30.0 

i 
- '- -- II _ ... 4 _______ '~"' __ - ... , . . ~- - . -.~~.-"---.---~ 
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Se,mp1e 

I 

2 

3 

4 

5 

TABL~ XXI. 

GAST:<IC SR'CRRllION .G'EOM DOG NITH HiIDJl11}IAIl~ POUCH AND GASTl;~IC L'ISTlJLA. - :mF:~11?CT OF 
HIS'rAlinrW STIMULATION. 

]Ie b. 9 t 1930. 

- -

- -
~ime .Pouch Secretion Stomaoh RemarJis 

Secre'tion - -
, Volume Free Total Mucus Oh1orine Peptic Volume 

HOI HOI ~otivity 
iMina. 0.0. Gm.7o Gm."!o c.c. Mgm. ero :Mett' a c.c. 

a.m. Units 
, . , 

10:00-11:00 60 1.7 0.31 0.33 clear 516.1 19.3 12.0 
icontrol period 

11:00-11:30 30 0.7 aoid acid o.ll 4.0 11.0 

11:30 a·.ffi. hista-
mine (0.75 mg.) 
injected subcu-

noon . taneous1y • 
11:30-12:00 30 7.0 0.~2 O.~9 0.1 530.3 ~.O 35.0 
noon p.m. 

30 5.6 0.49 It.O 12:00-12:30 0.51 0.1 25.0 

p.m. 

12:30- 2:00 90 0.8 aoid acid 0.2 23.0 9.0 

I 

t 

i 
j 

, 

. ~" .. = ..... = =-. .. _".= J ",,~, 
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TABLE XXII. 

GASTRIC SECRj~TION }'ROlVl PAVLOV POUCH IN A DOG - EFFECT OF HISTllJvlINE STllvl.'ULATION. 

April 7J, 1930 

Sample Time Volume Free Total Muous ~otal Peptio . Remarks 
HOI H01 Phlorine ~otivity 

, Mins. 0.0. Gm.~ Gm.-,% 0.0. }vtg. % Mettls 
a.lIl. Units 

I 9:40-10:40 60 1.6 0.19 0.26 traoe 606.2 256 ·Control period 

10:48 a..m. Histamine 
(1 mg. J injected 
suboutaneously. 

2 10:48-11.03 15 2.4 0.35 0.41 0.1 144.0 

3 11:03-11:18 15 6.3 0.44 0.52 traoe 575.7 46 

4 11:18-11:33 15 4.5 0.50 0.64 olaar 560.1 46 
p.m. 

5 11:33-12:03 30 1.2 0.49 0.53 " 163.8 

1 

(X) 
.p.. 
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~o) Dog with Oesophagotomy and a Gastrio Fistula 

Repeated injections of histamine. - One faot which was 

evident in the experiments on both Heidenhain- and pavlov­

pouoh dogs was the apparent inability of histamine to stimu­

late the peptio glands. In order to be certain of this 

interesting fact the effect of repeated injections of hista­

mine was studied (see Table XXIII). A dog with oesophago­

tomy and a gastrio fistula was used. The secretion was 

collected from the stomach. The second dose of histamine 

was given 30 minutes after the first so as to obtain a super­

imposi tion of acti.on. A profuse secretion was produced 

lasting two hours and twenty-five minutes. Although the 

rate of secretion and the total acidity were high, there 

was a gradual decline in the enzyme concentration to a point 

where readings were impossible on the Mettls tube. This was 

attained after the second dose of histamine. 

Effect of Atropine on Histamine Gastric Secretion 

A consideration of the above results suggests that 

histamine acts entirely upon the acid-secreting cells. The 

enzymes obtained after histamine stimulation were simply 

washed out from the peptic glands. The process seems to be 

a passive one in which the peptic glands play no active part. 

It is quite different from the active secretion of organic 

substances I 



TABL:i XXI II , 

GASTRIC SECRT~fION - iF l:'ECTS OF REPiAftD INJECTION Ob' HISTAMINi. 

Dog, weight 20 kg., with,'~esophagotom~ and gastric fistula. 

. '. 
, T· 

Sample Time Volume ]'ree Total Total Peptic Remarlts 
- HOl HOI Chlorine ActiVity 

·lVIins. 0.0. ,Om. jo Gm.1o MR'. /0 l[ett's 
Units 

1 60 Mucus At end of this period reaction in 
stomach weakly alk31ine. 
Histamine (1 mg.) injected sUboutaneous-. 

1y 
2 5 o-g Thick ~ellow mucus expelled from tube • 606.0 384 ~ 1 :3 5 A·O Hile admixed 4 5 6:0 0.27J 0.321 602.0 153.7 Clear juice 

~ 5 20.5 0.40 O.lf52 602.0 b!{ 0 
, 

5 24 0 o .l! 59 0.501 ~15.4 19: 3 I 
I • o llBO 7 5 23.0 0.511 602.0 19.3 I • I . 

Histamine (1 mg. )injeoted subcutaneously! 8 5 8.5 O.~89 0.525 61~: 4 16-0 I 
I 
I 

612:~ • 9 5 14. a 0.489 0.52~ 16 0 ! • 10 5 2 .0 0.503 0.532 609.6 10.2 
11 5 21.0 O:~11 0.514 609.6 10-2 
12 5 17 :0 O~ . ~9 0.512 609.6 4:0 
13 5 15.5 O.~12 0.535 602.0 Trace 14 15 43.0 O. 89 O.~13 601.2 tf 

15 15 26.~ 0~1t52 0; 8'9 581.2 n I 

. 16 15 12. O~~O8 o l~38 5~4'~ tf 
• 17 15 4·f§ 0.350 0.390 1-2 • ~39:4 4:0 l~ 30 6.0 0.314 0.386 

" 

. - . , .. 
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substances and enzymes under the influence of other stimuli. 

This recalls the oontroversy started by Popielski (l920) 

and Rothlin and Gundlach (l921) as to whether histamine acts 

directly upon the cells, as suggested by popielski, or 

indirectly through stimulation of the parasympathetic nervous 

system. 

(A) Heidenhain-Pouch Dog 

The following experiments with atropine point to a 

histamine effect which is entirely independent of the para­

sympathetic nervous system insofar as the constituents of 

secretion are ooncerned (Table XXIV). In this experiment 

it is evident that, following atropinimtion of a dog wi th 

a Heidenhain pouch, histamine stimulates the production 

of free and total acid in concentrations as great as it did 

without atropinisation. Thus values of O.4S gm. per cent. 

free and 0.53 gm. per cent. total acid were obtained. The 

peptic power fell in the usual manner from 196 to 16 Mett's 

units. There was only a slight diminution of volume; a 

total secretion of 7.4 cc. in SS minutes was obtained as 

compared with S.g co. in 70 minutes with histamine alone 

(see Table XX). 

(B) / 



TABLi XXIV 
• • 

GAITRIC S~CRr.'rrION - iFFECT OF AT.::.OFrN"7 ON HIST.Al~InE SECRETION 

WXP. April 10, 1930. 
Dog, wei~ht 18.0 kg •• with Heidenhain ~ouch and gastric fistula. Atropine injection, 
followed 30 minutes later by histamine. 

- . 
~ 

" 

Sample Time Fouch Secretion Stomach Remarks 
Secretiom 

Volu.me J!lree Total Mucus Peptic Volume 
" HOI HOI Activity 

1 Mins. c.c. Gm.o;o Gm. ~fo c. c. :Mett's o.c. 
Units 

a.m. 

1 9:00-10:00 60 l.lt 0.20 0.:32 0.25 196.0 12.5 Control period 
• 

10:00 a.ID. Atropine 
(2. mg.) inj e c ted . . subcutaneously I 

2 10:00-10:30 30 0.35 0.28 0.41 Trace II .5 

! 10:30 a.n!. Histamine I 
(1 mg.) injected 

10:30-10:50 20 0.31 116.6 8.0 
subcutaneously . 

3 2.2 0.39 0.3 i 
4 10:50-11:05 15 1.8 0.44 '0.52 Trace 19. 11 9.5 

5 11:05-11:25 20 2.7 o !fa • 0.53 0.05 I 19.3 I 10.5 

6 11:25-11:55 30 0.65 0.49 
\ 

16.0 0.29 clear 3.5 

-- . -. . 2L1LIII ... ' ............... . .------~ . 
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(B) Pavlov-Pouoh Dog 

Atropinisation in these animals greatly curtails the 

volume of the histamine secretion but as will be seen in 

Table XXV does not influence the character or quality of 

the secretion. The total and free acidi ty rose to normal 

levels (0.41 gm. per cent. free and 0.52 gm. per cent. total). 

The enzyme concentration diminished from 400 to 100 Mett's 

units. 

A comparison of the volumes of the histamine secretion 

obtained respectively from a Heidenhain- and a Pavlov-pouch 

dog with and without atropinisatlon is shown in Table XXVI. 

It is evident that atropine causes only a slight reduction 

in the volume of secretion of a Heidenhain-pouch animal, 

whereas in the case of a Pavlov-pouch animal there is a 

marked reduction. This difference in the volume response 

to histamine between a pouch with vagal innervation and one 

without seems to us of considerable significance. It suggests 

that histamine acts perhaps upon some vaso-dilator mechanism 

of the vagus without affecting the secretory fibres. Vaso­

dilation per ~ is not sufficient to cause secretion but 

certainly there is evidence to ShOW that vaso-dilation in the 

presence of a secretory stimulus augments the volume of the 

secretion (Ivy and Farrell, 1925;., et al.)~ Consequently 

atropinisation acting as it does through the parasympathetic 

ourtails I 



TABLE XXV, 

GASTRIC SECRETION FROM PAVLOV POUCH - EFFECT OF ATROPINE ON HISTAMINE SECRETION. 

Exp. June 19, 1930. 
Dog, with Pavlov pouoh. Atropine injection, followed 15 minutes later by histamine. 

Sample Time Volume Free Total Mucus Peptio Remarks 
HOI HOl Aotivity 

lains •. o.c. Gm.% Gm o 1'o o.c. Mattis 
a.m. Units 

1 10:00-11:30 90 0.45 0.06 0.22 0.45 Control period 

11:30 a.m., atropine (2 mg.) 
injected subcutaneously. 

11:45 a.~., histamine (1 mg.) 
noon injected subcutaneously. 

2 11:30-12:00 30 1.0 0.00 0.08 1.0 400 
p.m. 

3 12:00-12:15 15 1.65 0.21 0.38 trace 156 

4 12:15-12:30 15 2.40 0.37 0.42 clear 144 

5 12:30-12:45 15 1.4 0.41 0.52 n 100 

6 12:45- 1:30 45 0.65 0.34 0.60 11 

,. 
- ---
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TABLi XXVI • 

VOLillfi 0.11' (r1.I~ SECln£TION FROM. A EAonOV' AID> A HEIDENHAIN POUCH IN RESPONSE TO HISTAMINE 
WITH .AND ';-{ITHOUT ATROPINISATION. 

-

- ................ ".~ , " . - , . . 
Histamine Histamine after atropine 

hperiment Time Volume 'b:periment Time Volume 
w 

Ivlins. o.c. lifins. c. c. 
:, 

Pavlov Pouch Tahle XXII 75 ll~ 4 • Table XX;V 120 7.6 

Heidenhain ,Pouch It XX 90 8 8 ft L'I{IV ~5 7.1t • 

tI XXI 150 13 11 • 

-------- ~- --- --- ---------- -- - - -

N.B. The abo~e data were taken from experiments shown in Tables XX, XXI, 

XXII, XXIV and xx.V. 
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curtails the volwne of the histamine secretion obtained from 

a Pavlov pouch to a more marked degree than in the case of a 

Heidenhain pouch which has been deprived of its vagal dilator 

fibres. In this connection the work of MacKay (1930) is 

interesting. She reported that the motor effect of histamine 

upon the small intestine in situ was almost completely abolished 

by atropine. Her results suggest that histamine in some 

way influences the intrinsic nervous system of the gut. 

Our observations, explained in this way, would tend to 

a compromise between the two opposing views of histamine 

action enunciated earlier in this section. popie1ski, 

neglecting the volume changes but interpreting the quality 

of the secretion only, concluded that histamine acts directly 

upon the cells of the gastric glands o Rothlin and Gundlach, 

considering only the volume changes and overlooking the con­

stant quality of the secretion produced, concluded that his­

tamine acts through the parasympathetiC. In a sense 

perhaps both views were correct in that histamine probably 

stimulates vaso-dilatation through the parasympathetic and 

acts directly upon the parietal cells in producing secretion. 

Gastric Secretory Response to Pilocarpine 

Pilocarpine, closely related in chemical structure to 

histamine, has a marked secretory effect on the salivary 

glands I 
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glands and to a lesser extent on the gastric mucosa. Its 

mode of action is through parasympathetic stimulation, and 

is consequently abolished by atropinisation. Table XXVII 

indicates the type of secretion usually called forth by 

pilocarpine when administered subcutaneously. A Heidenhain­

pouch dog was used. A comparison with the juice secreted 

in response to histamine reveals three important differences:-

(1) The free and total acidity following pilo­
carpine stimulation is generally lower 
than with histamine. 

(2) The production of mucus is marked,whereas 
with histamine it is extremely slight or 
there is none at all. 

(3) Most important of all, however, is the great 
increase in enzyme content which follows 
pilocarpine stimulation. 

Gastric Secretory Response to Histamine 
SUpplemented by Pilocarpine 

As has been seen, the two gastric stimulants histamine 

and pilocarpine, although chemically closely related, produce 

different types of gastric seoretion. For this reason 

and because it was believed that, given adequate stimulation, 

the different cytological units in the gastric mucosa are 

capable of independent function, a combination of the two 

drugs was used in certain experiments. In two experiments 

(see Tables XXVIII and XXIX) a dog with a Heidenhain pouch 

was I 



TABLli: XXVI I • I 

GASTHIC SFC.RltTION - 1i:F j}E'CT OF PILOCARPInE STI1IULATION. 

Ixp. 1Iay 15, 1930 . 
Dog, weight 18.1t kg. t with Heidenhain pouch and r,astrlc fistula. 

. , -
Sample Time ~Pouch Seoretion Stomach Remarks 

i Secretion 
Volume ~'ree Total I~lucus .Peptic Volume . . HOI HOI . Activity 

Mins. c.a. Gm.'1o Gm. 'fa c.c. Mett's o.c. 
Units 

a..m. 

:It 9:25-10:25 60 1.6 0.20 0.28 clear 70.5 44. Control period 

10:27, pilocarpine 
(7 mg.) injected 
subcutaneously. 

. . 
2 10: 25-10~4 0 15 0 •. 5 0.19 0.27 clear 117.0 10:36, salivation 

I began. 
3 10: l10-10:55 15 3.4 0.3:5 0.41 0.11 256.0 Its.o 

! 
4 10:55-11:10 . 15 2.5 0.40 0.47 0.15 338.5 96.0 

! 
5 11:10-11:25 15 3.0 0.38 ·0.50 0.1 1100 0 61+.0 • 

. 

6 11:25-11:~O 15 0.95 0.36 0.~4 0.05 400.0 35.0 11:~0, salivation 
p.m. . . oeased. 

7 11:40-12:10 30 2.6 0.39 0.47 0.15 tIS!! .0 47.0 

- -~ 
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TABLE XXVIII. 

GASTRIC SECRETION - EFFBCT OF HISTAMINE AND PILOCARPINE STIlvlULLTION. 

Exp. April 2, 1930. 
Dog, with Heidenhain pouch and gastric fistula. Histamine injection, followed 
32 minutes later by pilocarpine. 

r ... 
Pouch Seoretion Stoma.oh Remarks , . 

Q) 
,(I) Secretion r-I 

~ r-I 

lVolume Free Total Muous Peptio Chlorine i Volume ~ 
CIl HOl HC1 tAot! vi ty l'/) 

1'Iins. 0.0. Gm.% Gm.~ c.c. Mett's Mg.% c.c. 
a.m. Units 

9:00-10:00 60 1 2.8 0.14 0.26 trace 100.0 496.3 1 34 Control period 
~ 

10 a .m. Histamine 
(1 mg.) injeoted 

10 :00-1.0: 15 15 2 1.7 0.17 
subcutaneously. 

0.26 0.25 100.0 500.5 
10:15~10:30 15 3 4.7 0.36 0.45 0.1 36.0 528.8 2 45 

10:32. Pilocarpine 
(7 mg.) injected 
subcutaneously. 

I 10: 30-lAO:45 15 , 
4 4.5 0.39 0.48 trace 16.0 548.7 10;43. Salivation 

10:45 .... 11:00 15 5 5.6 0.33 0.44 O'~3 219.0 521.8 :3 100 
began. 

11:00-11:15 15 6 1.9 0.30 0.42 O~l 282.2 586.9 
11:15-11:30 15 7 1.7 0.1 282.2 521.8 4 73 
11:30-12:00 30 8 1.25 0.16 0.33 0.35 400.0 11:45. Salivation 
noon p.m. oeased. 

12:00-12:30 30 9 1.7 0.11 0.28 0.45 900.0 499 0 1 5 30 

--------

I 

~ 
.p. 

r 



TABLE XXIX. 

GASTRIC SECRETION - EFFECT OF HISTAMINE AND PILOCARPINE STIMULATION. 

Exp. May 13, 1930. 
Dog wi th Heidenhain pouoh and gastric fistula. Histamine injection followed 

lt3 minutes later by pilocarpine. 

. , 

Pouch Secretion Rstom~{h 
,A ~ T'A lJl1n 

Sample Time Volume Free Total Mucus Peptio Volume Remarks 
HOI Hel Activity 

"nin. @}1l.% gm.% ~et1i' s 
o .0. 0.0. units. c.o. 

1 9:00-10:00 a.m. 60 2.7 0.21 0.28 olear 116.6 30 Control period. 

10:02 a.m. Histamine, 
1 mg. injected sub-

it.3 0,26 61+.0 4s 
cutaneously. 

2 10:02-10:32 a.m. 30 0.35 0·5 
3 10:32-10:4-7 a.m. 15 2·5 0.1+2 0·50 traoe 36.0 27 

10: 1+5 a.m. Pilocarpine, 
1 mg. injected sub-

1+ 10:itS-11:03 a.m. 15 2.1 0.1+2 36.0 
cutaneously. 

0·50 trace 30 
5 11:03-11:18 a.m. 15 2·5 0·32 o.ltlt 0·7 lt16.1 73 Salivation 
6 11:18-11:33 a.m. 15 1.6 0.32 0.44 0·7 775·0 40 only moderate. 

7 
11: 33 a.m.-

30 1.8 0.22 0·39 0.4 900.0 38 12:03 p.m. 
-.~ ---- -~-~ -~- ~-- - -- ------ ~ 

I 

I 
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was used, whereas in a third (Table XXX) a dog with an 

oesophagotomy and a gastric fistula was th~ subjeot of 

experimentation. Histamine (1 mg.) was administered 

suboutaneously and followed in half an hour by 6 - 7 mg. 

pilocarpine. The results are practically the same in all 

three experiments. In eaoh histamine provoked a good 

volume of secretion with rapidly rising aoidity and equally 

rapid diminution of the enzyme concentration. At this 

stage the introduction of pilocarpine caused a rapid rise in 

enzyme conoentration to values many times higher than the 

fasting levels. A slight diminution in the acid concentra-

tion as well as in the rate of secretion was noticed. In 

addition there was a considerable increase in the production 

of mucus. Chlorine concentrations, which closely followed 

the increase in the acidity in the previously reported histamine 

experiments, did not undergo any marked change after the 

injection of pilocarpine. 

Histamine and Pilocarpine as a Clinical Test of Gastric 
Function 

Recently histamine has been used extensively as a 

olinical test of gastric function. It has gained favour 

in the most conservative clinics. Those clinicians who em-

ploy it for this purpose agree that more accurate information 

about the gastric glands is thus obtained than with ordinary 

food / 



TABLE XXX • . 
GASTRIC SECRETION - EFFECT OF HISTM~INE AND PILOCARPINE STIMULATION. 

Dog, weight 20 kg. Oesophagotomy and gastric fistula. Histamine injection 
followed 30 minutes later by pilocarpine. 

Sample Total Volume Free Total Peptic Ferment Remarks 
Time HOI Hel Activity Units 

Mett's 
, 

min. 0.0. f!JJ1.% ~.% units. 

1 15 26.0 Control period. 

1 mg. histamine 
injected subcutaneously. 

2 5 22.0 0.~9 0.42 36.0 792.0 Trace bile. 

~ 5 17·5 o.~ 0.47 16.0 280.0 Clear. 
5 15·0 o. 0.49 4.0 60.0 Clear. 

6 mg. pilocarpine 
injected subcutaneously. 

~ 5 11·5 0.46 0.48 16.0 240.0 
5 10·5 0.43 0.46 23.0 241.5 Salivation started. 

~ 5 10.0 0.4-2 0.45 231.0 2310.0 Much salivation. 
5 9.8 0.42 0.45 196.0 1920.0 

9 5 10·5 0.42 0.47 196.0 2058.0 
10 5 9·5 O.lj.~ 0.1+7 163.7 1555·1 
11 5 11.0 0.4- 0.47 92.1{?) 1013·1 
12 15 9·5 0.20 0.26 16a·a 1556.1 Salivation less. 

i~ 15 3·5 0.36 0.40 36 .0 1274.0 
15 1.1 0.36 0.39 272.0 299·2 Slight salivation. 

- ------

co 
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food stimuli. The advantage claimed for histamine over 

other tests of gastric function is briefly as follows. It 

produoes a clear gastric juice which is undiluted by food 

or alcohol. A truer picture of the function of the gastric 

glands can thus be obtained, as more aocurate chemical 

analysis is possible. The dosage can be standardised and 

has been shown to give corresponding results following re­

peated injection in the same patient. In cases of achylia, 

where the stomach fails to secrete acid with ordinary test 

meals including alcohol, histamine causes a flow of acid 

juice in those cases where the achylia has been purely func-

tional. It is thus of aid in differential diagnosis of 

certain medical conditions. 

Notwithstanding the advantages that the histamine test 

meal possesses over other forma of gastric analysis, it is 

apparent from the foregoing data that histamine stimulates 

chiefly the parietal cells which produce HOI and to a much 

lesser extent (if at all) the peptic and mucoid cells. 

Hence a test of gastric function, which has as its basis his­

tamine alone, yields information concerning the state of only 

one group of the cytological elements comprising the gastric 

mucosa. 

In 1930 (Vineberg and Babkin) it was suggested that a 

combined histamine-pilocarpine test of gastric function be 

employed I 
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employed in human subjects for the following reasons: -

(1) The oombination of the two drugs aotivates 

(in dogs) all the known oytological elements of the 

gastric mucosa,producing a secretion similar to that 

obtained by normal stimulation. 

(2) There are certain indications that the clinical 

study of peptic function may be of greater diagnostic 

value than that of HOI. Polland and Bloomfield (1930), 

using the histamine test meal, studied the HOI and 

peptio power of the gastric juice in normal individuals 

and in patients suffering from various gastric and 

general diseases. They suggest the possibilitytfthat 

the low pepsin output is a more delicate index of 

gastric damage than low acid values". 

Following up the suggestion of Vine berg and Babkin the 

effect of histamine and pilocarpine on gastric secretion was 
_. "- ''t.-~'" 

.. -" ........ ~ 

studiedpy:. ~hewriter in a few cases (25) in the wards of the 

Royal Victoria Hospital. The patients selected were those 

in whom no definite gastro-lntestlnal lesions were suspected. 

Most of them·~ were patients on the Surgical Service of Dr. 

Edward Archibald; others were taken from the Medical Service 

of Dr. Johnathan Meakins. 

Histamine I 
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Histamine was injected in doses of 0.5 mg. Pilocarpine 

was then given in doses ranging from 2 mg. to 10 mg. without 

causing the patient undue discomfort. In one case in which 

a dose of 14 mg. of pilocarpine was given, marked gastro­

intestinal disturbances occurred, followed by severe prostra­

tion: this was quickly checked by a large dose of atropine 

(gr. 1/50) injected intramus.cularly. The patient was none 

the worse for his unpleasant experience. 

The usual procedure was as follows. After a l2-hour 

fast a small RehiuBs tube was passed into the stomach and the 

stomaoh contents completely evacuated. It was found by 

experience that this is best accomplished by posturing the 

patient. After the administration of the gastric stimulant 

the stomach was emptied every fifteen minutes and the 

~olume, free and total acidity and enzyme content determined. 

The patient was kept lying on his left side and was cautioned 

not to swallow saliva. Unfortunately more than one test 

on the same patient was not possi'ble because of ward routine. 

Repeated Injection of Histamine 

The results of two consecutive injections of 0.5 mg. 

of histamine are shown in Tables XXXI and XXXII. In one 

patient (Table XXXII) there was hypo-acidity, in the other 

a normal response. 

was I 

In both cases a good volume of secretion 
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GASTRIC SECRETION 
July 15, 1931. 

TABLE XXXI . . 
EFFECT OF REFEATED INJECTION OF HISTAMINE. 

Mr. A.T., age 15. Surgical Ward. R.V.H. Twelve-hour fast. Small Rehfuss 
tube swallowed. Injection of histamine, followed by a second injeotion 45 minutes 
later. 

, . 
Sample Time Volume Free Total Peptic Remarks 

HOI He1 Activi ty 

g;n.% 
. ../ ... 

f!}1l.% Mett's min. o.c. units. 

1 22.0 0.00 0.04- 4-33 Fasting stomach contents. 

Histamine, 0.5 mg. injected 
subcutaneously. 

2 15 47.0 0.17 0.25 625 

~ 15 1+1.0 0.22 0·30 43~ 
15 26.0 0.25 0.33 4-8 

Histamine, 0.5 mg. injeoted 
subcutaneously. 

~ 15 30.0 0.23 0.32 557 
15 36·5 0.28 O.~8 a§a ~ 15 37·0 0.33 o. 2 
15 20.0 0.23 0.31 353 

9 15 36.0 0.17 0.24- 529 
10 15 17.0 0.17 0.24- 529 

- . . - .--

I 
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TABLE XXXII. 

GASTRIC SECRETION - EFFECT OF REPEATED INJECTION OF HISTAMINE. 

July 15, 1931. 
Mr. O.S. Case No.780Sl, R.V.H. Twelve-hour fast4 Small Rehfuss tube 

swallowed. Injeotion of histamine followed by seoond injection 45 minutes later. 

Free Total Peptic Sample Time Volwne Rema.,rks 
Hel He1 Activity 

- . 
f!}D.% g;n .% :Mett t s 

min. 0.0. units. 

1 55 0.00 0.04 949 Fasting stomach oonten ts. 

Histamine, 0.5 mg. 
injeoted subcutaneously. 

2 15 1+0 0.06 0.14- 900 

~ 15 18 0.08 0.17 502 
15 22 0.09 0.17 7811-

!Histamine, 0.5 mg. 
injected suboutaneously. 

~ 15 8 0.01+ 0.12 676 
15 27 0.17 0.26 ~38 

7 15 11 0.05 0.13 00 
. 

-~-- -- -- -

, 
I 
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was obtained. The enzyme concentration in each showed an 

immediate rise in the first fifteen minutes of secreti)n, 

a slight decrease after it had reached its height, and a 

secondary rise corresponding to the terminal decline in 

secretion. After the second injection of hista~ine the 

level attained by the peptic power was lower than after the 

first. 

Repeated Injections of Histamine Followed by Pilocarpine 

From the data shown in Tables XXXIII and XXXIV, it is 

evident that in man the combination of histamine with pilo­

carpine does not give the same result as in the dog. In 

the human experiments here described there is a gradual diminu­

tion of the enzyme concentration in response to histamine 

stimulation; it continues unaffected after the administration 

of pilocarpine. It is interesting to note in this connection 

that the volume of secretion increased perceptibly after 

pilocarpine and at the same time there was a sharp diminution 

of acidity. The fall in acidity cannot be attributed to 

bile regurgitation as there was no trace of bile salts in 

those samples with low acidity. The amount of mucus secre­

ted is difficult to ascertain as the aspirating tube has 

small apertures; beSides, since mucus tends to sink to the 

bottom I 



TABLE XXXIII. 

GASTRIC SECRETION - EFFECT OF REPEATED INJECTION OF HISTAMINE 
FOLLOWED BY PILOCARPINE STIMULATION. 

April 29, 1931. 
Mr. F. S., No. 77172 R. V. H. Twelve-hour fast. Small Rehfuss tube swallowed. 

Sample Time Volume Free Total Mucus Peptio Remarks 
Hel HOl Aotivi tx 

min. 0.0. gm.% gm.% 0.0. Matt's 
units 

1 17.0 0.00 0.20 1296 Fasting stomaoh eon-
tents. 

6:05 aam. Histamine 
0.5 mg. injected 

a.m. suboutaneously. 
2 6:05-6:20 15 73.0 0.28 0.32 0.6 784 3 I 6: 20-6 :35 15 28.0 0.24 0.35 0.1 400 

6:36 a.m. Histamine 
0.5 mg. injected 
suboutaneously. 4 6:35-6:50 15 31.5 0.31 0.36 0.1 576 5 6:50-7:05 15 26.0 0.27 0.32 trace 400 

7:$6 a.m. Pilocarpine 
10 mg. injeoted 
suboutaneous1y. 6 7:05-7:20 15 52.0 0.05 0.11 0.1 256 7 7:20-7:35 15 92.5 0.00 0.03 0.2 51 Samples 1 to 9 green in 8 7:35-7:50 15 28.0 0.00 0.05 0.2 400 colour owing to bile 9 7:50-8:05 15 7.8 0.00 0.07 0.1 516 oontamination. 

..... 
o 
~ 



TABLE XXXIV. 
t 

GASTRIC SECRETION - EFFECT OF REPEATED INJECTION OF HISTAMINE 
FOLLOWED BY PILOCARPINE STIMULATION. 

April 29, 1931. 
Mr. H. C., No. 77171 R. V. H. Twelve-hour fast. Small Rehfuss tube swallowed. 

Sample Time Volume Free Total Mucus Peptic Remarks 
HOI HOl Activity 

min. c. c. gm.% gm. of • 0 o.c. Mett's 
units 

1 4.4 0.00 0.07 0.7 660 Fasting stomaoh contents. 

6:10 a.m. Histamine 0.5 mg. 
injected subcutaneously. 

a.m. 
2 6:10-6:25 15 15.1 0.18 0.25 0.7 660 
3 6:25-6:40 15 16.3 0.30 0.35 0.2 660 

6:41 a.m. Histamine 0.5 mg. 
injeoted subcutaneously. 

4 6:40-6:55 15 37.5 0.29 0.34 0.1 900 
5 6:55-7:10 15 36.0 0.34 0.39 0.2 576 

7:10 a.m. Pilocarpine 10 mg. 

6 7:10-7:25 15 41.0 0.32 0.36 0.1 
injected subcutaneously. 

576 
7 7:25-7:40 15 30.0 0.09 0.14 0.1 400 7:25 a.m. Mild salivation. 

;8 7:40-7:55 15 39.0 0.00 0.07 0.5 400 ?:40 a.m. Sweating marked. 
9 7:55-8:10 15 38.8 0.06 0.11 0.2 - 8:10 a.m. Salivation and 

10 8:10-8:25 
: _ .... 

.. 15 13.0 0.09 0.20 0.1 
sweating ceased. 

400 Samples 4 to 6, faint yellow 
tinge; all others olear. 

-- -- ~ 
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bottom of a test-tube containing gastric juice, it might 

conceivably have remained at the lowest level of the stomach 

in contact with the mucous membrane from whioh its removal 

would be difficult. The possibility of neutralisation of 

the gastric juice by saliva or the mucous secretion of the 

throat and oesophagus cannot be excluded. It is possible too 

that in man pilocarpine acts on the gastric glaruS differently 

than in dogs. 

Both larger and smaller doses of pilocarpine were given 

in other patients with BPproximately the same effect, and 

we were forced to conclude that for some reason the effects 

produced by pilocarpine injection in dogs could not be ob­

tained in man. 

DISCUSSION I 
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DISCUSSION 

The experimental data presented above provide evidence 

that histamine aots selectively on certain cells of the 

gastric mucosa. According to our interpretation (Babkin, 

1930; Vineberg and Babkin, 1931) it activates those cyto­

logical elements of the gastric glands which secrete water 

and Hel and some other inorganic constituents of the juice. 

The enzyme content of hist~nine juice does not represent a 

true secretion from the peptic cells. The presence of 

enzymes in the histamine juice is rather the result of a 

passive action, i.e. simply a ftwashing-out" process from 

the lumen of the gland or from the peptic cells brought about 

by the aotively secreting parietal cells. 

Quite independently and unknown to us, Gilman and 

Cowgill (1931),working at Yale University, arrived at the 

same conclusion with regard to the action of histamine on 

enzyme concentration in gastric secretions. However, 

Polland (1932) did not agree with this view. On the con­

trary he presented evidence which he believed indicates 

that histamine stimulates the peptic cells. His work was 

, oarried out on human subjects and the results show a constant 

fall in the concentration of pepsin during the period of 

maximum secretion. Repeated doses of hist&nine were given; 

the / 



- 108 -

the second and third doses, however, were administered after 

the effect of the preceding dose had worn off. The total 

output of enzymes after the initial dose was high - much 

higher than subsequent responses. Our own observations with 

repeated doses of histamine in human subjects are similar 

to those reported by Polland. However, his explanation 

is hardly justifiable, particularly when, as he has reported, 

there is a lower output of enzymes with each succeeding 

histamine stimulation. It would seem rather that in the 

case of the human gastric mucosa a longer period of secre­

tion is necessary to wash out the enzymes than in the case 

of a dog. 

The action of pilocarpine on the parasympathetic-nervous 

system has been known for many years, also the fact that it 

activates chiefly the production of organic substances and 

enzymes in gastric juice (Tschurilov, 1894; Zitovitsch, 

1902). The effects upon gastrio secretion of histamine 

and pilocarpine combined, however, have not been previously 

determined. The marked increase in enzyme concentration 

and output, which follows the injection of pilocarpine during 

histamine secretion in a dog, is most instructive. It 

shows clearly that the different cytological units in the 

gastric mucosa are capable of responding to varied chemical 

stimuli in a somewhat similar manner to that experienced 

with I 
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with nerve stimulation. 

We are unable to offer an adequate explanation of the 

failure to obtain similar effects when histamine and pilo­

carpine were administered to human subjects. 
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PART I I I 

THE HISTOLOGIC}..L CHANGES PRODUCED IN THE GA.STRIC GLANDS 

BY ~ROLONGED VAQ\L '. "1'.1,-") __ 1..J..\~ HIST~;jil.INE STlllimI1ATION. 

There is in the liter~ture a scarcity of data con-

cerning the influence of the secretory nerves on the 

histological structure of the ~.stric glands. Noll and 

SO~CGloff (1905), using dogs with oesophagotomy and a 

gastric fistula, investigated the histological changes oc-

curring in the mucous membrane of the stomach after sham 

feeding. They found that during the :period of secretion 

there was a moderate enlargement of the :parietal cells and 

a diminution of the chief cells. 

Di Cristina (1908) fed an animal and one hour later 

stimulated the vagus nerve for a period of ten minutes. 

He then found tha t the granules in the chief cells had 

diminished in size and that occasionally there was vacuole 

formation. The parietal cells were observed to be filled 

with granules. 

Anrep, Pavlov and Savitsch (1922) commenced an inves­

tigation of the structural changes occurring in the gastric 

mucosa in response to vagal stimUlation. Unfortunately 

this work was never completed; however, they re:ported some 

changes in the chief cells after vagal stimula.tion. 

There appear to be no data available concerning the 

histology / 
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histology of the gastric mucosa after histamine stimulation. 

In Parts I and II certain physiologioal data were 

obtained in dogs whioh suggested that vagal and chemical 

stimuli are capable of activating some of the cytological 

elements of the gastric glands without markedly affecting 

the other cytological elements. Thus strong vagal stimula-

tion produced a gastric secretion having both a high acid and 

a high peptic concentration, whereas histamine was shown to 

produce a secretion with a high acid content but extremely 

low pepsin concentration. 

In order to ascertain whether these differences in 

function manifested by the peptic cells in response to two 

different stimuli would be reflected in their histological 

structure, two types of experiment were undertaken. In one 

group the histological ehanges occurring in the gastric glands 

after prolonged vagal stimulation were studied. In a 

seoond group similar studies were made after histamine st~ula­

tion. Dogs were used and prepared according to the 

standard technique described under t~ethods". In all the 

animals, prior to the insertion of the gastric fistula, a 

control section of mucosa was taken from the anterior surface 

of the stomach and immediately placed in a fixing solution. 

Stimulation of gastric secretion was then instituted either 

by vagal st~ulation or by means of histamine administration. 

~e/ 
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The resulting gastric secretions were collected at definite 

periods and the volume, free and total HOI, volume of mucus 

and peptic activity determined. After six to nine hours of 

stllnulation the animals were killed by exsanguination. 

Sections were immediately taken from the various regions of 

the stomach and were placed in different fixing solutions. 

At the commencement of this work much difficulty was exper-

ienced in preventing distortion of the peptic cells. However, 

it was found after some time that this effect was due to 

shrinking, brought about by the fixatives employed, viz. 

Z~er.mants fluid, alcohol corrosive sublimate, formal, 

Zenkerts solution, and Rigaud's fluid. Finally, when 

Zenkers-formol or Bouin's fluid (original) was employed as 

fixative, there was no shrinkage. After fixation the seotions 

were passed through various strengths of alcohol and stained 

with Harris's haematoxylin eosin stain. 

EXPERIMENTAL / 
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EXPERI~KENTAL RESULTS 

In all, fourteen experiments were conducted; gastric 

secretion was produced by vagal stimulation in nine of these 

and by histamine in five. A comparison between sections 

of the mucosa taken before and after long continued electrical 

stimulation of the vagus nerves showed: 

(1) The peptic cells contained fewer granules than 
before stimulation. 

(2) The peptic cells became somewhat shortened, this 
resulting in a widening of the lumen of the 
gland. 

(3) The cytoplasm in the stimulated peptic ce11s 
presented a denser arrangement than that 
observed in the resting cells. 

(4) The nuclei in the stimulated peptic cells shifted 
towards the centre of the cell. This was in 
contrast to the more peripheral and basal position 
occupied in the resting cell. 

On the other hand, in those experiments in which histamine 

was employed as the gastric stimulant, a comparison between 

the sections of the mucosa taken before and after prolonged 

secretion showed practically no change in the peptic cells. 

DISCUSSION / 
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DISCUSSION 

At the outset it would be well to state that the 

rather sketchy and incomplete report of the above results 

represents a preliminary report of work which is still in 

progres·s. The evidence presented, however, seems 

sufficient to permit the deduction of certain conclusions. 

The changes which occurred in the peptic cells after 

prolonged strong vagal stimulation correspond with the 

physiological observations reported earlier in this work 

(Part I) and add a new link to the chain of evidence which 

indicates that the peptic cells are directly under the 

influence of the vagus nerves. 

More important perhaps is the fact that the peptic 

cells showed very little change after a prolonged stimula­

tion of gastric secretion by histamine. This is not sur­

prising-since it can hardly be expected that cells which are 

not functioning (as indicated by the low pepsin output) will 

undergo structural rearrangement. The histological picture 

tends to confirm the view that histamine acts only ~pon the 

parietal cells of the gastric glands without markedly affect­

ing the peptic cellular elements. Further, it supports the 

principle of independent cellular function which was deduced 

from physiological evidence presented in Part II of this 

thesis. 
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PART IV 

THE INFLUENCE OF THE VAGUS NERVE ON 
OESOPHAGEAL SECRETION -

HISTORICAL 

An extensive search of the literature has failed to 

disclose any facts concerning the vagus nerve and its func-

tional connection with the oesophageal glands. These glands 

are numerous and in the dog are of two kinds: (1) oesopha­

geal glands and (2) oardiac oesophageal glands. The 

"oesophageal glands" are numerous in the oeso'phagus of the 

dog and are composed~of two kinds of cells - mucous and 

demilune (Klein, 1879; Renant, 1897; Helm, 1907; Goetsch, 

1910; Ellenberger, 1911). Goetsch reports an arrangement 

of the serous complexes which resembles that found in the 

submaxillary gland. These are provided with intercellular 

secretory capillaries. Situated in the main and sometimes 

in the secondary excretory ducts are ampullae filled with 

mucoid secretion (Schaffer, 1897; Goetsoh, 1910). Of the 

seoond type of gland found in the oesophagus, viz. the 

"upper and lower oardiac oesophageal glands" two different 

kinds have been described. Some have the same structure as 

the I 
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the glands of the cardiac portion of the stomach and have 

p.ractically no parietal cells, while others are glands of 

a true fundic type and secrete acid gastric juice. Their 

formation has been oalled tfislands of gastric mucosa" 

(Sohaffer, 1904; Schridde, 1904, 1905, 1908; Helm, 1907; 

Ellenberger, 1911). The upper cardiac oesophageal glands 

are absent in the dog, whereas the lower cardiac oesophageal 

glands are occasionally present. The dog is the only domes­

tic animal which has this type of gland in the oesophagus. 

The stomach, pancreas and small intestine are known 

to reoeive secretory fibres through the vagus nerves. In 

the larynx and trachea, which are embryologically derived 

from the primitive tubular gut, there are also glands in­

nervated by the vagus (Kokin, 1896). Florey, Carleton and 

Wells (1932) report the activation of the tracheal glands 

by vagal stimulation. In their experiments dogs and oats 

were used. During a control period of three hours no 

obvious mucus was oollected in the tracheal cannula. They 

then stimulated the peripheral end of the vagus with a 

faradic current, each stimulus lasting one-and-a-fifth seconds 

with an intervening rest period of one second. After a 

few minutes mucus secretion began to appear in the cannula 

being pushed up from the trachea by the cilia. They were 

able to obtain a similar secretion of mucus with pilocarpine 

stimulation / 
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stimulation. Secretions obtained by vagal stimulation and 

pilocarpine were inhibited by atropine action. By means 

of histological examinations they showed that prolonged 

vagal stimulation exhausted the tracheal glands but had 

no effect upon the globlet oells which failed to discharge 

their mucoid oontent. Consideration of the ooramon origin 

and innervation of traohea and oesophagus and the faot that 

the tracheal glands can be made to secrete by vagal stimula­

tion suggests that the vagal influence may in a similar 

manner extend to the oesophageal glands. 

EXPERIMENTAL I 
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EXPERIMENTAL RESULTS 

It will be reoalled that in order to isolate the stomaoh 

during a study of gastric mucus two fistulae were introduoed 

into the oesophagus. One was placed in the organ in the 

region of the neok, the other was introduoed through its 
I 

diaphragmatic portion and firmly seoured (see Part I , 

Table XIII). During the experiment 20.1 c~. of mucus were 

collected from the oesophageal cannulae in response to 

strong vagal stimulation. This mucus was believed to have 

been secreted by the oesophageal glands in response to vagal 

stimulation. This interpretation however had no experimen­

tal basis. Objections were raised that the mucus may have 

been pressed out of the glandular lumina by the motility 

of the oesophagus and consequently the process was not of 

a secretory nature. Thus it was necessary to determine 

whether this were the case or whether the process was truly 

one of secretion involving a response of the oesophageal 

glands to vagal stimulation. 

Prooeeding on the basis that during a secretory process, 

particularly one of vagal origin, definite ohemical changes 

take place in the products of secretion, chemical analyses 

were made of fractions of the mucus obtained at different 

periods throughout the course of stimulation. 

undertaken I 
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undertaken in collaboration with Dr. S. A.l\aalarov. 

In all, eight experiments were performed. In two 

of these the current applied to the vagi was weak at the 

commencement and was gradually increased in intensity to 

that of strong stimulation. In five experiments the current 

applied was strong from the beginning and continued thus 

throughout the entire duration of the experiment. In two 

of these chemical analyses were made of the muous produced. 

Oesophageal Secretion: Effect of Transition from 
Weak to strong Vagal Stimulation 

It was observed, during the study of gastric secretion 

produced in response to vagal stimulation in those experi­

ments in which the oesophagus was isolated from the stomach, 

that there was no secretion from the oesophagus during weak 

stimulation whereas secretion appeared under the influenoe 

of strong stimulation. This effect is shown in Tables 

XXXV and XXXVI. In the experiment shown in Table XXXV, 

weak stimulation over a period. of '245 minutes failed to pro­

voke secretion whereas shortly after strong stimulation 

secretion of thick mucus began. A total of 11 ~c. of se-

cretion was collected. Similarly, in the experiment shown 

in Table XXXVI, weak stimulation for 2S0 minutes caused no 

secretion / 



OESOPHAGE-~ SECRETION 

Exp. Maroh 21, 1930. 

TABLE XXXV. 
I 

EFFECT OF TRANSITION FROM WEAK TO STRONG VAGAL STIMULATION. 

Dog, weight 13.9 kg. Anaesthesia, ohloralose and urethane. No artifioial respira­
tion. Cannula inserted in the lower and also in the upper end of the oesophagus; 
pylorus tied. at the junotion with the duodenum. Collections of oesophagea.l seoretion 
from upper and lower oannula respeotively. 

Sample Time Volume Peptio Remarks . . Aotivi ty 
Tota.l Upper Lower 

Cannula Cannula 

min. o.c. a.c. o. c. Mett's 
units. 

12: 05 -2: 44 :p.m. 159 0 12:05 p.m. Continuous stimu- I 

lation begun: ooil 13 om. 

2:44--3:25 p.m. 41 0 2:41t :p.m. Stimulation 
altered: ooil 13 om. 

3: 25 -4-: 10 p.m. 45 0 3:25 p.m.: coil 12 em. 

4: 10-4: 1+0 p.m. 30 0 4-:10 p.m. : coil 9 om. 

1 It:1+0-5:30 p.m. 50 11 10 1 0 4: lto p.m. : ooil 8 om. 

..... 
~ o 



TABLE XXXVI. 

OESOPHAGEAL SECRETION El'FECT OF TRANSITION FROM WEAK TO STRONG VAGAL STIMULATION. 

Exp. March 25, 1930. 

Dog, weight 5.9 kg. Anaesthesia, chloralose and urethane. No artifioial respira­
tion. Cannula inserted in the u:pper and also in the lower end of the oesophagus; 
pylorus tied at the junction with the duodenum. Co1leotions of oeso:phagea1 secretion 
from upper and lower cannula respectively. 

Sample Time Volume Peptic Remarks Activity 
Total Upper Lower 

Cannula Cannula 

min. 
Mett's 

c.c. c.c. c.o. units. 

. 

11: 25 a.m.--
tL1+o C) 11:25 a.m. Continuous stimu-1 :45 p.m. 

1ation begun; coil 14 em. 

1 : 1+5 -2 : 1+0 :p. m • 55 0 1:45 p.m. Stimulation 
altered; coil 13 em. 

2:40-3:20 p.m. 30 0 2 :1+0 p.m.: coil 12.5 om. 

3:20-4:05 p.m. 4-5 0 3:20 p.m.; coil 11.5 em. 

4:05-5:00 p.m. 55 0 1+: 05 p.m.; coil 9 cm. 

1 5:00-5:1+0 :p.m. 1+0 4.5 1+ 0·5 0 5: 00 p.m.; coil 7 crn. 
----- .-
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secretion, whereas with strong stimulation 4.5 c~. of mucus 

were obtained over a period of 95 minutes. When strong stimu­

lation was applted from the start and continued over a con­

siderable period of time there was a definite secretion 

of thick gelatinous and highly viscid mucus. This sub­

stance was crystal olear and extremely tenacious. As 

stimulation continued there was an increase in the rate of 

secretion and a change in the character of the secretion 

from a highly viscid to a semi-fluid substance (Table XXXVII). 

In all the experiments more secretion was obtained from the 

upper oesophageal fistula than from the lower one; e.g., 

in the experiment shown in Table XXXVII, lS.l cc. were 

obtained from the upper cannula and only 2 cc. from the lower 

cannula. In control experiments in which the vagi were 

not stimulated there was no o~sophageal secretion. 

Similar results were obtained with strong vagal stimu­

lation in two experiments shown in Table XXXVIII. A more 

detailed chemical examination of the secretion was made in 

these experiments. The course of the oesophageal secretion 

is shown in Fig.2 as well as the concentration of different 

constituents of the mucus secreted. It is evident in these 

experiments (see Fig.2) that there was a long initial period 

of secretion lasting for 200 to 300 minutes. During this 

period the rate of secretion was 0.55 cc. (Experiment of 

April 9) and 1.0 oc. (Experiment of April 23) from the upper 

end I 
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Figure 2 
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The course of the oesophageal secretion 
in experiments of April 9 and April 23 
is shown by continuous double lines. 
The division between the two periods of 
secretion is indicated by a heavy vertical 
line. In one experiment {April 23} the 
concentration of the different constituents 
of the secretion is charted. 



TABLE XXXVI I . 

OESOPHAGEAL SECRETION EFFECT OF STRONG VAGAL STIMULATION. 

Exp. March 28, 1930. 
Dog. Ana.esthesia, chloralose and urethane. No artificial respiration. Cannula 

inserted in the upper and also in the lower end of the oesophagus; pylorus tied at the 
junction with the duodenum. Collections of oesophageal secretion from upper and lower 
oannula respectively. 

Sample Time Volume Feptic Remarks 
Totalf Upper' Lower Activity 

I Cannula; Cannula 
I Mett's mfn. c.c. c. c . c.c. units. 

C2! 

10:50 a.m. 10:50 a.m. Continuous stimu-

4-2 
1ation begun; ooil 9 cm. 

1 10: 50-11: 32 a.m. 3·5 3·5 I 0 0 
I 2 11:32 a.m.- 12:32 p.m. Stimulation dis-60 4-.0 4-.0 0 0 12:32 p.m. continued. 

1:4-0 p.m. 1:4-0 p.m. Stimul8-tion begun: 
coil 8 cm. 

3 1:4-0-2:20 p.m. 4-0 3·5 3·5 0 0 

4- 2:20-3:00 p.m. 4-0 3.0 3.0 0 0 

5 3:00-3:20 p.m. 20 1.1 1.1 0 0 

6 3:20-3:4-0'p.m. 20 3·0 3.0 0 0 

4-:4-0 p.m. 2.0 2.0 0 
----~-~. -- -
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TABLE XXXVIII. 

Detailed chemical analysis of the oesophageal secretion collected from the upper and 
lower ends of the oesophagus of two dogs, during rhythmic stimulation of the vagi in 
the neck. 
In each experiment, Samples I and II represent the collections made during the first 
and second :p eriods of secretion , respectively. 

Secretion 

Time of oollection (min.) .......••. 
Quan t i ty (c. c .) .•.•••••...•..•.••.• 
Specific gravity (density) •••••.• 
pH ••••••••••••••••••••••••••••••• 
Acid-combinins power (m.eq./l litre) 
Solids (gm. %) •.•••••.•...•.•.•..• 
Ash (grn. %) ••.••••.•••.•..••.•.•.• 
Organic rna t erial (gm. %) •..•..•.•• 
01 (mg. %) •••..••••.....••.•....• 
p - tot a1 ( mg. c/o) • • • • • • • • • • • • • • • • • 
K (mg. %) •••••••••••••••••.••••• 
Ca (mg. %) ••••..•......••.....•.• 
Ni trogen - total (mg. %) ••.•.••••• 
Nitrogen -non-protein (mg. %) •••. 

i trogen - amino (formol) (mg. %) •• 
~trogen -ammonia (me;. %) •••••.•• 
J. trogen -urea (mg. 0;0) ••••••••••• 
eptic power ...•••................ 

------~.------------------

Experiment, April 9 
(Dog 1) 

S-am:p1.e I -S-ampJ.-e II Sample III 
(upper (upper (lower 
end) end) end) 

315 
5·9 

142.4 

4-.1 

o 

375 
13.9 

1007·5 
8.3 

15·0 
1·353 
1.05 
0.303 

618.0 
1.2 

53.6 
6.2 

63.3 
39.2 
2.6 
3.64-
6.72 
o 

690 
9·3 

15·0 

501.0 

85.1 

1+.48 
5.823 
o 

Expe rim en t, A.:pri 1 23 
(Dog 2) 

Sample I Samp1-e- 11-
(upper (upper 

end) end) 

4-10 
17·0 

7·5 
11·5 
1.4-77 
0·957 
0·52 

504.7 
1.2 

51.0 
6.9 

80.6 
36.0 

2·5 
4.76 
5.04-
o 

135 
IB.O 

1007.0 
8.0 

11.6 
1.25 
0.92 
0.26 

582.8 
0.9 

58.2 
6.9 

52·5 
31.6 

2·5 
4.72 
4.78 
o 

I 
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~ 
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end of the oesophagus. The secretion during this stage, 

as in the experiment shown in Table XXXVII, consists of an 

extremely thick and tenacious mucoid substance which pre­

cedes a more oopious flow of semi-fluid muooid substanoe. 

This oomparatively long period cannot be considered as a true 

latent period but must rather be attributed to the difficul~y 

with which this viscid material is evacuated. Secretion 

was well maintained for the next 200 to 300 minutes, gradually 

declining towards the end of the experiment. This terminal 

decline was probably due to diminished nerve excitability 

and also to the dying condition of the animals. 
A 

In both these experiments the secretion collected from 

the upper end of the oesophagus was separated into two 

parts (Samples I and II). In addition in, one experiment 

(April 9) the secretion from the lower end of the oesophagus 

was collected as a separate sample. A perusal of Table 

XXXVIII shows that the reaction of the oesophageal secretion 

was decidedly alkaline. It was rich in ash with a moderate 

oontent of organic substances. The initial secretion was 

extremely thick but as the flow increased in volume it 

became somewhat more fluid. The secretion obtained during 

the first part of the experiment (Sample I,Experiment April 

23) contained twice as much organic material as that col­

lected during the second part of the experiment (Sample II). 

Since I 
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Since the character of the secretion changed during its 

course from highly viscous to fluid, it is probable that the 

sources of the mucus were" exhausted during the prolonged 

stimulation. 

The total nitrogen in both experiments was definitely 

lower in samnles of secretion obtained after the secretion ... 

was well established. There was however only a slight 

diminution of the non-protein nitrogen and urea and no ohange 

in the values for amino nitrogen and ammonia. There was 

considerable variation in the inorganic constituents of the 

seoretion collected during the two periods. In Sample II 

(Exp. April 23) the total ash increased, as did the chlorine 

aud potassium during the second stage of the secretion. 

The caloium concentration was unaltered whereas the phos-

phorue concentration fell. The composition of the secretion 

collected from the lower end of the oesophagus corresponded 

closely to that of mu"cus obtained from the upper end (Sample 

III, Exp. April 9). 

Thus from the above data there are indications that 

stimulation of the vagi activated a true secretion from the 

oesophageal mucosa. If the process were merely one of 

squeezing out pre-fonaed mucus the secretion would not continue 

for such a long period. What is more important however is 

that there would be no changes in its chemical composition 

during I 
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during the course of the secretion. These changes are 

similar to those which occur in the composition of saliva 

during prolonged activity of the mixed glands. 

Atropin1sation, carried out during the course of the 

experiment with the object of curtailing the volume of 

the secretion, yielded indefinite results. Large doses of 

atropine sulphate (lO to 15 mg.) paralysed the vagus inner­

vation of the heart and other organs and yet a slow flow 

of mucus continued from the ~pper cannula. The explanation 

of this seeming paradox was clear on postmortem examination 

which revealed a large quantity of viscous material still 

adhering to the walls of the oesophagus. Thus the flow of 

mucus continued in spite of atropin1sation, its evacuation 

from the oesophagus being caused by the respiratory movements. 

A comparison of the chemical properties of the secre­

tions of the oesophageal, salivary and gastric glands is 

interesting (see Table XXXIX). Absolute comparative figures 

are not available since the composition of the secretions 

from these glands varies with rate of the secretion and the 

strength of the stimulus: however, a general comparison 

is of value in that it shows the difference between the 

chemical composition of the secretion of the oesophageal 

glands and that of the glands functioning above and below 

them., The acid-combining power of the oesophageal secretion 

is I 



TABLE XXXIX. 

CHEMICAL COMPOSITION OF OESOPHAGEAL SECRETION COMPARED WITH SALIVARY AND GASTRIC SECRETIONS. 

Specific gravity (density) •... 
pH •• ' •••••••••••••••••.••••.•• 
Aoid-combining power (m.eq./1.) 
Solids (gm. %) •.••.••••.•••••. 

Ash (~. %) ••••••••••••••••••• 

Organic (gm. %) ••.•.••.• ~ •••.. 
01 (mg. %) • • • • • • • • • • • • • • • • • • • 
p - total (mg. %) 
K - to t a1 ( mg. %) 

• • • • • • • • • • • • 

• • • • • • • • • • • • 

Ca (mg. %) ••••••••••••••••••• 

Ni trogen - total (mg. %) ••••• 
Ni trogen - non-protein (mg. %) , 
Hi trogell - amino (fonnol) (mg.%) 
IN ~ trogen - ammonia (l~g. "/0) •••• 
IN 1. t ro gen - u re a ( mg. %) • • • • •• 
,Peptic power • • • • • • • • • • • • • • • • • 

Oesophageal 
Mucus 

1,007 
7.5 - 8.0 

11.5 - 11.6 
1.1+77- 1.25 

0·957- 0·99 

0.52 - 0.26 
500.0 -618.0 

1.2 - 0·9 
51.0 - 58.2 

6.2 - 6.9 
80.6 - 52 .5 
36.0 - 36.6 
2·5 - 2·5 
4-.76 - 4-.72 
6.72 - 1+.78 
o o 

Saliva 
Submaxillary I Parotid 

15·0 - 30.0 I 25.0 - 65·0 

0.29 -611.0 0.54-- 0.8<i) 

1.11+ 0·1+5 
5.8 -21+6.0 170.0 -328.0 

1·5 1.1 
1+8.0 - 92 .5 37.9 - 91.6 

5.8 - 13·2 20.0 - 26.0 

Gastric 
Juice 

0.315- 0.88 ) 
(Kersten 

0.387 ·(Rosemann) 
0.127- 0.136 

(Rosemann) 

600 (Rosemann) 
587 -629 (Webster) 

30.7-1+3.3 
(Rosemann) 

0.22-0.07 
23.0 -28.0 
9.S -11+.8 
0.25- 2.it5 
1.8 - 5.6 
0.16- 0.S8 

__________________________________ ~-----------------.~I--------------~------------~--____________ ------I 

I 
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is lower than that of saliva from the para,tid gland (25.0 to 

65.0 mil. equiv.) and lower than that of saliva from the 

mixed glands (about 15.0 to 30.0 mil.equ1v.). The oesophageal 

seoretion is muoh richer in total ash content (about 1.0 gm. 

per cent.) than the secretion of the mixed glands (0.29 to 

0.611 gm. per cent.) or the parotid glands (about 0.54 to 

0.8>3 glU. per cent.). (These data on the inorganio composition 

of the saliva were obtained by reflex stimulation of the 

glands, and are taken from unpublished work of Dr. H. 

BaxterJ It has also a higher ash content than the gastric 

juice,which according to Rosemann (1907) is 0.127 to 0.136 

gm. per cent. Likewise a comparison between the solids 

of dogts gastric juice and oesophageal seoretion shows 

the figures for the latter (1.25 to 1.477 gm. per cent.) to 

be nearly three times as h~gh as for the former (0.315 to 

o.gg gm. per cent. according to Kersten: (1920J and 0.3g7 gm. 

per cent. according to Rosemann [1907]. The chlorine con­

centration in the oesophageal secretion (500 to 618.0 mg. 

per cent.) is about equal to or somewhat lower than that of 

the gastric juice (about 0.6 gm. per cent. [Rosemann., 19-07], 

0.5g7 to 629 mg. per cent. tWebster, 193~ ) and much higher 

than in the saliva of the mixed glands (58.0 to 246.0 mg. 

per cent.) and parotid glands (170.0 to 32ao mg. per cent.). 

Potassium is lower in the oesophageal seoretion (51.0 to 5g.2 

mg. I 
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mg. per cent.) than in the saliva of the mixed glands 

(4S.0 to 92.5 mg. per cent.) and parotid glands (37.9 to 

91.6 gm. per cent.) but higher than in the gastric juice 

(30.7 to 43.3 mg. per cent. lRosemann, 190~ ). 

The calcium concentration in the oesophageal secretion 

(6.2 to 6.9 mg. per cent.) is higher than in the gastric 

juice (0.22 to 0.07 mg. per cent.) but lower than in the 

saliva of the mixed glands (5.S to 13.2 mg. per cent.) or of 

the parotid glands (20.0 to 26.0 mg. per cent.). A large 

proportion of the total nitrogen present is in the form of 

non-protein nitrogen. The same seems to be true of the 

nitrogen in the gastric juice. During the course of secre­

tion there is a marked fall in the total nitrogen with only 

slight diminution of the non-protein nitrogen. The concen­

tration of ammonia (4.72 to 4.76 mg. per cent.) in the oeso­

phageal secretion is almost the same as in the gastric juice, 

whereas the concentration of urea is higher in the former 

(4.7g to 6.72 mg. per cent.) than in the latter (0.16 to 

o.gg mg. per cent.) 

oesophageal secretion. 

No pepsin was demonstrated in the 

Because of the difference in the chemical composition 

of secretions from the oesophageal, salivary and gastric 

glands respectively it seems justifiable to conclude that 

the oesophageal secretion is a special secretion which differs 

from I 



.'-: 

- 131 -

from the secretions of the adjacent upper and lower parts 

of the alimentary canal. 

DISCUSSION / 
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DISCUSSION 

It will be remembered that there are two kinds of 

oesophageal glands: 

1. Oesophageal glands,having two kinds of 
cells (a) Mucous, (b) Demilune, with an 
arrangement of the serous oomplexes re­
sembling that found in the subma~illary 
gland, 

2. Cardiac oesophageal glands: 

(a) Upper oeso~hageal glands (not present 
in the dog), 

(b) Lower oesophageal glands, having either 
the same structure as the cardiac glands 
of the stomach without parietal cells 
or the struoture of true fundic type of 
gland containing acid cells. 

The glands of Group 1 oomprise the majority of the oesophageal 

glands in the dog and it is probably from these that the 

oesophageal secretion obtained by vagal stimulation is de-

rived. They are of the mixed type; hence their secretion 

is of a oompound nature. During the first period of stimula­

tion of the vagus the secretion is very viscid and mu-

cold~ Uemucus oonstituents are probably derived partly from 

the secretion of the mucous cells of the oesophageal glands 

and partly from the ampullae of the excretory duct where 

the secretion accumulated during the period of rest. The 

secretion / 
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secretion of the demilune cells in this period is over­

shadowed by the secretion of the mucous cells. After a pro­

longed period of stimulation of the secretory nerve these 

sources of mucus were more or less exhausted and the secre­

tion beoame more fluid in consistency. This also explains 

the fall in the concentration of the total nitrogen and the 

rise in the concentration of chloride and potassium in the 

samples collected during the later hours of stimulation. The 

absence of demonstrable peptic activity in the secretion 

obtained from either the upper or lower end of the oesophagus 

may be explained by the fact that the cardiac glands are 

rarely found in the oesophagus of a dog. Thus a close re­

lationship exists between the oesophageal secretion and 

stimulation of the vagi. Stimulation is associated with 

typical changes in the composition of the secretion which 

occurs under its influence. It may therefore be concluded 

that the vagus is a secretory nerve to the oesophageal 

mucosa. 

The glands of the trachea and larynx are under the in­

fluence of the vagus (Florey, carleton and Wells, 1932) which 

fact lends support to our findings since the respiratory 

ducts are derived as a ventro-medial outgrowth from the part 

of the fore-gut which later develops into the oesophagus. 

Thus the part played by the vagus in the oesophageal 

secretion I 
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secretion is important experimentally because of the 

possible oontamination of gastrio secretions of vagal 

origin by oesophageal mucus. 

Further, from the phylogenetic point of view, accor­

ding to Goetsch (1910) the presence of oesophageal glands 

in some animals (chiefly mixed feeders) and their absence 

in others (purely vegetable feeders) make it diffioult to 

understand their role. He believes that the glands de-

veloped independently in different species in accordance 

with their special needs. In the dog large pieces of meat 

or bones require lubrication during their passage through 

the oesophagus. It seems significant that the same nerve 

which regulates the motility of the oesophagus can at the 

same time stimulate the secretion of the oesophageal glands. 
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PAR T V 

HISTORICAL: 

THE INTERDEPENDENOE OF GASTRIC SECRETION AND 
THE C02 CONTENT OF Tim BLOOD 

For some years sporadic indications have appeared in 

the literature that there is a relation between blood CO2 
content and gastric secretion. Malyls theory, first ad-

vanced in 187S, postulated the importance of CO2 in the 

formation of HCl, but placed it second however to NaHP04' 

which Maly believed to be the compound directly concerned 

in the formation of HOI. 

Alkalis as Gastrio Stimulants 

Some of the earliest reports on gastric secretion and 

its relation to the ingestion of alkaline fluids are of great 

interest when considered in the light of more recent knowledge. 

In 1843 Blondlot obtained a long continued flow of gastric 

juice with high acidity after feeding gastrostomised dogs 

on meat moistened with sodium carbonate. Some forty years 

later Jaworski (lS88) attributed to the alkaline Carlsbad 

waters the power of causing an atrophy of the secretory 

tubules I 
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tubules. He held the opinion that these alkaline waters 

converted hyperchlorhydria into bypochlorhydria by setting up 

through irritation a catarrhal condition of the gastric 

mucosa with consequent diminution of the acid supply. 

Pavlov (1910) stated that an inhibitory influence must be 

ascribed to sodium bicarbonate. This conclusion was based 

on the fact that water always acts as a gastric stimulant 

whereas in the case of soda "not one of its solutions 

(varying from 0.05 to l~ strength) when brought in quantities 

of 150 op. into the large stomaoh were able to evoke even a 

single drop of juice from the small cavity". 

Two French investigators, Linoissier and Lemoine (l894), 

obtained results which were more in accord with the obser-

vations of Blondlot. They were of the opinion that sodium 

bicarbonate acts as a gastric secretory excitant no matter 

what the dose, and report having observed a case of anacidity 

which was transformed into one of hyperacidity after pro-

longed use of alkaline Vichy waters. Since then numerous 

authors have observed that feeding large quantities of 

NaHOO3 over a prolonged period of time raises the level of 

the acid curve during fractional test meals. Thus Crohn 

(191S) studied the effects which various alkaline powders, 

given before or after breakfast (heavy oatmeal gruel) pro-

duced upon gastric secretion. He found that magnesium 

oxide I 
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oxide (O.g to 1 gm.) and NaHC03 (2 gm.) given before or 

shortly after the test breakfast, although temporarily de­

oreasing the aoidity of the gastrio oontents through direot 

neutralisation, gave rise to a secondary seoretion. The 

ourve of aoid conoentration steadily rose, reaohing hyper­

acidity levels between one-and-a-half to two-and-a-~"arter 

hours after the giving of the meal. In the case of mag-

nesium oxide the emptying time of the stomaoh was prolonged 

by half-an-hour. If, however, the alkali was given 

one and three-quarters hours after the ingestion of the 

test meal instead of before or shortly after, there was a 

rapid and efficient neutralisation of the digestive acidity 

without a secondary rise. In conclusion he writes: "With 

too small a dose no beneficent neutralisation is acoomplished 

while the attendant seoondary rise in acidity rarely fails 

to assert itself. When too large a dose is employed, 

one risks paralyzing the digestion for a considerable period 

following which there appears a hyperacidity of even greater 

degree than the one we undertook to combat. The combination 

of slowly acting with more rapid alkalies is desirable," and 

finally he states, "It-- seems questionable whether prolonged 

use of the alkalies leads to any permanent diminution of the 

aoid secretion of the stomach; in fact it is as likely that 

the oppos i te effect is produced. It 

In / 
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In an attempt to clarify more thoroughly the relation 

between alkali and gastric secretion, Boyd (1924) studied 

the response to food with and without alkali in one Hein-

henhain- and three Pavlov-pouch animals. The dogs were 

studied over a considerable period of time and then were 

given alkaline powders in divided doses) to 9 times daily. 

The rate of secretion in response to a standard stimulus 

was found to be higher during the administration of alkali 

than during the oontrol period, and was maintained for 

6 to 7 days after the cessation of alkali administration. 

Suoh were the facts when small doses of sodium bicarbonate 

were given (up to 1 gm. per kg. per day). With large doses 

(exceeding 3 gm. of alkali per kg. per day), on the other 

hand, secretion was diminished during the period of alkali 
Il 

administration. Wrhen alkal~s were no longer given, the secre-
-\ 

tion gradually augmented and finally attained hypersecretion 

values. In addition Boyd found that, when large doses of 

alkali were given, there was a diminution of the blood 

chloride values and suggested that this accounted for the 

depressing effect of large doses of alkali upon gastrio sec-

retion. 

Correlation / 
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Correlation_between Alveolar 002 Tension 
and Gastrio Secretion -

Higgins (1914) and Erdt (1915) both reported a rise 

in alveolar oarbon dioxide tension in response to digestion. 

In their interpretations of this fact two workers are 

markedly at varianoe. Higgins maintained that the changes 

in alveolar 00
2 

tension observed during digestion were 

independent of any chemical changes resulting from the secre­

tion of hydrochloric acid into the stomach. He showed that 

ordinarily a change in posture from the erect to sitting 

position raises the alveolar CO2 tension and even more so 

when the patient assumes the supine position. He be1ieved 

that this ooourred because the respiratory centre was ren­

dered less irritable and that the effect of a meal was due 

to a similar inf~uence on respiration rather than on the alka-

line reserve. Erdt on the other hand suggested that the 

increase in alveolar CO2 tension following a meal was due 

to an increase in the alkali reserve of the blood 1n conse-

quence of the 1088 of HOI from the blood to gastric juice. 

Similar results are reported by Van Slyke, Stillman and 

Cullen (1917) who went further in their studies and examined 

the bicarbonate values for blood plasma before and after a 

meal. However they found no ohanges in the bicarbonate values 

for blood plasma corresponding to the changes observed in the 

alveolar I 
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alveolar 002 tensions and thus concluded that changes in 

alveolar 002 tension were best explained along the lines 

suggested by Higgins. 

A few years later Dodds (1920-21) in a moxe extensive 

investigation on human subjeots observed not only ohanges 

in alveolar 00
2 

tension during digestion but also the faot 

that there was a definite order in which these changes took 

place; e.g. it was shown that there was a rise of 2 to 6 mm. 

Bg in the alveolar 002 tension within the first half to three­

quarters of an hour after the ingestion of food. Subsequent­

ly the rise gave way to a definite decline to 2 to 6 mm. Hg 

oelow the original level and then there was a gradual return 

to the initial level. In one subject,from whom the greater 

part of the stomach had been removed, there was an initial 

rise of 0.4 to O.g mm. whereas the secondary fall was similar 

to that observed in normal individuals. There seemed to 

be a definite correlation between the changes in the alveo­

lar 00
2 

tension and the different phases of digestion, the 

rise corresponding to an outpouring of HOl during gastric 

se~retion and the fall being closely related to pancreatio 

activation and the consequent outpouring of alkali. In a 

later paper Dodds and Bennett (192.1) presented still more 

conclusive evidence conoerning this subject. By the use 

of atropine applied locally, first to the gastric mucosa and 

then I 
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then to the duodenum prior to the ingestion of food, both 

the initial rise and secondary decline in alveolar 002 

tensions were abolished. 

The work of these early investigators, however, has 

not gone unchallenged. Brunton and Israels (1930) report 

results which are at variance with previously accepted views. 

In their experiments there was no constant relation between 

ohanges in alveolar 002 tension and the prooesses of diges-

tion. For the most part there was no increase in the 

alveolar 00
2 

tension and in some cases only an irregular 

slow rise reaching a maximum in about 90 minutes after the 

meal. When drugs alone (histamine and caffeine) were used 

as gastric stimulants a rise of alveolar 002 tension occurred 

in only one out of seven experiments. Further there was 

no seoondary decline after meals in concurrence with pan-

creat1c secretion. Brunton and Israels reasoned that any 

excess of blood alkali that normally would result from the 

seoretion of large volumes of hydroohloric acid could be 

adequately dealt with by the blood and kidneys without causing 

a measurable rise in the alveolar 002 tension. 

aastr~' 



- 142 -

Gastric Secretion: its Influence on Alveolar 002 Te~ion and Blood 002 Changes 

The controversy ooncerning the relation of alveolar 00
2 

tension changes to gastrio secretion naturally directed the 

attention of investigators to a study of the blood CO2 conoen-

trations during digestion. Van Slyke, Stillman and Cullen 

(1917) were among the first to consider the problem from this 

angle. Th~determined the 00
2 

combining power of plasma before 

and after feeding and failed to observe any change during the 

process of digestion. Dodds and McIntosh (1923) confirmed 

this finding and showed that, although the plasma exhibited 

no ohange during digestion either as regards 00
2 

or alkaline 

reserve, there was a rise in the 00
2 

content of the whole blood, 

which paralleled that of the alveolar CO2 tension. The rise 

was associated wi th gastrio secretion and the fall wi th panoreatic 

secretion. Acoording to there investigators, "All changes in 

CO2 content following meals occur in corpusc:}.es. ff 

There o"bservations were confirmed by Martin and Mogenstern 

(1931 ). In order to exclude the effects of extraneous sub-

stances in an ordinary test meal, histamine was employed as 

the gastric stimulant. In the great majority of the patients 

who seoreted an acid juice there was an increase in the CO
2 

content of alveolar air and also of plasma and serum. In 

those oases where there was an anacidity histamine oaused either 

an I 
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an increase or decrease in the 002 content of the alveolar 

air plasma and serum. There was a parallelism between the 

ohanges occurring in the alveolar 002 tension and in the 

serum or plasma. 

In a recent article reviewing the literature concerning 

the aoid output of the kidney and the alkaline tid~Brunton 

(19~3) pOints out that protein meals are universally accepted 

as best for the production of the alkaline tide and by the 

same token activate the best gastric secretions. He suggests 

however that "the effect of food constituents on the acid or 

acid ammonia output probably depends on other factors "besides 

the gastrio secretion: the acid-base balance of the food con­

stituents absorbed, metabolic conditions in the body and the 

respiratory meohanism". 

Alkalis Raise the 002 COntent of the Blood 

In the first part of this section reference was made to 

some of the evidenoe suggesting that feeding of alkali to 

humans or animals tends to augment the gastric secretory re-

sponse to a given stimulus. No mention was made by the 

authors referred to of the 00
2 

content of the blood in their 

experiments. During the past ten years the attention of 

investigators has been drawn to the effect of alkali upon the 

blood 002 content largely through clinicians and mainly as a 

result / 
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result of Sippy 1 s alkaline diet, so popular in the treatment 

of peptic ulcers. Thus Hardt and Rivers (1923) in a study 

of 32 cases of peptic ulcer treated by Sippy's powders 

reported that 50% of these showed toxic symptoms during the 

course of the treatment. These symptoms arose within from 

11- to 5 days or not until the third or fourth week of alkaline 

powder administration. The blood chemistry studied during 

this treatment showed that the 00
2 combining power of plasma 

varied from a high normal of 65 to 117 vol. per cent. There 

were other blood changes due to the complication of renal 

insufficiency which will not be discussed here. 

Jordan (1926) in a study of 41 patients with peptic 

ulcer treated on a Sippy diet states that the acid base 

equilibrium is at first somewhat disturbed by the influx 

of alkali but within a few days the levels of chloride and 

002 content approach the normal. The majority of cases show 

no chemical or clinical disturbance due to alkalosis. In 

those cases (minority) that show clinical signs of alkalemia 

the CO2 content rises markedly, and simultaneously there is a 

decline in the plasma chlorides. 

Similar results have been reported by Gatewood, Gaebler, 

Muntwyler and Myers (l92S) from a study of 46 patients with 

peptic ulcer undergoing treatment with Sippy powders. Two-thirds 

of these at some time during treatment showed a high bloOO. bicarbonate 

value I 
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value or pH, or both. Twenty-one showed an uncompensated 

alkalosis with eleotrometric pH values of 7.4S or more. In 

those cases showing a high blood bicarbonate value the 

plasma chlorides were comparatively diminished. In conclu­

sion these authors assert that alkalis as commonly admini8t~ed 

"always produce characteristic changes in the blood chemistry 

even though symptoms of alkalosis may not oocur". 

002 Content of the Blood and Gastric Secretion 

In 1925 Bakaltschuk demonstrated an increase in gastric 

acidity in human subjects after the inhalation of 002 . An 

increase was also obtained by Apperly and semmens (1928) 
, 

after the rebreathing of the subjects own expired air. In 

a different type of experiment Szilard (1930) showed an 

augmented "fasting" secretion fol~owing intravenous injec-

tion of NaHOO
3

• The injection of glucose on the other hand 

caused no such rise. 

Apperly and semmens (1928) showed in human subjects that 

there was a uarallel1sm between blood bicarbonate content 
eli 

and the response to a standard test meal. They attributed 

this to a common effect of variation in oxygenation of the 

blood on both gastric secretion and blood-bicarbonate content. 

It should be noted that the results reported by these inves­

tigators have been obtained upon human subjects by means of 

the I 
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the gastric test meal. This criterion of gastric secre-

tion is open to serious objection since the values obtained 

depend not only on the activity of the gastric cells, but 

also on the emptying time of the stomach, and regurgitation 

of duodenal contents. Dilution, due to salivation and to 

the ingested meal and conditioned reflex effects, is also a 

source of error. Apperly and Crabtree (1931) in a recent 

article are cognizant of the above sources of error (as 

indeed were Apperly and Semmens) and believe that they have 

taken them into account. In this article they report a 

direct relation between the concentration of gastric hydro­

chloric acid and the plasma bicarbonate content. 

EXPERIMENTAL I 
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EXPERIMENTAL RESULTS: 

THE INTERDEPENDENCE OF GASTRIO SECRETION AND 
THE CO 2 CONTENT OF THE BLOOD 

As has already been mentioned (Part I) active hyper­

ventilation of an animal during the course of gastric secre­

tion obtained 'by electrical stimulation of the vagi caused 

a marked diminution in the secretion. This effeot sug-

gested the existence of some relationship between the blood 

00 2 and gastric secretion. Confirmation of this view was 

found in the work of other investiga.tors whose results, 

owing to the lack of experimental proof, were suggestive but 

certainly not convinoing. With the hope of reaching a 

more definite conclusion regarding this problem the following 

experiments were conducted. In all the experiments dogs 

were used; the technique employed followed the "Standard Pre-

paration" described under IfMethod~f~. The blood ohemistry 

studies were carried out in collaboration with Dr. J. S. L. 

Browne. 

The experiments were divided into the following groups, 

and those described are illustrative of other similar exper-

iments. 

(1) I 
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(1) Nerve Stimulation: 

Influence of (a) Hyperventilation; (b) Injeo­
tion of acid (Hel and lactic); (c) Injec­
tion of NaCN,. 

(2) Histamine Stimulation: 

Influence of (a) Hyperventilation; (b) Injec­
tion of acid (HOI and lactic and of base 
NaHOO3); (0) Injection of NaCN. 

(1) Nerve Stimulation 

(a) Hyperventilation 

Two examples of this type are presented (Figs. 3 and ~). 

In the experiment illustrated in Fig.) the vagus nerves 

were stimulated with an induction current interrupted 15 

times per minute, the left and right vagi being stimulated 

alternately for periods of ten minutes each. Collections 

of gastric juice were made in periods of ten minutes; these 

represent corresponding periods of nerve stimulation. Sam­

ples were taken in this way in order to show the variations 

in nerve response. The difference between the effects of 

the right and left nerve stimulation is seen in the figures 

and is espeoially marked in the volume output. It will be 

observed that after 120 minutes of stimulation, a satisfactory 

flow of gastric secretion was obtained and showed the usual 

values for free and total acidity for this type of stimulation. 

During / 
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Figure 3 
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During this period the arterial plasma 002 content gradually 

rose to a value of 43.3 vols. pex cent. (this figure is 

approximately normal for the dog under these conditions). 

At the point 'A' artificial hyperventilation was applied at 

the rate of 64 per minute for a period of gO minutes. The 

pump used had a stroke volume of 1700 cc. There was a 

rapid fall in the volume output; twenty minutes later, the 

free and total acidity also fell. Coincidental with 

these changes the plasma CO content fell to 25.4 vols. per 
2 

cent. In other experiments we have found that the 00
2 

content usually reaohes an approximately constant low level 

within twenty minutes after the application of hvperventila-

tion. The diminished acidity continued for 60 minutes. 

At this stage (B) a Douglas bag containing a mixture of 

g per cent. 00
2 

and air was connected to the pump inlet. 

The rate of hyperventilation was kept constant. The acidity 

rose immediately to control levels; the 00
2 

oontent of the 

plasma also rose, reaching a level of 41.1 vols. per cent. 

in 27 minutes; the pH fell below oontrol levels. 

In a seoond experiment (Fig.,4) secretion was obtained 

following vagal stimulation and maintained for a period of 

50 minutes. Hyperventilation applied at fA' at the rate 

of 74 per minute reduoed the volume of secretion, the free 

and total acidity and the plasma 002 content. 

practioally I 
Secretion 
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Figure 4 
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practically ceased for a period of 100 minutes. Hyperven-

tilation was discontinued at IB' and the animal resumed a 

normal respiratory rhythm. The volume and the free and total 

acidity rose to and above control values, as did the CO2 

content. This procedure was repeated for a shorter period 

with similar effects as may be seen in the figure (0 to D). 

A third application of hyperventilation (E to F) ag:ain 

reduced all values and these were restored followi~ the 

introduction of 5 per cent. CO2 at IFI. In neither hyper­

ventilation experiment was there any significant change in 

the total chloride content of the gastric secretion. 

In a control experiment, presented in Fig.5, stimula­

tion of the vagus produced gastric secretion which gradually 

rose and reached its height in one hour. For a period of 

five hours secretion Was maintained at a constant level of 

volume and acidity. This is longer than the total duration 

of the hyperventilation experiments. At the end of the 

five hours ('AI in the figure) the volume of secretion 

diminished, as did the free and total acidity. 

This decrease was due to a diminished excitability of 

the nerve at the point of contact with the electrodes. The 

values were returned to previous levels by moving the electrode 

to a fresh position on the nerves. This procedure was re­

peated twice. At the end of the erperiment the nerves were 

acting / 
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Figure 5 
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acting and the dog was in good condition. The total period 

of stimulation was over ten hours. It has been considered 

that the vagus nerve is acting satisfactorily when a typical 

effect on heart rate and blood pressure results at each 

stimulation. In the experiments shown in Figs. 3 and 4 and 

in Table XL, the nerves acted satisfactorily throughout 

according to this criterion. 

(b) Injection of acid. 

In this experiment (Table XL), an average rate of 

secretion of 5.6 cc. per ten minutes was maintained over a 

period of 80 minutes. The average for the free acidity 

was 0.29 gm. HCl per cent., and for the total acid 0.38 gm. 

HCl per cent. The CO 2 content was 43.3 vols. per cent. and 

the pH 7.33. In a period of nine minutes 75 cc. of 0.5 

N/HCl were in"jected intravenously. Immediately atter the 

injection the plasma CO 2 content was still 43.3 but the plasma 

pH had fallen to 7.00. The respiration of the animal had not 

yet increased. The secretion continued throughout the 

injection. The volume gradually fell during the twenty­

minute period following the cessation of acid administration. 

In contrast to this the free and total acidity showed a slight 

rise. When this length of time had elapsed, the secre-

tion suddenly stopped and did not return during the 

remainder / 



TABLE XL. 
GASTRIC SECRETION - EFFECT OF INTRAVENOUS ACID INJECTION ON VAGAL STI~JmLATION. 

Exp. Sept. 27,1930. 
Dog, weight 17.4 kg. Anaesthetic, chloralose and urethane. No artificial respiration. 

Oeso:phagus tied in the neck; pylorus tied at the junction with the duodenum. 
~ 

Gastrio t)eoretlon Blood 
Sample Time Vol. Free Total Mucus Pe:p~tic CO2 

pH 
Remarks 

HCl HOI ActJ.vity Content 
min. o. c . gm.% @Jfl.% 0.0. ];1e t 's vol.% units. p.m. 

1 2: 30-3: 30 60 12·5 0.00 0.10 1.1 576.0 Control period. 
2 3:30-~:55 15 1·7 0.00 0.07 0.7 1+81+.0 

~ ~:55- :05 20 1·3 0.00 0.10 0.15 576.0 
: 05 -J-I-: 25 20 1·5 0.06 0.16 0.1 576.0 4:05 p.m. Continuous 

stimu1a tion be gun: 
I ooil 9 om. I 576.0 5 4-:25-1+:1+5 20 1+.4- 0.09 0.20 0.2 4-:25 p.m. Secretion 

4:45-5: 05 6.2 
". 

began. 
6 20 0.15 0.23 0.2 576.0 4:50 p.m. Secretion 

altered: coil 8.5 om. 

4-2~.O 
4-:55 p.m. coil 8.0 om. 

~ 5:05-5:25 ao --- 0.22 0.31 0.2 
5:25-5:~5 10 a·a 0.49 0·37 0.2 4-8 .0 

9 5:~5-5: 5 10 .4- 0.2~ o.~ 0.3 380.0 
10 5: 5-5:55 10 6.5 0·3 o. 0.3 519·0 

5:55-6:05 6.0 0.4 484-.0 
4-3.3 7.3 

11 10 0.25 0.~7 
12 6: 05 -6: 15 10 6.7 0.32 o. 4- 0·3 519.0 

i~ 6:15-6: 25 10 5·5 0.26 O.~6 0.2 576.0 
6:25-6:~5 10 5·6 0.28 o. 0 0·3 676.0 

15 6:35-6: 5 10 5·5 0.30 0.37 0·3 676.0 
i 

6:4-~ p.m. Acid injec-
16 6:45-6:55 r-' 4- 0.42 676.0 

tion commenced. 
10 0.33 0.3 

17 6:55-7:05 10 4:6 0·35 0.4-7 0.1 676.0 6:57 p.m. Total of 75 

18 7:05-7:15 10 3·7 0.33 0·4-5 0.2 
c.o. 0.5 N/HOI inj. 

0.1+3 
43.3 7.0 

19 7:15-7:25 10 0·5 0.25 0.0 
20 7:25-7:45 20 0.3 0.15 0.33 0.0 
21 7 :45-8:15 30 0.2 0.0 24.2 7.1 -- --

• 
...... 
(J1 
~ 

I 
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remainder of the experiment. A blood sample taken ten 

minutes after the cessation of secretion showed a C02 of 

24.2 vols. per cent. and a pH of 7.10. 

The dependence of secretion upon CO2 content rather 

than upon blood pH is indicated in the above experiment. 

(e) Injection of NaCN 

Since it has been shown that hyperventilation by 

changing the blood pH has the effect of shifting the dissocia­

tion curve of haemoglobin in such a way that it yields oxy­

gen less readily to the tissues, the possibility that the 

effect of hyperventilation may be due to interference with 

the oxygen supply of the gastric mucosa must be considered. 

It was decided to inject sodium cyanide as a means of inter-

fering with tissue oxidation. Repeated injections of 7 cc. 

of N/IOO NaCN were given intravenously. The total amount 

given was 41 cc. in one hour. Despite this the gastric se-

cretion was not affected. Although the lethal dose for a 

14 kg. dog was 30 cc. given in a single injection, the degree 

of interference with tissue oxidation produced in the above 

experiment is not known. The changes in the dissociation 

curve of haemoglobin are dependent upon those in the pH. The 

significance of the latter will be discussed later. 

After the above results were obtained, the possibility 

of I 
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of an altered plasma 002 and pH affecting the vagus nerve 

endings was considered. This-was rendered improbable by 

the continued action of the vagus on the heart during hyper-

ventilation. In an endeavour to exclude this possibility, 

histamine was used,as it is believed to act directly upon 

the parietal cells (popielski, 1920; Vine berg and Babkin, 

1931; Cowgill and Gilman, 1931). The operative procedure 

was identical with that of the nerve experiments. The 

vagi were severed but not stimulated. 

~2! Histamine Stimulation 

,.la)HYperventilatiQ.1! 

In Fig.9 it may be seen that after a twenty-minute period 

of seoretion, artificial respiration was applied and continued 

for 60 minutes (A-B) without any effect upon the course of 

the secretory activity. It was then discontinued for 50 

minutes without any effect. The dog was again hyperventilated 

for 100 minutes CO-D), the volume and acidity remaining prac­

tically constant although the plasma CO2 was lowered to 24.7 

vols. per cent. and pH raised to 7.80. 5 per cent. 002 was 

introduced (D-E) with the rate of hyperventilation kept con-

stant for a period of 30 minutes. This raised the CO2 
content of the plasma to 61.0 and lowered the pH to 7.03. 

The effect of the 002 was to diminish the secretion both 1n 

volume I 
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Figure 6 
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volume and acidity. This effect persisted for 45 minutes 

after the 00 had been discontinued; hyperventilation was 
2 

maintained throughout the following 70 minutes (E-F). The 

volume gradually rose; the free and the total acidity also 

rose but the former did not reach its previous value. 

A second experiment is shown in Figure 7. In this 

experiment 002 and hyperventilation were applied (A-B) as 

soon as secretion had been established. The volume decreased 

gradually from the first but the free aoidity rose slightly 

and the total acidity remained constant for 50 minutes and 

then both fell off abruptly. The 002 content of the plasma 

rose only slightly above control levels. The administra-

tion of 002 was then discontinued and hyperventilation was 

continued at the same rate as before (B-C). The volume 

gradually increased; the free and total acid, however, re­

mained low. Then 5 per cent. 00
2 

was again used in the 

inspired air (o-D). The recommencement of CO2 was followed 

by a twenty-minute period in which a definite rise in free 

acidity took place. There was no change in volume. This 

was followed by a decrease in both volume and acidity contin-

uing for 30 minutes. At this point (D) the dog was permitted 

to resume a normal respiratory rhythm, breathing air only. 

All values immediately rose and were maintained at an approxi­

mately constant level for three hours with no further injections 

of I 
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of histamine. Histamine is an extremely powerful gastric 

stimulant and it is seen from the above results that, once 

secretion is well established, under its influence hyper-

ventilation has no effect. However, from Fig.7 there are 

indications that, once histamine secretion has been depressed, 

the hyperventilation tends to keep the values reduced. 

(b) Injection of acid (HOI and lactic)and of base N~HOO3 

In the experiment illustrated in Fig.S secretion was 

maintained by histamine at a constant level for 70 minutes. 

Half normal hydrochloric acid was injected intravenously 

(A) (40 oc. in 5 minutes). For the next 40 minutes no 

change in the oharacter of the secretion took place. A 

further 40 cc. of aoid was then injected (B) in 3 minutes. 

The values decreased only slightly for the next 60 minutes. 

A third injection CO), 23 cc. in b minutes, was made. Se­

cretion stopped abruptly and 55 minutes later the dog died. 

The blood CO2 content was at the usual level at the beginning 

of the experiment, but after the first injection of aoid 

fell, and deolined with each subsequent injection of aoid. 

The pH also deoreased over these periods. 

Because HOI is the acid of gastric secretion and because it 

does not enter the blood in physiological conditions, it was 

decided I 
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Figure g 
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deoided to use laotic acid, which occurs in normal metabolism. 

Figure 9 demonstrates the absence of effect which the injection 

ot large quantities of lactic acid has on histamine secretion 

after it has been established. The CO 2 content and pH of the 

plasma were lowered and the lactic acid content of the blood 

rose. Toward the end of the experiment secretion gradually 

declined. The death of this an~l was due to an overdose of 

anaesthetic. 

From the above two figures, it may be seen that under con­

ditions of low plasma C02 content and low pH, histamine secretion, 

unlike that produced by vagal stimulation, continues for long 

periods unaffected. If, however, these conditions of low CO 2 
content and low pH are in existence before the histamine is 

injected, it fails to produce a flow of gastric juice. This 

occurred in three experiments. 

taneously for unknown reasons. 

The acidosis occurred spon­

One of these experiments is 

illustrated in Figure 10. At the commencement of the experi-

ment the plasma CO 2 was 28.4 vo1s per cent and the pH 7.30. 

Repeated doses of 4 mg. of histamine were given at hourly inter­

vals. The usual latent period following this dose of histamine 

is not more than 20 minutes. In this experiment there was no 

secretion for 145 minutes, but it appeared 15 minutes after the 

commencement (A) of an intravenous injeotion of 10 per cent. 

sodium bioarbonate and was well maintained for a period of 120 

minutes. Hydrochloric acid was then injected (C-D) and in this 

case the secretion gradually diminished and finally ceased. 

When / 
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Figure 10 
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'VVhen seoretion was well established, the C02 oontent was 

4-8.7 vols. per cent. and the pH 7.5. When secretion ceased 

after the injection of acid, the C02 content was 27.7 and 

the pH 7.27. It will be observed that a period of 85 minutes 

elapsed between the last histamine injection and the commence­

ment of secretion after the intravenous injection of NaHC03 . 

This indicates that the inhibition of gastric seoretion under 

conditions of initial acidosis is not due to a rapid destruc­

tion of the histamine injected. 

A similar inhibition of seoretion under conditions of 

initial acidosis occurred in vagal stimulation experiments 

and, as in the case of histamine stimulation, a flow of 

gastric juice was established after the inj ection of sodium 

bicarbonate. In rulother oase of initial acidosis (see Table 

XLI), where no injection of sodium bicarbonate was given, 

acidosis progressively increased and repeated hourly injections 

of histamine failed to stimulate the gastric glands. The 

animal died five hours after the first histamine injection. 

The injection of 250 c.c. of nonnal saline failed to induce 

secretion. This indicates that dehydration is not the oause 

of the inhibition of secretion. 

c. Injection ~f Sodiun} Cyanide. 

As in the oase of nerve stimulation, repeated doses of 7 

c.o. of N/IOO sodium cyanide at ten-minute intervals over a 

long / 



TABLE XLI. 

INITIAL ACIDOSIS - E]'FECT OF HIST~lLMINE STIMULATION ON GASTRIC SECRETION. 

Exp. July 2~, 1931. 
Dog, wt. 23 kg. Anaesthesia, chloralose and urethane. Oesophagus t led in the neck; 

pylorus tied at the junction with the duodenum. 
01 P. = ohloride in blood plasma; 01 B. =~chloride in blood cells; C.V. = cell volume. 

-, 

Sample Time Gastric Secretion -~, Blood Remarks \ 

Free Total Arterial Lactic Vol. Hel Hel lJrucus CO2 pH Acid '01 :P. 01 B. C.V. 
Conten t 

min. c.c. grn e/O gm./o c.c. VOl·tO mg·tO mg·tO mg·tO mg·fO 
p.m. 

1 1·5 0.00 0.24- 0.1 

2 4-:30-5:10 40 1.7 0.00 0.21 trace 29.8 7.18 38.0 387 269 61 5:10 p.m. Histamine, 
4 mg. injected 
subcutaneously. 

6:10 :p.m. do. 

6:35 p.m. Total 
250 c. c.N / saline 

5:10-6:50 
given. 

3 100 3.2 0.00 0.20 trace 
7: 10 1'.m .Histamine, 

4- mg. injected 

1+ 6:50-7:20 30 4-.0 0.00 0.20 trace 16.9 7. 23 31·7 393 258 68 
subcutaneously. 

5 7:20-7:50 30 1·5 0.01 0.18 0.2 
3: 10 p.m. Histamine, 

4 mg. injected 
, subcutaneously. 

6 7: 50-8: 4-0 50 1.6 0.02 0.17 0.2 
------ -- -

f--I 
UI 
~ 
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long period of time had absolutely no effect on the func-

tioning of the gastric mucosa. The characteristic effect 

of sodium cyanide on respiration and blood pressure was 

obtained at each injection. 

In all the histamine experiments the standard dose 

used was 4 mg. injected every hour, and in numerous experi­

ments it was found that once a satisfactory flow of secre­

tion has been established, it is maintained at a constant 

level of volume and free and total acidity for as long as 

ten hours. 

DISCUSSION I 
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DISCUSSION 

A definite relation between the CO2 content of the plasma 

and gastric secretion is seen in the group of nerve stimulation 

experiments. Hyperventilation causes a cessation of gastric 

secretion. That this cessation is related in some way to the 

cOincident lowering of the CO2 content of the plasma is indicated 

by the restoration of the flow of gastric juice which occurs 

when the CO 2 content of the inspired air is increased. The 

mechanism of the above effects is dependent upon numerous 

factors. While a complete explanation is not possible at the 

present time, there are certain of these factors which can be 

excluded. Hyperventilation has been found by previous authors 

to have a variety ot effects upon the vaso-motor system and upon 

the chemical composition of the blood. Dale and Evans (1922) 

observed a marked lowering of blood pressure and considerable 

shock in cats under ether anaesthesia. McDowall (1930) showed 

that this fall in blood pressure did not always occur under 

chloralose. Lowering of blood pressure if due to splanchnic 

vaso-dilation should favour secretion. The blood pressure 

effect was not marked in our experiments, being at most 30 to 

40 mm. of mercury. The initial pressure was high owing to 

the proportions of the chloralose-urethane mixture used. Also, 

in several experiments nerve stimulation has maintained satis­

factor,y secretion with blood pressures lower than those pro-

duced / 
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duced by hyperventilation. The changes in systemic blood 

pressure do not therefore appear to be the causative factor 

in the gastric etfect. This does not, however, exclude the 

effect of variations in blood flow through the gastric mucosa. 

Vaso-constriction of blood vessels might be expected to cause 

a diminution in secretion. It has been indicated by L~ and 

Neoheles (1927) that within limits the rate of gastric secretion 

is independent of the blood flow through the stomach. Further-

more, hyperventilation has been shown to dilate the splanchnic 

vessels (Dale and Evans, 1922), and this occurs even under 

chloralose (McDowall, 1930). Blood flow was not studied in 

our preparations but its influence may be disregarded in view 

of the findings quoted above. Mechanical effects of hyper-

ventilation are excluded by the maintenance of a constant rate 

of ventilation throughout the whole experiment, both during 

cessation of secretion and during its restoration by CO2 -

The changes in blood electrolytes occurring under hyper­

ventilation have been extensively studied (Henderson and 

Haggard, 1918; Collip and Backus, 1920; Grant and Goldman, 

1920; Davies and others, 1920; Anrep and Cannan, 1923; 

Haldane and others, 1924). The experiments have been made 

almost wholly upon human subjects_ The main changes which 

take place are, a lowering in the C02 oontent of the blood, 

a / 
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a rise in pH and in lactic acid content, a shift of water 

and chloride from corpuscles to plasma. Dependent upon the 

ehange in pH there is an alteration in the dissociation curve 

of haemoglobin. Other electrolytes such as pho~hates and 

sulphates also participate in the shift from corpuscles to 

plasma. The blood picture in our experiments conforms to 

these findings (see Table XLII). The increased loss of CO2 
through the lungs with the consequent fall in the blood CO2 
content is responsible for the other changes in blood electro-

lyte~ which are of a compensatory nature. That the lowered 

CO 2 content rather than the raised pH is the factor involved 

in the gastric effect is indicated by the experiments in which 

initial acidosis with a lowered CO 2 and a lowered pH prevented 

the production of secretion. The subsequent injection of 

sodium bicarbonate raised the CO 2 content of the plasma, raised 

the pH and caused secretion to commence. 

The previously mentioned experiments of Szilard (1930) and 

others also indicate that a high pH produced by administration 

of sodium. bicarbonate d08:s not inhibi t but rather favours the 

secretion of acid gastriC juice. In the case of hypervent11a-

tion, no secretion was obtain~d when there was a low CO 2 con~ent 

and a high pH, whereas in the case of initial acidosis no 

secretion was obtained when there was a low CO 2 and a low pH. 

Raising the CO 2 content and lowering the pH induced secretion 

in the former instance, and raising the CO2 and raising the pH 

induced I 



TABLE XLII. 

CHANGES IN BLOOD CONSTITUF.N 1r0 UNDER HYPERVENTILll1rION WITH A l!'IVE PER CENT C02 OXYGEN MIXTURE. 

Dog 13, weight 14- kg. Histamine (4- mg.) injected hourly. 
maintained throughout the experiment. 

Secretion of gastric juice 

m.eq .. p~..r 1. = milliequivalents per litre. 

002 
Lactic 

Inorganic 
Total 

Cell Ventilation pH Acid 01 01 C1 Plasma Base Plasma Blood Plasma Blood Cor:pusc. Proteins Phosphorus Serum Volume 
m.e~. m .et. m.eq. m .eq. m. eq. @I1.0(0 mg·ro m.eq. pe r . per . :per 1. :per 1. per 1. De r 1. 

Before , 

hyperventilation 18.3 7.24- 3. 67 106.4- 86.4- 56.3 8.05 6.66 126.2 40 
! 

After 50 min. 
hyperventilation 
76 per min. 

9·5 7.60 8.22 105·1 84-.2 50.7 8.65 3.4-6 131.4- 39 
. 

40 min. 5% 002 
oxygen mixture, - - - - - - - - - -ventilation 
76 per min. 

After 30 min. 
hyperventilation 9·3 7·57 10.1 105. 0 81.7 44-.2 9.04- 4-.70 132.2 39 (air only). 

After 30 min. 
5% C02 oxygen 18.9 7.10 3.81 104-.9 85.3 58.3 8.28 7.20 138.6 42 mixture, ventila-
tion 76 per min. 

After 30 min. 
natural respira-
tion (air only). 

15·5 7.34- 11·9 103.6 83.1 54-.1 - 8.33 159.6 4-1 

-

I-' 
0') ... 
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induced it in the latter. Hence one may conclude that the 

observed changes in secretion are not directly due to the 

changes in plasma pH nor to concomitant alterations in the 

oxygen dissociation curve of haemoglobin. The experiments 

with cyanide also indicate that the oxygen tension in the 

secreting cells may be varied to some degree at least without 

effect on secretion. 

Apperly and Crabtree (1931) have attempted to separate the 

effects of H2C03 and ot tHC03 '. The former they regard as 

controlling the amount of gastriC acidity and the latter its 

concentra t ion. Neither their results nor ours, however, 

justify a definite decision on the relative importance of CO 2 
present as H CO and as tHCO t. 

233 
In this connection one may 

cite the experiment described above (Table XL), where the 

secretion obtained by vagal stllnulation was temporarily increased 

in free HOl concentration by the injection of hydrochloric acid, 

while H2C03 concentration increased at the expense of tHC03t. 

In the experiments with hyperventilation (see Table XLI) the 

changes in H2C03 are naturally greater than the changes in 

'HOO ,. 
3 ' 

on the other hand, the induction of secretion and a 

rapid rise in the concentration and amount of free HOI by 

injection of sodium bicarbonate into dogs, in which spontaneous 

acidosis had prevented the response to vagal stimulation or to 

histamine, is accompanied by great increases in tHC03t with only 

slight / 
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slight ohanges in H2C03 oon~entration (caloulated from the 

Henderson-Hasselbaloh equation). 

The lowered plasma CO
2 

content may oonceivably aot ei ther' 

directly upon the nerve or i~S terminations or alternatively 

upon the chemioal mechanism neoessary for the formation of 

gastric secretion. 

Just how changes in plasma CO 2 content affect nerve con­

duction and nerve endings it would:;be difficult to state. 

In the present experiments,when seoretion had diminished under 

hyperventilation, there was no change in the cardia-inhibitory 

action of the vagus. It is, however, possible that the nerve 

endings in the stomach might be affeoted. The possible 

effect of lowered CO 2 content on the liberation and destruction 

of a "vagus substance" should also be considered. 

On the view that the action of CO 2 is a chemical one 

rather than an aotion on nerve sensitivity, its effect may be 

a direct one in the reaction for the formation of hydrochloric 

acid in the parietal cells, or else it may aot upon the ionic 

equilibria between blood plasma and tissue fluids or between 

tissue fluids and parietal oe1ls. The lowered CO 2 content 

may prevent transfer of chloride to the mucosa or parietal 

cells. !his retention of chloride tends to take place to ,. 

balance the fixed base liberated when the bioarbonate ion 

content of the blood or tissue fluid is lowered. 

tion I 

In connec-
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tion with this it may be noted that recently Babkin and 

Webster (1932) obtained a gastric seoretion by introducing 

CO 2 gas into the stomaoh of dogs with different permanent 

gastric fistulae. 

In the group of histamine experiments, it will be 

observed that the results differ decidedly from those of the 

nerve st~ulation experiments. When histanine secretion was 

established, hyperventilation had little inhibitory effect, 

even though blood conditions were similar to those of the 

nerve experiments. The inhalation of CO
2 

is seen to tend to 

inhibit histamine secretion. While this oannot be explained, 

it does not invalidate the main argument. In several cases 

of initial acidosis with low C02 and low pH, no secretion was 

obtained with histamine stimulation, and, as in the nerve 

experiments, it appeared when the CO 2 and pH were raised as a 

result of the injection of sodium bicarbonate. On the other 

hand, when acidosis is produced by the administration of acid 

during histamine secretion, no inhibitory effect is observed. 

The absence of effect after histamine secretion has been 

established does not invalidate a chemical interpretation of 

the essential part played by CO 2 in the formation of HOI. It 

is possible that the level of CO 2 required for secretion may be 

related to the strength of the stimulus producing that secretion. 

It is impossible to lower the CO 2 content of the blood and of 

the / 
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the tissues below a certain level. If the st~ulus is an 

extremely powerful one (such as histamine) the parietal cells 

may be oapable of utilising the remaining CO 2 , which they are 

incapable of dOing under a weaker and more physiological one 

(such as vagal st~ulation). The absence of secretion under 

conditions of acidosis eXisting prior to the injection of 

histamine indicates that a lowered CO 2 content 1s capable of 

inhibiting the action eve~ of this powerful stimulant. 

The clinical application of these results appears to be 

of some importance. Apperly and Crabtree (1931) have indicated 

some conditions in which the lowering of gastric secretion may 

be correlated with lowered sodium bicarbonate in the blood. 

The following considerations may be of significance in 

clinical applications. The level of arterial CO 2 content at 

which inhibition of secretion takes place was found to be 

about 30 Tols. per cent. This is true whether the lowering of 

the CO 2 is due to hyperventilation or to acidosis. This 

corresponds to a venous CO 2 content of about 36 vols. per cent. 

In one experiment where both CO 2 content and the ordinary CO 2 
combining power on separated plasma were determined, the initial 

values were: C02 content, 34.8 vols.per oent, and the capacity 

or combining power, 39.5 per cent; atter secretion was well 

established the values were: content, 43.3, and capacit.1, 

45.1. Under hyperventilation, when secretion had ceased and 

the I 
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the CO 2 content had been lowered to 25.4, the eapacit,r was 

only lowered to 35.8. After the administration of CO 2 the 

content was 41.4 and the capacity 40.5. These figures are 

presented to indicate that the CO 2 combining power of the 

separated plasma is not a suitable index,in the case of hyper­

ventilation,of the relations between CO 2 and gastric secretion. 

Complete inhibition of secretion in this experiment took place 

when the arterial CO 2 combining power was 36 vols. per cent. 

This corresponds to a venous C02 combining power of about 42. 

A definite decrease in secretion might, therefore, be expected 

even if the C02 combining power were only slightly lowered. 

Such a slight lowering is not uncommon with mild acidosis and 

with hyperventilation, and might easily influence the character 

of gastriC secretion. It would be difficult to deteot these 

changes in the ease of hyperventilation by the use of the 

ordinary C02 combining power determination in venous blood. 

Changes in CO 2 alveolar air tension, and hence in the CO 2 con­

tent of the blood, during sleep and on waking (Leathes, 1919; 

Endres, 1922) and during digestion (Porges, Leimdorfer and 

Markovici, 1911; Dodds and Bennett, 1921) do take place under 

physiological conditions. 

It is possible, on the other hand, that a raised C02 con-

tent sensitises the parietal cells so that they respond more 

readily to a weak stimulus. This may be of importance in cases 

of / 
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of hypersecretion, whexe apparently a stimulus which in 

normal individuals would initiate a secretion of average 

acidity produces an excessive secretion with abnormally 

high acid content. For some years there has been a con­

troversy as to the usefulness of sodium bicarbonate therapy 

in the treatment of gastric ulcer with hyperacidity. 

The results here presented would tend to support the view 

that its use though producing a temporary neutralisation 

is followed by a secretion of greatly augmented acidity. 



-171 -

CONCLUSIONS 

A study of some of the factors involved in the mechan­

ism of gastric secretion shows that similar processes are 

at work during the production of gastric juice of vagal and 

of chemical origin. Weak electrical stimUlation of the 

vagus nerves results in a scanty flow of mucoid secretion 

from the whole stomach as well as from the isolated fundic 

portion. Strong stimulation, on the other hand, pro-

duces a copious flow of highly acid juice with a high di-

gestive activity. These results suggest the possibility 

that the vagus contains two kinds of secretory fibres for 

the gastric mucosa, and that each type of fibre when stimu­

lated can independently activate the particular group of 

gastric cells under its influence. Similarly, certain 

chemical stimUlants are capable of activating special 

groups of cells present in the gastriC mucosa without stimu-

lating the adjacent cells. Histamine, for example, pro-

duces gastric secretions having a high acid but an extremely 

low peptic concentration, which suggests that its action is 

confined to the parietal cells vvithout affecting, or affect­

ing but slightly, the adjoining peptic cells. Pilocarpine, 

when administered after histamine, causes an immediate rise 

in / 
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in the peptic output, indicating that it acts selectively 

through the parasympathetic system on the peptic cells. 

Thus whether by means of vagal or chemical stimulation dif­

ferent elements of the gastric glands may be made to act 

separately or simultaneously according to the type of stimu­

lation employed. 

Histological studies, carried out on the gastric mucosa 

before a.nd after prolonged vagal or histamine stimulation, 

tend to support the above physiological findings. For ex­

ample, the peptic cells, when examined after prolonged vagal 

stimulation, displayed marked intercellular changes, whereas 

after long histamine activation no such changes were observed 

in these cells. On the basis of the above physiological 

and histological results it is suggested that a similar 

mechanism is at work in the production of the hypersecretion 

of juice which occurs in the presence of peptic ulcers and 

which may be due to a prolongation of the chemical phase 

(Volkovi tch, 1898) or of the nervous phase (Winkelstein, 1929). 

Tnere may be, for example, an independent action of certain 

of the cellular elements in the gastriC glands resulting in the 

secretion of a highly acid juice which is extremely poor in 

organic material and in mucus content. The compa.rative lack 

of mucus in this type of secretion may be of pathological 

significance in the light of the accepted protective function 

of this substance. 

Another I 
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Another source of the mucus present in the gastric 

secretion of the dog is the oeso~hagus. The glands of this 

organ are under the direct influence of the vagus nerves and 

can be made to produce a true secretion of a highly alkaline 

mucous substance in res~onse to electrical stimulation of 

these nerves. It is probable that this secretion has two 

functions; as well as acting as a lubricant and protector 

for the oesophageal mucosa, it possibly assists in the neu­

tralisation of acid stomach secretions. 

There is, however, another factor involved in the 

mechanism of gastric secretion which exerts a more general 

influence upon it, namely, the CO2 content of the blood. 

Gastric secretion produced by vagal stimulation in dogs is 

definitely inhibited by hyperventilation ruld is restored by 

raising the C02 content of the inspired air. A similar 

inhibition occurs when acid is injected intravenously or 

when a state of acidosis exists prior to nerve stimulation. 

In this inhibition of gastric secretion, the lowering of 

the CO 2 content of the plasma is the factor involved, rather 

than changes in pH. Vlhen the C02 content of arterial 

plasma falls below 30 vol. per cent., gastric secretion of 

vagal origin is inhibited. In the case of histamine stimu-

lation, gastric secretion is inhibited only when there is 

an existing acidosis prior to its administration. It is 

possible / 
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possible that a raised CO2 content sensitises the parietal 

cells so that they respond more readily to a weak stimulus. 

This may be of importance in those clinical cases of hyper­

secretion where a stimulus, which in the normal individual 

would initiate a secretion of average acidity, produces an 

excessive secretion with abnormally high acidity. Further, 

it lends support to the assertions of a large number of 

clinical workers that although NaHC03,when given to patients 

suffering from peptic ulcer,effects a temporary neutralisa­

tion, it is nevertheless responsible for a secondary exces­

sive secretion of acid gastriC juices. 
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SUMMARY 

1. A satisfactory method of obtaining plentiful gastric 

secretion in response to vagal stimulation in the dog 

was developed. 

2. Vagal stimulation is responsible for the production 

of two types of gastric juice depending upon the 

strength of stimulation applied. 

3-. Weak stimulation of the vagus nerves results in a scanty 

secretion of alkaline mucus having a low digestive ac­

tivity_ 

4. strong stimulation produces a flow of normal gastric 

juice large in volume and high in acidity and peptic 

power. 

5. The results suggest that, by stimulation of the vagus 

nerves with currents of different strengths, different 

and possibly independent cytological units in the gastric 

mucosa are activated. 

6. A comparison between the gastric juice obtained by 

electrical stimulation of the vagus and that obtained by 

means of normal physiological stimuli of reflex origin 

shows I 
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shows a striking similarity. 

7. In explanation it is suggested that the vagus pos­

sibly contains two sets of fibres, which can be ac­

tivated independently, and that each group of fibres 

supplies different gastric secretory elements. 

g. One of the sources of the mucus present in gastric 

secretion obtained by weak stimulation was shown to be 

the mucus-secreting cells in the mucosa of the body 

of the stomach, indicating that the vagus nerve is a 

secretory nerve to these cells. 

9. The possible protective function of mucus in preventing 

digestion of tile gastric mucosa is stressed. 

10. The gastric secretion obtained in response to histamine 

stimulation in dogs with a Heidenhain or Pavlov· pouch 

or with oesophagotomy and gastric fistula is comparative­

ly low in pepsin but high in acid concentration. 

11. It is suggested that histamine in the dog acts directly 

upon the parietal cells and fails to stimulate the peptic 

cells. 

12. Atropine curtails only the volume of the secretion ob­

tained from a Pavlov-pouch dog in response to histwnine 

and / 



and fails to do so in a Heidenhain-pouch dog deprived 

of its vagal innervation. 

13. Pilocarpine injected. after histamine gree.tly increases 

the enzyme output in a dog. 

14. The ability of the two drugs, histamine and pilocarpine, 

to activate different cytological elements of the 

gastric mucosa is shown, and their effect is com-

pared to vagal stimulation. 

15. In man only a slight diminution in the enzyme concen­

tration occurs during the course of the secretion pro­

duced by histamine stimulation. Likewise pilocarpine 

when administered to humans does not tfselectivelyll 

stimulate the peptic cells as it does in dogs. 

16. After prolonged gastric secretion of vagal origin the 

peptic cells show definite histological changes in the 

dog. 

17. No marked changes were observed histologically in the 

peptic cells following a copious gastric secretion 

of histamine origin. 

l~. These histological facts supplement the physiological 

evidence indicating that histamine activates the parietal 

cells I 
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cells only and they also support the principle of 

independent cellular action. 

19. The glands of the oesophagus of the dog are under the 

influence of the vagus. 

20. strong vagal stimulation provokes in the dog a true secretio~ 

of an alkaline mucoid substance from the oesophageal 

glands. 

21. No secretion is obtained with weak vagal stimulation. 

22. The chemical compositions of the mucoid secretion from 

the oesophagus, the salivary glands and the gastric 

glands, respectively, are compared. 

23. It is suggested that the function of the oesophageal 

secretion in the dog is that of lubrication and pro­

tection of the oesophageal mucosa against damage by 

rough foods, etc. 

24. Because of the highly alkaline character of the oeso­

phageal secretion, it probably aids in the neutralisa­

tion of the acidity of the stomach. 

25. Gastric secretion produced by vagal stimulation in 

dogs under chloralose and urethane anaesthesia is 

inhibited I 
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inhibited by hyperventilation. It is restored by 

raising the CO2 content of the inspired air though 

the hyperventilation is maintained at the same rate 

as before. 

26. Secretion is also inhibited by the intravenous injec­

tion of acid and by the occurrence of aCidosis prior 

to the stimulation of the nerves. 

27. The factor involved in the effect of hyperventila­

tion and aCidosis on gastric secretion is the lower­

ing of the CO2 content of the plasma rather than the 

accompanyin6 changes in plasma pH. 

28. Gastric secretion in response to vagal stimulation is 

inhibited when the CO2 content of the arterial plasma 

falls below 30 Vol. per cent. 

29. Gastric secretion in response to injections of histamine 

is inhibited by the occurrence of acidosis prior to the 

commencement of secretion but not by aCidosis or hyper­

ventilation produced after secretion is established. 

30. It is suggested that an increased blood CO2 content 

may sensitise the acid cells, thus lending.support to 

the view that sodium bicarbonate therapy in patients 

with I 
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with peptic ulcers, although producing a temporary neu­

tralisation, is followed by a secretion of greatly aug­

mented acidity. 
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