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INTRODUCTION

The study of the physiology of the stomach has 
been of great Interest to many investigators. Various 
theories in the past fifty years hsv# been offered for 
consideration, some of which yet remain in the 
theoretical realm, while others have been investigated 
and verified. Although the functions and mechanisms 
governing gastric motility have become well known and 
the information concerning gastric secretion is 
voluminous, various problems relating to the stomach 
in health and disease require further study.

iWork on the secretory function of the digestive 
glands has been abundant, providing the investigator 
with a detailed discussion of this particular phenomenon 
of the stomach. In like manner, the motor activities of 
the stomach have been intensely Investigated by both 
early and recent workers, so that today many clinicians 
consider gastric motor disturbances as a prime factor 
in gastric diseases (1 ).

It is clear that the movements of the stomach 
and the secretions of the gastric glands play equally 
important roles in the process of digestion, so that 
a disturbance of one or the other function results In 
an imbalance of the organ.
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If a large bolt of food or artificial bulk, 
such as a balloon, be inserted into the stomach, the 
resultant state of tension causes distention of the 
gastric walls and rhythmic waves apnear, the amplitude 
of which regressively increases as distension 
increases (2 ). Upon reaching the pyloric region of 
the stomach, this state of stretch of the gastric walls 
releases a substance which induces a copious flow of 
gastric secretion. Since the stimulus and the effect 
are so closely related, it seemed that there might 
exist a r elationship between the motor and secretory
activities of the stomach. Specifically, if the1 .
contractile changes in the gastric musculature are 
associated with secretion, the same local reflex 
mechanism may be Involved in both.

It was conceivable that agents or procedure 
which result in a stimulation or inhibition of 
gastric secretion may also result in a stimulation 
or inhibition of the movements of the stomach. A 
survey of the literature revealed relatively little 
information on this subject. Therefore, we undertook 
the task of investigating the possibility of such a 
relationship.

HISTORICAL CONSIDERATIOKS 
L. THE NATURE OP THE MOVEMENTS OF THE STOMACH.



The movement of the stomach was a subject of sane 
interest as far back as 200 years ago, when the great 
physiologist, Haller proposed the theory "that the 
sensation of hunger or that vigorous movements of the 
stomach were due to the mechanical stimulation of the 
sensory nerves in the gastric mucosa (3)". Even the 
ancient and medieval poets and pholoapphers made 
numerous references to t he vigorous movement and the 
gnawing sensations of the empty stomach.

In the nineteenth century, Beaumont (4) 
observed through a human gastric fistula, waves of 
contraction which swept the food towards the pylorus.
He believed that the stomach was composed of two 
separate functional parts, each possessing individual 
movement, Ducceschi demonstrated that rhythmic 
contractions appeared when the gastric walls were 
distended; *nd that as the pressure increased, the 
amplitude of contractions gradually increased (5).

•Cannon (6 ) reported in 1911 that there are 
two components which intrinsically form the basis of 
rhythmic movements of the stomaoh, "the tonic condition 
of the neuromusculature and the intragastric pressure 
which maintains that neuromusculature in tension."
Their assumption that the mechanism for these 
contractions involved the s timulation of sensory nerves



did not exclude the possibility of the influence of a 
hunger center in the brain, sending motor Impulses via 
the vagi.

In 1912 Carlson (7) finally clarified the 
origin of gastric contractions by concluding Mthat the 
contractions of the empty stomach are primarily initiated 
in the stomach itself and are thus independent of the 
motor impulses from the brain or spinal cord.** This 
automaticity has been substantiated by the observations 
of Robins and Boyd (8 ) in 1923 (both in the Isolated 
and Intact stomach), Bercovitz (9) in 1925, and Farrell 
and Ivy (10) in 1926 (in the completely denervated 
isolated pouch).

Boldyreff (11), however, was the first to 
observe the motor phenomena of the empty stomach in 
fistulated animals, by introducing a rubber balloon 
Into the organ and recording the movements graphically. 
Although his method of investigation was crude aid 
resulted in failure to observe all the movements of 
the stomach, it was nevertheless a good beginning for 
future inquiry.

Boldyreff made the following observations of 
the movements of the empty stomach In the dogt

1 . The nylorus exhibits activity and plays 
a definite part In the contractions of the stomach.

4



He reported this without further elaborations.
2. The fundus manifests very vigorous 

contractions, and between the periods of strong 
contractions the stomach is absolutely quiescent. The 
period of activity begins with weak contractions and 
these increase gradually in strength until the period 
ends abruptly with the strongest contraction. The 
periods of activity vary from 20 to 30 minutes and 
the quiescent periods last approximately 1 to 3 hours.

Respiratory pressure rhythm and tonic activity 
or tonus changes were not reported. The above 
observations are correct but incomplete. With 
Improvement In techniques, other investigators have 
made further additions.

Cannon and Washburn tl2) investigated gastric 
movements in man by swallowing a balloon and connecting 
it by air to the recording manometer. They reported 
that the movements in man are comparable to those 
found in the dog.

Their observations are as follows:
1. Periods of powerful rhythmic contractions 

lasting 30 seconds and a period of pause of 60 
seconds. Stomach is absolutely at rest between 
periods of strong rhythmical contractions.

2. Tonus rhythm observed in only one case.



They felled to report any observations of pyloric 
activity with reference to a local or Individual type 
of movement« These observations are not too different 
from those made by Boldyreff, In fact, Cm non end 
Washburn were prlmarll? concerned with the correlation 
between gastric contractions and the sensation of 
hunger, rether than with a description of the movements 
of the empty stomach.

It remained for Carlson (13) In 1912 to 
investigate the -patterns of motor activity, providing 
us with an adequate and detailed description of these 
raevomente. His exhaustive studies were made on both 
man and dog.

According to Carlson, there ere two main types 
of gastric waves:

1. The ”30-seconds rhythm'’ Is ascribed to the 
type of powerful rhythmic contraction lasting 
approximately $0 seconds. The periods of vigorous 
contractions alternate with periods of relative 
quiescence. Within this group, Carlson has made a 
distinction between two type® of contractions observed, 
but it is one of degree of activity due to age and 
condition, rather than one between two distinct and 
individual movements. In man, he merely comment« upon 
this distinction, but In the dog he classifies It as a

6
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Type I and Type II contraction. Type I is a feeble 
wave with a duration of 20 to 25 seconds and the period 
of activity lasting 12 minutes. The contractions are 
Individual and number approximately 10 to 25 in a 
period of activity* The second, or Type II wave is a 
series of powerful rhythmic contractions superimposed 
upon an elevation of basal pressure, or ending in an 
incomplete tetanus. The duration of the entire period 
lasts from 2 to 3 minutes, while that of each Individual 
contraction is 20 to 30 seconds. The nerlod of these 
powerful contractions varies from 30 to 45 minutes and 
the alternating period of relative quiet lasts from 1 
to 2 hours. The occurrence of either type depends upon 
the degree of tonus present In the stomach.

2. The "20-seconds rhythm" in man or Type III 
in the dog is a wave which occurs at a uniform rate with 
a duration of 20 seconds. The deg exhibits individual 
contractions ending in periods of tetanus with a 
duration of 1 to 10 minutes. He assigns this type of 
wave to the fundic portion of the stomach.

5. Carlson also reports a pulse pressure 
rhythm snffi e respiratory pressure rhythm as always 
present.

This report, otf course, Is more accurate and 
detailed than that of Boldyreff or Cannon. He differs
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from the latter In this respect, that the stomach Is 
not absolutely quiet but only relatlvely so following 
a period of powerful contractions. He further reports 
that the stomach exhibits some degree of tonus at all 
times.

Klein (14) reported two types of gastric waves: 
(a) a general peristaltic wave traveling from the place 
of origin to the pylorus, and (b) a second type or wave 
which when arriving at the pylorus remains constricted 
there and is followed by a contraction of the pyloric 
region.

Robins and Boyd (3) studied the movements in 
an isolated fundio pouch and observed a single 
contraction occurring irregularly and of different 
strengths. He found them appearing in the intervals 
between hunger contractions.

Current studies on gastric motility have been 
made by Hightower and Code (15). Their report reveals 
three types of movement found In the empty stomach.
They are as follows:

1. Type I wave Is a simple wave of low 
amplitude with a duration of 18 to 22 seconds. The 
recorded pressure changes vary from 5 cm of water to 
less. They occur in a rhythmic and non-rhythmic 
pattern at a rate of 3 per minute.
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2. Type IX wave Is a simple "hanger" 

contraction with a splMed appearance. The duration of 
the Individual contraction lasts from 12 to 25 seconds, 
and the pressure changes vary from 10 to 50 cm of 
water. They also occur In a rhythmic and non-rhythmic 
pattern.

3. Type III wave Is a complex "hunger" 
contraction with a series of Type II wave superimposed 
upon a rise of basal pressure. The duration of such a 
period Is 2 to 5 minutes and the pressure changes are 
approxlmately 10 cm of water.

There Is no basic difference In the findings 
of Hightower and Code from those of Carlson. Type Ii .
wrv e Is analogous fco the "20-seconds rhythm", while 
Types II and III correspond to Carlson’s Types I and II 
In the dog and the "30-seconds" rhythm In the human.

2. THE NEURAL INFLUENCE ON C-ASTRIC MOTILITY. 
Althouth Carlson finally established the fact that the 
waves of contraction come into existence end are 
determined by the stomach itself, the influence of the 
nervous system on the movements of the stomach is 
unquestioned. These movements involved a local nervous 
network, the vagi, and the splsnchnioa.

The stomach possesses a local nerve plexus, 
the function of which is the coordination and orderly
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conveyance of the contents of the stomach (15). In the 
absence of extrinsic nervous Influence, the local nerve 
mechanism is effectual In sustaining gastric movements.- ■ X f
McSwlney (17) reports that after vagotomy and 
splanchnotomy, the intrinsic nervous control takes over 
the duties of regulation and the denervated stomach 
functions adequately. Normally, the intrinsic 
mechanism maintains the frequency of the contractions; 
nevertheless, Cannon (5) demonstrated that these 
movements subsist with a regularity even after complete 
sectioning of the myenteric plexus.

Kuntz (18) .showed that in the enteric plexuses 
there are synapses between two ganglion cells. He 
fxxrther demonstrated that a complete enteric reflex arc 
exists (19), McSwlney and Robson (20) have supported 
the view that synaptic junctions exist in the plexuses.

In addition to its intrinsic innervation, the 
stomach also depends upon extrinsic innervation for its 
functional efficiency. McCrea (21) has extensively 
reviewed the abdominal distribution of the extrinsic 
nerves. Suffice it to e&y here that the stomach 
receives innervation through the right end left vagus 
nerve and the sympathetica. Bach vagal branch supplies 
either the anterior or the posterior portion of the 
stomach which are interconnected by small branches.



They penetrate the gastrointestinal wall and connect 
with the cells in the enteric plexuses. Hill (22) 
reports that the neurones of the stomach are vagal and 
that these receive the branches of the vagus; hence, 
are motor in function. MeSwlnev (17) and many others 
state that the vagi possess Inhibitory as well as motor 
fibers.

According to McCrea (21) the sympathetic fibers 
find their visceral origin in the coellao plexuses and 
follow the course of the blood vessels to the stomach.

Stimulating the splanchnic nerves, Elliott in 
1905 (23) demonstrated the action and. presence of 
inhibitory fibers. Both inhibitor and augmentor 
responses have been observed; therefore, like the vagus 
the sympathetica possess both inhibitory and motor 
fibers.

The action of the extrinsic nerves on the 
stomach has been Inferred by many Investigators from 
the results obtained by stimulation and resection of 
these nerves. Openchowskl, Ccurtade and Guyon obtained 
both a contraction and a relaxation of the stomach 
after stimulating the vagus nerve (24), Cannon (6 ) 
reports that the immediate result of stimulation is 
a diminution of gastric tone followed by an increased 
tone and greater apttilitude of contractions depending
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upon the strength and duration of the stimuli.
According to Carlson, Boud, and Pearcy (25) strong 
contractions of an empty and filled stomach were 
obtained after stimulating the peripheral end of the 
vagus. McCrea, McSwlney and Stopford (26) presented a 
report more or less acceptable to all, stating that the 
influence of the vagus is dependent upon the state of 
tone present in the stomach; l.e,, if the muscles are in 
low tone the movements are initiated or augmented, and 
if in high tone, are relaxed or Inhibited.

Thomas and Wheelon (27) have obtained an 
augmentor and and inhibitor response to stimulation of 
the splanchnic nerves. Carlson, Boyd, and Pearcy (25) 
suggest that the state of tonus is correlative to the 
response of the organ. McCrea and McSwlney (26) agree 
with this observation.

Many observations have been made concerning the 
movements of the denervated stomach. After cutting one 
vagal branch, Ducceschi (2) observed only slight changes 
in the normal gastric movements. Cannon ( 6 ) using 
X-rays observed total suppression of the movements 
after sectioning both vagal and splanchnic nerves, 
although the peristaltic movements returned to their 
normal state after a few days. Morelock, Hightower,
Code and Craig (28) report that the effect of



sympathectomy upon motility was insignificant. With 
so many results on hand, McSwiney (17) adequately 
summarises these as follows:

1. That section of one vagus or one 
splanchnic is without effedt.

2. That vagal section results in dilation, 
diminution of tonus, slow and weakened 
peristalsis and delayed emptying,

3. That splanchnic section leads to the 
opposite effect and results in 
acceleration of function,

4. That section of all nerves gives similar but not so well marked symptoms as vagal 
section alone,

3. THE MECHANISMS INVOLVED IK GASTRIC 
SECRETION CAUSED BY LOCAL STIMULI. The historical 
considerations need not be discussed here since Llm, 
Ivy, and McCarthy (29) have reviewed these rather 
comprehensively. However, the work of Zellony and 
Savltsch is a forerunner of our own investigations and 
a reoort is warranted (29). They applied cocaine 
topically to the innervated pyloric pouch and also 
injected atropine intravenously and observed that the 
gastric secretion from the fundic glands was inhibited. 
They assumed that the mechanism must be one of a local 
reflex centered in the pyloric antrum since cocaine 
paralyses the afferent nerve endings and atropine the 
efferent. Later Zellony and Savltsch found that



mechanic stimulation of the pyloric mucosa was effective 
even after cutting vegal fibers to the pylorus. Lim and 
Moser (30) stimulated the pyloric mucoae of a 
demyentericized pylorus and found that gastrin was 
liberated. Perfusing the pouches with cocaine and 
atropine, the release of gastrin by mechanical 
stimulation was prevented, but atropine was most 
effective in blocking the response to chemical 
excitation. Tetraethyl ammonium chloride injected 
Intramuscularly inhibited the release of gastrin by 
mechanical stimulation. Therefore Lim and Moser conclude 
"that excitation must be mediated by intramucosal 
neurones and these may include both efferent and 
afferent neurones. The action of tetraethylammonlum 
suggests that mechanical and chemical excitation of the 
pyloric glands involves an adenteric (or adeno-enteric) 
reflexS (30).

The chemical phase of gastric secretion has 
been well established and for our purposes we will be 
concerned with the pyloric phase only. Savitsch 
demonstrated in a denervated pyloric pouch that meat 
extract or other chemical excitants stimulated gastric 
secretion from the fundlo portion (29). Grossman, 
Robertson and Ivy (31) report that the pylorus is the 
most effective region for chemical stimulation. They

14
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orevented the neural effect by local application of 
procaine and by administration of atropine, and 
concluded that a humoral agent is released. Robertson, 
et al., (38) irrigated the oyloric pouch with a 0.5 
per cent solution of acetylcholine and produced a 
strong stimulation of gastric secretion from the fundic 
pouch. They suggest that a local nervous mechanism may 
be involved in the release of gastrin by the pyloric 
pouch, since anesthetization with cocaine blocked the 
response. The views of Llm and Moser concerning this 
phase have already been stated.

The distention stimulus for gastric secretion 
was demonstrated by Llm, Ivy, and McCarthy (29$. They 
obtained a copious flow of gastric secretion from the 
fundic portion of the stomach by distending an 
innervated pyloric pouch and one devoid of extrinsic 
nerves.

These investigators were of the opinion that 
the enteric reflex may b© involved and that the 
increased blood flow through the gastric glands would 
aid in the transmission of the distention stimulus. 
Grossman, Robertson, and Ivy (31) gave conclusive 
evidence that a hormone for gastric secretion exists 
and that this demonstrated a humoral transmission of the
distension stimulus



CHAPTER II

EXPERIMENTAL PROCEDURES

Various types of animal preparations and 
several methods of investigation were employed. The 
following is a description of the several experimental 
procedures used throughout the period of investigation.

Surgical Preparations
a. Fundus Fistula and Vagotomlzed Pyloric 

Pouch.-This type of pouch is fundamentally the sane as 
that prepared by Heldenhain (33), but adapted for the 
pyloric portion of the stomach. The stomach was

icompletely sectioned at the incisura angularis and the 
two halves closed at the lines of Incision. After 
resecting the pylorus at the pyloro-duodenal junction, 
the pyloric end was brought out through an incision in 
the abdominal wall to provide an artificial opening 
into the pouch. Every attempt was made to sever all 
nervous connections to the pylorus, retaining only 
such blood supply as necessary to maintain proper 
nourishment. The duodenal portion was closed and left 
as a blind stump. A simple fundie fistula was provided 
in the same manner as prepared by Pavlov (34). To 
maintain the continuity of the digestive tract, the 
jejunum was placed parallel with and anastomosed to
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the posterior portion of the fundus (33).

b. Fundus Fistula and an Innervated Pyloric 
Pouch.- This type of preparation was performed as 
described above except that all precautions were taken 
to leave intact the branches of the vagus nerve to the 
pylorus. The maximum blood supply was preserved to 
retain whatever nerve supply may be provided from that 
route.

c. Fundus Fistula and an Innervated Pyloric 
Pouch but Continuous Stomach.- Several do-?s were 
orovided with this type of preoaration which Pavlov 
first applied to the fundic portion of the stomach. The 
operation consists of a transverse incision one inch 
long in the area of the incisura angularis at the greater 
curvature of the stomach, leaving the gastro-epiploic 
vessels uninjured. The incision was first outlined on 
the serosa, the muscularis and then the sub-mucosa. 
Separating the muscularis from the mucosal layer with
a blunt instrument, the mucosal membrane was severed 
and both halves (mucosal) were closed at the lines of 
incision. Thus two pouches, separating the fundus 
from the pylorus, were formed with the blood and nerve 
supply intact and the muscle layers remaining 
continuous. A simple fundlo fistula supplemented by 
a posterior gastro-jejunostomy was also supplied.



d. Fundia Fistula and a Domyenterlclsed 
Pyloric Fouch.- Two dc:ra of this type -»ere provided*
The on era hion was divided into two stages in order to 
study the comparison of rod the relationship between 
the motor activity of the stomach and the secretion 
of gastrin, not only after the myenteric fibers had 
degenerated following demyentorization, but also after 
the possible regeneration of eny or all intrinsic 
nervous tissue. With this in view, we performed a 
aeries of experiments after the first state of the 
operation lasting twenty-eight days, and a corresponding 
series of experiments after completion of the second 
stage, ' c

In the first stage of the operation, the 
pylorus was demyenteric!zed by making a longitudinal 
incision extending from the Incisure angular!s to the 
pyloro-duodensl junction. Exposing the mucosal layer, 
we were able to free It from the muscularis by blunt 
dissection. The incision was then closed. The same 
procedure was f ollowSd-ron the opposite posterior half 
of the pylorus until the separation of the mucosal 
membrane from that of the muscularla was complete.
A simple fundic fistula snd a gestro-1ejunostomy were 
also provided at this time.

The second state of the operation was not so

13



difficult, consisting merely of resection of the pylorus 
from the fundus end duodenum, The distal end of the 
pylorus was closed while the duodenum was seeled and 
left as a blind tube. The fundus was sutured at the 
line of incision; the proximal portion of the pylorus 
was partly closed, and the remainder brought to the 
outside of the body to serve as an opening into the 
pouch.

¡Methods of Investigation

a. The Vivi-Perfuslon-Mottlity Recording 
System.- The method of recording gastric motility was 
similar in principle to that described by previous 
investigators; namely, the Introduction of balloons 
into the main stomach via fundic fistula and into the 
pyloric pouch. The waves of contractions from the 
fundus and the pylorus were recorded simultaneously on 
a kymograph. The system for recording motility of the 
fundus essentially consisted of e balloon attached to a 
water-trap by rubber tubing, thence to a piston recorder. 
Approximately 10 ml of air was introduced into the 
balloon and retained throughout the control period.

It was necessary, however, to modify to some 
dee-ree the previous methods of recording motility from 
the pylorus. We were interested not only In recording

19



the waves of contractions, but also in providing at the 
same time a means for distension as well as a method 
for perfusion of the pyloric mucosa. We have therefore, 
called this system the vlvi perfuelon-raotility recording 
system (fig, 1 ).

This system is divided into two parts:
(1) . The Perfusion System,- (fig.l) was simply 

constructed of a rubber catheter tip mounted on a metal 
cannula from which proceeded a long rubber catheter-tube * 
The end of the catheter-tube was connected by e piece of 
rubber amber tubing to a reservoir syringe. Fluids were 
introduced into the pouch by way of the syringe and 
maintained at 5 to 10 cm perfusion pressure. If a lossi
of the perfusate occurred, the fluid was quickly replaced 
to maintain its height at the original level.

(2) . The ¥otlIlty Recording System.- (fig.l) 
was specifically designed to provide a method for 
distending the balloon without interfering with the 
perfusion of the fluids. A balloon was tied to the 
open metal cannula already provided with an outlet 
through which air could be displaced or replaced as 
desired.

The end of the cannula was connected by a piece 
of rubber tubing to a water trap, and then to a piston 
recorder. After Introducing the entire system into the

20



Vivi Perfusion-Motility Recording Sy.stem
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pyloric pouch, approximately 5 to 10 ml of air Inserted 
into the balloon prevented to a great degree any loss of 
perfusing fluids.

b. Procedure of Gastric Motility and Secretion 
Studies.- In preparation for the motility and secretion 
studies, all animals were fasted from 15 to 18 hours. 
Pavlov’s fundle fistula afforded us the simplest means 
of obtaining gastric juice. Gastric secretions were 
collected at half hour intervals throughout the control 
and experimental nerlods. The collections were measured 
and titrated with .03 S NaOH using para- 
dime thylaminoazobensine plus phenolphthalein to 
determine the free and total acid concentrations.
Total acid output in millimoles was calculated by 
multiplying the volume in milliliters of each sample by 
its acid concentration in normality.

For our secretion control periods, basal 
secretion was collected every 50 minutes for at least 
one hour without in any way molesting the pyloriz mucosa, 
or before any experimental procedure was performed. As 
above, the collections were measured and titrated to 
determine the free and total acid concentrations.

In addition to the control periods for basal 
secretion, two 30 minute periods served as controls 
for motility recording, using only & minimum of 5 to
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10 ral of air in the vivl perfusion-motility recording 
system, We have determined experimentally that this 
minimal quantity of air was sufficient to record the 
waves present in the pylorus without becoming a 
distending stimulus. The motor activity of the fundus 
was recorded by inserting a balloon into the main 
stomach pouch by way of the fundic fistula, using 
approximately 5 to 10 ml of air throughout the 
experiment,

c. Mechanical (Oistentlon) Stimulus.- The 
distention stimulus for gastric secretion was clearly 
demonstrated by Lire, Ivy, and McCarthy (29) . when they 
obtained a copious flow of gastric secretion from the 
fundic portion of the stomach by distending the pyloric 
mucosa. However, the effect of die tension upon the 
motor activities of the fundus and the pylorus is not 
clear.

Following the control period of one to two hours, 
the amount of air introduced as the distending stimulus 
varied with the different types of pouches, Again, It 
was necessary to determine experimentally the threshold 
level of the adequate distending force in each animal. 
Some animals required 70 ml of air as the adequate 
distending stimulus, while In others 30 to 35 ml of air 
was sufficient. In spite of the different distending



levels, the responses to distension were the same.
The periods of observation of motility and secretion 
during distension continued for approximately 4 to 5 
hours, or until the rise of the acid output had 
greatly exceeded that of the control periods. This 
rise was maintained at a hi mb. level for at least 90 
minutes. Collections of gastric secretions were 
measured and titrated at half hour Intervals.

d. Chemical (Acetylcholine) Stimulus.- As a 
further requisite for our investigation, we employed a 
chemical excitant of gastric secretion in order to compare 
and evaluate the effects of mechanical and chemical 
stimulation of the pyloric mucosa, Robertson, ot al 
(32) demonstrated that the local application of a 
chemical excitant such as acetylcholine to the pyloric 
mucosa induced an abundant flow of gastric secretion 
from the fundie portion of the stomach. In addition to 
reinvestigating the effects on gastric secretion, we 
studied the effects of acetylcholine on the motor 
activity of the stomach.

During the control period of one to two hours,
5 ml of physiological saline was introduced into the 
pyloric pouch by way of the vivl perfusion-motility 
recording system. The motility balloon contained 10 ml 
of air throughout the control and experimental periods.
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The sum of the two (15 ml saline and air) did not effect 
the release of gastrin? hence, was not a distending 
stimulus. When our controls were established, 
physiologlcel saline was removed as the irrigeting 
fluid and replaced by 5 ml of 0.4 per cent adetylcholine 
chloride. The periods of motility and secretion study 
during chemical excitation of the ph^oric mucosa 
continued for approximately 4 to 5 hours. Collections 
of gastric juice were measured and titrated at half hour 
intervals.

e. Inhibitors.- Many investigators have shown 
that the effects of local anesthetizing agents on the 
pyloric mucosa inhibit the release of gastrin elicited 
by mechanical and chemical stimulation. For our 
purposes, however, we were interested not only in the 
unresponsiveness of acid secretion due to the inhibition 
of gastrin release, but also in the effects of these 
agents on the motor activity of the pylorus. 
Investigating these effects, we used a solution of 5 
percent cocaine chloride and administered it locally at 
the height of* mechanical and chemical stimulation, or 
at the time when the acid concentration of gastric 
secretion had reached its highest level. The perfusion 
of the pylorus with cocaine lasted for 30 minute»# 
where a» on, stimulation with acetyle6fj<?lipep"wsrs r eaumnd.



as
All experimenta were continued until the acid secretion 
of the fundic glands had returned to the level of the
precnenthettring period.



CHAPTER III

EXPERIMENTAL RESULTS

1. The Movements of the Stomach.- We have 
classified the contractions of the empty stomach In 
dogs Into four characteristic types of waves: Types 1, 
II, III, and IV. These have been observed In at least 
twelve animals for over a period of ten months.

(a ). Type I or Local Fundic y'fe ves.-(fig. 2) 
consist of rapid contractions of low amplitude and are 
difficult to distinguish from the respiratory Mpressure 
rhythm. n Since the pattern cf activity of these waves 
is difficult to determine, It is suspected that they 
occur both In a rhythmic and a non-rhythmic manner.
The pressure changes produced by these waves on the 
balloon are less than 5 cm of water, while the average 
duration of each varies from ten to fifteen seconds.
We have observed them occurring independently of other 
waves, vs well as in the intervals between the hunger 
contractions,

(b). Type II or Local Pyloric laves.-have been 
observed only in the pylorus and are distinctive of that 
region. They are definitely rhythmic and occur with 
striking r egularity. Two forms of contractions exist 
within this group! an individual (fig,3) and a tetanic
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Figure 3. Local Pyloric Individual Waves.
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form (fig. 3a). The individual contractions rarely 
deviate in duration or rate but deviate in amplitude
when observed soon after surgery. The duration of this 
form is 20 seconds and the pres stare changes range from 
5 to 10 cm. of water. They occur at are to of 3 oer minute. 
The tetanic form is a long Incomplete tetanus 
characterised by a sudden end complete relaxation of the 
pylorus. This is succeeded by a brief interim of relative 
quiescence for 1 to 2 minutes, whereupon the pylorus 
resumes its activity with an individual contraction of 
low amplitude, progressively Increasing until the normal 
amplitude is attained. The tetanic periods vary in 
length from. 1 to 10 minutes, while the per iod of 
recovery ranges from 3 to 4 minutes.

(c). Type III or Propagated Fundo-Pylorlc 
Waves,-ffig,4) are slower and of diverse amplitudes,
They occur either in the form of Individual contractions 
in the fundus, or in multiple semi-tetanic forms in both 
regions of the stomach. All contractions are followed 
by periods of relative quiescence. The press w e  changes 
vary from 15 to 50 cm of water, but the pattern of 
activity generally follows a rhythmic arrangement.
These aontractions, whether Individual or multiple, 
were associated with restlessness and whining of the 
animal. The Individual contractions (fig. 5) last
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Figur» 5. Propagated Fundic Individual Waves.
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approximately 30 seconds and the period of quiescence 
continues from 1 to 3 minutes. The waves appear
kymograph!cally as independent waves, usually occurring 
at the beginning and end of a highly active period.

The multiple form (fig. 6) constitutes an 
incomplete tetanus. The average duration of this form 
is 1 to 5 minutes with Intervening periods of pause, at 
times of long duration. The periods of activity last 
approximately 30 to 45 minutes followed by periods of 
quiescence which may endure from 30 to 120 minutes.

The individual and multiple forms are each 
propog&ted waves which travel downwards from their origin 
in the fundus, and orogress through the pyloric antrum 
to the pyloro-duodenal junction. We have frequently 
observed these propagated waves In animals with 
continuous musculature. The individual wave as it 
enters the pylorus (fig. 7) takes on the appearance of 
a multiple form of 3 or less individual contractions 
superimposed upon a slow rise of basal pressure, while 
the multiple semi-tetanic form is succeeded in the 
pylorus by similar but several individual contractions 
superimposed upon a rise of basal pressure (fig. 8).

However, some variations exist in that many of 
these propagated waves terminate near the fundo-pyloric 
region and are not transmitted to the pylorus. On many
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Figu.-e 7. Propagated Pyloric 
Multiple Semi-tetanic Waves

Figure 8. Propagated Pyloric 
Multiple Semi-tetanic Waves
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other occasions we have seen the individual and 
multiple forms originate in the pylorus and progress to 
the pyloro-duodenal junction independently of the 
propagated fundlc waves. All animals exhibited these 
variations,

(d). Type IV or Tonus Rhythm.-» of the entire 
st mach consists of a very slow rise of basal pressure 
which may last for several minutes. Types I, II, and 
III waves are frequently superimposed upon this tonus 
wave,

2. The Effects of Distension on Gastric 
Secretions and Motility (fig, 9).- During the control 
or basal periods, all animals occasionally secreted 
free HC1, but the total acid output was less than 1 
millimole. Throughout this period the balloon within 
the pylorus was inflated with a minimum amount of air. 
Type II or Local Pyloric waves were observed with the 
single or individual contractions predominating. All 
of the animals infrequently displayed a few tetanic 
forms of Type II wave. The occurrence and the frequency 
of Types I and III were so greatly diverse in every 
animal and during each experiment that they have been 
regarded as unpredictable.

Following the control period of one to two 
hours, the amount of air introduced into the balloon as 
the distending stimulus varied with the different types
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of pouches* With the increased state of tension or 
stretch In the pyloric musculature, the intragastrie 
pressure increased as distension increased. If the 
adequate distending force is maintained for a period 
of at least one hour# the fundic glands respond with 
an abundant flow of gastric secretion. In all animals, 
the period of secretory inactivity between the moment 
of stimulation and the beginning of the respouse varied 
from 30 to 60 minutes, while the secretion of 
acid continued for several hours thereafter.

Accompanying these pressure changes, the . 
amplitude of Tyne II wave increased while the rate and 
duration of each contraction remained approximately 
the same. Although the effect on the amplitude occurred 
immediately, the duration of the change was brief and 
returned quickly to normal. This immediate change in 
the amplitude of these contractions did not take place 
simultaneously with the flow of gastric secretion. A 
latent period of 30 to 60 minutes always preceded a 
secretory response, while the duration of the response 
was maintained for several hours. Again Types I and III 
were so diverse that a conclusion was difficult to 
formulate. In some animals irrespective of their 
innervations, distension at times suppressed these types, 
while in others an augment!ve effect was observed.



Usually retching and restlessness followed Increased 
distension, except In animals with ¿enervated pyloric pouches#

3, The Effects of a Chemical Stimulus on 
Gastric Secretion and Motility (fig» 10)«- The procedure 
during the basal periods was identical with that of the 
period preceding mechanical stimulation. However, 
physiological saline was introduced into the pyloric 
pouch as the perfusing fluid during this control period.
The sum of the two (15 ml saline and air) did not effect 
the release of gastrin, hence, did not become a distending 
stimulus. Subsequently, physiological saline was 
removed and replaced by a 0.4 per cent solution of 
acetylcholine chloride. Chemical stimulation was 
maintained for 2 to 3 hours. Approximately 10 to 15 
minutes elapsed before the response of acid secretion 
occurred and this response remained 15 to 30 minutes 
longer than the duration of the stimulus. The 
effectiveness of acetylcholine chloride as a secretory 
stimulant is shown by the fact that although a minute 
quantity (1 cc) of free HC1 is obtained during the basal 
period, 70 to 80 cc of free HC1 was collected during 
the height of chemical stimulation.

The motility of the dog’s stomach was slightly 
augmented in the pylorus, but the augmentation is of 
very brief duration. The rate and duration of Type II
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waves were slightly increased from 2,5 to 3 per minute 
and from 20 to 25 seconds per contraction respectively* 
The amplitude of all contractions was not affected. 
Chemical stimulation had no effect upon Types I and 
III waves.

4. The Effect of an Inhibitory Factor in 
Gastric Secretion and Motility»- The administration of 
cocaine topically in the pylorus produced a marked 
effect on the secretion of acid from the fundus elicited 
by both mechanical and chemical stimulation. A 5 per 
cent solution applied locally for 30 minutes diminished 
the secretion due to mechanical and chemical stimulation 
of the pyloric mucosa, although it was less effective 
for chemical secretion (figs. 11 and 12).

The effect of cocaine upon the motility of the 
stomach was studied. The duration, rate, and amplitude 
of Types I, II and III were not affected; therefore, 
no significant effects upon motility were demonstrated 
following cocainization.
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Figure 12. Local Administration of 
Cocaine HCl.
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CHAPTER IV

DISCUSSION

1« The Movements of the Stomach.*» Our 
investigations have shown four characteristic types of 
movement present in the stomach. In keeping with the 
usual terminology, we have labeled them as Types I, II, 
III, and IV* Templeton and Lawson (35) are credited 
as the first to adapt these terms to the motility 
patterns in the gastrointestinal tract; however, Carlson 
applied this terminology to his studies in 1912. Recent 
studies made by Hightower and Code and others indicate 
a fairly general acceptance of this terminology.

The stomach exhibits not only a local independent 
type of movement In the fundic and pyloric regions, but 
also a oropagated wave common to both, progressing 
from Its origin in the fundus through the oylorus to 
the pyloro-duodenal junction. These propagated waves 
may at times terminate at the fundo-pyloric junction 
and may also begin In the pyloric region independently 
of the fundus. In addition to these waves, a tonus 
rhythm of the stomach may be recorded graphically and 
manometrically.

The local fundic or Type I wave is a weak, 
Irregular contraction. It is found moat frequently



in the intervals between the "hunger” or the propagated 
waves. The duration of these contractions approximated 
12 seconds# while the intragastric pressure changes 
seldom rose above 5 cm of water. Carlson describes a 
Type III wave in the dog or the 20 seconds rhythm in 
man which he assigns to the fundus and it is comparable 
to this local type of contraction. Robins and Boyd (8) 
in more detailed studies in an isolated fundic pouch 
reported that an individual contraction appears 
irregularly and of different strengths. Our finding is 
in line with their observations and confirms the existence 
of a local wave peculiar to the fundic portion of the 
stomach. '

The strength of these contractions are never 
powerful. This may be due to the larger size of this 
particular region. However, we believe that this type 
of wave serves to move the food towards the center of 
the stomach cavity away from the walls and In the 
direction of the fundo-pyloric junction. Its propulsive 
ability may be slight, but is probably adequate to 
prepare the food masses amd mix them with the gastric 
secretions.

The second local contraction of the stomach is 
found in the pylorus. The antrum displays a striking 
rhythmic pattern of activity which is characteristic



of that region alone. The inflation of the balloon
46

within the pouch encounters immediate resistance, 
commencing a sequence of activity which is repeated 
continuously. The cycle begins with an individual 
form of contraction and is concluded by the incomplete 
tetanic form, or several contractions resembling small 
humps superimposed uoon a high elevation of basal 
pressure. This is followed by a brief period of 
relative quiescence of 1 to 2 minutes. Then the 
sequence of activity continues with an individual 
contraction of low amplitude, progressively 
increasing until the normal amplitude of the single 
contractions is attained. The single contractions 
may predominate during the recording for several 
minutes, maintaining a uniform rate, duration and 
amplitude, but the tetanic form makes its appearance 
approximately every 60 to 90 minutes. The cycle is 
once again repeated. We have found that the moment 
of occurrence of the incomplete tetanic form is fairly 
unpredictable, depending upon the animal. However, 
the vegotomized and demyenterlcized pyloric-pouched 
animals showed a tendency toward a more frequent and 
regular anpearance of this form of contraction, than 
those with their extrinsic innervations intact. The 
individual contractions are comparable to Hightower’s
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Type I and somewhat comparable to Carlson’s Tyne II 
in the dog and the "SO-seconda rhythm* in man. Although 
Carlson does not assign this type of contraction to any 
specific region of the stomach, we have found It only In 
the pylorus. The wave was not observed In any other 
region of the stomach, nor was it always associated with 
the hunger sensation.

The food masses* after they have reached the 
pylorus, are thoroughly mixed and reduced to a 
semi-fluid consistency by this seemingly never ending 
rhythmical, powerful local contraction. These powerful 
contractions do not serve as a propulsive agent, but 
rather grind end knead the contents prior to ejection 
of the food into the intestine.

The propagated fundo-pylcric waves travel from 
their place or origin in the fundus and progress through 
the pyloric antrum. Me have frequently observed these 
propagated waves In pyloric pouched animals with 
continuous musculature Irrespective of their 
innervations. We have also observed that at times 
the propagated waves would terminate at the fundo 
pyloric junction without entering the pylorus at all, 
and again, that a propagated wave would and could 
originate In the pylorus Independently of the fundus.

The individual propagated wave a© It enters



the pylorus from the fundus takes on the appearance of 
a multiple form of three or less Individual contractions 
superimposed upon a slow rise of basal pressure, while 
the multiple semi-tetanic propagated form continues its 
journey through the pylorus in an identical way. The 
difference between these two forms, the individual and 
the tetanic, is merely in the number of superimposed 
individual contractions. When the multiple semi-tetanic 
forms originate in the pylorus independently of the 
fundus, they resemble the transmitted form from the 
fundus. We know that these do occur, both in the 
isolated pouches and In the intact stomach, by the fact 
that the propagated waves were seen traveling through the 
fundus and terminating their activity there without ever 
interrupting the normal local or Type II waves of the 
pylorus. In like manner, many propagated waves 
originating in the pylorus coincided with a relatively 
quiescent period of the fundus.

This phenomenon of propagation and transmission 
seems to us to be the property of the musculature of the 
stomach wall alone. We have observed this propagation 
in animals irregardless of the condition of the nerve 
supply, so long as the gastric musculature remains 
continuous. This suggests that the pylorus possesses 
the ability to sweep downward, by way of a propagated

49



wave, whatever may be before it towards the 
pyloro-duodenal junction. Its independent initiation 
of this propagated wave depends upon the amount of food 
still present within that region of the stomach.

The pylorus may also accept a propagated wave 
from the fundus and continue the journey of that wave 
to the duodenum acting in unison with the fundus to 
accomplish a general gastric end, i,e., the sweeping 
down of partially prepared food out of the fundus into 
the pyloric region for further and final preparation.

The stomach also exhibits a slow moving wave 
which may last for several minutes. We have designated 
this as a tonus rhythm or Type IV wave. It Is more 
prevalent in the fundus than in the pylorus.

2. The Mechanical Secretion."“ The effectiveness 
of the distension stimulus has been shown by the fact 
that although a minute quantity of free HC1 is obtained 
during the basal period, the fundie glands resnond 
with a copious flow of acid secretion during the height 
of mechanical stimulation. Observations on all animals 
with innervated, vagotomised, and demyentericlsed pyloric 
pouches show that the tension exerted upon the pyloric 
mucosa releases gastrin which transmits the distension 
stimulus to the acid secreting cells of the fundus. With 
the inflation of the balloon, a latent period lasts



from 30 to 60 minutes before the response takes place. 
This has been true of all animals and occurs with such 
regularity as to make the time of response of acid 
secretion relatively certain. The secretion of acid 
was maintained for several hours.

The secretory response to mechanical stimulation 
was inhibited by the perfusion of the pyloric mucosa 
with a 5 per cent solution of cocaine chloride. After 
one hour of depression, the response returned to the 
normal level.

Even though pyloric stimulation by distension 
caused a flow of gastric secretion and a rise of 
intragsstric 'pressure, it had no effect upon the Types 
I and III waves observed in the stomach. The effect 
upon pyloric motility or Type II waves was one of slight 
augmentation and acceleration, i.e., the rhythmlcity 
and the amplitude Increased upon immediate distension. 
However, the duration of this acceleration and 
augmentation was very brief end the rhythmic pattern 
quickly returned to its normal mod© of activity. The 
amplitude always increased as distention Increased.

The effect of cocaine upon the secretion of 
acid from the fundus was one of diminution, while the 
effect upon gastric motility was of little or no 
significance. Types I, II, and III were unaffected
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either in the rate or duration end only very briefly 
in amplitude. This change is probably due to the 
pyloric accommodation to the sudden Increased bulk.

5. The Chemical Secretion.» Local chemical 
stimulation (acetylcholine chloride) of the pyloric 
mucosa liberated gastrin, enabling us to collect large 
volumes of gastric secretion. Usually a 10 to 16 minute 
latent period preceded the secretory response, but as 
long as the stimulus was maintained secretion flowed 
readily. This method of stimulation accelerated 
pyloric rhythmicity more effectively than mechanical 
stimulation. In either case, however, the motor effect 
was much more brief than the secretory response. Again 
Types I and III v/ere not affected. The use of an 
inhibitory factor such as cocaine depressed the respense 
of acid secretion to a degree less than that for 
mechanical secretion. The contractions of the pylorus 
were neither inhibited nor augmented by cocaine.

It is evident from the above that there is no 
definite correlation between the contractions of the 
stomach wall and liberation of gastrin. It may be 
stated further that the intragastric pressure increases 
as distension Increases and that when this state of 
tension of the pyloric mucosa reaches a threshold 
level, it causes the release of gastrin capable of
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transmitting the distension stimulus. The depressing 
effect of cocaine upon the secretory activity and the 
negative effect upon the contractile changes of the 
stomach musculature suggests that these phenomena are 
goverened by two separate intrinsic mechanisms, the 
adenterie plexus with the secretory and the myenteric 
with the motor.



CHAPTER V

SUMMARY

We have observed and r ecorded the movements of 
the empty stomach of dogs by means of the VI vi 
Perfusion-Motility Recording system. These movements 
have been classified into four characteristic types of 
waves: Types I, II, III, and IV.

Type I or local fundlc waves are rapid but 
weak contractions which are difficult to distinguish 
from the '’respiratory pressure rhythm11.

Type II or local pyloric waves are distinctive 
of the pyloric region. They are powerful rhythmic 
contractions which begin with single contractions and 
conclude with a serai-tetanic form. These powerful 
contractions function to grind and kneed the food 
masses in the pylorus end are not necessarily associated 
with hunger sensations.

Type III or propagated fundo-nyloric waves may 
be either individual waves or multiple semi-tetanic 
forms. In animals with continuous musculature 
Irrespective of their innervations, these waves are 
often transmitted to the pylorus. Depending upon their 
functions, the propagated waves of either form may 
originate in the fundus and terminate at the fundo-pyloric



junction, or they may originate in the pylorus.
Typo IV or tonus rhythm is a slow rise of 

basal pressure kymograph!cr1ly or a slow wave of the 
entire stomach which may last for several minutes.
Types I, II, end III are frequently superimposed upon 
thl s wa ve,

We have made further observations on motility 
and secretion in dogs with pyloric pouches and gastric 
fistulae in order to determine whether any constant 
relation ship existed between gastric motility and the 
secretion of gastrin brought about by mechanical and 
chemical stimulation of the pylorus. Although both 
methods of pyloric stimulation may slightly accelerate 
and augment pyloric rhythmiclty, the motor effect la very 
brief while the secretoryrespouse is maintained. This 
indicates that the liberation of gastrin depends upon 
the state of tension or stretch in the pyloric mucosa 
and not upon the contractile changes in the muscular 
walls. The use of an Inhibitory factor further 
emphasizes the lack of correlation by the fact that 
motor inhibition was not observed, while the secretory 
response was diminished. T- is suggests that two separate 
neural mechanisms are concerned, the myenteric plexus 
with the motor and the adenteric with the secretory.



CHAPTER VI

CONCLUSION

Four types of movement occur in the stomach 
of the dogi Type I or local fundic wave, Type II or 
local pyloric waves, Type III or propagated 
fundo-pyloric waves, and Type IV or tonus rhythm of 
the entire stomach«

Further observations on motility and 
secretion in dogs with pyloric pouches have failed 
to show any constant relationship between gastric 
motility and the secretion of gastrin elicited by 
chemical end mechanical stimulation of the pylorus.
The excitation of gastrin secreting cells is related 
to the state of tension in the pyloric mucosa rather 
than to the contractions of the stomach wall. This 
is in accord with the concept that an adenterlc reflex 
is involved in the liberation of gastrin, while a 
separate neural mechanism is involved with the motor
responses
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