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Foreword

Every man has a stomach, unless, to prolong lfe, the sur-
geon has been allowed to remove 1t Only refatvely few men,
because of accident or disease, have been compelled to live
with thew stomachs opened and connected with the surface
of the body—a condimon which allows investigators to look
1n, to sample the gastric juices and the parually digested food,
and to apply revealing tests i order to increase knavw ledge of
the digesuve process Hitherto in the United States there
have been two famous cases of this nature  Beaumont’s can-
tankerous Alewus St M, and Carlson’s Fred V' As mentioned
n Chapter 1, there have been other human mstances of gastric
fistula that have been studied ncrdentally and for particular
mterests I venture to declare, however, that the functons of
the stomach have never been muvestigated with the detatled
care, the skill and mgenwty that have been dlsphyed m the
researches carried out by the authors of this volume on the
present subject, Tom Not only the natural activities of the
organ—its secretions and motions and assoctated vanauons of
blood flow, 1ts responses to different sumuli and s effects on
vanous foodstuffs—but also the influence of many agents com-
monly employed to alter these funcuons have been cnincally
v
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exammed 1 the favorable cuwcumstances wiuch Tom pre-
sented

Perhaps most sllumnaung of all the observauons are those
on the mumate relations between emotional states and gastric
actvay In that respect the mvestigators were fortunate, for
the subject was a sensitive, proud, and ndependent sndivsdual,
at different umes anxious, fearful, difficult, and obstinately
decssive He had an emotional range and responswveness that
permutted mce discrimnanons which the authors have fully
uttlized The mteresung fact that frustrauon and repressed
conflict were assoctated with hyperemsa and with wncrease of
motility and sccretion will come as a surprise to many Like-
wise lghly significant 15 evidence thar engorgement of the
mucosa, whatever s cause, 1s associated with lessened resist-
ance to tranma, for as the authors pomt out, this condiion
has umportance i explamng the meidence of gastrie uleer
Obviously the extent and varety of tesimony here accumu-
lated provides mterest not only for chmeians but for physiole-
gists, pharmacologists, psychuatrists, and pathologists, a5 well

Such thorough evammation of a single indiwidual may be
cnticized as not offersng a basis for broad generalizanons
There may be, admutredly, some mdividual pecubaniues which
would not permut the features of this one man and hus stomach
to be apphed to all men and their stomachs Nevertheless, the
general normalty of Tom s favorable to his beng a good
cvemplar of his fellows However one may regard the bear-
g of this case on other cases 1t 15 clear that che admurably
spectfic and evact and crmcal examination of the numerous
aspects of gastric physiology and pathology, here presented,
offers a challenge to others who may wish to attempt similar
studies on other mndnaduals normal or pathological

Much value has come to medical science and practice from
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a mutual mfluence of the laboratory and the clic on one
another Suggestions from facts noted in the cluc can be
taken to the laboratory and there analyzed under experimental
conditions often impossible 1n research on human bemgs The
results from mvestgations on lower ammals may mn turn be
helpful and lummating for further chncal tesung Expen-
menters having laboratory facthues—physiologists  patholo-
gists, pharmacologsts, and others—will find n this report
many hmnts for further work

All whose nterests are served by the important contribu-
tions to knowledge contamed m this volume owe a tribute of
appreciation not only to the investigators, who ingemously
devised the methods and made the careful observatons de-
scribed m the following pages, but also to Tom, who faith-
fully collaborated with them

Warter B Caxnon






Preface

Trns book 15 not prsmarddy the descnption of a ‘rare case* Ir
amms to be 2 simple statement of the worlungs of the human
stommsch It was made posstble through “Tom, who was gen-
erous enaugh to allow a tragiec scadent to himself ra become
the bawis of 2 new approach to essential questions concermng
the stomach

We are fortunate to e 1 a day when tools snd concepts
can be fashioned for dealing with an organ 1n the setung of
the daily experience of the man Thus for the first time, an
evaluzuon of crenlatory changes in the gastric and duodenal
mucosa has been possble The wide varistions m blood flow
and their selsnon to secretion and contraculicy have been
found to have dramatic implications for health and disease

To Doctor Walter B Cannion goes our gratwude for hus
wise adnee and dscrmuating antcsm

We wish to express our thanks to Issbel Bishop Helen
Goodell Margaret Scharf Lilhan Riblet and Masgaret Mexx-
ner, who helped with the techmieal work the preparaucn of
the manusertpt and cosrection of praofs We also gratefully
acknawledge the suggestions and crincism of our colleagnes
m the Departments of Medmne Psychuatry, Physology, Bio-
chemustry, Anatomy and Pharmacology
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Introduction

OnE hundred years ago Beaumont® wrote ‘I have avaded
myself of the opportunity afforded by a concurrence of cur-
cumstances which probably never can agan occur *Trss
true that the precise series of events which resulted 1 a per-
manent opening mto the stomach of Alexis St Martin has
probably not been repeated, but Beaumont’s opportunity to
study the physiology of the stomach at close range through a
gastrie fistula has not remaned unique

Dunng the succeeding years, while others have had pauents
with holes m their stomachs to study, there has been only one
mvestigation which has compared m scope with Beaumont’s
work,’ namely, Carlson’s study of Mr V By virtue of new
approaches to the study from one generaton to the next,
however, additional facts have been learned and various aspects
of the problem of gastric function have been clanfied The
problems could never be disposed of by a single worker,
however 1deal his opportunines for the questions put to n2-
ture vary from one generation to the next An mvestgator’s
horizon 15 himited by the height of the vantage point on which
he stands These vantage pomnts are the prevaling concepts of
the day Few men have been able to look beyond the honizon
of their generation

3
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Beaumont's work was influenced by the widespread mrerest
m morgamc chemstry which prevailed i hus day Therefore,
m fus studies on Alexss St Marun he was principally con-
cerned with discerning the processes mnvolved m converung
a bolus of food nto an amorphous, serm-flud chyme He
mterested himself primanly m the gastric juice, and this he
emphasized sn the tele of hus treatise ‘Experiments and Ob-
servanons on the Gastne Jwce and the Physiology of Di-
gesnon” The cntics of Beaumont’s day, too, were preoccupied
with the same considerauions, and they were disappomted by
hus failure to show whether or not there was a ‘vital foree’ m
the stomach which enabled food to be chymufied more readily
m vivo than when meubated with gastric juice m vitro®

Richer's * observations on an early gastrostomy patient were
made about fifty years after Beaumont’s publication His -
terests were mainly hmited to the chenustry and physiological
properties of gastric jwice, although he did explore the senst-
bility of the gastne mucosa

Carlson,® twenty-five years after Richet, also studied a sub-
ject with a hole i tis stomach The passage of ume had
offered him a new approach to the mvestigation The star of
‘vaaism’ had faded, and ‘mechamism’ had wken uts place A
great school of phystologists had sprung up Thewr mnterests
fay 1n the behavior of mdividual organs and 1 the mechames
of the imnterrelanonships of organs Carlson’s work was pri-
manly concerned with kineucs The majonity of fus expern-
ments on the stomach were directed towards a study of gastric
matility and of ‘hunger contracttons 1 particular

A sct of factors generally sgnored by mvesugators included
the mnfluence of the circumstances surrounding an expeniment
on the funcuon of the organ under observation This was true
even after Pavlov had shown i dogs that the effects of enwi-
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ronmental situations to which the ammals had learned to attach
special sigmificance manfested themselves m profound and
prolonged alteranions m gastnc and salwary funcuons® He
showed that the effects of these sttuational factors, like other
brological phenomena were subject to analysis and to expern-
mental approach Gradually there arose a fresh pomt of view,
namely, to consider the stomach not as an solated organ, bur
as a functioning unit 1n a whole ntegrated orgamsm Much
of the proneering 1n thus field was done by Cannon, whose
studies showed that profound disturbances n gastric function-
ing occurred durmg emotional stress ** The work of Cannon
has had 2 broad influence on scientific thinking 1n America
It 15 conunually quoted by psychiatnists neurologists nter-
mists and physiologists Despite this, there 1s 2 general reluc-
tance among 1nvestigators to apply the expersmental method
when studymg the emotions

Beaumont Richet, and Carlson had all recogmzed that
changes 1n gastric function occurred 1 association with vary-
ing emouonal states, but they did not find 1t approprate to
make systemauc observations upon them Nether did they
seem to appreciate the magmitude of these changes and their
possible relation to epigastric distress and disease The sig-

fi of psych 1c relatonships lay beyond thewr
horizon It looms large on ours today Therefore, 1t seemed
important to us to explore the possibility that serous structural
changes m the gastromtesunal tract may occur 2s a result of
prolonged functional disturbances
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CHAPTER I

The Appearance and Behavsor of a Stomach
after Forty-seven Years of Feeding
through a Gastric Fistula

History of Our Subject, Tom The subject, Tom, a 57-year~
old man of Irsh stock, was brought to the New York Hos-
pital m 1895 at the age of 9, with an oesophageal stricture that
had resulted from drinking extremely hot clam chowder At-
tempts to dilate the oesophagus with bougies faled so a lumen
was channeled with a urethrotome For a few days Tom
could swallow food but the surgeon was unable to keep the
lumen open with repeated passage of bougres and slowly 1t
closed off agam Fmally 1t became necessary to perform a gas-
trostomy  Accordingly, the anterior portion of the greater
curvature of the stomach was brought out and sutured to the
abdominal wall Before the operation was completed, how-
ever, Tom's condition suddenly became precarious and 1t was
necessary to finish the operation hurriedly without attempung
a plastic closure Tom recovered from the operation, but was
left with a defect m his abdommnal wall 3 5 cm 10 diamerer,
through which a collar of redundant gastric mucosa hernuated
Thereafter, he fed lumself through the arnficial openmg
7
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He placed food 1 hus mouth, chewed it and then spit 1t mto
an ordinary kitchen funnel with an attached rubber hose,
which he nserted nto fus stoma Following the conclusion
of the meal he covered hus defect with gauze and bound up
fus abdomen ughtly, leaving the dressmg i place unul his
next meal The saliva secreted between meals he allowed to
accumulate temporanly n the upper end of the oesophagus
and then emptred it at conventent mtervals throughout the day
Thus reservorr held approumately 100 cc of flud He ate an
average dict with Iittle meat, but took 4~5 cups of weak tea
or coffec with cach meal, feeding himself only twice a day
at mtervals of at least § hours He learned that thus was the
mnimum time required for the digestion of most of hus meals,
and that 1n order to avoid spiilling stomach contents he must
wat until the organ was empty before eatng agam His reason
for restricting meat was hus discovery that 6-9 hours were re-
quired for xts digestion Like Richet's * patient he noted that
leafy vegetables remamned m bus stomach for a fong ume, often
to-12 hours Residual amounts of spmach were especnally
easily recognized Generally, he obscrved that hqud foods
were digested more quickly than solid ones

Unlike Richet’s patent, Tom consistently took the food
mto fus mouth before placing 1t 1 his stomach Introducmg
it dircetly 1nto fus stomach faled to satisfy fus appetite Tol-
lowing us oniginal operation, when he was markedly under-
waght, feedings poured mto his stomach bv a nurse and later
by us mother kept hum but poorly nourshed When, how-
ever at his own suggesnon he began to feed himsclf by taking
all of the food nto lus mouth before placing it mto his
stomach he ganed sausfactorily

Throughout his 47 years of biving with 2 gastrostomy he
mamtained 2 good appette The sight or thoughe of delec-
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table dishes called forth a normal flow of sabiva Opposite
experiences mduced nausea and retching, which persisted
unti he allow ed the contents of tus stomach to escape through
hus fistula

He remamed free from chrome gastromntestinal complamts,
such as ‘heart-burn,’ epigastric distress, anorexia, flatulence,
and diarrhea, except under special circumstances, which wall
be discussed later

He smoked a prpe m moderanen, but rarely cigarettes Oc-
castonally he drank beer with Ius meals, but usually not more
than 3-3 bottles a week He liked to taste the first few swal-
lows and then he poured the rest directly nto hus stoma He
rarely mdulged m spints, because small amounts, which
spilled 1n the mampulation of the funnel caused burning of
the granulating skin m the immeduate vicmity of the stoma

On one occaston eight years after operation, while playmg
football he fell on a fumbled ball and two other boys piled
on top of um For the rest of the day he had a severe pan
in the abdomen 2nd znorewia, and he ate no duner In the
carly hours of the following mormng he was awakened by
an excrucatng pam throughout the lower portion of the
sbdomen and examming his stomach for the first ume he
found a large pornon of his gastnc mucosa protruding
through his opening looking like a huge rose It was neces-
sary to enlarge the fistulous opening surgically m order to
reduce the herntaton Smce then he has had two or three such
episodes In each he was able to tuck hus stomach back m by
hand Following reduction however, cramping pamns 1n the
hypogastrium regularly occurred and persisted for about two
and one half hours

About 18 months before we first saw fum while he was
working as a sewer laborer he found that the movement mn
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volved in swinging a pick caused the dressing over the gas
trostomy opening to excorate the edges of the wound anc
mnduce bleeding Every mght when he changed Ius dressing
he found 1t soaked with blood Finally, he sought medical
advice from Dr Florence T Donovan of Staten Island, whe
found numerous small buds of tissue around the periphery of
huis redundant mucosa and on 1ts under surface These Dr
Donovan resected i an mgenious operation Thereafter the
patient’s red blood cell count, which had decreased to an
anemia of 2,000,000 red blood cells per cu mm and a haemo
globin of 6 gm which had resulted from the bleeding, quickly
rose to normal values where they were mamtained Subsequent
to the operation he had only slight spotting of blood on hu
dressings from time to time

Appearance of the Subject Tom was a short man, barely
feet 4 inches tall, lithe, muscular, but slender, weighing ros
lbs He appeared about his age, 57 years His shin was of
good texture and hus tongue moist and pmk with the usual
number of papillac In the epigastrium mudway between the
xiphoid and umbrlicus a defect was seen 3 5 cm m diameter,
through which hernsated a collar of gastric mucosa about 10
em across (Fig 1) The underside of this collar presented
the appearance of fibrous and granulaung ussue The layer
did not seem to be thick enough to contam much, if any,
musculars This impression ganed support from the fact that
no motor activity was observable n the prolapsed collar of
stormach wall It was possble to replace nearly all of this
ussue withm the stomach cavity The line of attachment be-
tween shin and stomach was thus revealed This was tightly
healed The 3-5 mm of sk rmmeditely surrounding the
defect was denuded, presenung a raw, granulanng surface
For a distance around the stoma of 2 10 cm radms the shin
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was pmker than normal, thin and parchment-like 1n consist-
ency This layer could be displaced slightly over the deeper
layers of the shin 1n a manner which suggested a blister There
was, however, no accumulation of flmd beneath this loose
shin The patient learned that this area of shin adjacent to fus
defect required meuculous care to protect 1t from maceration
and digestion by the gastric juice

Radiographic App of the Qesophagus and Stomach
The oesophageal stnicture and consequent dilatation above the
stricture were demonstrated by x-ray (Fig 2)  Fluoroscopic
visualization while barium was poured i through the stoma *
revealed an apparently normal rugal patcern The barwm
promptly passed through the pylorus and filled out the duo-
denal cap These structures as well as the duodenum and je-
junum appeared entrely normal

The x-ray study illustrated well the method by which the
gastrostomy was made The antertor aspect of the greater cur-
vature of the h had been brought up to the abd ]
wall, thus rotating the stomach on a horrzontal axss and pomnt-
g the pylorus posteriorly The opening was then made into
the stomach wall one third of the way from cardia to pylorus
Representative views of the bartum-filled stomach showing the
duodenal cap and part of the small intestine appear n Fig 2
After two hours the stomach was nearly empty of barrum

Appearance of the Mucous Membrane The character of
our subject’s defect offered an excellent opportumty for pro-
longed close inspection of the stomach mucosa by virtue of
the large size of the defect and also because of the collar of
mucous membrane which lay exposed on the abdominal wall
The wnterior of the stomach was exammed by means of sn

We are indebeed to Dr Sidney and the Dep of Raduolog
for the radiograplue interpretacons.
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regularly covered by a film of transparent mucas At times
when 1ts production appeared especially active, 1t became thick
and opaque over certam areas and occasionally rolled up into
small whitish flakes, which lay on the surface of the mucous
membrane These preciprtated bits of mucus were pecled anay
with some difficulty and were found to be mnsoluble m the
gastrie yuice Therr digestion was only parually effected after
sncubatson with gastrie juice for 24 hours It seems bikely that
they corresponded to the ‘aphthous spots,’ which Beaumont
descrbed 1 St Martn'’s stomach as ‘white spots reserm-
bling coagulated lymph’

Secretton m the Stomach The appearance and consistency
of the gastnic puice varied w wdely from tume to tune, as did the
concentration of acd i the speaimens The fatter ranged
under differing circumstances from 1o to 120 chnical units
A detarled study of the secrerory funcuon s presented m later
chapters

AMotor Actrety When the barrel of the anoscope or any
object Jarger than § em m diameter was introduced through
the stoma, the stomach wall closed m around 1t, grasped 1, as
1t were, and mulked 1t towards the pylorus Ir was necessary
to nflate the organ with air 1n order to free the sides of the
object mtroduced Dunng mflation 1t was often possible to see
wave-lhe mndentations of the stomach At these times much
of the arr was forced through the py lorus, and abdommal dis-
tennion resulted The distennion persisted after the stomach was
decompressed, and there occurred mugratory cramps, which
were felcover the whole sbdomen At other nmes, the stomach
wall appeared to be quiescent with no wares of contraction
taking place

Plan of Study Tt was thoughr desirsble 1o study these func-
vioms i mare detail wath the hope of clanfving the mechanisms
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was pnker than normal, thin and parchment-like 1 copsist-
ency This layer could be displaced shightly over the deeper
layers of the shin 1n a manner which suggested a blister There
was, however, no accumulaton of flurd beneath this loose
shin The pauent learned that this area of shun adjacent to his
defect required meticulous care to protect 1t from maceration
and digestion by the gastnic juice

Radiographic App ¢ of the Oesophagus and Si 2
The oesophageal stricture and consequent dilatation sbove the
stricture were demonstrated by x-ray (Fig 2)  Fluoroscopic
sisualization whule barum was poured m through the stoma *
revealed an apparently normal rugal pattern The barum
promptly passed through the pylorus and filled out the duo-
denal cap These structures as well as the duodenum and je-
junum appeared entirely normal

The x-tay study dlustrated well the method by which the
gastrostomy was made The antertor aspect of the greater cur-
vature of the stomach had been brought up to the abdominal
wall thus rotang the stomach on 2 horizontal axis and pownt~
mg the pylorus posteriorly The opering was then made into
the stomach wall one third of the way from cardna to pylorus
Representatve views of the barium-filled stomach show ing the
duodenal cap and part of the small intestme appear 1n Fig 2
After two hours the stomach was nearly empty of bartm

Appearance of the Mucous Membrane The character of
our subject s defect offered an excellent opportumty for pro-
fonged close mspection of the stomach mucosa by wirtue of
the large size of the defect and also because of the collar of
mucous membrane whch lay exposed on the abdommnal wall
The intertor of the stomach was exarmned by means of an

We are indebted to Dr Sid:
for the mgendebied to| l]:R dn’«’ﬁl Wewtranh and the Department of Radiology



4
z

A Oblique chest film showmg phageal occl: with dil prouml to

it outlined by barmm,

t Antcro posterior view of the stomach filled with banum Note forward roraton
of greater curiature with direction of the pyvlorus posteriorly

e

)
N
[URAUUFER N

€ Right-cblijue view of the st mach showing the silhe uette usually scen m
antero postersc ¢ view  Nate sialk amount of binum i duo lenal cay

D zhour film f the st mwh tantero-post) Vet f the barwam 1 the
small intestine

T



DESCRIPTION OF SUBJECT'S STOMACH 15
area where the folds were absent and the mucosa velvety
smooth There was, however, no other evidence of abnor-
mality Detailed review of the operative procedures mvolved
1 the formation of the stoma and the passage of bougies i the
oesophagus allowed the mference that the disturbance to the
nerve supply of the stomach 1s mmimal and localized about the
stoma "Thus mference was further borne out by the fact that
sensation and secretion were intact throughout the stomach It
15 apprectated, however, that such stomach reflexes that de-
pend on the swallowmng of food and 1ts passage down the
oesophagus are impaired or mussing Because at operaton the
stomach had been rotated forward, the pylorus was directed
posteriorly as shown m Fig 2, and was visualized with
extreme difficalty On one occasion, however, the pylorc
antrum was satisfactonly viewed wath the gastroscope The
contracttons of the sphincter were not seen The color of the
exposed collar of mucous membrane was perhaps shghtly
redder than that within the stomach, and the external folds
were thicker The surface of the mucosa here revealed the
same small villi which were seen within, but they appeared
shghtly flattened and blunted

The color of the mucous membrane withm the stomach as
well as that exposed on the abdommnal wall varied from time
to time from a famt yellowish pimk to an intense cardinal red
The changes 1 color of the mucoss within the cavity of the
stomach were always reflected 1 the collar of mucosa exposed
on the abdomunal wall and when changes occurred on the
outside they could also be seen within The circumstances
with which the changes 1n color were associated will be dis-
cussed 1 later chaprers

The Coating of Secreted Mucus The mucosa withmn the
stomach as well as that exposed on the abdomunal wall was
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ordinary hghted anoscope, which was mserted 1nto the stoma
Thereby 1t was possible to see nearly the whole mucous mem-
brane of the stomach The exammaton was facilitated by at-
taching to the anoscope a transparent balloon,* which could
be inflated to separate the stomach walls Without inflanon,
the antertor and postertor walls were found to be collapsed
upon one another The mucosa was pink and thrown up nto
folds varymg 1n thickness accordmg to the degree of disten-
uon of the organ The surface of the stomach mucosa was
uniform 1n appearance and shmy to the touch Closely packed
uny elevations appeared over the entire surface, giving 1t a
granular appearance These elevations were about 1 mm
diameter and visible to the naked eye, but were seen easily
only with o magmfymg glass Under tlummation they ap-
peared as igh lights Both Beaumont and Ruchet recognized
them and both beleved that they could see the gastnic juice
welling up from them Beaumont* wrote that he could see
‘innumerable, minute, lucid ponts from which distils a
pure, mpid, colorless, shightly visad flud * We were unable
actually to see droplets of secretion appearmg from these vill
There were no blood vessels, erostons, hemorrhagic spots, or
exudates seen within the cavity of the stomach In short, the
stomach mucosa answered the usual description of a ‘normal’
stomach as scen on gastroscopy

A gastroscope was mtroduced through the stoma and the
stomach lning exammed by Dr J M Ruffin He reported
that the color of the membrane and the size and appearance
of the folds were altogether normal Therr arrangement, how-
ever, was somewhat distorted on the antertor wall, presumably
due to the creation of the gastrostomy, and there was a small

Balloons were gencrously supplied by the General Electnic Co  Schenectady
A
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regularly covered by a film of transparent mucus At times
when 1ts production appeared espectally active, 1t became thick
and opaque over certamn areas and occasionally rolled up mto
small whiush flakes, which Jay on the susface of the mucous
membrane These preciprated bits of mucus were peeled away
with some difficulty and were found to be insoluble m the
gastae juice Their digestion was only partally cffected after
mcubation with gastric juice for 24 hours It scems hikely that
they corresponded to the ‘aphthous spots,’ which Beaumont
desenibed m St Marun’s stomach as ‘white spots resem
bling coagulated lymph*

Secretion m the Stomach The appeatance and consistency
of the gastric juce vanied widely from time to time, as did the
concentrattion of actd n the specimens The lateer ranged
under differing ctreumstances from 1o to 120 clmical units
A detatled study of the secretory function is presented m later
chapters

Motor Actroty When the barrel of the anoscope or any
object larger than 5 cm n drameter was mtroduced through
the stoma, the stomach wall closed 1 around 1t, grasped 1, as
1t were, and mulked st towards the pylorus It was necessary
to mnflate the organ with air m order to free the sides of the
object mtroduced Duning inflation 1t was often possible to see
wave-like mdentations of the stomach At these trimes much
of the air was forced through the pylorus, and abdominal dis~
tention resulted The distention persisted after the stomach was
decompressed, and there occurred mugratory cramps, which
were felt over the whole abdomen At other times, the stomach
wall appeared to be quicscent with no waves of contraction
tahing place

Plan of Study Tt was thought desirable to study these func-
tions i more detasl with the hope of clarifying the mechamsms
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mvolved 1 the production of symptoms referable to the
stomach and duodenum, and of discovermg, if possible, the
causes underlying the occurrence there of ussue damage In
the next chapter accompanying a short review of facts cur-
rently available regarding gastric physiology, we have recorded
m detail the methods nsed for making systematic observations
of gastric function

Sunmary and Conclusions Studies were made upon a sub-
ject with a large gastric fistula through which he had fed hun-
self for 47 years His stomach was observed by <-ray and
direct mspection Measurements of gastrie motility and secre-
tion were recorded

It was established that

1 Feeding through a gastric fistala was no detrument to
general health, nor was it necessarily conducsve to the devel-
opment of symproms referable to the gastromtesunal tract

2 The presence of a large opening between the stomach
and the outer surface of the body for nearly 5o years did not
result m ‘gastris’ or n any way viuate the ability of the
stomach to funcuion effectvely

3 The motility and secretory functions were found to vary
over a wide range under differing conditions The color and
general appearance of the mucosa also were found to be van-
able These changes were compatble with good funcuioning
of the organ
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CHAPTER II

The Study of Gastric Function

DETHOD OF COLLECTION AND INTERPRETATION OF DATA

TuE purpose of the stomach as a digesuve organ has been
known for centuries The process whereby 1t recewves aliment,
MIXes It, starts the process of chemtcal breakdown of protemns
and fats, and finally passes 1t on to the small mresune for fur-
ther digestion and absorption has been worked out gradually
since the publication of Young’s thess i 1803 * A rapid ad-
vance occurred as a result of Beaumont s studies 30 years later
and more recently the process has been greatly clanfied by
studies of a quantitative chermical nature

Briefly, the facts which are currently available are as fol-
lows  the first mouthful of food as 1t enters the cardiac orifice
of the stomach drops mnto the hollow of the greater curva-
ture, and subsequently ingested mouthfuls he on top of 1t
and central to 1t, formung a sort of strattfication The diges-
tve yuces reach the outer layers first and these are milked
along by peristaluc waves peeled off the more central layers
3s 1t were, and delivered to the region of the pylonc antrum
Here, the acid chyme 15 partally neatralized by the abundant
mucous secretion and the mixture 15 squirted mto the duo-

1
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Circulatory Changes Changes m vasculanty were readily
recognized by varations m the color of the mucous mem-
brane The latter was easily accessible to view, as powted out
m Chapter I It was seen to undergo a very wide range of
EQUIVALENT IN QUANTITATIVE TERMS

DESIGNATION USED FOR CHARTING MUNSELL)
100 SCARLET 625R 33
Rep 105
90 W 650R 35
05
8o 675R 36
05
70 700R 38
105
[ CoLor 725R 39
105
50 6 o0 R_4__2_
8
40 650R44
3
30 700R45
8
20 Pare 8ooR§2
YerLow Rep 8

Fic 3 Symbols used m evpressing color changes m the stomach mucosa The
range of color 1 approvimately that of a hacmoglobin scale (Talquist type)
varying from a pale yellow sed to an mtense searlet red
color changes under various circumstances Changes of the
same order and mn the same direction occurred m the mucos2
withmn the cavity of the stomach as n that part which Jay
exposed on the abdommal wall Since 1t was sumpler to obtamn
rdeal hghting condions on the outside, and since there a
color scale could be brought up close to the mucosa for com-
parison, the recorded vascular changes are those observed n
the collar of exposed mucous membrane under a cool, ‘soft
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denum by strong contractile movements The pylorus, which
15 usually open, closes as the wave of contraction passes over
1t and thus prevents regurgitation of the food back mto the
stomach *

The gastnic juice contams hydrochloric acid, which acn-
vates 1ts principal enzyme, pepsin The latter attacks complex
protems and sphits them 1nto smaller molecules Some of these
are broken down into proteoses and peptones, and even small
quanitics of amino acds result from pepuc digeston 1 the
stomach *

Rennin, another important enzyme, coagulates milk It acts
on the protem casemn, splitung 1t to yreld paracasem and whey
albumose Paracasem in the presence of caleim precipirates
as a calcium compound *

Gastric bipase reduces hughly emulsified fats to fatry acds
and glycerol *

Finally, 1t 15 currently held that another substance called
‘mtrinsic factor’ evsts in the normal stomach It 15 smd to act
on certam mngested foods to form a compound essential for
hematopoiests ®

Meruop or THE Present Stupy

A further deration of the ch ry of digestion 15 not
relevant to the present work Rather our mterest 15 focused on
the factors which govern the circulatory, motor, and sccretory
functions of the stomach

Our subject came to the Jaboratory m the morning 10 2
fasting state, and reclined for one-half hour on a cot before
observauions were begun An cffort was made to heep the
subject’s surroundings as neutral as possible and to heep hum
hightly diverred
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ever, the motility pattern 1s stll poorly understood A com-
prehensive review of the work done on this subject 15 mcluded
1n the book by Alvarez® He concludes that one type of mo-
uliy consists of gentle waves of contraction which ongmate
1n the cardia and progress towards the pylorus As they do so,
the force of contraction tncreases They may pass over mto
the pylorus or may end m 2 ‘systolic’ contraction of the
pyloric antrum A second type of motility pattern 15 a slow
tonic type of contraction 1 which virtually the whole stomach
wall pasticipates, consequently rasing the ntragastric pres-
sure These recurring waves were found by Cannon® to be
accompanted by pangs of hunger Hunger has been noted m
therr absence however, and 1t has been observed that contrac-
tions of other parts of the gut, as well as the stomach, may
give rise to pangs of hunger ’

Recordng of Gastric Contractions Records of contractions
were obtamed by the famular technic of recording pressure
changes 1n a balloon mntroduced nto the stomach An inlymng
Iatex balloon was mnflated to a pressure of 10 cm of water and
connected to a U tube half filled with water and contaning
a floatng cork with a wrniing arm The latter recorded the
amplitude of gastric contractions m mk on a revolving drum
A simultaneous tracing was made with an ordinary pneumo-
graph attached just above the lower margin of the b cage
Thus were recorded respiratory excursions as well as coughs
yawns, and body movements These altered the imtragastric
pressurc and caused artefacts’ on the record of gastric mo-
ulity Fig 4 illustrates the way actual stomach contractions
can be readily disnguished from artefacts by this method It
must be emphasized that the balloon recording-device measures
only those contracttons which alter the intragastric pressure
It has been suggested that certain persstaltic waves may course
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white’ fluorescent Light smitably placed to provide constant
hghtng condions The color changes ranged from a fant
yellowssh red to a deep cardinal shade The standard colors
used were evaluated quanttatively by the Munsell method *
The quantitative values appear m Fig 3 Opposite them are
the numbers, which, for the sahe of simpheity, we used m
charung the data

Although the cardmal red blush of hyperaemua was easily
distingwished from the cyanosis which occurred if the stoma
were firmly plugged and the exposed collar of mucous mem-
brane thus 1solated from 1ts blood supply, 1t could not be
assumned that the mcreased redness actually reflected ncreased
blood flow However, 1t has been shown by a modification of
the thermal gradient technic, described elsewhere * that these
color changes do mn reality reflect changes in blood flow

Accelerated blood flow 1n the mucosa was not merely asso-
cuated with blushing of 1ts surface The membrane iself be-
came wet, swollen, and turgid, and the rugae were shghtly
fuller and smoother These evidences of vascular engorgement
were especially obvious 1n the collar of mucosa exposed on
the abdominal wall During marked hyperaemua, 1t often dou-
bled in thickness from 5 mm to 10 mm and the radial folds
in this exposed collar of gastnic mucosa (Fig 1) decreased n
number from 12 or 13 to 5 or 7 The ussue tself under such
crrcumstances felt succulent and boggy

Motor Actiity m the Stomach The pattern of monlity of
the stomach, which 1s provided by the mteraction of the cir-
cular and longitudmal muscles 1 its wall, has been observed
through fistulac and at operation, and also has been recorded
on kymographic tracings and on moving-picture film Because
all of these methods of study alter the usual relationships, how -

* Munsell Book of Color Munsell Color Co, Balumore Md.
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of three or four separate sccretory products and posstbly other
fluds Therefore, 1ts composition varies within wide limuts
This difficulty has greatly hundered studies of the nature of
gastric juice and the mechanisms governung its production The
following facts, however, are well substantated

The partetal cells are responsible for providing the acid of
gastric Juice * Three other secretory products mucus, pepsin,
and rennm and probably other fluds are also present 1n the
muxture Their resultant reaction 15 alkaline, and they have
therefore been grouped together for conventence under the
term ‘alkaline component’*

The parsetal cells elaborate at a varmable rate a product of
constant composition contamung Dittle else but hydrochlonc
zcid 1 a concentration between 16 N and 17 N This 1s
known to be ssotome with the blood **** The ‘alkaline com-
ponent’ 15 also secreted 1 concentration isotomc with the
blood, and 1ts composition vartes within such narrow range
that for most practical purposes it may be considered um-
form ™ Thus, concentration of acid 1n gastric juce depends
upon the relative amounts of parietal cell secrenon and alka-
line component’ present, and the concentration of the two con-
sttuents must bear a Linear relationship to one another ** ¥ **
This was demonstrated experimentally mn analyses of random
samples of gastric ymce for concentration of neutral chlordes,
which was taken as an mndex of the quantity of alkalme com-
ponent’ present and hydrochloric acrd Mucus 1s chiefly if
not wholly responsible for neutralzing the product of the
partetal cells V" ** *

The resung stomach continuously secretes gastric juice at
a relatively slow rate This yuice contamns both hydrochloric
acid and ‘alkaline component’ ** The sccretion of acid by the
cells of the gastric mucosa 1s known to be mfluenced by a
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alang the stomach without causing a change n intragastne
pressure ®

Collection of Gastric Juce Dunng the expenments m
which motor actity was recorded, continuous aspiration of
the stomach contents was carried out through a small rubber
tube accompanying the balloon Collections made thus, when
the walls of the stomach were held apart by the presence of

STOMACH
CONTRACTIONS
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LHEST ]
MOVEMENTS Rt i
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Fis 4 Differenvatson of artifacts from actual contractions of the stomach wall by
means of 3 smuluncous pneumagraphuc tracing from the lower margu of the
chest

——r ey T

the balloon, effected sausfactory emptymng of the stomach Tn
the absence of the mflated balloon, however, the gastrie juice
collected i 1solated folds of the collapsed stomach and was
thus not thoroughly accessible to aspiration through a tube

The completeness of the collection when the balloon was m
place was confirmed by removing the balloon after collection
of secrenon through the tube and rolling the patient over on
fis left side approumately 120° No addiwonal fld poured
out This latter method of obraimng gastric juice was used at
one-half-hour mntervals dunng expenments when motility was
not bemg recorded

Properties of Gastric Jruce Tt ss hoown that gastrie juice 15
not a secretory product of one group of cells but 2 mixrure
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of three or four separate secretory products and possibly other
fluds  Therefore, 1ts compositon vanes within wide lumits
This difficulty has greatly lundered studies of the nature of
gastric juice and the mechamisms goverming s production The
following facts, however, are well substantiated

The panetal cells are responsible for providing the actd of
gastric juice ® Three other secretory products, mucus, pepsim,
and rennmn and probably other fluids, are also present m the
mixture Their resultant reaction 1s alkaline and they have
therefore been grouped together for conventence under the
term ‘alkaline component.”*

The paretal cells elaborate at a varable rate a product of

position g little else but hydrochlonc

acid m a concentraton between 16 N and 17 N This »s
known to be ssotomc with the blood **** The ‘alkalne com-
ponent’ 1s also secreted 1 concentration sotonic with the
blood, and 1ts composition varies withm such narrow range
that for most practcal purposes it may be considered uni-
form™ Thus, concentration of acid 1 gastric juice depends
upon the relative amounts of parietal cell secretron and alka-
line component’ present, and the concentration of the two con-
sttuents must bear a hinear relattonship to one another ** * **
Thus was demonstrated expenimentally in analyses of random
samples of gastric juice for concentration of neutral chlorides
which was taken as an index of the quanuty of ‘alkaline com-
ponent present, and hydrochlonic acid Mucus 15 chiefly, if
not wholly responsible for neutralzing the product of the
panetal cells ™ *

The resung stomach contmuously secretes gastric juice at
2 relauvely slow rate This juice contams both hydrochlone
4cid and ‘alkalne component ** The secretion of acid by the
cells of the gastric mucosa 15 known to be nfluenced by a
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number of agents **** Furthermore, changes 1n acid secretion
have been correlated with the affective state of the mdi-
vidugl *** It should be emphasized, however, that vanations
m acid producton do not necessarily reflect parallel changes
mn the output of pepsin or mucus

The available evidence indicates that varous sumuli may
effect differently the glands of the gastric mucosa The studres
of Vincberg, for example, suggest thac mucord, chief, and
parietal cells are supphed by separate fibers of the vagus nerve
and thar each extubits an mdividual threshold to clectrseal
stimulation ** Moreover, histamime appears to exert a selective
effect upon gastric secretion, evolung chicfly hydrochlonic
acid and comparatwvely httle mucus or pepsin **

Similarly, mhibitors may have a selecuve mwfluence on the
~onstituents of gastric juice Although fat appears to inhubit all
secretory elements of the gastric glands,” * an excess of acid
m the stomach, as will be shown by evidence adduced later 1n
this study, acts as a powerful sumulus to mucus secretion and
an mhibitor to the production of hy drochlortc 2c1d (see p 69}

While there 15 but meager knowledge available regarding
the mechanisms involved 1 the elaboration of hydrochloric
acid by the gastric mucosa, we know more of the behavior of
the parseral cells than we do of the cells which secrete pepsin
and mucus It has been shown, for example, that the produc-
tion of acid parietal juice mnvolves an expenditure of energy of
approuimately 8oo calortes per Iiter of secretton*® To ac-
complish that work, supplies of oxygen and of carbon diouide
arc required by the cells **° Thomas has recently reviewed the
avallable literature on the behavior of the varous gastric
glands ** In an effort further to clanfy thewr function, the gas-
tric juice of our subject was analyzed as described below under
2 wide varety of circumstances
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Analysis of Gastrse Jurce The gross appearance of the speci-
mens was noted The degree, if any, of discoloranon with bile
was recorded The relanive concentration of mucus was esti-
mated by noting the comparanve viscosity of the fluid and the
presence of shreds Peptic acuvity was determmed by the
method of Mett* The concentratton of acid was estumated by
ntraton of the specimens agamst o 1 N sodium hy droude with
Toepfer s solutron and phenolphthalemn as mdicators of ‘free’
and ‘rotal acidiry, respecuvely

No method was available for the esumation of the outpur
of hydrochloric actd by the parietal cells Smce acid 1s manu-
factured only by the paretal cells, however, 1t seemed clear
that total hydrochloric acid was some function of volume of
juice secreted within a specified tme and the concentration of
acid Therefore recourse was had to the work already quoted,
and parietal cell output was calculated from the relationship
which has been establshed between hydrochloric acid and
neutral chlondes® *

Calculation for Paretal Cell Output Reference to Fig 5
will show that the lower end of the lme which relates neutral
chlorsdes to total acid ends near 166 mullimoles of hydro-
chloric acid (total utratable acd of 166) A specimen of gas-
tric juice contaiming this concentration of acid would consst
of pure paretal secretion At the other end of the curve, the
consutuents of the alkalme component are at a maumum and
thEX'E 1s no pa.rletal secretion present Ata POlﬂt half Way all)‘ng
the ordinate and abscissa, we are dealing with 2 solution con-
tamng a 5o per cent concentration of each of the constituents
Perpendiculars dropped from each of these pomts mtersect at
the mud pomnt of the curve Therefore, at suiable intervals
along the curve (Fig 5), perpendiculars may be dropped onto
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the abscissa to denote what per cent of a solution of certam
ueratable ‘total acsd” 15 actually made up of parsetal cell secre~
ton Figures for toral acid, of course, correspond numencally
to mithmoles of hy drochloric acid Muleiply ing the percentage
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Fie 5 The selatonship berween panetal celt secretion (HC) and Alkale Factor
{neutra] chlondes) as they occur mn gastrie juice (Alodified from Hollznder ¥ to
show how pasictal celf output may be ca’ -ulated from the cotal acad value )

figure by the volume of gastric yuice scereted within a given
ume yields the approxumace quantsty of parieral cclf secretion
elaborated duning that persod

Sources of Error m Caleulation for Parietal Cell Output
The value thus obtamed would of course, not be entircly
accurate suice the graph (Fig §) was established on the basis
of a statstical relatsonship, and mdsvidual specimens must be
expected to vary shghdy from the mean Fusthermore, the
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calculations were based on analyses of pure gastric jmce 1w a
blind stomach pouch Any admmture of the juice with saltva
or bile or any loss of juice through the pylorus would intro-
duce a source of error In this parucular case, of course, the
gastric juice could not be contaminated by saliva smee the
oesophagus was completely occluded It ss noteworthy that
all these sources of error when operating would alter the cal-
culations 1n the same direction, that 15, they would lower the
figure for parietal cell secretion obtamed Therefore, one 1s
yustified m concluding from the caleulations that at least that
amount of panetal secretion had occurred

OBsERrVATIONS ON THE SoURCEs OF Error 1N CALcULATION
ror Parierar CeLe Qureur

t Duodenal Contents Cc ton of gastric juice with
regurgitated duodenal contents was readily recognized by the
presence of bile tint 1n the specimen Contammation with bile
was found to alter greatly values obtamed for free 2ad but
total acid readings were litle affected even when specimens
were heavily tinged with bile as shown 1 the following ob-
servation

After 4 cc of gastnic juce had been poured out of the
stomach 1n the usual way, the collecting vessel was changed
The next 4 cc, collected 1n a separate glass, happened to be
heavily unged with bile The specimens were titrated agamst
o 1 N sodium hydroude separately for free and total actd with
Toepfer’s and phenolphthalem as indicators respecuvely The
free acad value m the clear specimen was 64, 1 the bile-
stained specimen, 7 The values for total acid were withm 2
pomts of one another 67 1 the clear specimen, and 65 m that
which was heavily contammnated with bie
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Despue this close cotrespondence, bile-tinged specimens
were not used m attempts at a careful esumate of parsetal cell
output

2 Lots of Seeretron through Pylorus Loss of sceretion
through the pylorus could not be so easily detected 2s could
contammation with bde Ar tumes, however, 1t was possible to
recognize that emptying had occurred Yor example, swhen one
specimen was heavily unged with bale and the next contamed
none, st was clear that the gastic content had been flushed
through the pylorus, tahing with 1t the restdual bile-stamed
matersal It was not possible to get a quanntatnve estumate of
the loss, however, under these circumstances Bile almost
always appeared m the specimens withdrawn when the pre-
vious specunen had contained an unusvally high concentration
of acid Tt was as 3f the duodenal secretions had been regurgs-
tated 1n order to neutralize evcess stomach acdity

With an mlymg balloon mflated to 2 pressure of 10 cm of
water and connected to the recording device already descubed,
records of gastnic contractions were made Gastric emptyng
through the pylorus was always observed duning perods of
active motdity Contractions of relatnely low amplitude or
infrequent contractions resulted m only parual emptymg
Dunng a pertod of vigosous motthty 30 cc of o 02 N hydro-
chlorc acid was mtroduced meo the stomach, 15 munutes hater
only 1 ce of fld could be recovered It contamed 53 cluncal
umts of total acid One-half hour later w an mactive phase
when no large contractions were talung place 30 cc of 002 N
hydrochlorie seid was agamn mrroduced, 15 munutes later 40
ce of flud was recovered which yrelded 46 wmits of total acid
on nraton

During both periods the mucous membrane, whose color
throughout was about 70, was actively secreung acid, as could
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be wferred from the fact that the very weak solution mtro-
duced m each case contamed over twice the concentration of
hy drogen 1ons upon withdrawal During the motle phase the
flmd mtroduced and the acd manufactured durmg the 13-
minute penad was nearly evacuated through the pylorus
while during the quiescent phase the muxture rematned 1 the
stomach unal it was withdrawn

A pale mucosa always mdicated a quiescent stomach No
vigorous contractions occurred when the color of the mucosa
was 5o or below The effect of mtroducing 30 cc of 002 N
hydrochloric acid duning pallor and quiescence 15 shown m
Fig 6 The color of the mucosa was 45, and the acid output
was Jow One-half hour after the solution was mtroduced,
30 cc of flmd was recovered which showed approxumately the
same concentration of hydrogen sons as the solution which
was introduced This indicates that bude secretton took place
during this pentod

Comment The sigmficance of these observauons 15 clear
In the presence of 2 pale mucosa no apprecuble Joss of gastrie
content occurred, while when the mucosa was red the stomach
mght or might not empty, depending on whether or not
VIgorous CONtractions were occurrng

Thus the calenlivon for panetal cell actvity when the
mucosa was relauvely pale was reasonably accurate On the
other hand +f with a red mucous membrane vigaraus motthicy
occurred the valoe mught be oo low It will be shown later
that a red mucoss 15 a constant accompamment of acte
panetal cell secreuon Therefore, with reference to these con-
stany relanonstups one may always make a relatwvely close
approximation of paneral cell activiry

Summary The methods by which the dynamic functons
of the stomach were studied have been reviewed Vascular
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changes wese observed as color changes 1 the mucosa That
these changes actually reflected alteranons 1 blood flow was
shown in a previous study published separstely Gastric con-
tractions were recorded dwectly by means of the balloon
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techrie The esamaton of acsd secretion, however, was found
to be difficult because gastric jusce not only contawns the secre-
von of the acid-secrenng (passetal) cells, but 1t 15 2 muxmre
of several secretory products A method of estmating panetal
cell output has been described and its hrmtatians established
The prmeipal source of error stems from loss of secrenon
through the pylorus This loss was shown to occur only m
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the presence of vigorous gastric contractions, thus establishing
the rehabiliry of the calculation when the stomach was quies-
cent Even 1n the presence of vigorous contractions the error
conld occur only 1n the direction of making the value obtained
too low Therefore, one could conclude that, whatever the
figure obtamed for panetal cell output under any circum-
stances, at least that amount of secretion had taken place

Interpretation of Data The experiments cited m the suc-
ceeding chapters have been selected to illustrate varsous phe-
nomena of gastric function In each case several observations
were made and the results were confirmed repeatedly before
an dllustranve example was mncluded m the text.

Conclusions 1 Tt has been possible to record simultaneous
observations on gastric vasculanity, motor and secretory ac-
tvity

2 Changes 1n vasculanity as evidenced by color changes in
the stomach lining actually reflected changes 1n blood flow

3 The stomach emptied only during pertods of vigorous
contractions

4 The rate of acid production in the stomach was esttmated
under varymng conditions n terms of partetal cell output

5 The prncipal error m the calculation occurred because
of loss of stomach content by emptying through the pylorus
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CHAPTER 1II

Correlation of Mofor Actwity, Secretion, and
Blood Flow

Facrors wiics Privariey Arrecr Moror Acrvity

1 Inbib of Ci by the Introd of Fluds
Durectly snto the Stomach Liquds of vanous sorts were in-
troduced rapidly mnto the stomach through 2 tube n amounts
of 30 cc In each case there occurred 2 temporary nfubmon
of gastric contractions if such were present The duranon of
the intubrtory effect varied with the composition of the flmd
Physiological saline solution or gastric juice at bodv tempera-
ture had only a very shght effect If exther was warmed or
cooled before ntroducnon 1ts effect was more prolonged m-~
fubiung 2 or 3 waves Tap water at body temperature sim-
larly mnhibited contractions very brefly Alkalies were tested
i concentration ranging between oo. to ooy N sodmm
hydroude The duration of the mhibitory effect was propor-
tional to the concentration of alkah Maximum mhibition was
for 15 minutes Actds ranging from 002 to 033 N hydro-
chloric acid were similarly tested and also found to exert an
mbubitory effect upon contractions proportional to their
37
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strength 033 N hydrochloric acid arrested gastric contrac-
uons for 30 mmutes Usually when the stomach conteactions
started up agaw, the first waves were as high as, or shghdy
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Ti6 7 Jahibian of gastnc motdity by the Introduction of glucose solutian

through the stoma On the botrom Line appear actual records of motdicy These
are repteseated dugrammatically on the Ine zbove

hugher than, the last waves before the period of mhibstion
Occastonally, however, there occurred 3 to § prelummary
waves of low amphrude before the ongmal partern was re-
established Al 1y pes of fluids including foods were found to
have a temporary infubitory effect upon gastric contracrions
Fig 7 shows the typical pattern of temporary mhibiion of
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moulity by 30 cc of so per cent glucose poured through
the stoma durmng a phase of vigorous contractions Commonly
1 or 2 addiional gastric contracuons occurred following the
troduction of flmds before mhibioion was effected

Introducing less than 30 cc of flud failed to mhibie gastric
contracuons except 1 the case of o033 N hydrochlonc acid
15 cc of acid m this concentration inhibited them for nearly
as long as 30 cc of o 1 N hydrochloric acid

It was not feasible to test the effect of mtroducing more
than 30 cc of flmd, since a proportion of larger amounts
escaped through the stoma after mtroducuion

The mbubttory effect of these solutions varied not only with
respect to their compositions and the quanuties mtroduced,
but also according to the phase of motlty during which they
were introduced Soon after the vigorous contractions started,
the mhibiton was effected most readily Introduced 15 min-
utes later however, the same solution ihibited contractions
for shorter tune Introduced during the period of incomplete
tetanus near the end of the phase of motibty, the weaker i1n-
tibtors produced no effect at all, and the stronger ones only
the most fleeting mhibition of 1 or . waves

Effect of Sudden D of the St b and Mech I
Irritation. Duning a phase of vigorous contractions, 10 .0 and
50 cc of arr were suddenly mtroduced into the inlymg bal-
loon Aside from ratsing the base line, no effect on the stomach
contractions was noted

Sumilarly sumulauion of the stomach hning with a glass rod
during such a phase faled to mhibit contractions

Effect of Ingestion of Food 100 gms of dry cooked
chopped beef wmtroduced ito the stomach during 2 period of

vigorous contracton failed to alter the pattern of the waves
within 10 munutes
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Similarly, 50 gms of boied potato and zo gms of bread
were tried without detectable effect

10 cc of viscous mayonnaise was introduced mto the car-
duc end of the stomach while a duodenal drainage tube was
1n place 1 the duodenum Gastric contractions continued for
5 mmunutes and then stopped abruptly as the fat globules first
appeared i the materral aspirated from the duodenum

Effect of the Introduction of Fluds Directly mto the
Duodenum The mtroduction of disulled water, weak 2cid
solutions, and other flmds directly mto the duodenum through
a tube resulted n more prompt mhibition of gastric contrac-
tions than was observed when the matertal was placed mn the
stomach The duration of the effect was approvumately the
same

Comment Much mterest has been mamfested by worhers
m the past’® in the mhibimion of ‘hunger’ contractions by
the introduction of fluids mnto the stomach Carlson * observed
the effect not only after mtroducing almost any flud imto the
stomach, but after chewing movements, during vigorous ever-
cise, exposure to mtense cold and accompanyng a reaction of
fear The mechanism which underlies che phenomenon has not
been adequately esplamed The mhibiuon by flmd 15 certamly
not due to its mechanical contact with the mucosa of the
stomach, since the introduction of solid pieces of meat, or
mechamical stmulation with a glass rod, does not effect an
mhibition of contractions Nerther does separation of the
stomach walls, by increasing the stomach content, offer an
adequate explanation, since the sudden mcrease m size of the
mnlymg balloon, by the mtroduction of additional air, did not
mhibit contractions

The fact that one or two additional gastric contractions
usually occur following ntroduction of the flud mto the
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stormach before mhibition 15 effectrve suggests that the reflex
hibion anses 1 reality from the duodenum This notion
gans support from the expersment related above, when fat was
introduced mto the cardiac end of the stomach Inhibmon of
gastric contractions did not occur untl the fat had reached
the duodenum Furthermore, as already noted, when flmds
were mtroduced directly through a tube mto the duodenum
no additional gastric contractions occurred Infubiuon was mm-
mediate

Whatever 1ts mechamsm  the mtubitory effect of the mtro-
duction of fluids on gastric contractions 1s beheved by many
to be responsible for the relief from the pam of pepuc ulcer
which follows the mgestion of alhahes or milk Chnstensen *
has shown a stnihing correlaton between pam and hunger
contractions m patients suffering from pepuc ulcer The re-
Lef of pam following the mgestion of mulk or alkalies corre-
sponded with the period of mhibiion of vigorous contractions

This may provide an adequate explanation of the relef of
pam, unless some other pam-inducing factor 15 present For
example we found that strong acid mtroduced mto the
stomach effectnely mhibited contractions yet Palmer® has
shown and mndeed 1 has been the experience of others, that
the mngestion of actd actually accentuates the pam of uleer

Furthermore 1n the presence of ulcer or even mnflammation
of the mucous membrane, this mhibitory acnon of flmds may
be lost Shay and his collaborators have found that patients
with peptic ulcer and duodenutis do not exhibit a cessation of
vigorous gastric contractions or decrease m output of acid
which 15 also known to occur normally when fluds are mtro-
duced 1nto the duodenum * We have made a sunilar observa-
uon, findng acceleration 1 the output of gastnic acid 1 the
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presence of erosions of the gastnic mucosa The data are dis-
cussed m Chaprer IX

Effect of Swallowing Despite the fact that our subjects
oesophagus was completely occluded, swallowing small
amounts of water mto the blind occsophageal se or even
making swallowing moyements with the mouth empty caused
momentary ihibition of a gasttc contraction if one was oc-
curnng at the tme

Like other mhibitory influences, swallowing became less
effectve near the end of the phase of vigorous contractions
and faled altogether to mfluence the termunal period of m-
complete tetanus

2 Stmulation of Contractions by a Sudden Distention of
the Stomach On ten occasions during 2 phase of quescence,
when the balloon was inflated to & pressure of 10 cm of water,
addstsonal air was snddenly introduced, which doubled the
muragastiae pressure Faght tumes out of the ten, no contrac-
uons were mduced by this method On the other two occa~
sions, two isolated vigorous contractions eccutred before the
stomach became quescent agam Ropid shernaung mereases
1 pressure, contmued for 30 seconds, were not more effecrve
m nducing motthty

StMuLTANEOUS OBSERVATIONS OF VASCULARITY, Moror
Activity, axp SgcreTioN

Basal Levels of Blood Flow, Mothity, and Secretion Dur-
g periods when the subjeet was well relaxed and apparently
secure emotonally, the color of the mucosa remamed refa-
uvely constant at approximately so Contractions were usually
of low amphrude and rhythmic, making a pareern of three
small waves 4 munute One such pattern 15 sllustrated s Fig 8
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Gastric juice accumulated 1n the stomach at the rate of ap-
proumately 8-15 cc an hour Toral acid under these circum-
stances averaged so climcal unis In terms of paretal cell
output as calculated by the method already deseribed, this
represents about § cc an hour when specimens were with-

~ drawn at 30-minute mtervals When the flud was allowed to
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L N N WY\ W N STOMACH
CONTRACTIONS

CHEST MOVEMENTS

— . —_—— — ¢ TIME IN MINUTES

Fic 8 Sample of gastric concractions during basal period

run out of the stomach contmuously, the rate of panetal cell
output was shghtly hugher, 714 cc an hour Allowing the fluid
to accumulate within the stomach and withdrawing it only at
the end of 3 hours slowed the rate of panietal secretion to 3 cc
an hour This secretion persisted whether or not a balloon
or stomach tube was ntroduced into the stomach With the
stomach empty and untouched and the subject sleeping, acid
flud was seen to accumulate at the same rate as measured when
the balloon was in place Because of the absence of vigorous
contractions at this time, loss of secreton through the pylorus
need not be considered

Comment Tu seems Iihely that the regularly recurring
thythmic waves of contraction, wiich alter very lutle the
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mtragasteic pressure, represent the effect of continuous pen-
stalue acuaty Thus they would correspond to Alvarez’ first
type of motdiy *

As motor acnity s contmuous during ‘basal’ condiwons, so
we found acid secretion to be contnuous Its rate of secretion
was shghtly accelerated by withdrawing the stomach content
This finding suggests that the presence of acid i the stomach
whubits to a degree further secretion This possibibey will be
eyplored later Catlson® too found mn lus subject that a rela-
vely slow rare of secretion was always present duning rest
and even sleep Beaumont * stated that each mornmg he found
Alews St Martn's stomach empty, but that after introducing
a rubber tube he was sble to obtam secretton prompely He
nfersed from this that the mechanical unstauon of the tube
had caused the gastne juice to be secreted Actually the pres-
ence of 2 tube does not sumulate secretion, as powted out
above The rube sunply enabled him to gain access to the juce
which was fudden m the folds of St Martn's collapsed
stomach Therefore, 1t seems Ikely that St Marrin too had a
contnuons basal rate of secretion m his stomach Jt 1 probable,
however, thar acxd secrerton stops altogether 1 some mdi-
viduals during basal condwons, since 1 mamy presumably
healthy people gastric analysts y1elds no niratable acid i the
absence of an apphed sumulus

In this connecuon, recent work done by Gordon and
Chernya n Russia 15 of mteress® In 3 patients with artficuat
gastrostormies who had basal free aoud values ranging from 12
to 40 chineal units, a pronounced decrease m volume of secre-
tion and a disappearance of ‘free acid was effected by hyp-
noc suggestion dusing which the patients were led 1o beheve
that they were ‘2t complete rest and free of emotional con-
fhet”
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Spontantous Periopic Prasks OF ACCELERATED
Gastric Funeriov

Gustric Contractions Approximately every .-3 hours there
occurred 1n the stomach a transitory phase of accelerated motor
activity which lasted 10-30 minutes Carlson* first descnbed
these recurnng cycles of vigorous contractions He referred
to them as ‘hunger contractions’ Thus restricted designation
appears to be musleading, smce we did not find the sensation
of hunger associated with these phases more than 5o per cent
of the time Individual pangs of hunger could rarely be cor-
related with the peaks of waves unless the contraction was
forceful enough to raise the intragastric pressure to 30 mm of
Hg or more (see Chapter VIII) Contractions of such force
occurred relatively rarely Often, too sensations of hunger
associated with actual cramping abdomimnal pans occurred m
the absence of vigorous contractions

The phases of recurrent motor acuvity occurred m such a
w.ay as to create a charactensstic pattern The low ‘basal’ waves
already described and seen to occur at the rate of three a
mumute, gradually mcreased i herght and duravon, finally
gving way to a wave of different appearance, which rose
quickly to a peak, often with a step-like mnterval on the way
up and fell to the base lme even more quickly after the peak
had been passed These waves lasted from 10 g0 seconds They
occurred once every 1-. mmutes at first but gradually became
more frequent as they became taller, unul finally there was
mncomplete relaxation between contractions and a state of
pootly sustamegd tetanus developed This usually lasted 1-2
munutes and then the stomach wall suddenly relaxed Follow-
g this there occurred a pertod of apparent total absence of
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mtragaseric pressure, represent the effect of conunuous pen-
staluie acuvity Thus they would correspond ro Alvarez’ firet
type of motdity ¢

As motor activty 15 continuous during ‘basal’ conditsons, so
we found acid seerenion to be contnuous Tts rate of secretion
was shghtly accelerated by withdrawing the stomach content
Thus finding suggests that the presence of said m the stomach
mhibits to a degree further secrenon This posubility will be
explored later Carlson® roo found mn s subject that & rela-
uvely slow rate of secrenton was always present durng yest
and even sleep Beaumont ° stated that each morning he found
Aleas St Marun’s stomach empty, but that after ntroducing
2 rubber tube he was able to obtan secretion promprly He
wferred from this that the mechameal 1rxstsnion of the rube
had caused the gastric juice to be seereted Actually the pres-
ence of a tube does not sumulate secretion, as pomted out
above The tube simply enabled hum to gam access to the jue
which was hidden mn the folds of St Marun's collapsed
stomach Therefore, 1t seems lihely that St Marun oo had 2
continuous basal rate of seeretion m hus stomach It 5s probable,
however, that aaid secretion stops altogether 1 some mde-
viduals dunng basab condittons, smce m many presumably
healthy people gastric analysis yiclds no titratable acid i the
absence of an apphed sumubus

In thus connectien, recent work done by Gordon and
Chernya m Russia 1s of mterest® In 3 pavents with aruficul
gastrostormes who had basal free acid values ranging from 2
to g0 chimeal vnts a pronounced decrease m volume of secre~
won and 2 disappearance of free’ acid was effected by hyp-
notic suggestion durmg which the pauents were led to belheve
that they were ‘at complete rest and free of emotional con~
fhet”
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coevssing moulity precluded sausfactory measurement of
parteral cell output during these periods, but the ntratable total
acid values were found to be significantly elevated, and this
indicates that parsetal cell acuvity was accelerated **

Comment The occurrence of these spontaneous pertodic
phases of accelerated gasteic funcuon was carefully taken mto
account, when vascular changes and changes m secretion and
motility were attributed to the mfluence of sumul appled
experimentally Usually such sumul: were applied shortly after
the termination of one of these phases when another would
not be expected for an hour and 2 half In addiion, the expert-
ments were repeated sufficently often to establish the validiry
of the mferences

Effect of Histarmne on Blood Flow, Acid Secretton and
Motor Actroity Durmg a half-hour control period the gastric
juice was collected and the color of the mucosa was observed
In addition the thermal gradentometer referred to previ-
ously ** was in place inside the stomach to measure changes m
blood flow, so that they mght be correlated with the vascular
changes observed by companson of the mucosa with the color
standard It was not convenient to make the usual record of
contractions 1n addition, but the larger ones could be recog-
nized by the way they milked the tube of the blood flow
recorder

After the establishment of a base line o0 coos gm of hista-
mine phosphate was mjected hypodermically The findings are
deratled at this pomnt 1 order to illustrate the vascular changes
which accompany accelerated secretion of acid

The results are charted ;n Fig 10 Within §-10 munutes of
the mjection the red color of the mucosa became deeper and
there was a parallel mncrease 1n recorded blood flow At the
same time aeid output inereased in terms of panetal cell secre-
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contractions lastng for s-10 minutes and being followed then
by a resumption of the contractile waves of low amplitude,
which recurred at the rate of 3 a minute

Fig 9 shows the pattern of contractions 1n one of these
phases of periodic accelerated gastric contractions The typ-
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Fia 9 Typical pattern of a phase of accelerared gastric moulity with characteristic
ending m a period of icomplete tetanus Note changes m color of the mucosa
assoctated with vigorous contractions
1cal ending with tetanic contracuons, and the ensung period

of quiescence also appears on the chart

Blood Flow The ‘basal’ waves of low amplitude were not
found to be accompanied by any detectable change in the
color of the mucous membrane of the stomach The more
vigorous contractions, however, were associated with a simul-
taneous transitory blushing of the mucosa proportional in
degree to the force of the contraction Fig g shows the cor-
relation of color changes 1n the mucosa with vigorous con-
tractions of the stomach wall

Secretion The secretory rate of the parietal cells also shared
m these periodic phases of accelerated gastric function The
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coexssung moulity precluded satsfactory measurement of
partetal cell output durmg these periods, but the ntratsble total
acid values were found to be sigmficantly elevated, and this
indicates that panetal cell acavity was accelerated ™

Comment The occurrence of these spontaneous periodic
phases of accelerated gastric function was carefully taken into
account, when vascular changes and changes 1n secretion and
motility were attnbuted to the influence of sumul apphed
expermentally Usnally such snmuli were apphed shortly after
the termination of one of these phases, when another would
not be expected for an hour and a half In addition, the expen-
ments were repeated sufficiently often to establish the validity
of the mferences

Effect of Histamme on Blood Flow, Acid Secretion and
Motor Aetisty Dunng a half-hour control period the gastric
juice was collected and the color of the mucosa was observed
In addion the thermal gradientometer referred to previ-
ously ™ was in place mnside the stomach to measure changes in
blood flow, so that they might be correlated with the vascular
changes observed by companson of the mucosa with the color
standard It was not convement to make the usual record of
contractions m additon but the larger ones could be recog-
nized by the way they milked the tube of the blood flow
recorder

After the establishment of a base line 0 oooy gm of hista-
mine phosphate was mjected hypodermically The findings are
detatled at ths point 1n order to 1llustrate the vascular changes
which accompany accelerated secretion of acid

The results are charted in Fig 1o Within 5-10 mumnutes of
the mjecuon the red color of the mucosa became deeper and
there was 2 parallel increase 1n recorded blood flow At the
same time acid output ncreased m terms of parietal cell secre-
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Fic 10 Correlation of gastnc functions including recorded blood flow following
ustzmme mjecuon On the lowest hne appear samples of the sctuel record of
blood flow which 15 represented scEemaucany on the line above
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tion and total titratable acid It can readily be seen n the graph
that the paneral cell output parallels the vascular changes The
total acid mses wath the others but remams at relatively high
levels after the actrvity of the parietal cells has fallen off (This
1s presumably because the accumulated mucus was washed out
of the stomach duning the period of heghtened secretory ac-
uvity and 1ts rate of secretton after histammne was so slow that
the product of the paretal cells no matter how small m
amount was not neutralized )

‘Withmn 25 munutes after hustammne mnyection strong contrac-
tions of the stomach wall occurred With each of these there
was a transitory blushing of the mucosa and an ncrease 1 re-
corded blood flow

The maximum effect from histamune m terms of secretion,
blood flow, and motility occurred in about 45 minutes After
9o munutes the effects had nearly subsided and the values had
returned to normal by 2 hours

Comment These data illustrate (1) That vascular changes
observed as vanations m color of the exposed gastric mucous
membrane actually reflect changes m blood flow (.) That
Iustamine stmulated an increase m blood flow and moulity as
well as i acid production (3) The mmportance of expressing
acid output 1n terms of panetal cell secreuon since the total
acid concentration failed to fall to control levels following a
phase of accelerated secretion when acid output had subsided

Effects of Alcohol After establishing a base line of vascu-
lariry, secrenion, and motor actaty 30 e of go proof whis-
key (45 per cent alcohol by volume) was mntroduced mnto the
stomz As n the case of histamine an acceleration of all three
functions occurred The maumum effect was observed
abount 45 munutes, and m approximately go mnutes the values
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had returned to normal A typical experiment 1s illustrated
graphically m Fig 11

Comment Other workers ** ** have shown that alcohol need
not be introduced directly mnto the stomach 1 order to sumu-

on
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Fia 11 Effect of alcohol on gastric function Whiskey was admnstered followin, g
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a period of spontaneous accelerated gastnic function Normally 2 second su
pertod would not follow for at least 2 hours

o

late the partetal cells to accelerated acuvity Given intra-
venously or rectally the drug causes a sharply increased output
of acid Our observations indicate that even when ingested,
the effects are not the result of local sumulation Hyperaemia
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of the mucosa and accelerated secreuon did not occur unal
the drug had had ume to become absorbed

Effects of Beef Juice Smular observations were recorded
when a beef bowllon cube was introduced mto the stoma
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Fie 12 Effect of beef boudlon on gastnc function.

Within 15 munutes there occurred a flushing of the mucosa
with enhanced secretory and motar actwv ity which lasted more
than an hour The results appear 1 Fig 12

Preparation for Eating Another circumstance known to be
associated with accelerated acid output 1s the feeling of good
appetite which accompantes the sight or mere thought of de-
lectable food This has been shown alse to be assocrated with
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hyperaema and hypermotility as ilustrated n Fig 13 The
vascular engorgement, accelerated actd production, and m
creased motor actvity occurred promptly followmg the men-
tion of appetizing food Actual presentation and tasting of the
food added Irttle to this effect
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Fie 13 Gastric functton associated with strmulation of appetite

Hunger Although, as already mentioned, hunger pains were
reported by the subject at times i the absence of stomach
contractions, as a rule they were found to be accompanted by
vigorous contractions and a relatively red, acuvely secreting
mucosa

Correlation of Blood Flow, Acid Production and Motor
Actroity—General Statement 'While profound changes mn
blood flow, acid production, and motor acuvity have been
observed accompanymg various emotional states and other
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circumstances, never 1 this subject were changes m vascu-
lanty and acid secrenon dissociated An increase 1n one was
found under all circumstances to be assocuated with an merease
m the other Conversely, low 2c1d output and pallor of the
mucosa have been regularly associated Vigorous motility has
never been observed when the color of the mucosa was 50 or
below In the presence of a red mucosa, vigorous contractions
mght or might not occur No correlation was observed be-
rween the degree of hyperasmia and the height or frequency
of contracnons, but accompanymng each one was noted a tran-
siwory mcrease n redness of the mucoss, which subsided w1th
the relaxation of the stomach wall

Discussion From the observations recorded above it appears
to be established that hyperfunction of the stomach erther
motor or secretory, is always accompanted by hyperaerma
Ttus leads to the nference that hyperaemu s essential to the
accelerauon of gastnie functon Indeed, 1t 15 a general bio-
logical experience that heightened cellular bolism requires
mncreased blood flow Clearly the blood must carry added
oxygen for the muscular work of vigorous contractions and
as noted already on p .6 secretion of acid by the stomach
also requires the cxpenditure of energy ** Expermmental confir-
mauon 1s found 1n the work of several workers™ ** ** * who
have found 1n animals and humans low values for gastrc acud-
1ty dunng states of anoxaemia induced by high alutnde, low
oxygen tenston chambers seyvere hemorrhage and even poly-
cythaemua Correction of the anoxic state resuited 1n a return
of acidity values to normal

A few mvesugators™ ™ have recorded combined measure-
ments of blood flow and gastne scerenon m ammals Lim
Necheles, and N1** studied gastric blood flow 1 the excrsed
dog's stomach, perfusing it with another dog's blood They
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demonstrated actd secretion following histamme tmjections
The blood flow, as measured by cannulaung the veins, faled
to paralle] the rate of sceretion

Dodds and his co~workers** made similar studies on dogs
after surgical intervenuon Instead of resccting the stomach,
they left 1t m place and resected the entire souall and large
mtesune Following this, appropriate vessels to the stomach
were cannulated, and the blood flow was measured by col-
lecung the venous blood 1n a graduated contamer for a certain
length of ume The blood was then transfused back mto the
animal Therr findings differed widely from those of Lim
et al An mcrease 1 blood flow was noted with an ncrease
of volume of gastric juice secreted 1 response to histamine
mjection They were able to mhibit the histamumne effect with
regard to volume of gastric secretion and blood flow by giving
mjections of ‘pitressin’ * or barram chloride, or by causmng a
vasoconstriction 1 the stomach by irngaung 1t with cold
water The titratable aaidity, however, remamed high

In the mterpretation of all of these ammal expenments, one
must reckon with the trauma of surgcal operation, the effects
of anesthesta, and the pathological changes induced by the
operative procedure

A few observations have been made on circulatory changes
1n the gastromtestinal tract by direct mspection of the serosal
and mucosal coats Kuntz and Haselwood * found that a reflex
vasoconstriction 1 the serosal coat of the intestme of the cat
was wnduced by packing ice on the abdommal wall Warming
the abdomen was found to cause a vasodilatation mn the area

Beaumont * recognized i Alexss St Aarun that the stomach
lLining was redder at some nmes than at others ‘On the apph-

* ‘Puressm 2 brand of beta hypophamumne of postenior lobe of piturtary gland
Parke Davis Derrort, Mich,



CORRELATION OF GASTRIC FUNCTIONS 55
cation of ahment,” he wrote, ‘the action of the vessels 15 ;-
creased, the color brightened ? Anger and fear, he noted,
produced a ‘morbid appearance of the mucosa, although 1t 15
not entirely clear from his notes whether under those condi-
trons the stomach was redder or paler Carlson* observed i hus
Mr V a deepening of the red color of the mucosa with each
strong contraction of the stomach wall Schindler * has de-
scribed the appearance of the stomach mucosa of patients with
peptic ulcers as appeanng redder than ‘normal through the
gastroscope This mstrument has not been left n place long
enough to follow changes 1n color for more than a few mm-
utes at a tune

Drury, Florey and Florey ** studied vasomotor changes in
a patch of extentorized colon i dogs They found with alarm
or fight a umform blanching of the mucosa, due presumably
to constriction 1n the large branches of the mesenteric arteres
Also, they noted m response to local trauma, and occasionally
occurring spontaneously, fluctuating areas of pallor due pre-
sumably to the squeezing of blood out of the capillaries by
contraction of the musculans mucosze Barcroft and Florey *
using sumular preparavions found pallor marked durmg brief
spurts of running but less marked dunng prolonged exercise
They also found pallor m assocration with anxiety or exerte-
ment

Our studies support these findings—that profound vascular
changes occur 1 the gastric mucosa and n addition that
hyperaemia occurs i assocration with accelerated acid secre-
tion and motor acuvity, and pallor with a decrease 1n these
functions

Summary The mtroduction of fluds into the stomach or
duodenum effected an inhibmon of gastric contractions The
duration of the inhibitory effect varied with the tme of mtro-
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duction, the quantity and nature of the flud Sunultancous
observations of motor activity, vascularity, and secretion m
the stomach have been recorded During the resting state, the
stomach was found to be relatively pale and contracung with
thythmic waves of slow ampltude Acd was secreted con-
tmnuously 1n small amounts Merely withdrawing the gastne
juice provided a shght sumulus to secretion From ume to ume
there occurred spontaneous phases of hyperaema, hyper-
motiliy, and hypersecretion

The effects of histamune and other sumult on the vanous
gastric funcnions were recorded A durect association betwcen
vascularity (blood flow) and acid production was found to
obtamn under all circumstances of accelerated or depressed ac-
twity Vigorous contractions, while they did not javanably
accompany redness of the mucosa, never occurred m the pres-
ence of pallor

Conclusions 1 Inhibmon of gastric contracnions resnlted
from the mtroduction of fluds into the stomach or duodenum.
The effect was probably due to their contact with the mucos2
of the latter

2 The rate of acid production m the stomach was esumated
under a variety of conditions with reference to volume of secre-
tion and concentration of acrd The results were expressed 1n
terms of paretal cell output (cc of o166 N hydrochlonic
acid)

3 Increased panetal cell output was alway s accompanued by
hy peraeruz af the gastric macoss Hyperaenua also eccont-
panted mcreased motor actvity

4 The fasting stomach of this mdividual secreted acid gas-
trc juice at a relatively constant rate without the application
of external sumult erther chemical or mechanmical Merely
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withdrawing the juce at intervals constiruted a shghe stumulus
to acid secreuon

5 On the basis of data gathered from these studues, certan
generalizations are possible with regard to the nterpretation of
the findings on routine gastric analyses performed on patients

a When an unusually large volume of gastnc juice of high
utratable acidity accumulates mn an unobstructed stomach dur-
mg 2 specified interval, 1t 15 safe to assume that the mucous
membrane 1s relatively red and that no vigorous contractions
are taking place n the stomach

b When 2 small volume of gastric jmice of very high
titratable acid 1s obtamed under smular circumstances it 1s
fikely that the mucous membrane 15 relatnvely engorged with
blood and that, 1n addinion, especially vigorous contractions
are tahing place

¢ Low acid values in the presence of small volumes of gas-
tric Juice strongly suggest that the gastric mucosa 1s relatively
pale and that no vigorous contractions are tahing place
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CHAPTER IV

The Influence of Common Physical and
Chemical Agenis on Gastric Function

v Environmental Temperature—Cold  After establishing 2
suitable base lne of gastric function, the windows of the
laboratory were opened The temperature outdoors was 0° C
The room temperature was lowered to 10° C from 24°C
The patient was hightly clad and his abdomen was exposed
Withun 3 minutes he began to shiver, and hus gastric mucosa
paled from a control level of 55 to 35 It remained so through-
out the period of exposure to cold, which lasted 15 minutes
The parietal cell output also decreased percepubly The win-
dows were then closed and the heat was turned on m the
room The temperature quichly rose agam and as it did, the
patent became warmer and his gastric mucosa blushed to 2
pownt redder than 1t had been before Accelerated acid pro-
ducrion and wvigorous contracuions ensued The events are
shown dngrammatically m Fig 14

Throughout the cold days of fall and winter, the gastnic
mucosa, which was observed 15 munutes to a half hour after
the patient had come mn out of the cold each mormng and had
been resting n the warm laboratory, was sigruficantly redder

[13
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and more actve from the standpomt of acid secretton than
durmg a sumilar period 1 summer

Comment Tt 15 a common observation that desire for food
15 enhanced following exposure to cold This may be related
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Fic 14 Blood pressure vascular and acid secrenon changes in the stomach during
exposure to cold

to the accelerated gastric function which, as noted above, oc-
curred at this time

2 Ice Applied Locally The application of ice bags locally
to the abdommal wall around the stoma had an effect sumilar
to, but less marked than that of a cold atmosphere Results are
represented graphically m Fig 15

3 Irnigation of the Stomach wnth Cold and Hot Water—
Effect on Motor Activty It has already been pomted out that
+he mntroduction of any fluid into the stomach inhibits stomach
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contractions temporanly Cold water (9°C) had a longer
mhibitory effect than did hot (46°C) water This effect
could be demonstrated only when the water was actually m-
troduced mto the organ and did not occur when the flud was
ingated through an inlying balloon
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Fie 15 Vascular and acid-secrenion changes 1n the stomach during local cooling

Effect on Vascularty Irngavon of the stomach with water
at 47° C for 15 mnutes brought about a shght transitory 10~
crease m redness of the mucosa of nat more than 10 powts on
the scale which subsided withm 2 or 3 mnutes of the tme
of withdraw al of the sumulus

Cold water (9° C) similarly appled to the gastric mucosa
effected 2 blanching of the mucosa of about 10 poms, which

lasted the same length of ume as did the blushing following
imigation with hot water
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Effect on Qutpur of Acrd In order to test the effects of
local application of heat and cold on the production of seid
by the gastric mucosa, a balloon was mntroduced mto the
stomach, and the hot and cold water were allowed 1o circu-
Jate m and out of thus after the manner depicted 1n Fig 39
(See page 144 )

Irmgation with water at ° C dsd not wfluence the produc-
uon of acid, but dunng the period of shght hyperactma fol-
lowing the removal of the cold sumulus there occurred a shght
accelerauon of acid outpur

A smtar shghe acceleration of panetal cell actity occurred
during the transient hyperaermia which accompanted wrniganon
of the stomach with water at 47° C

4 Tobacco Smoking Smoking a pipe or cigarettes was hot
accompamed by any alteranion 1 the pattern of gastue con-
tractions 1 our subject when the smoking was a pleasurable
expenience When he had no taste for 1t, however, and the
smoking mduced shight nausea, the recorded waves of contrsc-
tion stopped very promptly and remamed absent wnul the
smoking had been discontmwed and there were no resrdual
feelings of nausea At thus pomt contractions of the same mag-
nitude as those which had been mrterrupted started m agam

Smlarly, vasculanity m the stomach and ourpur of acid were
unaffected by smoking unless there was an accompanymng
nawsea Under such eircumstances 2 moderate patlor of the
mucosz occurred and, with i, an associated decrease 1 p:met:d
cell acanaty With che subsidence of the nausea, these values
returned to thar former levels

Comment These gastric changes, which were found te ac~
company nausea assoctated with smohing, led us o explore
gastric function during navsea mduced by other sumul

s Vesubular Stmulation and Other Messures Which In-
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duce Nausea On 12 occasions, for penods of ume varyng
from 5 to 15 minutes, one external auditory canal was 1rrigated
with cold water berween o° and 10° C On each occasion,
whether or not the strength of sumulus was adequate to mnduce
nausea there occurred within one mmute of the beginning of
wngation and often before the onset of nystagmus a sharp
decrease n the amplitude of gastric contractions Thus effect
lasted throughout the period of sumulation Tt was followed by
a gradual rerurn of the gastnic contractions to thewr former
amphitude This return was complete within 1o minutes unless
nausea accompanied the sumulus Following nausea, however,
the resumption of contractions was delayed for varmble pertods
from 15 to go munutes, the length of delay corresponding
roughly to the intensity and duranon of nausea

Inhibitton of gastric contractions and a moderate decrease m
redness of the mucosa were the only changes observed m the
stomach follow ng a calonie vestibular smulation which faded
to mduce nausea When nausea resulted, however 1n addiion
to the changes in motor actvity there occurred profound pallor
of the gastric mucosa and a marked decrease mn paretal cell
output The volumes of gastric yuice obtamed at each collec-
uon, however, were not reduced owing to a corresponding
acceleration of mucus secretton The specimens were noted to
be vised, and titratable actd was low Sahwary flow, which was
measured by emptying at 15-mimnute ntervals the blmd upper
end of the subjects oesophagus was much mcreased dunng
nausea

Nausea mduced by varions other methods, and that which
occurred 1n our subject spontaneously followng dietary indis-
cretion was also umformly accompamed by mucosal pallor
hypomotility, and hypozcidity m the stomach
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It 15 noteworthy that emotional states mvolving a reaction
of fear and withdrawal were found to be accompanted by
pallor and hypofunction of the stomach (sce Chapter VI)
Frequently such emotional experiences were assocuated with
nausea

6 Mechamnscal Irritanon Moderately vigorous massage of
the mucosal lining of the cavity of the stomach with a glass
rod for 15 munutes, similar to that described m Chapter II,
resulted in enhanced mucus production, but no acceleration of
acid secretion or stumulation of contractions

Similarly, distention of the stomach with a balloon mam-
tamned for 15 munutes at a pressure of 25 mm of Hg and to
a size of approumately 15 cm 1 dameter had no demon-
strable effect on gastric funcuon

7 Change m Gastrsc Funcuion Assocuted avnh Induced
Pamm Intense pamn was induced by placing the subject’s hand
m 1ce water and leaving 1t there for 5 mmutes There occurred
an associated elevation of blood pressure from a control level
of 110/60 to 170/100 There was no detectable alteration of
stomach contractions, although a very shght pallor and de-
crease mn the rate of secretion of acid was noted

Similarly, when mtense pain was induced by flexion and
extension of the fingers while the circulatton to one arm was
occluded by a tourniquet for 15 mnutes, there occurred no
measurable change 1 gastric function during the period of
1schemia and that following removal of the cuff except the
first time the test was carried out On that occasion the sub-
ject was obviously alarmed by the procedure and fearful of
1ts consequences Whle the tourmquet was m place the sub-
ject’s face became pale, and the redness of his gastric mucosa
decreased from a control level of 65 to 50 Acid output de-
creased correspondingly, but there was no change n the pat-
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terns of the vigorous contractions which were occurring at the
ume Following the release of the tourniquet on this parucular
occasion, there occurred for 15 minutes a secondary hyper-
aemia of the mucosa to 70 associated with an acceleranon of
acid secretion

Comment These experiments serve to emphasize the im-
portance of disunguishing between effects arributable to pam
wself and those assoctated with the subject’s reaction to the
pamnful experience While a very slight vasoconstrictor effect,
which might easily have been overlooked, was noted when the
pan was accompanted by no special affect, when alarm and
fright accompanied the pan the vasoconstrictor effect was
greatly exaggerated and could not have escaped nouce A dis-
cusston of the different factors mvolved n a subject’s appre-
cration of a painful sensation and his reaction to 1t are discussed
elsewhere * *

8 Hypodermic Injection of Sterile Water In order further
to evaluate gastric changes which might occur as part of the
subject s reaction to an unpleasant situation, the injection of
1 cc of sterile water hypodermucally was tested

The subject dishked mtensely being pricked by hy podermic
needles Lach ume, the procedure provoked mn um a reaction
of resentment This may have been because, durmg his illnesses
m the past, when administering to um a drug by the parenteral
route the doctors often misled hum regarding the effects of
the mnjection

The usual shght anger and resentment accompanied his first
sight of the needle The effects are shown graphically m Fig
16 A moderate transitory hyperaemia and associated accel-
erated secretion of acid occurred

9 ‘Physical Exertion’ Moderately violent exercise mvolv-
g rapidly rasing and lowenng one leg and both arms with
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It 15 noteworthy that emotional states mvolving a reaction
of fear and withdrawal were found to be accompanted by
pallor and hypofunction of the stomach (see Chapter VI)
Frequently such emotional experiences were associated with
nausea

6 Meckameal Irrtation. Moderately vigorous massage of
the mucosal limng of the cavity of the stomach with a glass
rod for 15 munutes, smular to that described n Chapter T1,
resulted 1n enhanced mucus production, but no acceleration of
acid secretion or smulation of contractions

Sumilarly, distention of the stomach with a balloon mam-
tamed for 15 munutes at a pressure of 25 mm of Hg and to
a suze of approximately 15 cm in diameter had no demon-
strable effect on gastric function

7 Change m Gastric Function Assocuated unth Induced
Pam Intense pam was mduced by placing the subject’s hand
m 1ce water and leaving 1t there for § minutes There occurred
an associated elevation of blood pressure from a control level
of 110/60 to 170/100 There was no detectable alteratron of
stomach contractions, although a very shght pallor and de-
crease mn the rate of secretion of acid was noted

Similarly, when mtense pam was mnduced by flevion and
extension of the fingers while the circulation to one arm was
occluded by a tourniquet for 15 mumutes, there occurred no
measurable change m gastric function durng the period of
1schema and that following removal of the cuff excepe the
first time the test was carried out On that occaston the sub-
ject was obviously alarmed by the procedure and fearful of
1ts consequences While the tourruquet was mn place the sub-
ject’s face became pale, and the redness of hus gastric mucosa
decreased from a control level of 65 to 50 Acid output de-
creased correspondingly, but there was no change 1n the pat-
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that the crcumstances of an expermment and the pauent’s re-
acuon to the procedure modify marhedly the results obtaned
These factors must be taken mto account by imnvestgators
when spectfic effects are attributed to drugs Detailed consid-
eration 1s given to changes m gastric function assoctated with
various emotional states m Chapter VI

11 Influence of Acid on Gastric Secretion Instllanion of
20 cc hydrochlonc acid 1n concentration of only ooy N
exerted no discermible effect on gastric secrenon

20 cc of 0 1 N hydrochloric acid, how ever, introduced mto
the stomach during 2 phase of moderately acuve secreuon 1n-
hibited further acid production and sumulated the elaboration
of mucus with the result that the acidity of the stomach con-
tents was profoundly reduced Introducing 20 cc of 03¢ N
hydrochloric acid into the stomach evoked an even more strik-
mg elaboration of mucus which within 15 munutes reduced
by one-half the molar concentration of the acid By 30 minutes
the gastric acidity had returned to 1ts former level An allus-
trauve experiment 1s shown graphically in Fig 17

12 Action of Antactds Several commonly used antacids
were mntroduced directly mnto the stomach mn order to deter-
mine (r) their neutralizing power, (2) the duration of effect,
and (3) whether or not the agents affected the existng rate
of acid secretion The usual observatons of color and motor
activity were made The stomach was emptied at r5-mnute
mtervals and the amount of the contents measured A 5 cc
sample was separated for analysis and the rest of the fluid was
returned ta the stomach The findings summanzed here will
be reported 1n full m a later publication

Sodtum Bicarbonate In 1. experiments amounts of sodium
bicarbonate varying from 1 to 4 gm were mtroduced into the
fasung stomach of our subject both durng phases of accel-
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a2 Ib weight in each, for 15 mnutes while reclining on the

table, brought about no detectable change 1 gastric function
Comment This type of physical exertion was deliberately

selected because 1t was not accompanied by any specnl affect

It 15 likely that competitive sports or other emotionally charged
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TIME IN MINUTES
Fig 16 Changes following hypodermic mnjection of sterile water Reaction of
anger and resentment

actvities would be associated with alterations 1n gastric func-
tion

10 ‘Mental Work’ The subject was ashed to repeat digits
and calculate stmple suras without pencil and paper This tash
m our subject was mevitably assocrated with anxiety, embar-
rassment, and with feelings of msecurity He blushed both 1n
tus face and fus gastric mucosa, and there occurred a moderate
accelerauion of acid secretion

Conmment A great deal of importance attaches to the fact



INFLUENCE OF VARIOUS AGENTS ON STOMACH 69
that the circumstances of an experiment and the pauents re-
action to the procedure modify marhedly the results obtaned
These factors must be taken mto account by invesugators
when spectfic effects are attnibuted to drugs Detailed consid-
eration 1s given to changes m gastric function associated with
various emotional states i Chapter VI

11 Influence of Actd on Gastric Secreton Insullanon of
20 cc hydrochlonic acid m concentration of only o5 N
exerted no discermible effect on gastric secretion

zocc of o 1 N hydrochlonie acid, however, introduced mto
the stomach during a phase of moderately acuve secretton m-
hibited further acid production and sumulated the elaboration
of mucus with the result that the acidity of the stomach con-
tents was profoundly reduced Introducing zo cc of 034 N
hydrochloric acid 1nto the stomach evoled an even more strik-
g elaboration of mucus which within 15 munutes reduced
by one half the molar concentratton of the acid By 30 minutes
the gastric acidity had returned to 1ts former level An allus-
trauve experiment 1s shown graphically n Fig 17

12 Action of Antacsds Several commonly used antacids
were mntroduced directly mnto the stomach m order to deter~
mune (1) therr neutralizing power, (2) the duration of effect,
and (3) whether or not the agems affected the ensung rate
of acid secreuon The usual observations of color and motor
acuvity were made The stomach was emptied at 15-munute
mtervals and the amount of the contents measured A 5 cc
sample was separated for analysis and the rest of the fluid was
returned to the stomach The findings summarized here will
be reported 1n full i a later publication *

Sodim Bicarbonate In 12 expeniments, amounts of sodm
bicarbonate varymg from 1 10 4 gm wese mtroduced 1nto the
fastng stomach of our subject both dunng phases of accel-
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erated gastric function and during relatve quiescence Follow-
mg admmstration of the drug, the ‘free’ gastnic acd fell
usually to o within 15 minutes When the administration com-
cided with one of the phases of spontaneously accelerated gas-
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Fic 17 Acceleration of mucous secretion and mhubiion of partetal secretion 11
response to the introducton of strong 2c1d 1nto the cavity of the stomach
tric function referred to m Chapter I1I, the ‘frec’ acid at the
collection a half hour after admistration had usually nisen to
over 50 units When the drug was given during relative gas-
tric quiescence, however, the ‘free’ acid remaned below 20

for approximately one and one-half hours

Sippy #1 Tablets (sodum bicarbonate 2 gm, calcrum car-
bonate 06 gm) Eight experiments were carried out using
from 1 to 3 tablets of this mixture Results substantially sumilar
to those noted after the admmistration of sodium bicarbonate
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wete obtamed It was noted, however, that a quantty of the
less soluble caleium carbonate adhered to the lmng of the
stomach and the duravion of effect of Sippy #1 was approxi~
mately one hour longer than that of sodrum bicarbonate m
corresponding amounts

Sippy #2 Tablets (sodium bicarbonate o 6 gm , magnesium
oxide 0 6 gm) In 8 experiments m which 1 to 3 tablets were
introduced nto the stomach persistence of partal neutralizing
effect up to 3 hours was noted Throughour this period bues
of the powdered mareral could be recognuzed adhering here
and there to the gastric mucosa

Alunmnum Hydroxde Six expeniments i which 30 cc of
Amphogel * were mtroduced mto the stoma showed a transi-
tory neutralzing effect Jasting less than 30 munutes when m-
troduction of the drug was carried out during a phase of ac-
celerated gastric funcion When vigorous contractions were
absent, however the ‘free’ gastric acid remamed below ro umts
until the beginning of the next phase of accelerated gastrc
function which was often delayed as long as 2 hours

Comrment Tt appears from the above that the neutralizmg
power of the various antacid agents depended upon the quan-
tity of drug given and on the concentration of acid existing m
the stomach at the ume of admiustranon The duraton of
therr effect varied with the amount of motor and secretory
actvity present When vigorous contractions were occurrng
the antacid agents were quickly flushed out of the stomach,
the gastric acidity returning to 1ts former level relauvely
quickly In the absence of wigorous contractions however,
partal neutralzation of the gastne contents persisted for
longer periods Although any acceleration of output of gas-

Amphogel brand of 5 per cent alumunum hydroxde John Wyeth 2nd Bros.,
Inc, New York Gty N°¥ ’ Y
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erated gastric function and during relative quiescence Follow
g admustration of the drug, the ‘free’ gastnc acid fell
usually to o withm 15 minutes When the admimustration com
cided with one of the phases of spontaneously accelerated gas-
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Fie 17 Acceleraion of mucous secreuon and nhibition of papetsl secretion n
response to the mntroducton of strong acid mto the cavity of the stomach
tric function referred to m Chapter III, the ‘free’ acid at the
collection a half hour after admimsstration had usually nisen to
over 5o units When the drug was given during relative gas-
tric quescence, however, the ‘free’ acid remamned below 20

for approumately one and one-half hours

Sippy #1 Tablets (sodwum bicarbonate 2 gm, caleium car-
bonate 0 6 gm) Esght expernments were carried out using
from 1 to 3 tablets of this mixture Results substantully similar
to those noted after the administration of sodium bicarbonate
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mucosa, or a shight cyanosis Under these condittons there was
little or no change n acid output

The mhalauon of amyl mtrite regularly mnterrupted gastric
contractions as soon as the drug was admunstered The inhibi-
tion was accompanted by progressive decrease m tone of the
stomach wall The effects persisted untl the mhalaton was
stopped, then the former tone was promptly regamed and the
original pattern of contractions was resumed . 2 minutes

14 Nicotmic Aerd This drug was admmstered directly
nto the stoma 1n doses of 005 gm and o1 gm Frequently,
no effects were noted When a flushing of the face occurred,
however, there was a corresponding hyperaemua of the gastric
mucosa and shight to moderate increase m panetal cell acuvity

15 ‘Ammophylln’ * Injection of 0 24 gm of theophylim-
ethy lenediamine mtravenously resulted within 1 minute n a
slight hyperaema of the gastric mucosa and increased secre-
tion

16 Ergotamme Tartrate Dunng a phase of accelerated gas-
tric funcuion, 0 0ooz gm of ergotamne tartrate was mjected
mtravenously A moderate pallor of the membrane ensued
within 2 minutes and persisted for 45 minutes Associated with
the pallor there was a decreased acid output (Fig r9)

17 Atropme—Previous Studies Most observers agree re-
garding the effects of the admmstration of atropme sulfate
on the stomach ** Amounts of 0 001 gm or more have been
shown to reduce the volume of resung gastnic juice They
may abolish the stmulatng effect of appetite and of the -
gestion of food The sumulating action of alcohol was found
to be marhedly mhibited by atropme and that of histamme

A tyln  brand of TI Al Eth 4

P USP o 3
ampdl G D Searle & Co Chicago 1l 4B pe
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tric acid necessarily reduced the neutralzing power of the
drugs, no measurable effect on the secretory function of the
stomach stself could be attributed to the admisstration of any
of these agents i the amounts stated above

90% REDHES

NITROGEERN DOCAUN
Q00! G

an, e
ALy

© AR OF T

L HRET

: .

® = L
e

Fic 18 Infuence of mtrites on gastric secretton and vascularmy

] )
s L) &

13 Nurites Frfteen expenments using amyl mitrte (03
cc) mtroglycerm (ocox gm), or both were carried out
Results were not umform eiher with regard to subjective
effects changes 1o blood pressure levels or changes stomach
function VWhen 2 marked flushing of the face occurred, ac-
companied by a shght rise or no alteration of blood pressure,
the gastric mucosa was seen to blush and an zcceleration of
acid secretion occurred This effect 15 ustrated m Fig 18
When a marked fall i blood pressure occurred, these was
cither no detectable change m the appearance of the gastnc
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product of the parietal aclls, small thongh 1t was, was not bemng
neutralzed as much as before Bastedo ® calls attenton to thas
effect and wamns that, because of &, atropme may not be 2
suitable drug to admmuster to patsents with peptic uleer
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Fie 26 Lack of effect of 0 0006 gm atropine on gastric funcuen

Previous abservations ** wndicate that i dosage large enough
ta snduce marked dryness of the mouth (o 0oy gm ) atrapime
sulfate minbits gastrie contractions for several hours

Observanons Ten expeniments were carried out to test the
effect of mpested atropime sulfate on gastne funcuon It was
admunstered 10 doses vary ing from o 6006 M 10 0 0024 gM
Our resuls generally confirmed the expenience of other ob-
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less so The mhibitory effect on histamine was prevented by
mcreasing the histamme dosage and then was re-established by
raising the dose of atropme”

Investigators® * ® have reported very little or no reducuon
of utratable acid after the admmistranion of atropine Some
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Fic 19 Vascular changes and changes in HCl secretion following mjection of
ergotamine tartsate

have noted a shght mcrease m acid concentration followmng
admnstration of the drug

Actual measurements of parsetal cell activity followng atro-
pine have not been reportcd, but 1t 15 apparent from the re-
sults of all observers quoted that although at tmes there
occurred an merease tn acidity, the marked reducuon vol-
ume of juice more than compensated for 1t and mdicated that
the output of the parietal cells was actually dimimshed The
reason for the occastonal mse n actd concentration despite
the decreased output of acid was thoughr to be thar atropine
also effected a marked reduction of mucus secretion, and the
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occurred Two hours after the admuustranon of atropine, the
subject ate 2 meal of chopped meat, milk, tea, and cake Six
hours later 1t was sull m his stomach He allowed 1t to escape
through the stoma and noted that lttle or no digestion had
occurred

18 Effects of Epmephrne and Ephedrme In order to estab-
lish whether or not the effects observed after atropme were
due to uninhibired sympathetic effect or to the lack of vagal
action, the effects of administering the sympathormmenic drugs,
epmephrine and ephedrine were tested

a Epmephrme Hypodermically After a suable base line
was established o ooy gm epmephrine hydrochlonde was m-
jected hypodermically nto the subjecr A munute later, there
was a dramatic elevation of blood pressure which reached 210
systolic and 1zo duastoltc from a control level of 100 systolic
and 6o diastolic Assoctated with this there was a pronounced
pallor of the face, body, and extremmes and an equally pro-
found color change 1n the gastric mucosa as mndicated m Fig
22 An mtense headache at the vertex appeared at this ume
and persisted for a half hour Constricting praecordial pam and
pam 1n the Jeft shoulder were also noted, and there was asso~
crated difficalty 1n breathing The pam persisted for 20 min~
utes, and the dyspnoea to a dummishung degree, for 30 minutes
After the mual effects of hypertension and pallor of the mem-
brane were noted, there occurred a secondary hyperaema of
the gastric mucosa and with an mcrease m partetal secrenon

b Epmephrme Applied Locally One drop of 1-1 000 solu-
uon of epmephrne hydrochlonde was allowed to fall upon
the exposed collar of gastnic mucosa Withm 30 seconds an
area of whitsh pallor had occurred After 5 minutes the
ongmnal color began to return and m 20 munutes to half an
hour the mucosa once agam appeared normal 10 cc of a
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servers Atropme was found to mhubit gastric contractions and
secretion of mucus as well as partetal cell secretion The effect
could not be consistently demonstrated, however, with doses
smaller than o 0018 gm This dose nduced a marked and pro-

.
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Fic 2t Marked effect of 00024 gm_atropine on gastric funcrion Note partial
nhibizon of beef broth effect

longed dryness of the mouth but no acceleration of the pulse
or other side effects The dryness of the mouth appeared
within 10-15 munutes, and the effects on gastric motor acuvity
and secretion were evident within 20-30 mmnutes

Fig 20 ilustrates the lack of effect after the administration
of 00006 gm Fig 21 shows the marked effect of 4 times that
dose One hour after mgestion of the drug beef broth was
given The usual sumulating effect on acid secretion of this
substance was markedly reduced, and no vigorous contractions
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occurred Two hours after the adnumstranon of atropme, the
subject ate a meal of chopped meat, milk, rea, and cahe S
hours later 1t was still m hus stomach He allowed 1t to escape
through the stoma and noted that etle or no digesuon had
occurred

18 Effects of Epmephrne and Epbedrme In order to estab-
lish whether or not the effects observed after atropime were
due to uminhibited sympathetic effect or to the lack of vagal
action the effects of admistermg the sympathomimetic drugs,
epnephrine and ephedrine were tested

a Epmephrme Hypodermncally After a sutable base line
was established o coos gm epmephrine hydrochlonde was m-
jected hypodermucally mto the subject A munute later, there
was a dramatic elevation of blood pressure which reached 210
systolic and 120 duastolic from a control level of 100 systohe
and 6o dustolic Associated with this there was a pronounced
pallor of the face, body, and extremiues and an equally pro-
found color change mn the gastric mucosa, as ndicated m Fig
.- An mtense headache at the vertex appeared at this tme
and persisted for a half hour Constricting praecordal pan and
pan 1n the left shoulder were also noted and there was asso-
cuated difficulty m breathing The pam persisted for 20 mn-
utes, and the dyspnoea to a dmimshing degree, for 30 minutes
After the imtial effects of hypertension and pallor of the mem-
brane were noted, there occurred a secondary hyperaema of
the gastric mucosa and with an crease m parsetal secretion

b Epmephrime Apphed Locally One drop of t-1 000 solu-
non of epmephnne hydrochloride was allowed to fall upon
the exposed collar of gastne mucosa Within 30 seconds an
area of whiush pallor had occurred After s mmutes the
ongmal color began to return and m zo mnutes to half an
hour the mucosa once agam appeared normal 10 cc of a
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1 10,000 solutton of epinephrine were then mtroduced mto
the stomach through a tube during a phase of vigorous mo-
ulity and acuve secretion The contractions stopped mmedi-
ately, and pallor of the mucosa ensued with marked decrease
n mucus and acid output Half an hour after mngestion of the

1 ih 1 n
Fi6 22 Effect of ep yp on gastric functio

drug, however, the color had returned nearly to its former
level, and secretion and motlity were no longer mhibited (see
Fig 23) No pallor of the face or elevation of blood pressure
was assoctated with the mtroduction of epmephrne directly
mto the stomach

¢ Epbedrme Hypodermucally After a suable control
period 005 gm ephedrme sulphate was admmustered hypo-
dermically Tom scemed to resent bemg stuck with a needle
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even more than usval No vasoconstrictor effect at all was
noted, but nstead, 2 marked blushing of the mucosa occurred
with an acceleration of acid secretion These changes lasted
for over an hour (see Fig 24)
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Fic 23 Effect of epmephrme applied locally

d Ingested Epbedrine On z occasions, 0 75 gm ephedrine
sulfate was mtroduced directly mto the stoma No sigmificant
changes in gastric function were detected

19 Acetyl B-Methbylcholme—Previous Work Special m-
terest attaches to the mvestigation of the effects of acetyl-B-
methylcholine, since 1t has been shown that contmuous mnfu-
sion of dogs with acetylcholine as well as contnuous vagus
sumulation results not only n hyperacidity and hypermotiliy,
but 1n uleerations of the stomach and duodenum as well ¥
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110,000 soluuon of epmnephrine were then mtroduced nto
the stomach through a tube during a phase of vigorous mo-
ulity and actwve secretion The contractions stopped immeds
ately, and pallor of the mucosa ensued wich marked decrease
mn mucus and acid outpue Half an hour after ingestion of the
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Fic 22 Effect of h d hypod lly on gastric function

drug, however, the color had returned nearly to 1ts former
level, and secretion and motility were no Jonger mhibited (see
Tig 23) No pallor of the face or elevation of blood pressure
was associated with the mtroduction of epmnephrme directly
mto the stomach

¢ Epbedrme Hypodermically After a sumable control
period oos gm ephedrine sulphate was admunistered hypo-
dermically Tom scemed to resent bemg stuck with 2 needie
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B-methylcholne on gastric vasculariry and secretion occurs
n Fig 25

b Effect on Motor Actrity The effect on motor activity
was less reproducible than that on secretion and vascularity
Out of 3 expermments with 0 2, 04, and 06 gm of acetyl-B-
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Fic 25 Effect of acetyl b methylchohne on gastric secretion and vascularity

methylcholme, respectively, vigorous contractions occurred in
only the mstance in which 0 4 gm was given They followed
the ingesuon of the drug by .o minutes, and 1t was not pos-
sible definitely to assign the appearance of enhanced motility
to the drug Two hours later however the subject had a loose
watery stool This was unassociated with abdomunal cramps

One regular accompamument of the mgestion of acetyl B-
methylcholine was a substernal tightness not unlike heartburn
but which had less of a burning quality It appeared withuin
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Observations—a Effect on Vasculanty and Secretion On
10 occastons acetyl-B-methylcholine bromide was gnen by
stoma n dosage from o 1 gm to 0 6 gm The cffects obtamed
did not appear to depend on the strength of dosage Increased
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Fi6 24 Effect of ephednine on vasculanwy and secretion

pacietal cell output began wictun 15 mmutes of mgestion of the
drug, buc the extent of the mncrease was not umform or pre-
dictable The magmitude of the mcreasc varied from so-200
per cent The maximum tncrease occurred 30-¢5 munntes after
ingestion of the drug, and then the aerd output quichly fell
back to 1ts control lesel Usually, the aceclerated acid secre-
tion was assoctated with a very moderate and transitory hy-
peracmua At times, however, the hyperacma was marked
A farrly representanve tracing of the effect of mgested aceyl-
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Observations—a Local Application of Pitressin 1 A drop
of pitressin allowed to fall onto the exposed collar of mucosa
brought about a marked blanchung of the area i contact with
the drug as did epmephrine In addinon however the spot
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Fie 26 Effect of prosngmine on gastric funcvion.

became flattened and depressed Within 5 munutes pmn-pomt
red spots appeared scattered through the area These gradually
enlarged and became confluent Within 20 munutes these red
areas had coalesced and the regron had reganed its former
appearance

2 When 1 cc of pitressin i divided doses, each mixed
with 10 cc of disulled water, was mntroduced through the
stoma, there occurred a transitory pallor of the membrane
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one munute of admimstration of the drug and lasted less than
5 munutes (It would appear ;n view of the data regarding
‘heartburn’ 1 Chapter IX that thus sensation arises from the
action of the drug on the cardiac end of the oesophagus )

20 Prostigmme 003 gm of prosugmme hydrobromsde was
mtroduced i pill form directly into the stomach Within 15
minutes the mucosa had become hyperaemic, and 5 mmutes
later vigorous contractions began and lasted for one and one-
half hours This was the most prolonged, uninterrupted period
of vigorous contractions recorded mn any expersment During
the terminal teranic phase, the intragastric pressure rose to 30
cm of water, an unusually high figure Synchronous with
waves of contraction of such magmtude were moderately
severe cramps mn the left lower quadrant of the abdomen

Not only was the motor actvity of the stomach greatly -
creased by prostigmmne, but so also was the actruty of the
parsetal cells Acid output rose to 5 times the usual control
level and remamed elevated throughout the period of hyper-
mothty

Within an hour and three-quarters after mgesnion of the
drug, the actuvity of the paretal cells had begun to subside,
but comparatively lttle mucus was bemg formed smce the
concentratton of acid as ascertained on tration was stll un-
usually hugh In the following 15 minutes, however, a coptous
secreton of mucus occurred The volume of gastric juice was
greater by twice than the preceding specimen, but it was
extremely viscous and 1ts acid concentration was less than
half that of the preceding one (see Fig 26)

21 “‘Pitressm’ * ‘Pitressin’ has been found to depress secre-
tion when administered m small doses and to accelerate 1t
when given m large ones* **

Puresin _brand of betz hypophamine of postenior lobe of pitwitary gland
Parke Davis Detroi, Mich
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Bs

nse 1 blood pressure and an associated patlor of the mmcosa
Twenty to thury munutes followmng admimstration, how ever,
there occursed a sccondary hyperaemia of the mucoss, vig-
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Fic. 28 Effect of pasat prressin on stomach funcoon

orous contracttons and an accelerauon of amd ouvtput (see

Fig 28)

¢ Puresnn Hypodernuedly o1 ce of piressm was ad-
munstered hypodermucally  The effect was smalar 1o that
exerted by the drog when admunsstered by nasal route bur

was Jess marked
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which lasted 15 munutes and was assocrated with a decreased
acid output Following this, however, there occurred an aceel-

120

.

o=

HG o
/"V_—: SYSTOUC EADCD PRESSUAE

i

oasTOUC ¥ "
vz Ve
P .
PITRESSH
tocaLy
————— COLOR OF MUCOSA
HCL SECRETION
v GASTAIC CONTRACTIONS
¢ »
» o0 90 »

TME N M NUTES

Fre 27 Effect of puressin locally on stomach function.

eranton of motor activity and acid secrenron and a moderate
hyperaemia of the mucosa (see g 27)

b Puressm Intranasally o5 cc of pitressn was admmis-
tered mtranasally This was followed by a transitory sharp
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tractions bemng nhibited and digestion delayed for 6 or more
hours

6 Admimnstered locally, epmephrme exerted a dramatic but
transttory ihibitory effect on gastric vasculanty, motor ac-
tivity, and secretion Given parenterally, epmephrme and
pitressin caused transitory pallor of the gastric mucosa, which
corresponded m pomt of time to the period of elevated blood
pressure Later, however, a secondary aceeleration of gastric
functions occurred This was especually true of pitressin, which
regularly provohed enhanced motor acuvity and associated
hyperaerma

7 Acety] B-methylcholine mduced temporary hyperaema
of the gastic mucosa and increased acid production Lattle
effect upon stomach contracuons was noted however, pos-
sibly because of the short duration of the influence of the drug

8 Prosugmmne on the other hand exerted a profound -
fluence on motthty acid secreuton and circulation All three
were greatly enhanced for one and one-half hours followmg
mngesuon of the drug

For purposes of emphasis it 15 desirable to repeat that vary-
ing emotional states may be associated with profound altera-
uons 1 gastric function (Chapter VI) Therefore, 1n the
evaluztion of the effects of drugs, the prevaling affectve
state of the pattent at the ume, the circumstances surrounding
the expeniment, and the pauents reaction to the mode and
imphication of the administration of the drug as well as hus
reaction to ‘side effects” which the drug may induce, are of
first importance

BIBLIOGRAPHY
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§ y and Concl It 1s apparent from the fore-
gomg account that while a large number of physical and
chemical agents were capable of influencing motor acuvity,
acid secretion, and vascularity m the stomach, thewr actions
mught be modified or even reversed by effects associated with
the subject’s prevailing emotional state at the time or with his
affectve reaction to the experimental procedure 1tself

A consideration of the data recorded allows the following
generalizations

1 The effects of environmental temperature and the -
gestion of hot and cold hquids were so transitory as to be
probably of little significance, although the accelerated gastric
function which accompanied warming of the body following
exposure to cold may be related to the sumulation of appenite,
which 1s known to occur commonly at this time

2 No effects from tobacco smoking or physical exertion
were noted

3 Vasodilator drugs m general caused an mcreased secre-
won of acid The effects of a single admmstrauon, however,
were relatvely transitory and even mn the case of o ooos gm
histamine were over 1 45 mnutes

4 Vasoconstrictors caused a diminution of acid output, but
here again the effect was transitory and was generally followed
by a secondary phase of hyperaemia and hy persecretion of
acid

5 Atropmne did not alter sigmificantly gastric function when
given m amounts smaller than 0 0018 gm In that amount and
Jarger doses, however 1t decreased markedly the volume of
gastric jmee secreted but since both hydrochloric acid and
mucus were reduced to a comparable degree, the concentra-
tion of acid n the stomach was not altered The effect on
gastric contractions, however, was profound, vigorous con-




CHAPTER V

The Background and Personality of the Subject

Our studies up to thus point have dealt mainly with the stom-
ach uself and with the indicators of its acuwty  From here
on, experiments take mnto account the situational factors pre-
vailing at the ume observations were recorded In addition
they mnclude correlations of alterations 1n gastric function with
changes manifested elsewhere 1n the body, or apparent mn the
reactions and behavior of the individual as a whole Before
these observations can be properly evaluated however, 1t 15
necessary to record a description of the subject with a de-
tatled account of the facts of hus experience and personaliy
which have moulded his reaction patterns

General The subject was a small, Lithe man of Irsh extrac-
tion, he was 56 years old at the ttime the studies were under-
taken His appearance was neat, but not overly so His manner
was polite hearty with those he liked, but shy and cautious
with strangers He talked i a spontancous and straightforward
fashion He was generally cheerful and buoyant but readily
reacted to adverse circumstances with depressve reactions
Lasily offended and quick to anger, when aroused he was
likely to indulge hus fechings in swearng and physical combat

&
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CHAPTER V

The Background and Personality of the Subject

Our studies up to this point have dealt mamly with the stom-
ach wself and with the indicators of uts acuvity From here
on, experiments take into account the situattonal factors pre-
vatling at the time obscrvations were recorded In addition
they mnclude correlations of alterations m gastric function wich
changes mawfested elsewhere 1 the body, or apparent m the
reactions and behavior of the ndividual as a whole Before
these observations can be properly evaluated however, 1t 15
necessary to record a descripuon of the subject, with a de-
tailed account of the facts of hus expenence and personality,
which have moulded hus reaction patterns

General The subject was a small, lithe man of Irish extrac-
tion, he was 56 years old at the ume the studies were under-
taken His appearance was neat, but not overly so Fiis manner
was polite, hcnrty with those he lthed, but shy and cautious
with strangers He talhed i a spontancous and straightforward
fashion He was generally cheerful and buoyant, but readily
reacted to adverse circumstances with depressive reactions
Lasily offended and quick to anger, when aroused he was
likely to mdulge fus feclings in swearng and physical combat,
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or n retaliatory measures and mimor acts of vengeance Thus,
he usually gave expression to his fechngs of hostlity rather
than silently bearing grudges His behavior was made to con-
form to a sec of ngid standards and his code of ethics was hugh
He put a great premium on self-sufficiency and self-respect
His gastrostomy constituted a constant threat to hus 1deal of
physical integrity and fitness, as well as to hus destre to ‘belong,’
and he took elaborate pamns to keep 1t secret This tendency
occasionally led him to suspect that people were followng him
with their eyes and talking cunously about him s schooling
had stopped at the grammar grades and his general mforma-
tion and ntellectual abilities were consistent with that level
He was alert, resourceful, and facile with his hands His judg-
ment was often colored by his stubbornness and mfleuble
standards of propricty

Home Enviromment He was born m the outskirts of New
York Crty m 1885, the third of four children of an Imsh
Catholic mother and a Protestant father The latter worked
as a boss mechanic, had steady employment, and provided
adequate necessties as well as a few modest luxures for his
family He was punctilious and moderately nigid but a com
panionable parent, who went fishing and walking wich his
sons The mother was very obese, and though ‘sickly’ she
dominated the houschold She was 2 devout Roman Catholic,
demanded perfection 1n deportment from her children, but
required little of them mn the sphere of education For example,
the desirability of malung good grades in school was never
stressed The patrent was not allowed to read the newspaper
untl he was 15 years old His parents considered what they
vouchsafed to lum adequate general information They made
no special concessions to him because of his gastrostomy

The acaident that necessitated the operation occurred when
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Tom was 9 years of age A neighbormng saloonkeeper had
offered hus father some hot clam chowder The father carried
1t home m a chulled beer pail, which happened to be the
closest thing at hand He deposited 1t in hus Litchen and went
out A few seconds later, Tom, who was thusty from playng
outdoors, came 1nto the hatchen and seeing the pail he grasped
1t by the top which was sull cold Thinking he was snealung
a draught of beer, he took a very large mouthful of the ex-
tremely hot hqud Hle was afraid to spit it on the floor, be-
cause he feared reprisals from his mother, so he swallowed 1t
For an mstant, he felt an mtense burning sensation m his
mouth throat and abdomen and then he fell unconscious onto
the floor His mother, who was ill upstairs heard the crash
and came down From then on she assumed complete charge
‘When he was finally released from the hospral after tus gas-
trostomy operation 1t was she who fed him all his meals
through a tube No one else knew how The father gave no
evidence of feelings of guilt for having brought home the
chowder 1n a beer pail, nor was the pauent blamed for his
meention to drink beer on the sly The whole merdent was
accepted simply as a catastrophe and for weeks the worried
parents made Tom an object of specral solicitude After his
release from the hospital, however he was made to assume hus
former status with the other children and got no preferental
treatment

The parents were happy together Their difference 1n re-
ligion never consututed 2 problem as far as the patient was
aware The father never went to church, slthough he was
sympathetic with his wife s devout behavior He was glad to
have the children brought up Roman Catholics and he co-
operated m proddg them all to get off to church on tme
He rehearsed with them their catechisms and supported the
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mother’s emphasis on the necessity of their partictpating 1 the
various sacraments at the proper ume The parents respected
cach other, but made no show of affectron Emottonal display
except for anger was not tolerated i the home, and Tom was
‘ashamed’ to cry He had a favorite spot 1n the woodshed where
he used to cry once n a while, but he rarely felt rebellious,
because hus parents’ diseipline scemed to hum scrupulously just.
Elaborate precautions agamst favorism were tahen When one
of the four children commutted an offense, all were held re-
spanstble and all were punished The punishment was meted
out by the mother and 1t consisted of lashing with a Jeather
strap and confinement 1n one’s room

The father gladly gave over the admumstratron of the house
to lus more forceful spouse and he supported her decisions
Lven he was not exempt from her stern measures of disap-
proval at times One day he took Tom mto a saloon Tom
stepped mto the washroom, and when he came out he saw
two women sitting at the table with his father That evening
he related the story to s mother w1th the result that the father
became an object of disapproval for two weehs

“Tom had a fear and 2 love for his mother such as he had
for the Lord One day she called lum to her while he was out
swinging m the backyard He stopped the swing as soon 25
he could, but nat quickly enaugh for her, so she came out of
the house and lashed tum with a leather strap across the face
The end of the strap caught Tom m the left eye and caused
marked oedema and discoloration His mother was obviously
frightened and ashamed of what she had done, but she sad
nothing That evemng when his father came home, he m-
quered of Tom what had happened Tom said he had run mto
a door 1 the alley When the children were well behaved and
things went smoothly ar home the parents were cheerful,
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friendly, and generous Holidays were especially festuve and
evEryone was given presents

Personal problems were not discussed much at home, but
Tom felt that he could approach ether lus father or mother
He placed more confidence 1 the latter ‘If mother told you
to do something you thought was impossible she’d msist on
getting 1t done, and if you conldnt do 1t, she’d just as soon
show you how Father would just lec 1t go’

Siblings ‘Tom had a sister two years older than himself a
brother one year older, and another brother ten years younger
He never cared much for any of them, except his sister His
mother died when Tom was 14 His sister took over the run-
ning of the house and helped Tom when he was il If she
lived 100 miles away and I didn ¢ have the tram fare, I'd walk
over to sce her’

The older brother was a rather detached mdinidual, bigger
and stronger than Tom and often bullied hun This brother
marnied without the consent of the family and was conse-
quently not allowed to return home His wife never cared for
Tom and therefore he later saw very little of them

The younger brother was of 2 rebellious nature and spent
much ume 1 a reformatory because of truancy Later on
Tom did a great deal to help hum, but he felt his efforts were
nat apprectated They gradually grew apart

Neuther of tus brothers could stand the sight of Toms gas-
trostomy without getung sick He ate with his sister how-
ever and with her husband after her marrge

Tom went to work after compleung only six yvears of
school He held several jobs requiring semi-shilled labor, mar-
ned at .8 and had 2 children The first died 1n mf:mcy He
got on well with hus wife was seldom drunk and never jailed
Durng the years of economue depression he was hard put to
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1t to make ends mect Fmally, he was able to find a measure
oﬁ economic security as a worker in our laboratory at the age
of 56

Reviewed below are some of the factors which shaped the
character and reactions of our subject

Mother's Death From the nme of the operation unnl she
died six years later, Tom’s mother fed him through a tube
No one else, including Tom, could accomplish the feeding
He was terrified when she was obviously dying, and he prac-
ticed feversshly at feeding humsclf It was then that he devised
the method of chewing the food before puttng it m his
stomach, and 1t was not unul then that he really began to
gam weight and become robust His feedings before that had
been fluid and he had a persistent diarrhoea unless he took
bismuth powders

Everyone except the oldest son went to peces when the
mother died For two weeks the famly was scarcely able to
get from one day mnto the next Tom felr that he had lost s
anchor Eventually the sster filled the mother’s place m
Tom’s emotional life, but 1n a shghtly different way He was
devoted to and dependent on her, but not awed by her

Father's Death When Tom was 21 his father died as a re-
sult of an accident 1n a ralroad yard where he was working
One of his legs was crushed and partnally severed Tom ar-
nived at the scene of the accrdent shortly after it happened
He felt that an mordinate delay 1 providmg medical care had
compromised hus father’s chances of survival Although he felt
bereaved at his father’s death, he reacted less violently than he
had to his mother’s Apparently well-directed legal proceed-
ings failed to recover indemmity from the railroad Following
Tis father’s death, he lived with his sister and her husband untl
he marned at 28
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Social Development As a child Tom was an outgomng, ag-
gressive, athletic boy Although he got into a great many fights
he was not exactly belligerent In fact, he made friends casily
and won the loyalty of his comrades by hus finess and good
sportsmanshup  For this, he was rewarded by bemg selected
often as captam of the team

Need for Physical Fitness The reaction of fus associates to
his gastrostomy was one of sympathy, amounting at times to
patronage They were never contemptuous, never chided bum
for tus handicap They rather favored him, tried to give him
easy positions on the teams and many of them expressed thewr
wonder that he was able to carry on in the face of such a stag-
germg handicap Tom heartily rescnted this display of soltct-
tude and their well meamng pity provoked him to combat,
untl they learned to accept um as one of their number with-
out reservation Thus hus gastrostomy did not curtail hus ath-
letic acuvities or his greganous tendencies but 1t did give lim
a feeling of msecunty, because 1t set hum apart from other
people, and 1t was not altogether compatible with hus 1deal of
bodily integrity and fitness Consequently he elaborately con-
cealed his defect, and kept 1t secret even from hus friends He
Was not overreactive to pam, but he felt he could not tolerate
being sich or being near others who were

Youthful Resentment One of his early vivid fechngs of re-
sentment was directed aganst a boy playing football on the
opposing team Tom had fallen on a ‘free ball,’ and the other
boy had piled on top of lum with a display of unnecessary
roughness Tom had 2 complete hermiation of his gastric mu-
cos2 and an operation was necessary to reduce 1t He fought
a battle wath that boy when he was released from the hosprtal

Relattonship to Physictans Tom felt 2 blind confidence n
the doctors who loohed after him m the hospital at the ume
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of hus first operation He 1s mtensely grateful to them and at
tributes to their wisdom and foresight his ability to have car
ried on 1n life 1n many ways like an average man and be gam-
fully employed After discharge, however, he visited a doctor
m the out-patient department, whom he had not seen before
He felt that this new doctor was curt and unsympathetc
Tom was impatient of the aggravatng problems which arose
from ume to time regarding the proper funcuonng of the fis-
tula One day his doctor told hum sharply that everything
posstble was being done for lum This peremptory treatment
offended and angered Tom He felt rejected and more than
ever set apart from others He never returned to the out-
patient department At 17 ycars of age he sought aid at another
hospital, thinking that a properly designed belt mght help
hold the stomach contents n He noted, however, that the
doctor who saw him appeared more curious about the fistula
than interested m solving hus problem, so he stepped off the
table and left the clinic before the exammation was completed
He took the opportunity of disappearng when his doctor
stepped from the examming room to call i some colleagues
to see the leston It seemed to Tom that all doctors whom he
saw from then on were more mterested i his fistula than 1n
him He became mcreasingly suspicious of physicians in gen
eral From the age of 17 to 53 Tom never allowed a doctor
to examme his abdomen He was sick with minor 1llnesses sev-
eral umes during this period, and he consulted many doctors,
but despite their entreaties, they were permitted to examine
only fus head and chest

Once he was hospitalized for four days follow mg accidental
carbon monoxide possoning He steadfastly refused to allow
the doctors or any of the hospital personnel to look at his gas-
trostomy opening He declined even to feed himself while
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the hospital His suspicion was coupled with anxiety that the
doctors mught persuade hum to submut to operation, which
mught result n spothing the serviceability of hus fistula There
was some foundation for this fear, since the surgeon who re-
duced the hermation of his mucosa, on the occasion referred
to earhier, did so by enlarging the operung and makung a notch
mn the collar of redundant mucous membrane This allowed
the gastric juice to escape and digest an area of shn on the
abdomunal wall This denuded area has remamed a source of
discomfort to him ever since

Tom became headstrong and independent, often overruling
expert advice on matters on which he was not competent to
give an expert oputon For example, one day he sustained =
deep laceration of the finger, which nearly cut it off The first
doctor whom he consulted advised amputation He refused
and consulted four other doctors These erther recommended
amputation or suturng The pauent steadfastly refused such
treatment however for he had set hus mind agamst losing hus
finger or having stiches tahen m 1t Finally he found a physi-
ctan who was willing to dress 1t with adhesive tape only The
member healed uneventfully and Tom felt vindicated On
another occaston when hus wife required operauon for removal
of a myoma uter, he called in three doctors before he would
accept the diagnosis

He never actually gave humself mto a doctor’s hands unul
1939, when he was profoundly debilitated by loss of blood
from chronic haemorrhage from hus stoma He had been domg
ditch digging and was weaning a ughe-fitting gauze dressing
over his defect The dressing excormated the edges of the ex-
posed mucosa and caused them to bleed almost contnuously
His wife had been trying vanly to prevail upon um to seek
medical help Finally he agreed At that time he had hardly
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enough strength to stand His wife begged hum to take 2 taxt
to the hosprtal to conserve Ius strength Tom was contemp-
tuous of the sdea, however, and walked part way and rode
the rest of the way to the hospital on a bus He just barely
made 1t When he arrived he allowed the fistula to be exam-
med for the first time 1n over 30 years The doctor corrected
tus trouble by resecting the uny buds of ussue, which were
the source of hus bleeding He also resccted a considerable
poruon of the redundant mucosa, but agamst the patent’s
expressed desire This extra tissue had served as a cork for hus
stoma to hold in the food after meals After the loss of this
ussue, Tom felt that the corking action was less effectve, for
he often lost part of his meal, and at umes 2 good deal of acid
gastric juice escaped on huis abdommal wall Thus another
problem was added to hus already difficult task of managng
the stoma, and lus anuety regarding ‘doctors’ was mcreased

It was approximately two years after this experience that the
task of persvading him to become a subject for mnvestigation
was undertaken It took four months to create adequate rap-
port with the patient Finally, Tom was convinced of our
mterest m and solicitude for his welfare, both physical and
cconomue It then seemed to him that the study of the fistula
was not merely an object m wself, but might afford a means
of impraving tus status and enhancing his security A worh~
able plan was devised, which could be reconciled with hus self-
respect He was given a job as assistant and handy man i the
laboratory Those offices he discharged in the afternoons In
the mornmgs he came to the laboratory without having eaten,
and observations were made on s stoma with an eye to 1m-
proving 1ts function by simple modifications of routne An
express promuse was made that surgery would not be con-
sidered
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Within a few months Tom developed 2 devouon and de-
pendency on one of us (S W) akm to that which he had had
for his mother He had not been able to enjoy such a feelng
of personal secunity since her death His sister never quite
provided 1t, and with his wife he always had to assume the role
of protector He could not discuss us thoughts or problems
wath her frankly, because of her ready anxiety He had there-
fore, not been accustomed to confide his troubles and secret
thoughts to anyone, until he acquired this new artachment
Then he began to do so with evident relief
Interest m Women and Marriage Tom had always liked
company and 1n his youth he had associated freely with guls
bur he avosded senously mvolving himself because he was
afraid to tell them about hus gastrostomy VWhen at length, at
the age of 28 his desire to marry was strong enough, he
selected a widow aged 33, with three children—two boys and
a gul aged 8, 9 and 11 I could have gotten plenty of
younger ones but I was afraid a younger woman might even-
tually get disgusted with the way T feed and throw 1t up to
me I couldnt stand that he said He felt that he was 2 bar-
gam for her even with the defect m hus abdormunal wall She
was plan but companionable and loyal Despite the lack of
eroic mouvation he was greatly reheved by her acceptance
of hus proposal and he entered marriage happy that he ‘be-
longed and that nothing now set lum aparr from ordinary
mortals He had no special desire for cluldren but some of
his untutored friends had expressed doubt of his ability to re-
produce because of his pecubiar handicap Therefores he was
determined to have at least one child
Life as Head of His Fomly In creatmg a family circle
he emulated tis mother established himself as head and took
responsibility for the behavior of the other members He
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trusted his wife thoroughly He hhed her cooking and her
company, and he approved of her in pmvate and m public
His stepchildren he treated well, but they were jealous of hun
at umes, and especially so of their stepsister, who was born
two years after their mother’s marriage to Tom The disci-
plme of his stepchildren Tom left largely to fus wife The
upbringing of his own daughter, however, was his own per-
sonal charge, and he applied the familar rigid standards of hus
parents Rarely did his wife take exception to his administra-
uon of justice On the whole, she trusted and followed hum

Work Record Tom had started workung at the age of 10
as a plumber’s helper He did not want any further school-
ing and s mother allowed him to go to work because hus
father was il with pneumonta and the family mcome was cut
off for the ime After five years he quit the job, when he was
required by the boss to fulfil a demand which he considered
mordmate

His second job was at 2 theater, and he held st unul the
enterprise broke up 16 years later He had worked up mn the
organization to stage manager and assistant superintendent

Thus was followed by a brief period of work as a repawr man
on top of elevators m a large office bulding He quit that after
a week because one of the operators was regularly mtokicated,
and Tom felt that Ius safety was jeopardized by the man’s
drunkenness

He quickly found other work, however, 1 a hops process-
g company, which later faled because of the advent of
prohubition

Shortly after this, he began to work for a clothing manu-
facturer as foreman and reparer of machines He enjoyed the
work, but was forced to qut when the factory moved to
another locality
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Followmng this, he worked as 2 shilled laborer 1 2 real-
estate repair company He loved tlus vartegated work as ma-
chinust, paperer, plasterer roofer, etc Like the theater job it
gave hum an opportumity to exercise his mitanve and manual
dextenity For 12 years he was happy i this job and then am-
mosity grew up between hum and the foreman, who was
sealous of favors which the employer conferred on Tom and
of the informal friendly relationship between the two The
foreman contnually took measures to reflect an unfavorable
Ight on Tom’s work Once he complamed to the employer
about Toms performance with the lathe He called the em-
ployer 1 to witness his work after first dehberately setting
Tom’s lathe off center Tom retaliated with ssmular underhand
methods, such as watering the foreman’s grease and mwung up
fus shipments

Finally a question of veracity arose between humself and the
foreman The boss did not know which to beheve He pre-
ferred to dismuss the mcident, but Tom msisted that he choose
berween the two of them The boss liked and trusted Tom
but the foreman had saved his hfe by throwing a blanker
around hum once when his clothes caught on fire Further-
more he had recently lent the foreman $6,000 to buy a house
and was deducting payments from hus salary chech The boss
chose the foreman and Tom quit the job

Reaction to Fmancial Insecurity Later on Tom worked
for a canning company that subsequently faled and finally
m the sewer division of the WP A It was whle at this hard
physical work at the age of 53 that hus stoma became excon-
ated and began to bleed Tlhus led to mvalidism and hospitali-
zauon and was followed by a prolonged period of convales-
cence It seemed impossible to get another job He felt frus-
trated and humiliated bey ond words He was so poor that he

T e
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and his famuly had to Irve 1n a near hovel He shunned his old
acquamtances and hepe his address sceret

Money alone could not cure him It was sclf-respect he des-
perately needed He shunned offers of subsidy to explost scien-
tifically hus gastrostomy He refused to allow his wife to work
and support hum He had hesitated to undertake marnage m
the first place, because ‘If I couldn t suppore my famly, F'd as
soon jump off the end of the dock * It had become a source of
great pride to hum that 1n 29 years of married hfe hus wife had
never had to seek employment. He accepted relief money
reluctantly, because he could not bear to see s wife and
daughrer starve He was prepared to do any sore of work, how-
ever lowly and disagreeable, and at any salary He was finally
mduced to come to the New York Hospital by the offer of
ajob
Having got the job he worked at i furiously He dreaded
the thought of losing m, for he felt he might never get another
One might when the question of how long it would Jast came
up 1n a discusston with fus wife, he became so agitated that he
got no sleep at all When he was assured the following morn-
mg that his job was to contunue wndefinitely he was tremen-
dously grateful

He reveled m his new-found secunty He was once more
2 self-respecting father of s family He needed that feeling
and he needed the approval of hus close associates

Need for Justificatson i the Eyes of Those He Held
n High Regard On moving fus famuly snto the new house
for which he had taken responsibility they found 1t infested
with cockroaches His daughter sud ‘Is this the dump you
brought us to® I'll never bring my friends n here” His wife
too was disgusted, and he worked feverishly to get the place
clean, but even after a thorough scrubbmg with lysol and
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ammonta, the vermm were sull present He felt gulty and
alone—he wanted someone to share the responstbiliy with
hum He had effected an arnustice at home by promusing to
move out 1f he could not extermmate the pests in three wecks
He refused an offer to have 1t done by 3 professional exter-
mmnator He was willing to accept the materals but insisted
on dong the job humself Within the allotted three weeks the
pests were entirely eradicated

Standards 1t 15 clear from the foregong that the subjeets
ethical standards were high and ngid Once when, agamst
tus ordess, his daughter went automobile dnving with some
boy s and later denred having done so he struch her That was
the only occasion on which he ever did that, and followmg
the episode he expenenced profound feelings of gmlt Recol-
lection of the mncident 1s sull troublesome to hum

His aesthetic expenence was meager and he has no nterest
m graphic arts or mustc His matenal needs were small His
ethuical goals were those of an orthodox Roman Catholic He
was mtolerant of weaknesses 1 himself and others He was
conscientrous, devoted to duty but not acrually perfection-
isuc His conscience required adherence to hus own ngid
standards rather than to any which others might y to 1mpose
on him His 1deals were mflexible bur did not exclude kind-
Liness, and he had no tendencies to hobbres or fanaucism His
atttude towards state and society was sober and conservatve
There was no strong need to ratonalize no exaggeratons no
dramatzations or hy pocrisy

He saved a pornon of his income to gamn economic security
but Was not avancious or penunocus He had no marked need
for pleasure nor had he an asceuc amrude His need for Jus-
uee was strong He was rarely needlessly deprecuatory and
was usually quick to recogneze the value of others His reli-
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guous observances were automatic rather than devout He did
not feel that dwne intervention figured perceptibly m his
hfe He accepted the doctrines of the church without chal-
lenge and he actended church and abserved sacraments regu
ladly

Sexual Drive Lattle 3 hnown about chiddhood mfluences
on his sexual development In his family there seems to
have been strict taboo on sexval discusstons In adolescence,
the patient received sexual information from other youngsters
and indulged m crotic fantasies without masturbation After
Ius twenty -second y ear, he had sausfactory ntercourse on m-
frequent occastons with several women Unlihe many of his
friends, he scrupulously avorded discusston of his sexual ex-
plots He met his wife when he was 27 and more on her
intiatrve than his, he married her ac 28, their only child being
born two years later Intescourse was only moderately satis-
factory and his sexual desire decreased raptdly after about
three years, coitus occurring only once every five or sx
months His strict code did not pernut lum to live out hus de-
sires for promscuity Sevual fantasies have played merely 3
rutnor role during the lList ten years Dunng hus whole adult
Iife there seems to have been less sexual drnve than average

Affection It has already been poted out that Tom’s af-
fection for his mother mvolved hitle warmth of feelng He
depended on her completely and looked to her for judgment
and guidance In return he was well behaved and loyal, but
he really gave very lirtle of himself in the relationship A show
of affection was discouraged by lus parents From hus sister
he got companonship and haven and gave loyalty in return
He sclected for a wife a mature woman who would make 3
respectable home and deserve hus labors Nowhere m his life
did he give humself to the fullest extent emotionally
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An important reason for this reluctance may have been ‘the
way I feed, with 11s associated feelings of nsecurity and fear
of bemg humibared This caution was accentuated by his sis-
ters atutude She openly believed that 1t was hopeless for
Tom to expect a ‘decent gul' to fall 1n love with hum, consid-
ering his handicap Tom did not resent her expressing herself
1n that way, because he felt thar her object was to protect um
from disappomntment He did desperately want to prove her
wrong but hesitated to try One reason I picked out my
wife, he smd, “was that she had children, and had washed
drapers My bandages were nowhere near as bad as a baby’s
diapers’

Just once, Tom felt that he had really ‘fallen 1n love’ He
was 21 at the ime He hnew the girl 1n all only 2 few weeks
Despite s mhubitions, and Ius sister’s gloomy attirude, he let
himself go in hus feelmg for her He recalled the expertence
mn these words ‘She was beautful and very gay 1liked to be
with her, and she seemed to understand just about everything
One day she had to go away, and then she disappeared and I
never heard of her agan After she left T couldn ¢ eat for three
weehs * He had planned to tell her about tus gastrostomy, but
he had not done so as yet He does not know but he fecls that
1t 15 possible that she disappeared because she heard about 1t
from another source

Eatng Toms appeute for food and drmk was average
and he had no special cravings One effect of his gastrostomy
was to rob him of the oldest and most established social
amenuty that of eatng and drinlung i company Smce he
kept tus handicap an elaborate secret he was continually besng
mvited by friends to take 2 meal or a cup of tea or 2 drnk
with them Tt was necessary for him each time to tell nvolved
falsehoods m order to avoid making a rude refusal He hated
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eaung alone, and he took great comfort and enjoyment m
sharing mealume with his wife and daughter or with hus sister

The cluldren of Tom’s stepdaughter and hus sister are grow-
ing up aware of the manner in which he has to eat and are
not disturbed by seeing him eat However, he has never al-
lowed the husband of erther s stepdaughter or his sister
to see him take food, although they know of his difficulty
Tom’s world of people was divided mto those with whom
he was and those with whom he was not able to eat With
the former he was frank and intimate, but with the latter
detached and often suspicious After our studies had been m
progress for half a year, Tom mvited our technician to eat
lunch with htm He undertook this step with grave doubts
and apprehension She accepted readily, however, and ate and
chatted with him 1 an easy, natural manner She did not 2p
pear 1n the least repelled, and m fact, expressed a desire to con-
tinue the practice Tom was jubilant ‘She’s a swell girl, you
Lnow She docsn’t mmd the way I feed’

Fantasy Tom had few dreams at night and was rarely
able to remember them He spent little me n daydreaming
and fantasy His fantasies all began with remimiscences of
youthful experiences He reflected upon the boys he knew m
school One became a fire chief, one a captam of police and
another 2 magistrate He envied their easy secunity and post-
tions of distinction He felt that he would be m a sumilar po-
sition had 1t not been for his handicap ‘I always wanted to
be a cop for some reason’ A second pattern of fantasy -
volved recollection of the many beaunful girls he knew, and
how so many of them mvirted hus attentions ‘I could have had
plenty of them’ he says to himself, and then concludes on this
note, ‘Well I don’t think I did so bad Not a one of them
would have stuck to me the way my wife has She’s a real
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sport.’ A third pattern mcludes a recapitulation of all the jobs
fe has had “There’s not a trade I couldn t do, but I never had
a chance to learn them thorough I would have been a master
mechamic or plumber now and malung hig money n defense,
but 1f one of those company doctors saw thus hole, he d famnt
Why, he wouldn’t be able to get me out of there quick
enough’

Social Needs and Admstment to the Group Despite the
rigid make-up of hus character, hus suspicions of other people,
and tus unwillingness to compromuse, Tom preferred to be
a subordmnate postuon He dishked maling decisions which
affected those outside his family and when this was necessary,
he was constantly tense anxious and filled with musgivmgs
and doubts He was happiest under leadership whuch he
trusted and could feel dependent on In relation to those about
hum he desperately wanted to ‘belong  but was often shy,
Al at ease, and concerned about the impression he made

He was reserved, and did not Like to confide things but
did so with evident relief when firm rapport was established
He took advice and criucism only when he admured and
trusted the giver Otherwise, he resented 1t

He had many superficial friends no close ones because he
did not like to become mvolved in thewr problems, or to have
them mvolved m s He belonged 1o no lodges or fraternal
orgamzations and he had no special clique of men friends FHe
spent most of his tume working, or resung about his house He
liked pet amumals of all sorts and frequently had them about
him Social Iife was Iimited to occasional calls which he and
fus wife made on fnends and rehmves

Summary and Personality Synthesis Essentually, Tom was
shy, senstive proud stubborn and slightly suspicious He
was fun-loving but very conscientious His early traimng was
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strict and hus ethucal standards were lugh He had a horror of
disgrace or sugmata of any kind An outstanding threat to
s physical and emotional secunty was the gastrostomy,
which resulted from hs accident He tried to compensate for
the handicap and foughe any disposition on the part of his
friends to sct him apart The death of hus mother, on whom
he was dependent, mcreased his sensc of emononal msecunty
His feelings of madequacy were accentuated further by the
fact that he was denied the social expertence of eating in com
pany He became shy and suspicious m Iis personal deahings,
and developed a special méfiance of doctors Therefore, he
Lived a moderately shut-in ewstence, but he was not given to
fantasy

For a wife, he selected a woman five years older than him-
self She scemed brave and dependable

Tom was averse to being conspicuous and was wary of re-
sponsibility outside hus famuly circle He was anxious to belong
to a group, but needed to be at once self-sufficient and sub
servient to leadership As frequent events i hus Ife threatened
his security, he often experienced short persods of anxety
and resentment Generally, he gave expression to hus feelings
rather than suppressed them

On the whole, hus adjustment to hife was adequate He was
a useful crtizen and since the materal demands of all concerned
were small, he was able for the most part to be a competent
ang self-respecting pater fammlias



CHAPTER V1

Changes 1n Gastric Function i Reaction fo
Various Sttuations and Accompanying
Emotzondl States

ThE fact that emouonal disturbances are assoctated with dis-
turbances i digestive function has been known for centuries
The famibar ‘empty’ feeling 1 the pit of the stomach accom-
panying fear, the anorexm, nausea, and vomuting which are
often encountered at umes of marked anxiety, are well known
Objecuve evidences of altered gastnic funcuon dunng emo-
tional stress have been observed by several mvesugators'®
A quanttative approach to the alterations, however rogether
with a detailed analysis of the setngs m which they occur
has only been attempred recentdy * It was with an eye 1o ascer-
taiung whether or not disturbances in stomach function which
are associated with adverse emotional states might have some
bearmg on the production of lastng and serious lesions of the
stomach that this study was carrsed out on our subject
Method Observauons of stomach function were made after
the manner already described (Chapter IT) Smultaneous rec-
ords were made of stomach contractions secretion and vas-
cularity Also, salivary secretion was estumated by having the
109
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pattent empty tus ocsophagus at the begmmning of the exper
mental period and again at the end The amount which ac-
curulated during thss period was then measared At the same
wme, careful note was made of the patient’s mood snd the
cantent of his thoughts and preoccupations These data were
colleeted dunng the experyments 33 well g5 at separate dady
mterviews An attempt was made to classify the domnant
emotional and other sreacuions as p!easumblc excicement, affec-
tion, doube, fear, frustranon, tenston, guilt, sadness, anxiety,
hosulity, resentment, disgust None of chese eusted atone, but
usually 1 was possible to recognize one as the dommant sffect
The cmotional reactions were then correlated with the vartous
measurements of gastric function

Fmouonally charged siuations Were not cxpenmema\ly n
duced bug spontancously occurring lsfe problems 2nd conflicts
were utdized Some of these nvolved siuatsons arisSing from
time to ume m the faboratory Others occurred 1t the setting
of the subject’s home hife His reaction to each of these expe
nences was evaluated 1 the light of his personality pattern
described m detail m the previous chapter Thirty ~four ob
servauons Qf stomach functmn accnmpanymg SEVCX‘BI dxﬁerent
affective states were made From these, lustratve examples
will be presented

The terms ‘fear’ and ‘anxiety have been used by various
suthors to mply different meanngs In this communicaten
fear 15 used to ndicate an emotional reaction to danger
which feehings of alarm, 1eIL05% and helplessmess verging on
abjection dominate, ‘aniety,’ @ reaction 0 danger 1m which
defeat threatens, but i whach resisrance survives It 1s com-
menly associated with hostility, resentment, gudlt and con~
flice
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Observations 1 Feelmgs of Appetne Appeute, discussed n
Chapter 11, 1s introduced again here since 1t 15 a mental state
during which alteratons m gastric funcuion occur The fol-
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lowing expertment illustrates the response of the stomach n

terms of vasculanty and secretion to the mere discussion of

delecrable dishes without the sight, smell or taste of food
Fig 29 dllustrates the findings graphically Durng the con-

trol period the color of the mucosa and the rate of acid secre-

tion were relatively constant At the pomnt where the discus-

sion of appetizing food was begun the membrane became
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redder and the output of the panetal cells mcreased Actually
tasung the food added Litle to these effects

2 Alarm Reaction Involving Fear Sudden fright occurred
one mormng durmng the control pertod of accelerated gastric
function, when an 1rate doctor, a member of the staff, suddenly
entered the room, began hasuly opening drawers, looking on
shelves, and swearmg to himself He was looking for protocols
to which he attached great importance Our subject, who tidies
up the laboratory, had mislaid them the previous afternoon,
and he was fearful of detection and of losmg hus prectous job
He remamed silent and motionless and Ius face became palid
The mucous membrane of his stomach also blanched from 2
level of 9o to 20 and remamed so for 5 minutes unul the
doctor had located the objects of hus search, and left the room
Then the gastric mucosa gradually resumed 1ts former color
(sce Fig 30)

Acid secretion, too, decreased dunng the pertod of collec-
tion which included the marked pallor of his mucosa

3 Depressive Thoughts Sadness, discouragement, and self-
reproach were found to be associated with prolonged pallor
of the stomach mucosa and hyposecretion On one occasion 1t
was noted that an actoal mhibition of the usual effect of beef
broth on the gastric vasculanty and secretion occurred during
a period of mood depression

The subject and his wife had long been desirous of moving
their residence, which mn their opmion was m an unpleasant
neighborhood For some time they had been eager to acquire
a particular house 1n another district which seemed perfectly
suited to their needs They knew that the current lease would
not be renewed and they had been given a verbal option on
the lease by the landlord Mamly through their own negli-
gence, however, they were not on hand when the new lease
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was due, and the house went to someone else for less money
than our subject and hus wife were willing to pay The morm-
ing after this discovery he was downcast uncommunicative,
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and difficult to approach He could not be mnduced to reveal
the cause of his sadness until several hours later Then he was
questioned mn detail with regard to hus feelings n the morn-
ng His mood was sad and resigned He felt defeated and had
no desire to fight back and establsh his own prior clum on
the house He even appeared to harbor very litle resentment
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agamst the landlord who had Jet the place go The blame, he
felr, lay on humself and his wife, and about equally so He was
mildly sclf-reproachful and felt he had lost an unusual oppor
tunity which there was no hope of regaung In short, he was
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downcast and resigned, and there was no aggressiveness or
fight' 1n hum That morning 30 cc of beef broth had been
mtroduced mto his stoma

The curve m Fig 31a illustrates the usual response mn terms
of gastric acsdity and vascularity to the ingestion of 30 cc of
beef broth Tt will be seen that a marked acceleration of acid
production and a corresponding mncrease m vascularity oc-
curred Companng this effect with the behavior of the stomach
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1n responsc to the same sumulus when the subject was de-
pressed (Fig 31b), one sees that m assocation with such a
mood an actusl inhibitton of secretion and vasculanty occurred
The mncrease 1 vasculanty following ingestion of the beef
broth was small and poorly sustaimed The rise i acidity was
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brief and of the order of magnitude of a third of that observed
during previous observations after a sumlar stumulus

Occurrence of Symptoms s Association wnth Gastrsc Hy-
pofunction Anorexia and shght nausea were observed when
pallor, decreased secrenion of acid, and hypomonliry were
encountered mn assocration with the emotional patterns de-
sctbed  Pain, heartburn, distention were laching at these
tunes

4 Resentment and Hosulity Aggressive feelings ncluding
resentment and hosulity were found associated with a pattern
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of gastric funcooning entirely different from that associated
with the emotions described above

A One opportunity to mahe such an obsersation occurred
after our subject had spent the previous day 1n the out-pavient
department of the hospital having routine physical examina
tion, blood studtes, and x-rays He came to the laboratory red
faced with anger and brimming over with feelings of resent
ment and hosthity agamst a certam clinic secretary In addr-
uion, there was a strong element of hurmihanion mn his atutude
He had had to tolerate 2 good deal of ‘runmng back and
forth,” carrying various ships of paper, and other mannes of
‘red-rape* This he did not take altogether m good part He
had come to Jook upon himself as a privileged character who
should be immune to routne abuses Several umes he had the
mnpulse to quit the whole thing and return to the aboratory,
but he stuck 1t out* At the completion of the studies, he was
detamned by the secretary of the last clime he visited and was
not permuted to return to the laboratory He remonstrated
with her 1 vam She stubbornly refused to let hum go With
his further persuasive efforts the secretary became irnitable and
vindtcive  The pattent, humiliated and strongly resentful,
stood warting m silence

The followmg mornng, when he came to the laboratory
bursting with resentment, we found his stomach m the con-
dion m which we might expect to find st 1f he were about
to devour a big meal ‘I wish I could ger my hands on her
neck,’ he said

Fig 3z illustrates the changes m gastric physiology which
were assoctated with these dominant feelings The level of gas-
tric secretton . terms of volume, acidity, and panetal cell
output was three ymes normal In addon the mucous mem-
brane was turgid, engorged, and much redder than usual For
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the first half-hour we discussed the experience with lum m
an unsympathetic fashion and were able to merease hus hos-
tiliry and at the same ume accentuate the effects observed m
the stomach Then we attempted to divert lum and were suc-

s
Pt

Fio 32 Changes w gastnc physiology associted with feelings of hostility

cessful m a measure 1 relieving his hostile feelings and pre-
venung a further nise n acidiy The engorgement of the
mucous membrane dunng thus period subsided perceptibly
After another 30 munutes we ran out of conversation and
Tom lapsed 1nto silence and brooded agam osver his wounds
This recrudescence of hosule feelings was accompamed by a
parallel vascular response with hyperaema and engorgement
of the stomach mucosa and also accelerated acrd production
Later we diverted him agam, and this ime were able to dispel
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entirely hus troublesome emotions Thus change n mood was
accompanied by a return towards normal of the values for
vasculanty and acid secretion

B The associated changes 1n motor activity accompanyng
feelings of resentment and hostility were observed on another
occaston A spontaneous phase of accelerated gastric activity had
subsided an hour before and another would not be expected for
at least one and one-half to two hours later The panetal secre-
uion and blood flow had not quite fallen to therr control level,
although contractions had decreased nearly to 2 mmumum with
waves less than 1 cm Iugh on the recorded tracing At this
moment a doctor for whom Tom had been engaged to do
precework housecleaning after hours entered the room As he
entered Tom flushed a little, because he resented the past atu-
tude of that doctor towards his work The latter had msmu-
ated that Tom’s charges were excessive and that he worked
too slowly The doctor came to pay him off and tell lum that
tis services were no longer requred Tom did not mund so
much losing the work but he was angry and hostile about the
aspersion cast upon his abilitres and conscientiousness Ref-
erence to the previous chapter will indicate why such a topic
would be to lum an especially sensiuve one He fele humili-
ated and resentful His face was red and hus collar scemed
too tight The gastnc mucosa became hyperaemic and en-
gorged and acid production more than doubled Vigorous con-
tracuons started and fus stomach presented an appearance of
overactvity sumilar to but less marked than that encountered
m expenimentally induced gastritis (Chapter IX) Fig 33 illus-
trates the changes diagrammatrcally

s Anxtety Anxiety and the complex of conflicting feel-
ings found to be associated with 1t were regularly accom-
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panied by hyperaemia, hypersecreton and hypermoulry of
the stomach sumilar to that described above

A An illustrative example of such findimgs occurred on the

" d
day on which the subject’s stepdaughter was to be cy p
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for a suspected carcmoma of the bladder He was overactive
and talkatrve all mormng and frequently expressed anxety
over what the findings would be on cystoscopy He was care-
fully questoned about assocuated feclings of shame guilt re-
sentment etc, but anxety seemed clearly to be the domunant
affect Coupled with 1t were feelings of doubt and dread about
the possible outcome The overactvity n the stomach per-
sisted throughout three hours of observation The values were
not as hugh as those encountered 1n the experments nvolving
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resentment detailed above, but neither did the emotion seem
as intense

When anxiety was of short durauon and could be com
pletely dispelled, the accompanying changes i stomach func-
tion were also found to be evanescent

B One morming Tom was 15 mnutes late and both the
experimenter and the technician were three-quarters of an hour
late 1n arnving at the laboratory The subject warted with rest-
less anxtety accompanied by doubt and questionable feelngs
of guilt regarding the posstbility of having misinterpreted or-
ders It so happened that we had carried out some special
studtes mn another laboratory 1n a remote part of the hospital
the previous morning He worried about having been late
and wondered whether or not he had been expected to ap
pear mn that other laboratory, and if so how he would find
it He was greatly relieved when we arrived The changes
m the stomach encountered on this day are recorded graph-
wcally m Fig 34 They consisted of hyperaemia and hyper-
acidity, which, however, persisted for only a half hour For
the remainder of the morning the values were average

C The most marked alterations m gastric functions which
were encountered v ere assocnated with anxiety proveked by
our failure to inform the subject how long he mught expect
an income from the laboratory As recounted mn the previous
chapter, he had been receiving Government aid prior to his
employment with us, and the rise i his fanuly’s standard of
livmg since his new job had meant a great deal to lum The
subject of how long his job would last had come up 1n 2
discussion between himself and huis wife the previous eve-
ning He decided to inquire about 1t the next mormng Both
he and his wife were so anxious about the answer, however,
that neither of them slept at all The next morming the values
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for vascalanty and acidiry were the hughest encountered n
any of the studies except after histamne sumulation As soon
15 he spoke of his problem he was reassured that he would be
provided for mdefimtely, but the changed behavior of the

. » “ 0 » =
e ey
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stomach persisted unul the experiment was concluded three
hours later

6 Prolonged Effects A d anth S d Ei I
Tenston Sustamed alterations 1n gastne funcuon were also
noted 1n association with more prolonged pertods of emo-
tional stress One strikung expeniment mvolved an observauon
which extended over five weeks Two of these weeks were
marked by constant anxiety and punctuated with pertods of
doubt conflict, frustration, and resentment None of these
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feclings was as intense or dramatic as those encountered in the
experiments detuled above, but they scemed sigmficant be
cause of their long duranon

The first 3 weeks comprised the control pertod dunng
which the vascularity of the stomach averaged 46 and the out-
put of acid 36 cc per hour These values corresponded ap
proumately to the usual basal levels

Following this the sitwation which provoked the anxiety
occurred Tom’s stepdaughter’s cluldren were placed m 2
Catholic home by the officers of the surrogate’s court because
their mother was compelled to go to the hospital She had
separated from the father, who was not competent to care
for the chuldren Our subject’s wife preferred to take them
home with her, but her daughter opposed the plan because
1t would reheve the children’s father of financral responsi-
bility If they were placed m the Catholic home she felt that
the authonties would sce to 1t that the father was sued for
support Tom pnvately favored this latter plan because it
would mean fewer mouths to feed Furthermore, his own
daughter did not get on well with her stepbrothers and -sis-
ters In the discussion, however, he supported his wifes
stand m order to avaid domesuc conflict and also because he
still retamed some ambivalence about the problem The
youngest boy, next to his own daughter, was his parncular
‘pet He felt a spectal bond with um because hus mother had
partally rejected the child on the ground of fus many resem-
blances to her estranged husband Tom had stepped m and
become the boy's champion The htte fellow frankly con-
sidered bemg deposited 1 the wsutution as tantamount to
desertion, and Tom wanted to avoid any such appearance
The court ruled that the chuldren must be placed there, how-
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ever Tom had lost hus fight, but was relieved thar che matter
was settled Dunng the two weeks of negotation about this
problem the average color of the mucosa was 53 and the
average panetal cell output 5 1 cc per % hour These values

coor OF
MLCOSA

/

ML
SECRETION

]
=
7
] ’
7.
A Vs

[ avenace FoR 3 wesxs  conTROL peRoD

E AVERAGE FOR 2 WEEKS CONFLICT AT HOME
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were roughly 20 per cent higher than those of the control
pentod (Fig 33)

Several months later, since 1t was clear that the children
would be happier at home despite the solieitous care of the
orphanage, Tom derermmed to take them out and bring them
to hve with lum A certam benefactor on whom Tom de-
pended parually for livelhood heard about the plan and
threatened to withdraw hus support Tom persisted m his de-
termunation to undertake the additional responsibihity of car-
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ng for the chuldren His reaction to this threat to his security
was characterized by resentment at the mtetference with his
personal affairs and seeming discimmation against him, and
anxtety about his cconomic welfare

During this period of stress the average basal secretion of
acid was significantly higher than durmg the preceding two
weeks, and his membrane was contmnuously engorged and
reddened

He was most eager to throw off his dependence on this
person, and when a new source of revenue became available
m the form of increased pay from the hospital, two weeks
later, he did so with great relief Agam his acrd production
and vascularity returned to former levels The changes are
illustrated n Fig 36

Influence of Sleep Frequently the pauent slept through
much of an experimental period When gastric function was
accelerated 1n a setting of emotional conflict sleepmg did not
appear to reduce 1t or modify 1t mn any way Sumlarly when
the stomach was pale and quescent before sleep, it remamned
so during the sleep unless one of the transitory phases of spon-
taneously accelerated gastric function happened to occur at
that ume These occastonally began during sleep

Commment Certan observers ¢ have noted further merease
1n gastric function durmng sleep which followed ntense emo-
tional conflict

QOccurrence of Heartburn An annoymg mtermictent burn-
mg sensation felt beneath the region of the xiphord, coming
shortly after meals and persisting for an hour or two was 2
persistent complamnt of Tom s during the two years of finan-
c1al msecurity which preceded his coming to our laboratory
A few weeks after becorning settled i his new job, the symp-
tom stopped and recurred only at times of special stress
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Abdommal Pun Migratory abdommal cramps of moderate
mtensity occurred at mtervals when emotional conflict was
present Occastonally these were associated with diarrhoea It

ACID SECRETION COLOR OF MUCOSA

b

% AVERAGE BASAL VALLES CURING 2 WEEKS OF
A'SUSTAINED ANXETY

N

\\

AR

AVERAGE BASAL VALUES DURING 2 WEEKS OF
CONTROL PER ODS BEFORE AND AFTER

Fic 36 Sustamed accelerauon of gastmic function dunng chrome emotional
nflict.

will be noted 1 Chapter VIII that the sensitvity of the
stomach to pan from vigorous contractions 1s wncreased at
umes of hyperaemia and engorgement

Secretion of Sahwa The amount of salivary secretion dur-
ing an expenimental period was found to parallel roughly the
volume of gastric juice secreted The average accumulation
of salina during the 3 hours of 2 ‘control’ morning was 40 cc
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On the day when the effects of beef broth on the stomach
were mhubited by his depressed mood, the salivary output was
10 cc On one day of mtense resentment 1t was 72 and on
the day marked by anxiety over the duration of lus job 1t was
56 cc

Comment These findings are generally compatble with
those of other investgators®® who have studied salvary
secretion 1n man during emotional stress Salivary secretion
may parallel n some way the production of gastric mucus
Increased output of saliva was observed under most conditions
which were associated with mcreased secretion of gastric
juice After histammne stmulation, how ever, which was regu-
larly followed by a marked acceleration of acid secretion m
the stomach and a comparatnvely msignificant icrease the
output of mucus, salivary flow was not increased

Otbher Bodily Functions It has already been mentioned that
the vasomotor alterations we have encountered i the stomach
often corresponded to similar pallor and blushing of the face

In addition we observed correlations in the amount of talk-
mg he did and mn the general acuvity of the body Durmng
pertods marked by fear or depression he was relatrvely tact-
turn and 1nactuve He showed a general paucity and slowness
of movement During other periods of emotional stress char-
acterized by anwety and resentment, he was over-talhative,
restless, and overactive His manner at these umes often mn-
cluded an exaggerated heartiness

Appetize Desprte the fact thar under circumstances of
anxiety and resentment the stomach of our subject was found
to be m a state of physiologic preparedness for food, appente
was usually lacking and mtake of food was thus usually greatly

reduced
Dunng three days which culmmated m what he felt was
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the avordable death of his stepdaughter, he expertenced mtense
angiety and resentment agasmst the apparently casual aronde
of the doctors and their patronizing treatment of hum Both
Tom and his wife had snorexm, ate only two or three sand-
wiches and tea each day, and expenenced dwrrhoea with -6
watery stools a day but no cramps Duning thus ume despite
the anorexia, gastnic secretion of acid was acuve and che
mucosa hyperaemic Two of the three nights Tom was awak-
encd wich bumng of hus abdominal wall by escaping secre-
tion Lach wime his bandages were satmrated wath gastnie e
and required changing

Commment "This apparent dissocnatson of function 1 of spe-
e} mterest The stomach dunng the mixed emotional sates
described functions acuvely and becomes prepared for the
digestion of food In certam mstances the appetite farls how-
ever, md the subjecr does not wish to et He may then even
reject food This mdicates clearly that the physiologie ste
of the stomach does not determine the presence or absence of
appetite

Others have studicd subjects who under crctmstanees of
smtense apxsety and sesentment have an vnusually large appe-
tite and actually gorge themselves with food ¢ Ir appears that
the phenomenon of appette may accompany the stomach’s
phy siologic preparedness for food or 3t may not It may be
that the acceptability of the emonon mvolved determunes
whether or not the proper assoention occurs 1€ the hosulity
which he 53 expenenang s rejected and repressed by the m-
dividual, he may reject the food for whieh fus stomach during
thus turmord hus become prepared

General Duscussion From the above data st ss cleac thar
emononal stress smay be assocsared with profound physiologic
changes w the stomach 25 well a5 elsewhere i the body
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It cannot be argued from our observations that the stomachs
of all people would display such effects, but 1 opr subject,
at any rate, 1t may be said that emotions mvolving an attrude
of fearsome shrinking or a desire for escape were accom
pamed by a depression of gastric function 1 terms of vascu
lanty, acid production and motor activity Confirmation of
thus finding exists 1n the work of Cannon * and others ** Emo
tions mvolving an aggressive attitude, on the other hand, were
found accompanied by an tnerease n vascularity, secretton,
and motility such as would be found as a prelude to the -
gestion of food This observation finds confirmation m the
studies of Gordon and Chernya,® who found m a panent
with a gastric fistula, who had had consstently a fasung free
acidity m the low normal range, a sustamed marked hyper
acidity during a pertod of restlessness, homesickness, and re-
sentment towards their experumental demands Mittelmann and
Wolff ¢ studied the Iife histozies of a group of pauents with
gastnitts, duodemtis, and peptic ulcer They found that symp-
toms were promment during periods marked by expenences
mvolving emotional conflicts and reactions of anxiety, hos-
tility, and resentment Bleeding from and perforauon of pepncv
ulcers occurred at these imes VWhen meidents m the patients
past hives which were associated with pronounced feelings of
msecurity were discussed m mterviews mn the laboratory, ac-
celeration of acid output and motor activity 1 the stomach
were recorded In certam normal controls, too, hyperacidity
and hypermotlity were found when emotional reactrons -
volving hostility and resentment were induced With reassut-
ance and growmg feelings of sccunty, the hyperfunction m
the stomach subsided

The occurrence of hyperfunction of the stomach, m asso
cration wath these distressing emotional states, has been con-
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firmed s Tom In addmon we have observed that the stomach
mucosa becomes smtensely red, engorged, and turgid ac these
wmes, presenung an aspeet sumalar to that desgnared by gas-
roscopsts as hy pertrophic gastrstis

The extent of the by permotlity, hy persecrenon and by per-
sascularsty has been shown o be roughly proportional to the
sntensity and duration of the emouous experienced Moreover,
the duranon of the changes appears 1o be governed by the
length of tme the unfavorable siteation and consequent affec-
me states Jast, since bref episodes of confhict and anxiety
were associated wich feeung changes m the stomach, while
conflict prolonged over a pertod of tvo weeks was associated
with 2 more or less conunuously elevated level of seerenon,
moulity, and vasculaney

Whether or not the hyperfunction of the stomach occur-
g woth emanonal conflicts mvolving anxiety, hostdey and
zresentment depends vpon or 1> aceentuated by the suppression
of expression of these feelings cannot be definiely deduced
from the datz gren here “Tom was not m a posinon o give
expression to his feehngs of hosthty towards 2 member of
the staff Any such act would have given nise to even more
senous conflicts—guilty fechngs and anxiery about endanger-
mg bus yob I seems hikely, however shatf giving expression
10 hosubry would resolve the confiser and reliev e the sepressed
feelings che hypesfuncuon of the stomach, too would sub-
stde, smee the rehef of tennwn by reassurance or disersion was
found effectnie 1 decreasing gastric hy perfunction

Summmary Tt has beent shown thac changing affectine srates
axe reflected m the stomach 1 the form of alterations m secre-
tion motiliry, and vasculanty Pleasursble thoughts of canng
were accompansed by tncrease m all chree of these funcrions
So also were reactons and cmouons 1 olving confict hos-
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ulity, resentment, and anxiety, when the subject had no novon
of eating and, 1n fact, may have had actual distaste for food
Fear, sadness, and other feelings mvolving a destre for with
drawal were found to be marked by a depression of these gas-
tric functions It was noted that vascular changes n the face
charactenized by pallor or flushing regularly corresponded to
simtlar changes 1 the stomach mucosa Also vanations in
talkativeness and gencral bodily actvity were noted

Output of saliva, while 1t did not accurately parallel acd
output 1 the stomach, did ncrease and decrease under the
same circumstances, and the changes corresponded roughly to
the changes n total volume of gastric puce

Conclusions Profound alterations n gastric function as well
as 1 other bodily patterns were found to accompany emo-
tional disturbances The alterations m gastric function fell into
two categories (1) depression of acid output, motor actvity,
and vasculatty, and (2) acceleration of these functions The
former was assoctated with 2 reaction of flighe or withdrawal
from an emouonally charged siuatton The latter accom-
pamed 3 reacnion of mternal conflict, with an unfulfilled de-
sire for aggression and fighting back Profound and prolonged
emotional disturbances of this kind were accompamed by
marhed and prolonged mcreases mn gastric motdity, secretion,
and vasculanty, with reddening and engorgement of the
mucous membrane, often reproducing the picture of ‘gas~
tritis” (see Chapter 1X)
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CHAPTER VIl

Gastric Emptymg Tune

Bratrnsont * pur a great many foods wato the stomach of hus
subject and removed samples of the gastric content at mtervals
for exammanion He was mterested not so much amn the length
of tme food semaned 1 the stomach as m whar happened to
the food and how long 1t took for the foods to dismregrate
He did observe however that oy substances remamed 1 the
organ for a relauvely long period of ume Leafy vegetables
remained longer than meats, and starches were the most rap
Wy evacnated

It has already been shown that emptying of the stomach
depends upon the occurrence of vigorous contracuons of the
type Mustrared an Chapter VI In addion we have demon-
strated that these vigarous contractions occur only m the com
pany of aceclerated acxd secrenon and hyperaemn of the
mucosa Therefore the duration of digestion in the stomach
would be expected to be relatrvely long when gastte fancoon
15 whibited and short when 1t 15 enhanced

Studses of other investigarors® * have shown that the com-
posston of a meal mflvences greatly che length of ume 1t se-
mams n the stomach A nearly pure proten or caxbohy drare

B
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meal 15 quichly discharged, while the presence of fat m a meal
generally prolongs the emprying nme This retarding effect 1
due to the fact that the presence of fat n the duodenum causes
the liberation of a hormone called entcrogastrone * 1nto the
blood stream This matersal not only inhibits motility and thus
delays gastric emptying, but us influence resules n palfor of
the mucosa and decreased acid output

On the basis of the data in the foregomg chapters, one
would expect that wide varauons m the duration of gastric
digesuon would occur during perrods of emotional conflict
This, indeed, has been shown to be the case by other work-
ers’ * who found undigested food remaming 1n the stomach
for more than 12 hours m the presence of fear and certain
other emotons An unusual accelesation of digestion accom
panying cmotional stress would be less readily recognized,
and, ndeed, litle has been suggested m that regard

Procedure Our subject was ashed to eat a specific breakfast
each motning between 6 oo and 6 30 and to appear at the
laboratory at 9 oo ant After arnval he went about hus activi-
ttes of cleaning the laboratory, and then, at 2 ume which was
selected arbrerarily and which varied irregularly from day to
day, hus stoma was uncovered and the contents of his stomach
examuned After removal of the conents, the balloon and col-
lection tubes were remnserted, and records of contractions acd
secreton, and vasculanty were made according to the methods
described i Chapter 11

Observations Average Breakfast At 6 30 An the subject
ate breakfast, which consisted of 2z eggs, scrambled m butter,
1 slice of buttered bread, 1 pint of milk, and 5 cups of weak
coffee

At noon, 5% hours later, the process of digestion was not
completed 300 cc of greasy, very flud, yellowssh gruel, ap-
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proximately 25 per cent of the bulk of the meal beng recov-
cred The stomach was not m a state of accelerated funcuon
“The color of the mucosa was 60 Titratable free acid of the
undigested material was 4 The pattern of contractions was
different from that recorded at any tme in the fasung
stomach The waves came mn groups of 3-5, the earhest waves
i the groups beng small, and each subsequent one higher,
unul they reached a size of about one-fourth that of the usual
recorded vigorous contraction Occasionally there occurred a
short pertod of quescence followed by a similar group of
waves A sample of this tracing 15 reproduced m Fig 37

As a rule, under circumstances of relative security and con-
tentment, the average brealfast was empued completely from
the stomach i 6 hours

Average Breakfast Poor 1 Fat When the brealfast de-
scribed above was eaten without butter or milk and with
bodled eggs the stomach was found to be entirely empty of
food four and three-quarters hours after 1ts wgeston The
organ was sull mtensely actve however The mucosa was
hyperaemic and engorged Free acid was 88, and tall waves
of contraction were occurring (see Fig 37)

Average Breakfast with Added Far When the breakfast
detailed 1n the first expenment was eaten with 100 gm extra
butter, 6 hours later 10 per cent of the meal sull remained
m the stomach The mucosa was pale, 45-50 Free acid was
23 No contractions except the familiar basal 3-a-mmute
waves, were taking place

Duration of Gasine Dig  under Cnr of
Anxtety and Resentment The average breakfast which con
tamed approumarely so gm of fat was mgested erch morn-
g dunng 3 weeks of emotonal conflict mvolving anxiety
and resentment He was disturbed over hus economic state

N
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because of having loaned money unwisely to an irresponsible
person, over an admistrative delay m rasmg hus pay from
the hosputal, the msing cost of wartime hving, and the pros-

AVERAGE AVERAGE FAT CONTAINING AVERAGE
AT CONTAINING BREAKFAST BREAKFAST
BREAKFAST IN SETTING OF WITH FAT OMITTED
ANXIETY AND TENSION
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Fis 37 Daranion of gastric digestron under various circumstanices Moulity pattem
prevating at the time the stomach was examined 1s represented 1n the lower frames.
pect of assumung new financial burdens with the support of
his grandchildren

Throughout thus persod hus stomach was found to be empued
entirely of his breakfast in 4-5 hours, although under circum-
stances of relative contentment complete emptymg would not
be expected for from 5-6 hours Furthermore, despite the
presence of fat 1 the meal, his mucosa was hyperaemic, acd
values were high, and motiity active
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©On one occaston 1n the mudst of this penod he was entrusted

with an errand which was obviously designed to test hus eligi-

bility for promotion to 2 more responsible job the labora-

tory He was mtensely cager to discharge hus responsibihiry

crediably, and 1 his anxery was overactive, over-talkative,
and perspired a good deal

His stomach was exammed 5 hours after wgestion of
breakfast The stomach was empty The mucosa was red
(85), turmd, and engorged Free acid was 104, and monlity
was unusually active (see Fig 37)

Delayed Gastric Emptymg Tiume Accompanymg a Reac-
tion of Fear Tom kept an appomntment with a cwil func-
tionary one mormng to apply for the privilege of adoptng
his step-grandchildren He had been told that the authonty
i question was exceedingly stern and mflexsble Tom was
afraid that he would be unable to gve an aruculate and con-
vineing account of uimself When he began to speak he found
that his mouth was dry and fus voree for a few moments was
lost The officer was not as formudable as she had been de-
scribed, however She quckly put Tom 25 hus ease and 2 sat~
sfactory settlement was arrved at

Six and a half hours after ingestion of the average fat-
contaming breakfast, 20 per cent of the meal remamed m
Tonv's stomach This was an unusually prolonged emptymng
ume 2n hour Jonger than the average shown m Fig 37 The
mucosa was pale~so Free acid was 6o, and no vigorous con-
tractions were occm'rmg

Discussion These expeniments confirm earher findings **
that fat with meals not only prolongs gastric emptying time,
but also actually mbibits acid sccrenion and monlity, so that
the period of gastrie hyperfunction which follows the mnges-
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uon of 2 meal 15 self-lumited Thus effect may be accentuared
if a reaction of fear prevails at the time

On the other hand, however, 1t 15 clear that duning feelings
of mnsecurity and anxsety, the effects may be reversed In the
cxamples cited, the amount of fat 1 the average breakfast de
scribed above was meffective 1n esther delaying the emptyng
ume or decreasing gastric hyperfunction

Thus, changes m gastric function accompanymg emotional
stress may outweigh m effect those chemueally mduced by the
mgested food It will be reeslled from one of the expenments
described m the previous chaprer that the mhibstion of gastne
function accompany mg feehngs of dejection and self-depre-
cratton prevented, m part, the usual hyperaema and accelera-
tion of acd secrenon and motiliey following mgestion of beef
broth Here, on the other hand, we have scen that the usual
whibitory cffect on gastric function of fat i 1 meal was partly
offset by a stimulation occurnng n conjunction with amery
and resentment

Si y and Concl 1 Under circ es of rela-
mve well-being and emotional secunity, the average breakfast
usesd 1n these experiments was found to reman n the stomich
approumately 6 houss The omission of fat from the brealfast
may shorten the process by 74 Additional fat may prolong 1t

2 Towards the latter pare of gastric digestion of 2 fat-
contamung meal, acid secretion and motiliey m the stomach
were only moderately active The mucosa was only moderately
hyperaemic The pattern of gastric contractions was pecubiar
and differed from that recorded from a fastimg stomach

3 After a breakfast lackmg 1 fat, emprymg of the stomach
was relatively rapid and the organ continued in 2 hyperfunc-

tionng state
4 A sumbar set of cireumstances occurred followmg inges-




GASTRIC EMPTYING TIME 130

tion of the usual fat-contaming breakfast at umes when the
subject was experiencing marked anxiety and resentment

5 The vascular engorgement, hypersecretion, and hyper-
motlity which occurred m the stomach m associauion with
emotional conflict nvolving anxiety, hostility, and resentment
persisted despite the ingestion of an average fat contaimng
meal

6 On the other hand, the mhibitory effects of the mgestion
of fat on gastnic function were accentuated during fear

7 Therefore, what 1s known about the length of time food
remams m the stomach must be re-evaluated m the light of
the profound alterations which accompany altered emotional
states
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CHAPTER VIII

Sensation m the Stomach and the Mechanisms
Underlying Gastric Symptoms

SEVERAL observers have made studies on sensation in the
stomach ** While many of their inferences are undoubtedly
correct, the methods ustd were for the most part eicher m-
direct or non quanutatve, and a clear-cut exposition of the
sensibiliry of the stomach 1s therefore not available This 15
especially true with regard to hot and cold sensation m the
stomnach and 1ts senstvity to pam sumuli Because the gastnie
mucosa of our subject was peculurly accessible by reason of
hus large fistula sensory studies were carried out

Before the basis of gastromtestinal complants can be under-
stood, 1t 15 mecessary to establish the circumstances under
which a subject 15 able to appreciate various sumuli applied
to the stomach Because of 1ts proumity a consideration of
the cardiac end of the oesophagus 1s relevant to the study, and
best pursued first

t The Mucosa of the Cardiac End of the Oesophagus
When flud substances were introduced directly iato the
stomach through the fistula, 1t was possible for them to be-

41
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come diffused to all portions of the organ, including the car-
diac end of the oesophagus

Heartburn ‘When 5o per cent and g5 per cent alcohol, 1 N
hydrochloric acid, o 1 N sodium hydrowde or 1-30 suspen-
sion of mustard were mntroduced mto the cavity of the stom-
ach, moderately mtense burning pan was felt beneath the
region of the xiphoid The sensation lasted 1o-30 scconds and
was described as 1dentical to the famubar ‘heartburn’

Comment Through the work of Jones ® and others,” 1t ap
pears to have been established that the sensation known as
heartburn occurs by reason of a reflex constriction of the car-
diac end of the oesophagus, resulung from the wrntatng effect
on the mucosal surface of the solutions mentioned Excessive
gastric acidity 1s probably the commonest stmulus which
guves rise to the complaint

Nausea In addition, nausea frequegtly resulted when these
substances were allowed access to the lower end of the
oesophagus, while nausea never resulted from applymg them
solely to the folds of gastric mucosa

The occurrence of nausea appeared to depend upon the
concentration of the various irritants and was thus roughly
proporuonal to the intensity of the substernal burmng

A shght sensation of warmth without nausea occurred after
ingestion of alcohol m concentration of 1o per cent With
hugher concentrations the heartburn became more intensc until
nausea and vormiting occurred

2 The Normal Gastric Mucosa Touch Lvery accessible
part of the stomach lining was sumulated by Iight touch with
a blunt glass rod s mm 1 drameter The method of sumula-
tion 15 llustrated diagrammatically m Fig 38 Nowhere m the
normal mucosa was the sensation appreciated
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Temperature A thin non-clastic balloon with a dameter of
10 cm was mtroduced nto the stomach Care was exercised
to keep 1t away from the lower end of the oesophagus Water
of vanious temperatures was crrculated through it Tempera-

STIMULATING ROD
IN VARIOUS PO ITIONS

PROTRUDING COLLAR OF MUCOSA
SHIN —

STOMACH WALL

Fia. 38 Dragrammauc representation of the stomach wall with glass rod for touch
and pressure

tures between 18° C and 40° C produced no sensauon Out-
side that range the sumuli were appreciated approprately as
warm or cool and changes n temperature of 3° C or more
were promptly and accurately recognized as warmer or cooler
The sensanons were felt deep i the epigastrium mn an area
about the sze of a fist The larent pernod m recognizing a
temperature sumulus was berween 3 and 7 seconds The
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apparatus used 15 dlustrated 1 Fig 39 When the balloon
was allowed to come nto contact with the lower end of the
oesophagus, the hot or cold sensation was of much greater
stensity, occurred m the region bencath the xiphod and
completely overshadow ed that ansing from the stomach Dur-
g gastroscopy when the ght was allowed to touch the

i

A —mm——m——— IRRIGATING TUBES

RUBBER CORK
PROTRUDING COLLAR OF MUCOSA

Fic 39 Diagram of the apparatus used to test temperature sensanon i the stomach

stomach wall, the subject recognized a warm stimulas which
he was able to localize very roughly on the correct side of
the abdomen

Commment It 15 not possible to state certamly that these
temperature sumuh were felt m the mucosa The latent pe-
riod between the applicatron and apprecration of the sumulus
suggests that the end organs may he somewhar deeper The
fact that the warmth of the Jamp m the gastroscopy was felt
when 1t was apphed to the posteror wall of the stomach -
dicates that the sensatton actually arose from the organ and
not by reason of transmusston to the skin

Pressure The same glass rod used for tesung touch was
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applied more forcefully to the stomach wall Pressure was m-
creased by attaching weights to the upper end of the glass rod
‘When the lateral walls of the stomach were sumulated, the
subject was rotated 1n order to keep the glass rod vertical
Pressure of the order of 30 gm per sq cm evoked everywhere
a serfSatton altogether simular to that recogruzed elsewhere on
the body as pressure Only the roughest sort of localization
was possible Usually the subject was only able to disungussh
on which side of the bodv the stomach was bemng sumu-
lated Separate sumuh had to be more than ¢ cm apart to be
distinguished

Thus sensation of pressure was also readdy elicited m the
collar of mucosa reflected on the abdomnal wall which lacks
the muscular and peritoneal coats Sumilarly, the sensauon
could be evoled by gently grasping a small fold of mucosa
the blades of a forceps Therefore, 1t seems {tkely that at least
some pressure sensation anses from the mucosa

Pain A fold of normal mucosa held between the blades of
a forceps was pinched ughtly without inducing pan

Faradic sumul strong enough to cause intense pamn in the
tongue faled to be panful when appled to the normal gas-
t1C mucosa

50 per cent g5 per cent alcohol, 1 N hydrochlone aaid
o1 N sodum hydroxide or 130 suspension of mustard when
applied to folds of mucosa which were extruded through the
stoma by having the pauent mcrease hus mtra-abdomunal pres-
sure failed to cause pam

3 Pam from the Deeper Layers of the Stomach Wall
Effect of Vigorous Pressure Vigorous pressure apphed to the
wall within the cavity of the stomach with the glass 1od
already described or other blunt objects caused pain The pan
was of a steady, deep dull, gnawing nature It occurred ap-
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proxmmately i the region of the samulus Usually the subject
could pomnt 2 localization within 2-4 cm on the skin over the
spot sumulated Increasing slightly the strength of the sumulus
mereased the mtensity of the pam and usually anduced an
accompanyng nausea

The average pressure necessary to nduce pamn was found
to be roo gm per sq cm The strength of stmulus required,
however, was found to vary with the contractle state of the
stomach and also with the degree of suddenness with which
1t was apphed Pressures of small mtensity (50 gm per sq
cm ) when appled suddenly were found to be pamful when
the stomach wall was strongly contracted VWhen the wall was
rehatvely relaxed, sumuh of greater intensity (150 gm  per
sq cm) were necessary to mduce pam

When the stimulus was contmuously applied, the pam per-
sisted undimmshed for 10-15 seconds and then gradually dis-
appeared during the next 2 or 3 seconds As the pam decreased,
1t was posstble to feel the relaxation of the stomach wall be-
neath the sumulating mstrument Relaxation of the gastric wall
after distention of the organ esther with a balloon or a glass
rod always occurred, whatever contracule state prevailed
the stomach at the nme As a result of this phenomenon much
greater force was required at any ume mn order to raise the
intragastric pressure Occastonally the relaxation was follow ed
by subsequent mecrease 1n the contractile state of the stomach
wall, and under these circumstances the pam recurred When
1t did not recur spontancously, the pamn could be made to
recur by adding r0-20 gm per sq cm to the pressure bemng
applied

Effect of Distention A thin rubber balloon was mtroduced
mnto the cavity of the stomach and mflated with air A feeling
of fullness was regularly expenenced when the intragastric
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pressure rose to 15 mm of mercury as measured 1 3 manom-
eter of 7 mm mside diameter

It was necessary to wntroduce a relanvely large amount of
arr, usnally 6oo cc, m order to rase the mtragastric pressure
to such a height, because each tume the volume of air was
wncreased there occurred a concomutant relaxauon of the
stomach wall as if the organ were adjusting itself to the larger
volume Pam occurred when the pressure reached 35 mm of
mercury and by this tme the stomach regularly contaned
1500 cc of ar The pamn was fele throughout the entre
epigastnum and occastonally mn the flanks and bach at that
level Tt was of a dull aching quality and was described by
the subject as sicheming,” since nausea was usually associated
with 1t Increases mn the contractile state of the stomach which
occastonally followed distention lowered the strength of stun-
ulus necessary to evoke this variety of pam n the same manner
as that duced by pressure of a blunt object

As has been pomted out before the collar of stomach
mucous membrane which 1s everted on the abdomunal wall
lachs the muscular and peritoneal coats Strong pressure on
thus area of stomach did not evoke pamn It sumply was recog-
mized a5 a feehng of strong pressure

Comment During distention of the stomach wath a balloon,
obviously part of the force of the mjected arr was dissipated
agamst the walls of the balloon while the remainder was trans-
mutred to the walls of the stomach Since thin rubber condoms
of umform size were used m each wmnstance 1n evaluaung the
results the distensibility of the balloon need not be considered
as a varable factor, when the volume of air used remamed
the same

Panful Contractons Unusually vigorous contracttons of
the stomach were seen to produce the familiar ‘pangs’ of
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hunger These pans were of a Cramping nature, mtecmuttent,
lasung 10-40 seconds, deep, and of a moderate mtensity, as
a rule They were located 2bout the umbilicus and below
Usually the sensatton was located deep m the left lower
quadrant 1 an area 10 cm in dumeter just above Poupart's
hgament The ‘threshold” pamns occurred during contracnons
which raued the intragastric pressure to 30 mm of mercury
as measured with an mlymng balloon attached to a manometer
7 mm 1 cross section Nausca accompamed only the more
tense of these pans

Comment Reference of the pam ansmg from gastnie con-
tractions to the left lower quadrant 1s not consistent with the
findings of other workers (see®) Probably it 15 because of
special curcumstances m this case Ir might, for example, be
related to the presence of pentoneal adhesions resultng from
the old operation

Nausea dccompanymg Pain Arismg from Deeper Struc-
tures In genersl, the occurrence of nausea conld be correlated
with the mtensity of the pam The more mtense the pam, the
more lIikely was nausea to accompany 1 Another factor
which appeared to mfluence the occurrence of nausea, how-
ever, was the manner m which the pam was nduced For
example, nausea regularly occurred with a gnawing pam of
relatively moderate meensity induced by pressure from 2 glass
rod or distention with a balloon A cramp, resulung from a
vigorous contraction of the stomach wall, had to be compara-
trvely much more mntense to mnduce nausea

Comment The fact that pam 1s mduced by pressure from
a blunt object on the wall within the cavity of the stomach,
while such a sumulus applied to the protrudng collar of
mucosa, which lacks the muscular and peritoneal layers fals
to wmduce pamn, suggests that this varety of pam, bke that
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assoctated with distention of the organ with a balloon or with
unusually vigorous contractions of the stomach wall, arses 1n
the muscular or serosal coats of the stomach Deformation of
sensory end organs mn this region would presumably occur
exther from distention or strong contraction Since the strength
of sumulus required to mduce pain was smaller and the inten-
sity of the pain greater when the stomach was ughtly con-
tracted 1t 15 1mprobable that pull on parretal pertoneum 35
responsible for the pan More likely the muscularss 1s the site
of 1ts ongn Stretching of the peritoneal coat may be impor-
tant with regard to nausea accompanying gastric pam since
nausea was found to be much more 1 evidence with the pamn
which was induced by distention of the stomach wall erther
with a blunt object or balloon, than 1t was with that accom-
panymg an unusually vigorous contraction

Lowered Pan Threshold with Mucosal Engorgement As
pomnted out above under ordinary ctrcumstances 1t was neces-
sary for a gastric contraction to rase the mtragastnic pressure
to 3 heigh of at Jeast 30 mm of mercury 1n order to be recog-
nized as pamnful Under certam crrcumstances when gastric
Iy perfuncuion had been mtense and sustamned and the mucosa
was markedly turgtd and engorged, contractions which rased
the ntragastric pressure to only 20-25 mm of mercury were
panful The character of the pam did not appear to differ from
that already described as accompanymng unusually vigorous
contracuons

Comment ‘The reason for the lowered threshold for pam
ansing from the deeper structures when the mucosa 15 en-
gorged 15 not clear It may be due exther to the addition of
a mucosal component to the pam, or to the occurrence of
turgor and engorgement of the deeper layers accompanymng
that 1n the mucosa A sumilar lowering of threshold to burn-
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g pam in the forehead has been shown to obtamn when the
shin 15 erythematous *

4 Pam Sensitrnty m the Congested and Inflamed Gasiric
Mucosa The application of strong irntants to the normal
gastric mucosa, as pomted out above, did not mduce pamn (sce
p 145) Smnilarly, pmching and pricking and faradic stimull,
sufficient to evoke intense pam when tested on the shin, failed
to nduce pan when they were applied to the normal gastnic
mucosa

Tom recalled three occasions during his past ife when his
gastric mucosa had been tender and pamful even to lighe
touch The first was on the occasion of complete herniation
of the stomach limung followng an mjury i a football game
The membrane became cyanouc and oedematous and re-
mamed so for 3-4 hours Surgical mtervention was finally
necessary to accomplish reduction At this time Tom experi-
cenced an mtense pam not unkhe that following trauma to the
testicles The pain persisted for 4-8 hours after reduction of
the prolapsed organ Before reduction, the mucosa was mark-
edly tender to the shghtest digital pressure

The second episode of tenderness i the gastric mucosa
followed repeated use of a coarse rubber tube on hus funnel
for feeding The mucosa lning the stoma became red and
oedematous At this time, mere contact of the mucosa with
the rubber tube was panful The sensation did not have the
bright burning quality characterstic of the tenderness asso-
ciated with 2 denuded area of skin It was of a duller nature,
akin to that aroused by touching an abscess or deeper wound
The tenderness persisted for 8 days after he discontinued use
of the tube

“The third episode of mucosal tenderness occurred during the
operation m which Dr Donovan resected several buds of exu-
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berant mucosal tssue that had appeared around the pensphery
of the exposed collar of mucosa and had given nise to profuse
bleeding The areas were red and oedematous, and pmching
them i a hemostat mduced pain Detailed hustological exam-
nation of one of these resected polyps revealed chat 1t con-
tamed normal gastric mucosa except for acute mflammatory
change charactenzed by infiltrauon of polymorphonuclear
cells and a few round cells (see Fig 40)

Accordingly, we attempted to induce acute mflammation
m an area of gastric mucosa which ordmarily lay within the
cavity of the stomach but which was forced out through the
stoma when the subject mcreased his intra abdomunal pres-
sure In order to ehmmate the protective action of the mucus
coating 1 N hydrochlonic acid was allowed to fall on the
mucosa at the rate of 1. drops a mmute for 15 munutes
Promptly the production of mucus was accelerated, soon 1t
became cloudy and precipitated because of the hugh concen-
tration of acid The mucus was aspirated away and powdered
mustard was then apphed directly to the mucosa The drop-
ping of acid was contmued n order to neutralize the newly
formed mucus After half an hour, that portion of the mucosa
which had been subjected to this procedure was ntensely
red boggy, and oedematous The control side was unchanged
Both areas were then snmulated by pmnching and faradic cur-
rent As before no pan occurred mn the control area but in the
region rendered oedematous and inflamed mntense pain occurred
with the apphieation of these sumuh

Comment The threshold for pamnful sumuli 1n the stomach
may depend to a great extent on the condinon diseased or
otherwise, of the ussues We have shown that a contraction
or other sumulus which does not ehert pam m the stomach
under one set of circumstances may do so under another This
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sunple finding fits 1 well wich the observauons of Ivy ¢ and
others’ * and st probably esplans the occurrence of ab-
domunal discom{ort and pain encountered so often 1 patients
m assocuanion with gastne hy perfuncuonmg

In our expenence, strong acid apphed to the mflamed and
even to the eroded mucosa was not panful Other worbers
have mduced pan with acid,™ and st appears likely dhat, 1o be
pamful, acsd alone requies a further lowenng of threshold
than occurred with the degree of ussue damage we were able
w0 stady Contact of acid with the mtensely mflamed and
ocdematous base of a large ulcer mght well be pamfal, while
lesser degrees of tssue change would require stronger stmuly
such as vigorous contractions, puching, traction, or faradic
current  As powted our above, even these strmult faled to
arouse pam from the nosmal mucosa

It has been wferred from other studies * shat pam referable
to the gastromeesunal tract can only anse from a pull on the
mesentery or stimmius affecting the paretal perstoneum The
observations recorded here do not lead to such a hmued con-
clusion 1We have shown that stretchmg the sisceral persroneum
without necessardly mvolvng the paretal may resule m pau,
and that the peritoneal coat, visceral or panetal, need not be
concerned mn the production of pamn m the stomach Cercainly,
pmching or applymg faradic currents to an mfamed mucosa
docs not give mise to pam by stretching the visceral or panetal
pcnmncum

Referred Pam Most observers agree thar gastric paias M€
seferred to one of the upper quadranss of the abdomen often
m the md-epigastnum  Our subject’s stoma was located just
mn the md-epigastrium, yer only pamful sensations ansing
from the reflected collar of mucoss were felt at this site
Usually, a5 potted out above, Tom was able to pomt a Jocal-
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zanon within 3-4 cm of the sie of sumulation Distant ref-
erence occurred only when the pan arose from the whole

f e of the h, as m the case of distending the
organ with a balloon or an unusually wigorous contraction
Under these circumstances the pamn was felt as has been men-
tioned, m the left fower quadrant just above Poupart’s liga-
ment. Cutaneous hyperaesthesia accompanying these abdom-
mal pans was not noted

Sunmmary and Conclusions Various sensory sumul were
applied to the wall wittun the cavity of the stomach as well
as to a fedundant fold of mucosa protruding through the
stoma It was found that

1 Heartburn was due to sumulaton of the mucosa hining
the cardic end of the oesophagns

2 Touch sensation was absent mn the gastric mucosa

3 Pressure sensation was apprecuated m the mucosa and
roughly localized Two pressure pomnts could be distnguished
at distances of more than 9 cm

4 A warm sumulus above 40° C apphed to the stomach
mucosa Was appreciated as heat, as was a cold sumulus below
18° C percerved as cold Berween these limuts no sensanon
was felt Outside the hmits temperature differences of 3° C
or more were disunguished YWhether the sensation was felt
m the mucosa or 1n the deeper lay ers was not established

5 Pamful sensanons could not be elicited by stumulation of
the normal gastne mucosa With mflammanon and cedema
however, mmnor stmal appled to the mucosa cansed pamn

6 Pamn resulted from dustention of the muscular and peri-
toneal coats of the stomach, either by pressure with a blunt
object applied to the mucosa or by inflating a balloon within
the viscus The pressure necessary to elicit pam regardless of
the size of the area sumulated was of the order of 100 gm
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per sq cm The strength of sumulds necessary to mduce pam,
and the mtensity of the pam, however, were found to vary
with the contractile state of the stomach and with the sudden-
ness with which the sumulus was apphed The more con-
tracted the organ the more readily could pan be induced and
the more mntense 1t was Moreover, sumult suddenly appled
were more panful than those applied gradually

7 Unusually wigorous contractions of the stomach were
found to mduce pam Sensitvity to this pam was mereased 1n
the presence of hyperaemia and engorgement of the mucous
membrane The more engorged the mucosa, the less forceful
was the contraction necessary to induce pain

8 The threshold for pam and therefore for the occurrence
of gastromtestinal symptoms varied with the condition of the
ussues Vascular engorgement, mflammation, and oedema Jow-
ered the pamn threshold and were therefore often associated
with abdommal complamts

9 Nausea accompamed ntense pamn from whatever soarce
and occurred most readily when the wall of the stomach was
distended enough to put traction on the peritoneal coat
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CHAPTER IX

The Gastric Mucosa, ‘Gastritss, and Ulcer

Svee the advent of gastroscopy there has been much mterest
in cerram deviations from the usual appearance of the stomach
mucosz called ‘gastrins* The changes have been classified by
various observers and morbtd symptoms have been artributed
to some of them®*

Beaumont * was among the first to describe the climcal ap-
pearance of gastnus He called attention to unusual redness
or pallor of the mucous membrane of St Martn’s stomach,
accompanied by small lesions which appeared pustular or
more commonly graysh crusts which he called ‘aphthous
spots’ His descriptions are not detailed enough to enable the
present-day reader to visualize exactly what he saw In fact
he usually noted merely that the stomach was of a ‘morbid
appearance and that most often after what he considered
excessive eatng or dnnhing of spiritous liquors on the part
of his subject

The aphthous spots’ which Beaumont noted have already
been discussed m Chapter 1, and 1t appears possible that he
referred to flecks of rolled up precipitated mucus which
adhered n places to the ining of the stomach

159
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The occurrence of pustular lesions i the mucous membrane
of the stomach has never been confirmed by subsequent ob-
servers and 1t 1s likely that i the face of the unsatisfactory
highting conditions and other difficulties of seemng clearly mto
his subject’s stomach, Beaumont musmterpreted the appear-
ance of some of these mucous flecks as pustular It 15 note-
worthy that nowhere does he mention actually having recov-
ered pus from one of them

As for the ‘abnormal’ redness or pallor of the mucosa which
Beaumont observed, we have shown in the first chapter that
profound color changes occur mn the gastric mucosa m the
absence of disease and 1n association with varymg day-to-day
condittons which must be regarded as normal

It appears, then, that there 15 some doubt whether color
changes and localized spots on the stomach hnung represent
disease or ‘gastritis,’ or whether they should be looked upon
as mcidental vanations within the range of ‘normal’

This same question arises among gastroscopists today *'
There 15 much evidence to support the notion that small
hemorrhagic lesions and so-called ‘pigment spots,’ regarded by
many as signs of disease,*® are mn reality arcefacts due to the
trauma of the gastroscope 1tself or to the suction appled to
the wall by the stomach tube 1n making the prelmunary gas-
tric analyses Ruffin,’ for example, has shown that the applt-
cation of suction through a Rehfuss tube mn the process of
obtamming gastric juice from the stomach suched the mucosz
agamst the holes m the tube and caused small submucosal and
ntra-mucosal hemorrhages After several mmutes these spots
became black and appeared 1dentical to the lesions described
by many as ‘pigment spots’

Another change which has been considered of special sig-
nificance mn the dagnosis of gastnus 1s the size of the rugae
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1n the stomach as they appear through a gastroscope Ruffin®
has shown that their size may be a function of the quanuty of
arr used m inflating the organ to provide an adequate view
With relatively large amounts of am, but not more than may
be used dunng the course of ordmary gastroscopy, he found
that the stomach liming could be flattened out entirely, so that
it sumulated the appearance of so-called atrophic gastnius
We confirmed this finding but saw no blood vessels or other
signs of atrophuc gastritzs

The Hyperfunctionmg Stomach and ‘Hypertrophbic Gas-
tritts® Tt has been pomted out i previous chapters that the
hypersecretng stomach was always hyperaemic, turgid, en-
gorged This was true whether the accelerated secretion
occurred 1 response to the sumulus of food alcohol tus-
tamne, or to certan emotionally charged situations When
such a state of engorgement and hyperfuncuion was wtense
and prolonged the gastric mucosa assumed the characteristics
of what 15 known to gastroscopists as ‘hypertrophic gastmus
The folds became thick red, and succulent The shghtest blow
with the side of a glass rod, or stroking with a dry gauze
resulted m the appearance of small hemorrhagic spots and ero-
sions Frequently these minute hemorrhages occurred spon-
tancously, following wvigorous contractions of the stomach
wall The contractions themselves caused pamn when they were
of 2 sufficient magnutude, but not when the mucosa was pale
and non-oedematous (see Chapter VIII) When thus hyper-
fanctionmng engorged condiion of the stomach was pro-
longed 1 our subject he freq 1y complamed of abd 1
discomfort and pam

Comment Tt 1s clear from the account above that many of
the signs of gastntis may be encountered i the normally

unctioning stomach or may be reproduced theremn by muor
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traumata assocsated with nstrumentation Yo none of these
changes discussed 15 the term gastrus altogerher properly ap
plied, simce there was no mdication thar actoal mfilration of
wflemmatory cells occurred The preture of hypertrophic
gastrwss, for example, was found to be nduced by vasomotar
changes resultng s hyperaesnia and congestion of the mucoss
These changes were often transitory, disappearing wichin an
hour or two, a tme 100 short for the subsidence of a wrue
mflammatory process

The fact that the congested mucosa was especially sus-
cepuble to mjury, however, suggested that vasculor engorge-
ment mught predispose to the develop and persistence of
erosions and sccondary nflammation Farthermore, sustamed
hyperacmua of the gastric mucosa assumes added significance,
smee 1t was found to be accompamed by symp of ab-
domimnal dscomfort and pam

The Resting Gastric Mucosa In view of the specsal chae-
actenssties attributsble to the mucoss dunng gastrse hyper-
functonimg, 1t scemed desirable to examme the behavior of
the pathd resung gastric macosa

Method The mucosa was exanuned after a fast of tnelve or
more hours In each cose the sumult were apphed to folds
of mucous membrane which ordmanly lay within the cavry
of the stomach, but which were forced out throngh the stoma
for the occasion by having the patient mcrease his intra
abdomunal pressure (see Fag 1, page 11) As noted s Chaprer
1, thus region of the stomach lining was of alrogether healthy
appearance Many of the tests were also carmied out on the
collar of mucosa which always protruded through the stoma,
and a few were made on remote parts of the stomach hmng
Tn the latter group observations of the membrane were made
through a gastroscope
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After observing and, m many mstances, photographing the
normal appearance of the mucous membrane, the sumulus was
applied The area was then observed contnuously for one
hour Effects wlich persisted for a longer period were checked
at intervals untl they had dwappeared

The stomach was allowed to rest for from two days.to a
week berween these particular expeniments, and they were
undertaken only when the gastric mucosa appeared relatively
pale and mactve

Observations Sudden Mechamical Trauma When the mu-
cosa was struck a sharp blow with the side of a glass rod the
area struck became blanched and depressed within one second
It remamed so from 1-5 seconds, depending on the force of
the blow Followmg this there occurred a shight transirory
hyperaenua mn the same region which lasted for 3-10 seconds

Conment Thus effect has been observed before m dogs by
others* who concluded that the trauma broughe about a reflex
contraction of the Jar which sq; d the
blood from the mucosa for 2 few seconds

Contmuous Mechanscal Irrtation For 15 munutes an area
of 2 5q cm was rubbed gently with the bluat end of a glass
rod Within 5 munutes the area had become shghely red and
an obvious acceleration of mucus secretion had occarred The
mucus was thick and transparent and clung tenaciously to the
wall of the stomach A drop of Toepfers solunon allowed
to fall on the regron turned distmetly yellow ndicatng that
1ts pH was hugher than 4 3

Negatwe Pressure The stomach mucoss was sucked up
agamst the hole m the side of a soft rubber catheter by the
moderate negatve pressure everted by 2 4 em column of
mercury for 1 minute At that pont a small shghely elevated
purpunc spot, the size of the hole 1 the tube appeared After
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contact with the actd contents of the stomach for 15 munutes,
the spot turned brown and then black It thus had precisely
the appearance of ‘pigment spots” 1n the stomach described by
gastroscopists The force of the negative pressure which caused
this leston was far Jess than that usually applied with a syrmge
m the course of a routime gastric asprratton which regularly
precedes gastroscopy

In order to measure the force ordinartly apphed during gas-
tric analysss, the syringe was connected directly to a mercury
U-tube manometer while 2 technicran everted the usual mod
erate tension on the plunger The average negatve pressure
during 10 tnals was 1o cm of mercury

Abrasion of the Gastric Mucosa The Protectsie Pouer of
Mucus Crystals of sodum chloride were sprmhled on the
gastric mucosa and were then gently rubbed across ns surface
with the finger Small Linear hemorrhages were produced
where the sharp cry stals had scratched the surface A prompt
accumulation of mucus was observed m the mjured area The
appearance of the stomach lnng elsewhere was not changed
and no extra mucus secretion was observed except n the in-
jured area Here the acceleration of mucus secretton was esti-
mated at 3 to 6 fold No local oedema or other evidences of
inflammation were observed

The followmg mormng, approumately 24 hours Jater, all
but a few of the larger lestons had disappeared Here one saw
a scale of opaque preciptated mucus adhermng firmly to the
myured ares Its surface was sposted with blackened blood
pigment

Thus leston had precusely the appearance of what 15 spoken
of by some gastroscopists as superficial gastritis* *

Forty -eght hours after the leston was inflicted, alf evdence
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of abnormality had disappeared This munor mjury to the gas-
trc mucosa was not accompanted by digesuve complamts of
any sorc The patient ate two hours after it was mflicted, and
subsequently at fus usual mntervals The stomach digested the
food and emptied 1n the usual tme

Effects of Chenmcal Trauma Acids and alkabs, drugs com-
monly tahen by mouth, and condiments were applied duwectly
to the stomach inming Each substance was rubbed very bghtly
on an atea one centuneter squarc Another 2rea of sumular
sze, removed from the first site, was selected as a control
Thus regton was 2lso rubbed lightly Both were obsersed con-
anuously for an hour The reactions produced by wmtatng
substances were classified 1n the following manner A slight
erythema within the limits of the test area was called a 1+
reaction Moderate erythema within these lumts was termed
2+ A 3+ was applied to erythema which extended beyond
the one-centimeter square, and 4+ was used to indicate an
nflammatory reacuion extensive enough to cause evidences of
ocdemz of the mucous membrane Below 15 a rabulanon of the
results obtaned with the substances rested

i

”"”°°j;‘°°°°“sz~
T

Aleohol 30 7
Alcohol go/
coho} wo,
Histamune
A«Wlsah n“mx (Powd.
Safande plb
ulfapyndine
gzl]{_l zole
aguamdine
su{aﬁ?:m,
Ammoniutn chlonde
D pnalss
Q\nmdme
M
ustard (l 30 swmp 10 water,
Hydroctlonc ac ?
tm hydmx:de o1 N

©e000000fo00B00
+

f++00000004000000

e
e
A



166 HUMAN GASTRIC FUNCTION

These same agents were similarly applied to an arez on the
volar surface of the forearm The 50 per cent and roo per
cent alcohol produced moderate local erythema The mustard,
hydrochloric acid, and sodium hydroude produced swelling,
tenderness, and vesiculation n addition to erythema These
effects were far more mtense than the designated 4-+ reaction

Comment The falure of strong irmtants and corrosive
agents to cause more than a shght-to-moderate erythema n
the gastric mucosa, while they caused marked reacuion with
destruction of tissue when applied mn symilar concentration on
the skin, 15 strihing It indicates that the cells ining the stomach
are endowed with some special protection agamst chemucal
myury The neighboring oesophagus 1s not so well protected
It 15 well known that irritants broughe mto contact with the
latter cause inflammation with pam and occasionally stricture

Presumably the spectal protection 1s afforded by the thick
layer of tenacious mucus, which 1s adherent everywhere to
the stomach Iming and which s elaborated n mcreasmg
amounts m response to physical and chemcal samuly, thus
protecting the membrane from significant mjury

Froperties of Mucus When a drop of Toepfer’s solution
was allowed to fall on the exposed collar of the mucous mem
brane or even on the stomach wall within the stoma, 1t faled
to turn red until 1t came m contact with an accumulated pool
of gastric yuce When this test was made, a specimen had
Just been poured out contaiung 65 units of free acd, and all
parts of the stomach wall mcluding the cxposed collar were
moist with that secretion A drop of phenolphthalemn was
applied m Dike manner and this, too, faled to become red
Thus 1t was concluded that the pH of the surface of the
stomach wall lay berween 4 and 7, although it contamed a
juice of less than pH 2
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Thus the layer of mucus which clings everywhere to the
stomach lining 15 sufficiently allaline to mamntam the surface
of the gastric mucosa 1 a relauvely neutral environment,
despite the igh concentratton of 2cid 1n the gastric jmce
which st contamns

In addon to 1ts capacity to neutrahze, mucus displayed
another characterisuc which makes 1t an effecuve msularor
for the cells iming the stomach This was demonstrated mn the
following way

1 N hydrochlorte acid was allowed to fall upon the gastric
mucosa at the rate of 12 drops a mmnute At once the accel-
eraton of the output of mucus was apparent, and the mucus
which the drops of acid touched became gray and opaque
Ths layer was pulled away with considerable difficulty from
asmall area The gray membranous flakes thus obtamed were
found to be relauvely mnsoluble 1n gastric jurce 1 o 1 N hy-
drochloric acid and even m 10 N hy drochloric acid

To test this protective power an attempt was made to de-
prive 2 part of the gastric mucosa of 1ts mucus covermg and
then to subject 1t to wrrtating sumul:

Production of Gastrius after the Removal of Covenng of
Mucus 10 N hydrochloric acid was allowed to fall upon the
exposed gastric mucosa drop by drop as outlned above
Withn two mimutes 2 thick layer of grayish opaque mucus
had appeared over the area exposed to the actd The rate of
application of the drops was increased from 12 to .o a minute,
while the accumulated mucus was sucked away through a
pipette. Within five munutes the mucosa beneath became mod-
erately reddened and oedematous The 1-30 mustard suspen-
sion was then applied and s effect observed Withm five
munutes the redness and oedema were further accentuated and
very minute bleeding pownts became evident as pmn pont black
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These same agents were sumilarly applied to an area on the
volar surface of the forearm The 50 per cent and 100 per
cent alcohol produced moderate local erythema The mustard,
hy drochloric actd, and sodium hydroxide produced swelling,
tenderness, and vesiculation 1n additton to erythema These
effects were far more intense than the designated 4+ reaction

Comment The falure of strong irmtants and corrosve
agents to cause more than a shght-to-moderate erythema mn
the gastric mucosa, while they caused marked reaction with
destruction of tissue when applied 1n simular concentration on
the skin, 1s strihing It indicates that the cells ining the stomach
are endowed with some special protection agamst chemical
mjury The netghboring oesophagus 1s not so well protected
It 15 well known that irritants brought mnto contact with the
latter cause mflammation with pain and occastonally stricture

Presumably the special protection 15 afforded by the thick
layer of tenactous mucus, which 1s adherent everywhere to
the stomach Iming and which 15 elaborated in ncreasing
amounts 1 response to phystcal and chemucal sumub, thus
protectng the membrane from significant ymjury

Properties of Mucus When a drop of Toepfer’s solution
was allowed to fall on the exposed collar of the mucous mem-
brane or even on the stomach wall withm the stoma, 1t faled
to turn red until 1t came 1 contact with an accumulated pool
of gastric yuice When this test was made, a spectmen had
just been poured out contamng 65 units of free acid, and alt
parts of the stomach wall mcluding the exposed collar were
morst with that secreton A drop of phenolphthalem was
applied m lihe manner and this, too, failed to become red
Thus 1t was concluded that the pH of the surface of the
stomach wall lay between 4 and 7, although st contained 2
jurce of less than pH 2



GASTRIC MUCOSA, ‘GASTRITIS, AND ULCER 169
this regton A small exoston which eccurred on this peripheral
edge was exposed conunuously to the digesave action of gas-
e juice for four days Duning the first 24 hours the denuded
sutface increased n size It bled mntermuttently At the end of
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Fi 41 The accelerauon of ad producton following contact of gestnc juce
with an eroded mucess

four days 1t exhibited the typieal punched out appearance of
2 chronie peptic uleer with well defined edges and a granu-
lating base It measured approvimately 4 mm n dameter
tmm m depth and was growang rapidly (Fig 42d) Trac-
©on or pressure on thus leston resulted 1 pun of a dull gnaw-
g character whach was localized in the region of the leston
nself Throughout the four day penod the whole mucosa was
relayvely engorged and the rate of acid secrenon was signifi-
cantly elevated
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specks on the mucosa where drops of hemoglobin had been
altered by the hydrochloric acid present

Mechanical traumata were also applied to the gastric mu
cosa m 1ts state of mduced mflammation A sharp blow with
a glass rod which formerly resulted 1m a transirory blanching
and subsequent reactve byperaemm now induced munute
bleeding pomnts Rubbimg with the blunt end of a glass rod
also caused hacmorrhage, and, as pomnted out i Chapter 11,
these mechanical stimul applied to such an area caused pam

Acceleranon of Acid Output by Comact of Gastne Juice
amth Minute Erosions Two of the small hemorrhagic lestons
described 1 the preceding paragraph were kept mn contact
with gastric juice with a tratable total acid of go for half
an hour Mucus accumulated rapidly in the regon, but 1t was
removed at frequent mtervals by suction through a small glass
tube, and the actd gastrrc jutce was then reapphed to the bare
mucosa A sharp acceleration of acd secretion and concorm-
tant hyperacmua of the whole stomach mucosa occurred and
persisted for half an hour after the submersion of the haemor-
rhagic lesions was disconunued (Fig 41)

Comment In this phenomenon may he an explanation of
the persistent hyperacidity regularly encountered m persons
suffenng from gastnus and pepuic uleer The fact that the
base of the ulcerated lesion which 1s constantly bached 1 sid
gastric juice effects a sumulatton of acid secretion mdicates
that afferent mmpulses subserve this reflex without sensanion
resulung Tt 1s lilely, however, that pan would follow an ade-
quate chemical stumulus *°

The Effect of Gastric Juice on an Area of Mucosa Lack-
mg m Mucus The most peripheral edge of the collar of mu-
cosa which lay exposed on the abdomunal wall Jacked ade-
quate protection owing to defecive formanon of mucus m
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At the end of four days because of the hazard to the sub-
Ject 1t was felt that the evperiment could not be allowed to
continue

The ulcer and surrounding area were covered with a pro-
tective petrolatum dressing Within three days, complete heal-
mg had taken place, leaving no trace of the lesion behind

Discussion It 15 clear that gastric juice 15 quite capable of
attacking and digestng the mucous membrane of the stomach
Tt does not do so under normal circumstances because 1t does
not gam access to 1t Nerther do other irritatng and corrosive
substances, taken as articles of det, because the liming of the
stomach 1s normally covered by an effictent nsulation the
form of a protective covering of tenacious, viscous, alkalne
mucus The latter combmes with the acid 1n 1ts immediate
vicinity and thus mawntains the cells of the gastric mucosa 1n
a relauvely neutral chemrcal environment It effectvely di-
verts the force of any mechanical trauma or abrasive which
may brush by, by presenting a shmy, mucinous surface
Finally, n the presence of strong acid it prectpitates and
forms a relatvely nsoluble membranous shell over the delt-
cate mucosal cells Once the protective powers of mucus are
overcome, however, and the digestive juices have attacked and
eroded the surface of the mucous membrane, a vicious cycle
15 set up, since the acid gastric juice m contact with a denuded
region mduces further acid secretzon

Chronic ulceration then results from the mterplay of pro-
tective and destructve forces If a mmor erosion can be effec-
uvely covered with mucus and the hyperfunction of the
stomach substdes spontaneously or can be made to subside by
the mgestion of fat or the admmustration of drugs, healing
takes place quickly and uneventfully If, on the other hand,
hyperaemia and hypersecretion are sustamed by a stmulus
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which oserwhelms the whibitory wifluence of far or drugs,
the susceptibificy of the mucoss to myuty s enhanced and
ussue damage proceeds uncheched, resuttng m ulceration

Sumnary The healthy gastne mucosa varied 1n appearance
within 2 wide range When the rate of and producnon by
the panieral cells was relanvely slow, the mucosa was always
comparatively pale and 1o this state relatnvely resstant to -
jury unkess the contimuty of 1ts protectie covering mucus
was interrupted

Accelerated acid productson and motor acuvity were al-
ways sccompanied by hyperaemia and engorgement of the
mmcoss When vaseular engorgement w a5 prolonged the rugae
became mtensely red thick, and turgsd, presenting the pic-
ture of what has been called hypertrophic gestnns  In dus
sate the mucosa was unwswally fragle heemorrhages and
small erosions resulpng from even the most mmor traumata
Lowerng of the pan threshold occurred and symptoms were
often assocnated wih this condmon Thus the difference be-
wween hyperfunction an the stomach and hypertrophic gas-
tritis was scen to be mamly one of degree Continued expo-
sare of a small erosion to the digestne scnon of gastne yuice
for four days resulred m 2 pepne ulcer

Conchssons 1 Undue and prolonged acceleranon of acid
secretion m the stomach however provoked resulted m
bypersemm and engorgement of the mucous membrane re-
semblmg hypertrophic gastrins

2 The mucoss m thus state was uansoally suscepuble to
mjury and even the most trfing traumata resulted n haemor-
rhoges and small erosions

3 Ordmarily the mucosa was protected from mnjury by an
effectne cozting of mucus Loss of this protecuon m the face
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of munor traumara led to oedema, mnflammatory changes, ero~
stons, and haemorrhages
4 Contact of acid gastric jusce with a denuded surface i
duced furcher hyperacrmia and acceleranon of acid secretion
5 Prolonged contact of acid gastric juice with a mmor ero
sion resulted m the formanon of a peptic ulcer
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CHAPTER X

Formulation

Ir1s elear from the foregoing chapters that a very wide vana-
ton w1 gastrie function 15 campatble with good health Un-
ke the heart, lungs Lwer, and Jadneys, the stomach 15 not
calied upon to work meessantly at 3 relauvely high rate of
scuvity It 15 subjeer to periodic phases of intense actnviry on
the enc hand and rehuve quiescence on the other

Alterauons 1 gastnie funcucn may oCccur I response 10 &
very large sumber of sumult In the case of drugs and other
physical and chemical agents, however the usual effects may
be profoundly modified or even reversed by changes assocuated
with the sirmation m which the subjecr finds humnself and hus
reaction to 1t Furthermore it 5 umporeane to note thac reac-
tons to the various stumah are not confined to the stomach
Other boddy changes occur as welt When situational factors
for example cawsed byperaemia hypermotduy and hyper-
acidity ra the stomach, our subject showed assoctared vaso-
motor changes m the face, changes m mood general muscular
seuvaty  and behsvior The sltered pastiic funcuon was
merely a part of the whole pattern of bodily reaction

These funcnonal aktersons i the stomach assame special

75
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importance, however, smce 1t has been shown that when sus-
tamned they may lead to the accurrence of distressing symp-
toms and even to structural damage

To bring about the changes i gastric function accompany-
g vartous emotional states, adequate neural pathways exst
Cannon has suggested that socual inhibion of hosule acton
and consequent repressed conflict may give mise to ‘posiie
mductance’—~a physiological phenomenon described by Sher-
rington and Pavloyv m which mnhibition of a reaction 1s fol-
lowed by a greater reaction than before It 15 well tllustrated
by the effect of an mhubitory sumulus on salnvary sccretion
When a uniform conditioned stmulus has been causing a fauly
uniform outflow of saliva, interference by a sumulus which
mhbits the flow 15 followed by 1 grearer efficacy of the con-
dioned sumulus This posiive mduction of actvity may
mamfest atsclf also n restlessness and vocalization, as noted 1n
the patent when aroused and frustrated (see p 126), and a5
1s often seen when 2 dog 1s chaned or confined

It 15 not posstble with the evidence ar hand to attnibute the
pattern of bodily changes observed solely to vagus or to sym-
pathetic actvity Tt scems more profitable at present to consider
gastric changes which accompany emotional disturbances as
part of a general bodily reaction pattern

The sertings 1 which perversion of gastric funcrioning of
the nature of hyperacmia, hypermotiity and hypersecretion
oceurs have been noted, both m this study and 1 others, to
compnise sitwations which offer a threat to the emotional se-
curity of the mdvidual This state of the stomach 15 in fact
the state of sustamed readiness for catng It has been sug-
gested* that st becomes associated with attempts to gam
secunity 1 two ways through the coupling of eating with
hostrle aggression and of eating with the wish for dependence
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and bemng cared for Side by side were found m subjects, on
the one hand, desperate attempts to gam secunty by effective
aggresston, and on the other hand, efforts tow ards beng cared
for towards wmning approval and at seeking unquestioning
love Sometimes, one method prevalled, sometimes the other,
but at all times there was conflict between them 1In any event,
when situations bolster the emouonal secunty of the mdr-
vidual, the overactivity of hus stomach subsides, and symptoms
abate N
In the light of recorded facts the objectves in the manage-
ment of pattents who exubit the gastniuss and ulcer syndrome
are ¢lear Therapeunc efforts should be directed towards pre-
venting or controlling gastric hy perfuncuion, and the problem
resalves 1self mto one of the care of the man rather than
merely his stomach
The agents and methods ordwnarily m use, such as atropime,
alkabs, and frequent feedings of milk and cream are directed
towards the accomplishment of this objectve The shortcom-
mgs of atropme have been discussed The drug mhibits the
secretion of mucus as much or more than 1t does the secretton
of hydrochloric acid, so the concentration of 2c1d 1n the
stomach remains the same or becomes slightly higher Atropimne
does effectively reduce motor acuvity, however and 1s often
useful because of that Alkals may relieve heartburn by low-
enng the acidity of the gastnc contenr, which comes m con-
tact with the mucosa of the cardiac end of the oesophagus
The pamns of uleer, too, may be relieved by the temporary
mterruption of motor acuvity which is effected (Chapter III)
and by the removal of the wntating influence which excessive
acidity may exert ‘The alkalis do not reduce gastric hyper-
funcuomung however, and when vigorous contractions are re-
sumed following their ingesuon the alkalss are rapidly flushed
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through the pylorus, leaving the stomach m its former state
Cream 15 perhaps the most effective agent, but, as we have
shown, 1t 15 effecuve only 1n part n reducing the overactity
of the stomach which sccompanies mtense anxiery and con
flice

It 15 well known that removal to the neutral yet construc-
tive environment of a hosputal 1s regularly beneficial to ulcer
patients In fact, merely establishing a satisfactory relationshup
with a physician and being put on almost any regime helps
The factors responsible for such mmprovement deserve close
scrutiny

Consultng a physician and placing relrance on him gives the
patienc the conviction that he 1s being ‘backed up,’ and his
feelings of being caught, of bemng alone, or of frustration are
mitigated Furthermore, his reliance on the physician lessens
the additional threat which merely bemng i1l offers the pauent’s
secunty At the first sign of improvement from a regime of
alkahs and cream, his horizon appears brghter The hyper-
aemna and engorgement of his mucosa related to his reaction
are reduced Pam and tissue damage occur less readily The
chamn has been broken If one can prevent new lnks from
bemg forged, the pauent conunues to mmprove

To accomplish this step effectively 1t would be necessary,
of course, to understand the dynamic factors which have con
tributed to the development of this reaction pattern of per-
verted gastic functiomng  Proper therapy, then, would m-
volve the management of personality disorder, the consdera-
non of which does not fall within the scope of this work The
subject has been reviewed however, elsewhere, together w ith
the social and economic mmplications of the increasing wmci-
dence of peptic ulcer in the male population *

It 15 to be hoped that the factors of emotional conflict, on
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the one hand and secunty on the other, will be more directly
dealt with n the foture When they are, the error will be
made less often of attnbutng specific curatve effects to 2
parucular surgical dietary, or chemo therapeuue measure the
use of which happens to correspond m point of time to the
reganung of sclf-confidence by the pauent Dealing acuvely
with the pauent s ife simation and hus reactions to 1t may then
be adequately judged as a means for the control of ‘dyspepsia,’
gastnius and pepuc ulcer
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Appendix

Historscal note on Gastrc Fistula As early as 1530 there was
reported 2 patient who acquired a hole m his stomach, which
communicated with the outside world through the abdomnal
wall Matthew Cornax,* Professor of Medicine at the Univer-
sity of Vienma and Physician to Emperor Ferdinand I of
Austria, wrote of a Boheman peasant who, while hunung,
was bitten in the abdomen by a snake He developed a gastric
fistua and survived with 1t for ‘a number of years’ Later on,
other 1solated cases appeared Cornax and the others reported
no studies on their patients

In 1825, William Beaumont * began experiments on Alexis
St Marun, a rench-Canadian voyageur, who three years be-
fore had acquired a gastric fistula 2s 2 resule of an acadental
shotgun wound 1n the abdomen The accident occurred when
St Marun was 19, and he lived with his gastme fistula ap-
pr cly an nch n di until the age of 78 In fact
he outhived Beaumont, and following the death of the latrer,
another phystcian, Francis Gurney Smuth of Philadelphia
studied Alexss St Martin further Smuth was unable to add
perceptibly to Beaumont’s results, in fact he' contradicted
Beavmont s finding of hydrochlonc acid as the principal acid
of the gastric juice contending that it existed only 1 negh-
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gible amounts and that lactc acid was the physiologically 1m-
portant one Beaumont's work was later confirmed and Smith’s
publication forgotten

Alews St Marun’s survival after his acaident for about 60
years demonstrated that a gastric fistula 15 no obstacle to
longevity * He did not feed himself through hus fistula, how-
ever, and 1t was not untl 42 years after Beaumont’s publica-
tion 1 1833 that patients began to do so As early as 1875, 2
successful surgical gastrostomy was performed on a pattent
with obstructive carcinoma of the oesophagus ® Although the
palhative operation was successful, the patient died shortly
thereafter of bronchopneumonia The following year (1876)
another successful surgical gastrostomy was reported * This
patient had acquired a benign stricture of the oesophagus after
having swallowed lye Following operation he survived, free
of gastromtestmal complamts, to be studied and reported two
years later by Richet * Richet confirmed many of Beaumont's
findings and added a few of his own His patent, unlike St
Martin, actually fed himself through his fistula He poured the
food m directly through a rubber tube without taking it mto
his mouth Eating m this fashion he gamed 5 kg 1n weight
during the 6 months followmg operation He observed that
escaping gastric Juice cansed severe burning pan when 1t came
m contact with the denuded edges of the sk mmmediately
surrounding the stoma Richet looked mnside and saw a pink
undulating surface dotted with tiny bright holes which he, like
Beaumont, took to be orifices of glands He investigated the
sensibility of the mucosa and concluded that 1t did not appre-
crate touch, that miroducing cold flmds evoked a painful sen-
sation, and that alcohol elicited a sensation of heat The pa-
tient could not tell whether his stomach was full or empty
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Very rapid filling or emptymng of the stomach, however, was
regularly assoctated with hiccough

Approumately 25 years after the publicanon of these
studses, Pavloy * adapted the fistula rechme to the study of
gastric physology m dogs In fact, he separated surgically 2
portion of the stomach from the rest of the organ so that
nothmng from the oesophagus or duodenum could gan access
t0 1t The blind pouch was connected to the abdomnal wall
by an aruficial stoma Thus Paviov was enabled to collect
pure gastric jutce free from contamunavon with food, sahva,
or duodenal regurgitation and without the possibility of loss
through the pylorus This surgically produced gastric pouch
has since been known as the ‘Pavlov pouch

Approumately go years after Beaumont’s, 35 years after
Richets and to years after Pavlovs observatons, Carlson®
made studies on a patent with 2 gastric fistula half an inch m
duameter He concerned hmself largely with motor mech-
amusms and hunger contractions mn parncular He made one
observation however, on vascularty namely, that strong con-
tractions of the stomach were associated with increased red-
ness of the mucous membrane On secretion, he made several
observations, the most stbang of which was that the resting
fasting stomach secretes acid gastric juce This observation was
contrary to the findings of Beaumont * and Pavlov," who held
that m the absence of sumub, mechanical or chemcal the
stomach rematned empty and failed to secrete Carlsons pa-
uent lived on for years serving alternately as experimental
subject and diener 1 the laboratory, feeding humself through
his stoma and enjoying good health free from gastromntestinal
complaints

In 1936 Rouhuer and Soupault ** reported the case of a pa-
tient who had Ived over 40 years m good health feeding her-
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self through her fistula Numerous other pauients with suc-
cessfully functioning gastrostomies have been reported,”* and
there have been studies on the alterations of gastric physiology
by gastrostomy

King* reviewed a large number of cases from his own
practice and found that all of them showed a marked dunmnu
uon of gastric acidity and m most nstances an achlorhydria
Nearly all of his operations, however, were done for cancer
mn the ocsophagus Some of these neoplasms may have mvolved
the stomach, and the achlorhydra may have been explancd
on that basis All the pauents had rubber tubes fived perma-
nently i place 1n the stoma, and at autopsy thewr stomachs
show ed varying degrees of gastriss, which may have explamed
the achlorhydna m some of them

Cade and Latarjet ** had the opportumty of studying a pa-
tient who acquired m nfancy an epigastne herma This con-
tamed a portion of the stomach, which became mcarcerated
with eventual separation of the mucosal surfaces of the pouch
and the mamn stomach Later the antertor aspecet of the pouch
ulcerated through to the outside, and the patient was left with
a spontaneously produced ‘Pavlov pouch’® These wvestigators
confirmed Paviov’s work on ammals 1n regard to secretion 10
the pouch 1 response to food taken mnto the mam stomach,
and m response to ‘psychic’ sumuh m the form of discussion
of appetizing dishes®* No note was made of changes 1n vas-
cularity or color changes in the exposed mucous membrane

In 1907, Kaznelson ™ was able to confirm Palov’s sham-
feeding experiments on a human being who had an ocsophageal
as well as a gastric fistula

‘Psychic’ stmuli to gastric secretion as well as other aspects
of c fistulae have been the subject of numerous investi-
gatons * ' The studies, however, were fragmentary because
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