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PRETACE

This monograph 1s essentially an enlarged edition of my Causation of chronic
gastro duodenal ulcer, a new theory published by the Oxford University Press
i 1931 It differs h , m the approach to the physiological aspect
of the problem 1n as much as in the earher 10n, the bek
of the pyloric sphincter was taken as the starting pomt and an ongnal
mterpretation suggested which led to the postulation of the law of 150
penstalsis whereas 1n the present contnbution this sequence 15 reversed
the behaviour of the penistaltc wave, which 15 examined first, leads to the
postulation of the law and the ded of the fi of the al Y
sphincters as its corollary

Lattle advance has been made 1n the medical treatment since Sippy
ntroduced hus method 1n 1915 Failure of medical treatment has encouraged
radical surgery but extensive amputation and severning of the nervous
connections has not solved the difficulties and there are already indications
of a return to a more conservative attitude

There appears to be no way out of the impasse

The time 13, therefore, opportunc for a fresh approach to the problem
and an attempt to clanfy the many paradoxes which confuse the student of

gastro-enterology Thus can only be acl d by an oby

of the available data and their T A sound k led

of the fundamental principles which govern the behaviour of the gastro
I tracts ! for the approach to the problem and the d

of many etrors of diagnosis

The already vast and continually mcreasing literature has made a drastic
condensation of the subject matter imperative but a fairly comprehensive hst
of references which are with very few exceptions mentioned 1n the text has
been provided In order to make 1t more complete the references relating
to the alimentary sphincters, which are not discussed 1n the text, have been
segregated 1n an Appendix

What wll no doubt be considered an excessive number of references
Justifies itself 1n as much as it supports the contention that there 1s no observa
tion 1n the literature which 1 any way mvalidates the thests here presented

The theoretical considerations have been fully borne out by their practical
application

London
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“But there are 50 many facts and so many ways of arranging facts, that
no one can collect facts usefully except under the stmulus of some hypo-
thesis to which they are relevant Throughout any saienufic mvestigations,
even from the very beginming, generahsing hypotheses must exist 1n the
mind of the nvestigator to determine the direction of his mvestigations’

“  and the hypotheses that prove good are very seldom such as
commend themselves to our mual prejudices’
BerTrAND RusseLL
“Soience as a Product of Western Europe
The lastener, May 27, 1948

“An unrestramned adoration of figures and statistics 15 very often a
distorted 1dol of our mect 1 age of speaial ‘The figures obtained
by physical and chemucal means in medicine, should never tcplacc but
supplcmcnt the arL ofscemg, feelng and hsteming The 1dea of an ‘engineer
of health ’ 35 a depl of the ph of the future It
15 the noble task of the academme teacher to 1mbue future generations of
physicians with the 1dea that medical reasoning should never be based on
anthmetical figures alone but rather should be gwded by the conception
that every patient 1S 2 new exp e and a challenge to the k of
our senses

Sterrien J THANNHAUSER

Liprdoser Oxford University Press, New York, 1950



INTRODUCTION

Ttis g lly recogmzed that the d of chromic peptic ulcer has
steacily / increased during the last two decades and 1s fast becomng a grave
socal problem Apart from physical suffering, protractcd mvalidism, hazards
to the hfe of the individual and prol d add a heavy
burden to the national econom

Areview of the subject soon makes 1t evident that the primary cause of the
disease has so far, eluded d Many of have been
suggested {ranging from the extremes of starvation to high fat diets) and have
no doubt achieved temporary success, but none has attamed that state of
permanency which could be accepted asa y sol to thc bl

The student of gastr logy 1s overwhelmed by able publxca
tions and perplexed by many contradictory statements Because chronic ulcer
1s1nvanably associated with an excess of acid secretion, the obliteration of the
acid factor appears to be the sole preoccupation of both the medical and
surgical approaches to the problem It should however, be reahsed that
short of total gastrectomy there are no means which succeed 1n completely
abolishing the gastric secretions thus showing clearly that all such attempts
must be considered as unphysiological and should be strongly condemned

In order further to jusafy this affirmation 1t becomes imperative to
clanfy the role assumed by acid 1n the aetiology of the ulcer

The following plan has been adopted 1n the presentation of the subject
matter which develops the argument

Part I deals with physiological considerations The motor and secretory
funcuons of the stomach and ﬁrst part of the duodenum are defined, their

1 interrel 1 and ded are drawn to provndc the
elements for the postulation of the Law of Isoperstalsis and 1ts corollary
the Function of the Alimentary Sphincters

Part II deals with pathological considerations It describes the evolution
of the acute and chronic ulcers as actiologically unrelated disease entities the
sigruficance of haemorrhage and perforation and the fundamental identity
of gastric and duodenal ulcers which do not tend to malignant transforma
tion The mechamsm of pain 1s briefly considered The expennmental ulcer
15 reviewed 1n order to define 1ts contnibution to the pathology

Part III deals with the pre ulcerative stage It corresponds to the mnter
mediate or transition stage between the physiological reactions and the
end result of the morbid process The normal and pathologtcal variations
of the gastric secretions are reviewed in order to establish therr relation to
the dufferent forms of gastritis

XV
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elements for the postulation of the Law of Isopenstalsis and its corollary
the Function of the Alimentary Sphincters

Part I1 deals with pathological consideratrons It descnibes the evolution
of the acute and chrome ulcers as aetiologrcally unrelated disease entities, the
signaficance of haemorrhage and perforation and the fundamental identity
of gastric and duodenal ulcers which do not tend to malignant transforma
tion The mechamsm of pam 1s brefly considered The experimental ulcer
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INTRODUCTION

Part IV deals with pathogenesis It reviews the varnous factors which have
been suggested as acuologically refevant and gives the reasons for conndering
the Syndrome of Hyperfunction as the normal response to a morbid process
It constitutes the imtial contact between the physiclogical and the pathe-
logtcal and leads to the development of the author’s theory of ulcer formation

Part V deals with the climcal considerations It reviews cntically the
orthodox medical and surgical treatments before gwving the details of the
author s method and 1ts results which are 1llustrated by radiographs

This monograph lays down the fundamental principles for the sntegration
of the vanous aspects of the problem It leads to the conclusion that chrome
peptic uicer, which 15 exclusive to man, 1s 2 man made disease, that 1t can
be pre i and that, 1f established, 1t will yield to 2 rational diet




PART I

PHYSIOLOGICAL CONSIDERATIONS

It s mnfact an old and just enticsm of phymcians
that they have considered the symptoms signs causes
and measurements of disease without sufficient
reference to the symptoms signs causes and measure
ments of health that they have refined their methods
of detecting departures from the normal without
fint reviewing the idea of normal or discussing ats

hmtations
(Ryle 1947)

In this part an attempt will be made to define the hmts within which
fluctuations of the responses to sumul may be considered as normal or
physiological Ttus subject will be studied very bricfly m four sections the
first will deal with the physical aspect or motor function, the second with the
chemiceal aspect or secretory function the third with the correlation of these
functions, and the fourth with the postulation of the Law of Isoperstalsis
and 1ts corollary the Function of the Ahmentary Sphincters






CHAPTER 1

MOTOR ACTIVITIES OF THE STOMACH
AND DUODENUM

(THE PIYSICAL ASPECT)

Thus chapter deals with the reactions which are normally concernedinthe
propulston of the chyme through the gastro- 1 tract The mect
w £ thas fi 18 posed of two distinct clements (1) mus
cular and (2) nervous

THE MOVEMENTS OF THE STOMACH

When the stomach 1s empty sts cavity below the upper part of the fundus
which 18 1nflated with gas, 13 pletely obl i by the app of the
gastne walls Food after pasung through the cardia, collects just above the
obliterated portion gradually separates the gastnc walls, and passes down
wards along the lesser curvature 1nto the body and pyloric part of the organ
(the Magenstrassc) The fundus and usually the remander of the stomach
above the muddle of the body, show no penstaltic activity The muscle of
this part of the organ 18 1n a state of weak tomc contraction which 13
immediately inhibited by the entrance of food 1mnto the stomach—receptive
relaxation—or by the presence of food 1n the oesophagus The pyloric part
constitutes a chamber wherein the food 1s macerated fragmented and
thoroughly muxed

THE RECEPTIVE RELAXATION OF THE STOMACH

Joseph and Meltzer (1910) obscrved that duodenal rhythmic acuvity and
fonus are temporanly mhubited dunng cach contraction of the pylonc
antrum Cannon and Licb (1911) have shown that if the gastric wall 13 1
tonic contraction 1t relaxes after an act of deglutiion After the relaxation
which requires about 10 seconds for 1ts fall development, there 1s a rapid
recovery of the former tomaty Repeated swallowing causes continued
infubntion of gastric tonus It 1s an instance of reciprocal 1mnervation of
antagonistic muscles and 13 controlled reflexly by the vagus nerves The
normal st hp amarked cap for adapting stself to the volume
of 1ts contents with only mimmal change 1n the intragastric pressure the
itrinsic and extrinsic nerves take part in the maintenance of gastric tonus
(Patterson 1920) Bilateral vagotomy abolishes the receptive relaxation of
the stomach (Veach, 1926)




PHYSIOLOGICAL CONSIDERATIONS
THE MOVEMENTS OF THE INTESTINE

The cassification of the motor actvities of the small mtestine proposed by
Bayliss and Starhing (1899) may be extended to mnclude practscally all types
of gastro ntestimal motthity Thus claswification may be 1sed as follows
(1) movements which are obviousty reflex, ncluding peristalsis both m the
Iarge and small sntestme, and many other coordmated contractions, {2}
rhythmic contractions, mcluding gastric penstalsis, scgmenting contractions
sn the small mntesune and antspenstalsis and other shythmuc contractions in
the large mtestine

The propulsive movements

The propulsve movements of the miestine can be dvided mto three

dsfferent fund 1 types (1) pendular movements, (2) rhythmic seg-
mentation and {3} penstaltic wave

The pendular movement

The pendular movements of the intestine, first described by Ludwig i
1858 {Catel, 1936), axe charactensed by a geatle swaymng of the conls which
38 accompamed by rhythmical contracuons They are always directed
aborally (Schneller, 1925) The freq of the pendular mo
decreases from the pylorus to the ileo caecal valve {Catel 1936) The large
pendular movement, which 15 nat p d an! uon of
calibre {Morin, 1938} and »s the only unproductive movement of the colon
produces 2 fonmtudmnal, pendular swing of the affected bowel segment
without transporting s contents {Galambos 1944)

3

The rhylhmic segmentation

Rhythre segmentation first described by Cannon (1898) 1s the most
common mechamcal process seen 1 the small mtesune Cannon {1911a)
desernibed 1t as a sudden undefined activaty which appears i 2 mass of food
which has been lymmg quiesly 1 the mtestinal loops with constricnions pro
ducing segments which divide while the neighbouring segments umite before
the further divisions take place The constrictions do not take place m the
smuddle of each segment but near the end

The rate of rhythmuc contractions m the small sntestine vanes mversely
with the dustance from the pylorus (Aharez 1929) from approumately 22
a munute 1 the duodenum to 12 2 munute m the termunal tdeum  they are
principally neurogenic m ongie (Posey Brown and Bargen 1948)

The penstaltic wace

The true or coardmated penstaltic wave appears as a focalised constriction
of the wall of the wtestne which travels downwards over 2 more or lesg
extensue tract of bowel Pavlov (1910) pomted out that when the mntestmes
are examuned under normal saline the wave rarely occurs spontanconsty bug
1t can be readily cheted by mserung a sutable bolus 1nta the lumen of the

4



MOTOR ACTIVITIES OF THE STOMACII AND DUODENUM

bowel, the amount of food 13 the conditioning element (Cannon, 1911a)
Intestinal pensstalsis 1s annulled by the mjection of nicotme mnto the circula
tion and by the local application of cocaine Since these drugs paralyse the
penpheral nerve mechamismsatis inferred that the reflex s mediated through
the nerve plexus of Auerbach

The penstaluc wave 18 disinguished from other types of waves by the fact
that 1t prod a port of the over long distances The rate of
the normal penstaluc wave has been vanously stated as 1 or 2 em per
minute, or even slower According to Elhott and Barclay Smuth (1904) 1t
constitutes a coordinated reaction which 1s charactenised by a raptd propaga
ton 1n the oral aboral direction Raestle, Rieder and Rosenthal (1909)
showed roentgenologically that the penstaluc waves onginate near the
cardia, an observation which was confirmed by Weutz and Vellers (1925)
Peristaluc waves in the human stomach occur at intervals of 18-22 seconds

Schinz, Baensch and Fried] (1932) found that rapd flwd filling of the
stomach produces a penstaltic wave before the stomach s full Penstalais
m the duodenum 1s much more rapid than normal perstalsis elsewhere in
the smallintestine The wave travels at the rate of 1 cm per second (Douglas
and Mann, 1940) Fasting usually produces quescence and subsequent
feeding induces a rapid motor response (Douglas, 1948)

The peristaltic rush

The penstaltic rush (Meltzer and Auer 1907) or Rollbewcgungen first
deseribed by Van Braam Houckgeest {1872) 1s charactensed by the fact that
1t traverses without interruption the entire small intestine from duodenum
to caccum, and 13 fast, 1n contra-distinction to the penstaltic wave which s
slow and short The rate of travel of the rushes 1s usually from 2 to 4 cm a
sceond, but they travel faster the farther they go, so that by the time they
reach the lower 1leum, they are often covering 7-25 cm a second Alvarez
(1924) who could start 1t by making the ammal swallow repeatedly or by
injecting water into the oesoph ph d the d which eusts
between the wave of contraction 1n the muscle wall and the movement of
material through the lumen of the bowel

According to Cannon (1911b) the perstaltic waveis observed in two forms

¢ first as a slowly ad g which ports nutriment over
a short distance and the second as a swift movement sweeping without
Pause for much longer distances which has the effect of emptying the canal

he first form may retain the unquabfied term penstalsis the second may
be distnguished by the term rushing perstalsis or  perstaltic rush  as
suggested by Meltzer and Auer (1907) According to Trendelenburg (1927)
there 15 no difference between the penstaltic wave and the penstaltic rush

Antiperzstalsis

Vanous contradictory observations have been made 1n respect of the
Occurrence of antiperistaltic waves Milne Fdwards (1872) first described
mouvements antipénistaltiques  According to Van Braam Houckgeest

5



PHYSIOLOGICAL CONSIDERATIONS
THE MOVEMENTS OF THE INTESTINE

The classification of the motor activities of the small intestine proposed by
Bayhss and Starling (1899) may be extended to include practically all types
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The pendular movements of the intestine, first described by Ludwig m
1858 (Catel, 1936), are charactensed by a gentle swaying of the coils which
1s accompanied by rhythmical contractions They are always directed
aborally (Schneller, 1925) The frequency of the pendular movement
decreases from the pylorus to the 1leo caecal valve (Catel, 1936) The large
pendular movement, which 13 not accompamed by any modification of
cahbre (Morin, 1938) and 15 the only unproductive mov cment of the colon,
produces a longitudmal, pendular swing of the affected bowel scgmcn;
without transporting 1ts contents (Galambos 1944)
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common mechamical process scen 1 the small intestine Cannon (1911a)
described 1t as a sudden, undefined actnity which appears 1n a mass of food
which has been lying quietly in the mtestinal foops, with constrictions pro
ducing segments which divide while the neighbouring segments umte before
the further divisions take place The constrictions do not take place m the
muddle of each segment but near the end

The rate of rhythmic contractions in the small intestine vanes

myersel
with the distance from the pylorus {Alvarez 1929) from approximately 2;
a munute 10 the duodenum to 12 a mmute 1n the terminal leum, they are

prinapally neurogenic 1n ongin {Posey Brown and Bargen 1918)

The persstaltic ware

The true or coordinated penistaltic wave appears as a localised constriction
of the wall of the intesune which travels downwards over a more or Jess
extensive tract of bowel Paviov (1910) pointed out that when the mtcstines
are examuned under normal sahine the wave rarely occurs spontaneously, byt
1t can be readily elicited by inserting a swtable bolus into the lumen o;' the
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bowel produced contraciion above and below and that the waves travel in
one direction largely because the contraction mowving belund them s so
lasting that there 1s no chance for regurgitation Hukuhara (1932) suggested
that the was purely myog
Monn (1938) believed that there are two types of movements concerned
1

n the d Y pendent local el y rhythmic
contractions of both muscles (the pendular movements and rhythmic
), and (2) plex coordinated expulsive of the

whole musculature

Rrueger (1949) obscrved that in Thiry Vella loops 1n the ileum of dogs
the advancing constriction of penstalus, as described by Bayhiss and Starling
(1899) which 15 preceded by an advancing area of inhibition usually nvolved
both a relaxation of the muscle and a complete cessation of rhythmic
contractions

According to Bozler (1949) spontancous contractions of the intestine are
myogeme and are ordinanly conducted for a short distance The myenteric
reflex increases this activaty on the oral side and therchy propels the contents
of the mtesyne

The penistaltic wave as a co-ord. of the two dig

Baylss and Starling (1899) believed that when the bowel contracts the
longitudinal and arcular muscles respond simultancously, the one with
contraction and the other with relaxation Trendelenburg (1917) observed

at hing produced by gradually filling the small intestine produced
conuderable tension 1n the longrtudinal muscle, and at the same time a
contraction of the crcular muscle which 13 transmitted orally When the
entical pownt has been reached a penstaluc wave 1s imtiated

The entical pomnt 15 dependent on the veloaty, on the mcrease of the
fension and the tonus of the circular muscle The penstaltic wave appears to
travel dustally wathout any nervous or muscular stmulation The activity of
the waves 13 not reciprocal but consists of two phases the first produces
Contraction of longitudimnal muscle without mamfesting either synergy or
feciprocity, the second phase, d by the } dinal
Produces contraction of the arcular muscle which by a process of ¢ active
inhibttion  1nduces the relaxation of the arcular fibres According to Carey
{1921} the structure surrounding the epitheltal tube of the intestine m the
mature state possesses a spiral nature arranged as a left hand helix withan
snner close and an outer elongated set of spirals 1n both the submucosa and
musculature Penstalss 1s a duplex ¢ ph produced by
the differential rate of translatory advance of the two contraction waves m
the outer and nner muscle layer respectively Hanzlick and Butt (1928)
observed a similar reciprocal response during vagus stmulation but not
duning sympathetic nerve sumulation Cowie and Lashmet (1929) des
cnbed three primary three secondary and some tertiary types of contraction
of longitudinal muscle and three types of crcular muscle contraction
Demoor (1931) observed that when the movements of the longttudinal and

7



PHYSIOLOGICAL CONSIDERATIONS

(1872) an antipersstaltic wave can origmate 1n any part of the gut but an
antiperistaltic movement 1s never observed n hving ammals These observa
tions have been confirmed by Cannon (1911), Trendelenburg (1917}, and
Ganter (1923) Borchers (1921) ponted out that antipenistalsis 1n the stom-
~ch 15 pathognomanic of pyloric obstruction, that there 15 no antipenstalsis
during vomuting and the gastric muscles do not appear to be involved
Schintz, Baensch and Friedel (1932) could not observe antiperistaltic waves
roentgenologically These observations apply only to the small intesune

The law of the mtestine

According to Baybss and Starhing (1899) “excitanon at any pont of the
gut excites contraction above, mhibition below This 15 the law of the
mtestine > Cannon (1909) suggested the term “myenteric reflex’ to describe
this phenomenon Since this coordinated action could not concewvably be
performed by muscles alone, Bayhss and Starling inferred that 1t was
controlled by Auerbach’s plexus, possibly by short augmentor paths extend
1ng upwards and long mnfubitory paths reaching downwards Usually these
waves moved 1n a downward direction an effect which they suggested mght
result from higher exaitabslity at the duodenal end True penstalsis they
regarded s a coordmated reflex, consisting of combined coutraction and
relaxation, dependent on the proper functioning of the local nervous system
Bayhss and Starkng {1901) found that when the ntestine was painted
with cocame and nicotine the true peristaltic movements ceased, but the
pendular movements continued

Magnus (1904a), who separated the longuitudinal from the circular musele,
observed that the former (to which Auerbach'’s plexus adhered) retaned the
power of rhythmic movement while the latter had lost 1t He concluded,
therefore, that the pendular movements are not reflex but neurogenic m
ongin When he seared the outer surface of the circular muscle with crystals
of silver mtrate (Magnus 1904c) physosugmine produced rhythmic con-
tractions which he concluded were myogenic Gunn and Underhill (1914)
pointed out that the condittons of Magnus s experiments were not the same
as those of Bayliss and Starling and concluded from their own expenments
that spontancous rhythmicity 1s an inherent property of the muscle obser
vations which were confirmed by Alvarez and Mahoney (1922a) According
to Thomas and huntz (1926) these experiments only indicate that the
1ntestinal muscle 1s capabie of rhythmic contractions in the absence of nervous
influences but they do not prove the muscular origin of rhythmic movements
of the stomach and mtestine 1n the intact animal

Wheelon and Thomas (1922) considered that the progressive nature of the
cycles of cvents which showed a fixed time relationship between the antrum,
the sphincter and the first part of the duodenum, which they observed
graphically, demonstrates ‘the law of the intestine * 1 ¢, a progressive hand
of constriction preceded by nhubition and followed by relaxation Alvarez

(1929) beheved that the downward penstalsis can take place without the
help of the myenteric reflex because sumuli apphied to the outer coat of the
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centre of the stomach simlar to the nodes of the heart, and he beheved thatac
mmtiated the rhythmic contraction of the stomach He suggested that food 1s
propelled through a series of zones or segments, each furnished wath 1ts own
pace maker and its own rhythmucal contractions Aharez (1915) supported
this conception because he noted that on electncal suimulation of different
portions of the stomach wall the lesser curvature pear the cardia displayed
the shortest latent peniod as compared wath the other structures of the stom
ach and that the test for trntability yielded similar results

Cole (1917, 1932) observed radiologically 1in man that the penod of
opening of the pylorus and the passage of the fluid content into the duodenum
was comadent with the tonus rhythm of the stomach flwd chyme beng
expelled through a relaxed pylorus as each contraction reached 1t. He des-
cribed cyeles of rhythmuc systole and diastole When penstaluc activaty 1s
weak, pylonc closure 1s at a mimmum, when strong  the pylorus is tonically
closed Luckhardt Phillips and Carlson (1919) observed that dunpg dges-
tion the penistaltic waves course towards the pyloric sphmeter and on
reaching 1t, relaxation occurs The passage of the contraction wave from the
stomach over the pylonic sphuncter to the duodenum, 1 e. the existence of a
relauon between gastnic and duodenal motlity has been deseribed by
Wheclon and Thomas (1922) McCrea McSwiney Monson and Stopford
(1924) obscrved 1n the open abd or rocntgenol 1ly waves which
began near the cardia travelling aborally According to Cunha (1925)
the gastnic wave passes from the stomach over the duodenum. Ivy and
Vloedman (1925) observed that the distal portion of the duodenal cap
contracts following the arrival of a vigorous gastric wave at the pylorus

Klean (1926a) behieved that there was sufficent evidence to assume that
there 15 a gastnie pace maker Atthe tangle (the of
the antrum) there 15 a separate nodal centre which mitiates the antral
contractions

Thomas and Cnder (1935) found 1n dogs with cannulated gastric and
duodenal fistulae a prog d 1 the gastnc mfluence as the
distance from the pylorus increased They confirmed the obscrvation of Ivy
and Vicedman (1923) that the duodenum participates in the hunger activity
:}llbxch 13 mterrupted with :‘h'_; first presentation of food and 1s associated with

e P 1 of the h

According to Painter, Todd and Kuenzel (1939) pyloric rhythm seems
quite independent of gastric penstalas but 15 closely coordmated with the
shythm of the duodenal cap An open pylarus and cap duastale go together
and a closed pylorus and cap systole

The polarity of the bowel

The polansation of the mtestinal tract appears to be so strong that
although liquid can be pumped 1nto the rectum of cats or dogs until 1t
flows out of the mouth any attempt to force 2 sobid body Like a tampon or
a stick 1o an oral direction through a segment of the living bowel 1s likely to
result in tearing on account of the resistance developed (Bayhss and Starling
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arcular muscles are recorded separately the aqueous extract of the one
muscle tends to produce the charactenstic features of the other m their
autonomous or mnduced activity, and that chemucal factors cannot, therefore,
be completely excluded from the normal regulation of the movement of the
gut Krishnan (1932-33a) deduced from his graphic records that the nature
of perstalsis depends on a reczprocal innervation in the two muscular coats
Goerttler (1932), who could not find any signs of Carey’s muscle spirals,
suggested that the muscular fasciculi 1 the circular layer form true ngs
while those 1n the longitudinal coat run parallel to the mesenteric attach
ment However, Reid, Ivy and Qugley (1934) and Frankhin and Maher-
Loughman (1938} confirmed the observations of Carey

According to Raiford and Mulinos (1934-35) stimulation of the mucosa
of the colon causes a contraction of the longitudinal muscle at and below the
pomt of sttmulation but none above, and contraction of the circular muscle
at and above the pomt of sumulation but none below Vagus sumulation by
mucosal irritation elicits contractions of the longitudinal muscle first, and then
the arcular, 3-5 seconds later The result of such a mechamsm s first to
ncrease the lumen of the gut and then to decrease or obliterate 1t Morn
(1935), who confirmed the observations of Trendelenburg (1917), observed
that distension of the lumen rather than the tension on the longitudinal
muscle 1mtiates the perstaltic wave

The peristaltic cycle

Hofmester and Schitz (1885) divided the gastric cycle into two parts
during the first part, the penstaltic wave begins on the greater curvature,
a few centimetres from the cardia, and then passes downward growing
gradually deeper until 1t reaches the sphincter antri, the second phase begins
with the contraction of the sphincter antripylon1, while the pre antral con
tractionisreflected the antral sphincter contracts and cuts off the antrum from
the stomach and at the same time the longitudmal and arcular muscles
contract These observations on the dog were confirmed by Holzknecht (1909)
m the human

Barbera (1898} found that the first contraction always appeared at the
carda, regardless of whether the stimulus was applied to the cardua, to the
fundus or to the antrum, and that this contraction was then followed by a
typical penstaluc wave According to Auer (1908) the first phasc of o
c 10n apf in the h near the oesophageal msertion and
travels penstaltically to the sphineter antry Dunng the second phase the
sphincter antn contracts strongly, and during this contraction the rest of the
antrum contracts tn lofo, moving towards the pre antrum and expelling the
antral contents largely, or entrely into the pre antrum Rarschner ang
Mangold (1911) saw a complete synchromsaton m the antral contractiong
and the opening of the pyloric sphuncter, causing thelatter to bulge markedly

hocsth (1915) observed 2 distinct modifi oLf!be lature and the
plexus just distally to the j of the P and the st b
definite develop of neuro-] lar tssue which mught serve for a noda)
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centre of the stomach sumalar 1o the nodes of the heart, and he behieved that it
d the rhythmie of the stomach He suggested that food 15

propelled through a series of zones or segments, each furnished with 1ts own
pate maker and 1ts own rhythmucal contractions Alvarez {1915) supported
this conception because he noted that on electrical stimulation of different
portions of the stomach wall the lesser curvature near the cardia displayed
the shortest latent period as compared with the other structures of the stom
ach and that the test for wntabibity yrelded stmilar results

Cole (1917, 1932) observed radiologrcally n man that the period of
opemng of the pylorus and the passage of the flusd content snto the duodenum
was comadent with the tonus rhythm of the stomach, fiwd chyme bemg
expelled through a relaxed pylorus as each contraction reached 1t He des
cribed cycles of rhythmic systole and diastole When penstaltie activity 33
weak, pylonc closure 18 at a muimum  whenstrong the pylorus is tomeally
closed Luckhardt, Phullips and Carlson (1919) observed that dunng diges
uon the perstaltic waves course towards the pylone sphincter and, on
reachung ®, relaxation oconrs The passage of the contraction wave from the
stomach over the pylone sphancier to the duodenum, 1¢  the exsstence of a
refation. between gastne and duodenal motility, has been described by
Wheelon and Thomas (1922) McCren MeSwmey Morson and Stopford
{1924} observed 1 the open abd or logically waves which
began near the cardia travelling aborally According to Cunha (1925)
the gastnic wave passes from the stomach over the dundenum Ivy and
Vioedman (1925) observed that the distal poruom of the duedenal cap
contracts following the arrval of a vagorous gastric wave at the pylorus

Rlein {1926a) believed that there was suffiient evidence to assume that
there 19 2 gastne pace maker Atthere entrant angle (the commencement of
the antrum) there 15 a separate nodal centre which impates the antral
contractions

Thormas and Crider {1935) found 1 dogs with cannulated gastnic and
duodenal fistulae 2 progressve decrease n the gastne mffuence as the
distance from the pylorus mereased They confirmed the observation of Ivy
and Vicedman (1923) that the duodenum participates i the hunger actwity
which 15 interrupted wath the first presentation of food and 15 assoctated wath
the receptive relaxation of the stomach

According to Panter Todd and huenzel {1933) pylonc rhythm seems
quite independent of gastnic penstalus but 13 closely coordinated with the
thythm of the duodenal cap An open pylorus and cap diastole go together
and 2 closed pylorus and cap systole

The polarity of the bowel

The pol of the ! tract apy to be so strong that
although hiqud can be pumped mto the rectum of cats or dogs unbl 1t

w3 out of the mouth any attempt to force a solud body hike a tamponor
astick 1 an oral direction through a segraent of the bving bowe! 1s likely to
Tesult 1 teaning on account of the reustance developed (Bayhss and Starbng
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1899) 1tis gencrally accepted that the original direction 1s maintained in all
segments which have been reversed If certain worms are cut across in small
preces, these pieces crawl in the same direction towards the pomnt where
therr head used to be (Carlson, 1904) Biederman (1904, 1905 1906) stated
that 1n the earthworm, the leech and the snail there 1s no evidence of a direct
muscle conduction of the perstaltic wave but that 1t depends on the integnty
of the central nervous system and follows mostly segmentally advancing
reflexes 1n which a passive stretching of a segment produces, by a reflex
action, a contraction of the circular muscle and an mhibition of the long:
tndinal muscle If a segment of cthated epithelium of the frog’s mouth 1s
reversed and regrafted the cilta will continue to wave i the ongmnal direction
(Bricke 1916) Segale (1921) found that gas cannot easily be forced through
reversed segments That hquids can only be forced through with difficulty 18
shown by the fact that, n the reversal experiment, the muscle i the segment
mmmediately forward to the upper suture lines always hypertrophtes marked-
ly Gellhorn and Weidling (1926), using frogs found that in thestomachand
conduction of a lus was faster m a caudal than in an oral
direction Nolf (1929) found that in a nicounised segment of small bowel
chicks, a wave would travel when it was stimulated at 1ts oral end but
gave only a local reaction when sumulated at the aboral end of the segment
Ide (1934) reported on the study of Lauwers and Damnyanovitch who found
that the reversal of the whole small mtestine produces death 1n from 4 to 5
days while the reversal of the 1leum only established 2 certamn tolerance
With complete destruction of the afferent and efferent (extrinsic) nerves
with a concentrated solution of ammonia the animal survived 10~18 weeks

Alvarez (1929) observed a gradient in the acuvity, tonus, irrtability,
metabolism, clectrical potential and rate of rhythmic contracuon along
the small bowel from the duodenum to the end of the ileum, the gradient of
forces mn the bowel making 1t easier for waves or 1mpulses to travel in an
oral-aboral direcion He beheved that gradients are not an adjustment to
function but intimately bwlt into the structure of the bowel Few workers
have, however, been able to venfy Alvarez hypothesis (Morin, 1938)

The effect of food on motility emphasizes the polanity of the bowel Best and
Cohnherm (19103, c) observed that when water was introduced, through a
gastrostomy, mnto the stomach of a dog with an oesophageal fistula 1n the
neck, sham dnnhing would produce a more rapid emptying of the water
1n the stomach than would normally take place, and that sham feeding will
also prevent the backfiow into the stomach when fat 1s introduced 1nto the
duodenum through a fistula In the experiments of Cash {quoted by Pavlov,
1910} a bolus moved through the mtact intestine of 2 laparotomized animal
during fasting at the rate of 0 1-0 5 cm per nunute, but after feeding the
speed was | 5-2 cm per munute Hurst (1912) has shown that a barjum
meal will more down the bowel faster when 1t 1s followed by a second meal
given shortly afterwards Hines, Lueth and Ivy (1929) found that there 13
increased muscular activity of the small bowel after eating when the colon 15
full Rabe (1925) has shown n dogs that inflammatory conditions in the
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caecumm ot coton will farl to alow the emptying of the stomach if the source of
wntatson s kept below the sleo-caceal sphincter which forms the natural
houndary betwcen the small and large intestine When food wa. ingested the
movements of n cxtenorssed mntact Joop of the mtestine were increased
{Barcroft and Robwnson 1929) Haclzel (1930) observed the rates of paseage
fo be more or Jess proportional to the speaific gravaty of the test matenalt
heavier matenaly passing slower than hght matertals

Puestow (1831, 1932) observed in an exteriorsed scgment of the duodenum
contanng the papidla of Vater, that it was relatn ly mactwve s the fasng
state and became defimtely more active after feeding There was also an
mcrease of hyperaemt and an apparent wacrease of duodenat secretion The
responses were greatest 1n the duodenal segments less marked i the jeyunal
portions of the bowel and least noticeable wm the lower part of the tleum
The onset appeared earhestin the duodenum and thc {atent penod mncreased

propor 1y tothe d down the 1 eract at which the segment
was ssolated

Quigley, Haghstone and vy (1934) fcund (h;\ the mtcsuml propulsive
activity when d; were {15em

per minute) the propulsion rate loups of 1hc lower xlcum beng shghtly
stower than i the upper jepunum Cannon (1836) suggested that there may
not be a gastro-tolic reflex, auly an appetite or a taste reflex nince food given
by mouth passes on quicker than when given through a gastrostomy
CGranturco (1933a) could not see any difference between the rate of emp-
tymg when us cats ate and when they weee fed by tube

Douglas and Mann (3933) found 1n extenonsed loops of the lower part of
the tleum of the dog that m normal anumals the loop was as a sule, gues~
cent after 2 48 houss fast While the short-crremted Joop usually showed a
corselation of actvity and feeding the completely msolated loop never did o
Therr findings wdicated that the mediation of the motor effect depends on
the continmty of the intesting and that 1t vanes directly with the distance
from the pylorus They concluded that the so-called gastro ileac reflex s not
merely a fecding reflex, that it depends for its med: on the y
of the mtestine and that the vagus nerves play hitle part m the mediation
Observations by Douglas and \iann {1940} o exsenionised !oops of jeyunum,
tewm and colon sugg: 4 folk g the wmg of faod a wave of
actity travelling at the ratc af 1 em per second passes down she fength of
the small intestme and 13 not abolshed by vagotomy The motor activity
appears fiest m the segment nearest the stomach (Grindlay and Mann 1941)

Van Liere Suckney and Northup (1945) observed the rate of progress
of a charceal muxture through the small intestne of frogs, at the end of 8
munutes it had traversed 54 cm of the length of the small intestine at theend
of 13 runutes 121 2 cm and a¢ the end of 30 munutes 134 6 cm thus mdica
ung that the upper half of the small intestine has a more actve propulsive
peostalas than the lower

Dauglas (1849) measured the rate of shythmic contraction of extenonsed
segments i of je 1n dogs Transpl of end to-end
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anastomosts of the exteriorssed segment of the lower ileum was followed by a
persistent fall in the rate of contraction A simular fall occurred after isolation
of a segment or after proximal transection and re anastomosis or after
proximal hemisection Clamping the gut or infiltration with procaine was
followed by a fall in rate distal to the site of mterference but by no change
proximal to 1t The results suggested that rthythmuc activaty of the duodenum
and jejunum were coordmated

The mbherent polanty of the smooth muscle fibre was observed 1n embryo
chicks by de Jong and De Haan (1943)

The polarity of the nervous impulses

Hooker (1917) studied the polanty of the nervous elements in frog
embryos by the removal of a portion of the sptnal cord and by regrafting itan
the reverse direction, he observed that the reversed segment continued to
grow tn the enginal direction

Nolf (1929) excised an intestinal Ioop about 12¢m n length and suspended
1t 1n oxygenated Ringer s solution 1n such a way that one of 1ts extremuties
emerged shightly above the surface of the bath When the oral extremuty was
stimulated a penstaltic wave started at the electrode and progressed through
1ts whole length even when the loop was formed by the small intestine from
the pylorus to the 1ileo caecal junction If on the other hand, the aboral
extrermty was simulated the contraction never extended over more than 10
cm from the stimulated pomnt The speed of the propagation in the oral-
aboral direction did not go beyond 25-30 cm per second at 2 temperature
of 37°C These observations are expl: i on the ption of the
1n the intestinal wall of a longitudinal nervous pathway from one extremty
to the other, which 1s mterrupted by synaptic relays These are placed n
such a way that the stumuli pass without difficulty 1n the oral-aboral direction,
but not 1n the reverse direction This deduction was further verfied by the
action of micotine which has the effect of blocking the synapses without
affecing the neuromuscular yunction

THE MOVEMENTS OF THE INTESTINAL MUCOSA

‘The movements of the 1solated muscularis mucosae consist of regular, slow
rhythmic contractions occurring at the rate of 1 1n 27-60 seconds (Gunn
and Underhall 1914) The vilh possess two distinct movements that are inde
pendent of penstalis (1} a lashing movement which s not stopped by
atropine and (2) an alternating retraction and extension which 1s abolished
by both nicotine and atropine (Hambleton, 1914)

According to hang and Arnold (1922) the intestinal valli manifest rhyth
rucal movements shortemng lengthening and lateral or swaying movements
both singly and 1n groups the movements of the sndividual villt occurning
independently or together with movement of the mucosa as a whole The

1 1 motor h 18 set into actvaty by mechanical
sumulation by heat, untants and by adrenaline plocarpine atropime
mcotine and barum 1t 1s very sensitive to anaermua and comparatnely
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short lived Impulses by way of the vagr wsually do not reach the mucosal
muscutature The splanchnics carry tanus smpulses to the mucosa, Messner s
plexus 18 looked upon as a termunal splanchmc mechamsm and a local reffex
tonus mechansm There 18 no definite mterdependence of correlation be
wween the actiaties of the outer and 1 motor mech The 4
motor mechamsm ss most actine and reactive in the duodenum and upper
Jesunum and less 5o 1n the lower gejunum and almost refeactary 1n the deum
Impnlses from the mucosa, when the muscaiature 15 1 tonus brng about
relaxauon The of the 1 mucosa to 1 13 Jocal i
character and myogeme mn angin (an abservation confirmed by Wells and
Johnson, 1934) hokas and Ludany {1934) obsenved that the sympatheuc
first sumulates before it inhsbsts the vallt to keep them in a state of contrac
tion, while the vagus hibsts their movements to keep them in a state of
relaxation

THE MECHANISM OF INTESTINAL AUTONOMY

The elements which are concerned with the mechamsm of gastro-ntestmal
autonomy are (1} the muscular Jayer and {2} the nenvous system

Tz Muscunar Laver
Muscle layers of the stomach

The musculature of the stomach 1s formed by three layers—the longiu
dwnal the orcular and the oblique muscle fibres

Forseld (1912) has described two axes of support (Stgtzsysteme) of the
stomach situated outside the stomach to which the muscunlature 1 attached as
if 1t were arranged round a skeicton The transverse axis 13 formed by the

higamenta pylont and 1s supported by the pylorus which he considered to
be extra gastric The vertical axas consists of two parts both attached to the
oesophageal wall (extra gastne) one formed by the oblique muscle band the
other by the medial longiudimal band (Cravatte Qe Suisse) he prefered to
label them lhgamenta ventncull rather than  lgamenta pylon  He
described the bands of the pylorsc antrum as the  lower segment sing  and
accepted the existence of the  horse shoe sing  of Seber

Brown and McSwiney (1926) described three lay.ers which may be distn
guished 1 the muscular coat exterpal muddle and mternal The extesnal
layer consisting of longitudmal fibres winch are continuous with the corres
pondimg fibres of the oesophagus and duodenum 13 best developedt over the
greater and lesser curvatare between these segions the fibres are thin and
scattered The muddle layer 1s made up of cireularly arranged muscle ﬁbrcs
which are contivuous with those of the corresponding Iayer of the phagus
and duodenum  They radiate outwards and upwards i the fundus from the
thuickened band of crcular fibres forming the cardiac sphincter at the
unction of the oesophagus and stomach The wternal Jayer 1s represented by
2 muscular band ga each side of the lesser curvature passng fom the fibres
of the cardiac sphincter 10 the arcular coats of the pylonc aatrum
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Mauscle layers of the intestine

The lar el m the 15 composed of the longitudmnal and
the circular muscle fibres, which consutute the wall of the gut

Structure of the plain muscle

The muscle layers of both the stomach and the intestine are formed by
plamn muscle The muscles are made up of sphindle shaped cells which
vary 1n size, shape and number of nucle1 in different ammals and different
parts of the same animal In the case of smooth muscle there 1s a double nerve
supply, one variety being motor and causing contraction {parasympathetic),
the other kund mhibitory and causing cessation of a previous contraction
(sympathetc)

Reactions of t le to envir

The changes of environment which have a direct influence on the function
of the muscles of digestion are determuned by mechanical and by physio-
chemucal reactions

The smooth muscle fibre has the property of extubiting different lengths
while exhibiting one and the same degree of tension (Sherrington, 1915)
Smooth intestine muscle reacts only when the muscle fibres arestretched It
has elastic and mechamcal properties strlar to skeletal muscle Bozler (1940)
believed that relaxation 1s not produced by an mhubitory mediator, butsa
purely physical process controlled alone by the visco elastic properties of the
contractile clements

A charactenstic of smooth muscle 15 tts ability to maintamn a firm and
lasting contraction without faugue The marntenance of the sustained tonus
1s apparently not assoctated with increased expenditure of energy (Evans,
1523) The tissue 1s very sensitive to alterations in the hydrogen 10n concen
tration The effect of increase of hydrogen 10n concentration within hmts
compatible with Iife, 1s to cause relaxation of tone, 1n muscle preparations
devoud of tone 1t has no effect (Evans and Undcrhlll 1923)

Plain muscle 13 extremely P to m As a rule
warmng causes relaxation while the applxcauon of cald causes a tomic
contraction

Smooth muscle 13 very sensitive to mechanical stimulation and may respond
by a local or a general (propagated) contraction One form of mechamcal
stimulation 1s that produced by tension The effect may be twofold, first

then with d contraction A stimulus apphed to
any part of a sheet of plain fibres may travel all over the sheet thatis produce
a wave of contraction, just as of 3t were 2 single fibre Each fibre of smooth
muscle gives an all-or none response 1o a sumulus feeble stimuls produce
only local contractions According to Fletcher (1937) the action potential
1s followed by a contraction of the muscle which vanes directly with the size
of the action potential Rosenblueth and Rioch (1933) found that a partial
destruction of the nerve supply impairs the responses of smooth muscle less
than those of skeletal muscle torndirect electrical sumulation, the contractions
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of smooth muscle being a function of the number of nerve impulses delivered
per umt of ume and not of the number of nerve fibres imnvolved Shght
steetching of plan muscle produces rhythnne contractions, mn the small
intestne they are regular frequent and powerful and are myogemic (Fergu
son 1840)

The chemssiry of contraction in plan muscle 1s very simufar to that of striated
muscle Glycogen disappears and lactie acid arses when the muscle contracts
(Evans 1926) Sodium bicarbonate sumulates and carbon diowde depresses
pendular vhythm and perstaluc rhythm (Sollmann « Oectuingen and
Istukaws, 1928) Changes of pH within the range of 8 2-6 8 have httle
effect on intestinal movements an increase causing a nsc and a decrease
causing a lowenng m tonus {Suckow and Burget 1929) High dilutiens o
hydrochlonc acid whibst the sp which 1re d

. by sodium bicarbonate (Gorman Dreter and Rehfuss 1931)

Tre NERVOUS SYITEM

According to Brchat {1830) two great systems existan exery vertebrate the
one concerned wath the outside world represented by organs of focomotion
and external sense organs to which he gave the name emmelic, the other
concerned with the regulation of the nutnitson of the body which he called
orgame Each of these systems had its own central nenous system the cere
b 1 regul lic and the sympathetic gangha regulating

P: g g the

the orgamc system  The nerve fibres of the sympath are non

(Remak 1838), the rami communicantes are pastly grey (sympathetic) and
Ppartly white {cerebrospinal) thus producing a reciprocal connection betseen
the two nervous sysiems (Muller 1840)

The nervous element which 1s concerned in the function of the gastro-
mtestnal tract 1s part of the autonomic system which was divided 1nto tectal
buibosacral and sympatheue systerns by Langley (1898) He connidered that
¢ach had a different developrment history and later suggested (Langley,
1921) a classification of which the sympat} the parasympathetic and the
emtenc systems formed the three d The sympath was reps i
by the thoraco-Jumbar and the cntenc by the plexuses of Auerbach and
My \ whale the parasympathetic was rep { by the ocular {tectal)
and bulbosacral or orc-anal (bulbar and sacral) devision

According to Cannon (1930} the external environment of the body s
o tled by the vol, yor fe system and the mternal environ
““;“t by the nvoluntary or snterofective system which estabhshes homeo-
stasis

The antonomic nervons system

The autonomic nervous system consists of the gangha that are anatomic
ally and functionally connected with the central nervous system through the
Visceral efferent components of the cerebral and spmnal nerves and the
nerves that anse 1 these gangha  Afferent cerebrospmal nenve
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are funcuonally assonated with the autonomic nerves, but these are not
regarded as part of the autonomic nervous system, since they are essential
components of the cerebrospmal nerves The penpheral visceral efferent
conduction pathway conests of two neurones, a visceral efferent cerebrospinal
nerve comp and an neurone, the former may be designated
the preganghome neurone, the latter the ganghonic neurone On the basis of
the distibution of the preganghomc neurones i the central nervous system,
the autonomic nervous system may be divded into (1) the cramial division,
which 15 connected with the bramn stem through preganghome components of
the third, seventh, minth, tenth and eleventh cramal nerves, (2) the thoraco-
Inmbar division, which 15 connected with the spmal cord through pre-
ganghome components of thethoracic and first and second Jumbar spinalner-
ves, and (3) thesacraldivision,which1s connected wath the spinal cord through
preganghonic components of the second, third and fourth sacral nerves
The preganghome components of the thoracic and upper lumbar nerves
jomn the sympathetic trunk through the wlute communcating ramu and
termunate either 1n the gangha of the symp trunk or m sy
gangha located sn closer proximuty to the abdonunal viscera (the prcvcrtcbral
gangha), those of the cramal and sacral nerves do not joun the sympatheuc
trunk but run directly to the perpheral ganghba m which they terminate
The cramal and sacral divisions of the 5ystem are comp o
each other but differ from the thoracolumbar division in respect of their
preganghome connections and their reactions to cestan drugs (adrenahne
and atropmne) On the bass of these anatomucal and physiological pecuhian
ues, the cranial and sacral divisions have been designated the cramio-sacral
autonomic system, and the thoraco-lumbar division the thoraco-lumbar
Autonomic system The former constitutes the parasympathetic, the latter the
sympathetic system The parasympatheuc system comprises the craniat
autonomuc gangha and all the autonomic gangha assoctated with the thoracic,
abdomnal and pelvie viscera whxch are connected with the central nervous
system tt p of the vagus and sacral nerves,
and all the nenve fibres :msmg n these gangha The sympatheuc system
comprises the sympathetic trunk gangha and the gangha in the coehac and
other abdommnal and peivic plexuses that are connected wath the central
nervous system through preganghonic components of the splanchme nerves,
and all the nerve fibres arsing 1n these gangha The preganghonic neurones
that connect the gangha i the walls of the enteric canal wath the central
nervous system are components of the vagus and sacral nerves These gangha
are, therefore, related 10 the parasy mpatheuc system Many of their neuro-
nes however are not selated to preganghome neurones by direct synaptic
© but are P of Joeal reflex arcs (huntz, 1916)

Nervous control of the gastro-ntestinal canal
The nerves taking part 1n the gastro- 1 fi are the
and extrnnc nervous systems Gaskell (1916) conndered that there 1s no
difference between extnnsic 1nd intnnuc nerve cells both are motor or
-
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mhuhitor cells of the imvoluntary mervous system which have ¢ravelied out
fromt the centrai nervaus svstem to reach ther destination

A 1d 1! of the vervous sy
Thke stnane {or wntra rural) spiem

Thas 1 composed of (1) the sub plexus whach does not contam any
Wy 1 of which app 10 have no diturbang influence
on the aytonomy According to Hudf {1927) 1tx fargely sepsory mn function
{2} the sub-mucous plexus (Massner Jutuated between the mucosa and
the arcular snuscle, more developed 1 the ntestine than 1 the stom
ach, and (3} the myenteric plexus {Averbach) which s situated between the
twa muscles snore deseloped m the stomach than i the itesune

The ph af AL and Auerbach have beent clasnficd by Laegley
1 a separate division which he called the tateric nenvous system They are

ot iy iy and phymologically refated 10 the parasympa
thete divimon of the autonermc ners pus system but possess the capaaity for
ndependent fiunciional actvaty 1m 2 greater degree than other parts of thiy
system, The cells of Auctbach s plexus are arranged n groups along the
wtestine nerve fibres comung from the vagus according to Gaskell (1316)
but from the sympathetic according to Dogicl (1895) wiske conmection
with many of these ganglia by means of collaterals The plexuses of
Auesbach and My are d by bundles of fibres which run up at
uregular intervals through the arcular muscle Yayer (Hil 1922)

1t has been suggested that the Jocal ganghionie cells of the stomach are
composed of unmyehinated fibres which may be partially sensory (vagus) and
partally pre-ganghome (sympathetic) According to Waddell (1928-29)
reflex ares exst within the wall of the intesune

In the stomach both the myenteric and the submizcaus plexuses exhibit
the same general plan of structore as m the small mntesune According to
Irwon (1931} both the Abre bundles and the gangha are small and fow 1n the
catthiac tegion but ncrease materially both n sze and number towards the
Prlorus The submucous plomes mors abundantly developed in the stomach
than i the phagus but weludes relatively fow gangha A ! o
Patzelt {1936} both autonomuc divisions particapate i the formaton of
synapses but the majarty of entering fibres are paratympathene Pre
Banghonic vagus fibres tertunate wn synaphe selatonshup with entemoe
tturones The pre ganghionse fibres m the splanchmc nerves termimate in
the cochac and other pre sertebral ploxuses The post ganghome fibres which
anginate m the coehac plexus and enter the walls of the stomach and wies~
tne do not make synaptic contact with enteric newrones but termupate on
e gastroantestinal musculature (Thomas and huntz 19258)

Sinha (10493, uung 2 buffered 1 20 000 solution of shver mteate at pH B &
clasiy that «t stams the enterse ph proBeally and d the
sxustence of multpolar nerve cells with long processes that branch and
rebranch but with relatively few perve fibres m the submucous plexus After
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are functionally associated with the autonomic nerves, but these are not
regarded as part of the autonomic nervous system, since they are essentral
components of the cerebrospinal nerves The peripheral visceral efferent
conduction pathway consists of two neurones, a visceral efferent cerebrospinal
nerve component and an autonomic neurone, the former may be designated
the preganglionic neurone, the latter the ganghonic neurone On the basis of
the distnbution of the preganghionic neurones in the central nervous system,
the autonomuc nervous system may be divided into (1) the cramal division,
which 1s connected with the brain stem through preganglhonic components of
the third, seventh, minth, tenth and eleventh cramal nerves, (2) the thoraco-
lumbar division, which 1s connected with the spinal cord through pre
ganghonic components of the thoracicand first and second lumbarspinal ner
ves,and (3) thesacral dsvision,whichis connected with the spinal cord through
prcganghomc components of the second, third and fourth sacral nerves
The pregangliome components of the thoracic and upper lumbar nerves
yoin the sympathetic trunk through the white communicating ramu and
terminate either 1n the gangha of the sympathetic trunk or m sympathetic
gangla located 1n closer proxsmuty to the abdonunal viscera (the prevertebral
gangha), those of the cranal and sacral nerves do not jomn the sympathetic
trunk but run directly to the peripheral gangha in which they termmate
The cranial and sacral divisions of the autonomic system are comparable to
each other but differ from the thoracolumbar division 1n respect of their
preganghomc connections and their reactions to certain drugs (adrenalmc
and atropine) On the basis of these | and physiol 1-
ties, the cramal and sacral divisions have been designated the cramo sacral
autonorme system, and the thoraco lumbar division the thoraco lumbar
autonomic system The former constitutes the parasympathetic, the latter the
sympathetic system The parasympathetic system comprises the cranial
autonomic gangha and all the gangha { with the th
abdommal and pelvic viscera which are connected with the central nervous
system through preganghonic components of the vagus and sacral nerves,
and all the nenve fibres ansing m these gangha The sympathetic system
comprises the sympathetic trunk ganglia and the gangha 1n the coeltac and
other abdomunal and pelvic plexuses that are connected with the central
nenvous system through pregangl of the splanchmic nerves
and all the nerve fibres ansaing 1n these ganglm The preganglionic neurcnes
that connect the gangha i the walls of the enteric canal with the central
nen ous system are components of the vagus and sacral nerves These gangha
are, therefore, related to the parasympathetic system Many of their neuro
nes, however arc not related to preganglionic neurones by direct synaptic
connections but are components of local reflex arcs {huntz, 1946)

Nervous control of the gastro-intestinal caral

The nerves taking part i the gastro-intestinal function are the intnnsic
and extnnsic nervous systems Gaskell (1916) considered that there 1s no
difference between extrinsic and intrinsic nerve cells, both are motor or
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produces an ncrease an the amplitude, frequency and tonus of the muscular
contraction of the gut but relaxation of the sphincters

The two vagus nerves which connect the bulb wath the stomach provide
the motor supply which 1 not due 1o the transmussion of ympulses through
the myenteric plexus one vagus nerve beng sufficient to gne the eatire
stomach 2 motor supply (Ducceschs, 1903)

According to Courtade and Guyon (1899) the vagus first sumulates the
jongitudinal fibres of the stomach the primary effect, then sumulates the
crcular fibres thc secondary effect, at the cardia and pylorus sumulation
of the longytudinal fibres p of the arcular fibres

Nicotine permancntly abolushes the action of vagus impulses on the intes
une {Bayhss and Starking 1899} Moderate sumulauen of the vag av first
produces a lesseming of the tonus of the muscle and a dimnution m the amph
tude of the contraction The inhibitory actson ¢ short and 1s followed by an
augmentor effect after whach both tonus and waves return to thewr mital
state Repeated sumulauon of the vags produces 2 more permanent inerease
1 tone When both nerves are sectioned the first effect 15 1otal supression of
perstalus Langley 5 {1898-99) observation that the body of the stomach and
pylorus received mhibitory as well as motor fibres from the vaguy was
confirmed by May (1904) Accordmng to Cannon (1911) the function of the
vagx 15 that of setung the muscles m a tomc state If the sagy are cut the

of receptive rel does not occur

McCrea, McSwiney and Stopford {1925) and McCrea (1926) have shown
that the vagus may have either 2 motor or an mhlbnory nfluence on the
stomach the type of reaction being d d 1 the
of the penpheral mechansm Mccrca, McSwmcy and Stopford {1926)
suggest that the nerves of the parasympatheuc system to the stomach consist
of one type of efferent fibres and are not divided nto motor and miubitor
nerves I the response of the gastnic musculature to vagal impulses 18 deter
muned by the conditron of the wall, then inlubition of the functional activity
of the stomach cannot be due to dwmon of the vagy, and symptoms of such
mhitntion 1f present, can only be d for by the unopposed action of
the inhubitary sympathetsc fibres

McSwiney and Wadge (1928) showed that the vagal effect of the stomach
depended on the tonus of the musculature Veach Schwartz and Wenstern
(1930) found that for moderate degrees of tonus low frequencies produced
moator effects whereas hugh frequencies were snhtbitary 2 high degree of
tonus fasoured the production of mhbition with both low and high fre
quencies These rcacunns wcrc o be expected in view of the simufarity of
vagal inlnb to of the vagus in the
neck (Tournade 1936) produccs two phases hyperlanesia followed by
hypokinesia

Alvarcz (1937) has d that asthep be blocked
by smalt doses of nicotine or by anoxacmma " the fibres of the vag: do not end
IX; or near the muscle fibres but act through the mediation of Auerbach s
plexus
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sympathectomy, there appeared slight changes in the cell bodies of the myent-
eric plexus, the outline of the cell bodies appeared blurred and their nucle:
were situated extninsically These changes were not seen after vagotomy

The extrinsic (or extra mural) nervous system

The stomach and ntestines recewve their extrinsic nnervation from three
regions of the central nervous system (1) the bulb, (2) the sacral cord, and
{3) the thoraco lumbar ongin of the sympathetic Both the bulbar and
the sacral systems of nerves are, in general, motor The bulbarsystem, through
th: vagl, innervates the canal from the oesophagus to the end of the 1leum,

in mfl as 1t d ds, the sacral system, starting at the
analend reaches upwards along the colon, with dimimshing influence as it
ascends Opposed to these two motor systems 1s the sympathetic, distributed
to the same areas, and acting m the main to whibit what they stimulate
(Langley, 1903}

According to Irving, McSwiney and Suffolk (1937) the gastric and
duodenal mesenteries are innervated by the vagus and splanchnic nerves
while the jejunal mesentery appears to be supplied by the splanchme nerves

If the classification of the neural regulation of the intestine into mntrinsic
and extrinste factors 1s accepted as 2 matter of convemence rather than as
a mattcr of fact, one can consider, accordmg to Hammett (1921), that the

primanly stimulated 1n the normal unexated antmal

(albmno rat) 1s the motor mechanism mediated by the vagus as the extrnsic

nerve, while mn the excited animal the stimulation 1s effective through the

mlubltory mcchamsm mediated by the more truly extrinsic nerves, the

t thus duffer g these activities from the so called mtrinsic
mechanism 1nvolved m the mycmcnc reflex

The extrinsic nervous system 1s composed of three parts (1) the efferent
pathways, (2) the afferent pathways, and (3) the centres The gfferent pathways
consist of the vagi and the splanchnics which represent a double system, the
former, motor augmentary, are bulbar or sacral m ongn, the latter,
motor ihibitory, are dorso lumbar 1n origin The afferent 1mpulses are trans
mtted through the vagi which are the nerves of sensibility (Carlson, 1915)
and the vagi and splanch (Irving, McS: y and Suflolk, 1937) The
centres connecting the efferent and afferent pathways are situated m the
spinal cord but have not | been accurately Iocalised

Itisg 1ly, although not d that vag y retards
and splanchmcotomy accelerates mtestmal transit Total denervation pro-
duces, on balance, retardation pointing to the predommant effect of the vag
over the sympathetic (Morin, 1938)

The function of the extrinsic nerves
The function of the vagus nerves

‘The effect of vagus stimulation, as reported in the vast literature, has been
vaniable, most observers reported increase of motor function and tonus It
has been generally taught that sumulation of the left and right vagus nerves
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1

an 1 the amphitude, frequency nd tonus of the muscular
contraction of the gut but relaxation of the sphinciers
The two vagus nerves which conneet the bulb with the stomach provide
the maotor supply which s¢ not due to the tranymassion of mpulses through
the myenteric plexus onc vagus nernve beng sufficient to give the entire
stomach a motor supply (Ducceschys, 1805)
Accordmg to Courtade and Guyon (1899) the vagus first stsmulates the
d1nal fibres of the 1t the primary effect, then sumulates the
cxrculnr fibres the secondary effect, ot the cardia and pylorus sumulation
of dxe longuudmal it ‘bm pmduccs relaxation of the circular fibres
hshes the action of vagus impulses on the sntes
une (!hyhss ;md Starhng 1899) Moderate sumulation of the vage at first
produces a lessentng of the tonus of the musele and a dinuntition 1a the ampl
tude of the contraction The inhibstory action 1 short and 1 followed by an
augmentor eflect after which both tonus and waxes return to thewr mtat
state Repeated stumulation of the vag: produces 2 more permanent increase
m tone When both nerves are sectioned the first effect 13 votal supression of
penstalsis Langley s (1898-99) observation that the body of the stomach and
pylorus received mmhibatory 23 well as motor fibres from the vagus was
confirmed by May (1304) According to Cannon {1911} the function of the
vagz 15 that of settng the muscles 1n 2 tome state I the vagr are cut the
of receptive rel does not occur
Mctha, MeSwiney and Stopford {1925) and McCrea (1926) have shown
that the vagus may have ether a motor or an mhxtmon; wfluence oo the
stomach the type of reaction beng d d
of the penpheral mechamsm McCren, McSwmcy sud Stopford (1926)
suggest that the nerves of the parasympathetic system to the stomach consist
of one type of efferent fibres and are not divided anto motor and mhubiter
nerves Ithe response of the gastric musculature to vagal mmpulses 13 deter
mned by the condition of the wall, then minbition of the funcuonal acuvity
of the stomach cannot be due to division of the vagy, and symptoms of such
whbstion 3f present, can only be d for by the unopposed action of
the whubstory sympatheuc fibres
McSwiney and Wadge (1928) showed that the vagal effect of the stomach
depended on the tonus of the muscutature Veach Schwartz and Wemstein
(1930} found that for moderate degrees of tonus low frequencies produced
motor effects whereas hugh frequencies were mhubntory 2 hagh degree of
tonus favoured the production of mhibiuon with both low and high fre
quencies These rcacuons werg (o hc cxpcctcd 10 view of the simulanty of
vagal mhik to Wed: lation of the vagus 1n the
neck {Tournade 1936) pmducts two phases hyperkinema followed by
hypolinesia
Alvarez (1937) has sup d that asthep 3 synapse can be blocked
by smalt doses of mcotine or by anoxasmua " the fibres of the vag: do not end
xr; or near the muscle fibres but act through the mediation of Auerbach s
plexus
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The function of the sympathetic nerves

The more primutive the anymal the less conspicuous becomes the sympathetic
system In the lowest group of vertebrates the sympathetic cells are so few
that they cannot be described as formung a system, their place 1s taken by
the masses of chromaffin cells, which form 2 scattered but segmentally
arranged system m the very position occupied n the hugher ammals by the
sympathetic system There 1s 1n the hterature considerable disagreement as
to the effects of simulation of the sympathetic system upon the movements
of the stomach Both mhibitor and augmentor effects have been desenbed

According to McCrea (1926) 1t would appear that the splanchnics reg
ulate the “postular tonus * of the stomach, having an augmentor action on
the mactive and an mhibitor action on the active stomach

The effects on the longitudmal and circular muscles are, according to
Hukuhara (1936), both motor but with different latent periods Stmulation
of the splanchme nerves results n mhibition of peristalsis of the wall of the
gut and dimimnution of tone, while the sphincters contract

It 1s generally accepted that stmulation of the sympathetic supply to the
gastro intestmal tract 1s predominantly inhibitory but excitatory effects are
often obtaned, particularly in the stomach (McSwiney,1931), and that 1t
also produces vasoconstriction mn this region Stmulation of the sympathetic
nerves accordmg to Brown and McSwmey (1932) produces a chemical
mediator which may have either a sumulating or an mhibitory effect on the
stomach According to Patterson and Rubnight (1934) the effect of splanch
nic stimulation on the cardiac sphincter 1s always contraction m the dog
snhibition 1n the rabbit, while in the monkey contraction or inhibition may
occur according to the state of the imtial gastric tonus

Bozler (1940) who pointed out that since the same excitatory and inhib
tory effects are produced by adrenahine, the results cannot be explaned on
the ption of specific y and inhibitory nerve fibres, he suggested
that excitation and inhibition represent two phases of the action of the same
nerve mmpulses, and that 1t also produces vaso constriction 1 this region
There 1s evidence that no serious digestive upset follows complete removal of
the sympathetic ganglta and chains 1n cats dogs and monkeys, and 1t has
long been known that bilateral splanchnic section does not appreciably
affect gastric activitiesand therefore the sympathetic supply doesnot contry
bute any essential factor to normal gastric motility or tone (Cowgll, 1941)
Bingham, Ingelfinger and Smuthwick (1950a) observed kymographically
that after pre ganghionic sympathectomy for hypertension the motihty was
clearly decreased 1n the early post operative period later, a slight increase
was apparent

Afferent impulses from the stomach are carried by the splanchmc nerves
(Cerqua 1935, Bain Irving and McSwiney, 1935)

Relation of the ragus and sympathelic nerves—the autonomc balance

According to Hammett (1922) the nerve endings of the vagal mech
are affected by a predomunant hydroxyl 10n concentration while the splanch-

™
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mc endmgs are aflected by a predonunant hydrogen 1on concentration

hocnnecke and Meyer (1922) found that the action of the vagus is pre
ponderant mn the stomach and the sympathetic 1 the small intestne They
rejected the conception of antagomstic action of the vagus as the motor and
the sympathetic as the inhibitor nerve According to Thomas and Wheelon
{1922) stmulauon of the vagus leads to motor responses 1n about 90 per cent
of the trals and to snhibitory respons=s 1n 10 per cent In the case of the
splanchnic nerves, stimulation feads to motor responses i 63 per cent of the
tnals and to inlubitory respenses in 37 per cent

Carlson, Boyd and Pearcy (1922) and Carlson and Latt (1924) considered
that the view of a simple antagonistic action of the vagus and the sympatheuc
systems 13 not tenable for the cardia the stomach and the pylorus

According to Zondek {1929} physiologrcal antagomsue action between
the vagus and the sympathetics 1s possible only when the electrolyte ratios
to sodium) are matatared

Mch and MacDonald {1928) have shuw-n on cats and dogs xhaz the
cifccts produced by the intra of &

line ephednine, er ) and (pllocarpmc

ph‘,wsugmmc, acetylchohne) drugs, Like stxmulauon of the splanchme or
vagus vary with the tone of the viscus but do not closely duphicate the effects
of faradsc sumulation According to Alvarez, Hosos Overgaard and Ascanso
(1929) both the vag and the splanchmuc serve as inhibitors and regulators of
sagestinal activity

From embryological studies on Rena pipiens Van Campenhout (1929)
concluded that the neural crest represents the exclusive source of sympathetic
clements, the visceral branch of the vagus nenve is derived from the medullar
neural crest and the nervous elements in the intesunal wall are related to the
sympathetic system The small mntesune from the pylorus on s mnervated
primarly by sympathetic branches and there 1s no evidence of anv participa
tion of the vagus nerves as late as the eighth day of incubation when the
wtestinal walls show a perfectly developed nervous supply with myentenc
and submuceus plexuses ¥ hule many authors consider the vagias the prmary
onigin of the intnnsic nervous system of the di tract Van Camp
(1930) attributes the essential role to the thoraco lumbar sympathetic system
and the ongin of the mtra visceral nervous gangla from a differentiation of
mesoblastic cefls or from a mmgranon of clements from the thoraco-fumbar

i crest (Van Camp

Kuiss (1931) demonstrated that the local ganghonic cells of the stomach
are composed of unmyelated fibres which may be parually sensory (vagus)
and partially pre ganglonie (sympathetic)

He found six 10 eaght small nerves jomng the superior cervicat ganghon
and the pleuform ganglion (gangl nodosum vagr) the majonty of fibres
being unmyelinated, and he compared these anastomouc fibres with the
~white and grey ram: communicantes of the spmal nerves He believed that the
effective (mator and secretory) nerve of the abdomumal organs 1s exclusively
sympatheuc that the coclrac and all other prevertebral ganglia belong exciu
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sively to the sympnthetic, that the so called parasympathetic influence of the
vagus has no anatomical basis in the case of the abdomen, and that the
parasympathetic phenomenon can only be a parisympathetic phase of the
sympathetic
According to McSwiney (1931) the sympathetic and parasympathetic
nerves regulate two different types of response of the stomach (1) pure
tonus changes, s evidenced by contraction or relaxation of the muscle
fibres, (2) augmentation or inhibstion of rhythmic movements
It would appear, however, that the d effects of vag Ys
splanchnicotomy and denervation of the stomach arc similar, namely,
rctardatron of function After a period the perpheral intrinsic nervous
mechamsm assumes control and only one permanent symptom-—decrease in
mtial emptying time—is observed From the histological evidence of the
enteric plexuses and nerve endings 1t would appear that the vagus nerves end
1 abornsations around cells of Auerbach s plexus while the postganglionic
fibres of the sympathetic end 1n association with the muscle fibres McSwiney
and Robson (1931) found that, under certain conditions, reversal of the
sympathetic response was recorded
McSwiney and Spurrell (1932-33) tested Kass's conception of the arrange-
ments of the autonomuc fibres in the vagus m cats They obtaned typical
gastric responses to vagal stmulation in those deprived of the supertor cenical
ganglion orstellate ganghon and found that shimulation of individual bundles
of the vagal roots produced results which only varied quantitatively from
those of the whole nerve No evidence was obtamned for the exstence of
speaial groups of motor or inhibitor fibres
Lalich Meck and Herrin (1936) obsersed that the reflex gastric inhibition
could be mediated by either the vag: or splanchmics Each set of nerves
contained both afferent and efferent nerves but therr evidence indicates that
inhibition 15 more easily mduced over vagal pathways
Tinel (1937) stated that the opposttion of the sympathetic and para-
sympathetic nervous systems 1s neither rigorously constant nor absolute and
that these systems do not constitute true physiological entittes, on the
contrary, each one represents a complex group of functions and systems
which are not always synergistic Their activities may vary considerably and
under certamn condittons may be greatly modified and even be completely
mnverted It should be remembered, however, that the sympathetic of the ana
tomnists 15 not always the same as the sympathetic of the physiologists and
that 1n the same system can be encountered fibres with different functions
and even physiologically opposed charactersstics There 1s plurahty of
functions tn addition to plurality of systems
According to Morin (1938) the extrinsic nervous system coordinates the
autonomous activities of the peripheral end organs through a reflex auto-
regulation Total denervation produces on balance, retardation, pomnting to
the predomunant effect of the vagi over the sympathetic It 15 generally,
although not unanimously accepted that vag y retards and splanchnico-
tomy accelerates intestmal transit
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Babkun (1944) considered that the actual classification of the autonomic
nervous gystem should be based much more an the functional relationshup
between a nenve and an organ than on purely morphological data and st 1
preferable 1n many 1stances to speak of adrencrgic or cholinergic nerves
rather than to classfy them nigadly as sympathetic or parasympathetic

According to Runtz (1946) the visceral organs, with certam cxccpuom,
which are mnervated through both the sympath and p
divisions of the autonomic nervous sys(cms, are synergistic 1n funcuon Thc
concept of a clear-cut functional diffe the hetic
and the sympatt nerves 18 bt Fcldbcrg (!954) considers the
parasympathetic as the efferent pathway for visceral reflexes when the viscera
are localized the sympathetic as the efferent pathway where the viscera
are widespread He believes that the antagomsm of the action of the two
systems has been over-emphasized 1n the past

According to Mitchell (1953) the vagus nerves from the neck downward
tercommunicate frequently with sympathetic ganghia and nerves and they
are m fact muxed sympathetic parasympathetic nerves The vagus and
xymp;uhcuc trunk are fused 1n thc upper cervical region m the dog and are
1 sheath (Mizeres 1955} Communicating
fibres betwveen the vagus “and the sympathetic 1n the cenvical region 1 the
human have been desenbed by Imperato and Hinton (1953)

According to Imperato, Raid and Hinton {1956} there are prcgnnglmmc
chobnergic fibres in the greater splanchmic nerves whose r o the
gastric secretory apparatus iy simlarto that of: cholinergic fibresin the vagus

It may perhaps be suggested that since the parasympathetic and the
sympathetic nervous systems contam both motor and mhibtory fibres,
when one of these systems 15 artuficially excluded the other system, m

dd: tosown fi gradually assumes the function of sts antagonist
1 an attempt to blish a fi 1 equibib
The hypothalamus
The b hal. d halon) 13 prob ", concerned with the mte-

grated wntrol of both the ympathetic and p hetic system and the
secretson of the posterior lobe {neural dmsmn) of the pitwtary

Accordmg to Cushmg (1932) there 18 a strong suggesion of the presence
mn the d of a centre y tuberal in
utuation Acwxdmg o hnbm and . colleagues (!935) there 1s a centre i
the hypothalamus more particularly in the lateral hypothalamic area which
nfubits gastro-intestinal motiity

Wang Clark Dey and Ranson (1940) obsersed (in fasting cats) vagal
effects on the gut when the hypothalamus at or belund the mﬁmdxbular
el was sumulated and thesc were not abolished after bt

According to Sheehan (1940) ad laton of the hypothalamus
pamcularly 1 the more postcnor pan of the lateral hypothalamxc area
always prod an b of peristalsis and complete loss of

tone, there was never any indication of increase n motelity
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Cortical regulation of antonomuc fanction

The cerebral cortex and the corpus stratum influence autonomuc dis
charge, the highest level of the motor outflow s that of the hypothalamus
which gives rise to the supra-optico-hypophyseal system The cortical regions
mvolved 1 the regulation of autonomc functions include mainly the motor
and premotor areas There 1s extensive overlapping of the areas involved 1n
autonomic and somatic motor functions, makmng possible a lugh degree of
correlation between visceral and somatic reactions The autonormuc responses
to localized cortical 1 are less defimtely arcumscnbed than the
somatic responses since stimulation at a single pownt may result i a wide-
spread discharge through the autonomc nerves There are no circumscribed
cortical areas for sympathetic and parasympathetic reactions respectively but
the character of the autonomic response to sumulation of any appropniate
cortical area seems to be determined by the physiological state of the ammal
and the physiological state of the cortex at the time of simulation (Crouch
and Thompson, 1939)

The mechanism through which mmpulses emanating from the cerebral
cortex nfluence vaseeral functions 1s not fully known The fibres of cortical
ongmn through which these impulses are conducted probably termunate
mainly 1n the diencephalon and at Jower levels i the brain stem Much of
the cortical influence 15 exerted through the phylthalamus and the available
data, particularly those which indicate exaggerated autonomic activity
following cortical ablation, support the ption that the infl of the
cerebral cortex on visceral functions 1s predominantly mhibitory Direct
stumulation of the cortex n mtact ammals sometimes chats autonomic

activation, but more The exaggerated
actvity ly obscrvcd following cortical lesions indicates
the release of the autonomic centres 1n question from the inhibitory influence
of the cortex

THEORIES OF THE AUTONOMY OF THL GASTRO-
INTESTINAL TRAGT
Following the review of the muscular and nervous elements which are

concerned with the gastro mtestinal motor function, the theories which have
been suggested to explain their may now be 1sed

Myogenic theory

Bayhss and Starling (1899) believed that perstalic movements were
neurogenic but that the segmenting ones were myogemic Cannon (1911)
considered that the observations by Baylss and Starling that the rhythmic
contractions are myogenic are not conclusive because 1t 1s concewvable that
the short augmentor paths and the long inhibitory paths which they assume
are, 1n fact, supenntending fibres in the wall of the canal He quotes Magnus
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(1903) whose first argumentation agawst Bayliss and Starhing s contention
was based on the distinchion between the local motor centres for muscutar
action and the conducting paths umting these centres The fact that atropine
paralyses conducting paths, but not the centres, whereas cocamne paralyses
the moter centres before stopping conduction, suggested that the drugs used
b, Bayhss and Starhng, although destructive to the machinery of the local
reflex, did not serously injure the immedsate nesve supply and that the
shythmic contraction mught result from rhythmic nervous discharge

The second argument of Magnus was supposted by the observation that
when the longitudimal and crcular muscle lay ers are pulled apart Auerbach s
plexus adheres to the longitudmal fayer Under these oircumstances the
longitudinal muscle alone fests s rhythmuc The
arcular muscle deprived of the plexus although capable of responding to a
single mechameal sumulus by a single contraction, never shortens rhythmic
ally (Magnus 1905) Srck and Tedesco {1908) separated from the stomach
pieces of longitudinal muscles wathout the nerve plexus which then no longer

. Iy The b

p y e bel of the { muscles with or
without therr nervous plexus shows important differences, the independent
muscle can be d, 1t gives superimposed has norefractory
pertod and fests no rhytt respanse to i \f On the

other hand, muscle preparations with the plexus attached cannot be tetamzed
are clearly refractory to weak sumulation during the penod of shortening
and the first part of the penod of rel and with d i
exhibut rhythmue contraction

The myogemc theory of Alvarez and Mahoney (1922) stated that the
smooth muscle fibre possesses the inherent property of autonomy The
asguments 1 support of therr theory are based on the expertments of Magnus
(1904, 1905) who after completely 1solating the circular muscle from allats
nervous connections, showed that these fibres regamn thewr chythmucalactivity
Morn (1938) observed that 1¢ 1s dufficult to say with complete certainty that
all nervous efements can be destroyed to provide the means for testing the
theory It would certainly explain the local reactions which are non propul
sive and non coordinated

Nearogemc theory

The arguments i favour of the participation of the panetal nervous system
are the experrments of Bayhss and Starhing (1899) Cannon (1909) Tren
delenburg (1917) and Monn (1935) which are concerned with the coords
uation of the penstaltic movement m the denervated gut, the distal trans
nussion and the polanzation of the penstaltic waves (Bayhss and Starhing
1899 Cannon 1912 Henderson 1928}, the results of the pharmacological
exclusion of the plexus the action of cocamne and nucotine on the denervated
and wolated are patible with mdependent 1 lsis (Baylss
and Starkng 1899 Trendelenburg 1917, hrishnan, 1932-33), the embryo
logical evidence provided by the observation that i the guinea pig embryo
mtestmal movements appear only on the 28th day of intra uterme lte
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1 ly with the app of the imntrinsic nervous system, the
observauon rh'n there appears to be no constant relation between the
mechamcal and clectrical 1ctivity 1n the 1solated stap of intestine (Berkson,
1933, Puestow, 1933)

Myo-neurogenic theory
The opposition of the myogemc and neurogenic theories 1s more apparent

than real, different meck bemng responsible for different functions
while therr combmation 15 ble for thewr complete function The
local reaction of the long dmal fibre {pendul ts) and errcular

fibre (rhythmic segmentation) 1s dependent on the properties of the muscular
cell while the coordinated and polanzed peristaltic wave requires a nervous
regulation

Humoral elemenis which intervene mn the regulation of the activity of the
gastro~mtestinal tract concern the production of (1) acetyl choline, and
(2) adrenalie

Cohnherm (1890), working on 1solated ) luded that the
extrinsic nerves are not the of gastro ] mo , the
mtestmal tract rsell possesses the means to produce stimuli which keep
up 1ts function which 1s or facultatively and the
mechanisms which produce the gastric and 1

are situnted 1n the muscle wall of the stomach and intestine The nervous and
humoral correlations are concerned only with the regulation of this function
According to Alvarez and hus colleagues (1929) both vagi and the splanch-
nies serve s mhibitors and regulators of intestnal activity The gastro
intestinal tube possesses 2 large degree of y and the neur
mechanisms responsible for orderly ‘diastalsis’ must be looked for mn the
bowel stself

Cannon and Rosenblueth (1937) stated that becanse of ther double
mnervation the organs under tonc control of the autonomuic system can be
made to alter the degree of therr functional use exther as an mtegrated group,
through sympatho adrenal influence or as separate structures through the
durect effects of parasympathetic impulses

The sympathetic division of the autononmc system, despite 1ts extensive
range of action 1s not essentral for The two gangh chains, as
well as the prevertebral ganghia have been removed from animals and yet
within the confines of the laboratory such altered anmmals seem not to differ
markedly from the normal (Cannon Mclver and Bliss, 1924) When they
are exposed to heat or cold however, or when subjected to lowermg of blood
sugar, or tested by loss of blood through hacmorrhage, they show defimte
deficencies (Sawyer and Schlossherg 1933}

The cranal division of the autonomuc system may be regarded as protec
tive, conservative and upbuxldmg 1 1ts services to the orgamsm and 1s

ble for the d tone of gastric and mtesunal musculature

w}uch 15 established when that state 1s favourable for the perstaltic and
segmenting motions which are essentral for the digestive process
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According to Morm (1938), m add to the y which iz
1 the smooth muscle of the intestine there 15 an intrinsic and extrinsic nerv
ous mechamsm whxch regulates its function Ahhough asuig of| m(cstmc may
to react rhyth Ny when st 33 , the and
crrcular fibres are not capable of a coordmated z\cnvny and expulsive effect
unless they are regulated and directed by the myenteric plexus which repre-
seats the mtninue (intramural) nervous regulation This mechanism s suffi-
cient to allow the intestine to assume 12 zuire all the movements 1t 13 capable
ofun rira for the pratection of the lning organsms For the establishment of an
autonomous and harmomous equilibrium, 1t 13 necessary to bring wio play
the extrmsic (extra mural) nervous system One can visualise that according
to 1ts mtensity, the mechamecal simulus mnduces esther a local myogeme
reaction or & progression llmucd by the intrinsic nervous system, or regula
tory which h the normal cond of tension




CHAPTER 2

SECRETORY ACTIVITIES OF THE STOMACH
AND DUODENUM

(THE CHEMICAL ASPECT)

GASTRIC AND DUODENAL SECRETIONS

Secretory cells of the gastric mucosa

The secretions of the gastric mucosa are produced by a variety of cells
which are composed of four major types (Hollander, 1936-37)

(1) The mucous cells of the surface epithelum secrete a viscous mucus
which, on coagulation, gives rise to strings and clots of mucin

(2) The peptic cells (also called body, chuef, or central) which secrete the
enzymes or their precursors

(3) The paretal cells (also known as Belegzellen, acid, oxyntic, and delo
morphous cells) which contribute the hydrochlonc acid

The nech chief cells, which secrete a mucoid substance (Babkin,

1931)

Secretory glands
The glands of the stomach may be classified according to therr distribution

(1) The cardiac glands which occupy a small area near the cardiac
onfice of the stomach

(2) The mam gastric glands which occupy the fundus and the body
part of the pyloric region The ducts are short and the alveoli are long the
latter are lined by two types of cells (a) by the peptic cells which secrete
pepsinogen  and (b) the panetal cells which secrete hydrochloric acid

(3) The pylonc glands which begin at the incisura angulans on the
lesser curvature and a point considerably nearer the pylorus on the greater
curvature The ducts are long and the alveol are short They secrete an
alkalme mucus which 1s poor i chloride They resemble 1 many respects
Brunner s glands of the duodenum with which they are n direct continuaty

‘The acidity of the gastric contents 1s due entirely to the secretion from the
man gastnic cells the paneta) cells being exclusively concerned 1n 1ts produc
tion Using various staiming reactions 1t has been shown that the secretion 1n
the panetal cells 1s sightly alkaline but that the lumen of the gland 1s
practically neutral The aaid 15 therefore formed entirely above the level
of the gland proper namely, 1n the foveolae and on the surface
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Topographical dutnbution of the secrelory glands of the stomach

Brenckman and Deloyers (1929b) studied the topography of the secretory
sucface of the stomach by means of the Prussian blue reaction They found
that the corpus 1v the regon which elaborates the hydrochloric acd,
the demarcation of the antral region 15 clear-cut and corresponds to the
cytological differentiation of the two sectors The asr pouch of the fundus
does not partiaapate m the secretion of the acd even after surgical reduction
of the gastric pouch Deprived of s arculaton the stomach does not
produce hydrochlenc acid, n a fasting state 1t does not give the Prussan
blue reaction while, following a gastro-enterostomy of the corpus there s a
reduction of the secrctory process in the immediate neighbourhood of the os

The panictal cells :n normal and pathological human stomachs are distnib-
uted farly umformly over the corpus of the stomach In the cardia and
fundus their number 1s decreased by about 50 per cent, at the mnasura
angulans (angle) thawr total 11 75 per cent of that of the corpus There 13 no
significant difference 1n the average number of panietal cells on the posterior
and anterior surfaces of the mucaus merabrane of the corpus The transiuon
from corpus glands to pylortc glands 1s usually abrupt on the lesser curvature
Just above the angle of the stomach while on the greater cusvature 1t 13 more
gradual (Berger, 1934)

‘The Magenstrasse first descnbed by Waldeyer (1908), corresponding to the
longitudinal groove which descends along the lesser curvature from the
cardrac zone ta the pylonc part of the stomach, has been gven prommence
m gastric pathology because 1t 15 one of the most frequent sites of gastric
ulcer It ss smid that the mucous membrane of the Magensirasse 1s thinner
than that of other parts of the corpus but tt appears probable that this
peeulianty of the stomach 18 due to mechamecal causes, paracularly to
fixanon and has no speafic nsgmficance from the secretory pont of view

The pyloric part secretes continuously at an average of only 20-25 cc
per hour of moderately atkaline flud (pH 7-7 50) whereas the glands of the
fundus and corpus may discharge 50-60 cc or more per hour of strongly
aad gasteie yuce (Babkin 1944) The secretion 1s mucord, viscons tenacions
transparent odaurless and shghtly salty to taste In appearance and consist
ency 1t 1s best compared with egg white Nexther food nor drnk influence the
amount of the secretion, whether or not the nerve supply of the pylorne
pouch 1s sutact {(Ivy and Oyama 1921)

Meulengracht (1935) has shown that the pylonic portion of the gastric
glandular system 1s concerned with the prod of the ant
factor and not with the digestive juices

Mornson (1938) suggested that the oxyntic cells may secrete the anty
anzerue principle as well as hydrochlonc acd

A jing to Sheldon and G {1948) one type of cell 1n the body
of the frog s gastrc glands secretes both acid and pepsin

Formation of hydrochlorie acid v
Several theories have been advanced to explain the chermcal processes
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concerned 1 the formauon of hydrochlonc acid from the blood chionde
The following simple equations appear to give a satisfactory explanation of
the reactions which are mvolved 1n the process

Na,HPO, + H,COq — NaH,PO, + NaHCO,
NaH,PO, -+ NaCl - Na,HPO, 4- HC1

There are two opposite views regarding the method of production of
hydrochloric acid by the panietal cells of the gastric mucosa  According to
one view the panetal cells do not secrete hydrochlone acid as such but
produce a precursor which 1s converted mto hydrochlorc acid 1n the tubufes
of the gland or on the surface of the gastric mucosa (Bensley, 1932) The
other view 15 that hydrochlone a6d 3s formed within the parietal cells esther
m that portion of the cytopl whichis diately ady to the canah
cular wall or more probably 1n the wall itself (Hollander, 1943) According
to Bull and Gray (1945) hydrochloric acid arises from an exchange of orgamc
amons for chlorde 1ons A somewhat sumlar view was held by Conway,
Titzgerald and Walls (1945) Rehm (1945) has shown by experiments on the
live dog, that the rate of acid secretion of gastric mucosa can be mcreased
by passing through 1t an electrical current which enhances the natural
potential difference, and decreased by a current of opposite direction These
results were confirmed on the frog by Crane and Davies (1947), Cranc
Dawies and Longmunr (1946 1948a, b), and Dawies and Ogston (1950)
Rehm and Hokin (1947) observed a decrease of potential differt nce across
the stomach wall which was associated with the onset of the secretion of
hydrochlonc acid Bradford and Davies (1948) demonstrated that the intra
cellular canalicull which form a network just below the surface of the
oxyntic cells contamned acd dunng acid secretion showing that the acid 1s
formed 1 the region between the canalicult and the external cell wall (pert
canahcular zone) Davies and Longmuir (1948) have suggested that sumula
tion of active acid secretion without sufficient CO, to neutralise the alkal
formed 1 the oxyntic cells may be operative m the causation of some types
of acute human gastric ulcers

Hollander (1949) postulated the existence in the parietal cell, of a mem
brane which 1s permeable only to water hydrogen ion and chloride or related
1ons, and he suggested the following chemucal reaction at the walf of the
canaliculus {B representing the usnal cations)

BCl 4+ H,0 -» HCl 4 BOH

| H,CO,3 BHCO,;
BOH + !BH,PO. - H,0 + {B,HPO,
ete ete

Rehm (1950) proposed the following theory of the formation of hydro-
chloric acd

1) The electromotive forces of the mucosa scnd electric current across
the canalicular border of the partetal cells in the direction of the canaliculs
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{2) Ths flow of current in the presence of a gastric simulant results in
the production of H* sons

(3} The flow of current can contral the production of H* 10ns, without
furnishing 2 major portion of the free energy needed for the osmotic work
mvolved in the formation of the H* 1ons

{4) The return flow of current would be i the opposie direction and
the flow of current tn thus direction results m the transport of Cl~ 1ons from
the interstitsal flurd to the gastric jmice

Davies (1951} after g the early hypoth {LHp based on
electro-chemustry {2) processes based on inorganic chermustry and (3) proces
sea based on orgame chemistry, and the recent theorses (1) the function of
carborue anhydrase 1 oxyntic cells and (2) the orgamc acid theortes, and
also the source of the hydrogen 1ons, the electric activity of the gastric mucosa,
the metabolism of the aod secreting gastric mucosa, concludes that two
refated mechanisms of acid secretion are posuble In the first mechanism
the metabolic hydrogen atoms from glucose and water which are transported
by the dehydrog: become oxidized to hydrogen 10ns at the cytoch
Jevel, and the electrons react with oxygen and water to form first hydroxy}
tons and then bicarbonate tons by fusther reactions with carbon diowde
This process uses the redox energy from the level of atmospheric oxygen
to that of the cytochromes In the sccond mechanism phosphate bond
energy generated by reactions at lower redoxlevels 1sutilized to concentrate
hydrogen sons formed by 1omization from water, 1n an clectron cycle mecha
nsm m which hydrogen rons are reduced to covalent hydrogen atoms
transported by a camer system and owdized to hydrogen sons at high
concentratron as a result of a coupled phosphorylaton Kinetic and ther
modynamc considerations show that the hydrogen carner and electron
transport systems could be oxalo-acetate malate and cytochrome b or
perhaps i and cytoch ¢ Both b require
a spatsal array of enzymes i the pencanabicular zone of the oxyntic cells
and 1 both cases chloride rons move n the opposite direction to, and as
a result of, the movement of the electrons carned by the cytochromes The
rate of transport of water by the oxyntic cells 13 so enormous that 1t could
not be bandled molecule by molecule by any known enzyme systems The
water must be moved mn bulk, and probably flows osmotcally as a result of
the secretson of the hydrogen and chlonide 1ons by the oxyntic cells

For a fuller discusston of the subject see Collip (1922) Dawson and Ivy
{1925, 1926), Apperly and Crabtree (1931), Robertson (1931} Browne and
Vineberg (1932), Davenport (1943 1946), Davies (1948) Rehm and
Holun (1949) Patterson and Stretton (1949), Friedman (1951) Davies
(1952), Conway (1953)

The constituents of the gastric secretion

The gastric guice 15 a muxture contammng several specific constituents
Hydrocklone and — This 15 essential for pepuic digestion peptic activity
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concerned 1n the formation of hydrochlone acid from the blood chlornide
The following simple equations appear to give a satisfactory explanation of
the reactions which are tnvolved m the process

NasHPQ¢ + H,CO; = NaH,PO, + N2HCO,
NaH,PO, + NaCl - Na,HPO; 4 HCl

There are two opposite views regardmng the method of production of
hydrochloric acid by the parsetal cells of the gastric mucosa According to
one view the panetal cells do not secrete hydrochloric actd as such but
produce a precursor which 1s converted into hydrochione acid 1n the tubules
of the gland or on the surface of the gastric mucosa (Bensley, 1932) The
other view 1s that hydrochloric acid 1s formed within the pacietal cells erther
1n that portion of the cytopl which s drately ad to the canalt
cufar wall or more probably in the wall itself (Hollander, 1943) According
to Bull and Gray (1945) hydrochloric acd anses from an exchange of organic
antons for chlorrde 1ons A somewhat similar view was held by Conway,
Fitzgerald and Walls (1945) Rehm (1945) has shown by expeniments on the
hve dog, that the rate of acid secretion of gastric mucosa can be wncreased
by passing through 1t an electrical current which enhances the natural
potentral difference, and decreased by a current of opposite direction These
results were confirmed on the frog by Crane and Davies (1947), Crane,
Davies and Longmuir (1946 1948a, b), and Dawvies and Ogston (1950)
Rehm and Hokin {1947) observed a decrease of potential difference across
the stomach wall winch was associated with the onset of the secretion of
hydrochloric actd Bradford and Davies (1948) demonstrated that the intra
cellular canalicuh which form a network just below the surface of the
oxyntic cells contained acid during acid secretion showing that the acid 1
formed 1n the region between the canaliculi and the external cell wall {per:
canahicular zone) Davies and Longmuir (1948) have suggested that stimula
non of active acid secretion without sufficient CO; to neutralise the alkah
formed 1n the oxyntic cells may be operative in the causation of some types
of acute human gastric ulcers

Hoflander (1949} postulated the 1 the parsetal cell of a mem
brane which 1s permeable only to water, hydrogen 1on and chloride or related
1ons and he suggested the following chemical reaction at the wall of the
canahiculus (B representng the usual cations)

B Cl 4 H,O - HCl + BOH

§ H,CO, BHCO,
BOH + ;| BHyPO; - H,O 4 § B:HPO,
etc etc

Rehm (1950) proposed the following theory of the formation of hydro-
chlonc acid

(1) The electromouve forces of the mucosa send electric current across
the canalicular border of the parietal cells 1n the direction of the canalicub
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cells1s a very shghtly hypertonic solution of virtually pure hydrochloric acid,
having a titrimetric acidity 2round 0 17 N and a pH around 0 87 It contains
extremely Little, 1f any, ash or organic sohds of any kind, and 1ts composition1s
practically independent of ats rate of formation, the intensity of the sumulus
and probably even of the ch of the lating agent The bined
aadity, neutral chlonde, iorgame phosphate, and various orgamc substances
mmanably encountered 1n mixed gastnc jwce all denve from non aad
buffer contaiming secretions  pepsin, mucus, the hypothetical mucoid or
dilution secretion and even small amounts of transudate which enter
the interstitial spaces These constitute the “non acid  component of the
gastric jurce

Uropepsin — Thissa p lytic enzyme r bling gastric pepsinog
which occurs in the unne of normal ammals and man A high protein diet
markedly increases 1ts uninary output (Bucher, 1947) Functiomng gastric
mucosa 1s necessary for ats presence in the human, 1t 1s reduced or absent 1n
permerous anaemia (Farnsworth, Speer and Alt, 1946)

Gottlieb (1924) found that uropepsin tended to be highest in subjects who
had hypernormal gastric actdities and was reduced or absent with achlor
hydnia The Ievel in the urine depended onrenal fi and wasd hed
in nephntis when the blood level was raised

After surgical destruction of the gastric mucosa 1n the dog (Matthes 1903)
or total gastrectomy 1n the dog (Bucher 1947}, 1n the cat (Bucher and Ivy,
1847), in the rat (Balfour, Preston and Bollman, 1948) and m the human
(Poldore, Broh hahn and Mursky, 1948), uropepsin disappears rapidly from
the urine Bucher and Anderson (1948) believed that the amount of uropep
sin1s unrelated to the quantity of gastric yuice secreted Peptic ulcer patients
may fall into two groups with ether normal or high outputs (Block, Rosen
berg, Broh hahn and Mursky, 1948) Gastric pepsin 15 closely murrored by
uropepsin and ketosterord cxcretion Low levels are found in permicious

of the h, currhosis of the hver, ligh levels 1n
peptic ulcer (S J Gray, reported 1n Lancet, 1 337, 1956)

Pure gastric yuice 1s a clear hmpid colourless flnd It has a speaific gravity
of shghtly over 1 It s lacvorotatory The freezing point 1s about —0 56° C,
which 13 similar to that of pancreatic yuice, hepatic bile and succus entericus,
and 13 practically the same as that of the blood The determination of the
freezing point of different digestive Juices affords some indication that various
glands exhibit different degrees of permeability to constituents of the blood

The constituents of the upper duodenal secretion

Babkin (1928) reported that in Pavlov s laboratory 1t was found that the
uodenal juice contained pepsin and renmin like enzymes Floreyand Harding
(1934) found a pepsin Like enzyme 1n the juice from a duodenal fistula 1n the
goat and i the dog According to these authors the distnbution, cellular
constitution and staining properties of Brunner s glands vary from species
to species The mucus secreted 1n the duodenum 1s a product of Brunner s
glands (Florey and Harding 1935)
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rapidly falls when the amount of free acid present sinks below 0 08 per cent,
but an increase m the free hydrochloric acid above the average normal does
not lead to any ncrease 1n peptic acitvity

Pepsin — In the presence of hydrochlonic acd pepsin breaks down
proteins to peptones Pepsin 15 secreted by the chief or peptic eells, early
vestigators behieved that 1t occurred in the form of pepsinogen which,
under the influence of the hydrochloric acd, was converted into pepsin
Pepsin has been obtamed in crystalline form from bovine gastric jmece
(Northrup, 1932-33) and pepsinogen from swine mucosa (Northrup,1937)
Pepsin 15 present at birth, extract of the cow s stomach has digestive power
1 an acid solution from the third foetal month

Mucin — This 15 a typical mucoprotein {Webster and Komarov, 1932)
which, according to Babkin (1944} 1s responsible for the stamlity of pepsin,
preserving 1t from destruction by the hydrochloric acid, and 1t may protect
the gastric mucosa from autodigestion According to Webster and Komarov
(1932) mucoprotein differs from mucus of the surface epithelium, being a
sur genenss chemical body The average mucin content 15 0 5 per cent and 15
shghtly hugher after a test meal than i the fasting stomach (Brummer, 1946)

Accordmg to Glass and Boyd (1949) mucin 15 a mixture of dissolved
mucoprotein—a product of mucoid chief cells of the gastric glands of the
hody and fundus and dis olved mucoproteose~—mainly denived from the
digestion of the gastric surface epithehum mucus

Histamine — Brown and Smuth (1935) found a histamme like substance
1n human gastric juice

Acetylcholine — Bloch and Necheles (1938) found that gastric yuice con
tamed (1) acetylcholine, (2) a substance which lowers the blood pressure
even after admunsstration of atropine and contracts the 1solated strip of
intestine, and (3) a substance with apparently toxic properties relaxing the
ntestinal strip

Renmn — Dotti and hlemer (1938 1942-43) stated that 1t 1s generally
accepted that pepsin and renmn are distinct and different enzymes, but by
using the phenomenon of the digestibihity of rennin by pepsin as a basis for
the detection of renmin they found that no rennin was present 1n the gastric
juce of human adults

‘When empty the reaction of the human stomach 1s famntly acid or may
even be neutral

There 1s 10 evidence of the presence of gastric ipase or fat spliting enzyme

Austinand Gammon (1931} stated that the gastricjutce 1s not quite umform
throughout the stomach By separately analysing secretions secured from
dafferent portions of the organ, they demonstrated that yutce from the fundus
contamned a high concentration of free hydrochlonc acd, wath hittle sodium
and mtrogen the secretion from the pyloric end was neutral and contamed
almost equal amounts of sodium and chloride but far more mtrogen than
fundic yuce

Accordmg to Hollander (1949) the fluid normally secreted by the paretal
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mhibition of gastric secretion  Caslson (1913) found that the inhibition 13
imtiated by stimulation of nerve endings in the gastric mucosa and not by
} 1 tension or p on the h wall

Gastric secretion 15 inhibited by pitutary and adrenal hormones (Rogers,
Rahe, Fawcett and Hackett, 1915-16), by thyroid feeding (Hardt, 1916,
Truesdell 1926, Chung, Chang and Sloan, 1927} Hessand Falutchek (1925)
observed ncreased free and total acidities and gastric motility after para
vertebral ipjection of novocamn supraremn which did not occur after
splanchnectomy 1n peptic ulcer cases They observed a decrease after the
njection of ergotamme but Coelho and Qlverra (1928) and Piert and
Tanferna (1932) observed an increase 1n secretton

Volborth and kudryavzefl (1927) d rated that the splanch
nerves contaied secretory fibres for the gastric glands, while the depressive
influence of the sympathetic nerves on gastric acidity was indicated by Moll
and Flint (1928-29)

Baxter (1934) found that stimulation of freshly cut splanchnic nerves
produces a secretion of mucus with a low peptic power Adrenaline first

Hibited but later d the sp secretion of mucus Stimulation
of the gastric mucosa of the frog by mechanical means by adrenaline, but
not by pilocarpine or acetylcholine, eliated secretion of both acid and pepsin
through reflex activity mediated by the splanchmc nerves (Friedman, 1937)

Bablin (1944} stated thatstimul of thesplanchnic nerves and ad!
tration of adrenaline (by mnjection, by mouth 1 the intestine, or gastric
pouch) provoke gastnic secretion although much less than stimulation of the
vagi Oberhelman, Woodward, Smmuth and Dragstedt (1951) found that when
gastric secretion 1s measured quantitatively in vagus innervated, total pouch
dogs, sympathectomy produces a definite and sigmficant mcrease 1n the 24
hour output of hydrochlone acid and an 1n the qi 1ve secre
tory response to msuln hypoglycaema and to a standard dose of hustamine
These increases were not observed at all, or were very meagre 1n amount 1
ammals with absent or relatively deficient vagus innervations of the stomach
These findings suggest that the sympathetic nerves to the stomach contam

hibitory fibres which g bly act on the vagus secretory mechanism

Nervous coordination

The secretory activty (of mixed glands) 1s not regulated er masse but
various nerves or chemucal agents stimulate or mhibit each set of secretory
elements separately (Thomas 1943) According to huntz (1946) the chief
and partetal yland cells in the fundus are nnervated by both parasympathetic
and sympathetic fibres which excite and sympathetic fibres which mhibit
secretory actsvity The parasympathetic fibres exert the magor influence 1n
the secretion of water and hydrochlonic acid m this part of the stomach
while the sympathetic secretory fibres play but a secondary role in ths
function The sympathetic secretory fibres exert the major influence mn the

retion of while the par pathetic fibres play but a secondary
rale 1n this function
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According to Wnght, Jennings, Florey and Lium (1940) an abundant
secretion of alkaline mucoid juice 1s produced 1n the upper part of the duo
denum (1 acute cat preparations) by (1) shmulating the vag, (2) cutting
the splanchnic nerves in the thorax, and (3} administening esenne exther alone
or with acetylcholine A scantier secretion 1s produced by the intravenous
mgection of matenal ¢ secretin The v of the juice obtain
ed by any of these methods 15 indistinguishable from that of yuice from
permanent duodenal fistulae, though the cellular content varies wth different
methods of stimulation The secretory actvity of the first part of the duo-
denum 1s under both nervous and hormonal control

THE REGULATION OF GASTRIC SECRFTION

The regulation of the gastric secretion 1s effected by the coordmation of
three different mechamsms (1) the nervous control, {2) the chemical
control, and (3) the hormonal control

Nervous control of the gastric secretion

Secretory fibres for the stomach are formed in the vagi and splanchnie
nerves It 1s generally held that each mdwidual type of gland cell 15 nner-
vated by a distinct group of nerve fibres which act selectively through
normal or pathological reflexes and 1nfluence separately the secretion of
mucus, pepsin or hydrochloric acid

Function of the tagt

Secretory impulses from the mouth cavity to the gastric glands are trans
mtted reflexly through the vagus nerves When food 1s mtroduced directly
through a stomach tube or a gastnc fistula mto either an nnervated or
denervated stomach, 3t produces a gastric secretion of smaller volume and of
lower acidity and peptic power than when 1t 15 ingested normally through the
mouth {Babkin, 1928) Rhythmic stmulation of the vagi by a strong induc
tion current in the dog (Vineberg, 1933) produces a gastric secretion which 15
(a) coprous m volume, (6) of hgh free and total aciduty, (¢) of high total
chlonde content, {d) farrly rich 1n mucus, and (¢) of excepuionally hugh peptic
power The peptic power of the “vagus gastric juice 1s much higher than
that of gastnc juice secreted under any other conditions (Babkin  1944)
T1m and Moser (1951) observed that if the pylorus 1s vagotormzed, the sham
feeding response 1s reduced and pyloric cocatnization no fonger brings about
ats total inhibition  Thus vagal stimul to the fundus can excite gastric secre~
tion independently of gastnn

Function of the splanchnics
The effects of sumulation of the splanchnic nerves on gastne secretion 1n.

ammals and man are very contradictory
The sympathetic nervous system appears to be mainly concerned with the
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gastric secretion 1n the cat and in man_They further observed (1) that the
gastric response to histamine or alcohol 15 greatly enhanced and prolonged
after caffeine administration, and (2) that the gastric secretory response to
lustamime or alcohol and caffeme ad ed i ly 15 d
ably greater than the sum of the preceding mndividual responses to the same
doses of ustamme or alcohol and caffemne given separately The response
to the combined action of these drugs 1 prolonged and mamtamed at a high
level

FOOD CONSTITUENTS

The gastric mucosa ¢an be shimulated to form gastric juice by the Jocal
chemical action of various food sut The gastrnic dig, of foods
such as meat casemn and egg white hiberates secretagogues which excite
gastric secrction by local contact wath the gastric mucosa (Pavlov, 1910,
Savitch and Zehony, 1913 Ivy and Javers 1924b, Lam, Ivy and McCarthy,
1925, Farrell, 1928a, Cowgll and Smth, 1932-33)

ALCOHOL

Gastric secretion may be provoked by oral (Cheney, 1928) 1ntra mntestin
al (Ivy and Mcllvain, 1923 Cheney 1928) rectal (Froum and Moliner,
1901 Radzikowski 1901} and intravenous (Petrovitch and Bokanova, 1929,
Newman and Mehrtens, 1932) admnstration of alcohol Dilute solutions
(less than 15 per cent) stimulate a gastric secretion of high acidity and Jow
peptic power (Babkin, 1928) Dragstedt, Gray Lawton and Arellano (1940)
suggested that alcohol produces 1ts sumulating effect on the gastric secretion

by the Lib of h Wang: Varco, Hay, Walpole and
Trach (1940) noted that alcohol when mstilled tnto a jejunostomy, entero
stomy, or col exerted a stimul cffect on the gastric

secretion of man High concentrations of aleohol imitate the gastric mucosa
and provoke the secretion of mucus The prolonged admnistration of hugh
concentrations may produce atrophic gastritis (by dehydration or destruc
tion of the glands)

WATER

It has been suggested by several authors that water 1s a gastric stmulant
Drinling water on the part of the thirsty ammal nearly always causes
secretion of gastric juice Pavlov (1910) has shown that 400-500 cc of water
mtroduced into the stomach produces a small secretion of gastric juice 1n
the Pavlov pouch Ifonly 100~150 cc s injected no secretion appears m the
Pavlov pouch Neutral sol pass into the very freely depending
on the evacuation tume small quantities of water leave the stomach soon
after ingestion with a practically neutral reaction (Stewart and Boldyref,
1932) Sutherland (1921a) suggested that the response of the gastnc glands
to water introduced intravenously 15 mainly a general tissue reaction con
trolling hydraerma The composition of the juice as compred wath histamine
Juice shows greater concentration of total chloride and acid with pepsmn and
mucus much increased Bergeim Rehfuss and Hawk (1914) have claimed
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Chemuical control

The gastric secretions are a direct function of the quality and quantity of
the food mgested The mechamsm which 15 concerned with the secretory
function 1s dependent on the direct or indirect reactions produced by agents
which have a stmulating or mhibitory effect on the gastric glands
Chemucal stimulation (secretagogues)

The chemmical sumulants of gastric secretion canbe divided 1nto two classes
(1) those which act by direct contact with the gastric mucous membrane (a
local effect), and (2) those which act indirectly through the blood stream (2
systemic effect) Reference will be made only to the most important stimu-
lants

HISTAMINE

Histamine1s the mostimportant chemical simulant of the gastric secretions
It acts directly on the secretory glands of the stomach without participation
of the secretory nerves, 1t acts when admiistered by mouth {Ivy, Mcllvam
and Javois, 1923, Lim, Ivy and MecCarthy, 1925) but not when introduced
into the duodenum (Popielsks, 1920) or the mtestine (Rothlin and Gundlack,
1921) In man, as much as 100-225 mg of listamine by mouth may be
required to sumulate gastric secretion (Ivy and Javos, 1925¢ )

Nicotinie acid 13 said to have a histarmne like effect on gastric secretion

The effect of histamine on pepsinsecretion shows conflicting results (Berndt
and Ravdin, 1934) No increase of output m dogs was observed by Babhin
and Vineberg (1931}, Gilman and Cowgll (1931), Bowie and Vineberg

(1935), Alley (1935), and Necheles (1949), but an increase was found by
Ruvers and Vanzant (1937) and Bucher and Ivy (1941)
After repeated admunistration the gastric mucosa 1s temporanlv refractory
to histamune sumulation
Friedman, Pincus, Thomas and Rehfuss (1943-44) observed that the
introduction of acid into the small intestine provoked the secretion of pepsin
from the stomach but that this effect was absent following the admimstration
of histarmine

Injected 1t stimulates gastnc It1s generally used
1m a dose of 0 5-1 0 mulligram as a test for the secretion of hydrochloric acid

PILOCARPINE -

Pilocarpme sumulates the secretion of pepsin but 15 not quite a true
parasympathetic 1 Gaven sut ly 1t produces a volume rate
response comparable to a low dose of histamune and yields a pepsin output
five times that of histamine, when pilocarpine and histamme are given to
gether a summation of the effects of the two drugs 1s observed in the volume
output (Bucher, Ivy and Gray, 1941) Admumstration of pilocarpine 1s also
accompanied by the secretion of gastnic mucus 1n considerable quantity
(Hollander and Stein, 194344}

CAFFEINF
Roth and Ivy (1944) have shown that caffemne 15 a potent sumulant of

(N 1
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gastne motihity, large doses to dimumish 1t This controversial subject has
been reviewed by Rarsner and Palmer (1940) and Ivy (1941)

Adrenaline and ephedrine depress gastric motihity and secretion (Rafferty,
VanLiereand Sleeth, 1937) A denervated Thury fistula 18 much moresensitive
to adrenaline than an mnnervated one 1n the same dog (Youmans, 1938)

Ergotamme tartrate m large doses diminishes the 1cid secretory response to
istarmne and to a meal {(Atkinson and Ivy, 1937-38)

Sulphonamdes which are powerful mhibitors of carbonic anhydrase, have
a small effect on secretion (Davenport, 1941)

Oul of peppermnt apphed locally has a depressing effect (Necheles, and
Meyer 1934-35)

Irraduated ergosterol decreases gastric acidity m man in proportion to the
amount of ergosteral used (Bauer, Marble Maddock and Wood, 1931)

Centrally acting emefics (apomorphine, apocodeine emetine, quimine} de
crease the aad gastric secretion

Calaumbicarbonate and al! preparations cause theg! rise
mpHand the greatest decrease in peptic activaty (Steigmann and Marks 1943)

Calewum lactate and calcum chlonde it both the nervous and chemucal
type of secretion (Grant 1941a b)

Alkalis reduce but do not depress gastric secretion Absorption of sodiam
ncarbonate accelerates gastnc evacuation and in normal therapeutic doses
does not gve a “rebound  reaction (Staffurth 1953)

Severe artificial fever produced by the myection of bacterial products or
byhigh 1 temp smay [ lly abelish gastric
m dogs (Meyer, Cohen and Carlson 1918}

Implanting pedicle grafis of jeyunum 1nto the wall of the stomach shows
that the normal responses to such secretory sumulants as histamine and
aleohol (increased acxdity of the gastric juice and lowered pH of the gastnic
mucosa) may be reversed or markedly dimmshed (Andrus Lord Stefko
and Dingwall 1943-44) When portions of duodenum, jejunum ileum or
colon are used for such implants the factor causing this alteration of gastric

15 seen to be confined to the duod and ey (Lord Andrus
and Stefko 1943)

Bridzius (1926) found that both walking and heavy exercise wnhibit
gastric secretion, and that the decrease 15 more marked after heavy exercise
than after wallung Crandall (1928) cbserved in Pavlav pouch dogs that
heavy exeraise markedly depressed the gastric secretion and that there 15 a

considerable vanation in the effect of the same amount of exercise in diffcrent
ammals

Hormonal control
Hormenal stimulation
GASTRIN
Pavlov and his pupils have shovnin a 1 ‘manner that app 13

responsible for the il flow of gastric yuice following a meal but not for
the sustained flow which continues for several hours afterwards
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that water 15 a strong gastric sumulant but, according to Farrell (1928b),
water does not stimulate the secretion of gastric jurce by local action
According to kay (1947) mgestion of water inbubits gastric motility m
normal subjects for 5 minutes (hot water has a sumlar but briefer effect)
There 15 hittle enidence that water has a speafic simulating effect on the
gastric glands, the results obtamed by these authors appear to be duc to a
distension of the stomach which 1nduces increased motility with consequent
ncrease of seeretion

GLANDULAR SECRETIONS

Insulin. — This increases both gastric motlity and secretions Necheles,
Olson and Morns, (1941) stated that in dogs insulin may produce inhibition
of both these gastric functions The effects of insulin hypoglycacmia on the
digestive system are usuallv interpreted as being due to stmulation of vagus
centres in the brain, particularly those of the hypothalamus (Jogs, Strom and
Uvnas, 1949)

Putwtary extracts — The secretions of the posterior lobe of the pituitary
gland produce vigorous contractions of the intestines, but apparently not
of the human stomach (Necheles, Mashin, Strauss, Strauss and Taft, 1936,
Van Dyke, 1936) Both pitwitary extract and pttressin produce vasocon
strzction: and dimununion of the blood flow through the stomach and,
consequently, a relative anoxaemia

Lizer — Kim and vy (1933) obtained vasodepressor free extracts of lver
which contained potent secretagogues for gastric secretion Their observa
tion that the action of the hver extract when admimstered by direct gastric
lavage 15 four times stronger than when 1njected intravenously, has been
confirmed by Butler, Hands and Ivy (1943)

TOBACCO

The majonty of reports imdicate an increase of aaidity after a test meal
(Ehrenfeld and Sturtevant, 1941} Nicotune stimulates gastric secretion

Chemical inhabition
HISTAMINE ANTAGONISTS

Histaminase, an enzyme whach destroys histamine, can be extracted from
various otgans, especially from the kidney It may be concerned with the
removal of histarnine formed locally 1n an organ onreaching 1t in the arcula«
tion According to Wnight (1945), however, histanune 15 non speaific and
acts as a de ammizing enzyme on a number of ammes Histamine antagomists
have little or no effect on gastric secretion (Sangster, Grossman and Ivy,
1946) but have a marked adrenergic potentiation (Yonkman, 1947)

Atroptne and 1ts derivatives act on the gastric musculature by blocking the
effect of acetylchohine on the muscles, blood vessels and secretory cells In the
presence of atropine, vagus sumulation sull Lt acetylcholine, but the
motor effects of the acetylcholine are esther partially or completely suppres
sed (hlein, 1933) Small doses of atropine have been reported to mcrease

28



SECRETORY ACTIVITIES OF THE STOMACS! AND DUCDENUNM

potent extracts are 1solated from the pylortc mucosa, those from the upper
duodenum are less active while extracts from the resting fundic mucosa have
no effect on the gastric secretion

Uvniis (1943) has shown that the gastric secretory excitant from the pylonc
mucosa 1s not hustamene and alo {Uvnis, 1945) that a protemn hike gastric
secretory prinaple 18 found in the human pyloric mucosa Uvnas obtamed a
preparauon of gastrin having a high degree of punty The acuve pnnciple s
a protem Iike water soluble substance wo-electricaily precipitated at a gH of
about 4~5 5

The observation that distension of the mtestine will ehiaat secretion from a
eidenhair pouch or a pl d gastric pouch suggests the possibility
of an intestinal “gastnn  (Beamer, Friedman, Thomas and Rehfuss, 1944,
Uvnas 1945)

Harper (1946) found that n the cat extracts of pyloric mucous membrane
on intravenous imection stumulate the secretion ofhydrochloricacd Extracts
of the mucosa of the upper part of the small intestine also have some sumula
tive action, but extracts of the mucosa of the body of the stomach and the
lower part of the small mtestine are mactive The active matenal 1n these
extracts does not dialyse through a Cellophane membrane and 13 destroyed
by digestion with pepsin, they have no depressor action on the blood pressure
of the cat and Gregory and Ivy (1941) failed to obtan a secretory xesponse
Grossman Robertson and Ivy (1918) found that distension of the pylonc
portion of the stomach sumulates the secreton of hydrochloric acsd by the
fundic glands  Since ths effect occurs when all nervous connections between
the subcutaneous transplantation and other parts of the stomach have been
mterrupted they consider this demonstration of the humoral transmussion of
thed lus as concl d for the of a hormone
for gastric secreuon

Uvnis (1942) and hahlson (1948) believe that the stumulation of the vagus
nerve to the stomach results 1n the release of gastrin and that nether the
vagal nor the gastric mechanism can operate to its full extent in the absence
of the other The gastrin response can operate 1n the complete absence of the
vagusnerve as shown by the cffects of secretagogues and distension sn vagally
denervated pouches (Harper and Mchay, 1948) Furthermore Jemer,
Hollander and Wernstewn (1943} showed that snsultn hypoglycaema or sham
feeding produced strong vagal 1 of the mamn h with high
acd production, yet no secretory response occurred 1 the pouch Janowstz
and Hollander (1951b) ebserved fadure of vagally denervated gastnic pouches
to secrete acid 1n response to mntense vagal simulation of the stomach thus
proving that vagal sumulation does not release gastoin

Dragstedt Woodward Storer Oberhelman and Sruth (1950) who

observed the effects of the gastric antrum m sty after extenonization and

transplantation concluded that the antral secretion accounts for the gastric
phase of digestion, that 1t s highly specfic m function and dsffers 1 this

Tespect from that of the fundus or intestines Their data are m harmeny wath

the view that the antrum 1s an mternal secreting organ which claborates a

1
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The hypothess of the humoral control of gastric secretion by the pylonc
mucous membrane was onginally postulated by Edlns (1906) He made
extracts of the pyloric mucous membrane 1n boiling water or hydrochlonc
acid, 0 4 per cent, and found 1t contained an actve principle which he called
¢ gastric secretin * or “gastrin” Extracts of the fundic mucous membrane did
not contam this substance He found that atropme did not diminish the
reaction and that 1t was not a ferment, as boiling leads to an increase rather
than a diminution of its properties These observations were confirmed by
the experiments of Lim (1922-23b) which, however, were criticized by Ivy,
Lim and McCarthy (1925)

Fdlans and Tweedy (1909) observed that when they placed food substances
either 1n the pylorus or 1n the duod , the fundus responded 1n all cases
with marked secretion, 1f food substances were confined to the fundus region
there was no evidence of any secretion whatever

Popielshi (1920) agreed with Dale and Lawdlaw (1910, 1911) that histamine
was the active princaple of all the glandular extracts which have a sumulative
effect on gastric secretion winch he described as *vasodilating’ (Popelsks,
1909)

Ivy and Farrell (1925), by their mothod of subcutaneous transplantation
of the gastnic pouch, observed that the humoral mechamsm was concerned
1n the genesis of gastnic secretion, this was confirmed by Lim, Loo and Ly
(1927) hlemn (1927) held that the major part of the gastnin secretion was
mtiated 1n the pylorus Klemn and Arnheim (1932), who transplanted a
gastric pouch into the subcutaneous tissue of the abdommal wall, observed
that the pouch secreted acid and pepsin one hour after a meal Sacks, Ivy,
Burgess and Vandolah (1932) suggested that histamine was the sole gastric
excitant, 2 view also held by Priestley and Mann (1932), Gawn, McHenry
and Wilson (1933), but not by Wilhelm;, Finegan and Hill (1937), and
Gray (1937)

Klemn (1935) found that the response of a subcutaneousty transplanted
fundic pouch to a meal was sigmficantly reduced or was abolished by
resection of the antrum of the mam stomach These observations were
confirmed by Woodward, Bigelow and Dragstedt (1948, 1950)

Tvy (1941) who mvestigated the action of secretagogues in dogs with a
pouch of the entire stomach and with an autotransplanted pouch, or a
* two pouch ’ dog, found that 2 humoral mecharusm 1s mnvolved in the action
of secrt m the h since perfi of the entie stomach pouch
causes the transplant to secrete, but that a humoral mechanism was not
nvolved in the action of mechanical distension

Tomarov (193Ba, 1942a), by baling minced pylonc mucosa 1n a solu
tion of 0 15 N hydrochlonc acd, extracted a preparation which has astrong
secretagogue effect on the fundic glands of the stomach It does not contain
histamine or choline or other orgami. crystallads Imjected ntravenously 1n
cats 1t produces a gastre secretion of high acdaty and low peptic power and
15 not affected b atropine It 15 a protem hike body and has many chemical
properties 1n common with secretin, but 1t 15 not identical with st The most
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potent extracts are 1solated from the pyloric mucosa, those from the vpper
duodenum are less active while extracts from the resting fundic mucosa have
no effect on the gastric secretion

‘Uvnis (1943) has shown that the gastric secretory excitant from the pyloric
mucosa 15 not hustamine and also (Uvnas 1945) that a protein like gastric
secretory prinaple 1s found 1n the human pylonc mucosa Uvnas obtained a
preparation of gastrin having a hugh degree of purity The active principle 13
a protem like water soluble substance sso-electrically precipitated at a pH of
about 455

The observation that d of the will ebat froma

denhain pouch or a planted gastric pouch suggests the possibility
of an intestinal “gastnn” (Beamer, Fnedman, Thomas and Rehfuss, 1944,
Uvnas 1945)

Harper (1946) found that in the cat extracts of pyloric mucous membrane
on ntravenous injection sumulate the secretion of hydrochloncaad Extracts
of the mucosa of the upper part of the small intestine also have some stimula
tve actron, but extracts of the mucosa of the body of the stomach and the
lower part of the small intesune are inactive The active matenial i these
extracts does not dialyse through a Cellophane membranc and 1s destroyed
by digestion with pepsin, they have no depressor action on the blood pressure
of the cat and Gregory and Ivy (1941) failed to obtamn a secretory response
Grossman Robertson and Ivy {1948) found that distension of the pylonc
portion of the stomach stimulates the secretion of hydrochlonic acid by the
fundicglands Since ths effeet occurs when all nervous connections between
the subcutaneous transplantation and other parts of the stomach have been
mterrupted, they consider this demonstration of the humoral transmission of
thed lus as 1 . for the of a hormone
for gastne secretion

Uvnas (1942) and hahlson (1948) beheve that the shmulation of the vagus
nerve to the stomach results 1n the release of gastin and that nesther the
vagal nor the gastric mechanism can operate to 1ts full extent in the absence
of the other The gastrin response can operate 1n the complete absence of the
vagus nerve, as shown by the effects of secretagogues and distensionin vagally
denervated pouches (Harper and Mchay, 1948) Furthermore Jemenn,
Hollander and Wemnstern (1943) showed that insulin hypoglycaema or sham
feeding produced strong vagal stimul of the mam h with lgh
acid production yet no secretory response occurred in the pouch Janowtz
and Hollander (1951b) observed farlure of vagally denervated gastric pouches
to secrete actd 1n response to antense vagal sumulation of the stomach thus
proving that vagal stimulation does not release gastrin

Dragstedt Woodward, Storer Oberhelman and Smuth (1950) who

observed the effects of the gastric antrum m sifu after exteriorization and
transplantation concluded that the antral secretion accounts for the gastric
phase of digestion that 1t 1s highly specific in function and differs 1n this
respect from that of the fundus or intestines Their data are harmony with
the view that the antrum 1s an 1nternal secreting organ which elaborates a

[2e
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powerful gastric stinulant (the gastrmn of Edkins) when 1t comes i contact
with food or products of digestion

GASTROZXMIN

It has been suggested that the secretion of pepsinis regulated by 2 hormonal
mechamsm  Prate (1940) mjected crude seeretin mnto cats and found that
1t sumulated pepsin secretion Bucher and Greengard (1942) and Bablun and
Komarov (1944) showed, however, that lughly punfied secretin dud not have
this property, the pepsmogenc action being due to the pancreozymin (Wen-
ger and Greengard, 1947} Grossman, Woolley and Ivy (1944) have shown
that the pepsin concentration of gastricjurce secreted by a transplanted fundic
pouch was at the same level when stumulated by perfusion of hiver extract
through the man stomach as when stimulated by the mjection of histamine,
provided the volumes of secretion were comparable Uvnas (1945) reported
that certam extracts of pyloric mucosa prepared accarding to s method for
recovering gastrin caused an mncrease of pepun concentration and that the
pepsinogeme effect was not correlated with the acid stimulating potency
He found (Uvnas, 1948b) a pepsinogemic principle m extracts from the
pylonic and duodenal mucosa of cats, dogs and pigs and observed that the
peptic cells are activated by mechamical siimulation of the pyloric mucosa

By a modification of the method of gastrin preparation described by
Jorpes, Jalling and Mutt (1952) Blair, Harper, and Lake (1953) prepared
extracts of pig s antral mucosa which do not affect the volume or enzyme
content of pancreatic yuice, have little effect on acud secretion, but simulate
pepsin secretion (gastrozymin)

DUOCRININ
This 15 the hormone which 15 released by the wtestinal mucosa when
certain foodstuffs are in contact with »t and which sumulates the duodenat
glands of Brunner to secrete (Florey and Harding, 1933, 1934, 1935, Fogel
son and Bachrach, 193940, Wright, Jentungs Florey and Lium 194041,
Florey, Winght and Jenmngs, 1941} There 1s satisfactory evidence that
i f 1 acts as 2 powerful stimulant of

i ha Ed o
Brunner’s glands (Grossman, 1950}

Hormnnal inibuiton

ENTEROCASTRONE

1t has long been recogmzed that the addition of one ounce of oil to an
Ewald test meal markedly reduces the gastric secretory response  Paviov
(1910) has shown that the effect of fat on the secretion of gastric juice 1s not.
Jimuted to mhibwion and that if the meal of fat be at all large secretion of
gastric juice 1s sesumed at the third hour, ths late secretion lasts 2 fong time
and furmshes a considerable guanuty of yuce Fat produces inlubion of
gastric secretionm 2 denervated Hesdenhain pouch (Robins and Boyd, 1923),
1 2 pouch of the entire stomach (Lim, Ivy and McCarthy, 1925a) and m
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an auto-transplanted denervated gastric pouch (Farrell and Ivy, 1926, Lam,
Loo and Ly, 1927, Feng, Hou and Lim, 1929)

Kosaka and Lim (1930) prepared an olive-ol extract of the upper pan cf
the small intestine which, onintravenousor
gastnic secretion, but stmilar extracts made from the gasmc yucous mem
brane were without cffect hosaka, Lim, Ling and Liu {1932) prepared a
trimtrophenol concentrate of the extract and suggested that it should be
called ‘enterogastrone’ Gray, Bradley and Ivy (1937) further punfied
enterogastrone hosaka and Lim (1933) using the tnnitrophenol preparation
mtravenously found that gastnic motlity was inhibited 1n dogs with gastnce
fistulae but that the action of this prep did not the
nhibison produced by o1l given by mouth Lim (1933) postulated that one
chalone 13 responsible for the inhibition of both gastnic secretion and gastric
motlity by fat

Quigley {1934) found that in dogs whose stomachs were den:rvalcd by
sectioning the extrinuc nerves (double vagi y, double Pl
and coeliac gangl ), the d of fats and carbohyd mto
the stomach led to gastnc inlubition simular to that occurnng 11 the normal
stomach Fats and carbohyd n the auto-transpl d pouch did not
nhibit moulity of the pouch or the main stomach, even when the pylorus was
obstructed On the other hand, a pouch of the entire stomach was inhibited
by fats or carbohydrates introduced 1nto the duodenum even when the blood
vessels of the stomach had been stripped and phenohized and even when the
pylorus was obstructed Quigley, Zettelman and Ivy (1934) concluded that
the nature of the humoral agent which causes the mhibition of the motiity of
the extrinsically denervated gastnc tissue (autmtransplantcd puuch dcnerv
ated pouch of the entire h and the vag
cocliag ! d h) 13 not blished iy by
therr observations They made the sigmficant deduction that stnce fat in !hc
upper intestine tends to decrease gasmc motility and evacuation but
1mcreases intestinal motility, a h ded to prevent
tion of fat m the upper intestine (a region partlcularly sensiive to sts pres-
ence) Abnormalities of this mechanism may occasion the nausea eructation
regurgitation and g which follow fat Fat intro
duced mto the jejunum of dogs by jejunal fistula (Waugh 1936) produced
marked atony of the whole stomach

The whibiton of gasine secretion and motlity by the mtroducuon of
neutral fat (ohive i), fatty acd or sodium oleate anto the duodenum was
demonstrated by Shay, Gershon Cohen and Fels (1939) 1 experiments
performed on human subjects Card (1941) found that the fatty acids were
more effe than the ding fats and that there was a linear
relationship between the dose of fatty aad used and the mean duration of
mnhibition obtamed There was no correlation between the effectiveness of
the ol used and ats sapomification or 10dme value Tidwell and Cameron
(1942) have suggested that the inhit T varies with th
composition of the fat mgested That mh\hmon of pepsin was not due to
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powerful gastric stimulant (the gastrin of Edkins) when 1t comes in contact
with foed or products of digestion

GASTROZYMIN

It has been suggested that the secretion of pepsinis regutated by a hormonal
mechamsm Pratt {1940} mjected crude secretn anto cats and found that
st stimulated pepstn secrettion. Bucher and Greengard (1942) and Babkin and
Komaroy (1944) showed, however, that hughly punfied secretin did not have
this property, the pepsinogenuc achion being due to the pancreozymm (Wen
ger and Greengard, 1947) Grossman, Woolley and Ivy (1944) have shown

that the pepsin on of gastne juice secreted by a transplanted fundic
pouch was at the same level when sumulated by perfusion of hver extract
through the main h as when stimulated by the my of I X

provided the volumes of secretion were comparable Uvnas (1945) reported
that certam extracts of pylonic mucosa prepared according to his method for
recovering gastrin caused an of pepsin ation and that the
pepsinogeme effect was not corretated with the aad stmulating potency
He found {Uvnas, 1948b) a pepsinogenic principle m ertracts from the
pylonic and duodenal mucosa of cats, dogs and pigs and observed that the
peptac cells are acuvated by mechamcal shmulation of the pylonic mucosa

By a modification of the method of gastrin preparation described by
Jorpes, Jalling and Mutt (1952), Blawr, Harper, and Lake (1953) prepared
extracts of pig’s antral mucosa which do not affect the volume or enzyme
content of pancreatic jusce, have httle effect on acid sceretion, but stmuatate
pepsin secretion (gastrozymin)

DUOGCRINFY

This 15 the hormone which 1s released by the mtestinal mucosa when
certain foodstuffs are 1 contact with 1t and which sumulates the duodenal
glands of Brunner to secrete (Florey and Harding 1933, 1634, 1935, Foget
son and Bachrach, 193940, Wright, Jennings, Florey and Lium 194041,
Florey, Wnight and Jenmings, 1941} There 1 satisfactory ewidence that
parenteral injection of mucosal extracts acts as a powerful sumulant of
Briinner s glands (Grossman 1950}

Hormonal wnhibttion

ENTEROGASTRONF

It has long been recogmized that the addition of one ounce of od to an
Fwald test meal markedly reduces the gastric secretory response Paviov
(1910) has shown that the effect of fat on the secretion of gastric jwce 18 not
Yimuted to mbition and that if the meal of fat be at all farge, secrenon of
gastnc jwce 18 resumed at the third hour, this Jate secretion lasts 2 long time
and furmshes a considerable quantity of yuee Fat produces wiubiion of
gastric secretionana denervated Herdenham pouch (Robms and Boyd, 1923),
m a pouch of the entire stomach (Lim, Ivy and McCGarthy, 1925a), and ;.
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Morlock (1948) obsered 1n 20 human volunteers that 200 mg intramuscu
larly did not affect the gastric secretory response mn 10 volunteers durmg a
double histamune test, 100 mg admunistered intravenously to dogs with
Herdenhain pouches inhibited the cutput of aad but mld to severe touc
reactions occurred with some nse of }e e, sal , h
weakness and even collapse Farlure of mnhibiion of gastnic seereton by
enterogastrone preparations was also observed by Uvnis (1948a), Bendstt,
harsner and Rowley (1949), Bendtt and Rowley (1949), Segal, Ells and
Watson (1950), Wollum and Pollard (1951) Bone Casse), Ruffinand Reeves
(1951) warned that it should be used wath caution 1 man

ANTHELONE

Reference may be made here to anthelone (Sandwesss, 1943) whichis the

pl ble from small 1 mucosa ( helone) and
from unne (uro-anthelone) which exerts an ant: ulcer effect 1n Mann
Willamson dogs and 1s not duc to the gastnc secretory depressant activity
@ and e ) Itshormonalstatusisuncertam Grossman
(1950) draws attention to the fact that anthelone has not been chermcally
separated and 15 prepared in the same manner as urogastrone or entero~
gastrone, the possibility that a single substance 1n cach of these extracts 1s
responstble for these two kinds of activity must also be borne in mund

URO-ANTHELONE

Sandweiss Saltzstein and Farbman (1938) tried vanous endocrine pre-
Pparationson Mann Williamson dogs, theyfound that chorionic gonadotropin,
prepared from the unne of pregnant human subjects, was the only one which
reduced the inadence of ulcers Broad and Berman (1941) confirmed thewr
results but Sandweiss, Saltzstein and Farbman (1939) Sandweiss and
Friedman (1940) Sandwess, Sugarman, Fnedman Saltzstem and Farbman
{1941) and Sandweiss and Saltzsten (1949) obsened that unne from
non pregnant women (and, therefore, devord of chononic gonadotropin) also
exerted this beneficial effect, whereasunne from normal men waslesseffective
and that from patients with peptic ulcer was ineffective

Grossman (1950) pointed out that statsstical analysis of Sandweiss data
revealed that the daffe b the rates of effe of urine extracts
from pregnant and non pregnant females was not statistically sigmificant, nor
was that between urine extracts from normal men and male peptic ulcer
patients The difference between unine extracts from females (pregnant and
non pregnant) and males (with or wathout ulcers) was, however highly signi-

cant. The report that extracts of unne from patients with peptc ulcer 1
hubited gastric secretion {Fnedman Reck ], Sand an
(1939), but did not protect against Mann Wilkamson ulcers (Sandwerss
and Saltzsten 1949) was taken as evidence that urogastrone was pre
sent and uro-anthelone was absent thus favouning the view that they were
separate substances Gray Culmer, Wells and Wicczorowsks (1941) how
ever showed that m peptic uleer patients urogastrone 1s reduced below
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enterogastrone and 1s a nervous phenomenon because 1t fails to oceur after
vagotomy was shown by Grossman, Greengard, Woolley and Ivy (1944)
They argued that 2t mught be antapated that the mhbition of pepsin
secretson by fat 15 also accompanied by a humoral or hormonal mechanism

Retardation of gastri¢ evacuation 1n the human by the presence of fat in
the stomach was shown by Annegers and Ivy (1947) and by the presence of
fat 1 the mtestine by Harns, Grossman and Ivy (1947)

Morrss, Grossman and Ivy (1947) found that the motor intubstory factors
m gastrone and wrogastrone are active only m the vagally mnervated
stornachs

The oral route 15 mneffective 1t dogs (Gray, Bradley and Ivy, 1937), and
1 the human (Saltzstemn, Sandweiss, Hammer, Hall and Vandenberg, 1947,
Pollard, Block, Bachrach and Mason, 1948, Sandweiss and Saltzstein, 1949,
Gambill, Morlock, Butt, Wollager and Code, 1950)

It may be noted that while Tvy (1941) believed that gastnc shmulants may
be extracted from practically all tissues of the body, Sandwess, Sugarman
and Lockwood (1948) suggested that even enterogastrone may contam a
secretory shmulant also

THERAPEUTIC ADMINISTRATION OF ENTEROGASTRONE

Hands, Greengard, Preston, Fauley and Ivy (1942) clarmed that entero-
gastrone produced ysn Mann Wilt dogs against jejunal uleer,
an observatton which was confirmed by several authars but not by Pollard,
Wollum and Green (1950) Ivy (1945) believed that if enterogastrone
therapy did not prave to be chmcally effective, st could only be concluded
that the ulcer which develops 1n the Mann ~Wilk dog 15 1 ty
quite different from that which occurs 1 man and that current opmion and
evidence was dectsively contrary to such a conclusion Gray, Grossman and
Robmson (1945} could not prevent gizzard eroston in chichs, and Grossman,
Dutton and Ivy (1946) histarmne induced ulcers by dmly mjections of entero-
gastrone concentrate, it did not afford protection against rumenal ulcers
which form sn rats following pylenc hgation (Morns, Grossman and vy,
1947a, b} Levin, kursner and Palmer (1948a) found that enterogastrone

rate did not ficantly affect the secretory response of the buman
stomach to hastamme or insulin Hands Greengard, Preston, Fauley and Ivy
(1942) claumed that only 6 out of 25 Mann -Williamson dogs developed jeju-
nalulcer duning a ene year persod of treatment, but Sandweiss and Saltzsten
(1949} and Visscher and Lyster {1949) who used extracts from the same
commercial source could not confirm the results

Sandweiss, Sugarman and Lockwood (1948) found that of 27 patients who
were treated p Hy with g , 14 became symptom free, 3
were moderately impraved, and 10 fadled to obtain any symptomatc rehef
Haemorrhage developed mn 3 patients whalst they were regularly recesving
myections Total relapse withm one year affected 70 per cent of the cases,
the mjections were pamnful, 2 cases developed urticana Ferayorns, Code and
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‘Treatment with unnary extracts farled to protect against the occurrence
of peptic ulcer m dogs recewving cinchophen (Farbman, Sandweiss and
Saltzstein, 1939, Slutzki, Withelm) and Stonor, 1941)

According to Raulbersz, P and Saltzstein (1947) the
pituttary gland plays a part in the formation or excretion of urogastrone
Patterson, hault Sand and Sal (1919) found that extracts

of urme of hypophysectormzed dogs did not extubit the prompt intubitory
effect which 13 charactenistic of urogastrone prepared from normat unine In
small doses 1t produced an increase of secretion 1n response to lustamne and
n larger doses a strong delayed h g that it both
stimulatory and inhibitory agents

Sandwess and Saltzstein (1949) observed that extracts obtained from
human urie (pregnant women normal women and normal men) were of
definite benefit when administered orally to Mann Williamson dogs Extracts
obtamned from ulcer patients had some, but very much less, actiity Preg
nancy urine extract admimstered orally did not prolong the life of the animals
but it did 1 pithel 1n a sigmifi number of the ulcers The
gonadotropic hormone from pregnant mare s scrum was definitely beneficial
Progesterone sumulated epithelization, theelin was of no value, post
prtutary extract produced no effect Enterogastrone admimstered orally
produced some benefit, but when 1t was admmmstered parenterally the
concentrate employed had no effect

Grossman (1950) expressed the opinton that from the evidence at hand no
defimte conclusion can be reached whether urogastrone represents an

excretory product of enterogastrone and considers 1ts hormonal status as
uncertamn

Conclusions

The production of enterogastrone by the presence of fat 1n the upper
mtestine cannot be consmdered as an exceptional phenomenon because the
mhibitory effect produced by fat 15 also produced by a large group of amuno
aads when itroduced 1nto the small intesune It has been shown that the
mtroduction of hydrochloric acid 1nto the duod; prod an
of gastnic penistalsiswhichis much too prompt to be interpreted as being duc to
at 1 1 alone D of the duod or other parts of
the small intestine will cause gastric inhibition  Nevertheless, 1t must be
recognused that the effect produced by enterogastrone 1s sufficiently marked
to give 1t special sigmificance

The 1solation of gastrin as a speaific stimulus to gastric secretion calls forth
the of a speaific mhibitor for the of the physiological
equilibrium by the antagonistic action of these smult The failure to 1solate
the inhtbuory substance which follows protemn digestion does not exclude the
posubility of 1ts existence That some such mechanism may be involved was
indicated by Babkin (1944) who suggested that the mechamsm of the
mhbitory action of hydrochloric acid 1n the duodenum on the process of
formation of the gastric juice may be due to a chalone which 1s found 1n the
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normal, and re exammation of Sandweiss’ data revealed that anthelone
activity was not entirely absent from the urine of these panients, ths
evidence favours the view that urogastrone and uro anthelone are 1dentical
substances

Tests on the Shay rat have shown that the intestinal and unnary extracts
which may mhubit the formatton of these ulcers accomphish ths by depressing
gastric acid secretion (Rusley, Raymond and Barnes, 1947)

Sand (1951) 1 d that the anthelones have not yet been

chemcally separated from enterogastrone or urogastrone

UROGASTRONE

Sandwess, Saltzsten and Farbman (1938) first reported that an extract
from the unne of pregnant women—Antuitrin S—has a prophylactic and
therapeutic effect on experimental ulcers m dogs produced by the Mann-
Wall hmque of surgical duodenal dramnage and further noted that
an extract from urme of normal women had a sumlar effect (Sandweiss,
Saltzstein and Farbman, 1939)

Necheles, Hanke and Fantl (1939) extracted a preparation from normal
human urme which produced an mbubitor effect on gastnc secrenon and
motility which they called “urogastrone * These observations were confirmed
by Gray, Wieczorowsks and Ivy (1939) and by Culmer, Atlanson and Ivy
(1939} Urogastroneresembles enterogastronemnbothchermicaland physiclog-
1cal behaviour (Gulmer, Gray, Adksson and 1vy, 1940) Gray (1941) argued
that if urog; wm fact d enterog , the feeding of fat should
augment the outputan the unne It has been found that the output 1s actually
greater after the mgestion of a fatty meal than during fasting, but the same
effect 15 obtamned after the mgestion of a fat free meal Schufftin and Gray
(1942) observed that the mtravenous ad ationof 1 mgm ofurogastrone
effectively whibited the volume of gastnic secretion and the output of free
acid i enterectonuzed dogs and 1n total gastric pouches of vagotomized dogs
Wieczorowsks, Gray, Culmer and Wells (1941) observed that the apparent
excretion of urogastrone 1s decreased by removal of the small intestine ang
mcreased by the induction of drests, by the ingesnon of 2 gh or low fat
diet and by the exclusion of digesuve secretions from the small mtestine
They danotsupporttheview that d g i 1

Inhibitory effects of extracts of unne were reported from permcious
anaerma and gastric cancer patients (Friedman Recknagel Sandwess and
Patterson 1939) from normal dogs (Gray Wieczorowsks and Ivy, 1939)
from gastr d and duod d dogs (Friedman Saltzstewn and
Farbman, 1940}, and i the achlorhydnc gastric juice m patients with
carcinoma of the stomach (Brunschwig Clarke, Van Prohaska and Schrutz
1940) It was absent from the urme of ulcer patients (Saltzstein and F; arbman,
1938) but present i the human female (Capps and Patterson, 1941)
Bourque, Fred P: and Sandwesss (1943) observed that the

ntravenous mnjection of urine extracts of duodenal ulcer patients and normal
human males whibited the gastric matility of dogs with gastric fistulae
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neutrahzanon or dilutton by alkaline or neutral secretrons of other cellular
groups Gastrc secretion at 1ts hetght has Little 1f any, vanation 1n 1ts aadity
and 1ts concentration of total and neutral chlondes, but at the very beginmng
and at the very end of the secretory period the total chlorides are somewhat
lower while the proportion of the neutral chlondes s higher Several theornes
have been advanced to explain these changes
Pavlov (1898), following Herdenhamn (1883), suggested that the gastric
Juice 1ssung from the glands has a constant aadity and that the vanatons in
the acdity of the gastnic contents at the begmmng and at the end of the
secretory pertod are caused by its partial neutralization by the alkahne mucus
of the stomach At the beginning of the secretory peniod a large amount of
mucus 18 available which, therefore reduces the 2ad concentraton At the
end of the secretory period when the volume of the acd secretion 1s greatly
dimmished, the time factor allows for the reduction of the acidity
Rosemann {1907) suggested that the vanations of the gastric juice are
dependent of the alkaline surface hel mucus and that the total
chlonde onisp Iy He beheved that two processes
take place smultaneously namely the accumulation of neutral chlonde
the gastnic mucosa, and the formation of hydrochloric acid and that there-
fore thesecretory cells hav e the double function of (1) concentrating chlonde
1o 2 lugher Jevel than that of the chlonide m the blood and (2) combining the
Clion with the H 1on to form hydrochlonc acd At the end of the secretory
penod the aadity of the gastric juice 1s d hed and the ation of
neutral chlonde 18 increased whereas the total chloride concentration remarns
P Ity R ascnbed the presence of cations 1n gastne
Juice to mcomplete conversion of neutral chlondes to hydrochloric acid m
the panetal cells This view was supported by Forster and Lambert {1908)
Boldyreff (1904 1914) suggested that an important factor 1n lowening the
acidity of gastric yuice from that actually secreted by the gland (0 5 per cent)
to that usually found 1n the cavity of the stomach (0 25 per cent) 1s the
entrance of the alkaline intestinal contents {pancreatic yuice, bile and succus
entericus) into the stomach and that this usually occurs when the acid in the
stomach nises much above 0-25 per cent Similar views were held by Spencer
Meyer Rehfiss and Hawk (1915) Rehfuss and Hawk (1920) Moppert
(1921) Jarno and Vandorfy (1921) Burget and Steinberg (1922), and
Stewart and Boldyreff (1932) This h which mvolves the function
of the pylonc sphuncter 1s discussed 1 the chapter which deals specifically
with this subject
Baird, Campbell and Hemn (19242) pomted out that under normal
conditions the chlonde curve continues to nise when the 2ad cunve 1s faling
or has become level and that this must be due to neutralization by alkal
the pylonic part of the stomach usually constituting the main factor m ths
neutrahzation although 1n some cases ducdenal regurgitation may be more
important
Roberts (1927) agreed with Katsch (1924) that the chlonde secretion was
mndependent of that of acid
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1ntestine when acid comes into contact with the mucous membrane While
urogastrone may not be 1dentical with enterogastrone, 1t 1s possible that 1t
may be 1ts excretion product, or perhaps correspond to the production of an
mhbrtory agent following protein digestion 1n the upper mtestine

Enterogastrone extracts that have so far been prepared mnhibit gastnc
motility only mn the vagally mnervated stomach and, therefore, cannot be
considered to contain the true hormonal substance and, according to Gross
man (1950), there ts nothing to suggest a physiological function for this
nhibitor

The normal reduction of gastric acidity

Normal reduction of gastric acidity takes place in several ways The most
mmportant 15 that the acid glands cease to secrete at the end of normal
digestion Duning prolonged fasung the gastric acidity was lower than the
control when the control was approxumately normal for the subject and 1t
was higher when the Control was abnormally low Immediately after fasting
the acidity 1s lugher than immediately before fasting (Hoelzel, 1926)

Robinson (1935) observed that when an mtestme was filled with solution
from the bile duct to the 1leocaecal valve and tied off mto segments, the

of each seg d a pH charactensuc of that section of the

gut The gH increased from the bile duct to the caecum It 1s 65 mn the
duodenum to about pH 7 5 or 8 1n the caccum There exists a defintte
) logical control T for regulaing the reaction of intestinal

P
contents

In the absence of conditioned alimentary reflexes or 1n the absence of food
from the gastro intestinal tract of healthy animals the gastric glands secrete
alkalme mucus only and not acid (Babkin, 1932)

According to Bockus (1943) the real causes of a gradual decline 1n the
aad curve are negative, not posiive The varous secretagogic factors
responsible for the acceleration of flow of gastric juice after eating probably
disappear from the circulation The sttimult which were orginally responsible
for nervous and hormonal effects on the gastric glands are no longer active

Dunng the absence of secretory stimuli the paretal cells Ppractically cease
to secrete and the activity of the peptic and mucod cells 1s reduced to a
mimmunm, whereas the surface eprthelum cells secrete mucus continuously
(Bablun, 1944) Whether 1n man the secretion of acid 1s spontaneous or
ntermittent 1s not yet settled because many external factors may be mvolved
which cannot be excluded (Babkin, 1850)

The regulation of the gastric secretory curve

Smce aad 15 an element m the pathogenesis of chronic peptic ulcer 1t wall
be necessary to investigate the causes of the varations of the acid concen
trations during the normal secretory period 1n order to establish the signifi
cance of thesr pathological deviations

It 1s now recogruzed that the panetal secretion possesses a constant acidity
and that the vanation of the concentration must be dependent on ether
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neutralization or dilution by alkabne or neutral secretsons of other cellular
groups Gastnic secreton at us herght has hide 1fany varacon i sts acdity
and 1ts concentrauon of total and neutral chlorides, but at the very begunmng
and at the very end of the secretory penod the total chlordes are somewhat
lawer whle the proportion of the neutral chlonides 1 higher Several theones
have been advanced to explun these changes
Pavlov (1898), following Heidenhamn (1883), suggested that the gastric
juece wssung from the glands has 2 constant acdity and that the vanatonsn
the acdity of the gastnic contents at the beginmng and at the end of the
secretory period are caused by sts partiaf neutrahization by the alkaline mucus
of the stomach At the bemnnng of the secretory period a large amount of
mucus 1¢ avatlable which, therefore, reduces the 2ad concentration At the
end of the secretory pened, when the volume of the acid secretion 1s greatly
dumnished the time factor allows for the reduction of the acdity
Rosemann {1907) suggested that the varations of the gastnc juice are
sndependent of the alkabine surface epithchum mucus and that the total
chlonde 18P 1y He believed that two processes
take place smultancously, namely, the accumulaton of neutraf chionde m
the gastnic mucosa and the formation of hydrochlonc acid and that there
fore the secretory cells have the double function of (1) concentraung chloride
toa ugher level than that of the chilonde 1n the blood, and {2) combiming the
Clion with the H 1on to form hydrochlonc acid At the end of the secretory
pertod the aciduty of the gastric yuce 13 d hed and the ¢ of
neutral chlonde 1s increased whereas the total chlonde concentration rematns
P Iy R bed p of cations 1o gastric
Juice to Je of neutral chlordes to hydrochlone acid
the panctal celis This view was supported by Forster and Lambert (1908)
Boldyreff (1904, 1914) suggested that an important factor 1n lowenag the
acidity of gastnic yurce from that actually secreted by the gland (0 5 per cent)
to that usually found in the cavity of the stomach (0 25 per cent) 15 the
entrance of the alkabne intestmal contents (pancreatc juce, bile and succus
entenicus) mito the stomach, and that thus usually ocetrs when the aaid m the
stomach nises much above 0 25 per cent Stnular views were held by Spencer
Meyer, Rehfuss and Hawk (1915), Rehfuss and Hawk (1920}, Moppert
(1921} Jarno and Vandorfy {1921), Burget and Stemberg (1922}, and
Stewart and Boldyreff (1932) This mechanism which mvohes the function
of the pylonc sphincter 15 discussed 1n the chapter which deals specifically
with this subject
Bard Camphell and Hem (1924a) powted out that under normal
d the chlonde curve to nse when the acd curve 1s falbng
or has become level and that this must be due to neutrabzavon by alkah
the pylonic part of the stomach usually constituting the mam factor 1 this
neutralization although 1n some cases duodenal regurgitation may be more
ymportant

Raberts (1927) agreed with hatsch {1924) that the chlonde secretion was
mdependent of that of acid
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MacLean and Gnffiths (1928a, b) and MacLean, Griffiths and Williams
(1928) have shown that during digestion the nise of acidity of the stomach
contents ultimately attains the value at which 1t arrests HCl production,
thus automatically exerting a control over the acidity of the secreted juice
The concentration of total chloride in the gastric juice remams constant
during the whole secretory period, but the concentration of hydrochlonc
acid 15 inversely proportional to the neutral chloride At first the acid pre-
ponderates because most of the chloride 1s secreted as hydrochloric acid and
only a small part of 1t as neutral chlonde Towards the end of the secretory
period, however, more and more chloride 15 secreted in the form of neutral
chlonde and less 1n the form of hydrochloric acid until the gastric seeretion
contamns practically no hydrochloric acid The fall in the hugh concentration
15 brought about not by the regurgitation of alkaline duodenal juices, but by
dilution with a neutral flud which contains neutral chloride and 1s secreted

Peptic activity of the gastric Juice increases or decreases part passu with the
neutral chlonde concentration (MacLean, Gnffiths and Hughes 1929)

Hollander (1931) explained that the failure of these two opposing groups to
agree appears toarse toa greatextent from a difference in interpretation of the
findings In any sample of mixed gastric juice the sum of the concentrations
of total base (B+) and total 2c1d (H+) will be equal to the sum of the concen
trations of chlonide (Cl-) and buffer anion (BUF-) The major part of the
buffer contaming flud anses as an independent secretion of which the
source 15 the nech chief cells of the gastric tubules and plays a major role as
an ntragastric agent 1n the normal control of gastric acidity

According to Goldberg (1932) intragastric regulation of acidity 1s brought
about by three factors (1) reduction of the concentration of secreted hydro
chloric actd when intragastric acidity has reached a certain level, and asits
corollary (2) secretion of neutral chloride by the stomach, which plays a
rather minor part by dilution, and (3) a combination of gastric mucin or an

unknown substance with free acid The buffering of the secretions of the
pyloric segment was found to be somewhat better than that of the fundus

Bolton and Goodhart (1931, 1933, 1936) found that when any substantial
reduction 1n acidity of the gastric juice occurs the percentage of total chloride
falls, showing neutralization and dilution by mucus and not replacement of
acd by neutral chlonide They believed that the means possessed by the
normal stomach whereby 1t 15 able to reduce the acidity of 1ts contents 1s the
secretion of mucus and by two additional intragastric factors the rate of
emptymng of the stomach and most important of all, the cessation of secretion
of gastric yuice When the juice 15 secreted into the 1solated stomach in very
small amounts, such as may be seen at the end of 2 meal or 1n some fastng
stomachs 1ts acidity falls by neutrahzation wath mucus inversely as the rate of
secretion and remarns constantly at this level if the rate of secretion 1s constant
they believed that duodenal regurgitation was responsible for the regulation
of gastric acidity

Teorell (1933 1939, 1940) adopted a physico-chenucal view which sug
gested a “diffusion theory , hydrochloric acid diffuses steadily out of the
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b mtothe 1 cells or the blood and 15 exchanged agamnst
alkah chiondes (neutral chlondes) which diffuse i the opposite direction
and thuy a contisuous process of tonic duffi or exct diffy
proceeds in the stomach

Thre (1939) observed that 1 addition to a mucons secretion which hasa
buffering action there 15 also an acd reducing process which does not 1nvolve
a change 1n the volume of the gastric jusce, and he suggested that diffuston
processes ase responsible He also confirmed that the duodenal reflux 1s only
exceptionally the factor

Apperly and Carey {1936) stated that when by drochlonieacd ssantroduced
mto the human stomach st s found that (a) the acsdity 15 reduced, cluefly by
dilution and only to a small extent by neutralization (8) therate of reductson
of acidity vanies directly with the rate at which the stomach empuies, and {¢}
the rate of reduction of acrdity varies mversely as the concentration of neutral
chlonde and alkali 1n the flurds which dilute the gastric contents

Gnffiths (1936) who introduced acid wnto the duedenum duning the
secretory activity of the stomach and also during fasting observed a consider
able 1mcrease of ncutral chlonde and peptic actvity and an arrest of the
secretion of hydrochloric and He therefore suggested that the entry into
the duod of the acid of the h 13 an ymportant factor
the regulation of gastric acidaty

Accarding to Piacus, Thamas and Rehfuss {1942) the depression of gastric
secretion occurs only when the duodenal pH has fallen to approximately 2 5
This mechamsm 15 brought into play when the acdity of the intestinal
contents reaches levels which may be harmful to the wmtesunal mucosa
(Pincus, Fricdman Thomas and Rehfuss 1944)

Gray Bucher and Harman {1941) observed 1n dogs with vagotomized
pouches of the entire stomach, that as the volume rate of secretsion increases
the outputs of total acd and newtral chlondes all increase 1n bnear manner
but at different rates hut the of totat and acid chlard
1 a hyperbolic fashron while the concentration of neutral chlonde decreases
n 2 hyperbolic fashion As the acidaty of the gastric ymce increases the total
chloride concentration nereases and the neutral concentration decreases
both m a hnear fashion The acdsty of the gastric yuice vanes directly wath
the total chloride concentration and mnversely with the nentral chlonde
concentration

Shay, Gershon Cohen and Fels (1942) considered that hydrochlonc acid of
the gastric juice m man acts as “a self reguiator of s own secreuon when it
comesnto contact with the mucosa of the duodenum They showed i normal
subgects that the acidity of the pastnic contents after an Ewald test meal svas
markedly dimimshed when 0 06 N or 0 072 N hydrochlone acid was dnpped

mto the duodenum
Rehm (1944) attempted to reconcile the conflicting reports i the iterature
on t’h: relationship between gastric secretion and potential and found that
PF of hydrochlonc acd sol to the g h ane
subsequent replacement with saline, resulted wn a marked decrease m the

8
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potential, and that this decrease mn the potential was associated with a
decrease 1n the secretory rate

Babkin (1944) rejected the observations of MacLean, Gnffiths and
Willlams (1928) that the peptic actiity of the gastric jutce increases or
decreases part passu with the neutral chloride concentration, that 1s tosay, the
peptic activity 1s always associated with neutral chloride n the gastric
secretion He believed that the exstence of neutral chlonde i the gastric
juuce and the vanations inats ration are regulated by some mechanism
other than that which governs the secretion of pepsin

According to Teorell (1947), the problem of variations of concentration of
electrolytes of the mammahan gastric juice can be regarded as a case of
electrolyte diffusion across the stomach mucosa, which acts as 2 “daalysing
membrane” for hydrochloric acid and alkali chloride He confirmed expert
mentally his ssmplfied theory for mterdiffussion of two binary electrolytes
of the stomach blood system, and he deduced as consequences of his theory
that, for a given case, variations of acidity, base and total chlonde concen
trations are functions of the secretion rate only, the acidity and total chlorides
should increase, the base decrease with the rate of secretion

Horstmann (1947) observed a strong parallelsm 1n the acidity and
chloride m fasting ymce as well as i secretion following sumulation by
msulin, the graphic relation being very nearly rectiinear

In concluston 1t may be stated that the present day consensus of opimion
appears to be that regurgttation of the duodenal mto the
does not participate in the regulation of the gastric secretory curve

Gastric secretion in the newborn

Friedman (1942) stated that 1t 15 fairly well established that the stomach of
the human foetus 15 potentially capable of secreting acid by the fifth month
Panetal cells become distinguishable towards the end of the fourth month
and presumably acid can be secreted after this time The literature 1s replete
with reports on the presence of acad n the stomach of the premature and
normally delivered unfed newborn infant Friedman (1942) quotes Rutter
(1941) who made gastric analyses on 36 newborn nfants ranging m age from
half an hour to 14 hours With one exception, none of the infants had ever
recetved any water or milk before the study was made The concentration of
free acid 1n the fasting contents of the unfed newborn was high, over 50 per
cent had more than 20 ¢ ¢ of i N hydrochloric acid per 100 c ¢ of gastric
juice The free acdity ranged from zero to 56 unuts, the total from 11 to 84
umits and the pH from 1 28 to 4 59 No free acid was recovered m the fasting
stage in 4 cases In the premature and the full term newborn, gastric hunger
contractions occur more frequently and are more persistent and more vigor-
ous than in older babies (Carlson and Ginsberg, 1915, Taylor 19 17)
According to Davidson (1921), the motility of stomachs in infancy increases
or dimumshes as the gastric acidity rises or falls

In guinea pigs there may be 2 spontaneous secretion of acid gastric Jurce
dunng late ntra uterine lfe In dogs and cats there appears to be no spon
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{ancaus gastne juice sceretion ut ulers, but there 1s some secretory response to
¢ gastnn ' when the foctusesare within a few days of term (Sutherland, 1921c}

Manwille and Lloyd (1932) determuned the pH of the gastric contents of
43 rat foctuses covenng the last 5 days of gestation and showed that dunng
this period the acidity reaches a maxamum on the seventeenth day and there
after declines Sumlar observations made on the gastric ymce of 120 lactaung
sats cavering the entire 21 days of the lactation period show five noteworthy
features {a) there 1s a marked wcrease 1n acidity of the gastric yuce as soon
as the animal s born, (8) during the first week of lactation there 1s a gradual
increase in acdity, {¢} the muddle third of the lactating pertod shows a
slight decrease 1 aadity, (d) the Iast third of lactation shows a sharper
1ncrease 1n acidity than the first week, (¢) the acidity at the end of lactaton
18 ot as great as 11 found m the adult aumal They beheve that there s an
association of the tughest maidence m pre natal and post natal mortahty
with these changes obsrrved 1n the gastnic acdity



CHAPTER 3

CO-ORDINATION OF MOTOR
AND SECRETORY FUNCTIONS OF THL STOMAGH

The motor and secretory responses of the stomach will be studied 1 therr
phases of the interdigestive and digestive stomachs m order to establish
ther relationship

THE INTERDIGESTIVE PHASE
Tre Fasting Stomacs

The intake of food 1s normally dependent on the metabolic needs of the
body and s regulated by the sensations of appetite and hunger

Appetste and hunger (“I appeitt vient en mongeant’ , Rabelaw)

The terms appetite and hunger are frequently used synonymously, but
they represent different aspects of the desire to eat Hunger may exist
without appetite, that 15, there may be a refusal to take repugnant food when
hungry-—and appetite may exist without hunger, that 15, when there s a
temptation to eat succulent food without bemng hungry

Goodall (1908) attempted an analysis of the psychic factors in appetite
He defined appenite as a desire for food, a vague sensation entirely dependent
upon hunger, referred to the stomach but ongimating 1n the tissues, generally
as a result of a defimte want 1n them Thas he called the primitive hunger
factor In burds, some fishes and monkeys the visual factar has preference,
in the dog, the oifactary factor 1s chiefly concerned, in adult man, 1t is taste
The olfactory sensation 1 man appears more potent in mhibiting appetite
than 1n producing or augmentmng it

Sensations of hunger and appetite ncrease during the first two or three
days of starvauon and then decrease even to complete aboliion There s
complete absence of hunger after the fifth day (Lucian, 1911)

Appetite 35 augmented by tasung palatable foods——but hunger 1s intubited
by taking or chewing palatable foods It would seem that hunger has reached
3ts brological end as a motor stimulus when the foods reach the mouth, and
at that stage appetite takes the place of hunger as the gude to the quanuty
of foods to be mngested {Cannon and Laeb, 1911)

According to Carlson (1912) the contractions of the empty stomach give
1se to the sensation of hunger or ‘hunger pangs by sumulation of different
nenve endings i the wall of the h and not by lation of nerve
endings 1n the gastric mucosa
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Osborne and Mendel (1918) stated that desire of a young animal for food
13 something more than the mere satisfaction of calonfic needs Rats and
ruce make selections which as a rule, are advantageous nutntionally
(Mitchell and Mendel, 1921) Ruchter, Holt and Barelare (1937, 1938)
found that rats would sclect a diet adequate for normal growth and repro
duction from a number of purified foodstuffs simultaneously and separately
available

Taste or appetite may not be safe guides 1n nutntion (Hoelzel and hleit
man, 1927

Meyer and Carlson (1917) and Sleeth and Van Liere (1937) observed a
depressing effect on appetite due to ngh environmental temperatures

According to Patterson (1933) the complex sensations that urge man and
the higher ammals to the ingestion of food are called hunger and appetite
these two sensations are very intimately interrelated According to one view,
appeute 13 the first degree of hunger it1s associated with a desire to eat and
1smuld pleasant and agreeable in character Hunger on the contrary, 1s the
resultofnot g appetite and isa more ad dcond. disagreeabl

unpleasant and cven pamful From this viewpoint appetite and hunger differ
only quantitatively Appetite may exist long after hunger has been satisfied
Three groups of theories have been advanced to explain the genesis of hunger
and appetite (1) those of a perpheral ongn involving the stimulation of
sensory nerves chrefly in the digestive tract, (2) those of central ertgin mvolving
a direct simulation of a hypothetical hunger centre n the brain by the
blood or by changes in the metabolism 1n the centre atself, (3) those of 2
general sensation involving a combination of both central and general periphe
ral factors of hunger

Ruchter and Hawkes {1940) observed that, 1n rats, mgestion of thiamine
chlonde sumulated the carbohydrate appetite ingestion of nboflavin the fat
appetite  and ingestion of the four vitamms—thamine chlonde nbo
flavin nicotimic acid and vitamin B~ d the carbohyd pp
almost to normal and decreased the fat appetite to normal

Although flavour may play an important role i the determmation of
appetite 1t 1s operative only when the diets are reasonably complete 1t1s
entirely meffective when deficiencies 1n the diet exist (Cowgill Deuel and
Smuth 1925)

According to Quigley (1942) appetite 1s a cerebral phenomenon a conds
uoned tefiex developed largely on previvus feedmg expenences which cansed
the disappearance of the hunger distress and 1ts replacement by the fechng of
well being Appetite 1s also based on the agreeable smell the taste and the
appearance of food on habit and many other factors and m general 13 a
pleasant expenience According to Rchter (1942) t1s the direct expression of
internal orgamic states of need and he maintained that self selection or correc

tion of diet induced by various hormonal or flud balance disturbances are
part of an 1c self h e T
of expenience

According to Young (1944) the general state of the orgamism-—chemical
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and neural—determines food preferences A sense of smell plays 2 dominant
role (Young, 1945) Habit 1s an effective factor n the selection of food
(Young, 1946)

The observation that five mulhgrams of d amphetamme abolishes all
hunger sensations, inhibits food 1ntake 1n normal ammals and inhibits sham
feeding, and depresses food intake i the gastric denervated ammal, mdicates
that the action 1s on the brain and, therefore, that the hunger sensation 1s
central rather than peripheral m ongm (Harns, Ivy and Searle, 1947)

Appetite or “desire to eat” appears, according to Ginsberg, Feldman and
Necheles (1948) to be primarily a psychic phenomenon The appetite gastric
Juice 1s quantitatively related to food The sensations of hunger nduced by
msulin continue to occur after complete vagotomy in man Vagotomy
abolishes the gastric hunger pang by abolishing the gastric hunger contrac
tions, not by interrupting the sensory pathway (Grossman and Stein, 1948-49)

According to Janowitz and Grossman (1949) the problem of hunger and
appetite 1s an analysis of the factors mvolved n the adjustment of the intake
of required nutritional matenials to bodily needs Hunger can be considered
1n terms of three superimposed aspects (1) the physiological aspects, which
may range from broch 1 deter to h 1c regulanty
mechamsms, (2) behavioural aspects, and (3) conscious aspects The hunger
state has twomamifestations (1) hunger behaviour, whichis the motor acivity
independent of learning, and (2) hunger sensation, which 1s the mental
correlative (the psychic adjunct) Appetite 15 the desire to eat and specific
appetites are desires to eat specific foods According to Debrée, Mozziconacci
and Allotteau (1950) appetite 1s a psychic manifestation while hunger 1s a
somatic manifestation, ordinarily not conditioned by a psychic activity al
though it may temporanly be inhibited by affective perturbations (emotions)

Dusturbance of appetste

Green (1925) drew attention to a specific form of perverted appetite
observed 1n cattle—‘“bovine osteophagia’ This perversion of appetite or
pica mamfesting itself as an allotriophagia or habit of eating muscellaneous
idigestible material 15 also observed m man in abnormal states of health
Theiler, Green and Viljoen (quoted by Ruchter 1942-43) found that osteo-
malacia, so prevalent i South African cattle, was associated with a phos-
phorus deficiency 1 the soil and vegetations of the regions in which the
disease was prevalent, and that such animals were confirmed bone eaters
Richter (1942-43) has suggested the possibility that various phenomena,
ordinanly spoken of as perverted appetites, such as coprophagy infanto~
phaga, autophagia, placenta eating and bone eating, may be regarded as
nstances of self regulatory activities

The period of interdigestive or hunger motility

Hunger contractions
Carlson (1912) established that during the first twenty four hours after
a meal, the empty stomach exlubits two types of rhythmic movements one
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relatively feeble, but with 2 rate of of
twenty scconds’ duration, the other relatively strong contractions which
may end in tetanus The individual contractions of the group rhythm and
the 2 of the rhythmarer d as hunger
pans The thythms of the empty 'h make their apy whether
the stomach mucosa 15 aaid or alkahine 1n reaction, but strong acdity or
strong alkalimty causes mnhibiion All the essential charactenstics of the
hunger contractions of the empty stomach are determined by the local gastric
mechanisms and not the extrinsic nerves

Cannon and Washburn (1912) showed that the contractions of the empty
stomach were related to th of hunger Thenhib of th h
actvity and the cessation of the hunger pains run parallel (Cannon and
Lieb 1911)

According to Carlson, Orr and McGrath (1914) the similanty between
the hunger contractions of the main stomach and of the stomach pouch
supports the view that these contractions are caused pnmanly by a gastnic
automatism and not by motor impulses via the vagi nerves When the
musculans and myenteric 1sthmus jormng the main and the secondary
stomachs 13 relatively narrow the two hs exhibit pl dep
dence of the hunger contractions, even to the point of vigorous activity of the
one during quiescence of the other Ths fact pomts to a local automatism as
the primary factor rather than to the condition of the bloed, as the character
of the blood flowing to the main stomach and the stomach pouchisnecessanly
the same Hunger contractions of the empty stomach decrease with age
(Patterson 1914)

According to Hoelzel {1927) hunger produces a general increase in
amitability of the central nervous system and vasomotor instability Antmals
appear to expertence hunger after extirpation or denervation of the stomach,
and also after ¥, splanch and coehac gangl He
observed himself (reported by Carlson 1917-18b) duning a fast which lasted
41 days and he found that satiety cannot be produced until all the elements
of hunger indicated at any time are satisfied by the amount and kind of food
craved That the stomach 1s not the sole element 1n the production of hunger
has been shown by Wangensteen and Carlson (1931) who reported the
occurrence of hunger n a case of lete g y

Faradic || of the h and d produces localized
epigastnic pan (Boyden and Rigler 1934) Hunger contractions occurring in
the completely denervated stomach are stnkingly simlar in the transplanted
gastric pouches and the mamn stomach from which they are made (Quigley
Zettelman and Ivy 1934)

That hunger 15 not duc to a general bodily state 1s shown by the fact that
1t 18 aroused while the mtestine still contains plenty of unabsorbed food and
becomes less intense 1n prolonged pertods of starvation Filling the stomach
with bulky matenal which possesses httle nutntive value or 1s totally

medible, inhibits contractions characterstic of the empty organ and reheves
the pangs of hunger 1t may even create a fecling of satisfaction

L
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In the active stomach, sham feeding abolishes tonus waves In the mac
tive stomach, sham feeding results in the imtiation of motor activity and in an
acrease 1n tonus (Lorber, Komarov and Shay, 1949)

There appears to be no explanation for the fact that whereas hunger
contractions mmitiate disagreeable sensations, digestive contractions, which
appear to be ssmilar mn nature, do not do so

The inhibstion of hunger contractions

Motor intubitton of the gastro mtestmal tract 1s produced by laparotomy
(Pal, 1890) Bayhss and Starkng (1899) found that when the abdomen of a
dog was opened 1n a warm bath of saline solution the intestines were colla psed
and less Handling the “produced reflex mhsbition of the
whole length of the intesine which was abolished by section of *he extrinsic
nerves of the gut  This observation was confirmed by Cannon ( 1906} and
Auer (1907)

Hunger contractions are inibsted most effectively by the ingestion of food
and more transiently by the sight of food (oral inhubition), by smoking, by
psychic disturbances or by a varzety of sumuly, especially those mvolving pan
from any part of the body but the hunger pain itself1s an exception Carlson
(1913) has shown that the duration of the inhbition depends upon the
quantity of material mtroduced into the stomach and on the degree of the
hunger contractions This mhibition persists after section of both splanchnic
nerves but 1t 15 greater after section of both splanchme and vagus nerves
The mhibztson 15 therefore primanly a local reflex The sensation of hunger
by contractions of the empty stomach in man, (confirmed 1n dogs) 1s due to
stmulation of different nerve endings 1n the walls of the stomach and nat to
sumulation of the nerve endings an the gastric mucosa The absence of food
means absence of mechamcal simult and cessation or diminytion of the
secretion of gastric juice, and hence a dimnished acidity This mhubition 15
1n part dependent on the central nervous system, the afferent nerves being
the vagt The contractions of the empty stomach may also be inhibrted by
stimulation of the taste buds and by mechanical simulation of the afferent
nerve endings in the mouth caused by chewing ndifferent substances

‘The mo of swallowing lead 10 a temporary mhibition of the tonus
of the stomach ( ‘receptive relaxation ) The mnhibition of the stomach
activity and the cessation of hunger pamns run parallel Movements of the
stomach are greatly d hed or absent al her when the health and
vigour are tn any way impaired (Carlson 1912-13) Brunemeier and Carlson

(1914) observed that mhibition of gastric tonus and contractions followed
stumulation of the intesunal mucosa with a glass rod Carlson {1915)
corroborated Cannon (1906) by reporting that hunger contractions of the
stomach could be inhibited via both extrinsic and ntrinsic pathways when
the intestinal mucosa was sumulated ch lly or b lly Expers-
mental hyperglycaenua produced by intravenous injection af gluco ¢ mhbits
normal gastric hunger contractions (Bulatao and Carlson, 1924) 4 4 also
inhibited by the introduction of dextrose or cane sugar mnto the duodenum
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45 well as by subcutancous mnjection of stropine or adrenaline (Quigley
Johnson and Salomon, 1929}

Imputlses from the urigary tract, rectum peritoneum and fram certan skin
areas zefle<ly dimmish the tonus and movements of the small intesine in a
fashion analogous 1o that of the h the splanch g the
efferent paths for these reflexes (Rang 1824, Mathur, Gandlay and Mann
1948) Sumiar effects are produced by distension of the colon (Pearcy and
Van Liere 1926), of the rectum {Loaw and Patierson 1935, Youmans and
Meck, 1937}, by anhydraema (Rose and Stucky 1928), anoxaemua (Crister,
Van Liere and Booher 1932, Pickett and Van Liere, 1939, but not by
Hellebrandt Brogdon and Hoopes 1935}, anacmua {Van Liere, Sleeth and
Northup, 1936}, and amyf nitnte {Pamnter, Todd and huenzet 1939-40)

The stimulation of hunger contractions
THE EFFECT OF INSULIN

1n msubin hypoglycaerma (sn notmal dogs} mcrease 1 gastric tonus and
hunger contractions appear at & blood sugar concentration of 0 08-0 07 per
cent (Bufatao and Carlson 1924) These expeniments were confiemed by
Mulmos {1927-28) n dogs and Qingley, Johnson and Solomon {1929)
pormal human subjects The mschn response 1 completely sntubited by the

k of atropme {Quigley, Johnson and Solomon 1929,
Qangley and Solomon, 1929-30) Insubn does not increase the gastrsc bunger
contraction m vagatarmized dogs (Quigley and Templeton, 1930b) and mway
therefore be used as a test of the mtegnty of the vagr Lalich Youmans and

Meck {1937) confirmed that msulm 3n mtact dogs augments gastric movhty,
after y the 1 18 replaced by anhut

Grogsman Cummms and Ivy {1947) suggested that smee msuln canses
avgmentation of food mtake both in normal dogs and 11 dogs wath mtnns
cally denervated stomachs the wsulin hypoglycaenua acts directly upon the
bram to exate food takimg actwty

Relation of the hunger penods of the stomack and duodenum
Quigley and Soloman (1829-30) confirmed the observations of Ivy and

Vicedman {1925) that the hunger peniods of the stomach and dusdenum are
mtimately related

The peried of wmterdegesteve or basal secretran

“The period of interdigestive or basal seeretion concerns the secretions which
occur a0 the absence of food 1n the stomach According to Carlson (1916}
normal human gastric yuice {appetite secretion), when secreted above a
certam nmmmum rate, shows a practically constant total acdity of nearly
Q5 per cent HCI or the same as the gastsac puce 1 normal dogs The gastnie
jusce secreted by the normal stomach at a low rate shaws lower than normal
acdity and total chlonde The contents of the empty stomach and the
cantimmous or hunger secrenon have a unsformly lower acidity than the
appetste quice The total aciduty of the cantents of the empty stomach 15
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In the active stomach, sham feeding abolishes tonus waves In the 1nac-
tive stomach, sham feeding results in the mitiation of motor acuvity and i an
mncrease 1n tonus (Lorber, homarov and Shay, 1949)

There appears to be no explanation for the fact that whereas hunger
contractions mshate disagreeable sensations, digestive contractions, which
appear to be sular in nature, do not do so

The wnfubition of hunger contractions

Motor mhibition of the gastro mtestinal tract 15 produced by laparotomy
(Pal, 1890) Bayhss and Starhing (1899) found that when the abdomen of a
dog was opened m a warm bath of saline solution the mtestines were collapsed
and motionless Handling the mtestine “produced reflex mhibition of the
whole length of the mntestine which was abolished by section of *he extrinsic
nerves of the gut* This observation was confirmed by Cannon (1906} and
Auer (1907}

Hunger contractions are inhibited most effectively by the igestion of food
and more transiently by the sight of food (oral whibition), by smoking, by
psychic disturbances or by a vanety of stumuly, especially those mvolving pam
from any part of the body but the hunger pamn tself1s an exception Carlson
{1913) has shown that the duration of the inhibition depends upon the
quantity of material mtroduced snto the stomach and on the degree of the
hunger contractions This snhibition persists after section of both splanchmc
nerves but 1t 1s greater after section of both splanchmc and Vagus nerves
The inhibition 15 therefore primantly a local reflex The sensaton of hunger
by contractions of the empty stomach m man, {confirmed m dogs) 1s due to
sumulation of different nerve endings i the walls of the stomach and not to

1 of the nerve endings 1n the gasine mucosa The absence of food
means absence of mechanical simult and cessation or diminution of the
secretion of gastric ymce and hence a duninished aaidity This mhibitron 15
m part dependent on the central nervous system, the afferent nerves being
the vagt The contractions of the empty stomach may also be mbbited by
stimulation of the taste buds and by mechanical stimulation of the afferent
nerve endings i the mouth caused by ch g inciffe b: es

The movements of swallowing lead to a temporary mhibition of the tonus
of the stomach (“receptive relaxation ) The mhibition of the stomach
autivaty and the cessation of hunger pains sun paraltel Movements of the
stomach are greatly d hed or absent altogether when the health and
vigour are 1n any way imparred (Carlson, 1912~13) Brunemerer and Carlson

(1914) observed that mhibrtion of gastric tonus and contractions followed
stimulation of the intestinal mucosa with a glass rod Carlson (1915)
corroborated Cannon (1906) by reporting that hunger contractions of the
stomach could be nlubited via both extrinsic and mtrmsic pathways when
the intestinal mucosa was stimulated chermueally or mechanically Expen-
mental hyperglycacmia produced by intravenous mjection of glucose hibsts
normal gastric hunger contracttons {Bulatao and Carlson, 1924) 1t 45 also
inhibited by the mtroduction of dextrose or cane sugar mto the ducdenum
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CO-ORDINATION OF MOTOR AND SECRETORY FUNCTIONS OF STOMAGH
Effect of food on gastric evacnation

Best and Cohnhaim (1910b), 1n observations on dogs with gastnic fistula
and severed ocsophagus, found that gastric emptying depended entirely on
the quantity of food 1n the stomach Evacuation of 0 9 per cent sahne was
quicker than that of water and still quicker than that of 2 per cent saline
Heat did not appear to have any influence

Northrop (1945) found that the average gastnic emptying time 1n young
males was a Iittle over 2 hours Birchall, Fenton and Pierce (1946} observed
1m rats that gastric emptying time and ntestinal absorption were greater
with large volumes than small volumes of equal concentration and with
concentrated solutions when contrasted with diluted solutions of equal
volume Sumlar results were observed by Fenton and Pierce (1947) when
cereal starch was fed to rats That the vag are not essential for the production
of thus effect was shown in Heident pouch pl and Quigley,
1929-30) and 1o vagotormized stomachs (Quigley and Hallaran, 1932)

The action of glucose on the emptying of the stomach vanes according to
the concentration both 1n the normal h and hs foll Ty
gastric operations (Johnson and Ravdin 1935), the rate of gastric discharge
of glucose solutions decreases with time (Pierce Haegeand Fenton, 1941-42),
the mhibitory effect of a solution of glucose duced mnto the duod
15 1ot speaific since a sumlar effect 1s produced by a 5 per cent solution of
sodwm chloride (Shay, Gershon Cohen, Fels and Siplet, 1942)

That fat 1s not spearfic in ding gastric emptying was d d by
Van Liere, Northup and Stickney (1946) who showed that the additon of
25 g of glucose to a test meal sigmificantly delayed gastnic emptying the
delay of emptying increasing as the concentration of glucose Henschel heys
Sturgeon and Taylor (1947) replaced part of the test mealiso-caloncally with
fat or sugar No delay 1n emptying was seen even when fat accounted for 70
per cent of the calories of the test meal Hunt and Spurrell (1948) found that
1t was necessary to add 100 g of sucrose to a on¢ pint test meal 1n order to
cause a sigmificant delay 1n emptying

Hunt and Macdonald (1954} observed that 1n man the larger the smtial
volume of the meal the greater was the mtal rate of emptying

Protens

‘The gastro-inhibitory effects of proteins and their acid digestion products
when placed i the ntestine are quahtauvely similar and resemble the
mhabitory effect of HCI (Thomas and Cnder, 1939) *

Carbohydrates

Carbohydrates require but little gastnc motility and secretion a 5 per
cent solution of glucose produces very shght secretion and leaves the stomach

g to Arth (1909) the time of the stamach 1 dogs (fed on raw
meat) 8 proportional to the square root of the amount of food tngested and the, : jusce seereted
=k /amountolfood ingested (K = 36 1)
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about 0 2 per cent or less The acidity of the continuous or hunger secretion
1s higher and the greater the sccretion rate the higher the acdity until at may
equal that of the appetite juice In no instance does the acidity of the contin
ued secretion exceed that of the appetite juice
In starvation, there 1s 2 continuous gastric secretion which shows appar
ently spontancous periods of more rapid secretton Hoelzel (1926}, who
subrutted humself to long pertods of starvation, observed that during a fast
of 40 days the acidity of the fasting gastric contents vanied mamly mn syn
chrony with the pertod of gastric motor activity It was relatively high on
some days while 1t remamed characterstically low on other days
Necheles (1949) thought that the interdigestive phase with little or no acid
secretion exssts in many persons durmng sleep but rarely durng the day and
that ats occurrence may depend on diet and exaitability of the secretory
mechanism
The question of complete gastric secretory rest 1 day time 1n the human
bewng ss rather an academic one since thinking of food, swallowing of salisa
and regurgitation of duedenal juices act as sumulants of gastric secretion
Sensations of hunger do not appear immediately on awakening but are
usually produced some time later following physical activity, small amounts
of acid 1n the stom ich do not usually give r1s¢ to hunger pamns The contents
of the human stomach after awakening may be due to might secretion which
has been retained 1n the stomach or to some sudden onset of secretion
‘The volume of the gastric residue may vary within wide hmits Carlson
(1915a) found an average of 20 cc , Rehfuss, Bergemm and Hawk (1914a),
Rehfuss and Hawk (1921}, and Baird, Campbell and Hern ( 1924b) observed
arange of a few cc to 180 cc m normal persons with an average of 50 c¢

THE DIGLSTIVE PHASE

Tue RECULATION OF THE MOTOR ACTIVITY OF THE
DIGESTIVE PERIOD

According to Grey (1917~18) the normal stomach possesses a striking
capacty for adapting 1ts size to the volume of its contents with only mimmat
changes 1n intragastric pressure This capacity disappears only shortly before
the viscus ruptures As the rate of change in volume of contents mcereases, the
extent of the postural activity decreases The extrinsic nerves are not directly
concerned with the postural configuration of the viscus The mechanism
responsible for these changes concerns solely the musculature stself together
with the intrmsic nervous mechamsm Soon after the stomach has become
filled, penstaltic waves are scen to take thesr ongin about the middle of the
body of the viscus, and to course towards the pylorus The region aboye the
origin of these waves—that 1s, the cardrac half of the body of the stomac,
and 21l the fundus (the cardiac pouch)—is free from penstaltic waves bu s
the seat of tonic contraction which as digestion proceeds presses stead;|
with ncresing force upon the mass of food and debvers it slowly to the lower
and more active portion of the stomach



CO-ORDINATION OF MOTOR AND SECRETORY FUNCTIONS OF STOMAGH
Effect of food on gastric evacuation

Best and Cohnherm (1910b), 1n observations on dogs with gastnc fistula
and severed oesophagus, found that gastric emptying depended entirely on
the quantity of food 1 the stomach Evacuation of 0'9 per cent saline was
quicker than that of water and stull quicker than that of 2 per cent saline
Heat did not appear to have any mfluence

Northrop {1945) found that the average gastnc emptying time 1n young
males was a Iittle over 2 hours Birchall, Fenton and Pierce (1946) obsenved
1n rats that gastnic emptying time and mtestnal absorption were greater
wuh large \cluma than small vol of equal c and with

when ¢ i with diluted soluttons of equal
\elumc Simular results were observed by Fenton and Picree (1947) when
cereal starch was fed to rats That !hc sagiare not essental for the production
of this effect was shown 1 Hed 1 and Quugley,
1929-30) and in vagotomzed stomachs (quglcy and Hall:uan, 1932)

‘The action of glucose on the emptying ofthc varies g to
the concentration bath mn the normal h and m hs foll
gastric operations {Johnson and Ravdin 1935) the rate of gastric dlschargc
of glucose solutions decreases with time (Pierce, Haege and Fenton, 1941—42)
the nhubitory effect of a solution of glucose duced into the duod
13 not speafic since a sumlar effect 1s produced by a 5 per cent solution of
sodium chlonde (Shay, Gershon Cohen, F:Is and Slplct, 1942)

That fat 1s not speatfic in d ated by
Van Liere, Northup and Stckney (1946) who shtmcd that the additron of
25 g of glucose to a test meal sigmficantly delayed gastric emptymng the
delay of emptying increasing as the concentration of glucose Henschel, heys,
Sturgeon and Taylor (1947) replaced part of the test meal lswloncallywnh
fat or sugar No delay 1n emptying was seen even when fat accounted for 70
per cent of the calories of the test meal Hunt and Spurrell (1948) found that
it was necessary to add 100 g of sucrose to a onc pint test meal mn order to
cause a sigmificant delay i emptying

Hunt and Macdonald (1954) observed that 1n man the larger the mtial
volume of the meal, the greater was the mtial rate of emptymng

Protemns

The gastro-imtubitory effects of proteins and their aad digestion products
when placed 1n the imtesune are qualitatively similar and resemble the
mhibitory effect of HC (Thomas and Crider 1939) *

Carbokydrates

Carbohydrates require but httle gastnic motiity and secretion a 5 per
cent solunon of glucose produces very slight secretion and leaves the stomach

* According to Artk (1909) the ume of the stomach 11 dogs (fed onraw
meat) 18 proportional to the square root of the amount of food mgested and the juice secreted

=} Y 2Rounitoffood ingeited (b = 36 1)
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rapudly (Kalk, 1928) Carbohydrates entering the normal empty stomach
bt hunger contractions and this phenomenon occurs 1n the denervated
stomach and 15 definitely the result of a humoral factor (not carbohydrate
per se) produced by the presence of carbohydrate in the upper intestne
(Quigley and Phelps, 1934)

Fat

The observation that the presence of fat mn the upper digestwe tract
decreases gastric motility was first made by Ewald and Boas (1886) and
confirmed by Pavlov (1910) and his pupils Lintwarev (1903) demonstrated
that fats imuted to the intestine mhibited gastric motihty Edelman (1906)
and Carlson (1916) observed that fat decrensed the motility of the fasung
stomach Gannon (1911} observed roentgenologrcally that fats delayed gas
tric evacuation, which he ascribed to the effect of a reflex causing pyloro-
spasm According to Lim (1933) fat mhibits gastric motility and both the
nervous and chermeal phases of gastrie secretion, a nervous reflex not being
essential an this action, but a chemical one (see also enterogastrone) The
introduction of fatty acids or soaps 1nto the proximal intestine of fasting dogs
mhibts the motility of the pyloric antrum, sphincter and duodenal bulb i a
manner quahtatively simlar to that produced by natural fats {Quigley and
Meschan, 1941) Cream 1n the duodenum inhibuts the pyloric region and
decreases or reverses the antral bulbar basal and phasic pressure gradients
Fats retard gastric evacuation chiefly by decreasing antral propulsive
penstalsis Sphincter spasm 1s not snvelved, on the contrary, evacuation 18
retarded 1n spite of sphincter relaxation (Quigley, Werle, Ligon, Read,
Radzow and Meschan, 1941) The stomach empties very slowly after a large
amount of fat (Morin and Monges 1951)

Protemns (Thomas and Crider, 1939), carbohydrates (Quigley and Phelps,
1934) and fats (Quigley, Zettelman and Ivy, 1934), that 15 the marn consts
tuents of food, all bave a similar action on gastric motility and secretion,
namely, one of mhubition which vanies quanutatisely according to the quahty
of the substance concerned

Effect of acad on gastric motality

Therapeutic doses of hydrochloric acid 1 the stomack exert little or no
physiological acuon on the motor actvities and the pressure changes 1o the
pyloric sphincter region or on the process of gastric evacuation {Van Liere
and Sleeth, 1940) Hydrachloric acid 1n the dutods 1s moderately effective
1 suppressing the action of the pyloric antrum and this retards gastric evacu-~
ation The pylonc sphincter and the upper duodenum are also mhibited but
this appears to be of slight importance 1 the evacuation process (Quugley
Rerd, Radzow Meschan and Werle 1942) Gastric motility was progressively
nubited as the intestinal pH fell from 30 to 20 and completefy abolished
at pH 20 There was no effect above pH 30 Gastric motity gastnic
secretion and gasttic emptying are nfluenced 1n a parallel manner by acid
1 the mntestine (Thomas 1947)
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The presence of hydrochloric acad sn the upper intestine produces inhib:
tion of gastric motor activsty (Boldyreff, 1904} Strong solutiens of hydro-
chlonc aad {0 2¢ to 0 53 per cent} added to a test meal produce noted delay
of gastric evacuaton Weaker solutions of HCl {009 to 023 per cent)
prolong the evacuation trme tm achlorhydrc patients only (Shay and
Gershon Cohen, 1834) The threshold of gastnc inhibition 1n the dog 1s
betow pH 3, whereas the maxamum acidity of the mixed duodenal contents
when on a diet of lean meat 18 near pH 3 6 or even hagher when on a carbo-
hydrate or a fat diet The regulation of gastnic emptying depends not so
much on the aadity of the chyme entering the duodenum as on the food

b t lves or the prod of thar d (Thomas and

Crder, 1936, 1939)

Effect of alkal

Stewart and Boldyreff (1932) have shown that weak alkal leaves the
stomach with the same rapidity as weak acid (no hguid leaves the stomach
more rapidly than water) and that strong alkahs imhibit the emptymng of the
stomach as yuch as acxds

Sodwm brearbonate decreases the emptving time of the stomach (Van
Laere and Sleeth, 1910}

Influence of osmotic pressure

The observations of Apperly (1926) mndicate that the osmotic pressure of
the gastnic contents 1s a factor influencing the emptying time of the stomach
MacLeod, Magee and Purves (1930) found that hypertone glucase solutions
when fed to 7ats were reduced to y before and McS y
and Spurrel} {1933b) observed that hypertome meals delayed gastne evacua
tion proportionately to their hypertomaity According to Hung, Macdonald
and Spurrelt (1951}, the achievement of a certain mtragastric osmotic pres
sure by dilution 15 not a necessary precursor of gastric emptying after the
admunistration of pectin meals of high osmotic pressure

There 13 an interdependence of gastric secreton and CO, content of the
plasma (Apperly and Crabtree, 1931, Browne and Vineberg 1932) Anowa
1n dogs {Van Liere, Cnsler and Robmson 1933 Stickney and Van Liere
1942) and 1 human subyecss (Van Liere, Lough and Sleeth, 1936) and
severe anaemia {Jacobson and Palmer 1943) delay gasine emptymy

The effect of heat and cold

Shght elsvatians afhedy temperature do nat affect gastrie motibity whereas
cansiderable elevanons will depress 1t Tever (Meyer, Cohen and Carlson
1918) apphication of heat to the skin {Bogendotfer and Snell, 1930 Bloom
field and Polland 1933 Bisgard and Nye, 1940, Henschel, Taylor and keys,
1944} or of cold (Todd, 1930 Pamter Todd and huenzel, 1939-40) depress
gastnic motthty

The main factors which snfluence the emptying time of the stomach are
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{a) the motihty of the stomach self, (b) the consistency of the gastric
contents, (¢) the osmotic pressure of the gastric contents, and (d) the
quantty of matersal m the duodenum It should be remembered that the
pressure 1 the antrum must exceed that in the duodenum for the stomach to
empty Gastric evacuation 15 also influenced to some extent by the position
of the body, emptying being more rapid when the subject 15 lying on his
nght side than when he 1s standing or recumbent on hus left side (Best and
Taylor, 1945)

THE REGULATION OF THE SECRETORY ACTIVITY OF THE
Dicestive Periop

The secretory actwty of the gastric glands during the digestive penod 18
regulated in the following manner Special shmul are necessary for the ehict
tation of gastric secretion These may act either reflexly through the nervous
system, giving nise to the first, or nervous, or cephalic phase of gastnc secretion,
or through the body flurds, giving nise to the second, or chemcal phase of
gastnc secretion The composition of the gastric juice produced during the
first phase differs mn certamn respects from that produced during the second
phase (Babkm, 1944)

‘The cephalic phase

"The cephalic phase (first studied by Pavlov) 1s provoked by stimul such as
the thought, the smell or the sight and taste of food These stimuli act 1n the
presence of appetite through exther conditioned or unconditioned reflexes It
can also be produced by hypnotic suggestion and occurs in the absence of the
cerebral cortex The vagt are the efferent nerves of the cephahc phase since
cection of these nerves, as well as the admimstration of atropine, abolishes
this phase of secretion (Farrell 1928b) The gastric juice of the cephalic
phase 1s lnghly acid and possesses considerable peptic acuvity, the amount
of juice secreted 1s extremely vanable The volume of secretion 1s affected
by the appeute, the atttude of the subject, the type of food (agreeable or
disagreeable) and the manner in which the food 1s prepared Carlson ( 1915a)
confirmed the observations of Paviov (1910) that the mere act of chewang
indifferent substances and the stmulation of nerve endings in the mouth by
substances other than those directly related to foad cause no secretion of
gastnic Juice The rate of secretion of gastric yuice on mastication of palatable
food 15 directly proportional to the palatabibty of the food (mimmum rate
1 4 cc , maxumum rate 10 8 cc, average 3 5 cc, per mmute} On cessation
of chewing the secretion rate diminishes rapadly so that in 15-20 minutes the
gastric glands reach the level of the continuous gastric secretion, which vanes
from 2 to 50 cc per hour, the ligher figure being exceptional

The aadity of the gastnc juice depends on the rate of secretion—slow
secretzon all g time for ne \ by the alkaline mucous membrane

(Carlson Orr and Bnnkman, 1914) Sham feeding of milkand sham dnnking
of water yield practically equal quantities of appettte gastric juice Meat
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applied to the mouth of decercbrate dogs (sham feeding) exates gastne
scerevion (Zehony, 1923)

Cowgnll (1941) has ponted out that good cooking 1s the first stage 1n
digestion and the only stage over which control can bevoluntanly exercised

The chemtrcal phase

Following the first or nervous phase of gastric seerction there 1s a second or
chemizal phase, which 18 subdivided 1nto a pylone and an snfestinal phase

Pylonic phase

The pylonic phase of secretion can be lated by h 1d
and secretagogues Feeding re-establishes penstalus after fastng (24 hours)
Drnkuing water on the part of the thirsty ammal nearly always causes
secretion of gastnc yuice (Auer, 1907) Physiological salt solution 1n the
stomach does not stmulate the gastnc glands (Edkins, 1906)

According to Paviov (1910) distension is the only adequate type of mecha
nical sumulus known Absence of food means the absence of mechamical
sumuli and cessation or diminution of the secreuon of gastric juice and
hence, a diminished acidity (Carlson, 1913} Mechantcal distension of the
stomach stimulates gastnc secretion in man and dog 1n the Jatter with or
without the vag: intact (Lim, Ivy and McCarthy, 1925b) Secretagogues
may act per se or through the liberation of a gastric hormone The apphcation
of procaine to the gastne mucosa abolishes tk 34 tod:
and to local application of secretagogues (Ivy, 1941)

Uvnas (1942) observed that if the blood supply to the pylonc region was
abstructed the response of the gastnc glands to vagal simulation was reduced
or nearly abolished indicating that the pylonic region might be snstrumental
not only m the chenucal phase but alse in the nervous phase of gastric
secretion

Babkin (1938) suggested the foll g triple mect of the ch 1
phase of gastric secretions (1) there 1s first the formation of a hormone
(gastnn) 1n the pyloric and perhaps also in the intestinal mucosa when
certain substances present 1n the foodstuffs or formed from them dunng
digestion react with the pyloric or intestinal mucous membrane (2) the
direct secretagogue cffect of some food substances, or some products of their
digestion after they have been absorbed from the small mtesune, (3) the
direct effect produced on the vagal secretory centres by hypoglycaemua and
by certain substances circulaung 1n the blood

According to Ivy (1941) the secretion of the gastric phase mn the dog 1s
100-250 ¢c 1n 5 hours (20-50 cc per hour with mechanical sumulation and
2040 cc per hour with sccretagogues) 1n man the gastric phase produces
normally 225-350 cc 1n 5 hours

The wntestinal phase
s,

gues or are the only type of stimul which
produce gastric on appl to the Mid d has

1 1 cub
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noeffect Undue distenston or irritation of the intestme at first inhibits gastric
secretion, probably reflexly Ifmjury to the mucosa 1s produced, strimulation
may result from the absorption of secretagogues, posstbly histamine, produced
locally (Ivy, 1941) Secretagogues which act mn the stomach also act in the
intestine

The third phase 1s inhibited by atropine (Ivy, Lim and McCarthy, 1925)
In the dog atropine in non-toxic doses can abolish the secretion of HCI
praduced by food 1n the Pavlov pouch, in the Herdenham pouch and m
transplanted sub gastnie pouches without the my 1c plexus In
man, atropine apparently does not abolish the chemscal phase of secretion

THE EFFECT OF BILE

Beamer, Friedman, Thomas and Rehfuss (1944) found that following the
mntroduction into the ntestine, without special precautions, of substances
such as ground meats or meat digests a secretion of gastric uice was
usually obizined On the other hand, when bile was prevented from
entertng the h or taung m the and only 1sotomc
solutions were used, httle or no gastric secretton was evoked InPaviov pouch
dogs 1 which products of protemn digestion were mstiled in the mtestine
while bile was allowed to regurgstate the test solution bemng prevented from
doing so, secretion of gastric juice was observed to commence within half
an hour after the first appearance of bile 1 the stomach The volume of
gastric secretion varied roughly in proportion to the volume of bile which
regurgitaied and the duration of contact of the bile with the gastric mucosa
‘When solutions of dog or ox bile were placed 1n the main stomach of the
Pavlov pouch dog, the secretion of the pouch amounted on the average to
6 2 cc dunng the first hour following bile admnsstration, while the volume
for the control hour preceding bile adminmistration wasonly 0 7 cc , thus con
firming the early work of Sokolov (Paviov 1910) Contrary to the results of
Meyer, Ivy and McEnery (1924) they found that bile alone 1n the intestine
did not sumulate gastnc secretion With the normally mnervated stomach
or gastric pouch the introduction of potent gastric secretory stimulants into
the mtestine of fasting ammals was followed by secretion only under special
conditions  {1) presence of bie i the h or (2, H
rrtation due to hypertome solutions (3) a pre existing state of continuous
gastiic secretion, {4} posubly d of the They con
cluded that products of protemn digestion alone do not ehat an mtestinal
phase of gastric secretion

‘Tre INTESTINO INTESTINAL REFLEX
Savitch (1914) claimed that distension of the pylonic part of the stomach,
1n add:tion to sumulating the secretion of acid by the fundic glands (gastrin)
also acted as a powerful stimulus of peptic secretion Thts was confirmed by
voas (1948)
v P Su(x'zcr and Puche (1925) found that the effect of intestinal distension on
the intestine 1s the same as for the stomach, but the effect 1s less marked when
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the distended segment 1s further from the stomach and nearer to the ileo-
caecal valve
According to Pearcy and Van Liere (1926) distension of any portion of the
gastro ntestinal tract will produce inhubition of every portion ofthe tract, the
part stimulated will respond by contraction After parallel experiments on
the frog and the turtle Pearcy and Van Licre concluded that reflexes
lving phylog Iy old mech 1n the gut act locally, and that
reflexes acting 1n the gut at a distance from the sumuli are phylogenetieally
recent and mvolve recent nenvous structures
Hermann and Monn (1934) observed that distension of a segment of
duodenum jejunum or ileum provokes proxamally and dustally to the dus-
tended segment a reflex infub showing a ) arrest of contrac
tion and marked fall of intestinal tonus The reflex 15 abolished by bilateral
section of the splanchmces but persists after double vagotomy
Monn and Vial (19342 b ¢) showed that distension of the duodeneum
or Jejunum produced at the same time as an inht of the small
the T = of the h and a fall of gastric
tonus, that the splanchnies contarn the afferent and efferent segments of the
reflex arc which 1s situated between the 6th dorsal and Ist lumbar nerve
roots which comcide with the emergence of the spinal roots of the splanchmc
nerves and that distension which exceeds a pressure of 34 em of mercury 1s
capable of producing the reflex 1f 1t 15 situated in any part of the mtestinal
tract distal to the pylorus
Lalich Meek and Hernn (1936) found that the intestmo-gastric mhibstory
reflex produced by stmulation of yejunal Thiry segments may be mediated
by exther sympathetic or vagal pathways They suggested that the difference
between therr results and those of Monn and Vial (1934) may possibly be due
to the mterference by the anaesthetic with the vagus and that farlure to obtain
the reflex after one set of pathways 18 destroyed does not preclude the possiby
lity that the other set of nerves contams one limb of the reflex arc Chang and
Hsu (1941-42) found that stmulation of a loop of intestine by pressure heat,
mechameal 1njury or electrical shmulation of 1its afferent nerve causes an
inhibition of the whole mtestine
Youmans Karstens and Aumann (1942) found that only the sympathete
contains both afferent and efferent fibres According to Youmans (1944) the
hibition 13 accomplished primanly by means of a long reflex completed
through segments DL, of the spmal cord The thoraco-lumbar system
Pruvides ‘woln afierent and efierent prinways for Ine reéfiex. "There 15 no
evidence that the vagi contam either afferent or efferent pathways for the
reflex which 15 not mediated through the decentrabized pre aortic gangha
aod plexuses The central connections for the reflex are mamly 1pst lateral
and homosegmental Crowley (1942) observed that distension of an 1solated
loop of intestine wath mtact extrinsic nervous connections produced the same
charactersstic changes which were completely elummnated by section of the
el sned ae b oed -£at - gecond thoracic vertebra or by section of the
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Freund and Shechan (1943) obscrved in the resected jeyunal segments that
thed reflex was ob d after bilateral vagotomy and was abolished
by removal of both sympathetic chamns but not by bilateral splanchmcotomy
or hilateral abdomnal sympathectomy Section of the vagus after remaval of
the spinal cord from the cervical region downwards was without apparent
effect (Kuntz and Saccomanno, 1944) Hernin and Meck (1945) observed
that distension of a Thiry fistula in the first portion of the jejunum produced
vommung and anorewa, which was not abolished by vagotomy but was
abolished by bilateral splanch ymy and of the lumbar sympa
thetic cham

The rmmmal pressure required to ehat the reflex 1s lowered—the effec
tiveness 1s greater—as the length of the jejunum distended 15 increased This
may be explamed on the basts of spatial summation 1 the central nervous
system or 1n the autonomuc gangha mvolved (Peterson and Youmans, 1945}

THE INTERRLLATION OF THE SECRETORY AND MOTOR
TUNCTIONS

According to Edelman (1806) the movements of the stomach are related
to the secretion of gastric yuice Neutralization or dilution of the gastric juice
results 1 the cessation of the movements which are restored only when the
contents become agam strongly acid Hedblom and Cannon (1909) observed
that feeding of acid food was attended by a specially deep and rapid penistal
tic wave According to Best and Cohnt (1910} hyp dity provohes
hypermotility

Cannon (1811) observed that the two general factors of digestion, the
chemical and mechamcal which work towards the absorption of food, are
mtimately mnterrelated

‘The strikang parallelism of resp under of rest and muscular
activity was reported by Hellebrandtand Dimmatt (1934), Hellebrandt and
Tepper (1934), Woll and Wolff (1943}, Babkin (1944)

Heliebrandt (1935) concluded from her observations thatrecurrent hunger
cycles of the human fasting h ase d with £l n the
acdity of the gastnic contents and that these two phases of gastric function
augment and subside 1n umison

The motihity of stomachs n mfancy increases or dimishes as the gastnc
acidity nises or falls (Davidsohn 1921)

Grossman (1950) considered that no final statement can be made as to
whether or not there are separate physiological hormones for motor and
secretory mhibinon He argued that the motor mhibitor in sntestinal extracts
1s not the physiological motor wtubitory hormone The secretory depressant
1n intestinal extracts may or may not be the physiological hormone af 1t 19
then the physiological hormones for motor and secretory wmhibition are
separable

In conclusion 1t may be recalled that sumulation of the vag: produces an
(nerease i both the secretion and motility of the stomach and stimulation of
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the splanchnics prod hib of both secretion and motlity Section
of these nenves prod 1 ly the opp effect 1n both reactions
The effect of' sensor) sumulation (sciatic nerve) as observed by the dilauon of
the pupls, produces infubition of gastnic penstalsis and inhibiton of gastric
secretion Elccmcal stimulation of the serosa of the secreting stomach pro-
duces an and of the muscle fibres

It should be remembered, paruculnrly from the pomt of view of us
climeal appl , that the of and motlity cannot be
dissociated, that the factors which stimulate the one also stimulate the other,
both of ly and m an :d 1 manner to a gnen
sumulus, and that the reverse process 15 equally true m as much as the
pathologcal conditions which mhibit the one also inhubat the other function




CHAPTER 4

THE LAW OF ISOPERISTALSIS AND
ITS COROLLARIES

THE LAW OF ISOPERISTALSIS

The behaviour of the peristaltic wave

It has been shown that the penstaltic wave forms the most important
] 1 the tr of the I contents It may be imtiated by
nervous, physical and chemical sumuli The act of deglutition and the pres
ence of food m the stomach provide the necessary stimuli
The regulation of the motor function of the gastro-intestinal tract appears
to be composed of three elements (1) the local reaction of the smooth
muscle, (2) the control of short distances by the connecting fibres of the
ntrnsic nervous system through the polanty of short strips of nerve fibres,
(3) the control of long distances by the extninsic nervous system
In their action on the gastro mtestinal tract, the sympathetic and para
sympathetic nerves do not display the antagomsm which characterizes therr
action on other organs They are mixed nerves with a motor preponderance
1n the vagus and an mhbitory preponderance in the sympathetic
The grading of the strength of contraction ss largely due to variations in
the number and frequency of mpulses discharged dunng cach contraction,
whether the nature of therr response to visceral nerve fibres 1s all-or-none 1n
character or graded {not all or none)
1f one accepts the summation of responses or the hypothesis of quantum
of ck I med liberated 1n resp to quantum nervous
impulses the final result will produce a gradient effect which corresponds
to the gradient theory of Alvarez and which may be interpreted as an
adaptaton to function The greatest number of responses will occur 1n the
stomach which reccives the greatest number of impulses the wave will be
strongest at its onigm, become weaker and gradually fade out its energy
being absorbed as st travels down the gut If, however the wave 1s arrested
either by an organic or functional obstruction before 1t 13 absorbed, 1t wall
be folded back on itself and 1ts direction reversed This may happen but
only to a shght extent in the termunal ileum when the waves butt agamst the
caccum, but there 1s no evidence that normally reversed peristalsis occurs
proxumally to the 1leo-caecal junction
1t 15 self-cvident that the factors which control the normal motor function
of the gastro-ntestinal tract whether myogemc or neurogenie, are only
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concerned with the propulsion of the 1 there appearsto be
po physiological mechamism which actively reverses the direction of 1ts
forward movement ‘The muscle fibres have their own local reactions which
are dependent on a nervous system for the coordination of ther
individual functions The joint action of these two elements directs the orderly
advance of the wave and while many local chemical processes take place 1t
maintains a segrmental equlibrium as part of 2 general equilibrium of the gut
The term 1sopenistalsis  has been suggested to describe this function mn order
to cmphasize the general state of stability which persists at the same time as
the succeeding waves move down the intestnal canal The penstaltic wave
hasa quantumvalue 1t subrmts to the laws of the ondulatory theory of clastic
bodies thatis 1t has amplitude, length (frequency) and speed of proy
(veloaity) Frequency and velocity of the wave are the same before and after

l but amplitude d hes through absorpion of part of its energy

The behaviour of the penstaltic wave which imposes the forward propul
s0n of the mtestinal contents, may be expressed as a law—the law of 1s0-
penstalus—which postulates that the normal penstalic wave 1nvarably
moves 1 an oral aboral direction and that when ths forward direction 13
reversed 1t must be considered as a pathological deviation from the normal.

From the law of wso-peristalsis may be deduced the corollary of the func-
tion of the al y sph The al v sph actin twoways
(1) passively as anatomucally undifferentiated structures m the foreward
transmussion of the penstaltic wave, and (2) actizely as functionally speaa
hized structures 1n the prevention of reflux of the intestinal contents at critical
Junctions (Spira, 1954)

THE GASTRO ILEAC GASTRO COLIC AND ILEO GASTRIC

REFLEXES
The investigation of the gastro-leac, gastro-cohic and 1leo-gastnc reflexes
throws further hight on the motor fi of the gastro- I tract

Gastro-ileac reflex

The observation that the taking of food 1s followed by mcreased actvity
of the lower part of the ileum was referred to by MacEwen (1904) and
confirmed on the human subject by Holzknecht (1909) Barclay (1912)
Hurst (1913b) Hurst and Newtan (1913), Case (1914c) and Short (1919)

Hinnchsen and Ivy (1931) beheved that the gastro-ileal reflex (Hurst,
1918) or the duodeno-leal reflex (Ivy and McIlvan 1923 Welch and Plant
1926 and Pearcy and Van Laere, 1926) 15 a true reflex They suggested that
the duodeno-ileal reflex 15 2 more correct term because the changes 1n the
sleocaecal sphincter are more readily brought about by distension of the duo-
denum than dstension of the stomach Douglas and Mann (1939) made
observations on exterorzed loops 1n normal ammals vagotomized ant
mals ammals with gastric fistulae ammals 11 which the food residues were
short-cirewited past the loop and finally 1n amimals with 1solated loops A
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regular cycle of actvity was noted in the normal aymal, a rapid motor
response to feeding, followed by prolonged activity which gradually dimin
1shed until, after forty-eight hours of fasting, the activity was extremely feeble
The motor response was noted as constant after feeding by gastric fistula asin
the normal animal and after double thoracic vagotomy as before Complete
1solation of the loop resulted 1n absence of the motor response to feeding
They concluded that the degree and type of activity 1n the lower part of the
1leum of the dog 1s intimately connected with the ingestion of food, that the
so called gastro-leac reflex 15 not merely a feeding reflex, that st depends for
1ts mediation on the contmuty of the intestine, and that the vagus nerves,
which are generally believed to be the motor nerves of the small intestine,
play hittle part in the mediation

Watkins and Mann (1949) observed mn interchanged transplanted seg
ments of jejunum and 1leum that the rate of rhythmic contractions remained
unchanged but the motor response to feeding depended on the relative
position of the loop 1n relation to the remainder of the intestnal tract The
more oral the loop, the quicker does the motor response occur after feeding

Alvarez (1948} agreed with Sokolov s (1940) view that the gastro ileac
reflex 1s part of the wave which runs down the small bowel rapidly as soonas
good-tasting food 15 put nto the mouth

The gastro-colic reflex

The gastro-colic reflex appears to be an extension of the gastro-ileac reflex

Welch and Plant (1926) did not observe an effect upon the colonic activity
when dogs recetved food througha gastricfistula, they rejected Hurst s (1913)
view that the gastro colic reflex 13 dependent on the d of the st h
and they contended that colonic activity 1s an appetite reflex similar to the
appetite reflex in gastric secretion They also suggested the term “feeding
reflex * as 2 substitute for “gastro colic reflex” because they did not observe
anncrease in colon motubity when food was mtroduced through a gastrostomy
but an increase was observed when food wasswallowed Monroe and Emery
{1929) believed that the increase of activaty of the colon after food could be
explained on the gradient theory and was not a true gastro-cobic reflex

Galapeanx and Templeton (1937) rejected this suggestion becanse they
observed an augmentation which began shortly after the stomach was filled
and 1ncreased progressively Douglas and Mann (1940) observed that the
motor response occurred more rapidly after feeding by a duodenal fistula
than by mouth and that the proximal part of the colon exhibited greater
activity than the distal part After feeding, the distal colonic loop showed a
constant motor response from 2 to 7 minutes after 2 meal Inammalsm which
they extenionzed loops of small intestine at various Ievels they observed that
the 1egunal responsc occurred more rapidly than the ileac response and that
1n animals with two exteriorized loops the response appeared 1n the upper
loop before passing en to the Jower They concluded that following the
ngestion of food a wave of activity travelling at the rate of about 1 em per
sccond passes down the length of the small intestine, the gastro colic reflex
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does not appear to be part of this excitatory process and they questioned the
reflex nature of the reaction Douglas (1941) observed a simular nme relation
of the reaction and he suggested that the function of the response 1s probably
excretory The gastro-colic reflex 1s often followed by defaecanion and 1t 1s
probable that the gastro-ileac reflex represents defaccation of the small bowel
mto the colon Douglas (1949) obseryed in the duodenum a motor response to
feeding stmlar to that observed at other levels of the small ntestine and
colon It provided further evidence that a wave of activity passes down the
whole length of the bowel when food 1s first taken after a fast The time of
appearance of the response 1n the duodenum 1s very similar to that of its
appearance in the yjejunum

Ransella (1948) pointed out that “these gastro-tleac and gastro-cohc
reflexes are vanable more marked on some days than on others, better
developed 1n some people than in others, more marked after a large meal
thanafterasmallone The time at which the food reaches the caecum depends
not only on the bulk but also on the composttion and consistency of the meal
Bingham. Ingels Swnathwnck (19512) found 1n two patients that
diarthoea des eloped after sympathectomy and vagectomy and that therefore
the gastro-colic reflex apparently persisted even when the abmentary tract
1 extrinsically denervated between the gastric cardia and the sigmoxd

Thomas (1951) anserted two balloons 5 cm apart through a colonic fistula
2 dog’s duodenum so as to lie about 20 cm below the pylorus He observed
thatif2cc of NJI0HCl, 2 per cent soap solution or bile are tnjected between
the balloons there follows an mncrease 1n tone and 1n amplitude of thythmrc
contractions over the upper balloon and the oppostte effect over the lower
balloon. Ifthe injeetion 15 made above the upper balloon there 15 miibition
over both the balloons

The ileo-gastric reflex

Cannon (1909) stated that production of 2 weak tonus ring at the caccum
(produced by a pinch or by Ba Cl,) causes penstalic waves to pass over the
colon If the tonus nng 1s made at the termunus of the perstaltic waves ants
penstalue waves occur and sweep away the persstaltc waves If the tonus
nog1s made midway 1n the proimal colon the waves pass in exther direction
Gom the ring The tonus nng s therefore, the source of the waves Cole
(1913) thought that the distended termunal sleum produced the reflex
Barclay (1915) held 2 stmilar view

According to White (1918) delay in emptymg the stomach s the exception
2nd ot the rule 1n lesions of the lower part of the mtestine According to
Alvarez (1940) there 15 some evidence of an ileo-gastric  reflex thats of
because of nflammation 1 the caccum or appendix the progress of material
m the termupal segment of 1leum 15 delayed or stopped  there will be aslowmg
of prog, 1 the duod Gal x and Templeton (1937) found
that distension of the stomach with a ballaon 15 as effective 1n elictting
defaccation in untramed amumals a5 filling the stomach with a yeast and but
termulk mixture Braithwaite (1942) described the 1leo-gastric syndrome
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with two types of stimuh which are responsible for its production (1} those
arising in the gastricarea producing phenomenain theileo-caecal region, that
15, the gastro 1leacreflex, anormalnon pathological sequence, and a true nerve
reflex, (2) those ansing 1n the ileo caecal region giving nse to symptoms and
signs n the gastric area and probably of pathological ongin Thus 1s the 1leo-
gastric syndrome proper, mittated by three conditions (a) chronic appen
dicitss, () simple chronic ileo-caccal ademtis, and (¢) chronie tuberculous
adenitis Pylorospasm 1s present 1n a large per ge of these cond
together with delayed gastro-leac reflex plus stasis and spasm of the ileo-
caecal valve He suggested two theories as the possible cause of the syndrome
(1) the lymphatic theory—infected lymph getting to the stomach, gall bladder
and Liver, (2) the nervous theory—1mpulses transmutted through the supenor
sympathetic plexus—producing epigastric pamn, increased penstalsis and
pylerospasm It may, however, be suggested that there 1s a third possibility,
namely, that the syndrome 1s produced by retropenstalsis which 15 the
effective factor of the ileo-gastric reflex

It may be stated, m concluston, that the evidence supports the view that
the so called gastro-tleac, gastro colic and 1leo gastric reflexes do not exist
but are phenomena which may be explamned as simple applications of the law
of 1soperstalsis The gastro ileac and gastro colic reflexes become manafest
with the arnival of the penstaltic waves at their respective locations, they
appear at time intervals corresponding to the d which they traverse,
the ileo gastric reflex mamfests its presence after the penistaltic waves have
been obstructed and are reflected before they are absorbed when they appear
proxzmally as anhpcnstalu: waves

RETROPERISTALSIS

It may be accepted as a general rule that the normal penstaluc wave
invanably assumes a forward direction and that under ordmary conditions 2
reversal of the wave does not take place There 1s much evidence 1n support
of this view (Ellott and Barclay Smmth 1904) Schneller (1925) has pointed
out that in accordance with the law of the intestine of Bayhss and Starling
(1899) the forward movement m the gut 1s promoted while retropersstaltic
movements will be inhibited There are however, arcumstances which pro-
duce 2 reversal of the normal direction of the penstaltic wave

The reversal of the normal wave may be produced by several agents, st
may appear as a secondary effect which follows the arrest of the normal
penstaltic wave by a mechamcal obstruction, whuch reflects the wave before
1t1s absorbed Normally this phenomenon may be observed at the 1leo-caecal
junction where the differentiation of structure forms a natural obstacle to
the progress of the penstaluc wave and returns 1t for a short distance into the
1leum where 1t fades out It 13 too small to be significant gives nise 0 ng
symptoms and may, therefore, be 1gnored But when some obstruction i the
gutissufficient to interfere with the normal propulsion of the gastro-ntesunal
contents and gives rise to symptoms, then the reversal of the wave mugt be
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congdered as a pathologeal mansfestation On the other hand the reversal
of the wase which 1 brought about by some speafic substances mn the
contents of the gut may be conudered a biotogical phenomenon but may
acquire secondardy the attributes of a pathological manufestation

The retropenstalas assocrated with the general pathological conditions
which produce nausea and vormting and which inchude causes of centrnl, reflex
and toxaemic ongn will not be taken into consideration as they are outade
the scope of this thess, the argument here presented wall he himated to the
phenomenon of the reversal of dircction of the wave which oceurs with the
funcuonal and erganie disorders of the alimentary tract uself and with the
organs which are directly assocrated with 1t

Obstructive factor
Expenmental observations

11 18 selfeevndent that when a complete obstrustion appears sn the way of
the forward prog ofthe 1 1t will be arrested and made
to return from whenee 1t came Hedblom and Cannon (1909) found that
1 cats they could slow the progress of food through the h and small
sitesting of they simitated the eaecum sufficiently with croton ol Alvarez
and Hoso: {1921b) who preduced conuderable mflammation m the tssues
about the steo-caccal sphineter of rabbsts by wgecting a few drops of turpen
e mnto the sacculus rotundum observed that the amumals suffered from
diarshoea and that the deum was emptied orad Reverse waves in the pars
pylonca of the stomach of rabbuts suffering from mild  dynammic obstructon
{with grame cavse) of th 1 bserved by Alvarez (1927)
He conndered that 1aflammatory lesions i the sleo-caceal region such as
appenciaitis may produce all grades of back pressure up to vomiting of large
amounts of flmsde Smuth and Miiler (1928) mntroduced animtant croton oil
ito the proumal colon and air was dusced to cause mod: d
During the haght of the ancreased actvty reverse waves were often noted
Sumilar effects were produced by wmtanon of the appendix and the gall
bladder The reflex stmulation 1n the three cases was abolished by atropine
Templeton and Lawson (1931) were unable to detect any contractions which
they could classdy definitely as anupenstaluc Chuld (1933) showed on
Crenophores that the longer one keeps it the tussues corresponding
20 the lower end of the gradient the easser 1t 1¢ 0 produce reverse waves
Auer and hrueger {1947} observed m an nolated segment of the descending
colon in rabbts that a wave of nhib precedes a wave of
‘They produced anty lis by temporanly blocking a p e wave
the speed of the former being 1 10 4 of the speed of the latter Removalef the
wfluences of the central neryous systern abolished antpersstalas

Cloneal observations

Treves {1902) has noted that 1 acute viclent symp al
obstruction Ay sceur in cases 1 which at operation hitle parrowing was
found sn the lumen of the bowel Rosth (1912-13) believed that gangrene of
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with two types of sumuli which are responsible for 1ts production (1) those
arising 1n the gastricarea producing phenomena in thealeo-caecal region,, that
15, the gastro ileacreflex,anormalnon pathological sequence, andatruenerve
seflex, (2) those artsing n the ileo caccal region giving nise to symptoms and
signsn the gastric area and probably of pathelogical orgin Thus 1s the ilco-
gastric syndrome proper, imtiated by three conditions {a) chronic appen
diatis, (5) ssimple chronic ileo caecal ademtis, and (¢) chronie tuberculous
ademitis Pylorospasm 1s present in a large per ge of these cond
together with delayed gastro ileac reflex plus stasis and spasm of the ieo-
caecal valve He suggested two theories as the possible cause of the syndrome
(1) the lymphatic theory—infected lymph getting to the stomach, gall bladder
and hiver, (2) the nervous theory—impulses transmutted through the superror
sympathetic plexus—producing epigastric pain, increased penstalsis and
pylorospasm It may, however, be suggested that there 1s a third possibility,
namely, that the syndrome 15 produced by retropenstalsis which 1s the
effective factor of the ileo gastric reflex

1t may be stated, 1n conclusion, that the evidence supports the view that
the so called gastro 1leac, gastro colic and ileo gastric reflexes do not exist
but are phenomena which may be explained as simple applications of the law
of 1sopenstalsis The gastro 1leac and gastro colic reflexes become manifest
with the arnival of the peristaltic waves at their respective locations, they
appear at time ntervals corresponding to the distance which they traverse,
the 1leo gastric reflex mamtfests 1ts presence after the penstaltic waves have
been obstructed and are reflected before they 1re absorbed when they appear
proxsmally as antiperistalic waves

RETROPERISTALSIS

It may be accepted as a general rule that the normal penstaltic wave
nvariably assumes a forward direction and that under ordinary conditions a
reversal of the wave does not take place There 15 much evidence 1n support
of this view (Elott and Barclay Smth, 1904) Schneller {1925) has ponted
out that 1n accordance with the law of the mntestie of Bayliss and Starlng
(1899} the forward movement m the gut 1s promoted while retropenistaltic
movements will be inlibited There are, however, circumstances which pro-
duce a reversal of the normal direction of the penstaltic wave

The reversal of the normal wave may be produced by several agents 1t
may appear as a secondary effect which follows the arrest of the normal
penstaltic wave by a mechamcal obstruction, which reflects the wave before
1t 15 absorbed Normally this phenomenon may be observed at the 1leo caecal
Junction where the differentiation of structure forms a natural obstacle to
the progress of the perstalic wave and returns 1t for a short distance into the
Heum where 1t fades out It 1s too small to be sigmificant, gives nise to no
symptoms and may therefore, be ignored But w{xcn some obstruction 1n the
gutassuflicient to nterfere with the normal prop of the gastre 1
contents and gves nse to symptoms, then the reversal of the wave must be
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explams the presence of ble in the h after the ad of fatty
foods as an attempt at intestnad digestion of fat o the stomach He emphast
2ed that carbohydrates are never p d by r of bile
durmg the digestive perrod Crider and Thomas (1937) observed that bile
was found 1n the gastne contents regularly after olive ml had been given
and that when Wesson oil was adminstered to the anmmal st produced
vomiting They found that there was a greater delay i emptying when the
pylarus was kept open as compared to the control expernments and it
appeared to them that this was due o more frequent and extenswve regurgta
tson from the duodenum Frazer (1940) pomted out that a surplus of neutral
fat 1 the food results 1n defayed emptymng of the stomach, and great excesses
may cause vomung, so that under normal circumstances it 1s tmposuble for
more than carefully regulated quantties of fat to pass into the small intestine
at one tme

The effect of excessy e acsd was studied by Schnudt and Fogelson (1837}
who observed vomuting and regurgutation of bile when they admimstered
0 50 per cent mnstead of 0 36 per cent hydrochlonc aeid to their oesophagoto
muzed dogs Warkentn (1941) found that the mtroduction of acid anto the
mtact upper jejunum wiil regularly induce enterogastrie regurgtation after
bifateral secuon of the splanchmucs and vagr and exasion of the coebac

gangha This shows that such regurgitanon may be mediated solely by the
wtnnsic entertc nerves

Retropenstalsss in the upper duodenum

Camat (1913} and Carnot and Glénard (1913} observed in the olated
stomach and duodenum of cats only rare anupenstaltic waves in the corpus
1 the antrum  there may be reverse waves 1f the pressure m the duedenal
bulb 13 greater than that of the antrum In the duodenum regular antspens
taltic waves occur, but the duodenal bulb 1tself does not parteipate m these
contractons

Ganter (1921} 1n bus studses on the movements of the duodenum did not
mention the occurrence of antpenstalnc waves nor did Barsony (1921) an
s radiolopieal stuches Hend, (1923) stated that a true reverse pers
talus has never been observed According to Borcesco Béclire and Porcher
(1927) antipenstaluc waves occur normally 1 the second portion of the
duodenum but very rarely n the bulb A smular observation was made
roentgenclopically by Bolton and Salmon (1927) The pathological ant
penstaltic movements ocour vanably (according to Duval Roux and
Beclire 1925) when the organ 15 dilated the dilatation bemg produced (1)

spasm from a proxamal lesion or by reflex (appendix gall bladder), and
(2) by compression (stenosis)

According to De Beule (1931) three pathological groups give nse to

trop i Ba } 1 obstacle {2} duodenal paral and {3}
disequilibrium of innervation (through inflammatory pracesses gastro
pyloro-duodenitis) Buckstemn (1933) has Hy seen reverse & i
perstalus with typical to and fro wnthing movements whuch he thought were
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the caecum m obstructive tumours of the sigmoid flexure 1s the effect of
regurgitation resulting from antipersstalsis

Moynihan {1923) has pointed out that symptoms of duodenal ulcer may
be produced in cases of chromc appendicitis especially where tuberculous
glands are present i the eo colic angle, in cases of obstruction of the
duodenum 1n 1ts third part by the superior mesenteric artery, by the ileo
colic artery, or by tuberculous glands adherent to the duodenum, on erther
side of the superior mesenter:c artery, n cases of chronic nicotine porsoning,
and, in some cases of cholecystiis with or without stones In MacLean s
(1932) study of 300 cases of chronic appendicitis, delay i the filling of the
caecum was observed i about 50 per cent of the cases Alvarez (1940)
pomnted out that the commonest lesion at the lowest end of the small intestine
1s appendiciis which can produce all grades of intestinal back pressure, from
a barely demonstrable ileac stasis to the vomuting of large amounts of
mntestinal flnd

It may therefore be deduced, that any obstruction, erther functional or
orgamc, whch impedes or reverses the progress of the wave maust produce
delayed gastric emptying, an observation which has much clinicalimportance

The food factor

The second factor which 15 concerned with the regurgitation of the mtes
tmal juices mto the stomach 1s related to the gastric contents and more
specifically to the presence of fat, no other foodstuff has a simlar effect In
addition to the inlibitory effect which fat has on the motor and secretory
function of the stomach, it has been shown that the presence of fat in the
upper duodenum 15 responsible for the reversal of the normal direction of
the penstalic wave Boldyreff (1904) stated that there are three definte
conditions under which the mtestinal juices enter the stomach m the
experimental ammal (1) when the stomach 1s empty after prolonged star-
vatton, (2) by feeding with different types of fatty foods, (3) when thereis
an excess of acid present in the stomach

Cathcart (1911b) observed the regurgitation of bile after the admmstra
tan of o1l, oily or fatty foods and also after irritation of the pylorus Boldyreff
(1915) gave experimental evidence that only fats give nise to regular duode
nal regurgitation, definite observations having been made that this massive
regurgitatien consists of both bile and pancreatic secretion Grey (1917) ex
plained the duodenal regurgitation after fat which 1s only shghtly affected by
the gastric Juice as d g how the duod may aid the stomach
sn sts struggle with an unusual burden Lockwood and Chamberlain { 1923a)
observed biliary regurgitation tn 10 out of 13 cascs to whom they admunister
ed one ounce of olive o1l before an Ewald test meal Ryle (1931) has pomnted
out that the ingestion of greasy or fatty dishes of paraffin or of castor o, or
the smell of frying provoke nausea, which is absent 1n those paful gastric
disturbances like duodenal ulcer 1n which tonic and penstaluc actvity are
exaggerated {The expl 1on of ths pt will be found 1n the
chapter which deals with the Syndrome of Hyperfunction) Rehfuss (1929}

6



THE LAW OF ISOPERISTALSIS AND ITS COROLLARIES

has observed on the screen a drop of 3 mnches in the lower border of the stom
ach just before fanting occurred and also when the patient was given
nauscous substances to smell Keeton (1925) suggested that nausea results
from a motor dysfi of the duod most probably from a patholo
gical antipenstalsis

Dastension of the duodenum as a cause of nausea was observed by Ivy and
Vloedman (1925) Wheelon (1926), Dragstedt and Palmer (1932} Ingel
finger and Moss (1942), Gruber (1944), Wolf (1946) Penmington Haney
and Youmans (1946) produced nausea when they distended segments of the
J¢junum with pressures of 80-0 mm Hg

Wolf and Wolff (1943) found that the apphication of mustard to the stom
ach did not produce nausea but that nausea was produced when the mustard
reached the duodenum and bile regurgitated into the stomach Wolf (1943)
observed that nausea 1s usually associated wath cessation of spontaneous
gastnc contractions and a decrease mn the tone of the stomach

Gregory (1947) observed that the disappearance of nausea and vormiting
following denervation of the mesenteric vascular pedicle to the Thiry Vella
loop indicated that the changes are of central reflex origin

Vomting

The relation of vomuting to nausea 1s shown by the fact that nausea usually
precedes vomuting Cannon (1911c) saw only once during emesis an antt
peristaltic constriction start at the pylorus and run back over the antrum
completely obliterating the cavity but stopping at the mcisura angularts
The stomach plays a relatively passive role 1n vomiting

According to Luckhardt Phillips and Carlson (1919-20) vomuting 1s more
easily mduced by intating the duodenal mucosa than by irmtation of the
gastric mucosa Wheelon (1921} found, experimentally that vomuting can be
readily induced by rapid or gradual overdistenston of the stomach or duode
num  thisis particularly wellallustrated n the vomting of infants Accordmng
to Hatcher and Waess (1923) the vomuting centre 15 embraced within the
sensory nucle: of the vagr which are essential for vomiting however imduced
mn the ligher mammals Vomiting 15 possible after vagotomy because the
Sympathetic makes functional communication with the vomting centre
They stated that when a nauseant 1s absorbed the pylorus closes and remains
closed during the continuance of the nausea According to Hatcher (1924)
the afferent paths for emetic impulses from the stomach are (a) the sympa
thetic trunk the stellate ganglion and cord and (5) the vagus trunk hrati
noffand Sack (1927) also held that both the vagiand thesympatheticsare the
afferent paths 1n emesis They described a prodromal state in which the
intestine contracts actively before the stomach moves and before the abdo-
munal muscles and the diaphragm come 3nto action, the contractions being
rthythmic 1ons and not P ltic waves Complete denerva
tion abolishes voruting

McDowall (1934) pointed out that vomiting 1s preceded by a profuse
secretion of saliva due to reflex stimulation of the salwary glands The saliva
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probably a pure physiological ph on, but he dered 1t abnormal
when there was also a defimte disturbance of motor function and abnormal
delay of the emptying of the duodenum Brodin and Tedesco (1934) believed
that the antipenistaltic waves observed in the second part of the duodenum
were produced by shight compression of the duodenum by an mflamed
appendix or by the right colon According to Barclay (1936) retropenstalsis
m the stomach occurs sometimes m association with fairly extensive lesions
mvolving the last mch of the lesser curvature He could stop the reverse
penstalsis and re start the rhythm 1 the normal direction

According to Quigley and Meschan (1937) actie reverse penstaluc
movements do not occur except when nause2 and vomiting supervene
Mecray (1941) produced emes:s 1n dogs and cats by injecting emesis con
tainng small mntestine contents (collordal thorium dioxide—Thorotrast) into
the serosa of the stomach and duodenum, although the vomut consisted of
smail intestine contents antipersstalsis was not observed Douglas (1949) could
not find rehable evidence n the hterature that under normal conditions
anuperistalsis takes place i the duodenum nor could he observe 1t 1 his
own experiments

Duodenal stasis may give nise to retroperistaltic waves and according to
Debray and Pergola (1951) may be produced by mtrmsic causes (ulcers,
tumours, foreign bodies, polypi, angiomata) and by extrinsic causes {(adhe-
stons juxtaduodenal tumours compression by the mesenteric vessels ptoss,
hepatobiliary, colomic and appendicul. il , megacolon)

According to Giraud and Naudm (1951) duodenal antipensstaltuc waves
are very marked 1nd I dysk with dil of the second part of
the duodenum in association with ulceration of the duodenal bulb

Retropenistalsis m rel to and vi rd

Nausea (or the feeling of sickness) and vomuting wall be dealt with together
because they are so commonly assoctated that they are usually considered as
parts of a single process, nausea being according to Hatcher and Weiss
(1923) probably the more primitive function, vormting being dependent
upon the assoctation of several independent reflexes

Nausea

It 1s a matter of common observation that anmals (tncluding man) do not
cat during nauseca  When a systemcally acting emetic nauseant 1s absorbed
1n sufficient amounts to mduce nausea the pylorus closes and remains closed
during the continuance of the nausca According to Hatcher and Weiss (1923)
1t serves as a protection agamnst possons (mcluding smjurious foods) by
mterrupting thexr ingestion and delaying absorption According to Rehfuss,
Bergerm and Hawk (1914a) there 1s a flow of duodenal content back into
the stomach at the end of a meal or during starvation, but 1t must be of a
very mild character since 1t docs not give nise to any symptoms Alvarez
(1917) believed that nausea may be one of the symptoms eheited by intestinal
antipenistalus  thus mnd g 1ts pathological signifi Barclay (1932)
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ast1san the adult, apparently on account of the mcomplete development of
the musculature (Bouslog 1942)

According to Wernstedt (1913), cross secuon of the pyloric sphincter as
seen from the pyloric end appears as a triangular muscle and represents a
contraction phenomenon This prism hke “sphincter  disappears with com
plete dilatation of the muscle Ints place there appears a diaphragmatic type
of valve with a muscle ring (Scheibenformung) which has the same thickness
as the adjacent pyloric canal

Forselll (1913) descnibed the pylorus as formung 2 wall of fibrous tissue
which divades the stomach from the duodenum

According to Pernkopf (1924) a marked sulcus intermedius as well as the
appearance of the pylonc canal and pylon¢ antrum which are visible n

specimen fixed n situ arc produced by and are fi
conditioned

Horton (1928, 1931} described a complete break between the arcular
muscles of the pars pylorica and that of the duod and a d

of the submucous lymphatics which explained the presence of a connective
ussue septum between these organs the myentenic plexus was found to be
continuous

According to Cole (1932b) the pylonic sphincter 15 the abrupt distal end
of the fan shaped muscle which 1s located at or near the base of the valve
The valy e atself1s composed of a double layer of mucosa musculans mucosae
and a core of submucosa

Berg pared the pylonicspt to theins because the musculans
mucosae 1s radially disposed (Barclay, 1933)

According to “Forgersen (1942) the pyloric sphincter 1snot anindependent
anatomeal structure but belongs both to the pyloric antrum and to the first
part of the duodenum

It should be noted that the pylone vemn which has been suggested by
Moynihan as an 1mp landmark 1n the sep of the pylorus from
the duodenum may or may not be present but 1t 15 too vanable 1n location
1o serve as an anatomical landmark (Lejars and Sabbey, Soulignoux Mat
thieu Caslle, Melchior quoted by Greggo, 1916)

Mayo s (1908) “anaemic spot wisible on stretching 1s due according to
Wilkie (1911a) to obl of the sup denal artery by stretch Itmay
simulate a healed ulcer scar (Eusterman and Balfour, 1935)

THE MORPHOLOGICAL UNITY OF THE STOMACH AND FIRST PART OF THE DUODENUM
The view of an mtimate relationshup of the first part of the ducdenum
with the stomach was supported by Schwarz {1908), Mayo (1908b), Holz
knecht (1910) Cole (1917, 1932), Reeves (1920) and Bergmann (1936)
The morphological umty of the first part of the duodenum 15 indicated
embryologically The diasion of the archenteron into fore gut mid gut and
hind gut represents three defimte functional divisions and the division
between the fore gut and the mud gut takes place at the entrance of the
common bile duct into the prmtne duct 1ndicated by the evagmation
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muxed with air, toa derable extent at the lower end of the
stomach which 1s distended This may be explaned (Cowgll, 1941) as an
attempt to prevent vomuting by swallowing, thus mducing perstaltic waves
i order to overcome reverse waves and reducing gastnc acidity

THE FUNCTION OF THE ALIMENTARY SPHINCTERS

(La fonchon fait Porgane — Claude Bernard)

The function of the alimentary sphincters which has been deduced as a
corollary of the law of 1sopenstalsts, 1implies that failure to exercise ther
physiological function will produce pathological mamifestations

‘There 1s much evidence to support the view that (1) failure of the cardiac
sphincter may lead to inflammatory reactions in the oesophagus, (2) fatlure
of the sphincter of Oddt to inflammatory reactions of the pancreas, (3) fadlure
of the pyloric sph tonfl yr of the h (4) failure
of the 1leo caecal sphincter (“La porte des Apothicaires”) to mflammatory
reactions of the terminal rleum, and (5) failure of Gerlach s valve to mflam
matory reactions of the vermiform appendix

These 1tems will not be referred to any further as they are not immediately
relevant to the subject of this monograph Only the pylonic sphmcter, which
18 lved in the patk of peptic ulcer, will be exanuned 1n some detail

References to the relevant sphincters are given in the Appendix

The pyloric sphincter

From the Jaw of the intestine (Bayhss and Starling, 1899), the behaviour
of the penstaluc wave and 1ts corollary the function of the alimentary
sphincters (Spira, 1954), 1t may be concluded—and 1t hasbeen confirmed by
observation—that retroperstalsis does not occur normally 1n the small
ntestine, since 1t has been postulated that reflux of bile into the stomach 1s
the 1mual factor 1n the causation of chromc gastro duodenal ulcer (Spira,
1931) 1t necessanly mnfers the failure of the pyloric sphincter to exercise 1ts
physiological contrel Itwil), therefore, be necessary to examune the behaviour
of the pyloric sphincter 1n some detail, mn order to define the hmitations of sts
function

Anatomical considesations

The pyloric spt [ the 1) of the stomach
to the duodenum

Cunmingham (1906) described the extremty of the pyloric canal as pro
truding 1nto the of the duod When viewed from the
duodenum it presents the appearance of a smooth rounded knob with a small
puckered aperture, the pyloric opening 1n uts centre and 1s surrounded by a
shallow groove or formx In the full ume foetus this protrusion 1s more marked
than m the adult

Schwalbe (1912) and Muller (1921) could not find a defimtely demarcated
pylone valve the foctus The pylorus in the normal infant 13 not distinct
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ting the different portions of the gut where such exist but 1t 13 generally
held that Britnner s glands are the direct continuation of the pyloric glands
and while they are numerous near thepylorus they are hardly presentbeyond
the entrance of the common bile duct and enurely absent m the lower
duodenum According to Paschikis and Orator (1923) there 15 no funda
mental difference between the cardiac, pyloric and Briinner s glands A
smmular view was held by Meulengracht (1935) Maximow and Bloom
(1939) Florey, Wright and Jenmings {1941) and Landboe Chnistensen (1944)

It has been shown that Brinner s glands resemble anatomucaily the
pyloric glands 1t can also be shown that physiologically they respond to
sumult 1n a simlar fashion Florey and Harding (1933, 1934) obsenved i
cats with duodenal fistulae and i duodem which had been transplanted
subcutaneously and deprived of all nervous and vascular connections with
the abd 1 a simular resp to feeding sh g that some
hormonal simulus was 1nvolved Highly punfied sccretin injected intrave-
nously caused typical secretion from the quiescent fistulae The hormonal
response to feeding was confirmed experimentally by Blickenstaff and Gross
man (1948) Meulengracht (1935) showed that extract of that part of the
ducdenum contamng Brunner s glands was actv€ 1n supplymng the ‘ intrmsic
factor of Castle for the treatment of percious anaemia He suggested that
the cardiac part of the stomach the pyloric antrum and the first part of the
duodenum which have certan hustological simularities formed a “gland
organ  which secreted the factor

Wnight, Jennings, Florey and Lium (1940) have shown that prolonged
stimulation of the infracardiac vagi of decerebrate or decapitate cats regu
larly produces a considerable flow of mucord yuice from the first part of the
duodenum which was shown to be identical with the mucous secretion of
Brunner s glands Florey Wnght and Jenmngs (1941} believed that Britn~
ner’s glands are responsible for a large part of the duodenal secretions and
that muctn 15 their product
Physologual consderations

THE NERVOUS CONTROL

The extrinsic mnervation of the pylone sphincter 1s provided by the vagt
and splanchnic nerves

The vagus perve has been considered as entirely motor for the pylonc
sphincter by Openchowsk: (1889) Langley (1898-99) Rossbach {1890)
Katz and Winkler (1902) and Drxen (1902)

On the other hand the splanchnic was also considered to contain motor
fibres by Schuff (1862) Contejean (1892), while the mhibitory action was
shown by Oser (1892) Van Yzeren (1901) katz and Winkler (1902)
and Ellott (1905)

According to May (1904) the vagus contamns both motor and nhibrtory
fibres while the splanchmc has no influence on the pylorus

‘The pylonic sphincter has a double nerve supply half of which 1s of bulbar
ongin coursing over the vagr and part of the spinal regon distributed
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which forms the liver (Keith, 1913) The blood supply of the three divisions
of the gut 1s provided by three different arteries, the first part of the duode
num being supplied by a branch from the coeltac axs, while the remainder
1s supplied by branches of the superior and inferior mesenteric arterses
respectively
According to Villemn (1922) there 1s always a constriction 1n the duode
num just above the ampulla of Vater (retrécissement stpra vaténen) In the
embryo at the third month, only the upper part of the duodenum 15 well
developed The mternal constituent parts are different for the upper and
lower parts of the duodenum in respect of the mucosa, submucosa muscular
layer and lymphoid tissue Morphologically, the upper part of the duodenum
18 distingwished 1n anumals by 1ts external and internal grey colouration, tts
dilated form which represents a small stomach 1 some species, 1ts thicker
muscular coat, 1ts arteries supplied solely by the hepatic artery, 1 man 1t 1s
distinguished by the absence of the valvulae conmnventes, the absence of
fixed lymphoid formations apart from the juxta pyloric lymphatic masses
iarger and more spaced villosities and fewer glands of Lieberkithn
Robertson and Hargs (1925) bave pointed out that the first portion of the
duodenum 1s free and movable and that the three other portions are retro
perttoneal and fixed Smellie (reported by Cameron, 19252) described a
case of complete 1solation of the stomach and first part of the duodenum
which ended blindly (Bland Sutton s dictum *“*developmental abnormaliies
occur at the site of embryonic events’ ) According to Keith (1910) rare,
partial or complete constricuon of the duodenum, of congenital or obscure
ongm, generally occurs at the part of the duodenum behind the opening of
the bile ducts, which marks the yuncuon of the fore gut with the mud gut
‘The folds of the gastnic mucous membrane which are thicker than those of
the intestinal mucous membrane enter the first part of the duodenum without
altering their longitudinal direction an abrupt change of direction taking
place as they reach the second part of the duodenum (Berg, 1926)
According to Saunders and Lmdner (1940} the development of the first
portion of the duodenum 1s closely assocrated with that of the stomach and
shows an 1mtial preponderance over the rest of the duodenum and mn the
formation of 1ts essential curves In the embryo at 135 mm  the first part
15 large and well developed and 1s almost twice the diameter of the succeeding
portion of the mtesune

BRUNNER'S GLANDS
According to Villemun (1922) Brdnners glands are placed astnde the
ylorus and resemble the pylonc glands to a very great extent He quotes
Schlemmer (1870) Schwalbe (1872) Lenant (1879), Schiefferdecker (1884),
Ellenberger (1887), huczinski (1890) Bochin and Davidoff (1895), Castel
Iant (1898-99) Amile {1903) Dexmler (1904) and Oppel (1910) who held
simtlar views
Taylor (1927) stated that the transition from one type of epithehum to
another 1s generally quite abrupt and comecides with the sphincters separa
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authors from pH 4 8 to 797 (Okada and Arai, 1922), from pH 6 to 8
(McClure Montague and Campbell, 1924) from pH 5 90 to 8 23 (Hume
Denis, Silverman and Irwin 1924), from pH 6 2to b 5 1n dogs (Graham and
Emery, 1928), from #H 6 6 to 7 3 (Muller and Abbott, 1934), from pH 6 21
to 7 06 for the ileum (Eastman and Miller, 1932}, pH 3 0 near the pylorus
more generally near 40 (Thomas 1940), pH 5 6 1n the fasting state and
5D after an Ewald meal (Berk Rehfuss and Thomas 1942a)

McGee and Hastings {(1942) found that normal jejunal Juie was shghtly
acid (pH 6 5)

The efect of food on duodenal acrdity — McClendon Myers Culligan and
Geydesen (1919) found that the contents of the duodenum of mfants and
the small mntestine m pups, dogs, cats, suchhing rabbits (and adult rabbuts
on a sugar diet) were acid and the only place where alkahimty was found
was the last part of the ileum 1 the herbivora on a det deficzent 1n soluble
carbohydrates

McClure Montague and Campbell (1924) found that the pH of the
duodenal varied ding to the food, being acid after protein and
alkahne after fat and carbohydrate The pH obtained while fasting or after
the ingestion of tap water was always alkalne

No difference of reaction was observed by Hume, Denss, Stlverman and
Trwin (1924) Grayzel and Muller (1927) or by Thomas and Crider (1935-36)
but according to Berk Rehfuss and Thomas (1942b) the acidity of the con
tents of the duodenal bulb s largely determined by the type of food under-
gomng digestion and 1s related only 1n part to the degree of the gastric acidity

The effect of the chemcal reaction of the stomack on gastnc function — Hirsch
(18932 b} and Serdjukow (1899} observed that alkalt placed m the stomach
left 1t with greater rapidity than acid Gastric motility was hastened with
0 25 per cent but lessened wath 1 0 per cent hydrochlonic acid 1n the stomach
(Hedblom and Capnon 1909) These observations were confirmed by
Marks (1928) Serby and Dooley (1930) Elman and Rowlette (1931)

Camot and Chassevant (1905a b ¢) found that acid solutions 1n the
stomach tend towards a chermcal equlibrium of 1sotomcity Best and
Cohnherm (1910a) also believed that the effect of acid 1n the stomach was
not responsible for the pyloric reflex Pavlov (1910) found that spontaneous
movements of the stomach cease when acid 1s poured into the stomach
through a fistula

Retardation of gastric emp by acid 1n the stomach was observed by
Tabora (1911) Cowie and Lyon (1911) Lenk and Essler (1913), Ladd

(1914) Neilson and Lipaits (1915) Egan (1915, 1922) Morse (1916),
Ortner (1917) McClure, Reynolds and Schwarz (1920) Bawrd Campbelt
and Hern (1924a b), Barsony Polgarand Szemzo (1924-25) Klemn (1926¢)
Marks (1928) Stewart and Boldyreff (1932) Guanturco (1933b) Thomas
Cnider and Mogan (1934) Shay and Gershon Cohen (1934) Van Liere and
Slecth (1940), and by Roka and Laytha (1950)

The effect of hydrocklorc acd wn the duodenum — Oppenheimer (1889)
suggested that the openimg of the pylorus was probably a function of the
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through the splanchmcs, but their onigin and course does not determine
therr function Both carry motor and inlubitory impulses to the pyloric
sphmcter as well as the stomach, both nerves being mainly motor mn function
Inhibstory fibres are found in both nerves but more n the splanchnics than
n the vagr (Thomas and Wheelon, 1922, Carlson and Lutt, 1924) Thomas
(1929) considered that the conception of the extrmsic nerves as consisting
of some fibres that are constantly motor in function and others constantly
mhbitory, as suggested by Carlson, Boyd and Pearcy (19222) and Carlson
and Latt (1924), 15 not adequate to explain the vaned reaction that may be
obtained when these nerves are stimulated The results with adrenalne are
mterpreted as mndicative of a shight preponderance of hibitory over motor
components in the thoraco lumbar sympathetic innervation, governing the
tonus of the pyloric sphincter i the dog and cat, and marked preponderance
of motor over mnhibitory components in the rabbit Afferent fibres (in the
cat) are found in both the vagt and splanchmc nerves, the vagus nerve
endings being more sensttive than thesplanchnies (Irving and McSwiney,
1935) Quigley and Louckes (1951) found that complete vagotomy produced
no sigmificant change 1n the frequency of the sphincter contraction

‘THE CHEMICAL CONTROL

Hhrsch (1893a, b), who quotes Plungen who suggested that alkalis in the
stomach open while acids close the pylorus, observed m dogs with duodenal
fistulae that gastric reaction had no effect on pyloric opening and closure
The ligher the concentration of orgamc acids, the slower the gastric contents
left the stomach Water flows out almost immediately

Cannon s law (1904) postulates the opemung of the sphincter by the
presence of acid on the gastric side and closing of the sphuncter by the
presence of acid on the duodenal side
Arguments in refutation of Cannon's theory

The arguments against Cannon s law will be considered under the follow-
ing headings (a) the normal hydrogen 1on concentration of the upper part
of the duodenum () the effect of food on duodenal acidity, (¢) the effect of
the chemical reaction of the stomach on gastric function, and (d) the
effect of hydrochloric acid 1n the duodenum

The normal kydrogen wn concentration of the upper duodenum — McClendon
{1915} and McClendon, Myers, Cull:igan and Geydesen (1919) have shown
that the infant s duodenum 1s more acid than the average acidity of the
stomach Long and Fenger (1917) 1n electrometric determmations of the
hydrogen 10n concentration of the mtestinal contents m man found that the
pHwas2 27 fiveinches below the pylorus, four hours after a mixed meal They
found the upper third of the intestine most strongly acid 1n hogs, lambs and
calves McClendon, Bissel, Lowe and Meyer (1920) obsernved an acidity
which varied from gH 4 1 to 6 51n two healthy men who swallowed 36 inches
of 2 gastnc tube The hydrogen ton concentration of duodenal contents
asprrated at the height of digestion ranged frompH 3 8 topH 7 54 (Meyers
and McClendon, 1920) The duodenal reaction was found to vary by different
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tic Juice necessary to preduce the reduction in gastric acidity noted 1s far
beyond the abihity of any pancreas to secrete during the time allotted This
observation was confirmed by Enderlen, Freudenberger and Redwitz {1923)
and hesavalu and Mann (1943)

Hicks and Visher (1915-16) considered that their observations are m
accord with Starhing s and Cannon s statement that ‘an antipenstalsis 15
never observed 1n the small intestine * Rehfuss and Hawk (1920) reasserted
that the mtroduction of very high acidities (0 5 per cent HCI) m a human
subject causes regurgitation of the alkaline mntestinal secretion which they
mterpret as an autoregulatory mechamism Simlar observations were made
by Burget and Steinberg (1922) Moppert (1921) reported the “‘spontaneous
reflux of bile 1n 72 per cent of cases which he examined by means of the
Emhorn thread Jarno and Vandorfy (1921) found regurgitation 1n the
human stomach after the mntroduction of weak acid soluttons Baird, Camp-
bell and Hern (1924a) observed that the early appcarance of bile in the
upper ducdenum (40 scconds) makes 1t hardly possible that any chemical
mechanism could be effective Ryle (1926) thought that reciprocal action
as between the tonus of the pars pylonica and the duodenum plays a more
important part m regulating (1) flud outflow, and (2) gastric acidity and
the opening and shutting of the pylorus proper

Bolton and Salmond (1927) thought that the acidity of the gastric content
18 quite a secondary consideration and that as long as the sphincter acts
normally the amount of the gastric juces secreted 15 of hittle moment In the
carly stages 1t prevents regurgitation but relaxes as digestion proceeds
mdependently of gastric penstalsis, promotes regurgitation and thus regu
Iates the acidity of the gastric content

Yesko (1928) observed that after ligation and evulsion of the pancreatic
ducts there 1s only a slight rise 1n gastnc acidity McCann (1929a) showed m
Mann Willlamson dogs that when all the duodenal alkaline juices were
shunted away from the pylorus mto the distal portion of the 1leum post
operative fractional analysis did not show vanations from the curves found

before operation so far as they rep d the ch y ofd orthe
control of acidity of the yjuice Whether part or all of the duodenal secretrons
are cl d there 15 no tend toward a cond of hyperacidity m

the stomach Elman and Rowlette (1931) by dividing the pylonc sphincter
produced a persistent lowering of the gastric acidity due to duodenal
regurgitation but they also noted an increase in the gastric emptying time
Shay hatz and Schloss (1932) rejected Cathcart s (1911b) statement that
as a general rule, the stronger the acd introduced mto the fundus of the
stomach the earlier the regurgitation takes place In therr opimon achlor
hydria 13 frequently responsible for on account of the poorly
controlled pyloric mechanism which 1s the result rather than the cause of
achlorhydna They explam the reduction of acidity after the introduction
of strong acid m the stomach as one of absorption because changes of volume
take place

Stewart and Boldyreff' (1932) dered that duodenal r 10n 15
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boawel rather than of the stamach, Montz {1901} found that actd placed m
the duodenum slowed the emptying time of the stomach, an observation
confirmed by Tobler (1905) Best and Cohnh (19102} also beheved that
the effect of acid 1n the stomach was not responsible for the pylonc reflex
but was an 1 reflex independent of the st h Paviov (1910}
found that sp of the h cease when acid 18 poured
mnto the stomach through a fistula but the movements are more effectively
arrested by the action of acid m the duodenum
Reflex inhibntion of gastric motility due to acad 1 the duodenum has been
abserved in the empty stomach by Sokelov (1904), Boldyreff (1904), Brune
meter and Carlson (1914) and, in the antrum separated from the rest of the
stamach, by Kirschner and Mangold (1911) Barsony and Egan (1925}
althaugh they produced mhiition of the human stomach by placing acid in
the duodenum, considered that the requisite sumuli were m excess of the
normal Thomas and Mogan (1931) observed that HCI Nf10 in the duo~
denum inhabits the contractions of the pars pylonca m both the full and
empty stomach They found (Thomas, Crider and Mogan, 1934} that the
acd sn the duodenum does not cause more than a temporary contraction
of the pylonc sphincter unles the sumulus s sufficient to cause vomuing
Frumin {1942} found that the mtroduction of 05 per cent solution of
bydrochlone acid nto the duodenum nhibated gastric contractions and
doubled the exvacuation time
Gershon Cohen (1947) dnipped a hypertonie solution of sodsum bicar
bonate slowly into the duodenum and bathed the gastric side of the pylorus
with 0 5 per cent hydrochloric acid Gastric emptying was completely pre
vented The pylorus remained closed and gastric penstalsis was 1n abeyance
-1s long as the hypertonic alkahne solution was dripped nto the duodenum
Basn: and Lorenzmm (1951) found that penstalsis was inhibated by dis
placement of the duodenal pH 1o acid, and that the effect persisted as long
as the pH remamed below 6 8
Duodenal regurgitation 1n relation to the regulation of the gastne aadity {(evidence
n refutation of Boldvreffs theory) — Boldyreff (1904) advanced the theory
of the regurgitation of pancreatic juice into the stomach as an automatc
function which reduces the acidity of the gastric jmce to 1ts optimum con
centration of 0 15~0 2 per cent According to his view, the acid passes mnto
the duodenum and nduces an abundant secretion, chiefly pancreatic yuce,
and if there 1s not sufficient pancreatic yuce to achieve the required neutra
Iizauon then bile and mtestinal yuices are also brought mnto play Boldyreff
stated that bile and mtestinal juice have a small degree of alkalimity and
that under normal conditions they de not participate mn the proce s of
1 which 1s plished by the p: e juice
Spencer, Meyer Rehfuss and Hawk (1915-16) considered that their work
1n many ways confirmed Boldyreff s theory of * the self regulation of the
aothty of the stomach , because they found regurgitation in the normal
human stomach Shay, hatz and Schloss (1932) rejected the evidence of
Spencer Meyer, Rehfuss and Hawk (1915) because the amount of pancrea

.
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pressure changes of the bulb are generally closely related to those n the
antrum ‘They are produced respectively by bulbar or antral contractions
{Brody, Werle, Meschan and Quigley, 1940)

Tonus of pylone sphancter — The tonusof the pyloncsphineter 1slow when the
stomach 13 empty and increases dunng digestion (Thomas, 1931) when 1t
reraains practically constant (Quugley, Loukes and Brody, 1951) It appears
to depend on a local excitatory (myenteric) reflex and a central inlubstory
(enterogastric) reflex (Thomas, Cnder and Mogan 1934)

The effect of duodenal stimulation — Pavlov (1910) stated that there are
other conditions 1n the duodenum which have an effect on the sphincter
sumlar to that of ad In the experiments of von Mening (1893, 1898) 1t was
found that milk, a neutral fluid, when introduced mto a duodenal fistula
caused a reflex closure of the pylorus and retarded the emptying of the
stomach (The results were due to the fat contained 1n the milk and egg
yolk ) However, filling long areas of intesine with flud inlibits gastnc
emptying {Marbax, 1898)

Cohnheim and Dreyfus (1908) found 1n the dog, that when hittle food was
m the stomach, 10 cc of gastnc contents imected through a fistula into the
duodenum closed the pylorus for 10-15 minutes, but when the stomach was
full, the same stimulus stopped the flow for only a minute or two

Distension of the duodenum by a balloon (Tobler, 1905, Carnot, 1908,
Spurrell, 1935 ) by food, by tickling with a feather (Katsch, 1912) or tap
water or saline solutions (Thomas and Mogan, 1931} will retard emptying
of the stomach

McClure Reynolds and Schwartz (1920) found that pulling on the duo
denal tube arrests gastric pensalsis

According to Carlson (1923) 1n animals not only acid but even alkaline
stimulation of the duodenum can produce pylonc closure and he considers
this to be the result of simple sensory sumulation

Mechanical irnitation of the duodenal mucosa, through a ducdenal fistula
m dogs with extnnsic nerves to the stomach and ntestine 1ntact, ehcits
tontc contractions of the pylonc sphincter (Luckhardt Phillips and Carlson
1919) as well as following section of both vag and splanchmc nerves (Thomas
and huntz 1926) However the same reaction could not be elicited when
conduetion through the local neuromuscular mechanism was arrested by
compression of the wall of the proxamal portion of the duodenum between
a higature on the outside and a solid cylindrical body m the lumen (Thomas
and Runtz, 1926)

Thomas Cnder and Mogan (1934) made the significant obscrvation
that the normal ducdenal contents were found to act as adequate stimuh
for the reflex mechamsm causing snhibition of gastric penstalsss, draining
the duod while the h was emptying regularly d the
force of persstaltic contractions

The 1ole of the duodenum 1n gastruc emplyng —Hrsch {1892) and von Menng
(1893) independently discovered that the passage of food from the stomach
nto the 18 lated from the upper segment of the

1
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the most important factor in the neutralization of gastric aadity MacLagan
(1934), who attempted a statistical analysis of 389 fractional test meals with
special reference to duodenal regurgitation, concluded that the results of his
analysis give no support to the two theories which 1t was designed to test,
namely (1) that 1n the normal mndividual duodenal regurgitation occurred
towards the end of the test meal and 1s responsible for the falt 1n acidity
which often takes place at that ttme and (2) that “hyperacidity” of the
“climbing curve’ 1s usually due to interference with pyloric relaxation exther
by organic or reflex causes and that this results 1n favour of duodenal
regurgitation and undue retention of the products of digestion He supports
MacLean’s (1928) contention that duodenal regurgitation, when 1t occurs
15 an accident and m no way connected with the reduction of hydrochloric
acid and the associated rise of neutral chloride which occurs during digestion

Accordmg to Bolton and Goodhart (1936) the pancreatic secretion indu
ced by high waves of acidity 15 driven 1nto the stomach by strong antt
penistaltic waves due to irritation of the stomach which cannot tolerate an
acadity inexcessof 0 1-0 15 percent HCl According to Thre (1939) duodenal
reflux 1s only exceptionally a factor n the acid reducing process which
appears to be subject to a diffusion process Kesavalu and Mann (1943)
showed on dogs with a pylonic fistula that the duodenal regurgitation into
the stomach, as determned by the presence of visible bile, occurs infrequently
m the fasting state as well as dunng digestion Babhin (1944) observed
that toward the end of the secretory period there 15 a marked mncrease 1n the
amount of non acid secretions entering the stomach Lambling and Gosset
(1947) who studied 1 mitro the neutralization of the gastric juice, refute
Boldyreff’s theory because they found that an equal muxture of N/10 HCl
and human pancreatic juice abolishes free acidity but Jeaves total acidity at
74mEq 1

It may be stated, 1n conclusion, that the evidence tends to support the
view that duodenal regurgitation 1s not a normal physiological phemenon
Furthermore, McCann (1929c¢) showed that drainage of the whole volume of
duodenal contents nto the fundus of the stomach had httle effect on gastric
acdity Werss, Graves and Gurnaran (1932) viewed the duodenal reflux as
a ‘réflexe de défense Mater and Grossman (1937) observed considerable
digestive disturbances as a result of complete duodenal regurgitation
Schmulinsky (1918) placed the afferent loop 1n the Billroth I type of gastric
resection into the stomach wn order to neutralize the gastric acidity with the
duodenal secretions but the results of this operation, according to Lanmin
(1945), have proved to be disastrous

PHYSICAL CONTROL

Intra gastric pressure. — The basal pressure of the pyloric antrum usually
exceeds the basal pressure in the duodenal bulb and both rise moderately
when food enters the h Sut pheric pressure chang, ing
10 about 30 em of water develop pertodically 1 both regions The phasic
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THE LAW OF ISOPERISTALSIS AND ITS COROLLARIES

distal end of the thickened band of muscle which surrounds the pars pylorica
and contracts exactly as the segments orad to 1t (Thomas and Wheelon
1922, McCann, 1929a, Thomas, Crider and Mogan, 1934, Meschan and
Qugley 1938 Alvarez, 1948, Bassi and Lorenzini, 1951, Gibb, 1953)

The patency of the resting pylorus — The roentgenological observation
(Holzhnecht and Jonas, 1909), the suggestion (Spencer Meyer, Rehfuss
and Hawk 1915-16, Rchfuss and Hawk, 1921 Baird, Campbell and
Hern, 1921) and the deduction armved at from theoretical considerations
that the pylorus 15 patent at rest (Spira, 1931) has been confirmed by the
balloon method (Meschan and Quigley 1938 Quigley, Werle and Brody
1940} and by gastroscopy (Alvarez, 1940 Gibb 1942, Qugley and Read,
1942, Roka and Lajtha 1950, Gibb 1953)

Exclusion of the pylorus — Surgical exclusion of the pylorus in expertmental
ammals (von Mermg 1897 Caunon and Blake, 1905, Shay and Gershon
Cohen 1935 Cnsler and Van Liere, 1936) and 1n the human (Tanaka
1835} or by cannulation (Crider and Thomas 1937) causes no sigmficant
difference m the ime of gastric evacuation

The bek of the stoma

Cannon and Blake (1905) panted out that the gastric component of a
gasty 1 stoma hypertropt and acts as a valve, allowing exit
from but prevenung reg mte the h Truesdale (1915)
showed that gastro-enterostomy produced atrophy of the pylonc nng
Horwitz, Alvarez and Ascamo (1928) confirmed this observation

Meyer and Schmdt (1930) found that sphuncter action may develop at any

1 According to Beresov and Stern (1932) the
Haberer modification of the Billroth I partial gastrectomy produces a
functional closure which rescmbles that of the pylonic sphincter According
to Tanaka (1935) the Billroth II anastomosis produces a spasm of the
afferent loop 5-7 cm from the anastomosts

Schindler (1937b 1940) has repeatedly emphasized that rhythmuc adapta
tion of the stoma wath 1ts controlling mfluence over jejunal reflux 1sthe most
sigmficant feature to be found in the postoperauve stomach which 13 free of
gastntis

Vitkin (1940) thought that an effective stomal sphincter (which prevents
gastric emptying) cannot be created by the surgeon at the site of anastomoss
because 1t 13 smposuible to establish artificrally a reflex mechamsm Schindler
and Darley (1941) concluded from thesr gastroscopic observations that the
development of sphinctenc activity 1s a general property of any portion of the
antrum Although they could not say what mech initrates the sph
action of artificial stomas they beheved that 1t 15 not necessary to assume a
nervous control as a requistte since the musculature of the distal portion of
the stomach possesses the sntrmsic capacity to produce rhythmucal sphincter
contractions at any stoma Brown and McHardy (1944) confirmed that 2
rhythmical stoma 15 usually present after gastrectomy Schindler (1947)
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latter 1n such a way that a discharge of food from the stomach 1s temporanly
restrained by a reflex from the duodenum whereby the pylorus 1s closed
cach time after a portion of the stomach contents has passed mto the
intestine

Cannon (1906) observed that the differcnce m the rate of discharge of
different kinds of food from the stomach persists following section of both
splanchmcs and both vagus nerves Cole (1913) thought that the duodenal
receptivity controls the evacuation of the cap through duodenal penstalsis
rather than the evacuation of the stomach through a pyloric reflex Cole
(1917) suggested that the duodenal pylonic sphincter reflex produced by
the replete mtestine does not affect the pyloric sphincter (as believed by
Marbaix, 1898) but reacts on the contractions which withdraw the chyme
from the rescrvorr cap, and that this process 13 similar to the one by which
the duod, 1sreplenished from the h Wheelon and Thomas (1922)
support the view that the degree of receptivity of the small intestine 15 as
great a factor 1n the emptying of the cap as the motihity of the stomach 13 1n
filling 1t They obscrved that the pylonie sphincter exhibits an active contrac
tion when penstaluc activity occurs 1n the first part of the duodenum
Cannon explamed that the full his |} to a bag full
of water suspended 1n water and will, therefore, not empty by stmple
dramage due to gravity

When the chyme 1s aspirated from the proximal duodenum as rapidly as
1t enters from the stomach gastnc emptying 15 increased several fold
{Quigley, Meschan, Werle, Ligon, Read and Radzow, 1941)

Fat introduced either nto the stomach or duodenum causes reflex closing
of the pyloric sphincter (Lintwarev, 1903, Verzar and McDougall, 1936,
Waugh, 1936)

The functional umity of the antrum, pylorus and duodenal cap — There 1s much
evidence that the antrum, pylorus and duodenal bulb form a functional umt
Schiff (1868) found that the pylorus did not open with each penstaltic wave,
while according to Levan (1879) the sphincter contracts and dilates together
with the pylonic antrum Montz (1895) and Kirschner and Mangold (1911)
observed 1n duodenal fistula dogs the same rhythmic contractions of the
pars pylonca as for the stomach Cannon (1907-08) found roentgenelogically
1n cats that the closure of the pylorus did not affect the movements of the
antrum Gole (1917) showed radiologically that :n man the perjod of opening
of the pylorus and the passage of the flud content 1nto the duodenum was
coincident wath the tonus rhythm of the stomach The antrum, pylorus and
duodenal bulb form a functional unit (Wheelon and Thomas 1920) which
ts established by the progression of the penstalic wave and 13 demon
strated by the time rclaton i the contracuon of the consutuent parts
Following a brief interval duning which all three regions are simultancously
relaxed, a contraction occurs in the antrum which expels the antral contents
1nto the relaxed bulb These observations have been confirmed by Cunha
(1925) and G (1933) This d d rel hip 1s not altered by
vagotomy (Meschan and Quigley 1938) The pyloric ring behaves as the
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distal end of the thickened band of muscle which surrounds the pars pylorica
and contracts exactly as the segments orad to 1t (Thomas and Wheelon
1922, McCann, 1929a, Thomas, Cnider and Mogan 1934, Meschan and
Quigley, 1938 Alvarez 1948, Basst and Lorenzim 1951, Gibb 1953)

The patency of the resting pylorus — The roentgenological observation
(Holzknecht and Jonas 1909), the suggestion (Spencer, Meyer Rehfuss
and Hawk 1915-16 Rehfuss and Hawk, 1921, Baird, Campbell and
Hern, 1921) and the deduction armved at from theoretical considerations
that the pylorus 15 patent at rest (Spira 1931) has been confirmed by the
balloon method (Meschan and Quigley, 1938, Quigley, Werle and Brody
1940) and by gastroscopy (Alvarez, 1940, Gibb, 1942 Quigley and Read
1942, Roka and Lajtha, 1950, Gibb 1953)

Excluston of the pylorus — Surgcal excluston of the pylorus i experimental
animals (von Merning, 1897 Cannon and Blake 1905, Shay and Gershon
Cohen 1935 Cnsler and Van Liere, 1936) and 1n the human (Tanaka
1935) or by cannulation {(Cnider and Thomas, 1937) causes no significant
difference 1n the time of gastnic evacuation

The beh of the stoma

Cannon and Blake (1905) pomnted out that the gastric component of a
gastro mtestinal stoma hypertrophies and acts as a valve, allowing exit
from but preventing regurgiation mnto the stomach Truesdale (1915)
showed that gastro-enterostomy produced atrophy of the pylonc nng
Horwtz, Alvarez and Ascanio (1928) confirmed this observation

Meyer and Schrmdt (1930) found that sphincter action may develop atany

1 A ding to Beresov and Stern (1932) the
Haberer modification of the Billroth 1 partial gastrectomy produces a
functional closure which resembles that of the pyloric sphincter According
to Tanaka (1935) the Billroth II anastomosis produces a spasm of the
afferent loop 5-7 cm from the anastomosis

Schundler (1937b, 1940) has repeatedly emphasized that thythmic adapta
tion of the stoma, with 1ts controlling influence over jejunal reflux, 1s the most
signeficant feature to be found 1n the postoperative stomach whuch 1s free of
gastritis

Vitkn (1940) thought that an effe stomal spt (which p
gastric emptymng) cannot be created by the surgeon at the site of anastomosis
because 1t 1s impossible to establish artificially a reflex mechamsm Schundler
and Dailey (1941) luded from their gast pic observations that the
development of sphinctenic activity 1s a general property of any portion of the
antrum Although they could not say what i} tiates the sph
action of artificial stomas they believed that 1t 13 not necessary to assume a
nervous control as 2 requisite since the musculature of the distal portion of
the stomach possesses the mtnnsic capaaty to produce rhythmical sphincter
contractions at any stoma Brown and McHardy (1944) confirmed that a
rhythmical stoma 15 usvally present after gastrectomy Schindler (1947)
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ponted out that when both stomal and pyloric contractions can be observed
1 one stomach, the former 1s more rapid than the latter Stomal rhythm 1s
also independent of perstalsis i the adjacent jejunal segment

According to Boller (1947) the sphincter (pseudo pyloric) function of the
anastomoss 1s conditioned by the perstaluc action of the small intestine,
relaxation producing opening and contraction closure of the stoma This does
not occur 1n the atonic stomach (Brauch, 1938)

Conclusions

It may now be stated, in conclusion, that the available evidence tends to
mdicate that the function of the pyloric sphincter 1s to prevent reflux of the
intestinal juices into the stomach (Sprra, 1931, Cole, 1932b, Crider and
Thomas 1937, Torgersen, 1942, Gibb 1942) The pyloric sphincter behaves
passiely, by allowing the umimpeded forward of the penistaltic
wave, and actively, when the necessity anses to hinder the reflux of the
intestinal jyuices mto the stomach mn order to protect the structures which lie
behind the sphincter It thus submuts to, and further supports, the Law of
Isopernstalsis Failure of the pylorus will give nise to hyperfunction of the
stomach and pylorospasm (Cannon and Murphy, 1906, Hamburger and
Fniedman, 1914, Carlson and Ginsburg, 1915-16, Elsesser, 1915-16, Berg-
mann, 1918, Barber and Stewart, 1919-20, Thomas and Wheelon, 1922
Carlson and Litt, 1924, Hughson 1925, 1927a, Ivy, 1941, Quigley, 1943)
and the persistence of 1ts fatlure wall allow the setting up of a chronic patho-
logteal condition 1n the mucous membrane of the stomach




PART II

PATHOLOGICAL CONSIDERATIONS

The peptic ulcer problem will be studied by examining the histological
appearance of the lestons which represent the final phase i the evoluton
of the disease when the morbid process may be considered to have attamed
maximal activity Since the ‘ established stage of the lesion offers httle
possibility for analytical pecul 1t must be viewed 1n the light of chnical
expenence and interpreted 1n relation to the fluctuating process responsible
for 1ts evolution Recourse to an inductive method of reasomng wall be
necessary m order to link the morphology to the symptomatology The
following plan wnll, therefore, be adopted (a) the gross and minute charac
teristics of the lesions will be descnibed and their differences emphasized 1n
order to provide the basis for a defimtion of the category to which they
belong, (b) enidence will be brought forward to support the view that the
acute and chronic uleer rep two independ lated disease entities
and that the gastric and duodenal lestons are fund 1y similar manifes
tations, (¢) the sigmificance of haemorrhage and pesforation and the problem
of malignant transformation wall then be mvesngated

Pam and Expenmental Ulcer will also be studied
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CHAPTER 5

PATHOLOGICAL ANATOMY OF PEPTIC
ULCER

Ivy, Grossman and Bachrach (1950) define peptic ulcer as a bemgn, non
speaific ulcer located in those portions of the alimentary tract bathed by
gastric yuice There are two distinct types of ulcer, the acute and the chromic

The pathological anatomy of the lesions will be descnibed 1n order to
define the charactensuc features which establish therr identity and therr
respective modes of ongin

MORBID ANATOMY OF ACUTE AND CHRONIC ULCERS
The acute ulcer

Macroscopreally the acute ulcer (the ‘exulceratio simplex  of Diculafoy
—the acute hacmorrhagic eroson of Cruverllhier—the follicular ulcer) 1s
usually descnbed as being small m size round or oval 1n shape, sharply
defined but muluple and widely and wregularly distributed It appears as
a superfictal necrotic lesion of the mucous membrane wath raised and shghtly
reddened margins The floor 1s clean and smooth when the slough which xs
filtrated with blood, 1s removed If the ulcer penetrates deeper 1t appears
“punched-out wath clean cut edges There 18 2 narrow inflammatory border
round the Iesion but no thickemng of the peritoneal surface The mucous

b g the nng of infl. y reaction frequently shows

no abnormalty
Macroscoprzally there 1s very little cellular reaction—a slight increase in the
phil 1 ytes and lymphocytes . philcellsareabsent (Stewart
1929)

Haemorrhagic erostons are defined by Cruvedhier (1839) as lenticular
spots of vanable extent which are formed by 2 dense adherent clot of blood,
the removal of which leaves a very superficial erosion He believed that the
erosions did not begin 1n the tubules but more probably n the capillary bed
of the mucosa Hayem (1911) considered that the simple erosion affects the
mucous membrane only superficially and frequently does not penctrate
beyond 1t although there 1s no reason 1f the morbid process 1s sufficiently
wirulent why 1t should not affect all the layers of the gastric wall and lead to
perforation The primary leston 1s formed by a focus of necrosis and becomes
apparent only after removal of the scab  the erosion may be either follicular
or hacmorrhaglc contamng masses of infiltration which burst 1n a2 manner
simalar to miliary abeesses The leston 13 usually cone shaped surrounded
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by a bed of dilated capillaries and lymphatic spaces, and there may be some
vascular spasm causing the return of the blood flow to be impeded, thus
gving nse to sub mucosal oedema with or without hyaline degeneration

Elhot (1913-14) descnibed the pathology of the acute ulcer 1n the dog
which followed 1-2 hours after the injection of tetrahydro £ naphthylamine
A state of psychic alarm and anger was produced, with consequent nervous
exhaustion of adrenaline Externally the lesion could be recognized by purple
coloured patches of congestion seen through the peritoneal coat

An rrregular swollen patch of haemorrhage and erosion wassurrounded by
a wide margmn of greyish colour without hacmarrhage The cells of the
overlying mucous membrane seemed normal The blood was soon absorbed
as the circulation 1mproved, the mucous membrane remamed ntact and
ulcers never developed 1n the duodenum

According to Hauser (1926) erosions and acute uleess are produced by
haemorrhagic ifarcts which are usually situated n the arterzal bed and are
caused by artenal discase (atherosclerosis in the aged), embol (sepsis or
excretion of toxns) or by arterial spasm of neurogenic orgin which occurs
mostly 1n young people The conception of the haemorrhagic erosion as an
infarct imited to the mucosa has been supported by Rokitansky, Kundrath,
Orth, E Kaufman, Ribbert and Schmaus Herz Werner in their textbooks
Wilhigk {1854) 15 reported as insistng that erosion and ulcer must have
different bases of origin

Redwitz and Fuss {1928) found that the hustological exammnation of acute
and subacute uleers shows a necrotic defect and a hyperaemic zone, but only
a shight cell infiltration, m the wall and surrounding areas, so that young
lestons can easily be mustaken for artefacts Hamper! (1932-33) distingusshed
between two types of haemorrhagic erosions (g) those which originate in the
deep substance of the mucosa, and (4) those which occur on the surface of the
mucous membrane and are affected by hydrochloric acid Penner and Bern
herm {1939) showed that the earliest change consists 1n marked distension of
the capillaries and venules, first in the submucosa and subscquently in the
mucosa

Mann (1939) described the type of ulcerations whach are usually seen as
an acute lesion as follows they begn as a haemorrhage 1n the submucosa
and the ulceration of the mucosa appears secondanly to the vascular mjyury
The lesions rarely extend decper than the submucosa and they become
chronic or perforate only very nfrequently

Key (1950), who studied the vessels of peptic ulcer by microradiography,
observed that the acute ulcer presents a picture of an acute vascular dis-
turbance chiefly occurring just under the mucous membrane—a hypervascu
lanty and derangement, an mncrease m vessels and no 1schaemia

The chronic ulcer

The ckronee callous ulcer (the “ulcus simplex r i of Cr [hier)
differs 1n all respects from the acute ulcer Typically the chrontc uleer 15
v anably single although two independent chromic lesions i proximuty are
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sometimes encountered and may co exist with one or more scars of former
chronic ulcers The simultaneous occurrence of chronic ulceration or scarring
of the stomach and duodenum 1s infrequent and 1s considered by Stewart
(1929) as an 1nd of important 1 1 diffe The chronic
ulcer 1s much larger than the acute one and may reach enormous dimensions
1t occurs mostly on the lesser curvature Microscopically the margin of the
ulcer 1s no longer seen to be sharp, but s thickened, rounded and overhang
g, the edges are oedematous, indurated and usually red and inflamed
‘The mucosa terminates abruptly at the edge of the crater 1susually congested
and haemorrhagic and there s a great increase m the lymphoid tissue on both
sides of the lans ‘The sub 1s much thickened and the
musculans 1s invartably completely breached which 13 one of the most
charactenstic features of the chronic ulcer The floor 1s formed by fibrous
tissue which may be adherent to an adjacent viscus and the serosa s thickened
and opaque over an area considerably larger than that of the ulcer Askanazy
(1920) described the typical structure of the floor of a chromc ulcer as
consisting of four distinct layers (a) on the surface there 1s a zoneof purulent
or fibrinopurulent exudate 1n which phul, palymorph lear cells are
found 1n abundance mixed with fibrn, (6) a zone of fibrinoid necrosis which
contains nuclear debris of leucocytic origin, (c) a zone of young prohferating
granulation tissue which, according to Stewart (1929), contams eosinophil
cells, and lymphocytes which occur rarely below the level of the fibrmod
zone, (d) a zone of fibrous scar tissue 1n which the muscles are destroyed the
blood vessels are thickened, showing obliterative endarteritis and thrombosis,
and the nerves, often lttle altered are preserved This description of the
pathological anatomy of chronic ulcer has been generally adopted
Palmer, Schindler and Templeton (1938) stated that the clical, gastros
copical and roentgenological evidence supports the concept of ulcer as a
penetrative process beginning m the mucosa and mvading the deeper layers
of the gastric wall
Mann (1939) described the development of the chromic lesion as an ulcer
ating process always begmning at the surface of the mucosa At first all that
€an be seen 15 an oval or arcular area covered with a homogeneous grey
membrane Microscopical exammation of the lesion at this stage shows that
this membrane 1s very thin mvolving only the surface cells and that 1t 1s
composed of mucosal cells 1 vanous stages of necrosis with leucocytes and
erythrocytes With the exception of small regions of haemorrhage between
the tubules Jjust beneath the membrane the rest of the tissue appears normal
According to Collns (1943) the mimimal lesion of chronic uleer which can be
Tecogmsed grossly 1s focal ulceration mvolving only the mucosa

THE HEALING OF PEPTIC ULCER
The acute ulcer
The natural tendency of acute ulcers, whether of the stomach or duodenum
15 to heal rapidly and 1t 15 a general observation that m ammals artificial
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lestons, however produced, heal with the greatest readimess, the difficulty
beng toprevent them from healing Ulcers which mvolve only the mucosa or
submucosa heal without leaving a permanent scar, but if the muscular coat
has been mvolved a certain amount of fibrosis takes place which remains
permanent 1n the form of 2 scar The rate of healing of acute ulcers varies
from ! to 2 mm per day Bolton {1913) stated that as soon as the edges of the
mucous membrane are scparated from the slough and ali the necrotic portions
of glands have been removed by the gastric jurce, the cells hning the ducts
and bodies of the glands commence to proliferate and cover the surface with
a single layer first of flattened cells and later of cubical cells

The chromc ulcer

According to Bolton (1913) healing 1 chronic ulcer consists of filling up
the crater by the growth of firm granulation tissue from the sides and base of
the ulcer, by inear retraction of the sides of the ulcer with the approxumation
of the lateral surfaces, and by the ingrowth of newly formed epithelial tissue
from the sides of the wound towards the crater

Mann and Williamson (1923) observed that the process of healing begins
swith the subsiding of the mf] y reaction m and around the base of
the defect and the sloughing off of the necrotic tissue on the surface of the
base Many experimental workers have shown that as a chromc ulcer
progresses there 1s contimued connective tissue proliferation which himuts its
extent as well as prevents 1ts perforation, the balance of power alternating
between progression of the leston and 1ts healng

It 15 evident, according to Vines (1940), that a chronic ulcer must heal by
gratulation from below upwards and such a zone of granulation tissue 1s an
almost constant histological feature

Longmure, Beal, Lippman and Bishop (1952) emphasized that an erosion
heals by epithehal proliferatton without scar formanion, complete re-
epithelization of 70-90 per cent of the gastric mucosa occurring 1n three
wecks, whereas an ulcer heals by granulation and scanfication

CLINICAL COMPARISON OF ACUTE AND CHRONIC ULCER

Macroscoplc appeamces

Inspection of the two types of ulcers shows marked differences which are
seflected in their size, shape and number These differences are so striking
that they must be accepted as significant

The s1z¢ of the chronic ulcer 15 generally large while the acute ulcer varies
considerably but 1s usually small, frequently too small to be visible to the
naked eye The skape of the acute ulcer, depends upon the condition of the
organ at the ime of exammauon It may appearasa short, red, fissure which
on stretching assumes an ovalor rounded form, 1t 15 charactenstically regular,
while the chronzc ulcer 1s subject to considerable vanauons and 1s markedly
wregular 1n shape The chronic uleer 15 usually single very exceptionally
wo or more ulcers may be present the ‘ kissing ulcer being probably an
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extension of the onginal ulcer or the result of direct xmnitation produced by
1t The acute ulcer 15 multiple, the number varying within considerable
lirmts

Location

The location of the chronic gastric uleer 1s a matter of considerable 1mpor-
tance Stewart (Hurst and Stewart, 1929) 1n a series of 210 post mortem cases
found 172 (82 per cent) of chromc uleers located on the lesser curvature 26
(12 per cent) m the pylonic canal 2 (1 per cent) 1n the cardia 4 (2 per cent)
on the anterior wall and 6 (3 per cent) on the posterior wall, 1n a surgical
series of 170 cases 164 (96 5 per cent) were located on the lesser curvature
and 6 (3 5 per cent) m the pylorsc canal This marked preponderance of the
chrome lesion occurring 1n the netghbourhood of the lesser curvature has
suggested theterm  gastric pathway or Magenstrasse” (Waldeyer, 1908)

Inmarked contrast the acute ulcer may be found 1z any part of the stomach
and no speaial sigmficance ean be attributed to ats location

1In ducdenal ulcer, the location of the acute lesion 15 similar to that of the
acute gastnc lesion—there 13 no speafic locaton—but 1 the chrome
duodenal lesion 1t 13 1nvanably confined to the first part of the duodenum

Symptomatelogy

There 13 a2 most striking and fundamental difference between the sympto
matology of the acute and chromc ulcers

The acute nlcer 1s devoid of all chimeal festatrons Itmay berecog: d
as a chance occurrence during a g P Itb manz
fest only through the sudden and d. pp of one of 1ts compl.

uons—haemorrhage or perforatton Symptoms of malaise, a shight rse of

temperature and increased pulse rate may usually be elicated retrospectively
These signs are the general body reaction to a toxic agent The activity of
the ulcer 1s mvanably short in duration, whether 1t 1s fatal {through the

q! of 1ts corpl ), or whether it heals pain being conspicu
ous by its absence The chromc ulcer, 1n contradistinction s msidious
onset and 13 marked by a long hustory of dyspepsia but without general body
reaction Pam appears with clockwork regularity and 1s r d to be
pathognomonic

Inflammatory reaction

The iflammatory reaction which accompanmes both types of ulcer has
important differences In the acute ulcer whichis necrotic mnature themn
flammation 1s circumsenbed and forms a very narrow border round the ulcer
The mflammatory reactton of chromc ulcer vanes from a shghtincrease in the
substance of the mucous membrane giving rse to the so-called état mamel
onné  to areas of intense inflammation If the wrritation persists 1t may lead
to hypertrophic chromic gastritis, duodemtis or pyloritis Diffuse inflamma
tion 18 nvanably present with chrontc ulcer Furthermore 1n contradistine
tion to the acute ulcer the mflammatory exudate of the chrontc ulcer contains
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neutrophil polymorphonuclear cells (Ask y, 1920) while the layer of
proliferating granulation tissue contains eosinophil cells, lymphocytes and
plasma cells (Stewart, 1929) Boyd (1942) states that when examining a series
of chronic ulcers one 1s impressed by the signs of active inflammation which
are found even 1n the least active looking specimens  Chronic inflammation 1s
frequently present in conditions which show a symptomatology identical with
that of chronic ulcer, although no actual lesion can be demonstrated 1t
should be emphasized that whereas the chronic ulcer makes 1ts appearance
1 an inflamed, diseased part of the affected organ, the acute ulcer occurs
generally 1n a part of the stomach which 15 healthy and shows no sign of
antecedent disease

Attention must also be drawn to the element of infection as related to
ulcer Whle in the acute ulcer there 1s generally an intimate connection wath
some 1nfective or toxic element, 1n the chromc uleer mfection plays enly a
secondary role, if at all, Hayem (1911) has emphasized that the presence
of organisms on the surface of the chronic lesion 1s of no consequence, but
when the microbes reach the gastric wall through the circulation, 1t 15 of
serious tmport

The association of hydrochloric acid wath ulcer

It 15 generally recognized that the chromc peptic ulcer 15 associated with
increased acid values (Hurst and Stewart, 1929) and that when there 1s no
actd, there 1s no ulcer (Schwartz, 1910, Palmer and Heinz, 1934) On the
other hand, 1n acute ulcer the acid values may be normal, frequently reduced
or may even be absent They may occur 1n the presence of istamine resistant
achlorhydnia (Palmer and Nutter, 1940)

Conclusions

From these fundamental differences, the conclusion may be drawn that
the acute uleer and the chronc uleer are produced by the actwon of primaridy
different mechamsms, and are therefore, aetiologically independent entities
The conception that a chromic Jesion begins 1ts existence m the form of an
acute lesson and acquires ats chromcity by the persistence mn the activaty of
the onginal morbid process may appear superficially self evident, but has
no evidence to support 1t To affirm that a chronsc ulcer onginates from
an acute ulcer 13 to musapply the nomenclature as well as to musmterpret
the evidence The Iife history of the chromc ulcer may be visualized as
beg with a chr 1 {{! d and, thercfore diseased mucous
membrane the persistence of the onginal morbid process leading to the
smitial breach of the mucosa and preventing 1t from healing Thus there are
two stages 1n the development of the chrome ulcer, the appearance of the
snflammatory Teaction, and the breakdown of the mucous membrane In
other words, the chronic ulcer 1 * chronic’ before st becomes an  ulcer”
The acute peptic ulcer never becomes chronic nor has the chromic pepuc
ulcer ever been acute
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RELATION OF ULCER TO OTHER DISEASES

Itis proposed ﬂrst to 1y csugate the acute fom of the ulcer to show that

1t d ofaremote
ly S\tuatcd mcrbxd condmon The chromc form of ulccr will then be studied
1n order to show that it rep a primary n resp toa

Iocal imitation

Acute ulcer

The association of the acute ulcer with some active pathological condition
situated at a pomt remote from the ulcer strongly suggests that the acute
ulcer 18 a secondary mamifestation and s the result of some assocrated 1nfec
tive or towic state The primary condition may be situated at some distance
from the ulcer and 1s usually of a chrome nature the acute lesion being
produced systemucally through some embolic process Rokitansky (1842)
ponted out that acute erostons are assoaatcd with the most vanied acute and
chronic 1llnesses such as bral disease,
eclampsta burns trauma, wfections and septic processes m general Brnton
(1864) observed that the acute lesion 15 associated with a large number of
diseases “n proportion much more akin to those of therr known frequency
than to any other of their circumstances  Dieulafoy (1897-98) who noted
small or large elevations of !empcraturc with acute ulcerations stated that
with few p the process responstble for their causation
(haemorrhagic erostons) 1s the result of 2 toxic nfection Hayem (1911)
pomnted out that while the acute ulcer 15 associated with a diversity of
pathological conditions there are many procedures which, similarly, repro-
duce the experimental ulcer, and the actiology of acute ulceration 1s stnking
by 1ts nichness and 1ts vanety Bolton (1913) stated that there appears to be
very little doubt that many cases of acute ulcer which have been described as
occurring 1 various non infective diseases such as heart disease, hiver or
kidney disease, are really due to a secondary invasion of the body by micro-
organisms He pomnted out that 1t 1s not only 1n general septicaemuc diseases
that acute ulcer of the stomach arises but also 1n conditions where a local
septic focus 18 present

He emphasized that the sudden haemorrhage which occurs without any
Pprevious warmng 13 generally accompanied by a rise n temperature and that
when sudden perforation 1s the first clintcal mamfestation of the disease 1t 1s
defimtely of infective ongmm  Greggio (1916) considers that all ulcers of the
newborn are acute and are a secondary mamfestation of a primary septic
condition

According to Moutier (1926), erosions occur in toxaemtas septicaemias
and common gastriis Stewart (1929) tabulated 12 different conditions
assoctated with 151 cases of acute gastric and duodenal ulcer and 1n these
practically all could be due to an infective cause while hellogg (1933) gave
20 dufferent stems which he classified under the headmgs of (a) corrosive
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poisons, (8) ulcer of metabolic or infectious origm, (¢) septic processes, and
(4) infectious discases

Curling's ulcer

The ulcer which follows burns as a complication and 15 generally referred
to as Curling’s ulcer helps to some extent to elucrdate the pathologrcal process
of the acute peptic leston

Greenwood (1880), Perry and Shaw (1893), Broadbent (1908), Moynihan
(1912), Robertson and Boyd (1923), Stallard and Borman (1928), Harris
(1929), Pack and Dawvis (1930), and Maes (1930), attributed the cause of
Curling’s ulcer to sepsis or toxms It 15 significant that the uleers do not
develop until 10~14 days after the burnand that frequently symptomsappear
only 24 hours before death Harkins (1938) has shown experimentally that
when dogs died or were killed within 24 hours of burning there was no ulcer
present and no congestion of the stomach

Hartman (1946), who produced third degree burns 1n dogs, reduced the
mcidence of ulcers from 77 7 to 23 per cent by the admimstration of pent
callin This was climcally confirmed by Braithwaite and Beales (1949)
Wilson (1935) and Hartman (1945) observed that patients with burns do not
show excessive gastric acidity Necheles and Olson (1942) found that there
18 an excess of gastric secretion which, according to Palmer (1942) and
Behrmann, Schelhing and Hartman (1946), 15 induced by the presence in the
blood of histamine or a histamme like substance This substance had been
demonstrated by Rosenthal (1937) Friesen (1920) stated paradoxscally
that “whereas mucosal congestion 1s the predispostng factor, gastric acidity 1s

doubted] precip g agentn ulcer formation following burns, which
does not necessarily 1mply that hyperacidity or hypersecretion occurs 1n
burns It1s pertinent here to add that in the experiments i which dogs with
gastric pouches were subjected to burns, no increase 1n gastric acidity or
secretion was noted *

Increased ation of h globin was observed by Underhill,
Carrington, hapsinow and Pack (1923), Friesen and Wangensteen (1946),
Brooks, Dragstedt, Warner and Knisely (1950) and Friesen (1950), and
nvolvement of adrenals by Werskotten (1917) and Harkins (1938) Adreno-
cortical hyperactvity with marked eostnopema was observed by Sewitt (1954)

The acute uleer as a manifestation of the ‘alarm reaction

Selye (1940) has shown experimentally that the acute ulcer 1s the result of
the response produced by the ‘alarm reaction which he described Selye
(1937) stated 10 hus Studies on Adaptations that the alarm reaction represents
a non specific response of the organism to damage assuch Itsmam symptoms
are adrenal enlargement, mvolution of the lymphatic organs, deg
and death of cells 1n vartous tissues ulcer formation 1n the digestive tract, and
ocdema formation These symptoms are the same whatever the specific nature
of the damagng agent may be Drugs, surgical injunes, spmal shock exces
sive muscular exercise, all eheit the same reactton Experiments on rats show
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that if the organism 1s exposed daily to a shmulus causing an alarm reaction
m the beginning, 1t will eventually become adapted to this stmulus Ths
adaptation however, 1s lost after some time, apparently because the organism
runs out of something needed for the fight aganst the damaging agent At
this time the ammals die in a condition of exhaustion, with symptoms simular
to those scen 1n the acute stage of alarm The whole reaction of adaptation
conasts, therefore of three stages the stage of alarm, the stage of resistance,
and the stage of exhaustion Gastric and 1ntestinal ulcers appeared, histologt
cally, to be due to complete dissolution of the mucosa and they are often
accompanted by inflammatory infiltrations in the submucosa and musculans

Selye and MacLean (1944) showed that the acute gastric ulcer, which
occurs 1 man as well as m animals following exposure to various noxous
agents (toxic doses of drugs cold, exhausting muscular work, surgical shock
and other causes) 1s not due to any of the specific properties of these agents
Apparently they are part of the response to the non specific damage caused
by these stimuli and represent one of the symptoms of the *“alarm reaction

Steiner (1946) who performed necropstes on Okmawans during the second
world war found no disease of the stomach except ulcers, these were acute
and were related to psychosomatic stress following bombing and mnva
sion They were inadental post mortem findings but no healed peptic ulcer
scars were found McDonnell and Mckhloskey (1953) examined the records
of 1,781 consecutive autopsies (performed during 1945-1950) following sur
gical procedures, they found that of 243 cases m which death occurred wathin
two months of operation (performed on other than central nervous system
lestons) 8 (3 24 per cent) had acute peptic ulcers Similar ulcerations were
shown 1n 5 (27 per cent) of 179 patients 1n whom central nervous system
lesions were found at autopsy According to these authors 1t seems probable
that the acute peptec uleers associated with surgical procedures burns and
mtracramal lestons are a result of the body s exposure to stress

Chromc ulcer

The association of acute ulcer with an acute inflammatory lesion (for
example acute appendicitis) on the one hand and the association of chromc
ulcer with a chromic inflammatory lesion (chronic appendicitis) on the other
hand suggests a parallehism in the pathogenesis of these diseases

In this section 1t will be shown that the relationship of chronic ulcer to
chromic appendicitis 1s entirely different from the relationship of acute ulcer

to acute appendicitis and that the ) lved are not the same
Moymhan (1910) and Paterson (1910) drew attention to the diseased
appendix as a cause of gastric symp d with hy 10n

hypermotihity and pyloric spasm Wilkie (1914) suggested that toic absorp'
tion from the appendix or colon could produce an rritable condition of the
autonomic nervous system with a tendency to ulcer formation In a serzes
of 718 cases of duodenal and gastric ulcer, Moymhan (1923) removed the
appendix 307 times and the gall bladder 23 imes In more than 50 cases the
gall bladder or the appendix or both had previously been dealt wath by
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porsons, (b) ulcer of metabolic or infectious ongmn, {¢) septic processes, and
(d) infectous discases

Curling’s ulcer

The ulcer which follows burns as a complication and 1s generally referred
to as Curling’s ulcer helps to some extent to elucidate the pathological process
of the acute peptic leston

Greenwood (1880), Perry and Shaw (1893), Broadbent (1908), Moynihan
(1912), Robertson and Boyd (1923), Stallard and Borman (1928), Harns
(1929), Pack and Dawvis (1930), and Maes {1930}, attributed the cause of
Curling s ulcer to sepsis or toxins It 1s sigmficant that the ulcers do not
develop until 10-14 days after the burn and that frequently symptoms appear
only 24 hours before death Harkins (1938) has shown experimentaily that
when dogs died or were hilled within 24 hours of burning there was no ulcer
present and no congestion of the stomach

Hartman (1946), who produced third-degree burns 1n dogs, reduced the
madence of ulcers from 77 7 to 23 per cent by the admmstration of pem
alln This was climcally confirmed by Braithwaite and Beales (1949}
‘Wilson (1935) and Hartman (1945) observed that patients with burns do not
show excessive gastric acidity Necheles and Olson (1942) found that there
s an excess of gastric secretion which, according to Palmer (1942) and
Behrmann, Schelling and Hartman (1946), 15 induced by the presence i the
blood of histammne or a histamne like substance This substance had been
demonstrated by Rosenthal (1937) Friesen (1950) stated paradowcally
that “‘whereas 1 cong 15 the predisposing factor, gastric acidity 13

doubtedly the preci g agentin ulcer formation following burns, which
does not necessanly imply that hyperacidity or hypersecretion occurs m
burns Itis pertinent here to add that in the experiments in which dogs with
gastric pouches were subjected to burns no increase 1n gastnic acidity or
secretton was noted *

Increased ration of h lobin was observed by Underhull,
Carrington, Kapsinow and Pack (1923), Friesen and Wangensteen (1946),
Brooks, Dragstedt, Warner and kmisely (1950), and Friesen (1950), and
mvolvement of adrenals by Weiskotten (1917) and Harkins (1938) Adreno
cortical hyperactivity with marked eosinopemia was observed by Sevitt (1954)

The acule ulcer as @ manyfestation of the “alarm reactton’

Selye (1940) has shown experimentally that the acute ulcer 1s the result of
the response produced by the ‘alarm reaction’ which he described Selye
(1937) stated i his Studies on Adaptations that the alarm reaction represents
anon specific resy of the to damage assuch Its main symptoms
are adrenal enlargement, mvolution of the lymphatic organs, degeneration
and death of cells in various uissues, ulcer formation in the digestive tract, and
oedema formation These symptoms are the same whatever the specific nature
of the damaging agent may be Drugs, surgcal injurzes, spinal shock exces
awve muscular exercise all elicat the same reacuon  Experiments on rats show
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THE SUBNUTRITIONAL ULCER

An unusual form of ulcer connected with basic nutritional requirements has
been seen 1n Europe as a post war phenomenon In the East chronic lesions
arc seen 1 populations exposed to severe food restrictions 1mposed by rehig
ous or other reasons, particularly 1n the consumption of protemns and during
periods of grave famine The high inaidence of gastric ulcer amongst Abys
simians and the Hindus of Southern India 1s well known (McCarrison, 1921)
Hamper! (1932) who studied the sudden steep increase in the incidence of
peptic uleer ( ‘Ulcusepidemie *) i the U S SR during the famine years of
1920-1922 stated that the mhabitants of Leningrad received a diet with the
following average daily calories 1914, 2 300 calones, 1917, 1,760 calones,
1918 1,300 calories 1919, 800 calories 1920, 700 calories The increase 1n
ncidence was 1n direct proportion to the reduction of the food intake Ehr
mann (1942) states that ohservations based on 15 000 autopsies and 7,000
hospital patients with peptic ulcer at the time of defictent nutrzion
Germany during World War I, showed there was a marked 1increase in the
madence of peptic ulcer

ere 1s derable experimental evid to support the view that dieta
ry alterations are the cause of these ulcers Turck (1906) reported that ulcers
occurred 1 ammals sumply by keeping them 1n close confinement until they
were debilitated Ivy (1920) was particularly 1mpressed with the fact that
1mamtion or cachexia 1n an animal predisposes some of 1ts cells to digestion
and leads at times, to the formation of ulcers McCarnson (1921) showed
that pigeons and monkeys kept on an exclusive diet of autoclaved rice or mulk
showed considerable pathological changes in the bowel The stomach 1n
pigeons was atrophied and averaged 3 5 grammes 1n weight as compared
with the onginal weight of 5 7 grammes

(See also Exg 1 Ulcer produced by defi states, p 146 )

The “war” ulcer

‘The subnutntional ulcer as a war manifestation has been observed 1n the
countries where low protein ratioming was in force It1s intimately related to
the hunger cedema which occurred 1n World War I and produced disastrous
consequences for 1ts victims before the 1 I factor was d In
‘World War IT hunger oedema appeared i the occupied countries as well as
m Germany Martin and Demole (1943) considered that 1t was the conse
quence of a deficiency of ammal protemns Govaerts and Leqmme (1943)
related 1t to the osmotic pressure of the low plasma proteins

It s obvious that as hunger oedema affects all the organs of the body the
muscle wall of the stomach will show less local resistance and wall be more
vulnerable to physical trauma and more lable to mjury

Henmning and Czerwensky (1944) described 90 cases of “hrregsull asa
war conditioned peptic ulcer which occurred on the small curvature of the
stomach almost exclusively 1n males and more particularly m workmen
engaged on heavy work

howalewsk (1947) reported the results of s investigations made on Polish
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operation and he stated that i many of the patients from whom he removed
the appendix he felt that the obvious and sometimes gross disease antedated
the development of the ulcer or ulcers 1n the stomach or duodenum, and
consequently he regarded 1t as 2 primary source of infection  Alvarez (1929)
found gall bladder disease 1n 8 § per cent of male gastric uleer patientsandin
13 3 per cent of female patients In the duodenal ulcer patients, 11 per cent
of the men and 27 per cent of the women had assaciated disease of the gall
bladder

Braithwaite (1923) has suggested that the flow of lymph from the 1leo
caecal angle may have some bearing on the cause of duodenal and gastnc
ulcer and he mentioned that, on abdommal section, the diseased appendix
may be diagnosed whlst 1t 15 well out of sight by the following stigmata
(a) pylonic spasm, (5) pylonc congestion, and (¢) enlargement of glands on
the greater curvature of the stomach and pylorus

These phenomena can be explained on the baus of the *ileogastric reflex”
which has been shown (in the previous section) to be a manifestation of
yeverse penstalsis produced by obstruction m the region of the ileo-colic
angle

THE CO EXISTENCL OF ACUTF AND CHRONIC ULCER

The conception that the acute and chromc lesions are unrelated disease
entities 1s supported by the observation that the acute and the chronic ulcer
can co-exast as unrelated phenomena in the same stomach Dieunlafoy (1897-
98) has suggested that the exulcerafio—the superficial ulceraton—-may be
grafted on to a chrome ulcer and display 1ts own independent charactertstics
1n the substance of the chronuc lesion

Hayem (1911) has made 1t clear that the co exstence of acute and chromc
lesions which 15 lly seen 1s explamed by the fact that the ulcer
15 old but the erosions are new and that 1t 13 essential to take the chmical
hastory mto account when interpreting these observations Bolton (1913)
stated that 1n some cases the acute ulcers have healed, leaving scars, so thatin
the same stomach there may be active acute ulcers scars of acute ulcers and
chrontc ulcers He emphasized that the association of acute and chronic ulcer
may be quite accidental, the acute ulcers being the result of some infective
pracess which has attacked the person with chromc ylcer Duval (1924) 1
studying the “conternporary occurrence of chrome and acute vlcer, specifi
cally refers to the infection which develops secondarily to a remote primary
fesion or 1n a lesion which was oriminally stenle and he pomts out that fever
and leucocytosis with an increase of polymorphs 15 particularly commen
haematemesis and melaena, he also observed acute mflammatory lesions
which complicated the process of chromic ulcerations found n pathological
specimens

Stewart (Hurst and Stewart 1929) 1n aserses of 4,000 autopsies found that
6 out of 89 (6 7 per cent) had both acute and chrome gastric uleers and 18
out of 153 (11 8 per cent) both acute and chronic duodenal ulcers
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nutrition, devitahization) and those whuch lead to the persistence or non-
healing of such ulcers
Hauser (1926) stated that althoughtiscorrect th lly niot toseparate
the pathogenesis of erosion and ulcer and although even the smallest eroston
can be considered as an ulcer, nevertheless the lesions have fundamentally
different modes of healing, diffe chimcal fe 1ons and diffe
aetiologtes There 1s also a lesson which exhibits the characterstics of both
and 1t 1s the sub ulcer which rep the from the acute to
the chronic lesion According to Stewart (Hurst and Stewart, 1929) the sub
acute ulcer represents a transitional stage, probably a short one, from acute
to chronic ulcer Their number, size, posiion, naked eye and microscopic
characters as well as their course, complications and sequelae occupy a post
tion intermediate between the acute and chronte lesions He stated further
that since the process s a continuous one, sharp delineation into three catego-
ries of acute subacute and chromic must obviously be somewhat artificial
and arbitrary, and 1t s difficult 1f not imposstble, to apportion anything like
precise time Limuts to the various stages
According to Konjetzny (1930) the chromc ulcer starts as an erosion
situated 1n an inflamed gastric mucous membrane, and this view 1s supported
by Palmer, Schindler and Templeton (1938-39) who stated that the morbid
process begms m the mucosa, penetrates the submucosa and then the
musculans  Eusterman and Balfour (1935) considered that subacute
gastnc ulcer 1n a chimcal sense 1mplies a subacute exacerbation of a chrome
ulcer Moutier (1935) has never seen an mtermediate form between the
flat ulceration and the deep loss of substance gastroscopically and thought it
exceptional to observe a typical ulcer or an aphtoid gastrius, or the trans
formation of an erosion into a callous ulcer According to Zwerg (1936) there
15 no gastroscopic evidence to show the transition from an erosive gastritis to
a true chromc ulcer Schindler (1937) made 65 gastroscopic examinations on
one patient over a period of ten years and though on each occasion he saw
numerous erosions 1n the stomach a chromc gastnic ulcer never resulted
Dible (1937) pointed out that the small superfictal acute ulcers and haemor
rhagic erosions throw hitle hght upon the real problem of the indolent
chromue ulcer and that 1t 1s clear that chromc ulcer 15 dependent upon quite
different factors from those which occasion the multiple erosions
Ivy, G and Bachrach (1950) that m the classification of
ulcers some authors include the third intermediate type of subacute ulcer
They attempt to avoid the difficulty of 1ts defimtion by saying (p 15) that
A subacute ulcer 1s intermedate between a healing acute ulcer and a defimte
chromic ulcer It represents an acute ulcer, the healing of which has been
shightly retarded The submucosa about the margn 1s somewhat thicker than
m an acute healtng ulcer the margin 1s undermined 1n some regions and
healing 1s present n others the eosmophuls are absent or few It 1s not an
acute ulcer, yet one hesitates to call 1t a chronic ulcer 1t 15 really an ulcer
of shght chromaty
To contend that a subacute ulcer 15 2 mixture of healing acute ulcer which
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officers 1n German prison camps during 19411944 There were 1,890 cases
and their ages ranged from 20 to 56 years with an average of 32 years He
found that complete achlorhydna, after a test meal, occurred m 2 6 per cent
m 1941, 1 6 per cent in 1942, 1n 12 per cent n 1943 and m 14 8 per cent
1944 Free hydrochloric acid on fasting was not found 1 1941 1n 17 8 per
cent and 1n 1944 1n 42 2 per cent of the cases The author concluded that
msufficient food, both quantitatively and qualitatively, was responsible as
thus was largely composed of vegetables and was Jacking 1n amimal protein

According to Henning (1949) the “war” ulcer disappeared in the year
1947, an observation which was also confirmed by Markoff' He also quotes
Alpern of Charkov, who observed “war” ulcer in Russia

THE SO CALLED “SUBACUTE’® ULCER

Tt 15 wrongly assumed that the chronic ulcer onginates as an acute ulcer
and that the period of transition 1s represented by the so called subacute
ulcer, although there 1s no direct enidence to support this view

Cruverlluer (1839) considered that ulceratton and ulcers of the stomach
are consecutive stages of a single morbid process which eventually lead to
perforation (It should be pointed out that the disinction made by French
authors between “ulceration ’ and “ulcer * corresponds to “‘exulcerato” and
“uleus’ or “acute and  chromc’ peptic ulcer respectively ) He believed
that the superimposition of inflammation on a haemorrhagic erosion could
produce a small ulcer This view was supported by Rokatansky (1861}, but
rejected by Langerhans (1891) Neumann pomted out the wmportance of
considering acute and chronsc ulcers as separate entittes Hayem (1911}
emphatically rejected the contention of Cruvexlhier and tus followers that the
depth of the leston 1s the enteron which determmes whether the leston 1s an
acute or chromc ulceration and he luded that ¢ the pathog estab
lished the nosology’ He made 1t clear that acute ulcerations are ‘mortifica
tions  of the gastric wall produced by vamous processes which have no
relation to any disturbance of the secretory function of the stomach, through
their ongn, therr anatomcal constitution and the manner 1n which they
evolve He pointed out the association of acute ulceration with a diversity of
pathological conditions and the facihty with which an expennmental ulcer
can be reproduced by multiple unrelated procedures and that these two
general characteristics by themselves should be sufficsent to differentiate
these lestons from chromc ulcer

Aschoff (1921, 1924) stated that haemorrhages which are Imuted to the
mucosa are the nitial stage of the ulcus ssimplex of Cruveiliuer and he beheved
that 2 chronic lesion may occasionally develop from an uncomplicated ero
siom, but that the cause of the erosion 1s not necessanly the cause of the ulcer

Stewart (1923) argued that as all chrontc ulcers arse 1 and from an acute
ulcer, two actiological problems are presented (a) the cause or causes of
acute ulcer, and () the factors which lead to the persistence or non healing
of such ulcers The various factors chmical and expennmental, concerned 1n
the production of chronic ulcer are those winch act by producing injury (mal-
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An mteresting illustration of the problem was provided by Avery Jonesn
1951 at the Festnal of Britain Symposium at the Royal Society of Medicine,
London when he showed gastroscopic drawings of a middle aged woman
who was admatted to hospital for a suspected chromic ulcer Gastroscopic
exammnations revealed first a submucous haemorrhage, later 1ts transforma
tion to a superficsal ulcer, and later still the healed ulcer, the whole cycle
having been completed within a fortnight The usual orthodox treatment of
chromic ulcer had not the shightest effect on the evolution of the acute
leston

1t may be stated, 1n conclusion that there are three fundamental objec-
tions which militate against the theory of the transformation of the acute
peptic ulcer mto the chrome peptic ulcer (a) The first objection concerns the
terramn 1n which the lesion occurs, that 1s to say the condition of the mucous
membrane It 1s an accepted fact that the mucous membrane 1 which the
chrome uleer 18 located 1s ct 1ly inflamed before the app of the
ulcer and that the inflammation disappears only after the ulcer has healed
On the other hand the acute ulcer appears esther on a normal or atrophic
mucous membrane which shows few signs of inflammaton other than those
associated with the trauma of the lesion In order to allow for the sequence of
events which occur 1n the development of the chronic lesion 1t would be
necessary to show thata plete change of the sul takes place after
the acute leston has appeared There 15 no evidence which justifies this
possibiity (6} The second objection concerns the acid factor Itis generally
accepted that hydrochlonc acid plays an essential role 1n the causation of
chronic ulcer but takes no part in the causation of the acute ulcer Since the
acd factor 18 present at the imhation of the lesion that 1s to say there 13
hyperchlorhydna and since the acid values with the acute ulcer are normal
or more frequently subnormal 1 other words there 1 hypochlorhydnia, in
order to show that this transformation from hypochlorhydna to hyper-
chlorhydna takes place during the recogmzed short hfe hustory of the acute
ulcer 1t would be necessary to postulate that a new mechamsm 1s brought

mto action which effects this % ton There 1s no evid that two
mechanisms are concerned 1n the causation of the chromc lesion {c) The
third object: the most impor ns the focus of orgin of the

ulcers It has been shown conclusively that on the one hand the acute ulcer
starts 1 the submucosa (Hayem 1911 Redwitz and Fuss 1928 Boles
Riggs and Gnffiths 1939, Mann 1939 and Key 1950) and, on the
other hand the chromic ulcer starts on the surface of the mucous membrane
(Askanazy 1920, Redwitz and Fuss 1928 Stewart 1929, Newcomb 1932
Palmer Schlinder and Templeton 1938, Colins 1943 Albot and Debray
1946 and Key 1950)

It ble therefore to lude that the acute ulcer does not
become chronic and the two types of ulcer must represent two ndependent
and unrelated disease entittes
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at the same time tends to become a chronic ulcer, 15 to confuse the evidence
Healing of an acute ulcer begmns almost comeidentally wath ats formation
because the causative factor ceases its activity soon after the imtiation of the
lesion Healing of the chronic ulcer takes place simultaneously with the pro
gression of the lesion, a constant atternpt at healing occurs while the factor
responsible for 1ts causation persists, 1t 1s the balance of these two opposing
forces which determmes the final 1ssue
Ivy, Grossman and Bachrach (p 174) also say that many observers came to
consider chronic peptic uleer as a separate disease but paid hittle attention
to the nature of the acute leston “More recently all students of the problem
have favoured the view that the chronic ulcer is smit:ally exther an acute ulcer
or an erosion Thus the two opposing hypotheses regarding the ongin of
peptic ulcer are (1) a chronie peptic ulcer does not orginate from any of the
acute lesions seen tn surgical and autopsy specimens of the stomach, duode
num or jejunum, (2) a chronic peptic uicer always originates from an acute
lesion, which may be (2) any type of acute ulcer or (8) only a certamn type of
acute ulcer’ They then proceed to declare that “it 1s difficult to concerve,
and no one has explained adequately, how 2 chromc ulcer could arnse, Itke
Minerva springing fully armed from the forehead of Jove, without 1ts being
imtially an acute lesion of the mucosa Even if an ulcer arose as a result of the
alleged withdrawal of the trophic effect of nerve impulses on the cells of
the mucosa, an acute lesion would occur” The evidence 1s exanuned to
support the assumption that a chrome ulcer anses as an acute leston by
reference to the co existence of acute and chronic ulcer, acute lesions 1
nfectious processes acute Iesions 1n burns, occurrence of chrome ulcers at
the site of expenimental acute ulcers They then state emphatically that a
primary breach of the eprthelial surface (mucosa) 1s a sine gua o of a chromc
ulcer A multipheity of factors may operate to smpair the mucosa by decreas
1ng the protective mechamism or by mcreasing the action of aggressive factors
on the mucosa so that an erosion, or an acute ulcer, or both develops How-
ever, towards the end of their exposition they temper therr dogmatism by
stating that ‘the expersmental evidence from laboratory and the descriptive
evidence from surgery and necropsy presumptively establishes that the
“chromc * peptic ulcer 1n man ongmates from an acute erosion or ulcer of a
non speaific type * They then surprisingly, admut that  under ordinary con
drtions erosions and acute ulcers of the stomach and duodenum heal rapidly,
1n fact so rapidly that 1t 1s remarkable that a chronic ulcer ever occurs  Itis
sndeed hughly significant that as yet no suggestion has been forthconung to
explain how, of all the multiple acute ulcers, one particular ulcer 15 singled
out to be “transformed 1nto a chromic ulcer, while all the others heal rapidly
and disappear without leaving a trace of thew existence and the possibility
1s 1gnored that the chromc ulcer 15 the final breakdown of an inflamed
mucous membrane thus being ‘chromc’ before being  ulcer
Selye (1951) stated that ¢ there was no proof that the acute gastric eroston

of the alarm reaction would tend to become chronic and transform itself
1nto a peptic ulcer’
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rhythm) and food, comfort, pam for duodenal ulcer (triple rhythm) has no
speaal sgnificance apart from the location of the leston This dhfference of
rhythm, however, 1s not ngorously true

vy, Grossman and Bachrach {1950) stated that despite the differences
their ssmularities are very marked The gross appearance of the lestons—
allowing for differences of 11 the symp the Ife
Tustory of the mdivduals with the disease, the complicatons and sequelae,
the responses to surgical and medical therapy, all pomt to a fundamental
1dentity of gastric and duodenal ulcer

Grossman (1951) pointed out thatn spite of the difference in acid secretion
curves, 1t 13 of special importance to the consideration of aetiological factors
that clinically and exper 1ly, gastric and duodenal ulcers occur comna-
dentally and expenmentally 1n the same man or ammal with significant
frequency

These ulcers are sufficiently simular i many of therr charactenstics to
sustify the compreh term of gastro-duodenal ulcer

Conclusions

‘The study of the pathological anatomy of peptic ulcer in conjunction with
1ts chimeal manifestations shows clearly the fundamental differences which
disinguish the acute and chronic lesions A companson of therr morbid

loses the diffe 1n their number size, position distribution
macroscopic and microscopic appearance, ongi, course healing compli-
cations and sequelae whale a comp of their symp logy discl

the difference 1n the age and time factors, the secretory and motor reactions
their assoctation wath gastritis and with pam. All these observations mdicate
that the difference of the lesions 1s not one of degree but of kind and that the
lestons are not sequential stages 1n the evolution of one disease complex but
are two dufferent disease entittes unrelated to each other

It 15 evadent that the causation of the ulcerative lesion mvolves two ele-
ments an active morbd process, and a time factor

The panless acute ulcer 15 an unfc 1solated ph which 15
fulmunating uncontrollable and transient, and 1ts appearance smmediately
determunes 1ts conclusion It reaches finality whether 1t heals or produces
complications and the morbid process 1s exhausted almost at the moment of
ats inception It 1 the hugh virulence of the causative agent rather than the
short time factor, which plays the preponderant role

The panful chronic ulcer displays a protracted life nstory without reachung
an end stage of 1ts evolution It 1s slow 1n development discloses a tedious
symptomatology, but responds to treatment and 1s controllable It 1s main
tamed by a fluctuating alternating state of necrosis and repair and 1t 15 the
long time factor rather than the virulence of the causative agent which plays
the preponderant role

The acute ulcer 13 a secondary mamifestation caused by a mosbid process
situated at some d from the gastro-duodenallesion The chromiculcers
apnmary P g the natural reaction to a localimitation
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ASSOCIATION OF GASTRIC AND DUODENAL ULCER

According to Feldman (1953), data collected from different sources revealed
the association of gastric and duodenal ulcer as follows autopsy maidence,
0 32 per cent, x ray mcidence, 0 15 per cent, surgical incrdence, 7 per cent
He observed that of 383 cases of peptic ulcer at autopsy 25 showed the
association of gastric and duodenal ulcer, an merdence of 6 5 per cent

The anatomical and physiological unity of the stomach with the first part
of the duodenum has been studied 1n Chapter 4 p 80

The pathological identity of the ulcers and the climeal 1dentty of the
symptoms wiil now be examined

Pathologzcal :dentity of the ulcers

‘There 15 a striking simlanty hinking gastric and duodenal ulcers The
acute and chronic lesions which occur m the stomach have corresponding
lestons 1n the first part of the duodenum Perry and Shaw (1893) noted that
out of 120 patients with duodenal ulcer, 15 presented concomsttant ulcers in
the stomach Moynihan (1912) observed that duodenal ulcers may extend
mto the stomach and thus form a pathological Iink between them Hart
(1918-19) believed that, 1 view of the marked simularnity of duodenal and
gastnic ulcer, a umform, if not always the same, actiology must be accepted
Enriquez and Gaston Durand (1924) msist that there 1s no duodenal syn
drome as opposed to a gastric syndrome but there 1s a common dyspeptic
syndrome for the affections of the stomach and duodenum Palmer (1926}
and Bolton {1928) consider that the mechanism of pamn in gastric and duode
nal ulcer 1s essentially the same According to Crohn (1927) both acute and
chronic ulcers of the duodenum are simslar in their orsgins and charactenistics
to analogous forms of lesions of the stomach Bolton (1928) has shown that
nearly B0 per cent of the acidity curves obtamed from cases of duodenal
ulcers are of the pyloric ulcer type and that 90 per cent of the curves of acidity
of pyloric ulcers show simular curves Hunter (1923) and Ryle (1926) have
published figures which approumate with these findings Wellbrack (1929)
has shown that the hustological prcture of chronic duodenal ulcer 15 stmular to
that of chronic gastric ulcer and he has emphasized that the typrcal, true,
duodenal ulcer and gastric ulcer are 1dentcal lesions Berg (1930) Euster
mann and Balfour (1935) and Present {1938), held sinmlar views

Chmecal xdentity of the ulcers

The symptomatology of chromc gastrsc and duodenal ulcers 1s the
same In both the acute lesion cannot be diagnosed except by its comphea
tions—haemorrhage and perft The ch 1stic features of peptic
ulcer pain chromaty periodicity, quality and relation to food which are
pathognomontc of the leston are essentrally the same 1n both vaneties of the
disease Moymthan (1923) has drawn attention to the periodicity of the pamn
which 1s altered by vanations 1n the quantity and quahty of the food and by
the wregularsty of the meals The vanation of the rhythm of the pan 1n
relation to food food, comfort, pamn comfort for gastric ulcer (quadruple




HAEMORRHAGE AND PERFORATION

Jankelson (1945) 1n an analyns of 685 cases of upper digestie tract
haemorrhage found 60 cases (9 per cent) of haematemests which remamned
unexplamed In 28 of these (45 6 per cent) there was no sigmficant digestive
history, n 9 cases (15 per cent) there was a brief hustory of mild eprgastric
discomfort, 1n 9 cases (15 per cent) the symptoms which lasted from 2 wecks
to 3 months were bizarre and not suggestive of any pathological lesion, 6
cases {10 per cent) 1n which the symptoms lasted up to one year had com
plamts which were not diagnostic Schuff and Shapiro (1901) found that 1n
34 of 339 patients with proved bleeding peptic ulcer there was no hustory of
any digestive distress prior to the haemorrhage while 1n 70 the distress was
atypical Cole (1921) found, 1n 25 per cent with massive bleeding no ante
cedent history

Haemorrhage following emotional stress i patients with and without a
Hustory of ulcer has been descnbed by many authors (Davies and Wilson
1939 Ganshorough and Slater 1946, Avery Jones, 1947)

H: hage as a first symp was reported as 6 8 per cent of 137 cases
(Burger and Hartfall, 1934), 6 4 per cent of 154 cases of gastric ulcer and 2 2
per cent of 46 cases of duodenal ulcer (Kalk 1936) 14 1 per cent of 120
cases (Andresen, 1939), 96 per cent of 230 cases (Kursner and Palmer,
1939), 20 per cent m 144 cases (Wollman 1941), 15 2 per cent of 283 cases
(Rafsky and Weingarten, 1942), 10 8 per cent of 129 cases (Eads 1946) and
50 per cent of 140 cases (Wilkinson and Tracey, 1946)

It 1s of snterest to note, as ponted out by Ivy, Grossman and Bachrach
(1950) that the average of 16 2 per cent of haemorrhagesas the first symptom
compares well with 14 per cent of perfc as the first symptom of ulcer
It has been suggested that 1n pauents with gastric haemorrhage as a first
symptomitisdue toa “silent  ulcer and that x ray exammination may disclose

a crater which causes no pain there 13 however, httle evidence to support
this view

A of h h and 1nfe

o

Post-operative gastr asacause of h hage was described by
Billroth (1867) who found multiple erosions of the duodenum which he
suggested were caused by sepsis following an unsuccessful attempt to remove
an enormous struma Hutchinson (1911) observed that of gastric and intes-
tinal haemorrhages which occurred after abdomunal operatons a severe
septic infection was present 1n 80 per cent of the cases before the operation
and that simular lesions of the stomach and duodenum are met wath
certain cases of disease where no operation has been performed According to
Bolton (1913) perhaps the commonest cause of haemorrhage mto the
(gastnc) mucous membrane 1s bactertal mfection erther by drect action of
the bactenal poison on the capllary wall or by giving nise to vascular occlu

sion and haemorrhagic mfarction  Sherren (1924) found acute ulcersin all
pauents with digestive symptoms who died from haematemesis In 63 cases
which he explored for acute ulcer 29 had defimite disease of the appendix

27 of these had no further haemorrhage In 15 cases i which he removed the
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CHAPTER 6

HAEMORRHAGE AND PERFORATION

1

The two cc 10ns of ulcer—h thage and perforation—will be
studied on parallel hines because the evidence supports the view that they are
of similar aetiology, although they occur rarely at one and the same time,
whether the lesions haemorrhage or perforate appears to depend more on the
chance element of location and virulence of the active process than on other
acuologlcal factors Itis difficult to appreciate the sigmificance of these mam

without establishing their rel p to the ongnal lesions It will
then bescen that they assume a different mcanmg when they occurin assocta
tion with the acute or with the chromic ulcer

HAEMORRHAGE

Gastro intestnal haemorrhage occurs 1n a great vanety of diseases and
may be produced by many causes The present study will consider only sts
relation to the ulcer problem

Incidence

1t 1s dufficult to ascertain with any precsion the inaidence of gastro duode-
nal bleeding as melaena may pass unnoticed, particularly i those patients
who do not experience any pain Statistics on this subject are ofien contradie-
tory and tend to give a false picture of the true positon

‘Wilbur (1932) examined 602 cases of intrinsic gastro-duodenal lesions as
causative factors of haematemes:s and found that more than 85 per cent were
due to peptic uleer, including secondary ulcer

Ruvers (1935} believed that 90 per cent of all duodenal ulcers bleed at some
time Stolte (1944) found from an examination of the historzes of 333 ulcer
patients that except for the greater tendency to bleed wn the first year and a
lesser tendency after the tenth year of the disease, the frequency of bleeding1s
directly related to the duration of the disease Accordmg to Ivy, Grossman
and Bachrach (1950) 23 7 per cent of gastnc ulcers and 19 | of duodenal
ulcers bleed

P 1

gy prior to k
Hc}h:r (1934) reported that in 303 cases of hacmatemesis 96 had proved
ulcers while 106 had a vague history and negative x ray findings OF the
fatal cases 4 were acute 9 acute with scarring and 9 chromc gastric uleers,
6 chrome duodenal ulcers and 2 chromic jeyunal ulcers Moschcowstz Mage
and Kugel (1941) pomted out that haematemes:s or melaena, or both, with
out pain 13 common and that recurrences are the rule
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Sex wnoidence

a J 1

S has also n an extr y manner since the
second and third decade of this century, showing an overwhelmmg pre
ponderance i the male sex Brinton (1857} observed 68 4 per centn females
1n a collected senes of 234 cases, Broadbent (1897) 86 per cent in 50 cases
Brunner (1903) noted an mncidence of females of 64 4 per cent in 423 cases
Moynihan (1910) 269 per cent, Petren (1911) 48 per cent mn 100 cases
Morley (1918) 32 1 per cent m 112 cases Schoemaeker (1914) 52 per cent,
Norrein (1915) 40 per cent 1 105 cases and Hertz (1918) 39 5 per cent 1n
60 cases Speck (1923) observed 5 males and 14 females (73 6 per cent) for
the period 1900-1910 and 41 males and 13 females (24 per cent) for the
period 1911-1920 For the two years 1921 and 1922 there were 32 cases
all males Meyer and Brams (1926) had 62 cases in 3 years also all males
Schwarz (1925) reported 24 7 per cent females in 80 cases, and Dunbar
(1926) 8 3 per cent 1n 387 cases

Bager (1929) 1n a collected series of the Swedish hospatals reported an
madence for 1911 of 26 males and 10 females, for 1916 of 65 males and 33
females but for 1925, 156 males and 30 females Dineen (1929) had a male
ncidence of 97 2 per cent in 142 cases Williams and Walsh (1930) 152 males
m 158 cases Semb (1930) 135 (81 32 per cent) males 1n 166 cases, and
Zukschwerdt and Eck (1931) 93 1 per cent i 117 cases, Blackford and
Baker {1931) found only 43 females 1n 954 collected cases Graves {1933)
97 9 per cent males i 141 cases Scotson (1933) 94 per cent 1 181 cases
James and Matheson (1934) 84 per cent 1 75 cases Schilling (1935) 84 9
per cent m 265 cases Thompson (1937) 94 2 per cent in 500 cases, McCreery
(1938) 95 per cent m 170 cases Shawan (1938) 98 2 per cent in 227 cases
Herzberg (1938) 93 7 per cent 1n 410 cases, and Judin (1939) 98 1 per cent
m 1 355 cases Odom and De Bakey (1940) found 98 1 per cent 1n 211 cases
Judin (1939) expressed the view that the disproportion 1n sex mcidence
pomnts to the role of the female sex glands duning their period of greatest
activity De Bakey (1940) 1n a collected senes of 14 339 cases found that
92 2 per cent were males According to Jenmngs (1940) prior to 1900 3 of
every 6 perforations occurred 1n women 1 1m an elderly woman and 1 m an
elderly man McCabe and Mersheimer (1943) had 82 males 1 89 cages
Estes and Bennett (1944) 78 males 1n 80 cases Black and Blackford (1945)
92 males 1n 96 cases and Olson and Norgore (1946) 1n 166 cases had 958
per cent of males Bartell (1947) in 88 cases found 3 females or 2 93 per cent
of the total as the average ratio of males to females was 331 to 1 the
percentage figure of 2 93 may be adjusted to 97 Moore and Hendricks

(1948) had 97 males 1n 101 cases there were 6 Negroes of whom 5 were
males and 1 female Sure (1949) m 362 cases had 95 3 per cent males
Turner (1951) reported 15 females n 185 cases

Age mardence

Relatively few cases of perforation occur mn ciuldhood and old age the
great majortty occur 1n the thard fourth and fifth decades (De Bakey 1940)
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of cases with perforated gastric ulcers increased more than tenfold as com
pared with peace time

Tilingworth, Scott and Jamueson (1944) 1n a comprehensive study reported
a nise 1 adnussions of perforated peptic ulcer cases from 200 1n 1929 to 600
1n 1940 1n an area where population changes had been mimimal The me
dence of perforated peptic ulcer appeared to have risen from 11 per 100,000
n 1924 to 25 per 100,000 in 1938 There was a marked nise during the war
for the pertod 194041 followed by a return to a normal level The 194041
rise was not correlated wath air raids 1n the area, but anxtety about the war
sttuation, overwork and perhaps undernutrition may have been the cause

Kalk (1945) stated that a marked increase of perforation for the period of
ntense air attacks had been reported by Berg for Hamburg, by Lohmann
for Berhin and by Hoffiman for Cologne

Prop of duodenal to gastric perfo

The proportion of duodenal to gastric perforations appears to have changed
1mn recent years and there 1s now a marked preponderance of duodenal over
gastric perforations Speck (1923) observed perforations m 17 gastric and 2
duodenal ulcers for the period 1900-1910, m 43 gastric and 11 duodenal
ulcers for the pertod 19111920, and n 9 gastric and 23 duodenal ulcers for
the years 19211922 Hurst and Stewart (1929) reported that i 180
autopstes 1 which gastric ulcer was present 36 per cent had perforated and
1n 313 autopsies with duodenal ulcer 56 per cent had perforated Willrams
and Walsh (1930) 1n 158 cases of perforation found 124 ducdenal and 34
gastric ulcers, Scotson (1933) reported on 131 duodenal, 45 gastric and 5
anastomotic ulcer perforations Elason and Ebeling (1934} reported m 545
duodenal ulcers 60 (11 per cent) and 1n 183 gastric ulcers 14 (7 6 per cent)
perforations Roof (1934) had 20 4 and 18 per cent, and Present (1938) i
520 cases 26 and 15 per cent respectively, Schilling (1935), 1n 265 cases, had
two thirds gastric and one third duodenal perforations Judin (1939) reported
90 per cent duodenal and 10 per cent gastric perforations Judm (1940)
observed 1 hus first sertes (for the years 1929-30) an maidence of 97 (84 7 per
cent) duodenal ulcers in 118 perforations, in his second sertes (for the year
1932) 194 (91 6 per cent) in 212 perforations and n the six years to 1936,
288 (87 5 per cent) n 327 perforations Odom and DeBakey (1940) observed
92 gastric and 101 duodenal perforattons Harrison and Cooper (1942) 51
duodenal and 6 gistric and McCabe and Mershermer (1943) 10 gastric 42
prepyloric 10 pyloric and 25 duodenal Estes and Bennett (1944) reported
the 1ncidence as 63 duodenal and 16 gastne, Heuer (1944) as 40 duodenal
and 17 gastric, Black and Blackford (1945} as 87 duodenal 6 gastric and 3
pyloric Moore and Hendncks (1948) had 17 1n the duodenum and 84 m
the h which were classified as 29 gastric, 42 prepyloric 9 pyloric and
4 at the cardiac end In Bartell s (1947) 88 cases 71 (80 7 per cent) were
duodenal 9 (10 2 per cent )gastric and 8 (9 I per cent) pyloric In Gilmour s
(1953) senes 160 (77 7 per cent) were duodenal 43 (20 8 per cent) gastric
and 3 (1 5 per cent) stomal ulcers
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chronic peptic ulcer occurs 1n the aged and that such patients die from the
complication of hacmorrhage and perforation of a chronic ulcer, their study
directs attention to the occurrence of acute peptic ulcers in the aged Such
acute ulcers may become chromc, but more often they result i acute
haemorrhage and perforation causing the death of the patient Suchacute
ulcers may be primary, or secondary 1n assoctation with acute febrile disease,
gall bladder disease, operative procedure or cardiac fallure The natural
tendency m the aged to a diminution of secretion of hydrochloric acid and
pepsin and the consequent dimnution of appetite which produces a reduction
1n the mtake of vitamins must also be taken into account

INCIDENCE, IN THE YOUNG

In view of 1ts intimate relation to infection, perforation 1n infants 1s dealt
with 1n a subsequent section (page 128)
Seasonal tncrdence

It 15 dafficult to draw any conclusion of the effect of the seasonal factor
1m gastro-duodenal perforations since there 1s much divergence 1n the re
ported observations

Broadbent (1897) found the greatest ncidence 1n the pertod from October
to March (which he ascribed to the greater prevalence of anacmma during
wnter), and Brunner (1903) mostly in November and feast 1n July August
Dunbar (1926) found httle difference 1n the monthly frequency but the
largest number occurred 1n January, then March, then July

Hiaton (1931) found 44 7 per cent in 105 cases to occur 1n March April
and October November, Eliason and Ebeling (1934) 32 4 per cent in Octo
ber November and December Perforation occurred most frequently in the
spring and autumn for Rhodes and Collins (1933}, Juster (1935), Hull (1937)
Sosnyakov (1937) in the autumn and winter for Bone and Ramurez (1938)
and Herzberg (1938) but in the summer for Dragormresco (1936} Thomp
son (1937) found the wcidence highest 1n March and the lowest mn July,
while Shawan (1938) noted an increase in the spring with a peak in the
summer a decrease 1n the autumn and the lowest incidence 1n the winter
Fallis (1938) had 15 cases in the winter, 25 1n the spring 33 1n the summer
and 27 1n the autumn Dineen (1929), Sallick (1936), Ham (1937) and
Kelly (1939) considered that there was no significance 1 the seasonal
vaniations

According to Judm (1940) the second half of winter and early spring have
the greatest and July the smallest, number of perforations He suggested
that this may be possibly a sequel to the acute wnfections and lack of vitamung
which are prevalent during the winter months

De Bakey (1940) 1 a collected series of 2 334 cases 1n which seasonal
meidence was mentioned found that 28 6 per cent occurred 1n the spring
22 4 per cent 1n the summer 23 9 per cent 1n the autumn and 25 per centin
the winter In his own senes (Odom and De Bakey 1940) the figures were
246 242 279 and 23 2 per cent respectively Rapsinow (1942) reported
the highest number of cases for May the lowest seasonal period was the
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Dunbar (1926) had 71 2 per cent of 387 cases which occurred dunng these
periods Bager (1929) found that the maxtmum frequency n 1,767 cases
occurred at the age of about 30 years for men and 45 years for women

The increase 1n recent years affected particularly men between the ages of
20 and 40 years This was also confirmed by Semb (1930) James and Mathe

son ([934) had halfof thexr cases in the fifth and sixth decades Shawan (1938)
m 227 cases had the majonty occurring 1n the muddle years with a sharp
drop over fifty In Judin’s (1939) series of 912 cases, 75 per cent occurred
between the ages of 20 and 40 years Fallis (1938) reported on 100 pauents,
the youngest was 18 and the oldest §7 De Bahey (1940) has potated out that
the age mncidence n acute perforated ulcer 1s approximately the same as that
of peptic ulcer 1n general, that 1s, 1t accurs with the greatest frequency durmg
adult hie in the third, fourth and fifth decades In a collected seres of 8,875
cases, 73 1 per cent occurred n patients aged 20-50, 4 per cent before
the age of 20, and 22 per cent afier 50 years Odom and De Bakey {1940)
have reported 782, 37 and 183 per cent respectively for sumilar age
groups In 89 patients seen by McCabe and Mersheimer (1943) the youngest
was 21 and the oldest 77 years Estes and Bennett (1944) n 88 cases had 1
(12 per cent) aged 10-19, 15 (18 7 per cent) between 20 and 29, 13 (162
per cent) between 30 and 39, 23 (28 7 per cent) between 40 and 49, 18
{22 5 per cent) between 50 and 59, 9 (11 2 per cent) between 60 and 69,
and 1 {1 2 per cent) between 70 and 79 Black and Blackford (1945) wn 90
cases had 8 8 per cent of patients less than 30 years old, 28 per cent less than
40 and 17 were 60 or more years old Bantell (1947) 1n 86 patients had 12
(13 6 per cent) between the ages of 20 and 29, 23 (26 1 per cent) between
30 and 39, 26 (29 5 per cent) between 40 and 49, 19 (21 6 per cent) between
50 and 59, 7 (8 0 per cent} between 60 and 69 and 1 patient (1 1 per cent)
between 70 and 79 Moore and Hendricks {1948) i 101 patents, had 3
from 10 to 20 years old, 13 from 21 1o 30, 2) from 3} to 40, 27 from 41 to
50, 28, from 51 to 60, 8 from 6] to 70, and 1 between 71 and 80 Turner
(1951) 1n 224 cases found that the greatest number occurred dunng the
fourth and fifth decades

INCIDENGE, IN THE OLD

Perforation from peptic ulcer 1n the old occurs rarcly In his collected
sertes of 6 875 cases De Bakey (194G} had 15 per cent for the age period
50-59 years but only 5 B per cent for §0-69 years and 1 6 per cent beyond
this age Moymihan (1901) reported perforation in 2 woman of 77 years,
Dunbar (1926) 1a once of 74, and Montgomery (1930} 1n one of 75 Gilmour
and Saint (1932-33) followed up for from 2 to 5 years 64 cases of perforated
ulcer The oldest male was 67 and the oldest female 69, the youngest male
was 17 and the youngest female was 28 James and Matheson (1934) had 2
case of 74, therr youngest was a male of 18 Sandell (1936) 1n a review of
5,470 cases had one aged 82 years McCreery (1938) 1 170 cases had two
cases between 71 and 80 years and one of 81

Meyer and Saplur (1943) suggest that, while 1t 15 generally accepted that
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following symptoms, (2) those taking place without any previous illness, and
{3) those occurning in the course of febrile disease without symptoms of the
gastro-intestinal tract
According to Broadbent (1897) pr: y symp areasarul Y,
and thus was the general observation at the time Deaver and Pfexffer (1921)
had 20 per cent of their cases which were symptomless, Gibson (1921) 25 per
cent, Brenner (1922) 13 per cent in 15 cases, Sherren (1924) 3 per cent 1n
218 cases, and Meyer and Brams (1926) 31 per cent1n 19 cases Mondor and
Lauret (1923) observed an exacerbation of symptoms a few days before the
perforation Radosevitch (1925) had 21 per cent of his cases symptomless
and 1 another 10 per cent symptoms were noticed for only a few days or
weeks In Bagers (1929) review of 1188 cases of perforation strict mter
rogation ehicited that 127 cases had no symptoms (11 per cent of all cases),
80 had symptoms up to one week 107 up to one month, 175 up to one year,
497 one or more years and 202 mtermuttently for several years, 1n 25 per cent
of all cases symptoms had not lasted for more than one month In fus own
cases with a hustory of more than one month, only 7 per cent had acute pains
which lasted a few hours or a few days In some cases the pains were accom
Pamied by a feeling of malaise, nngors and obstinate constipation Blackford
and Baker (1931) thought 1t a striking pomt 1n the clinical histories that only
of 18 patients had stomach trouble 1mmediately previous to perforation
Twelve were relatvely or absolutely symptom free at the tmeof perforation
The catastrophe came without warning and without previous clinical diagno
s1s of ulcer
Gilmour and Saint (1932-33) stated that in 88 per cent of cases the length
of the lustory extended over years and they thought that this had a defimte
beaning on the perforation and 1ncidence of peptic ulcer, and that the older
the ulcer becomes the more likely 1t 15 to perforate Thompson (1937)
observed that hus cases had less than one month s history Shawan (1938)
had 82 per cent with a positive history but 14 per cent dented any type of
gastric distress Fallis (1938) reported no ulcer history mn 11 and a 1-6
month s history 1 18 out of 100 patients Blackford and Cole (1939)cbserved
55 perforations during quiescent periods and 27 during periods of ulcer
symptoms
McCreery {1938) thought that the medtcal history was of httle impor-
tance Out of 170 cases he had 109 (64 per cent) with a history of one month
to18years 30(17 6 per cent) with an indefinte history of 2 weeks to 10 years
and 31 (182 per cent) with no previous digestive symptoms perforation
bemg the first evidence of disease
De Bakey (1940) found 1n 211 cases that 1n 29 (13 6 per cent) perforation
was the first mamfestation of the disease In the seres which he reviewed
15 per cent were free of symptoms Berson (1942) found that of 154 consecu
ve cases 1n a total admission of 132 medical and 115 surgical 24 (5 6 per
cent) gave no previous history of ulcer The others had symptoms from a few
weeks to 25 Yyears—only 8 had radiol 1 d of ulcer hap
(1942) reported 8 of 9 patients m whom no history of previous gastric
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summer Ilingworth, Scott and Jamieson (1944) found the meidence of
perforation unduly common in December and relatively uncommon n
August, September and October Olson and Norgore (1946) considered that
the seasonal mcidence was not significant

Estes and Bennett (1944), m a series of 80 cases, noted that 27 5 per cent
occurred 1n the spring, 27 5 per cent 1n the summer, 22 5 per cent mn the
autumn and 22 5 per cent in the winter

Jamueson (1947) reviewed the adnussions mto hosprtal of 7,829 cases of
perforation durmg the period 1924-1925 Perforations were relatively

m August, September and October and unduly common in

December Moore and Hendrichs (1948) observed perforations in 23 patients
m the autumn, 33 in the winter, 25 i the spring and 20 1n the summer
In Sure’s (1949) sertes, there were more cases during spring and fewer during
winter Turner (1951) in an analysis of 224 cases reported the smallest
madence for Apnl and July and the greatest for October and January

Dasly ncrdence

Judin (1987) stated that perforations rarely happen at night, after break
fast the number increases rapidly A second and bigger wave of perforations
occurs tn the hours after the main mudday meal and decreases towards
evening, thenincreases again after supper Illingworth, Scott and Jamueson
(1944) found perforations less frequent on Sundays and Mondays and
unduly common between the hours of 3-6 pm Chang {1937) found the
highest mcrdence during the afternoon and in the mormng, at least two
hours after a meal

Meyer and Brams (1926) reported that perforation occurred whilst the
patient was sleeping 1 5 (8 per cent) of ther 62 cases In Bager’s (1929)
collected series 25 patients had perforation whilst they were undergoing
treatment for chronc ulcer 1n hospital Eliason and Ebeling (1934) had 20
cases of perforation out of 60 patients confined to bed

Thompson (1937) had 20 9 per cent and Fallis (1938) 1n: 74 recorded cases
20 (27 per cent) who were resung at home 7 (9 5 per cent) were 1n bed at
home and 6 (8 1 per cent) were 1n bed 1n hospital Judin (1939) had 23 5
per cent m bed 1 272 cases

De Bakey (1940) refers to Dowdle (1935) who reported a case in which
a second ulcer perforated 6 days following the rupture and reparr of the
first Odom and De Bakey (1940) had 3 cases which perforated whilst they
were 111 hospital on the Sippy treatment

Moore and Hendricks (1948) found that 14 out of 101 patients perforated
after eating or dninking, 27 while in bed of the latter 8 perforations occurred
whulst the patients were m a hospital being treated for symptoms of ulcer
Luer (1949) 1n 362 cases had 65 (30 4 per cent) which perforated whlst lying
1n bed and 35 (16 4 per cent) whilst sitting 1 a chair—60 occurred on an
empty stomach and 45 soon after 2 meal

Duration of symptoms prior to perforation
Abercrombie (1824) drew attention to three typesofpetforation (1) those
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two or more ulcers not related to each other become perforated, and (3)
those m which two perforations occur exactly opposite each other, perfo
rations of the so-called kissing type This they found to be the most
common type
Ehrlich {1928) reported a case of a boy of 16, with a Iustory of epigastric
distress reheved by food and sodum bicarbonate After 3 years when symp
toms were aggravated he had a 3 em linear perforation of a large mdurated
ulcer of the lesser curvature on the antenor surface of the stomach While
on a Sippy diet he perforated agamn 6 weeks later The perforation was
situated 1n the centre of a hard cartilage tumour lving the first part
of the duodenum Repair and gastro-entcrostomy were performed Five
years later, after 3 weeks of pam he suffered a perforation from a jejunal
ulcer situated one inch distal to the gastro-enterostomy
Bager (1929) collected 24 multiple perfc Pearse (1932) m a review
of the hterature found 33 nstances of re perforation n 4813 cases a
percentage of 0 69 Graves (1933) concluded from a survey of 4 402 cases of
perforated ulcers 1n Germany, nclud: 144 p 11 llected cases,
that peptic ulcers are multiple m about 30 per cent of all patients who have
perforations and that gastritis atrophic, hypertrophic or ulcerative, 1s usually
present 1n the ulcer bearing area of the stomach
Brenner (1935) who followed up 24 of 41 patents for 1-20 years observed
18 who were treated by simple closure, of whom 14 (78 per cent) remained
symptom free
Lysaght and Williams (1937) reported a patient aged 26 (whose father
died at the age of 34 of a perforated ulcer) who perforated 4 times the first
perforation occurred in February 1932 and the second 1n September 1932
m December 1934 a posterior gastro-enterostomy was performed which did
not relieve the symptoms Further perforations occurred 1n July 1935 and
August 1936, all 1n the anterior wall of the pylorus

Gosset ] and All 1 (1938), g 66 collected cases,
added 2 of therr own and concluded that a repair operation and gastro
m no way nfl d the subseq develop of the gastric

Iesion or prevented re perforation

Bottin (1939) 1n 195 cases reported 3 cases (1 54 per cent) who had the
second ntervention 11, 2 and 9 years later respectively

Judin (1939) held the view that there are cases which show an obvious
acute inflammatory reaction of the stomach and duodenum and n the
vicinuty of the ulcer which perforates there may be numerous other smaller
ulcers which also show munute perforations He cites the case amongst others
of a man of 60 who 14 days after suture of a perforated duodenal ulcer had
a perforated gastric ulcer At autopsy 1t was found that the duodenal ulcer
had healed and that besides the perforated gastnc ulcer there were three
more ulcers on the lesser curvature

De Bakey (1940) 1n hus collected series found an maidence of 1 1 per cent
of re perforations and Cohn {1941) found 1 3 per cent 1n 300 cases repaired
at the San Franaisco Hospital from January 1935 to June 1940 Royster
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complaint could be elicited Of the 89 patients seen by McCabe and Mers
heimer (1943), 34 had a definite history and 29 a suggestive hustory of ulcer,
24 gave no previous history Estes and Bennett (1944) had 3 patients out of
80 who gave no history of dent peptic ulcer symp ,ofthe 4
77 the duration of symptoms ranged from 2 weeks to 40 years Bantell
(1947) 1n 88 patients found that only 57 (64 8 per cent) had a history of
symptoms and, 1 addition, a considerable number of these had been having
symptoms only for a short while before thetr perforation In 101 patients,
Moore and Hendricks (1948) found that 23 reported having had no chronrc
symptoms In Luer s (1949) 362 cases there was no previous history n 14 6
per cent, and 1 20 1 per cent the symptoms were atyprcal Nuboer (1951)
reported that histological examnation of all cases of perforated uleer treated
by partial gastrectomy showed that he was dealing with a chromc uleer
which had caused considerable changes 1n the submucosa and deeper layers
Forty (1951) found that n his series 75 per cent were acute ulcers and that
differences 1n histological interpretation may account for the difference
recorded m previous records

Turner (1951) reported the autopsy of 24 patients who had not had
operatiee 1nterventon § of these had a typical ulcer history, 2 had no
history, 5 were assoctated with other major pathology of possible aetiological
sigmificance, 9 had no history but some form of sepsis Turner found that
mn 82 (44 per cent) of 185 patients the acute exacerbation lasted from one
day to two weeks, with fatigue, upper resprratory wnfections, exposure to
cold and damp weather, worry and anxiety as contributery factors Out of
185 pagents, 15 were without sympioms

Re-perforation

Brunner (1903) quoted by Hauser (1926) found in 120 autopsies for
perforation that there were 39 cases (32 per cent) with several ulcers present
which had not perforated

Massie (1924) reported an unusual case of ssmultaneous perforation of an
acute ulcer situated 1 the afferent loop and a chromic ulcer situated at the
anastomosis of an antenior gastro-enterostomy which was performed m a
patient with a three year history of chronic indigestion Six months after
operation symptoms appeared characterisic of secondary ulceration, ob-
structing the He collected from the 1 36 cases of
perforated jejunal uleer following gastro-jejunostomy and observed that 1t 1s
sigatficant that these ulcers which were situated some distance from the
anastomosis, were of the acute type, as i each of the reported cases perfora
tion followed within a few days of the onginal operation, the shortest bemng
5 and the longest 14 days Masson and Simon (1927) reviewed the hterature
of multiple perforated gastric ulcers and could find only 32 authentic cases,
they reposted one m a boy aged 18 with a perforated ulcer on the anterior
wall of the stomach and a second perforated ulcer on the posterior wall almost
oppostte the other They classify multiple perforations mn 3 groups (1) those
1n which there are multple perforations 1n a single ulcer (2) those 1n wiich
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digestion but rather to mfection may be sursmuzed from the parallel phenom
enon of perforition of carcinoma of the caecum when hydrochlorie acd
cannot possibly be mvolved 1n the destructive process )

H: 1 and perf 1n the same subject

“The old adage that haemorrhage and perforation exclude each other m
the same subject cannot be sustaned although their semultaneous occurrence
1s & rare phenomenon

Mondor and Lauret {1823) had 1 case of haemorrhage wm 75 cases of
gastnic pesforation and 4 75 cases of duodenal perforation Sherren (1924)
had to operate on several patients whose chromc ulcers had perforated, or
cansed haemarthage while they were undergomg a course of treatment m
bed Bager (1929) m 40 casesout of 1 188 perfc reported h hage
with or smmedhately before or after the perforation Raven (1830) had two
casts of mel and one t m 80 cases of perforation Finsterer
(1931} observed only three tumes perforation and haemorrhage i the
sarne subject Berg {1931) reported 2 cases which had haemorshages and
perforated while 1n hospital James and Matheson (1934) had three cases
which gave 2 history of haematemesis 1n 75 eases of perforation

Both mamfestatians were obsersed by Ebason and Ebeling {1934) 1 24 out
of 240 collected cases of perforation to which they added 9 of another 54
<ases of pexforation ang ¢ cases of melaena n 31 cases Goldman (1936) had
6 1n 56 cases of perforation Vale and Cameron (1936) found n 7 cases of
peaforation which occurred while they were undergomng treatment sn hospstal
that 4 had previousty had haemorrhage Shawan {1938) had 17 cases of
hacmorrhage i 227 cases of pesforation Harking (1938) mentions 5 cases
of both hacmorrhage and perforation m the 94 cases following burns which
hemvesugated in detad McCreery (1938) observed 5 cases of haematemesis
and 13 of melaena sn 170 cases Judin (1939) saw at least 10 cases which were
admutted for profuse haemorrhage and perforated whalst i hospital Winters
and Egan (1939} had a 10 per cent mcsdence of bleeding m 362 cases of
perforation” In 13 panents who came to autopsy without bleeding 3 had
multiple ulcers and of B with bleedmg 7 had muluple ulcers Bleeding and
perforation oceurred sn 1 per cent of all cases admutted to hospstal wath
peptic ulcer dunng 1937 and 1938 De Bakey (1940) reviewed 155 cases
(6 1 per cent) of haemorrhage i 2 525 cases of perforatson

McCabe and Mershermer {1934) saw 89 cases of perforation 15 per cent
with haemorrhage Estes and Bennett (1944} 1 80 cases found an association
of both condstions present m 26 9 per cent Gordon Taylor (1945) reported
that a colleague had a patient m hospital who within a few weeks suffered
two haemerrhages and two porforations of 2 duodenal ulcer Thefirst
perforation took Place 10 days after the first severe haemorrhage the second
haemorrhage occurred 14 days later and during the period of recovery the
second prrforation took place Olson and Norgore (1946) had 166 cases of
acute perforation 1n 97 per cent of whach the anset of ePIZAstnic pan was
sudden bleeding occurred n 13 per cent Kaye (1946) described a case of 3
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(1942) reported a gastric ulcer high on the greater curvature of the stomach
m a woman aged 23 which perforated 5 times

Berson (1942) 1 154 cases of perforation had 3 patients with recurrence
One had a gastric ulcer perforation 7 years previous to a perforation at the
first portion of the duodenum The second patient had 2 perforations within
4 years and the third 2 within one year

Estes and Bennett (1944) found re perforation in 7 of 61 patients (11 per
cent) treated by simple suture, Willlams (1944) 1n 3 of 100 patients, Wakeley
(1944) 2 1n 100 patients, Barutell (1947) 6 1n 88 patients, and Moore and
Hendricks (1948) 1 5 per cent Mahoney and Sands (1937) reported the case
history of 2 patient who had 3 distinct and separate peptic ulcers which
perforated, the first in 1916 aged 29 years, the second 1n 1932 and the last
1 1936 On each occasion simple closure was performed Werbel, Rozoll
and Meyer (1947), 1n 4,355 patients admutted over 7 years (1939-45) for
peptic disorders, had readmissions of 11-14 per cent each year Muluple
perforations occurred 1n 42 of these cases (17 per cent), 35 had 2 perforations,
5 had 3 perforations, 1 had 4 and 1 had 5 perforations

Ivy, Grossman and Bachrach {1950) suggest that the lower mortality rate
of re perforation which 1s ssgmificantly less than that of perforation (Lysaght
and Williams, 1937, De Bakey, 1940) 1s probably due to immumization by
the first perforation

Perfc 1 car of the st h

Chavannaz and Radoievitch (1928) gave details of 47 cases of perforation
of gastric carctnoma recorded m the hiterature They stated that Laennec m
1824 diagnosed a perforation of a carumoma of the stomach which was con
firmed by autopsy They quote Zuccarcelh s case published 1n a medical
Journalin Marserlles in 1891 of a man aged 30 with a hustory of a few months
of dyspeptic symptoms, admutted to hospital where he was diagnosed as
suffering from gastric cancer His condition deteriorated when he was
suddenly taken 1l with violent abdomtnal cramps associated with an eleva
tion of temperature and rapid death At autopsy three perforations were
found on the anterior surface of the stomach and a large perforation was
found on the posterior surface of the stomach Aurd (1935) described a case
of perforation of a carcinoma of the stomach 1n 2 ship s mate aged 27 years
and 7 other cases treated at the Royal Infirmary, Edinburgh he also review
ed 79 cases from the hiterature Eusterman and Balfour (1935) observed 3 5
per cent of perforations in therr surgically verified cases of gastric carcinoma
McNealy and Hedin (1938) reported 133 perforations (4 04 per cent) in
3,289 cases of gastric carcinoma admitted to hospital Doll (1950} reported
on 17 instances of perforated carcmnoma of the stomach which occurred at the
Central Middlesex Hospital duning 11 years (1938-48) among 452 pattents
operated on for perforation of the stomach or duodenum hennedy (1951)
observed that, of a total of 111 acute perforations 1n 5 years 6 proved to be

carcinomatous
(That perforation of carcinoma of the stomach 1s not due to peptic
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and the acute erosions were identical lesions Brenner (1922) found 1 hus two
cases with no dent history that evid of mnfl ton and repair
were absent, but one had a perforated appendix and the other a pelvie
mfecton Moutier (1924) believed that an mfective factor was mnvolved 1n
the perforation of both the acute and the chromic ulcer In acute ulcer,
perforation represents the whole lesion and the complete disease, 1t 1s a
summary of the Life hustory of the ulcer, butin chromc ulcer 1t represents only
one episode i 1ts development He suggested (Moutier 1926) that the acute
infection or the toxic process affects the wall of the viscus produces a com
plete necrosis and leads to a complete partetal perforation (perforation com
plited emblée) Hauser (1926) pomnted out that perforation of pihead sized
uleers can occur from haemorrhagic infarcts before the development of chronic
changes Even 1 large callous ulcers the perforation can be so small that e
15 dufficult to 1dentify He quotes Lohr (1916) who observed 3 cases of per-
foratton 1n a scar
Cushing (1932) reported three cases of perforation, after operation for
cerebellar tumour, causing death respectively 1n one, two and four days after
the surgical intervention All the lesions were acute showing heavy mfiltra
tion of polymorphonuclear leucocytes mnvolving all coats even the serosa,
unmustakably an ante mortem process There was no evidence of chrome
mflammatory reaction These cases showed a sudden and marked mse 1n
temperature
Eusterman and Balfour (1935) pomnted out that perforation may occur
in any part of the stomach which previously has not been mvolved with
ease They reported the case of a patient from whom they had excised a
gastric ulcer on the lesser curvature and performed gastro-enterostomy Death
occurred 13 days after this procedure The first week of convalescence was
perfectly normal but on the tenth day 2 sudden attack of abdommal pam
occurred, with increased ngidity and shock and all local and general
evidence of leakage They give reasons why a secondary procedure was not
considered At necropsy an acute perforated ulcer on the anterior wall of the
stomach, midway between the lesser and greater curvatures was found,
the perforation was not much larger than 1 mm 1n diameter and therefore
there was practically no induration about the openmg
NCWburger (1937) believed that a correlation exists between the length of
the ulcer history and the size of the perforation In 9 cases m which these
two factors could be estimated accurately 7 with a long history had per
forative ostia averaging 133 mm 1n drameter while 2 with perforation
wathout prior history had ostia of 0 5-1 0 mm 1n diameter
Judin (1939) observed that 1n cases of; perforating ulcer a severe bactenial
infection was nvanably present The patients had a temperature which was
associated with infections such as acute tonsillits before the ulcer perforated
McCabe and Mersheimer (1943) found 1n 89 patients who suffered perfora
ton that 8 had an infected appendix
Graham and Tovee (1945) 1n reviewing a senes of 114 patients submutted
to operation for perforated ulcer, concluded that in cases without previous
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man aged 55 who suffered from a perforation of a prepylonic ulcer which
was followed 6 days later by profuse haemorrhage from another uleer situated
on the lesser curvature 7 cm from the oesophageal opening Werbel, Kozoll
and Meyer (1947) had 82 (34 per cent) of 239 patients who had previously
perforated readmutted for haemorrhage, three pauents who died of hae
morrhage had a second perforation as well

Avery Jones (1947) had 5 patents with perforation after admusston for
haemorrhage and there were 14 others who bled after perforation Moore
and Hendricks (1948) 1n 101 cases of perforation had 20 per cent with
haemorrhage In Luer s (1949) 362 cases, 24 6 per cent had perforation plus
haematemesis or melaena Luer (1950) followed up 102 cases of perforated
ulcer over an average pertod of five years, 21 6 per cent remained asymptom
auc, 33 3 per cent had haemorrhage (6 9 per cent massively) and 10 8 per
cent had another perforation Cates (1950) had 9 per cent mn 41 cases and
Turner (1951) 53 per cent m 209 cases Slater (1951) described 3 cases
which bled and perforated simultaneously

Expersmentally, Burdenko and Moglnitzks (1926) produced concurrent
haemorrhage and perforation by stmulating the brain 1 dogs

It may be reasonably concluded that both haemorrhage and perforation,
which are manifestations of the acute ulcer, are produced by an indentical
causative agsnt

Infection and perforation

Billroth {1867) pointed out the connection between perforation of ulcer
and conditions of general septicaemua and the occurrence of perforation as a
complication following burns

Korte (1875) stated that micro orgamsms can be 1dentified m the lesion
only if the ulcer perforates

Tenwick (1892-93) reported that in the records of the London Hospital
(during the previous 30 years) there are numerous examples of acute gastric
ulcer exhibiting a tendency to rapid perforation In some instances the
disease complicated certam specific fevers, such as typhoid and erysipelas,
1n others the ulceration appeared to be the direct result of pyaerma whilst 1
several instances 1t was associated with severe burns of the skin, duodenal
ulceration also bewng present In all cases, where death had occurred from
the primary disorder, the ulcers were multiple

Dudgeon and Sargent (1905), who made a bacteriological study of perito-
s, reported 4 perforated duodenal ulcers, 3 sterile and 1 infected with
B col: and 9 perforated gastmc ulcers all nfected with Staphylococcus albus
Dreulafoy (1905-6) described cases of perforating ulcer of the duodenum and

pexforating ulcer of the h conseq to acute infe of the appen
dix Hayem (1911) stated that these perforations are encountered almost
exclusively with a sef condition as well

or gang
as with burns, he drew attention to the fact that when additional lesions are
present after perforation following burns_ these are always mucesal erosions,
and he deduced from thus observation that the ulcer which has perforated
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{1928-29) post mortem of 1,323 chldren up to thirteen years
old 70 per cent were 1n the first year of Wfe In 56 there were haemorchagic
crosons Of the 19 cases with ulcer six had tuberculous menmgits or
syphihs Usually, the lesions were found acaidentally at necropsy Somerford
{1930) reported a case of a duodenal perforation 1 an mfant aged 14 days
Brockington and Lightwood {1932) reported one case of a wasted nfant
with a perforation of the sccond part of the ducdenum at the age of ten
weeksy and another, aged two weeks, born at tesm with a body of a premature
wfant with a perforation at the junction of the first and second parts of the
duodenum Dunham (1933} found three cases of gastric ulcer m 20 post
mortem {following sep w the newborn Dunham and
Galdstem (1934) reparted 2 cases of rupture of the stomach i which B colt
was found 1n blood cultures Seinshesmer {1833) observed, i an infant aged
four days, 2 small perforation m the second part of the duodenum which
showed no eellular evid of inf} Thelander and Mathes (1939)
diagnosed roentgenologically a perforation of the duodenum 15 2 one-day
old infant that died 10 days later wath sepus The ulcer was 2 em below the
pylorus and measured } 5x 08 cm
Thelander (1939) corpiled 85 reparted cases of spontaneous perforation
10 anfants, there were 16 mnstances of pesforaton of the stomach 30 of the
duodenum and 39 of the remawng portion of the gastro-mtestmal tract.
Bird Lamper and Mayer {1941) reported a case of perforated duodenal uleer
sutured 34} hours after buth, with recovery At laparotomy the perforaton
was found on the antenor supenor surface
Schiumberger {1951) observed mn a senes of 251 consecutn ¢ autopsies on
wfants and children I case of multple acute gastric ulcer, 2 cases of gastro-
malacia and 7 of acute duodenal ulcer which were all associated with
cercbral damage (memngo-encephabs 1n 3, buibar poliomyehts m 2,
oedema and anoxia i 2 and traventricular haemorrhage smus thromboss
and mcrocephaly 1n 1 each)
hennedy (1933) stated that ukcers sn children appear to fall mto several
distinct groups according to the age of the patient (1} the ulcer of the newly
born which makes 1e known by mck um This lesion
3 an acute one which either heals rapidly or else causes death of the mfant
by haemorrhage or perstontts (2) the uleer which ocours m childsen from
a few weeks of age to about the end of the first year of hfe These lesions are
also acute and epidemuc infecuons may be concerned in thesr actiology,
(3) the vlcer found 1n chuldsen aged 1-8 years These lesions are chronuc, m
tth sense that they may he present for a long tme
| ormaml perloration of the appendix has been described by Jackson
904 Hll and Mason 1n 1925 and Abt 1 1931 (Thelander, 1939)
Conclusions

It 1: generally agreed that the acute uloer perforates without premomtory
f)’mpl‘zmﬂ fnd without any antecedent hustory of dyspepsia (perforation
complite d'emblée} When an mactive that 1s to say, symptom free, chronic
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Tustory the perforation was due to an acute ulcer “possibly metastatic from
remote mfecton’

Korttila (1951) m Iis detailed investigation of 38 cases of perforation
{34 males and 4 females) with an average age of 43 (20-72), gves the
temperature on adnussion to hospital as below normal (shock) m 47 per
cent and above normal m 53 per cent Leucocytosis was more common m
the early than n the late cases On admussion the gastric contents were
anacd 1 18 of 38 cases and hyperacid 1n 3 The amount of hydrochlonc
acid was smaller 1n 78 per cent m the perforation phase than 1 the recovery
phase Increased or normal values obtained 9-10 days after operation
patients with anacid or subacid values in the perforation phase

Perforation 1n infants

Perforation 1n infants 1s of special sigmificance although 1t may be said that
on the whole acute perforated ulcer mn infants occurs rarely It affects
exclusively the obviously undernourished and grossly debilitated chuld The
Ieston 1s 1nvanably an acute ulcer

Finny (1908-9) descnibed as particularly mteresting a case of an infant,
normal at birth, developing pyloric stenosis, with several attacks of melaena
followed by perforation at the age of 21f, months One of the two duodenal
ulcers, 13/, inches from the pylorus had perforated but both had a clean,
punched out appearance and there was considerable mflammation of the
duodenum ‘The pyloric opening was very narrow, the mucous membrane
appeared healthy but the muscular coats were firmer and thicker than
usual A small quantity of bile coloured fluid was seen cozing from the per
foraton the child having had a considerable amount of bile m the stools
from birth The edge of the perforated ulcer showed inflammatory round cell
sfiltration

Helmholz (1909) stressed the relationship of peptic ulcer with perforation
1 marasmuc or athreptic infants

Schmudt (1913) observed 20 cases1n 7 years a proportion of | 8 per cent 1n
1,109 post mortem examinations The age was 5 days to 11 months Several
had multiple perforatons Holt (1913) found that the age mcidence 1s
striking and that 1t corresponds very closely wath the age incidence of deaths
from marasmus In 65 cases 9 occurred 1n the newborn, and 70 per cent from
the sixth week to the fifth month, the greatest frequency between the sixth
and tenth weeks

Gerdine and Helmholz (1915) drew attention to the eprdenuc character
of the disease Paterson (1922) pomnted out that 1ts occurrence 1s more
frequent in marasmic children and 1t may be present in melaena neonatorum

In a serzes of 248 cases of nlcer of the stomach and duedenum in children,
reported by Theile (1926) 138 occurred 1n the first year and of these 83 or
one thud of the entire series were found in the first month of life In 95 cases

the ulcers were multple Butka (1927) reported a case m an infant which
vomited on 1ts third day when the temperature rose to 102 6°F , haemorrhage
occurred on the fourth day and perforauon on the fifth In Berglund s
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can: diath Rok ky (1842) thought that cancer occurred some
times 1 simple uleer and that 1t mught anse from the uleer, while Ditinch
{1848} n 160 cases of cancer of the stomach found 6 developing near the
wleer, m 2 of these the carcmoma beang hmuted by the edge of the ulcer
Stemner {1568) and Wollmann {1868) estimated at 4 per cent the proporton
of earanoma ansing m uleer {Newcomb 1932)

Brnton (1857) emphasized the desirability of discnmmating between the

cancerous degeneration of the hard margm of an ulcer and the ulceraton of

a growth ongmally cancerous , as he behieved that 1t was possible for a new
growth to become secondanfy ulcerated m such 3 mannet a8 to destroy
cancer cells and leave only an apparently bemgn pepuc uleer m s place

The view that ulcer may become cancer was supported by Zenker (1882)
Dieulafoy {1892}, Mathiew (1898), Hayem (1911) Balfour (1919), Moym
han (1923) Finsterer {1927) Stout (1932} Hurst {1935) Guttman Bertrand
and Persstiany {1939}, Ransom {1947) and Jordan (1948), but was refuted by
Duplant (1898) Schaudt (1910) Holland (1934), Ewang (1918, 1936)
Niclsen (1919}, Stewart {1923), Morley (1923), Aschoff (1924), Dible (1925
1937) Lamens {1925), Orator {1925}, Cabot and Adie (1925), Patterson
{1926) Hauser (1926), Bevan (1927) Walion (1930), Brown (1930), Matu
son {1931) Newcomb {1932}, Barclay {1933) homjetzny {1934) Sauer
{1935}, Chang (1936) Hunton and Trubek (1937) Bockus (1943), Temple
ton (1944) Heuer (1944) Levin Barsner and Palmer (1849a) Shay and
Lorber (1951}, Swynnerton and Truclove {1951}

Luff (1929) found that 1n 406 cases operated on for gastric ulcer not a
single case of carcinoma developed after 4-9 years

Pathological observations

The difficulty of the hustal 1d of the sp 1s shown by
the numerous contradictory ohservanons based on different standards of
mterpretation MacCarty s (1910) obsesvations which are now obsolete of
the carcinomatons transformation of 71 per cent of gastnc wleers {Wilion
and MacCarty 1809 Wilkson and McDowell 1914) have been refuted by
N b (1932) and K {1934y Walters Gray and Priestley {1941}
stated that n the expenence of the Mayo Climc 1a 10 per cent of the cases
no distinction can be made between besign and malignant gastric vlcer by

) 1 metheds and have called attention to the fact that
2 defimite proportion of the patients operated upon for cancer of the stomach
had )b:cn reported by the roentgenclogssts fo have gastric ulcer (also 10 per
cent

Vines (1940) has pownted out that the mucaus membrane at the edges of
a chromc simple ulcer generally shows 2 well marked reparatne hyperplasia
which may extubst byperchromasa of the nucles and even cells 1n mstosse
It 1¢ thus easy to mstake such changes for early malgnancy and it 1
sometimes very difficult to determine which of these twa changes 1 present

Ivy G and Bachrach (1950} tuded from a review of the sub-
Ject that development of cancer from benign wleer of the stomach 15 a very
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ulcer perforates, careful investigation will disclose a sudden exacerbation of
the pam which 1s extremely short 1n duration and which coincides exther wath
an acute attack of fever, such asa common cold or “influenza”, or with sudden
trauma produced by I stramn (coughmg and g) Chronic
lesions as such are not apt to perforate as they tend to produce generalized
mflammatory reactions and fibrosss, and become adherent to neghbounng
structures, the danger and the extent of the perforations being thus min
1muzed and Imited No doubt, m a long standmg penetrating ulcer, the
active process can continue for a sufficiently long time to lead to perforation
nto the adherent structure, or penetrate a blood vessel to produce massive
haemorrhage Since the perforation constitutes the acute process and an
acute ulcer can perforate into 2 part of the stomach which previously has not
been mvolved 1n disease (Eusterman and Balfour, 1935) there appears to
be no valid reason why it should not also perforate mn some diseased part
of the organ so that the chronic lesion 15 subject both to acute and chrome
perforation Indeed, Silverman (1947) reported an acute perforation of 2
chronic ulcer in a man aged 45 years, who suffered from gastric trouble for
some years, not serious enough to imnterfere with his work, with epigastric
pain one hour after food which Iasted only haif an hour and was reheved by
hne powder Radiol 1 exammation showed an ulcer of the lesser

curvature The patient died suddenly from perforation of the ulcer, necropsy
disclosing no food, blood or flnd mn the perttoneal cavity

The apparent paradox, that when chromic ulcer and acute ulcer are
encountered simultaneously the presence of the former antedates the latter
15 thus easily explamned

It 13 of practical interest to recall that Mayo (1908) quoting the French
aphorism ulcére perforé ulcére mort—(perforated ulcer, dead ulcer) recom
mended stmple closure, and that Boles (1948) and Mayo and Fatchett (1950)
who reviewed the operative mortahty rate of patients with perforated gastric
and duodenal ulcers concluded that simple closure of the perforation 1s the
treatment of choice Taylor and Warren (1956) advocate aspiration m all
cases of acute nlcer

MALIGNANT TRANSFORMATION OF PEPTIC ULCER

Taeid. of ul

Apart from the theoretical interest of the malignant transformation of
chronic peptic ulcer this aspect of the problem has obviously considerable
practical 1mportance and 1t 15 essential to estabhsh, if possible, n what
proportion, if at all peptic ulcer becomes malignant The problem 13
rcstnctcd to gastric ulcer bcczusc primary carcinoma of the first part of the

23 ly The 10n of gastric and duode
nal ulcer 1n their relation to malignant transformation assumes therefore
a fundamental significance

Accordmg to Cruverliner (1839) tius question could be answered in the

affirmative only for those individuals who were already affected by the
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the lesion tends to the of hydrochlonc acd, on the other
hand, carcinoma 1simvarably d with an atrophic mucous b
whxch may ly Jead to a ! of acd The

nmuhaneous presence of berugn. ulcer and mdzpmdem carcinoma potnts to
the of two lated morbid

Whilst 1t need not be argued that both carcinoma and ulcer may be
produced by some form of which, dly, 15 of a duffe
nature, the are fund Hy difl m zu much as, 1n the
former, there 18 stsmulation of the tussues which leads to unrestramed prolife
ration, and i the latter there 1s erosion which produces the destruction of the
tissues — two diametrically opposed mortnd processes
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unusual occurrence, that if 2 gastric ulcer 1s found to be malgnant 1t must
have been malignant at ats inception

According to Shay and Lorber (1951) unequivocal proof that a gastric
ulcer may undergo mahgnant degeneration 1s difficult to find They fully
subscribe to the opinton expressed by Bockus (1943) that carcinoma of the
stomach and peptic ulcer are disunct diseases and that cancer does not occur
any more often as a graft upon a gastric ulcer than should be anticipated,
considering the high incidence of gastric carcinoma m the population as a
whole

Hydrochlorte acd level of the gastric content

There appears to be an mtimate but inverse relationship between gastric
cancer and the acid level of the gastric contents, that is to say, as the carcino-
matous tumour progresses so the actd secretions tend to regress

Ulcer and cancer in the same stomach

According to Stewart (1931) 1t 1s a rare event for a ssmple chronic uleer
and 2 carcinoma to oceur mdependently in the same stomach In a serzes of
366 operation specimens examined (1921-1931) there were but 3 mstances
and 1n a still Jarger series 1n the post mortem room theincidence waseven less
In only 1 case, seen at autopsy, were the 2 lesions situated side by side
‘Therr mdependence was mamfest, since they had obviously come together
1 consequence of the spread of the carcmoma Wilbur and Rivers (1932)
reported 33 cases of associated cancer of the stomach and duodenal ulcer
which had been encountered at that time at the Mayo Chinic, 19 had active
duodenal ulcer 6 had perforating and 7 had healed duodenal ulcers
Konjetzny (1934) quoted the observations of Anschutz and Wanke who
found 1n 4 cases which had been operated on for ulcer (gastro-enterostomy)
that subsequently carcinoma developed 1n a different situation from where
the ulcer had been Bockus (1943) and Yarms (1947) have reported cases of
bemgn ulcer and mdependent carcinoma n the same stomach Pillmore
(1946} has shown radiol Hy the 1 occurrence of a benign
chrontc vicer on the lesser curvature of the stomach which had perforated
and an annular defect of the pylorus due to carcitnoma According to
Magavern, Fiedman and Freund (1953) 98 cases of coestence of duodenal
and gastric carcinoma have been reported n the literature in the last 30
years Stewart (1955) found m 1,503 hs, the independ
of 13 cases of gastric ulcer and cancer

Conclusions

In considening the problem of the malignant transformation of the bemgn
lesion certan fundamental differences must be taken into consideration Itis
generally recogmsed that the chromc ulcer persists only m an aod mben
with an actve b which 13 1t g, h
long standing may be the activity of the ulcerative process, the persistence of
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the sympathetic. Morley (1331) behieved that the vagr may take a share n
the transmusston of visceral patn impulses

According to Henbecker and O Leary {1933), the vagus below the dia
phragm 13 almost a purely motor nerve Harper, McSwiey and Suffolk
{1935) sdentsfied two groups of afferent fibres 1 the abdonunal vagus nerves
of the cat. According to Davis and Pollock (1936) 1t 1s only the efferent fibres
of the autonomuc system whuch are d with the prod of pan
and that such afferent fibres as travel along with 1t befong to the ordmary
spnal sensory system

Bentley and Smuthwick (1940) who performed umlateral splanchmcectomy
and lumbar sympathectomy 1n patients with essential hypertenyion found
that pam 18 felt only on the P d side of the abxd After bilatera}
splanchnicectomy and jumbar sympathectomy no pain 1s expertenced.

Sumilar observations were made by Balchum and Weaver (1943) Ray and
Neall (1947}, and Bingham, Ingelfinger and Smuthwick {1950}

Ray and Neidl {1947) corroborated the observations of Wolf and Wolff
{1943) 1n respect of the appreciation of temperatures and also showed that
temprratare sease {always closely allied with pamn sense) 1s cimunated from
the stomach by mterruption of the sympatheties The ventral panctal
P d sts normal y after double sympathectomy and
must be supphied, therefore by somatic afferent nerves while the dorsal
perttoncum which possessed Paciman corpuscles Joses 1ts pawn sensityvaty after
bilateral sympathectomy

According to Bentley (19482) the fibres which conduct pam umnpulses

rom the abdomunal viscera are simular to somatic afferent fibres in that they

are myehnated and have ther cell stations sn the postertor root gangla
They run o the splanchnic nerves passing without 1aterruption through the
sympatheuc gangla to reach the cord

Ruch (1949} stated that the affereat hmbs of the reflex are which carry
out the reflex contral of wital visceral phenomena are without exception
found 1o parasympathetic nerves and the afferent fibrey of the sympathetic
nervous system are not essential to the reflex regulation of the viscera lorgans

SENSITIVITY OF THE ABDOMINAL VISCERA

Lennander (1903) showed, under local anacsthesta of the abdominat wall
the msensbility to cutting pricking or burmng of the serous muscular and
mucous coats of the whole gastrontestinal tract above the anus

Mackenzic (1909) beheved that pamn may be denved (1) directly from the
viscus—splanchae pam, and (2) wdisectly from the mAUC pam
He explamed (Mackenzie 1920) all visceral pawn as referred by a system of
‘refiexes’ thraugh the splanchme afferent nerves to the cercbrospmal nerves
of theabdommal panietesand postulated a viscero-sensory reflex and a viscero-
motor reflex,

Meyer (1920), Brestauer (1921) and Kappis (1925) suggested that pan
arose from the mesentery Tyrell Gray (1922) advanced the view that the

Pacuuan corpusclesmnthe y yed the lses Ryle (1926) and
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CHAPTER 7

PAIN IN RELATION TO THE PEPTIC
ULCER PROBLEM

The pan pathway from an abdominal organ may be traced as follows
The axons of frec nerve endings tn the walls of 2 viscus follow the artery of
the abdommal aorta where they traverse the collateral gangha without
synapse and enter the splanchnic nerve to join the ganglion of the sympathetic
chain which 15 traversed, without synapse, to reach the spmal nerve closest
to the spmal gangha The cell body of the viscero-sensory fibre 1s situated in
the sensory ganghon and the central process enters the spmal cord by the
dorsal root, where st connects with somatic motor neurones, with pre gan
ghonic fibres and with the nenrones of the spino thalame tract (Ruch, 1949)

The reflex arc which controls the visceral organsiscomposed of 3neurones

(1) The nerve fibres which conduct 1mpulses from the viscera and therr cell
bodies which are located 1 the postersor root ganglia or therr cransal
equivalent contribute the affzrent neurone They enter the spmal cord
association with the somatic afferent fibres of the same nerves

(2) The connector cells leave the spinal cord to join the peripheral gangla and
represent the pre ganglone, medullated (white)

(3) The exertor cells leave the penipheral ganglion to join the viscusand repre
sent the post ganghom: non medullated (grey) neurone
The pre gangl and the post gangl fibres constitute the efferent
neurone

Intra abdomunal sensation 1s represented 1n a cortical area at the Jower end
of the precentral gyrus (Rasmussen and Penficld, 1947), pamn impulses from
the stomach which are carried by the splanchuic nerves, can ascend as high
as the cerebral cortex (Downman, 1951)

THE ROLE OF THE VAGUS AND SYMPATHETIC NERVES

P1 Sunner and Puche (1925) considered the splanchmics as the true sensory
nerves and the vagi as regulating the cond: 1ty of the splanch McCrea
(1926) stated that the vagi are both efferent and afferent, transmutting
centrifugal and centripetal smpulses and are concerned with the motor,
vasomotor, secretory and sensory functions of the stomach

hunsella (1929) suggested that clinically there may be two components of
ahdomunal pan and that they are probably subscrved by different nervous
connections, the truly visceral pam by the vagus and the referred pain by
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Site of ulcer pain

Many contradictory theories have been advanced to explamn the site of
ulcer pain

Hurst (Hurst and Stewart, 1929) claimed that in peptic ulcer, the area of

d

deep observed by palp under the x ray screen corresponds to
the ulcer crater and 15 evidence that the subserous layer of the visceral
pentoneum 1s sensitive to pressure. Morley and Twining (1930-31) found
that the area of deep tenderness on the antertor abdomunal wall corresponded
generally with the ulcer crater and shifted 1n position wath the ulcer Accord
mg to Palmer and Heinz (1934) ulcer pamn anses at the site of the lesion
Lerniche (1939) thought that the patient 1s vaguely aware of the site of pain in
visceral organs and particularly when he 1s a tramned observer like a medical
man he can distmguish the pain of one visceral organ from another Kansella
(1939) beheves that the peculiarities of the pain and tenderness of peptic
ulcer cannot be accounted for unless the sensittnty of the actual lesion is
admtted

Epigastric pan 1n hypochlorhydric patients 13 produced by the ptosed
stomach dragging on the gastrohepatic hgament and 1s sitwated 1n the lesser
omentum and not 1n the body of the stomach

PAIN PRODUCGING FACTORS IN PEPTIC ULCER

The production of pam m ulcer cases 15 mtiated by the action of an
adequate suimulus 1t may be related to the presence of the mnflammatery
process the effects of hydrochloric acid on the gastric mucous membrane
and the mechanical effects induced by tenston of the muscular wall
Adequate shmul

It1s evident that an adequate shmulus 1s necessary for the production of 2
painful reaction Adequate simulus according to Sherrington (1906) means
that adaptation has evolved a mechamusm for which one kind of strmulus 1
appropriate Given a sensitive lesion the production of pain depends on the
p of an adeq Jus It has been shown that this may be exther
mechanical or chemical

Stimulation of the parietal pleuro perttoneum by scratchung or rubbing
resultsn of pain, wh 1 of the visceral pleuro-perto-
neum 1s pamless Traction on the mesentery and distension of a hollow
viscus are adequate stumub for the production of pain which 1s caused by
stretchung of sensory nerves while spasm of the gastro intestinal musculature
and increased tension of the 1 ofad ded viscus are ad
stimuli for the production of pam
Inflammation

Lennander (1902) noted that the inflamed walls of the stomach and
intestine were quite msensitive to mechanical sumuht This observation was
confirmed by Morley (1931} Timel (1937) suggested that the pain of inflamed

viscera 1s brought about by spasm or tension, and Palmer (1943b) that the
flammation lowers the pam threshold
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Payne and Poulton (1927) suggested that tension of the muscular coats
produced pain i the viscus, the stretching producing deformity of the nerve
endings Morley (1931) observed the acute sensibility of the parietal perito-
neum and the insensibility of the visceral penitoneum  Ray and Neill (1947)
beheved that pan sensitivity was situated at the mesenteric visceral angle
A ding to Do , McS y and Vass (1948) the intestne has 2
sensory nerve supply which 1s ana Ily and physiol Ily distnet from
that of the adjacent mesentery According to Bentley (1948a) pamn anses
directly from the viscus
Referred pan

Penfield (1925) suggested that impulses arising from a viscus may produce
referred pain by means of an axon reflex in the sympathetic nervous system
which leads to angiospasm or other changes in the periphery, and that these
changes mn turn produce pamn ympulses which thus have their ongm n the
area of reference Infiltration of the skin over the panful area with novocan
causes abohtion or dimunution of the pain (Wesss and Davis, 1928) Lertche
(1939) beheved 1n an intrinsic visceral senstbility and herejected the concep
tion of referred pain Lews and Kellgren (1939) believed that there was no
special form of pan and no viscero sensory or viscero motor reflex Ruch
(1947) accounts for most of the phenomena of referred patn on the basis of the
convergence of visceral and cutaneous afferents on the same spmothalamuc
tract neurones

According to Cohen (1947) interruption of nerve paths between the periph
ery and the central nervous system m those somatic segments whuch are
homologous with those of the d d viscus abolishes or d hes the pam
or modsfies the ime of 1ts appearance Theresa constant stream of subliminal
pain smpulses passing to the central nervous system from termunals both 1
the viscera and the persphery Harman (1948) suggested that the pain 1s not
felt m any particular structure 1n the body such as viscera or body wall but
that 1t 1s best regarded as a projechion from the bran According to Kellgren
(1949) the false localisation of the deep patn assocated wrth phantom
tumours (Cohen, 1947) results from a central misinterpretation of s source

Sensitivity of the normal stomach

The sensitvaty of the normal stomach to an adequate stimulus 1s proved
by the “hunger pang , while the y of the d d h 1s proved
by the exstence of “‘ulcer pam” (Cannon and Washburn, 1912) Once
nnervation 1s established, future migration of an organ makes no difference
to locahization of pamn (Brown, 1948, 1949 Poulton, 1949) There appears
to be no explanation why digestive contractions should be pamnless when
hunger contractions are not

Certamn forms of gastric sumulation give nise to painful sensations, strong
chemical sumulation of the gastric mucosz always gives rise to pam In
certain types of gastrius substances normal for the stomach cawity, for
example water or gastric Juice, may cause pam Strong toric contractions of
the stomach also give rise to pain
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(1925), Smuth and Paul (1931), Christensen (1931), Bloomfield and Pollard
(1931), Kellogg (1933), Balchum and Weaver (1943), Jones (1943), Kuntz
(1946) and Hightower and Gamhill (1953) but Ortmayer (1925), Cobetand
Gutzeit (1926), Berg (1926), Gutzest (1929), Hess and Faluitscheck (1928),
Palmer and Heinz (1934) were unable roentgenologically to correlate ulcer
pam with spastic and penstalic changes 1n the stomach McDowall (1934)
ponted out that 1t 15 quite unphysiological to have prolonged pan caused
by peristalsis, for the pamn, if severe enough causes sympathetic stimulation
and paralyses the gut

Hunger contractions

Dundon (1917) observed that the tracings obtamed from the empty or
nearly empty stomach of ulcer patients at the time when ulcer pains are felt
do not reveal contractions appreciably stronger than those of the empty
stomach of the average normal person, an observation which was confirmed
by Carlson (1917) Palmer {1927} pointed out that the pawn of ulcer normally
disappears on starvation P and Sand (1942) ded ulcer
distress when the duodenum was 1n an active state of motlity regardless of
the state of the gastnc phase

BEHAVIOUR OF THE PYLORIC SPHINCTER DURING
GASTRIC PAIN

The sigmificance of muscular tension and the penistaliic wave m1ts relation
to ulcer pan cannot be fully appreciated without taking mnto account the
behaviour of the pylonc sphincter dunng gastric pam

Hurst (1911) belicved that the pain was due to aad stimulation of gastric
penstalsis which produced inhibition of pylonc relaxation

Ennquez Binet and Durand (1914) d d Ily that
the oceurrence of hunger pain—the douleur tardive—always corresponds
with the momentary arrest of gastric evacuation Thev quote Meumer who
found that 1f rilk was given dunng an attack of hunger pam 1t did not begmn
t0 leave the stomach until the moment the pain disappeared Hurst (1922)
observed that the rehief of pamn produced by bicarbonate of soda occurred at
the moment when the carbon diowide was evacuated by belching the rased
ntragastric pressure forcing some of the gastnc content through the pyloric
canal Kinsella (1928) observed ot 11 d 1 of
the pyloric sph: after the ad 1ont of bicarbonate of soda

Strauss (1927) suggested that the rehef of pain was due to rehef of pyloro-
spasm Wilson (1928) found that filhng the duodenal cap with barium by
manual pressure was followed almost immedately by relief of pam Hurst
(1929la) d‘rew attention to the fact that when the stomach has partly but not
comp Y d 1ts the pan differs from simple hunger 1n
ceasing when the stomach 1s empty Horwitz Alvarez and Ascamo (1929)
believed that the relief of pain after gastro enterostomy was due at least n
part totheimmediate removal of strain and overwork from the muscle in the

1
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Wolf and Wolff (1943) found that substances Itke alcohol, hydrochlonc
acid, sodrum hydroxide which have no effect on the normal mucosa, evoke
pam of considerable intensity when the mucosa 15 inflamed, congested and
oedematous They found that a contraction force of 35 mm Hyg produces pam
1n the normal and only 20 mm Hg in the inflamed stomach hansella (1953)
suggests that nflammation 15 the pnimary, motor function the secondary
and acid the tertiary cause of nlcer pamn

Hydrochloric acsd

The observation that the removal of the acid factor abolishes ulcer pamn
has been brought forward 1n support of the view that hydrochlonc acid 1s the
primary cause of the ulcer pain, but closer investigation has thrown doubts
on the validity of this argument

It has been observed that the mucous membrane of the stomach, whether
intact or ul d, 15 e to 1on by dilute hydrochloric acd
{Schmudt, 1909, Hurst, 1911, Baird, Campbell and Hearn, 1924, Wilson,
1928, Hardy, 1929, Chnistensen, 1931, Vanzant and Snell, 1932, Meyer,
Fetter and Strauss, 1932, Kellogg, 1933, Alvarez, 1840, Bockus, 1943, Portss,
1944, Ruffin, Grsmson and Smuth, 1946, Smuth, Ruffin and Baylin, 1947, and
Doret, 1951) There appears no relation between symptomatc relief and
effectiveness of neutralization (Wosika and Emery, 1936) and no correlation
between healing and acidity (Bloomfield and French, 1938) The ntra
gastric acidity 15 not greatly different during periods of relapse and rerussion
(Brown and Dolkart, 1937)

Palmer and Heinz (1934) on the other hand, beheved that the presence or
absence of the acid was the operative factor m ulcer pamn  Moore, Moore and
Singleton (1934) beheved that the pamn was induced by direct wntation of
the nerve endings by acrd Bonney and Pickerig (1946) advanced a simular
view It will, however, be recalled that the floor of the ulcer 15 composed of two
non nervous avascular strata, slough nd granulation tssue (Askanazy,
1921), and the edges of the crater are covered by thickened mucosa and
submucosa which are impermeable to the gastricacid (bhanselia, 1953) Bonney
and Pickering s (1946) suggestion that the removal of a mucous scab from
the ulcer by the solvent action of acid cannot be sustaned because the mucus
becomes more viscous by the action of acid and 1s soluble n an alkalne
medium (Fontaine 1932, Bucher 1932, Webster and Komarov, 1932,
Miller and Dunbar, 1933 and Mahlo, 1938) Furthermore, Wolf and Wolfl
(1948) observed the most copious secretion of mucus n response to hydro-
chloric acid {confirmmg Ochsner Gage and Hosor, 1934) which they applied
to the gastric mucous membrane of their fistulous subject

Thus reaction must be interpreted as a protective réfidxe de défense

Local tension

Local tension as a cause of ulcer paun has been suggested by Hurst (1911),
Westphaland Katsch (1913) Ginsbusg, Tumpowsky and Hamburger (1916),
Carlson (1917), Harde (1918), Miller and Waud (1925) Miller and Simpson
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which overcome the stretch Vanations of tonus change mn smoath muscle
take place without d oxygen It and are usually pam
less Furthermore, the peristaltse contractions of the stomach are intermittent
but the ulcer pamn 18 continuous although it may fluctuate in mteasty The
fthe 1cpressureare also ent thenormal pressure

beng regulated by the sntra abdorminal pressure and the capacity of the
stomach by the mechanism of “‘receptive relaxation

Ruffin, Bayhn, Legerton and Texter (1953) who attempted the separation
of the acschity and mothty factors by mamtaming the acidity at a hagh level
by the admsnistration of N/10 hydrochlonc¢ acid, abserved that pain appeared
with the onset of abdominal mothty and ceased when motor function
returned to normal The abnormahty consisted of mncoordinated activity of
the antral evacuation mechanism with or without tocalised spasm Smuth
{1955), however could not correlate the prod: of pain by hydrochl
actd and sts relief by sodiom bicarbenate with changes of motility

The actual site of the ulcer pun appears difficult to establish That the
ulcer steelf 15 not the snherent cause of the pain 15 shown by the fact that the
pan may be absent for prolonged periods although the ulcer stselfss sull
present, and that * ulcer pam  may be present without ademonstrablelesion

The beneficial effects obtamed by vanous types of treatment give some
wmdreation of the mechamsm which may be mvolved 1n the production of
peptic uleer pasn The rehief obtaned by the Sippy method cannot be

ascnb_cd enticely to the nentralization of the acid because this can never be
Iy achieved

pletely account must be taken of the additional
factor which 1s duced by the freq d of both food and
alkal

The relef ob d from the ad of food does not snvolve a

speafic element because all foods (even water) have the same beneficial
effect, nor can 1t be clamned that a meal provides phystologreal rest for the
stomach since the peristaltsic waves are stronger at the beginnung than at the
end ‘of amealand hunger contrachions  although pamful in nature arenot
qt Ty duffe from the digs The b 1 effect
of the contintous drp methods can be ascnbed to ther acuon on the
motar rather than the secretory functions of the stomach since the chotce of
the substance appears to be immatersal milk gives results essentially sumlar
to alkalis The chewing of gum. the swallowing of a stomach tube the mere
actof degluntion and the passng of mtesunal fiatus st produce a transitery
rebef of pamn
It may therefore be concluded that there exists one common feature
which forms a bink between alf the above menuoned observatons namely,
that the pam dusapy when the g duodenal resumes 1ty
normal p with the 1 return of the pylonic sphuncter to
s state of relaxation 1e with the re establishment of 1sopersstalsis Smee atas
only the chrome vlcer which 1s assocsated with pam 1t may be argued that
the factor which 13 1nvolved m the causation of the chronic leston ntay also be
responstble for the pam which 15 assocrated with 1ts actvity
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pyloric region Dragstedt and Palmer, (1932), by rubbing the scrosa over the
scar of a duodenal ulcer, produced deep circular contraction rings just distal
to the ulcer which passed down the gut They also observed several penstaluc
waves passing over the pyloric antrum at a2 ime when no distress was expen
enced The arrest of the penstaltic wave comncided with the period when pamn
was recorded Kuntz (1946) believed that the pamns are commonly alleviated
when the pylorus 1s suffiaently relaxed to allow the gastric content to pass
1nto the duodenum Bonney and Pickering (1946) concede that in duodenal
ulcer pain the activity of the pylorus introduces an additional unknown factor
Doret (1951) suggested a motor hink—the gastro duodenal reflex—as nter
vening in the mechanism of pain productton A cutaneous gastric reflex
relaxes the pyloro duodenal spasm and re establishes the contraction of the
stomach, the almost instantaneous effect being unaccompamed by a
modification of gastric acxdity

SUMMARY AND CONCLUSIONS

The theories which have been advanced to explain the mechansm of pain
producton in peptic ulcer will now be briefly examned before arnving at
some conclusions

In respect of the chemcal theory which indicts the acid factor as the main
cause of the pamn, 1t may be stated that while there 1s no ulcer pain in the
absence of hydrochloric acid, as proved by the observation that the withdrawal
of the gastrnic contents or 1ts neutralization abolishes pam, 1t does not, how
ever, explain why there are no significant differences 1n the gastric acidity
during the periods of pam as compared with the pamnless mtervals Gastric
ulcer with hypersecretion may be present without pain The suggestion that
excessive might secretion 1s responsible for nocturnal pain has been contra
dicted by many authorities Whilestis undoubtedly true that voruting relieves
pam because 1t removes the acid, 1t must also be admitted that motor activities
are conuderably reduced in the empty stomach—this may explan the relief
following upon gastric haemorrhage” A strong objection to the acid theory
13 provided by the difficulty of explaining the long latent period of pain after
the remntroduction of acid 1nto the stomach There appears to be a marked
lack of correlation between the acid factor and the appearance of pam

Carlson (1917-182) made the sigmficant observation on a 25 year old
medical student that although the volume of gastric juice and the free and
total acidities were lower at the end than at the beginning of the experiment
nevertheless there was more bile wn the stomack when the subject complaned of pan

In respect of the physical theory which mculpates a disordered gastnc
motility, there 1s no evidence that 1t 1s produced by the imbalance of the
autonomicnervous system The muscular contractions of the empty stomach
do not appear to be different in character from the contractions of the
digesting stomach, nor 15 the tension of the muscle wall during a peniod of
actvaty different from the tension during 2 period of quiescence Pam pro
duced by stretching of the muscular wall s relieved by penistaltic contractions
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EXPERIMENTAL ULCER AND IT$ SIG\IFICANCE IN RELATION TO THE AETIOLOGY
Production of embols

The production of embolt by injecting drugs into the gastric
vessels meludes the exp with Ision of wax (Panum 1862)
lead chromate (Cohnhern 1890} and bumuth subgallate (Payr 1907
Chessine and Feldman, 1913, Grose 1921} Bolton (1913) and Greggio
(1916) refer to many other methods Ivy {1919b) had positive results with
lead chromate but mert powdered charcoal gave negative results Positive
remlts were obtaned with injections of stenie ot snto the omental ven
{Willse 1311b) and by mntr. ] famall ffat (Baronof
sky Merendino, Bratrud and Wangensteen 1945 Friesen, Merending
Baronofeky, Mears and Wangensteen, 1948)

Yagation of vessels

Ligation of vessels fatled to produce uleers 1o rabbus (Muller 1860,
Pavy 1863 Roth, 1869 Luten, 1875 Muller 1893 Fenwick, 1900, Turck,
1906, Clarrmont 1908 Lutthauer, 1909 Yano 1925, Bernhaim 1932,
Brenckmann 1932, Layne and Bergh 1943, Bablun  Armour and Webster
1843) Berg (1847) produced ulcess in the antrum and m the fandus of the
rats stomach by bgaung separately the vessels supplying these areas which
baye Litle or no collateral errculation

Occlasion of vessels

Qcelusion of vessels—to prove Bergmans {1913) psychosomauc
theary of the pathogensns was carned owt by the subcutaneous myection of
drugs Among those used were prlocarpine wath or without physostgmune
(Westphal 1914}, mcotne (Hayashi 1923), pilocarpme adrenahine and
morphine (Nakashima, 1925) Locabised pressure on the duodenal mucosa
produced gastne lesions (Gallagher 1927 Underhult and Frashat 1928)
Haller (1920) declared that these results were not due to gastue spasm but
to disturb of the axrcul; and bolism which resulted from the
severe sntoxeation since he was able to produce sumular festons wath mor

ph‘x‘ne physostigmune and atropine  which have an opponite physiological
action

Portal smsufictency
Ulceration was produced by compresston (Muller 1860 Fenwack 1800

Payr 1907), by bganas of the
portat vain (Gunderman 1814) by Ecks
fistuda (Boliman and Mann 1927 Baronofiky and Wangensteen 1945)

I 1

and local dar msufficiency
Quincke {1882) and Ziroms (1910} suggested general anaemsa and Jocal
vascular msufficiency as factors m the production of ulcer but the expen
dmcnu of Sdbermann {3B86) Matthes {1893) and Litthaner {1909) contra
dlct these resulty sinee they cauld prolong the acute ulcers only toa neghgible
egree with anaemia Brooks and Blalock {1934} found haemorrhage and
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CHAPTER 8

THE EXPERIMENTAL ULCER AND ITS
SIGNIFICANCE IN RELATION TO THE
AETIOLOGY

A brief summary will be given of the methods which have been used 1n the
production of artificral ulcer 1n order to assess their relevance to the actiology
of peptic ulcer Most of these experiments have generally been performed on
dogs and the results obtained are not necessarily applicable to man because
the nutritional factors, which are of primary importance in the diseases
relating to the alimentary tract, are not the same It should be emphasized
that peptic ulcers which are pecubiar to man are not seen as a spontancous
mamnfestation in the dog As the number of experiments 1s considerable and
the results often confusing and contradictory, even though the same expert
ment 1s performed on the same anmal (Greggio, 1916), 1t 1s essential to
adopt some basis for the classification of the lestons m order to provide a
standard for comparison It 1s proposed, therefore, that the distinctive patho-
logical features which have previously been described be adopted as a
cnitenion for this classification and the terms of *“acute”, “chronic and

‘anastomotic ulcer accepted in the restricted meaning as descnibed m the

chapter which deals with the Pathological Considerations Ulcers produced
directly by trauma or indirectly by toxic agents will, therefore, be classified as
“acute , whether they heal or whether they haemorrhage or perforate i the
carly stages of the experiment and  whatever situation they may occur,
while ulcers produced by the juxtaposition of- h and will be
classified as “anastomotic’ and therr chromecity as being due to the persist
ence of the 1mtial trauma produced by the gastric juices on the mtestinal
mucous membrane  Chromic ulcer will be restricted to ulcers which are
situated 1n the “ulcer bearing * area and which persist beyond the ime lumst
usually allocated for the healing of acute ulcers these are accompanied
by 2 diffuse mflammatory reaction and assoctated with hyperchlorhydna,
the recognized mamfestation of chrome ulcer

The subject of experimental ulcer has been reviewed by Bolton (1913),
Langenskiold (1914) Greggio (1916), McCann (1929c), Lannin (1945), Berg

(1949) and Ivy Grossman and Bachrach (1950)

INTERFERENCE WITH THE BLOOD SUPPLY

Applying Virchow s (1853) concept of vascular wmsufficiency as the cause
of peptic ulcer several methods were used with the object of interfering with

the normal blood supply to the stomach
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wreptococes obtamed from chrome dental foca of infecon which were siutar
to those of the patient from whom the cultures were obtamned The results of
expeniments by Nickel and Hufford {1928} agree with those of Rosenow and
confirm those of Haden (1925) and Haden and Bohan {1925) Itshould how
ever, be noted that all these lesions were acute vlcers which did not develop
wto chrosue ulcers

TOXIC AGENTS

Drugs and physical agents have been used systemuically and locally m an
attempt to cause uleeration Bolten (1913) referred to the use of vanous salts
of mercury {Overbach, 1861, Bohm and Unterberger, 1874), canthandine
(Aufrecht, 1882), vegetable alkaloxds (Pouchet 1899}, phosphorus ergot,
digrtabis prlocarpme {Rehfuss 1909 Underhill and ¥rethest, 1928, Laght,
Bishop and Kendalf, 1932) nicotne (Hayashn 1917} and muscanine (Hay
ashy, 1923} Elhott (1914) mnjected tetra hydro 8 naphthylamine subcuta
neously into gmnea pigs and acute ulcers formed within one or two hours 5
the stomach was kept filled with food, they healed within three days

Brclogical toxins

Ananhul

4Anap asa cause of ul was produced by Bolton (1910a) wath
gastrotoxmn by Latzel (1913) with gastnc juice, by Miyagawa Mura: and
Terada {1923) with immunized serum and by Shapiro and Ivy {1926) wath
non specific protems

Anaphylactic ulcers have been produced by many Itahan workers {Alessio,
1928 Congho 1930, Vallone 1930, Pacluca, 1931 Bernardums 1932
Culmone 1933 Guernst 1934) but Vallone {1930} has underlined that the
anaphylacuc ulcer does not resemble the human lesion i 1ts hstological
charactersstics Walzer, Gray Straus and lavingstone (1938} by the mtra
venous wmjection of the antigen could only obtam a transient oedema and
hyperagmea of the gastnic mucous membrane mn monkeys previously senn
uzed Friesen State Jasper Fmn and Wangensteen {1948) produced cedema
and haemorrhage with sensitized horse seram which in a few mstanees
Pprogressed to ul Whent m was also given ulcera
uon occurred regularly Wener Hoff and Simon £1948) who produced
exonens with metacholm m beeswax over long penods suggested that the
sequence of events was vascular stags altered capiliary permeability haemor
thage tssue anoxa and necrons of the muresa

TRAUMA a

Lesions were produced by trauma to the abdommnal wall by Wittneben
(1886) Ratter (1887) Vanm (1889) Gross (1902) and Gibelh {1908-10) It
u sigmificant that all these zuthors reported that the lesion stasts as a sub-
mucasal hacmornhage Ivy Growman and Bachrach (1956} rdlate these
expenments to the acute gastnc ulcers formerly common in young women
and which msght have been due to tight lacing Necheles and Olsoss {1342b)
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PATHOLOGICAL CONSIDERATIONS

necrosis of the duodenal mucous membrane following shock produced by
bleeding the expernimental amumal Selye (1937) observed acute gastro-
mtestinal lesions m response to the alarm reaction (This subject 15 considered
in greater detail 1n the section on Pathology ) Penner and Bernheim (1939)
gave large doses of adrenaline intraperitoneally mn order to reproduce the
vasomotor changes which occur 1 shock Lestons occurred mn all parts of the
digestive tract, varymg from petechiae to large ulcerations (Itsinteresting
to note that gastric devasculanization has been advocated as the treatment
for peptic ulcer Hey, 1937, Somervell 1945, and Visick, 1948)

BACTERIAL AGENTS

Bolton (1913) has reviewed the many methods which have been used m
the production of ulcer by means of various bacterta they mclude the
arterzal injection of pus (Lebart, 1857, Cohn, 1860), the intravenous mjec
tion of Bacillus pyocyaneus (Charrn and Lufler, 1889), B lactious (Wurtz
and Sendet, 1887), Staphylococeus aureus (Letulle, 1888), bacillus of dysen
tery (Chantemesse and Widal, 1888), pneumococcus (Bezangon and Griffon,
1889), Pfeiffer s bacillus (Slatmeano, 1890), diphtheria toxin (Enniquez and
Hallion, 1893, Rosenau and Anderson 1907), feeding with B cols (Turck,
1907) Singer (1913), feeding rats on wet bread contaminated by faecal
matter, produced acute ulcerative changes of the stomach after a fortnight
Bolton (1913) pointed out that most of the authors stressed the fact that in
the lesions produced there was very hittle or no mflammatory reaction

Particular attention has been focused on expersments on anmals by
Rosenow (1913), 1n which he produced acute ulcers by injecting streptococct
mtravenously and claimed some selective affimty of his strains for the gastric
mucosa (elective localization), but Celler and Thalhimer (1916), who
repeated these expeniments, came to the conclusion that even though
anhaemolytic streptococa are present 1n practically all gastric ulcers, this
15 not the factor which exther minates the ulceration or prevents 1t healing
Hardt (1916) confirmed Rosenow s work Wilensky and Gest (1916) 1solated
streptococer accordmg to Rosenow s techmique, exased a piece of gastric
mucosa and 1njected the orgamsm nto the defect at the time of operation
The mjectron was repeated subsequently when 1t tended to heal The char
acteristics of chromc induration failed to develop in any ulcer and healing
was not retarded Ivy (1919b) produced mjury of the pyloric and duodenal
mucous membrane and then fed cultures of virulent streptococc, only
cachectic dogs developed lesions Rosenow (1921) stated that the strams
obtaned from acute ulcer, cholecystitis and especially append produced
Iesions more marked than those from the chrome forms of these conditions
He pomted out that experiments to produce gastric ulcer by including
bactera 1n the food have been unsuccessful except in starving amimals

Askanazy (1920) thought that the leston was produced by Oudum

albicans, but was unable to confirm this experimentally hotzareff and de
Morsier (1925) produced acute gastriitis by injecting Odium albicans for 20
days Messer (1925) and Haden (1925) produced lesions mn amimals with
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42), Zucker and Berg (1943), Zucker, Berg and Zucker (19432, b), Berg

{1946), Carlson and Hoelzel (1946), Jensen (1946}, Freeman and L1 (1946),

Harnis Hove, Mellott and Hickman (1947), Berg Zucker and Zucker (1949)
Sec also Subnutritional Uleer, p 105

CENTRAL NERVOUS SYSTEM

Lesions of the bramn

Ebsten (1874) produced hacmorrhagic lesions of the stomach intestine
and lungs 1n the course of a few days by injury to the anterior corpora quadn
gemma to the grey matter of the cervical cord and to the mner ear Heme
section of the cord at the level of the fourth cervical vertebra produced a decp

duodenal ulcer in add toex ravasationsn thestomach Experi
mentat production of gastro-intestinal haemorrhages and erosions by lesions
ofalmost any part of the brain were obtained by Alberton: (1878} Ivy (1919
1920) observed hacmorrhages and erostons 1n dogs after removal of large
portions of the cerebral h pt cerebral peduncles optic thal and
Ammon s horns Burdenko and Mogilnitzk: (1926) and Oberhing and Kallo
(1929) produced muluple haemorrhagic erosions and occastonally per
foration by sumulating the base of the brain immediately behind the
fundibular stalk Erosions may be produced by electrical stmul of the
region of the tuberal centres 1n the infundibulum {Beattie 1932) injection
of prlocarpineinto the ventriclesof rabbats (Light Bishop and Kendall, 1932)
but not 10 monkeys (Ferguson 1936) hypothal mjury n ki
{Watts and Fulton, 1935 Hoff and Shechan, 1935 1940, Martin and
Schnedorf 1938), localized abl of the cercbral cortex (Metiler
Spundler, Mettler and Coombs 1936) mjury of the hypothalamus m
vanious regions (Keller, 1936a), mtroduction of foreign bodies mto the third

ventricle, hyy opuc thal corpus stnatum and cerebral
gortm: (Hirata 1939) cerebral trauma (Cushing 1932, Tedesch: 1944
1947 Sch and Sch 1949) Itis 1ly agreed that

the lesions produced by trauma to the central nervous system are mvarably
of the acute type as they raprdly heal if the ammal survives the experimental
procedure

Sympathetic nerves

Dalla Vedova (1902) and Durante (1916) produced gastric lesions after
injury to the sympathetic nerves Dalla Vedova found haemorrhages or
necrotic lesions afer section of the median but not the major splanchme
nerves hoennecke (1922-23 1926) and Alvarez Hosor Overgaard and
Ascamo (1929) after Billroth s operation and section of the splanchnics
observed deeply Ppenetrating jejunal ulcers

The coehac plexus

Extirpation of the coelrac I

plexus with the object of removing the sympa
thetic action from the stomach and duodenum was clarmed by some investt
gators to produce ulcers (Pincus 1856 Popielskr 1903, Gundelfinger 1918
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found that trauma m anaesthetized dogs did not affect gastric secretton and
that 1ts effects on gastric moulity were slight and variable

Gastric erosions and ulcerations were produced by direct trauma to the
stomach wall by heat (Decker, 1887), by cold (Sternberg, 1907), by porcelan
tubes and direct destruction of the ussues (Rubbert, 1915) Quuncke and
Dattwyler {1875) found that acute gastric lesions i dogs, whether produced
by pinching the b with pincers, by tying up a fold with
string, by excision of a portion of mucous membrane, by touching 1t with a
hot 1ron, with sitver nitrate, fumung nitric acid, or alcohel, or by submucous
mjections of silver nitrate or rron perchloride healed completely in from 5 to
21 days, according to the means employed and the seventy of the lesion
According to Ivy (1920a), exposure of the mucous membrane of the pyloric
antrum to the exteror for 10 months causes no anatomucal or physiological
change Trauma caused by rough food 1n the stomach produced an ulcer
(Boliman and Magn, 1927) but was not confirmed by Fauley and Ivy (1930)
A of the oesophagus direct to the ducdenum did not produce ulcers
(Ivy, Morgan and Farrell, 1931, Graves, 1935), but a rough diet 1n vagoto
mized rabbits produced ulcers (Beazell and Ivy, 1936)

X-rays

Ulcers may be produced by the exposure to x rays (Ivy, Orndorff, Jacoby
and Whtlow, 1923, Ivy, McCarthy and Orndorff, 1924, Wolfer, 19262, b
Aue and Ceculin, 1930, Engelstad, 1936, Palmer and Templeton, 1939)
Betz (1947a) stated that the ulcer produced by x rays was precceded by
haemorrhagic necrosis of the mucosa following on capillary damage of an
undetermined nature Some are acute ulcers which may perforate although
a chronic type has also been described There 15, however, unanimty on the
observauons that the effect of the x rays markedly depressed the gasinc
secretions Itshould, h , ber bered that theinfl y chang
lead to atrophy of the mucosa (Ricketts Kirsner, Humphreys and Palmer,
1948a,b, Ricketts, Palmer, Kirsner and Hamann, 1948, Douglas Ghentand
Rowlands, 1950), and that Warren and Whipple (1923) have shown that the
late effects of x radiation are atrophy, prolferation, metaplasa and fibrosis
of the gastric mucous membrane The use of beta rays (Douglas Ghent and
Rowlands 1951) 1n the treatment of peptic ulcer must ;impose the exereise of
the greatest caution

DEFICIENCY STATES

Experimental ulcers followang various forms of deficiency diets and mam
tion have been reported by Turck (1906) McCarrison (1921), Pappenheimer
and Lanimore (1924), Sun (1926) Hoelzel and Kleitman (1927}, McCarrison
(1931b), Moore and Plymate (1932), Dalldorif and Rellogg (1932) Sure
and Thatcher (1933) Manwille (1933), Olcott (1933), Srmth and McConkey
(1933), Almquist and Stokstadt (1935), Howes and Vivier (1936) Hoelzel
and Da Costa (1937) Weech and Pasge (1937), Orr and Rao (1939) Dogra
(1941), Dyer and Roe (1941) Chen (1941) Mormns and Lippincott (1941~

146



/

EXPERIMENTAL ULCER AND ITS SIOWIFICANCE N REEATION 7O TRE AZTIOLOOY

therr role In order to clanfy thes subject it 15 ¢ssential to dilferentiate ther
fTeet {5) on the stomach and first part of the ducdenum {the ‘ulcer beanng
area), and (5} on the intestine below the entrance of the common bife duct
into the dundenum

7
+ Effect of nord and neid pepain on the gastric mucens membrane

Many g have nadd 10 other methods of micrfering with
normal ft of the h ad d diffe gths of hydro-
chlare acsd 1 an attempt to produce a lesion n the stomach Since 1t 1e
generally ad d that hydrochlone acd plays an essential rofe in the cansa
uon of the chronie lesion, this subject 13 discussed mdetarhin the section which
deals with the Pathogeness, where reference 18 made 10 the experimenty of
Samelion (1879) Ewald {1879), Matthes (1893) Ruzicka (1897) Satta
{1900} Frown (1908, 1910), Mouter (1910}, Bolton (1810}, Lichtenbeft
{1912}, Bolion {1913}, Fnedman and Hamburger (1914) Greggo {1916)
Dragstedt (1917), Ivy and Oyama (1921) Silbermann (1927} Gallagher
(1928b}, Brenckmann and White (1929), McCann {1929a), Puhl and Bro-
dersen (1931) Buchner and Schuoerder {1931), Puhl (1932) Matthews and
Dragstedt (1932) Mann and Bollmann (1932) Overgaard (1931 1934)
Qchsner, Gage and Hoso: (1934) Omndorff Bergh and vy (1935) Stevens
{1935) Howes Flood and Mullins (1938), Schmdt and Fogelson (1937)
Matenier and Windwer (1937) Wangensteen Vargo Hay Walpole and
Trach (1940), Schiffun and Warren (1942), Wolf and Wolff (1942b) Shay
Komarov, Fels Meranze Gruenstein and Siplet (1945) Friesen Baronofsky
and Wi (1916}, © G and Tvy {(1956) Sten
Grossman and Tvy (1947} Fogelman Grossman and vy (1949) and James
and Pickering {1949)
1t may be stated emphatically that there 1s no evidence whatsaever that &
chronc fesion has been produted ily by hydrochlonic acd or by
the pepnn hydeochlorie acrd combination m the  aad beanng  area which
14 ANy way resembles the chronie uleer v man

Pepsin at an element tn the causation of pepuc ulcer was suggested by
Soupauls (1906), Mathien {1913) Hayem and Lyons (1913}, Schuffnn
{1940), Schuffan and Warren (1941 1942) Shay homarov Siplet and
Gruenstein (1947) and Le Veen {1947) These views were conuradicted by
the tesulis of expernments (Drver Domer and Denham 1943 Drver
Chapell and Carmuchact 1945 and Drver 19452)

Effeet of gastre yuace on the 1 1

The pobibty of the g 1 tract to hydrochlone acd has
been shown i many ways Matrhes {1893) obscrved that the upper part of
the intesting was ess sensitive to the action of hydrochlone and than the
lower past Tvy and Oyama {1921) observed that perfusion of a pouch of the
prlonc antrum with 0 1 N HG1 had no effect but sgauficantly 1t caused
bleeding of the yeyunal mucous membrane Ivy and McHvam (1923) obscrved
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Lium, 1941) Lilleher and Wangensteen (1948) observed that post ganglonic
sympathetic denervation appears to have much more severe efects than
pre ganghonte denervation Alvarez (1948) stated that the aperationisdifi
cult, mjury to other structures cannot be avorded, and considerable shock
15 responstble for the high mortality of animals He thinks that there appears
to be no clintcal evidence that splanchmicectomy, which has been i vogue for
the treatment of hypertension and other conditions, has caused the appearance
of a peptic ulcer

The Vag:

There are many contradictory reports dealing with the production of
gastric lestons from interference with the vagus nerves Postive results
were produced by faradic sumulation of the left peripheral end (Talma,
1890), sub diaphragmatic vagal section (Van Yzeren, 1901, Ophuls, 1906,
Zirom, 1910, Lichtenbelt, 1912, Finz1, 1913, Latzel, 1913, Antonim, 1914,
Greggio, 1916, Gundelfinger, 1918, Keppich, 1921, Beaver and Mann
1931, Stahnke, 1924, Al arez, Hosor, Overgaard and Ascanro, 1929, Beazell
and Ivy, 1936, Ferguson, 1936, Manmng, Hall and Banting, 1937) Donan
(1904) and Kobayasht (1909) had negative results

Ivy, Grossman and Bachrach (1920) concluded, from 2 summary of the
more rehable data on vagotomy 1n rabbuts, that the mcidence of true ulcer1s
considerable, but the hterature concerning the development of ulcer m dogs,
15 Jess contradictory, the results having usually been reported as negative,
occasionally as doubtfully or convincmngly positive

GLANDULAR INFLUENCGES

The effect of glandular activaty on the formation of ulcer may be viewed as
being associated with some type of nervous mechamsm

Lesions following msufficiency of hepatic function snduced by partial
hepatectomy were observed by Bollmann and Mann (1927} Acute lesions
m the h and duod folt g hilateral adrenal were
reported by Gibelli (1908), Finzi (1918) Elliott (1914), Friedman (1915)
Mann (1916), Ivy (1920a), Katayama (1920), Banting and Gaurns (1926),
Levy and Armmngeat (1930), Freud Luwisch and Qestrercher (1935), and
Imperat: (1936)

Removal of the thyroid and parathyrord proved, on the whole, to give
negative results (Carlson and Jacobson, 1911, Silvestr1 1920 Keropian,
1925, Winkelstein and Zregler 1930, Wu, 1945}

Ing of pitwitrn produced erostons (Dodds Noble and Snuth, 1934,
Dodds Hills, Noble and Willams, 1935, Berg 1942 Baronofsky and
Wangensteen 1945 b) but Little effect was observed by Atlunson and Ivy
(1937), Gross, Ingram and Fugo (1941) and Nedzel (1943)

DIGESTIVE JUICES

The importance of the digestive yuices 1n relation to ulcer has long been
suspected and many investigations have been made i an attempt to define
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a chromc peptic wlcer by this method Schur and Plaschkes (1914-15)
did not support Stuber s view they believed that pepan in the presence of
hydrochlonc acid produced a pepuc ulcer Gregmo (1916) who repeated
Stuber s expenments was unable to confirm hus results However st 1z
ngmficant that by enlarging the pylorus and allowing pancreatic yuice to
enter the stomach by the method of Stuber, which at the same ttme allowed
the regurgitation of bile Greggie produced anflammatory reactions both n
the duod and the h and dered that, although thus method
did not produce peptic ulcer, the tume factor (90 days) may not have been
sufficiently Jong 1o aclueve these results Elman (1928) pomted out that the
paucreatic yuce played an ymportant role in the acutralizagon of gastne
aadity and  therefore, 1 the presention of chromic ulcer

Sups of the p ~— Ligature of the pancreatic duct or

y by suppressing the p produced gastric,
duadenal of jejunal nlcers according to Jona (1918} Ivy and Fauley (1931),
Bauer and Aron (1933) and Bachrach, Schaudt and Beazell (1939), but no
lesions were observed by Berg and Zucker {1932) Berg (1934), Locwy (1935)
and Boyce and McFetridge (1938)

External ganereatic fistula —~ The total foss of secretions gave posise results
2ccordiog to Etman {1931}, Elman and Hartman {1931) and Matthews and
Dragstedt (1932) but only ocea sonally according to Berg and Zucker (1832)
Loewy (1932) and Berg (1934)

Tnternal pancveats fistule — After transplantation of the pancreatic duct
mnto the termmat deuns 1n dogy, no ulcers were observed by Owngs and
South(1931-32) Graves (1935), Deloyers {1936), and Craft (1938) Drasnage
w0 the ureter gave no ulcer (Loewy 1932) Dramage to the anastomosed
Jogunum produced ulcers (Lenche, Fontame and Hermann 1931) Ivy,
Growman aud Bachrach (1950) suggest that the discrey 1 thel

g the incadence of duodenal ulcer in dogs having a pancreatc fistula
or exclusion of pancreatic yuce are undoubtedly due to differences 1 the
state of nutrition and and base balance of the ammals

Bile

Three types of exp may be distnguished 10 respect of the fesions
Produced by methods 1 which the bile factor ts concerned (1) methods
produang bilrary obstruction  (2) bibary ebtmination and (3} the direct
effect of bule on the gastnc mucous membrane

Obstruction of the bile flow

Ligauon of the common bile duct and the portal ven produced haemor-
thages and eromons of the stomach and duodenum, with renal
mtestinal and cerebral mamfestations (Gundermann 1914 Klecblan, 1914,
Hosom: 1928 Berg, 1930 Bollmann and Mann 1932 Dostaland Andrews
1932 fuvy, Schrager and Morgan 1933 Halpern, 1933 Nakashima 1934,
Jesu, 1937 Horrall 1938)
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that m a Thiry fistula of the upper jgunum bleeding occurs after 15-30
minutes perfusion with 0 1 N HCI

McMaster (1934) made end to end anastomosis between the pylonic end
of the stomach and progressively lower levels of the intestine from the
duodenum to the colon The mtestinal mucosa was observed to be mcreasmg
1y sensitive to gastric contents from the duodenum to the colon Florey and
Harding (1934) found that the gastric mucosa was undamaged by 0 1 NHQ,
the first part of the duodenum was damaged by 0 1 N HCI but withstood
0 05 N HCl The jeyunum was severly damaged by 0 05 N HCI

That the upper intestine 1s more resistant to the corrostve action of gastric
Juice than the lower segments was observed by Harper (1932, 1935), Matthews
and Dragstedt (1932), Ochsner, Gage and Hosor (1934), Graves (1935),
Florey, Jennings, Jennings and O’Connor (1939), Kolouch (1945), and
Lannin (1945)

Grossman and Fogelman (1948) observed that 0 10 N HCI wath 2 per cent
pepsin produced severe acidosis (blood pH 6 9-7 2) and gastro-duodenal
ulceratton within 3 days When suffictent NaHCO, was added to mantain
normal blood pH no ulceration developed, but when the acid mixture was
rassed to 0 15 N HCI ulcers developed The threshold of acid concentration
for ulcer production was, therefore between 0 10 and 0 15N

Dragstedt, Oberhelman and Smith (1951) produced typrcal gastro jejunal
ulcers 1n ammals m which the antrum was transplanted into the colon as a
diverticulum, and intestinal continmty re establhished by gastro jeg

The action of the pepsin hydrochloric acid combination on the gastric
mucous membrane rases the question of autodigestion as a factor i the
causation of ulcer and 1s discussed 1n the relevant chapter under Pathogenesis
(p 241)

Proteolytic enzymes

Drwver (1945a, b) observed that the proteolytic enzymes, renmmn, trypsin
and erepsin, under hydrostatic pressure of 90 cm H,O produced necrosis of
the mtestine 1 dogs renmin being the most acuve of the three—neither
steapsin, nor amylopsin caused necrosis

Pancreatic ymce

Action of pancreatic yuice on the gastric mucous membrane — Stuber (1914)
attempted to produce ulceration by enlarging the pylorus and producing a
pylonic msuficiency i order to facibitate the reflux of pancreatsc yuice into
the stomach To prevent interference with the action of the pancreatic
enzymes by the hydrochlonic acid he added alkalss to the diet which consisted
of milk, water bread and potatoes and he claimed that i this way he pro-
duced small ulcersin dogs The lesions were generally haemorrhagic erosions,
where they were penetrating ulcers the edges were flat and there was no
generahzed inflammatory reaction As a control for hus expertmental proce-
dures (12 dogs 1n all) one dog was fed on a meat frec alkalme diet and
halfa teaspoonful of pancreatic juice each day, he claimed to have produced
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former Itwasfound early in the senies of experiments that the gastnic mucous
membrane of the dog shawed a greater resistance to injury produced by ble
and hydrochlonc acid than did the stomach of the cat, This was due mn part
to the presence of abundant mucus frequently found in the dog s stomach
and to active secretion of mucus which often quickly followed the introduc
tion of bile and acid 1nto the dog’s stomach *
The application of bile and hydrochlonc acid to the stomach was per
formed 1n several ways
(a) By dircct application to the gastric mucous membrane after the
antenor wall of the stomach had been mesed dunng an operation  (3) b
stomach tube () after opening the abd by g 1mto the h
bile and acid through an aspurating needle passed through the wall of the
stomach (d) by injecung bile and acid backward mto the stomach through
the pylorus by means of an aspirating needle, passed through the wall of the
duod, , () by g the gall bladder with the stomach after
ligating the common bile duct and subsequently mtroducing acid into the
stomach of the animal by means of a stomach tube
Bide was mjected through the wall of the duodenum at the level of the
entrance of the common bile duct and 1n the direction of the pylorus It was
allowed to flow back slowly through the pylorus into the cavity of the stom
ach traversing 1n thus way the region of the gastro-mtestmal tract which 1t
would naturally take 1n the case of ordinary regurgitation mnto the stomach
The method allowed the use of the ammal s own bile which could be
obtaimed by aspiration from the galibladder no handhng of the stomach
bemg necessary 1n this expennment Numerous control experiments were
made under condittons 1dentical with those of the best experiment
The expenimental observations were as follows  If the mucous membrane
of the stomach of the cat or dog be exposed by operation and a drop of bile
ly d p from the gall bladder, be placed upon 1ts
surface the bile causes no marked change 1 the appearance of the mucosa
If adrop of 0 5 per cent of hydrochlonc acid be placed by means of a pipette
upon the mucous surface of the hiving stomach no striking changes 1n the
2ppearance of the epithelial surface occur No gross or histological mjury of
the tissue 1s produced under th by etther bile or hydrochlonc
2ad providing the tissues are handled with care and receive no trauma
When however a drop of bile 1s placed on the mucous surface of the stomach
and immediately afterwards a drop of 05 per cent hydrochlone acid 1s
added to 1t there soon appears at the surface of the cpithelium evidence of
well-defined reaction consisting in the formation of a yellowish or greensh-
yellow precipitate which corresponds 1n outhne to the area occupied by the
combined dropsofbile and acad The relative quantity of mucus appears to be
an important factor mn determining how closely 1n contact with the epithe
lum the interaction of bile and acid 15 to occur
As early as three hours after the y g of bile and hydrochlonc acd
mty the stomach of the cat during 2 late pertod of digestion njury to the
mucous membrane may be observed
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Elimnation of bile

Ehmunation of bile by external biliary drainage produces gastne and
duodenal ulcer (Koelliker and Mitller, 1856, Kehrer, 1914, Grey, 1919,
Mann and Wilkamson, 1923, Hoffman, 1927, Pecco, 1931, Kum and Tvy,
1931, Berg and Zucker, 1932, Amoros, 1933, Donat and Cavazza, 1934,
Firessinger and Palmer, 1935, Hawkins and Whipple, 1935, Hawlins and
Brinkhous, 1936, Hanke, 1937)

Hooper and Whipple (1916) powted out that bile fistula dogs died from
symptoms of intocation, and Whipple (1932) that bile 1s essential to bfe
Anastomosis of the gallbladder to the nght renal pelvis and hgation of the
common bile duct produces ulcers (Kapsinow, Engle and Harvey, 1924,
Kapsinow, 1926, Berg, Jo! and Jobling, 1927, Deloyers, 1936, Cornil,
Imbert and Mosinger, 1936)

Feeding of bile to animals causes the ulcer to heal or may prevent 1ts
formation (Blanck, 1935, Bachrach, Schrdc and Beazell, 1939)

Action of btle on the gastric mucous membrane

The expeniments which refer to this subject will be dealt with i some
detail 15 they are of primary importance 1n the author s theory of the patho
genests of the chronic ulcer

Roehrig (1863) noted ccchymoses  the gastro mtestinal tract following
admmistration of bile salts Rywosch (1891) adnmnsstered 25 mg of bile to
chichens for 3 days which resulted 1n diarrhoea and death on the fourth day
At autopsy the mucous membrane of the crops showed necrosis and death
was attnbuted to the direct inflammatory action of the bile Fifty cc of a 10
per cent sol of ox bile ad ed to rabbuts for 3 days caused marked
mflammation of the stomach and death within ¢ days

Sellards (1909) produced large haemorrhagic areas i the stomach and
ulcerattons of the mucosa by the mtraperstoneal jection of sodrum glyco-
cholate Simular lesions were produced by the subcutaneous myection of bile
or bile salts small repeated doses tending to localize the ulcers near the
pylorus Since there were only munute lesions 1 the lungs and mtestines,
he claimed that bile salts had a speafic action on the gastnic mucosa
Bolion (1913) stated that bile salts and formaldehyde i dilute solution
produce a marked vascular reaction 1n the stomach, the mucous membrane
15 of deep red colour and there is a great mcrease 1n the secretion of mucus
These effects are produced by a 3 per cent sol of sodwum holat
and by an 0 3 per cent solution of formaldehyde, weaker solutions are mert

Smith (1914) produced lesions of the mucous membrane of the stomach
which varied from simple hyperaenua and small haemorrhages to small
ulcers, by myecting 5-10 cc of the animals (dog and cat) own bile m
conjunction with 0 5 per cent hydrochloric acid (the animal s normal gastric
acudity) into the stomach via the duodenum

These expertments are sufficiently conclusive to warrant a more detailed
quotation

“The antmals used for experiments were the cat and the dog, chefly the
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constricion The 1 mucous \: showed ul in front
and behind the stenosis m the zone of stasis  These lesions were different
from those seen n the dog which are produced by ascans worms The lesion
was small and had the appearance of a fissure and could be 1dentified by the
presence of a small hacmorrhagic focus All ammals had subpylonc and
pengastnc ganglhiomc mfarcts The authors could not explain the cause of
the grave cachexia which was present
Tashiro (1931) confirmed these findings and reported that the action of
ile acids s g d by phosphatides, chol 1 oleate and other ipids
He believed that substances which produce ulceration of the gastric mucosa
m guinea pigs reduce the phosphatide content of the blood and thus remove
thus protection from the bile salts Bert (1933) refers to the observation of
de Beule who effected a cure of the uleers associated with duodenal stasis by
duodeno jejunostomy 1n cases which had resisted gastro-jejunostomy He
could not reprod the results ob d by Slocumb (1927} when he
apphed an plete hgature of the duodeno jejunal angle or by ascending
or descending invagination of the bowel Figurelh (1933) found that arty
ficial stenoms of the bowel was not effinent, for a long ttime the duodenum
dilated above the stenoss and became recanalized after 2 or 3 months
If the stenosis p d, 1t produced 1nft 4 Trincas (1933)
observed that feeding with thyrord gland and bile saltsinduced ulceration
and Schrmdt (1933) found that the ul effect of bilesalts was d
by fecding with thy and inhibited by leathine And and Farmer
(1934) observed that injection of bile saltsin guinea pigs (0 1 g ) cansed death
and extenmve ulceration of the gastric mucosa, 3 animals perforated In
rats death occurred 1n 24 hours but no ulceration was seen similar to thatin
the guinea pig Oda (1936) who fed ox gall to rabbits with artifically pro-
duced gastric mucosal lesions found that healing was delayed, 10 g had a
more marked effect than 5 g There was atrophy of the stomach wall and
gastric mucosa Yoshitormu (1935) found that when the 1solated stomach of
the rabbit was perfused with a solution of sodium taurocholate, ulceration
resulted which was intimately related to the acidity of the gastric content
and that ile could not produce ulcers 1n the absence of free hydrochlonc
acad Fujioka {1937) confirmed these results but stated that bile salts could
produce ulcers by direct contact with the gastric mucosa He stated that
fresh human bile, which produced ulcers contams 100 times the mnimal
dose of sodium taurochelate and that mucin from the salivary glands has an
mhubitory effect Leathmne muein and serum albumun have propertics of
forming compounds which neutralize the acnon of bile He suggested that
provided there 1s suffiacnt mucin 1n the stomach no ulcer forms
In view of the conflicting reports and the fact that the neutrahzing effect
of hile upon gastme acudity has been given by most nvestigators as the
explanation of the appearance of ulcers after exclusion of bile, Driver and
Carmichael (1945) exposed 1solated loops of intestme 1n dogs to actd pepsin
solutions with and without ile salts at zero and 90¢m H,0 pressure and at
a pH of approximately 12 and 3 7 They found that bile salts markedly in-
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‘In experiments where the stomach was sutured to the anterior panetal
pentoneum, to cause a retention of bile and hydrochlonic acid 1n the stomach
by impatring penstaltic movements of the st hand delaying
unusually severe injuries to the gastric mucous membrane occurred

‘In the course of experiments 1n which the stomach was opened and bile
and acsd apphed to the b 1t b apparent that lestons
were most apt to occur when digestion was 1n progress and gastric juice was
presentin the stomach With an empty stomach, and especially after a pertod
of fasting, myury to the mucous surface did not occur Tt 15 noteworthy to
emphasize that when these experiments were performed dunng digestion,
lestons occurred chuefly between the thurd and the fifth hour after feeding,
when mucus 1s probably less abundant 1n the stomach than i the earher
stages of digestion

“In expertments 1n which bile and hydrochloric actd were confined to the
fasting stomach in the presence of moderate amounts of acid mfusion of
gastric mucous membrane, lesions were produced

‘In experiments controlling the above, 1n which ammals had been starved
for 24 hours, and had received hydrochlonc aaid and the gastric juee but not
bile, lesions did not result *

Sweet, Buckman, Thomas and Bell (1923) made several attempts to
produce an artificial stasis exther by a mld volvulus or by fascal bands and
by the production of a blind loop, with dramnage through the distal segment,
from a point above the loop or from the stomach In the latter method the
duodenum was sectioned at a level about 25 cm from the pylorus and the
proximal end carried back to be duced mto the duod above the
end to end anastomosis The distal end was then introduced mto the
duodenurn, above the blind loop  some cases, m other cases mnto the
stomach The purpose of the operation was not to produce an absolute
obstruction but to blish a chronic fi 1 obstruction, where stasis
and a source of toxaerma mght be set up No tndication 1s given as to the
trme factor of the experiments In only a few 1solated cases were suggestions
of an ulceration present These were seen as localized hacmorrhagic areas
m the mucous membrane, and 1 one case, on the lesser curvature in the
pylonc antrum of the stomach The authors, nevertheless, concluded that
ther results must be acknowledged to be negative

Slocumb (1927) produced ulceration of the stomach and duodenum m 2
large percentage of cases in dogs, by establishing partial obstruction of the
duodenum for a considerable period of tme The method uscd was as
follows the duodenum was doubled upon itself and sutured 1n such a way as
to present a flattened S-shaped curve the result of which was partial obstruc-

tion amounting to 75 per cent or more It 15 noteworthy that where the ulcers
healed, this occurred as soon as the lumen of the duodenum became unob-
structed Del Valle and Brian (1928) produced stenosis of the duodenum m 8
dogs by placing hgatures 15 cm below the pylorus ¢ of the ammals suc-
cumbed early, 2 died of cachexia after 3 or 4 months, and 2 survived 93
months They observed dilatation and muscular hypertrophy above the
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cosa Stmlar results were observed by hehrer (1914), Langenskicld (1914),
Grey (1919), keppich (1921), Mann and hawamura (1922) and Dott and
Lim (1923)

% Mann and Williamson (1923) who 1solated the duodenum by closing 1ts
pylonc end and anastomosing 1ts distal end to the dustal part of the ileum
and the free end of the jejunum to the pylorus (the so called M W operauon
of surgncal duodenal drainage), found 2 high percentage of ulcers They
were situated one or more nullimeters from the gastro jejunal anastomosis on
the intestinal side of the stoma, no ulcers ansing n the stomach atself
Sumlar results were obtained by Lamens (1924), Morton (1927), McCann
(1929c), Neuman Demoor and Deloyers (19303, b, ¢), Neuman, Deloyers
and Demoor (1931), Pecco (1931), Jenhins and Palmer (1931), Owings and
Srmuth (1932) Matthews and Dragstedt (1932), Fontaine and Kunln
(1932a), Goldberg (1932b), and Vohns, Widenhorn and Finlayson (1937)

No ulcers were formed when the dramage was directed to the duodenum
(Winkelt and 1 1926, Gallagher and Palmer 1933 Palma,
1935, McMaster 1935 Harper, 1935, hunhn and Cavall, 1936, Shve,
Bachrach and Fogelson, 1940)

Denutrition and cachexia as the cause of death were suggested by Deloyers
(1936), Flood and Mullins (1936), Wilhelmy O Brien McCarthy and Hll
(1936), Orndorff Fauley and Ivy (1936), Shoch and Fogelson (1941},
Olwver (1947 1949), and Vasscher and Lyster (1949)

Hands Fauley, Greengard Preston and Ivy (1941) at first reported that
enterogastrone was an effective agent n the prevention of the development of
gastro jejunal ulcers but subsequent experiments shawed that enterogastrone
did not prevent ulcer formation n Mann Walhamson dogs

CINCHOPHEN UICER

The anchophen ulcer was first produced by Van Wagoner and Churchull
(1932) Cinchophen was admimstered to 3 groups of dogs which receved
respectively 27 10 and 5 times the human dose, with ulcer formation i all
cases 1na fourth group which received the normal human dose only 4 out of 7
had ulcers Early symptoms were anorexia, nausea vomiting and tarry stools

Thatthe toxic effect of cinchophen was the cause of the ulcer was shown by
Churchill and Manshardt (1932), Barbour and Fisk (1933), Bloch and
Rosenberg (1934) Schwartz and Simonds (1934), Bollman and Mann
8!313;, Stalker, Bollman and Mann (1937) Simonds (1938), and Reymont

The formation of ulcers wis prevented by the admumstration of muecin
{Deloyers 1936, Reid and Ivy 1936, Stalker Bollman and Mann 1936,
Mornison, 1945 Wanters Peters and Crook 1939) Chiray Jusun Besangon
Debray and Bourgeos (1942} produced healing and recurrence of cinchophen
ulcers by the admnstration and withdrawal of pectin (which 18 physically
and chemcally simlar to mucin)

That the ulcer was not due to acd was shown by Neuwelt and Necheles
(1940) and Davis, Bradley Bachrach and Ivy (1940)
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hibited the digestive action of pepstn on mntestinal mucosa ata gH of 1 25 At
a pH of 3 7 there was no damage to the mucosa regardless of hydrostatic
pressure or the presence of bile salts

It should be noted that positive results were obtained when the pH was
125 but they did not occur when the pH was 3 7, since a pH of 1 2 corres
ponds to 0 1 N HCI concentration while 3 7 corresponds to 0 0003 N HQl
concentration, 1t will be realized that the latter solution s considerably
weaker than the former and that much of the damage produced can be
ascribed to the concentration of the actd rtself acting on the intestinal mucosa
whuch 15 adapted to the action of bile but not of acid pepsin solutions

(The role of bile as a factor 1n the causation of chrontc ulcer m man 1s
considered mn detail in the Section of the Pathogenests )

The ant: grzzard erosion factor — Reference 1s made to the ant: gizzard eros
son factor only to point out that there appears to be no evidence that it s
any way related to the problem of peptic ulcer in the human Bile or bile
acids m the diet of chicks prevents the lessons (Almquist, 1938), and cholie
acid or dehydrocholic acid appear equally effective (Almquist und Mecchy,
1938, Hegstedt, Hier, Elvehjem and Hart, 1941) Whole and skimmed mulk,
protemn free milk and whey, reduce the maidence and seventy (Almquist,
Mecchiand hratzner, 1941-1943) Hog's bile, which contamns very little cho
Iic acid, 1s comparatively meffective (Hanson and Grossman, 1950)

Cheney (1938) observed that chicks which developed gizzard crosions
secreted, 1n response to histamine, gastric juice with an average acidity 16 8
degrees lugher than normals and 24 3degrees lngher than those on a deficient
diet which did not develop erosions, but Dam and Segal (1945) found the
fasting secretion of normal chicks more acid than the secretion of chicks
reared on various artificial, including the ulcerogenuc, diets, and the fasung
acidity on ulcer producing dicts was no higher than on normal dets

According to Ivy, Grossman and Bachrach (1950), who believe that the
lesion 1s the result of a dietary deficiency, there 1s evidence that gizzard lesions
are 2 normal p of the develor of chicks for haemorrhages
appear 1n the gizzard of embryos by the twenticth day of mcubation, and
gizzard lesions are only exceptionally absent in day old chicks and usually
do not progress 1 seventty during the first week regardless of the diet

SURGICAL EXCLUSION OF THE DUODENAL SECRETIONS

Bickel (1909) excised the duodenum, transplanted the bile and pancreatic
ducts mnto the abdomunal wall and restored the conttnmty of the gut by
jomung the stomach to the jejunum The anmal died 4 weeks later from
a perforated jejunal ulcer, there were 4 more anastomotic ulcers present
Exalto (1911) who first performed a gastro enterostomy with exclusion
accordmg to the method of von Esselsberg obtamed no ulcers, but when he
performed the exclusion operation with a Y anastomosis according to the
method of Roux ulcers were produced With )t of the duod
1nto the colon, an ulcer was formed mn every case He concluded that the/
ulcers were formed by the action of hydrochloric acid on the 1 mu
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(1940), Hay, Varco Code and Wangensteen (1942} and Shoch and Fogelson
(1942) Surgical confirmation of the acid theory was attempted by Andrus
Lord and Stefko (1943), who reported that the jejunal graft caused a reduc
tion 1n gastric acidity Lannin Hay, Judd and Wangensteen (1944) have
shown that an extensive (75 per cent) gastric resection protects histamine 1n
b ul fsky, Lannin, Sanchez Palomera and Wangensteen
(1945) found that small gastric resections (25 and 50 per cent) in dogs when
accompanied by no afferent loop (Billroth I} give a high mncidence of hista
mune ulcer, when 75 per cent of the stomach was removed no ulcer formed
A short afferent loop (Billroth IT) does not protect against histammne ulcer
holouch Castellanos Moreno, Dubus Baronofsky and Wangensteen (1945)
stated that a long afferent duodeno jejunal loop 1nvites stomal ulcer 1n any
gastric operation carned out on the Billroth I plan of procedure Baronofsky
Friesen, Sanchez Palomera, Cole and Wangensteen (1946) found that bilat
eral (infradiaphrag and supradiaph 1¢) failed to pro
tect agamst ulcer and erostons (gastric or duodenal or both) produced by
chronic histamine action 1n the dog cat and rabbit Schilling and Pearse
(1948) produced acute and chromic ulcers after subtotal gastrectomy Fast
Friesen and Wangensteen (1947) found that the Sippy regimen of frequent
feeds of mulk and alkaline powders succeeded 1n suppressing the deep ulcer
but that gastro-enterostomy the small gastric resection and the Schmilinsky
operation offer no protection

LeVeen (1948) noted that the typical ulcers 1n the first portion of the
duodenum ordinanly mnduced by the histamine 1n beeswax method did not
occur 1n ammals who had undergone a devascularization operation How
ever, with extensive higation ulcers occurred n the mud portion of the greater
curvature of the stomach Baronofsky (1948) found that the hgation of the
large arteries of the stomach and additional small arterses from the gastro-
epiploic vessels failed to prevent hustamine provoked ulcer

Eppingerand L t (1932) haveshown that thel lestons
start with oedema and according to Hemlem and Kastrup (1938) the 1mtza
ting factor m histarmne gastritis 15 not the acid but the direct toxic action
Merkel (1942) described oedema of the mucosa which also 1nvolved the
deeper tissues The mechamsm of histamune ulcer has been ascribed by Code
(1952) to the corrosive action of the contimuously secreted gastric juice How
ever Ivy Grossman and Bachrach (1950) concluded from a review of the
subject that 1t cannot be uneq Ly d that the h ulcer 15
due to the corrosive action of the gastric yuice alone

Cox and Barnes {1945) observed that an increase in the number of
parietal cells occurs m the mucosa of the guinea pig stomach after protracted
stimulation with histamine over a period of 24 weeks They considered
that this 1s presumably a hyperplasia and may indicate a mechanism to
explam differences 1n the number of secreting cells in different human
stomachs

None of the ant1 lustamne drugs have shown 2 sigmificant mhibitory effect
on the gastric sumulating action of histamine (McEln and Horton, 1945
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Antiturtrin § and posterior pituitary extract had httle effect 1n preventing
occurrence of the ulcer (Farbman, Sandweiss and Saltzstein, 1939, Slutzky,
Wilhelmy and Stoner, 1941)

Hyperchlorhydna 1snotan associated ph ofthe phen ulcer
and, therefore, cannot be considered as bemng related to the chronic form of
ulcer as seen 1n man

honh,

HISTIDINE

Weiss and Aron (1933c) argued that the ulcer produced by the Mann
‘Williamson operation was due to the insufficiency of certain amino-acids
and the consequent reduction 1n the resistance of the tissues to the corrosive
action of the gastric Juices, and they cl d that the my of histid:
prevented ulcer formation Barry and Florey (1936) showed, however, that
histrdine was mcapable of preventing ulcer formation, and simular conclusions
were arrived at by Flood and Mullins (1936), Sandweiss, Saltzstesn and
Glazer (1937), and Wu (1937)

HISTAMINE ULCER

Buchner and Molloy (1927) produced ulcer 1n the fore stomach m about
33 per cent of rats with doses of 6-12 mg of listamune per 100 gm of body
weight Atropine i 05 mg doses did not inhibit ulcer formation Buchner,
Siebert and Molloy (1928) noted an mcreased meidence of ulcer by starving
the ammals on alternate days The results were not altered by dividing the
vagi (Burklede la Camp, 1929) Positive results were obtamned with histamine
by Mcllroy (1928), Matsueda (1931), O Shaughnessy (1931) Overgaard
(1931), Harde (1932}, Epy and Leuchtenberger (1932), Fried 1d,
Feldman and Mornson (1933), Carnot, Simonnet, Tissier and Cachera
(1933a, b), Flood and Howes (1934) Ochsner, Gage and Hosor (1936),
Heinlemn and Kastrup (1938), Merkel (1942), and Marconiand Costa (1951)

Orndorff, Bergh and Ivy (1935) mjected one group of dogs every two
hours with pilocarpine, a second group with histamine, and a third group
with both pilocarpme and histamine Acute lesions of the stomach and
duodenum were observed 1 the 3 types of experiments but no chrome or
perforating ulcers were produced

The toxic element m the production of the lesion was shown by Lanmn
(1945) and Baronofsky and Wangensteen (1946)

Grossman, Dutton and Ivy (1946) obscrved that 100 mg ofenterogastrone
concentrate fails to protect dogs with histamine tnduced ulcers Lilleher and
Wangensteen (1948) found that post ganghonicsympathectomy of the gastro-

] tract p the -phibihty of the h duced ulcer
i dogs
Histamune-beeswax ulcer

Code and Varco (1940) mtroduced the histamne and beeswax technmque
to study the effect of the prol d action of h 1n order to produce
chronc effects and observe the featuresof chronic histamune poisoning These
expenments were cnlarged by Walpole Varco, Code and Wangenstcen
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stomach to the jjunum It 1s usually single, the site of the lesion 1 1n the path
way of the outflow of the gastric content never i the fundus It starts on the
surface of the mucosa as a greysh crcumsenbed membrane Grossly and
mucroscoprealfy this type of lession resembles the chrome peptic uleer as found
m man The anchophen ulcer 13 considered by Mann to correspond to the
second type of leston and oceurs in the pyloric mucosa Mann (1939) repeats
s previous clamfication but suggests three types of ulcer snstead of two the
first—the acute ulcer the second—the anastomotie ulcer, and the third—the
cinchophen ulcer which stasts asa gastnus and involves both the fundie and
the pyloric mucosa

Accordiag to Ivy {1046) one can state with confidence that there 15 only
one type of uleer which occurs in man  the counterpart of which has been
produced expermmentally, and that thus ss the post-operative gastro-jejunal
ulcer which 1s due pamarnily to acd acung on the jejunal mucosa which ss
more suséepuble o acid than the gastric and duodenal mucosa
” Lenche (1931) has posnted out that these s no dsfficulty m producng an
ulcerative lesion but no method has produced ulcers which display the evolu
tion of the duease i man The experimental ulcers are unassocrated with
hypersecretion and with hyperchlorhydria, expernimentanion has produced
the Jeson but not the disea ¢

Mann (1951) summanzed the results of ng investigatnions by stating that
5o effectne method of treating the expenmentally produced peptic ulcer
has been discovered

3t may be stated m conclunion that the expertmental uicer corresponds
to the acute uleer as seen 1 the human 3nd that no experimental method
has succeeded 1n reproducing mn the ulcer beartng  area the chromie
feston seen m man

The author s expermment which has 3o far only been attempted in the
dog 15 based on theoretical considerations {see diagram p 276} ats abject
15 the production of reflux of bile 1nto the stomach It 15 performed m two
stages — 3 simple gastr y followed after complete recovery
of the animal by section of the duodenum below the entrance of the common
bile-duct and suture of the open ends which are rejomned 1n continuty
order to prevent bursting of the stitches

‘The results of these exp which are dependent on a tume factor
are not yet at hand
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Moessch and Ruvers, 1946, Grossman and Ivy, 1946, Friesen, Baronofsky and
Wangensteen, 1946, Doran, 1947, Harkins and Hooker, 1947)

In criticising the relationship of the histamune ulcer to the ulcer 1 man 5
must be pomnted out that unusually Jarge doses of histamine were used, that
13, 30 mg per day 1n dogs and 5 mg n gunea pigs, which arc out of al!
proportion to the size of the ammals and bear no relation to the amount
of luistanune used 1n man m whom 05 mg 1s suffictent to test the gastnc
response and 1 mg frequently produces unpleasant reactions

Caffemne-induced unlcer

Gross and mucroscopic erostons of the gastric mucosa were produced by
the sub 1 of anaq I of caffeine sodium salicylate
(Hanke, 1934a, b, Grasso, 1936, Moltens, 1938, Judd, 1943, Roth and Ivy,
1944a, b, ¢, 1945) Caffeine adminsstered orlly or intravenously to Pavlov
and Hexdenhain pouch dogs had no influence upon gastric secretion (Pincus-
sohn, 1906, Bickel, 1910, Kestner and Warburg, 1923, Goldbloom, 1928,
Petrowa and Ryss, 1930, Wichels, Brink and Lauber, 1933), st was found
that decoctions of coffee and decaffe { coffec stimulated gastric secretion
when given by stomach tube to Pavlov pouch and duedenal fistula dogs
{Pincussohn, 1906, Kestner and Warburg, 1923, Bickel and Eweyk, 1927,
Farrell, 1928a) This discrepancy led to the observation that certain sub-
stances which had no secretory effect acquired sumulatory properties when
roasted and that this change was due to the production of histamine (Eweyk
and Tennenbaum, 1921, Bickel, 1929, Heupke, 1935, Bleyer, Demarr,
Fischler and Taufel 1936, Eschler, 1938) Merendino, Judd, Baronofsky,
Litow, Lannmg, and Wangensteen (1941) found a marked rise i the gastnic
acidity and volume following the mpectton of 2,500 mg of cafleine alkalond in
beeswax daily for four days (Ivy, 1944, Roth and Ivy, 1945)

Giddings, Wynn and Hald: (1945) found that ulcers were produced m cats
by caffeine only when the dose was large enough to kill the animal

“CONCLUSIONS

According to Bolton (1913) the experimental lesions are primanly necrotic
and not nflammatory After 48 hours the necrosed tissue disappears and
leaves sharply punched-out ulcers with clean bases, exactly comparable in
distribution and appearance to the acute gastric ulcers of infective ongin in
man Carlson (1923) stated that hyperchlorhydna does not occur mn casesof
expenmental ulcer of the stomach and ducdenum Morton (1927) pomted
out the rapid healing of the expenimental ulcer and the unaltered chemical
charactenistics of the gastric contents Mann (1935) emphasized that the
type of ulceration produced remams acute, that therc are usually more
than one lesion which are shallow irregular erosions covering relatively large
areas, which begin as a haemorrhage 1n the submucosa, angd the ulceration
of the mucosa app danly to the mnyury, the type of Jeston 1s
readily produced experimentally by numerous methods and rarcly, if ever,
becomes chromc The other type of lesion 1s produced by anastomoss of the
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PART I

THE PRE-ULCERATIVE STAGE

Part T of this monograph dealt with the phymiological connderations of
the gastrie function and the desenpuon of the responwes of the gastro.
ducdenal tract to normal sumul Part 1T dealt with the pathslogical con-
siderations m order to provide the elements for the clawification of the
lestons This secuon deals with the wstermediate stage between the two
extremes 10 the evolution of the lemon and exanunes the pre ulceratve
mamfestations which correspond to the duorders of function before the
structural defect hay been finally establshed.
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CHAPTER 9

THE SIGNIFICANCE OF THE VARIATIONS
OF THE GASTRIC SECRETIONS

There appears to be a great deal of confusion 1 refation to the role which
hydrochlorie acid assumes in the pathogenesis of ulcers The assoctation of
hyperchlorhydnia with chrome ulcer must now be mvestigated in order to
define the himsts within which the fluctuations of the gastrie secretions may
be considered as normal before g therr pathol i yvaniatons
Spallanzam (1783) and Brown Séquard (1876) postulated that secretion
of gastric Juice 55 continuous  Beaumant {1847) observed that free gastric
Jusce was never found n the unstimulated stemach of Alexis 8t Marun Pav
lov {1910) affirmed that the peptic glands reman at yest if they recewve no
direct or psychic sumuli Carlson (1916) stated that the gastric secretion was
continueus Lam (1924) defined the basal secrction as the juice secreted by
the stomach 1n the absence of all intentional and avoidable sumulation He
found that the composition of the gastric yusce whether basal or active, varses
with the secretory rate, the quantity of yuice mereasing umformly withthe
output of HCl The percentage merease 15 rapad at fow secretion rates and
relatnely constant at hugher rates The active differs from the basal jusce m
he quantity of flwd present at equal secretory rates The acid response to
any stumulus vanes directly with the basal secretory rate being the sum of
the aed secreted at the izl basal rate and the 20d evoked by the stimulus

the latter bang for the Tus The flwd resp 18 not
and s the factor which may vary the ch of the response to the duffe
stimuh

NORMAL VARIATIONS OF GASTRIC ACIDITY
There appears to be no standard which indicares the range of the fluctua
tions of the normal gastric secretion
The resting jusce
Butcher (1925-26} made the followng observations on the fastmg wce
{50 estumations)
Quantity — Average 235 cc mummum 10 ce  maxamum 52 cc

Free HCL - Average acidity 32 cc mummum 00 ce  maxsmum 20 ec
Njio B5Cl

On 32 occasions (72 per cent) there was no free HCLin the fasting Juce

and 1t was more often neutral when withdrawn immedaately on nsing than
half an hour later
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THE SIGNTFICANCE OF THE VARIATIONS OF TBE GASTRIC SECRETIONS

Temes (1935) measured the reaction of the 1solated duedenum m dogs and
found it to be alkahne with a pH which vared from 710 to 8 15 It was
caused by weak alkalies or buffer substances wiach fluctuate quantitamvely
dependent on the relatn e propostion of pancreatic yuice bile and duodenal
seeretion Hoerner {1935, b) found m dogs that the reaction of the duodenal
content 1n the fasting state ranged from pH 7 to 781 After a test meal
3t vaned between 6 40 and 3 50 Followmng a carbohydrate meal 1t ranged
From6 75 to 4 26 and after a fat meal from 6 80 10 5 20 The acty of the

duod after meals appeared to depend fargely on the rate and amount of

acd formation m the stomach Dramung of the pancreanc secretions to the
cutside of the body by pancreatic fistula caused no change in the reaction of
the gastne content dunng fasting or afier the varous test meals used

Accarding to Comlort (1945) the duodenal contents of healthy subjects
with achlorhydma 15 alkaline dunng fasting m those with acid secreting
stomachs 1t 18 a0id bath 1n the fasting state and after meals Rarely does the
fasting duodenal content of 2 healthy subject whose stomach seoretes acd
1 the more ysual amounts become atkabne The acidity of the duodenal
content after an Ewald or muxed meal 3s greater than m the fastng state

Rehfisss (1938) believed that nothing alters the aud resposse of an
1diidual which 18 as charactenistic of that mdividual as the nose on fus
face There 1s no evidence thar the gastne glands under any conditons
ncluding pathological ones are able 1o secrete a juice of fugher than normal
acdity (Thre 1939)

Brevhauy and Eyerley (1943) found that normal and ulcer patzentt had

dty the same 2 gastnie pHvalues H {; produced

a lower gasinc pH 1 mormal than 1 uleer patients As a rule anything
whieh mereased the flow of matersal fram the stomach into the duodenum
decreased the duodenal pH Food fates the duodenal but does
not increase s alkalinaty in proporuen 1o the andity of the gasinc content
entenng the duodenum The alternation of an antacid with mulk and crcam
feeds yaved the pH of the stomach the pylorut and the duodenum more
than half hously feeds alone

Hoclzel (1943} fasting on one day cach weck for 15 weeks found that the
acdity and volume of the fasting gastnc content are selated to the degree of
hydsstion of the organssm Observations on hss own gastac juiee dunng the
pertods 19251929 and 1942-194¢ (Hoelzel 1946) disclosed a shght decrease
m acidity and about 50 per cent decrease m the volume of gastnic secretion
10 the Jatter 25 compared with the former period

Jenowitz Hollander Ornnger Levy Winkelstem haufman and Margo-
I (1950) gated the gastne response to three vansties of sham fod
meals on 24 occasions i a feraale aged 24 years with oesophageal stenosts and
a gastrie fistula The magnitude of the response vaned wth the acceptability
of the test meal Grael evoked no response The manimum rate of secretion
dunng the control penods of 15m were 20ec 1 56meq 3 200pepununsts

167



THE PRE ULCERATICE STAGE

Total acidity — Average 19 6, mummum 8 0, maximum 38 0 N/10 HCl

AMucus — This was constantly present

Bile — Bile was present on 9 occastons (18 per cent)

Pepsin — At 02 per cent HCI pepsm averaged 39 2 cc, munimum 14 0
cc , maxumum 58 0 cc

Total chlorides — Average 96, mimmum 66, maxsmum 139 (an terms of
N/10 NaOH)

Rehfuss, Bergeim and Hawk (1914b) found that the quantity of fasting
Juice varied between 12-30 cc, while Carlson {1916) observed a vanation
of from 2 to 50 cc (40 cc average) per hour Hoftetter (1947) found that
the intragastric pH an situ 3s 1-2 units lugher than the pH of the jurce w2 viiro,
body temperature, filtration and stirring cannot explam the discrepancy
S y resp to 1 )]

Every individual has a charactenstic form of gastric digestion (Rehfuss and
Hawk, 1920) In normalindividuals there are 3 forms of secretory response

(1) In the hypersecretary type (40 per cent), the stomach 1s hypecmotile
and gastric evacuation 1s rapid

(2) 1In the 1sosecretory type (30 per cent) the gastric motility 1s neither
quick nor slow

(3) In the hyposecretory type (30 per cent) the stomach 1s hypomotile
and gastric evacuation 1s slow

Duning the interdigestive pertod the secretory rate, both the free acidity
and the total acidity are reduced (Rehfuss and Hawk, 1921)

Normally the outpouring of gastric secretion takes place only when stimul
ated by the mgestion of foed, between meals the stomach remams empty or
at the most contamns but a few cubic centimetres of clear gastric yuice showing
perhaps 2 shight acidity (Galambos, 1926} Wide vartations of acidity m the
gastric content of both normal and diseased patients were found by heefer
and Bloomfield (1927) Dustaste of food snhbits gastric secreuon (Butcher,
1925-26)

Age and sex considerably influence the gastric secretions less gastric yuice
being secreted 1n advancing years Free gastric acidity appears to merease
rapidly from childhood up to the age of 20 years when adult values are
reached For man aged 20-40 years, free acidity ranges from 45 to 50 umts
which decrease to 30-35 units 1n the aged The values for women are some
what lower and average 35 unuts mn adults (Vanzant Alvarez, Eusterman
Dunn and Berkson, 1932 Ruffin and Dick 1939)

There 13 a steady increase 1n the mcidence of anacidity from youth to old
age and 1t 15 higher in females than m males The madence of anacidity
1n males averaged 10 7 per cent and m females 14 1 per cent (Polland, 1933)
Rafsky and Weingarten (1947) found about 50 per cent of normal persons
over 65 with 19 units or less of free HCl, 17 per cent had true achlorhydna

Hellebrandt and Brogden (1935) dered that the of func-
tional capacity tn terms of the acidity response to a test meal or to histamine
13 not a valid procedure
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THE SIGNIFICANCE OF THE VARIATIONS OF THE GASTRIC SECRETIONS

individual 1n perfect health extubited achlorhydria after 3 tests but showed
free HCl m every sample, save the resting juice, of the fourth test meal Doig
Motteram Weiden and Wood (1950) investigated 134 volunteers, 112 male
and 22 female students aged 19-35 (average 24) years with the histamune
test meal and found only one man with achlorhydna Gastric biopsy showed
an unusual type of atrophy, no actiological factor for gastrtis was found but
there was a famuly history of permcious anaemia and hypochlorhydria on
the maternal side
Gastric hyposecretion and achyha gastnica simplex have been descnibed
as congemtal and posuibly hereditary Cheney (1926) expressed the view that
achlothydna never occurs mn the normal individual and that 1t may be a
forerunner of several vital ailments Rehfisss (1929) believed that a careful
study of achlorhydria would reveal some abnormality in the make up of the
mndividuals Vanzant, Alvarez Eusterman Dunn and Berkson (1932) observ
ed an 1ncrease of achlorhydria wath increase m age While 4 per cent was
found at the age of 20 years 1t gradually increased to 26 per cent at the age of
60 years females appeared to be more hiable Bockus Bankand lelard/
(1932) observed much lower figures therr average was 5 7 per cent compared
with 12 1 per cent of Vanzant and her collaborators Their male cases contrt
buted 4 8 per cent as compared with 10 8 per cent and their female cases 6 6
per cent as compared with 13 8 per cent They also observed that achlor
hydna increases gradually with advancing years up to the age of 70 years
Hartfall (1932) found that 1t was twice as common 1n females as in males In
tropical climates gastric acidity appears to dumimsh Nye and Sippe (1932}
zeported an meadence of 18-20 per cent 1n Austraha
Bloomfield and Polland (1933) suggested that anacidity may either be a
normal vartation of no pathological consequence or the direct result of an
1njury to the secreting cells or an involutional constituttonal or abiotrophuc
phenomenon
Sagal, Marks and kantor (1933-34) from a study of 6 679 cases with
digestive symptoms (over a pertod of 12 years) concluded that age, nextto
constitutional predisposition  appears to be the predomunating factor 1n
gastric acidity They pointed out that there 1s evidence to indicate that these
acid levels (hyperchlorhydna m duodenal ulcer and achlorhydna in perm
cious anaermia and cancer of the h) precede the develoy of the
disease just as they persist after the cure It would appear that the degree of
dity 1 factor—predisposes to a given disease rather than
the disease producing a change 1 the acidity The presence of high acid
values 1n old age may be considered as an 1ndex of longevity
Winkelstern (1942) found thatin 5 583 cases 117 cases of true achlorhydna
were encountered (22 per cent) Forty six cases were due to permicious
anaema gastric carcinoma partial gastrectomy chromegall bladder disease,
Graves disease 69 cases were of undetermuned actiology (1 2 per cent)
Bockus (1943) observed a number of patients with hypochlothydna it
ally which passed slowly through the vanous stages of more marked secre-
tory deficiency until finally a permanent true achyha gastrica developed
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THE PRE ULCERATIVE $§TAGE

PATHOLOGICAL VARIATIONS OF THE GASTRIC
SECRETIONS

The normal daily varations of the gastric secretions vary connderably
because they are directly dependent on a fluctuating number of stimuls,
but each mdividual has his own pattern of sccretion Normally an mncrease
of sumuls wall call forth an mcrease in the volume of . gastrsc secretion, and a
decrease of stimult will result mn a reduction of gastric secretton When,
however, the normal stimuli produce a decrease n the response of the
secretions, 1t 1s obvious that the capacity of the gland to secrete 15 impaired
The permanent deviation of the secretions 1 ene direction or the other must
indicate the presence of 2 pathological condition

This deviation from the normal will be dealt with under two headings
(1) hyposecretion, which 13 an mherent heredtary factor, with systemic
repercussions and may be iurreversible, and (2) hypersecretion, which 1s
acquired and temporary, 1s a local reaction and 1s reversible

Hyposecretion

An absolute deficiency of hydrochloric acid 1s referred to asachlorhydna,
while achyha 1s considered to indicate the complete absence of all gastric
secretions but this 1s not strictly correct, stnce mucus and an aqueous flud
containing chloride are always secreted to a variable amount even 1 the most
severe cases (Olver and Wilkinson, 1933)

The fatal effect of total Joss of gastric juice 1n dogs was shown by Dragstedt
and Elbs (1930) who d the oesophagus to the duod with
complete 1solation of the stomach, with ntact vagr and blood supply They
observed that the total loss of gastric secretion from the body causes death
n 5-8 days, that the continued loss of gastric juice from the body produces
changes 1n the blood chemustry simular to those occurning after pylonc
obstruction Failure of re absorption of gastric juice in the lower intestine 13
the chief cause of death n high mtestinal and pyloric obstruction (Bottin
1938)

AebTnrhudy

o duals

n app ly rormal

It has been suggested that achlorhydna may occur m normal mndwiduals
and may have no pathological sigmificance particularly as 1t 13 frequently
symptomless Bennett and Ryle (1921) claimed 4 per cent of achlorhydria
and 4 per cent of hyperchlorhydria in 100 normal medical students Baird,
Campbell and Hern (1924a) who re examuned 3 of Bennett and Ryles
students who showed complete absence of free hydrochlonic acid at the
first exammnation found that 2 had achlorhydna once but not when the
meal was repeated, and that the thurd one could not be considered as
showmg normal health Lander and MacLagen (1934) exanmned 100 normal
students between the ages of 18 and 32 by histanune test meals Only one
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THE SIGNIFICANCE OF THE VARIATIONS OF THE GASTRIC SECRETIONS
Achlorhydnia and permicious anaema

Cahn and v Mering (1866) reported the finding of anacidity in a patient
suffering from pernicious anaemia This observation has been generally
confirmed

The fanuhal relationship has been pomted out by Connor (1930) who
found 25 9 per cent achlorhydna 1n 154 blood relatives of Addison s disease
(42 3 per cent m those over the age of 40 years) Wilkinson and Brockbank
(1930} callected {a) 125 famulies m which 2 or more members were affected
with permcious anaemia with or without the complication of combmed
degencration of the cord, (5) 51 families 1n which pernicious anaemia and
achlorhydna existed simultaneously, and {¢) 14 fanuhes in which achlor
hydna was found without permicious anaemia and added 14 8 and 3 farmihes
to groups {a), (b) and (¢) respectively

It has been generally inferred that the achlorhydria and the marked
gastric hyposecretion which mvanably ys permgcious are
the result of a marked atrophy of the gastric mucosa

It appears that very occasionally there may be some free acid present

cases of pernmicious anaenua, but at 1s generally accepted that achlorhydna
precedes the onset of the disease sometimes by extremely long penods of ime
(Lachty 1907 Queckenstedt, 1913, Naegeli, 1917, Cobet and Morawitz
1920 Bie 1920 Hurst, 1923 Hunter 1923, Sturtevant 1925, Conner
1930 Dawidson and Gulland, 1930, Moschkowatz 1931, Wilkinson 1932
Hartfall and Witts, 1933) The volume of fasting content 1s much smaller
than normal 1t increases during remssions (Walkinson 1932, Goldhamer
1937, Fouts Helmer and Zerfas 1937)

Many cases reported as pernicious anaema with the presence of acid were
erroncous and msleading (Askey, 1944, Wintrobe, 1946)

detiology of achlorhydria

Several hypotheses have been advanced to explain the variations of gastnc
acidity 1n childhood and young adulthood It has been suggested that
achlorhydnia 15 secondary to chrome gastntis of exogenous origin and thatat
follows particularly after acute fevers through the destruction of the acid
secreting cells by an iflammatory process, that 1t 15 of neurogenic ongm
because of the presence of functional nervous symptoms in a large proportion
of cases, and that 1t 1s attributable toab phic changesn the acid g
cells which appear after birth The most 1mportant suggestion 1s that 1t 13
due to a constitutional abnormahty as shown by 1ts famihal and hereditary
mcdence

Faber (1926) pownted to the ewstence of an mhented or familial factor 1n
some patients with gastnitis, beheving that this factor renders the stomach
more susceptible to 1ntants and that gastntis and secondary achlorhydna
may occur more readily in such famubies Hurst (1934) thought that gastrinis
and constitutional factors were of equal tmportance

Moutier (1935) as a conclusion to his review of gastnts emphasized that
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THE PRE ULCERATIVE STAGE

Hypochlorhydna and

klorkydria in children

Briming (1920), 1n Germany, made 300 examinations with an Ewald Boas
test-meal 1n children aged 2-15 years For the ages of 2-10 years before the
first World War, total acidity was 55 6 and frec acdity 108 as compared with
425 and 11 7 duning the war, for the ages 10-15 years, 63 6, 23 6, 48 7 and
18 respectively Twenty seven per cent had no gastric symptoms while the
remaimng 73 per cent had some dyspeptic symptoms Sixty three cases (21 1
per cent) were hypochlorhydric or achlorhydric Chievitz (1921) who
examined 53 mnfants with a sweet barley water test meal found no case of
achlorhydra Sauer, Minsk and Alexander (1922) found 1n children, aged
7-11 years, with good appetite, that the average gastric emptying time was
43 hours and 1n children with poor appetite more than 6 hours The average
total hydrochlone acid for the first group (12 children) was 61 2 ,with free
hydrochloric acid 26 3 and for the second group (21 children) 49 4 and 149
respectively Bloch (1923) found a lowered gastric secretion mn more than 50
per cent of lus cases with mtestinal lesions, and 25 per cent of the infants had
a complete achylia which persisted for periods of several weeks up to 11
months Simular observations were made by Hertz (1921) Klementson (1924)
reported observations on 166 children aged 1-12 years The secretion of
hydrochlonic acid was found to be considerably lower than that 1n adults
The lowest secretion was found at 1 year, with gradual mncrease up to the
pertod of 4-7 years and with httle change from 7-12 years Ylppo (1924)
found that a reduction in the amount of hydrochlonc acid occurred 1n
children whose temperatures were raised both arufiaally, by immersion tn
hot water, and by fection From an examination of normal infants David
sohn (1921), Marriott and Davidson (1923), Babbott Johnson, Haskins and
Sho! (1923) and Dawvidson (1925) found that gastric samples withdrawn at
the height of digestron usually showed a value of from pH 3 to pH 5, few
cases falling below pH 3, but there was an increased acid production with
ncreased age Wright (1924) found that in children aged 615 years the free
hydrochloric acid and the total acidity 15 apparently the same as 1n adults
Absence of hydrochloric acid was observed n 4 out of 250 cases mn one of
whom there was a small amount present and 1n another no free hydrochlonc
aaid one year later Katsch (1926) saw only a few cases and Bunce (1929)
gwes a figure of 15 per cent Copeman and Hill (1929) noted 7 with
achlorhydria 1n 66 children (106 per cent) aged 8-16 years who were
convalescent from rheumatic heart disease or surgical tuberculosis Parsons
(1929) observed 10 0f 51 cases with no free acid which showed acid on a diffe-
rent test meal, while Bray (1930) found less than 10 per cent amongst normal
children Dietrich and Shelby (1931) found that the figures obtaned for
free hydrochlonic acid and total acidity of the gastric secreuon of healthy
children presented wide vanations and that a normal figure could not be
stated Miller (1941} considered that the gastric acidity of aninfant at birth
may bear a close ssmilanity to that of the mother
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Acklorhydnia and permicious anaemia

Cahn and v Menng (1866) reported the finding of anacidity 1n a patient
suffering from permcious anaemia  This observation has been generally
confirmed

The fanulial relationshup has been pomted out by Connor (1930) who
found 25 9 per cent achlorhydna in 154 blood relatives of Addison s disease
(42 3 per cent 1n those over the age of 40 years) Wilkinson and Brockbank
(1930) collected (a) 125 farmlies 1n which 2 or more members were affected
with pernicious anaema wath or wathout the complication of combmed
degeneration of the cord, (5) 51 families 1n which pernicious anaemia and
achlorhydna esxisted slmultancously, and (¢) 14 famulies 1n which achlor
hydria was found without pernicious anaemua and added 14, 8 and 3 famihes
to groups {a), () and (¢) respectively

It has been generally inferred that the achlorhydna and the marked
gastric hy which permcious are
the rcxull ‘of 2 marked atrophy of the. gastric mucosa

It appears that very occasionally there may be some frec acd present i
cases of permcious but st 1s g pted that achlorhydna
precedes the onset of the disease sometimes by ﬂuemcly long pertods of ime

(Lichty 1907 Queckenstedt 1913 Naegel, 1917 Cobet and Morawitz
1920, Bie 1920 Hurst, 1923, Hunter, 1923, Sturtevant, 1925, Conner
1930, Davidson and Guilland, 1930, Moschkowitz 1931 Wilkinson 1932
Hartfall and Witts 1933) The volum: of fastmg content 1s much smaller

than normal, 1t ncreases dunng (Wlk 1932, Goldk
1937 Touts, H:lmer and Z:rfas 1937}
Many cases reported as with the of acid were

erroncous and mxsleadmg (A:key, 1944 Wintrobe 1946)

Aetiology of acklorhydna

Several hypotheses have been advanccd to cxplam the vanations of gastric
acidity m childhood and young adul d It has been suggested that
achlorhydnia 1s secondary to chronic gastntis of exogenous ongin and that 1t
follows particularly after acute fevers through the destruction of the aad

g cells by an 1nfl y process, that 1t 1s of neurogemic ongin
because of the p of fi 1ner ymp 1 alarge proportion
of cases, and thatat 1s attnbutable toab phic changesin theaad g

cells which appear after birth The most important suggestion 1s that 1t 13
due to a consututional abnormality as shown by 1ts famihal and hereditary
madence

Faber (1926) pomnted to the eustence of an mhented or familial factor m
some patients with gastnitis, believing that this factor renders the stomach
more susceptible to 1rritants and that gastratis and secondary achlorhydna
may occur more readily in such farmlies Hurst (1934) thought that gastntis
and constitutional factors were of equal 1mportance

Moutier (1935) as a conclusion to his review of gastritis emphasized that
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Hypochlorhiydnia and achlorkydna tn children

Brumng (1920), 1n Germany, made 300 exanunations with an Ewald Baas
test meal m children aged 2-15 years For the ages of 210 years, before the
first World War, total acidity was 55 6 and free acidity 108 as compared with
425 and 11 7 during the war, for the ages 10-15 years, 63 6, 23 6, 48 7 and
18 respectively Twenty seven per cent had no gastric symptoms while the
remawing 73 per cent had some dyspeptic symptoms Sixty three cases (21 1
per cent) were hypochlorhydric or achlorhydric Chievitz (1921) who
examined 53 nfants with a sweet barley water test meal found no case of
achlorhydna Sauer, Minsk and Alexander (1922) found mn children, aged
7-11 years, with good appetite, that the average gastric emptying tme was
4} hours and n children with poor appetite more than 6 hours The average
total hydrochloric acid for the first group (12 chidren) was 61 2 ,with free
hydrochloric acid 26 3 and for the second group (21 chuldren) 49 4 and 14 9
respectively Bloch (1923) found a lowered gastric secretion in more than 50
per cent of hus cases with mtestinal lesions, and 25 per cent of the mfants had
a complete achyha which persisted for periods of several weeks up to 11
months Similar observations were made by Hertz (1921) Klementson (1924)
reported observations on 166 children aged 1-12 years The secretion of
hydrochloric acid was found to be considerably lower than that sn adults
The lowest secretion was found at 1 year, with gradual increase up to the
period of 4-7 years and with hittle change from 7-12 years Yippo (1924)
found that a reduction i the amount of hydrochloric acid occurred m
children whose temperatures were raised both artifically, by mmmersion
hot water, and by infection From an examunation of normal infants David
sohn (1921), Marrott and Davidson (1923), Babbott, Johnson, Haskins and
Shol (1923) and Davidson (1925) found that gastri¢ samples withdrawn at
the height of digestion usually showed a value of from pH 3 topH 5, few
cases falling below pH 3, but there was an increased acid production with
mcreased age Wright (1924) found that in children aged 6-15 years the free
hydrochlortc acid and the total acidity 1s apparently the same as 1n adults
Absence of hydrochloric acid was observed 1n 4 out of 250 cases 1n one of
whom there was a small amount present and in another no free hydrochloric
acid one year later Katsch (1926) saw only a few cases and Bunce (1929}
gnes a figure of 15 per cent Copeman and Hill (1929) noted 7 with
achlorhydrta 1 66 chidren (106 per cent) aged 8-16 years who were
convalescent from rheumatic heart disease or surgical tuberculosis Parsons
(1929) observed 10 of 51 cases with no free acid which showed acid on a diffe
rent test meal, while Bray (1930) found less than 10 per cent amongst normal
children Dietrich and Shelby (1931) found that the figures obtaned for
free hydrochloric acid and toral acidity of the gastric secretion of healthy
children presented wide vanations and that a normal figure could not be
stated Miller (1941) considered that the gastric acxdity of an mfant at birth
may bear a close similanty to that of the mother

1170



THE SIGNIFICANCE OF THE VARIATIONS OF THE GASTRIC SECRETIONS

pouches re lated by repeated 1nj of They also found
the same result from the intravenous injection of gastric mucin but not from
pepsin Hebbel and Gaviser (1949) found achlorhydnia i 65 per cent of 284
cases resected for gastric carcinoma

Achlorkydna 1n assocraion unth general disease

A great vanety of diseases other than carcinoma of the stomach and perm
cious anaemia are assoctated with low gastnic secretions

Ohver and Wilkinson (1933) found that, combining both sexes the occur
rence of achlorhydra n general disease other than artificially produced
gastric anacidity appears to be 1n the order of 10 to 15 per cent

Anacidity 1n cancer other than cancer of the stomach was reported 1z 60
per cent of 15 cases by Moore Alexander, helly and Roaf (1905) in 22 4 per
cent of 65 cases by heefer and Bloomfield (1926) and 14 of 38 by Frieden
wald and Brown (1931)

Niazi State Trelcar and Wangensteen (1949) found that of 1 315 patients
over the age of 50 years 244 had mahgnant extragastric lesions 32 8 per cent
had achlorhydria (after histamne stimulation) and 24 6 per cent had hypo-
chlorhydria 1n 93 paunents with benign extragastric tumours 30 per cent had
achlorhydnia and 28 per cent had hypochlorhydria Of 906 patients with non
neoplastic discases 36 per cent had achlorhydma and 33 per cent had
hypochlorhydnia of 57 patients with gastric carcinoma 85 per cent had
achlorhydna and 5 per cent had hypochlorhydna of 13 patients with gastric
polyps 100 per cent had achlorhydria

Achlorhydnia in association with allergic diseases had been reported by
Duke (1925) Maxwell (1925) Criep and MacElroy (1928) and Rowe (1931,
1932) Bray (1930-1931) found 1n asthmauc children aged 6 months to 10
years that 12 per cent had no hydrochloric acid

The association of anacidity with chrome arthritis was reported by Borrzes
(1910) Mackenzie and Walhs (1912), Faber (1913) Coates and Gordon
(1923}, Keifer and Bloomfield (1926b) Mller and Smuth (1927) Wilkin
son and Olwer (1931)

The association of achlorhydria with diseases of the endocrine system
has been observed by Sturgs (1922), for myxoedema by Lockwood (1925)
and Brown (1930) for hypothyroidism hypothyroidism wath hypopstuit-
ansm by Moll and Scott (1927), Lerman and Means (1932} Berryhill and
Williams (1932), and Meulengracht (1932) for exophthalmic goitre and
myxoedema

The association of achlorhydria with defictency discases appears to be of
considerable significance It has been reported according to Oliver and
Wilkinson (1933) i pellagra by Johnson (1911) Myers and Fine (1913),
Givens (1918) Guthre (1926) Bunce (1929) Boggs and Padget (1932),1n
benbent by hatamura and Shimazono (1913) 1n tropical sprue by Baum
gartner and Smith (1927) and an a typical sprue by Reed and Ash (1927)
n vitamin A deficiency by Pilat and Chang (1932) '1n diabetes mellitus by
Wiechmann and Elzas (1929) Wohl (1931) Rabmnowitsch Fowler and
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tbhe(:i gastric sccretions play a considerable part i general equilibrium of the
ody

Shay, Gershon Cohen and Fels (1941) reject the view of Bloomfield and
Polland (1933) that the lack of gastric acid 15 an snvolutional phenomenon
of no special clinical sigmificance, they emphasize that 1t plays an important
role n gastro mntestinal motility, 1 calcium, ron and vitamin absorption,
thyroid disease and diabetes, and that permicious anaemma 13 invarably
assoctated with 1ts absence

Kruger (1943) studied 325 patients in various stages of pulmonary tuber
culosis and found that as the degree of the disease progressed, the mcaidence
of gastricanacidity increased Sigmificant fever caused an increase i inadence
of achlorhydria Anaemia per se did not affect the degree of acidity

Biopsies taken by the flexible gastroscope by Wood, Doig, Motteram,
Weiden and Moore (1949) 1n 18 patients wath severe atrophy (gastric ulcer
and carcinoma excluded) showed achlorhydria with a low total volume and
low or absent pepsin In the presence of a normal or nearly normal mucosa
the secretion was nearly normal or ‘intermediate

Achlorhydnia and carainoma

The frequency of achlorhydria 1n gastric cancer 15 well established

Brunschwig and Clarke (1939) state that approximately 60 per cent of
patients with carcmnoma of the stomach exhibit achlorhydria In 2 study
based upon some 70 spectmens of cancerous stomachs removed at operation
or necropsy, no correlation was possible between the site of the neoplasm,
1ts size and histologrcal type on the one hand, and the qualty of gastne
secretion as observed following the histamne test, on the other hand Because
of the rather frequent observation that achlorhydria existed 1n a cancerous
stomach of patientsin whom themicroscopical appearance of the fundic mucosa
was not markedly altered, Brunschwig, Schmitz and Rasmussen (1940) tested
experimentally the hypothesis that such achlorhydria rmght be the result ofa
local preponderance of a gastric secretory depressant Two categorzes of test
substances were employed (1) borling 0 2 per cent HGI extracts of cancerous
and control stomachs and ussues, and (2) the juices from cancerous and
control stomachs They concluded () that the achlorhydra of cancerous
stomachs 1s assoctated with a local concentration of a gastric sccretory
depressant which 1s demonstrated 1 extracts of achlorhydsic cancerous
stomachs and juices from such stomachs and () that the gastnc secretory
depressant was also observed i achlorhydric juices from patients with pern
c10us anaemia in cdence equal to that observed 1o achlorhy dric yuices from
cancerousstomachs Theywere unable toestablish thenature of thedepressant

Blackburn and Code (1948) confirmed the observattons of Brunschwig and
Ius co-workers that there 1s an mhibitor in achlorhydrie gastric juices of
patients who have permeious anacmia, and also thatat 1s present 1n achlor
hydric gastric Juice from patients without other demonstrable changes 1n
gastric function The gastric secretory mhibitor present in the gastric juice
of man also inhibits the secretion of Heidenhatn pouches 1n dogs when these
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03 per cent and 0 016 per cent respectively 1n gastric ulcer close to the
pylorus 0 3 per cent 0 016 per cent respectively, and the protemn HC10 082
per cent, in gastnic ulcers located mn the middle of the stomach the total
aeidity was 0 321 per cent, the free acidity 0 01 per cent and the protem
HCI 0 0824 per cent
Boldyreff {1915) has shown that where almost pure normal gastric yuice
was obtainable from man the acidity was from 0 35 to 0 48 per cent of HCL
Carlson (1915a) has shown that normally 1n man the appetite juice has an
average aciduty of 0 45 per cent and may reach a total acidity of 0 55 per cent
without showing any of the so-called symptoms of hyperacidity Thus obser
vation was confirmed by Hardt (1916) :’
The association of hyperchlorhydra with ulcer was observed by many
authors Cheney and Bloomfield (1927-28), 1n 17 gastric and 20 ‘duodenal
ulcer patients found gastric acidity and the volume of gastric secretion to be
greater than in people without gastric disease i
Polland (1933) found that in 130 cases of duodenal ulcer 91 3 per cent of
the subjects had a total acidity and 79 2 per cent had volumes of secretion
higher than the mean values of normal persons of the same age and sex In
36 cases of gastric ulcer 91 7 per cent of the patients had a total aadity and
75 per cent had volumes of secretion hugher than the mean values of normal
people of the same age and sex Vanzant Alvarez Berkson and Eusterman
(1933) observed that the curve representing gastric secretion 1n cases of ulcer
was found to be parallel to that representing secretion 1n normal persons but
shufted upwards a d. corresponding to about 12 umts whle 1n gastric
ulcer the aaidity was reduced by 5 4 units in men and 6 6 unts 1n women
Ulcer near the pylorus produced no vanation from the normal ulcer 1n
the muddle third of the stomach produced a reduction of 4 8 umts while
ulcer 1n the upper third of the stomach reduced it by 7 9 umts Ulcer near
the pylorus increased the volume by 355 cc  those 1n the mddle third by
20 4 cc and those 1n the upper third had no effect Brown and Dolkart (1937)
observed that there was no sigmificant trend n the gastric acidity prior to
recurrence of activity of an ulcer In the same patient the level for free acid
may nise fall or undergo no sigmificant change before recurrence
According to Thre (1939, 1947) hypersecretionis present chiefly i chromic
duodenal ulcer, but also 1n chrome gastnic ulcer hearny Comfort and
Osterberg (1941) found a rough parallehsm between the degree of gastric
secretory actvity and the pH values of the duodenal content 1n normal
persons but the same parallelism could not be d d £z 1ly 1n
subjects with duodenal ulcer The duodenal mucosa of patients with duode
pal ulcer was bathed 1n 2 more highly acid flud for longer penods than
normal persons Schiffrin and Ivy (1942) observed that acid values Tugher
than those usually found 1n normal subjects were common 1n the presence of
ulcer partcularly duodenal ulcer

Hypersecretion of the terdigestive phase has been observed with duodenal
ulcer (Dragstedt and Vaughn 1924) Brown and Ruvers (1945) and IThre
(1947) found that male patients have much Igher values than the female
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Watson (1931) and Root (1931), mn cardiovascular disease by Hufler (1869),
Leist and Weltmann (1921), Friedenwald and Morrison (1928), and Robbimns
(1929), and 1n renal disease by Bicrnacki (1889), Leist and Weltmann (1921}
and McEnery, Myer and Ivy (1927), 1n disease of the lung by Brieger (1889),
Perla (1926), Brooke (1928), Torming (1929) Guido (quoted by Faber,
1935) found that 26 per cent of his malarial patients had an achlorhydria
which frequently persisted throughout life

The association of achlorhydna with skin diseases particularly m acne
rosacca, was reported by Ryle and Barber (1920), by Brown (1925) and
Rulison (1927), by Ayres (1929) n psoriasis, by Neugebauer (1914) m
secondary syphilis and by Eusterman (1931) 1n gastric syphilis

The frequent occurrence of microcytic anaemia among patients with
achlorhydna, whether congenital or hereditary, or secondary to gastrtis
njury or gastric surgery 1s so striking that 1t aetiological significance,
the achlorhydria bemg present before the anaemia (Meculengracht, 1932,
Hurst, 1932, Hartfall and Witts, 1933, Olver and Wilkinson, 1933)

‘Wilkinson and Brockbank (1930) found 1n the course of their investigations
of the famihial tendency that microcytic anaemia was quite commonly present
1n other members of the farmlies, many with achlorhydria They suggested
that the conversion to permicious anaema 13 open to serious copsideration
such individuals Monaghan, Bockus, Kornblum and Moffit (1936} believed
that hypoch s tic which responds to sron therapy may
be condittoned primanily by gastnitis since the anaemia 1s often found mn the
absence of achlorhydria Oliver and Wilkinson (1933) fully confirm the
findings of other observers that achylia gastrica occurs 1n 100 per cent of
cases of subacute combined degeneration of the spmal cord

Mann and Mann (1939) found that transitory achlorhydna to histarmine
may be produced 1n dogs by exposure of gastric mucosa to dilute solutions of
mercuric or cupric salts no effect was noted using salts of lead, manganese or
zinc 1n much greater concentrations

Hypersecretion

The association of hypersecretion with peptic ulcer

There 1s much evidence to show that there 1s only one pathological
manifestation which 1s 1nvariably associated with hypersecretion namely
chronic peptic ulcer or its pre ulcerative stage Stnctly, 1t 1shyperseerction
which 15 meant and not hyperchlorhydria—the term which 15 generally
used—stnee theacduty of the hydrochleric acid does not exceed the maximum
of 0 5 per cent Christransen (1911) and Michaelts and Davidson (1910-11)
determined the acidity of the gastric content 1n cases of dyspepsia gastric
cancer, gastric ulcer and many other pathological cases They found consid
erable vanation 1n the aadity but in no nstance did 1t exceed 0 43 per cent

Patterson (1914) gave the following four analyses of gastric

In duodenal ulcer distal to the pylorus, the total acidity was 0 32 per cent
and the frec aaidity 0 02 per cent, in duodenal ulcer close to the pylorus
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Sandwesss, Sugarman, Podolsky and Friedman (1946a, b), Sandwesss,
Friedman Sugarman and Podolsky (1946), studied 38 normal persons (73
studies) and 29 patients with duodenal ulcer (77 studies) with particular

to hyp and hyp dity and their bearings on the
management of patients with duodenal ulcer They concluded that both
normal persons and patients with duodenal uleer secrete gastric yuice during
the mght even when the 6 p m meal consists of foods usually allowed ulcer
pauents Following a farrly well balanced meal at 6 pm (which included
beef broth and fish) the nocturnal gastric jurce from patients with duodenal
ulcer 1s approximately of the same hydrochloric acid concentration and
volume {obtained by continuous suctron) as 1s the gastric juice from normal
subjects of the same sex

Voegtlin (1947) found that the mean nocturnal gastric acidity mn patents
did not show a tend to d as healing p ded Levin, Kirsner
and Palmer (1948b) observed that in the same patient with duodenal ulcer
the 12 hour nocturnal gastric secretion 18 usually unaltered with healing of
the ulcer The average 12 hour nocturnal gastric secretion of pauents with
active ulcer 1s not significantly different from paticnts with healed duodenal
ulcer but 12 hour nocturnal gastric secretion m patients with healed duode
nal ulcer and who are without symptoms 1s sigmficantly greater than that of
normal healthy individuals Levin harsner Palmer and Butler (19482) ob
served wide variations m the continuous nocturnal gastric secretion from ane
indmdual to another and considerable spontaneous vanation was noted 1n
the same person which occurred from hour to hour The volume and output
of hydrochlonc acid were ly higher 1n the first six hours of the mght
than in the last They found that the average volume of secretion 1n patients
with duodenal ulcer 15 approximately twice that of the normals and the
output of free hydrochloric acid approximately threc and a half times as
great They explamn the reason for disagreement with figures given by
Sandweiss as bemg due to a different method m the collection of samples

According to James and Pickerng (1949) mght secretton 1n gastric
ulcer 1s more or less stmular to normal secretion One of the striking features
was the tendency for the gastric contents to approach neutrality in the early
mormng

Breuhaus Akre and Eyerly (1950) found that the rate of secretion was
usually greater before than after midmght 1 both normal and duodenal
ulcer cases An increased volume of night secretion was found after treatment
with calcium carbonate trbasic calcium and magnesium phosphate during
the day mn ulcer patients

Olson and Brid, (1954) 1 estigated the qp whether an ulcer
patient secretes more gastric jwice than a normal person Twelve hour noctur
nal gastric secretion studies showed that normal menin a penttentiary secrete
a larger volume and more acid than normal subjects as reported by other
observers Comparison of the 12 hour mght secretion of normal subjects and
of duodenal ulcer patients showed no sigmificant difference m volume and
aadity and the gastric secretory response to the Hollander nsulin test
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patients for free hydrochloric acid and total acrdity Musick, Avey, Hopps
and Hellbaum (1946) observed n patients with duodenal ulcer during
remission that the total amount of free HCI increased from 363 mg to 631
mg (an mcrease of 174 per cent), and 1n active duodenal ulcer to 957 mg
(an mcrease of 264 per cent)

Doll, Jones and MacLagan (1949) concluded that hypersecretion of gastric
Juice precedes the formation of peptic ulcer Ivy, Grossman and Bachrach
(1950) beheved that hypersecretion precedes the ulcer and persists after the
ulcer has healed Erb (1950 Jobserved a patient with marked acidity without
peptic ulcer but with hypertrophy of Brunner’s glands who promptly
developed a peptic ulcer after duodenal resection Patients with duodenal
ulcer secrete as much acid during asymptomatic mtervals as they do during
exacerbations (Littman, Rosiere and Ivy, 1950, Grossman, 1951)

Night secretion 1n relation to the ulcer problem

Much attention has been given to claims that the excessive continued night
sceretion constitutes the marrt difficulty of the ulcer problem (Sippy, 1915)
Normally the mght secretion 1s shght although continuous (Chalfen, 1928)
and generally neutral 1n reaction, the waking state producing a prompt eleva
tion of the acid level Galambos (1926) has emphasized that when the
stomach 1s empty no secretion takes place and that during the night s rest
gastric secretion )s relatively mhibited so that often the amount found mn the
stomach m the morning will be relatively much less than one would expect
to find 1n comparison to the height of secretion during a test meal Heaning
and Norpoth (1933) found no acid secretion during the night in the normal
but high acid values 1n patients with peptic ulcer Winkelstemn (1935) found
the average acidity 1n 62 patients with duodenal ulcer markedly higher than
m 20 controls Simular observations were made by Hellebrandt, Tepper,
Grant and Catherwood (1936) Wangenstcen Varco Hay, Walpole and
Trach (1940), Mears (1943), Cornell, Winkelstemn and Hollander {1944),
and Dragstedt, Palmer, Schafer and Hodges (1944)

Sandweiss, Sugarman and Friedman (1941}, who exammned the gastric
secretion during the mght m normal individuals and peptic ulcer panents,
found that (1) 1n both normal tndividuals and ulcery two peaks in
concentration of free acid usually occurred one peak, between 11 pm and
1 am, the other between 3 am and 5 am , after 52 m both the volume
of secretion and the concentration of free acid were usually very greatly
reduced, the juice often showing no free acid (2) the volume of secretion was
sigmficantly lugher in the ulcer patients as compared with the normal indivt
duals, though the concentrations of free 2c1d 1n the two groups were approx
ymately the same (3) bile was frequently present, usually after midnight
Mucus was often found, particularly towards the mormng hours, (4) in both
the normal indmviduals and the ulcer p the vol d were
much higher than reported This mcrease m volume may be explained by
the fact that they used beef extract and fish n theiwr meals—foods known
to be strong stimulants of gastric secretion
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Various causes have been suggested to explain the ncrease of the gastric
secretions
Ewald (1893) dered hyperchlorhydria as a of the h
He emphasized that one must disnguish between catarrh, that 1s to say a
1 Ity inflamed d of the glandular layer of the stomach and a
direct or indirect nervous wrntation Inflammatory states reduce the acid
and p the alkaline However the oppostte view
was held by Dujardin B (1881), korczynsk: and J. ke (1891)
and Hayem (1892) Lim (1924} stated that hypersecretion of juice, apart
from acid may occur from an ncrease of the non acid bearing fluid Con-
sidering that the relation of the stimulus to response 1s constant the degree
of the secretory state must depend on the intensity of stimulation hence
hypersecretion of acid may be translated to mean hyperstimulation
According to Galambos (1926) two types of gastric secretion may be
distinguished  that of the normal stomach and that of the stomach affected
with irnitative secretory disturbance The introduction of a Rehfuss tube 1n
the normal stomach after fasting produces no gastric secretion either by
dramnage or suction, while 1n the stomach affected by irritative secretory
disturbance there 15 hypersecretion on fasting usually with hyperacidity
Bolton (1928) and MacLagen (1934) believed that hyperaaidity 1s due to
fe with pyloric rel
According to Hunt (1947) there appears to be no generally accepted expla
nation of the gastric hypersecretion which 1s frequently associated wath du
odenal ulcer, and on stmple theoretical groundsitseems that three hypotheses
must be considered (1) that the humoral sumulating mechamsm 1s hyper
active (2) that the nervous sumulating mechamsm 1s hyperactive, and (3)
that the glands of the stomach are hyper responsive He argued that if the
gastric hyp d with duodenal ulcers were due to a hyper
reacttve stomach, 1t might be expected that m such cases histamme, which
excites the secretory mechamsm even 1n the absence of the extrinsic nerve
supply would give mse to an exaggerated secretory response as compared
with that of normal subjects On the other hand, 1f the cephalic centre were
hyp e 1t mght be expected that the gastric secretory response to a
fall m blood sugar after the ntravenous injection of insulin would be greater
in patients with duodenal ulcers than in normal subjects The published
figures of Thre (1939) who performed successive hustamine and msulin tests
on normal subjects and patients with gastric and duodenal ulcers allow
these two hypotheses to be tested without further experimental work Hunt
erefore d the 1 figures p 1 by lhre and found that
the secretion of chloride 1n resp 1ok t was of the same
order 1n normal subjects and patients with gastric ulcers ‘The patients with
duodenal ulcers secreted a mean of 54 per cent (standard error of mean 15
per cent) more than the normal group This difference 1s ssgmficant since 1t
13 more than three tumes its own standard error The cases of duodenal ulcer
secreted a mean of 56 per cent (standard error of mean 15 per cent) more
pepsin than the normal group 1n response to lustamine Hunt therefore con
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showed no significant difference between normal and ulcer patients

Atlnson and Henley (1955) mvestigated simultancously by double lumen
tube the contents of the stomach and the first part of the duodenum, they
found that 1 gastric ulcer cases, duodenal ulcer cases and controls there was
2 fall 1n acidity duriag the mght

Fasting yusce 1 duodenal ulcer

Ryle (1926) has drawn attention to the tendency towards lugher values
1 the fasting yuice with duodenal ulcer Bockus, Glassmire and Bank (1931)
found that 1t was almost twice that of the average fasting acidity 1n a large
sertes of normal persons Bloomfield, Chen and French (1940) found wide
variations i the basat secretory controls which, to a large extent, were wiped
out by histamine stimulation Duodenal ulcer cases often exceeded the
highest control values but the values in gastric ulcer cases were simlar
to the controls Comfort and Osterberg (1945) found that the fasting contents
of the duodenum 1n cases of duodenal ulcer are ssmlar to those of normal
persons, both 1n the fasting state and after meals

Levin, hursner and Palmer (1950) found that the volume and free hydro
chloric acid content of the fasting (basal) secretion 1n patients with duodenal
ulcer 15 significantly greater than that of normal healthy individuals

/ Variations 1 the secretion of pepsin n relation to peptic uleer

Polland and Bloomfield (1930-31) found that the histamine stimulated
pepsin output of ulcer patients fell within the same range as the controls
Estimation of the secretion of pepsin carried out in cases of duodenal ulcer
and pseudo ulcer by Vanzant, Alvarez, Berkson and Eusterman (1933)
confirmed the observation (Osterberg and Vanzant, 1932, Vanzant, Oster
berg Alvarez and Ravers, 1933) that values for pepsin are usually increased 1in
the presence of peptic ulcer and the high degree of correlation hetween the
amount of the ferment and the sevenity and intr bility of the symp

Mulhins and Flood (1935) found that the average peptic actvaty of the
fasting residuum n 7 ulcer patients was approximately the same as thatm a
muscellaneous group Helmer and Fouts {1937) observed that m patients
with peptic ulcer, as well as in nervous individuals the pepsm concentration
of the histamune sumulated gastric juice was 2-4 times as high as mn the
normal Ihre (1938) found the same average concentration of pepsin for
both normal and duodenal ulcer patients Ivy, Grossman and Bachrach
(1950) consider that the pepsin concentration does not have any aetiological
signuficance

Causes of hyperchlorhydnia and hypersecretion

The term hyperchlorhydna imphes an increase above the normal in the
concentration of the hydrochlonic acid of the gastnc yuice which can be
neutralized by N/10 NaOH, while the term hypersecretion implies an
increase of the volume of the gastric yuice
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CHAPTER 10 3

THE INFLAMMATORY REACTION OF THE
GASTRIC MUCOUS MEMBRANE

INFLAMMATION—ITS SIGNIFICANCE IN RELATION TO THE
PEPTIC ULCER PROBLEM

Many theories have been put forward to explan the mechamcs of the
inflammatory process It may be of interest to gwve a brief hustorical summary
of the views which have been suggested to explam a phenomenon which 15
of fundamental 1mportance n the pathogenesis of chromce peptic ulcer

Hippocrates (circa 400 B C } thought that the local wrritation drew towards
the leston an exaggerated flow of blood and humour— ub: stimulus 1bt
fluxus --and that the raising of the temperature on the surface of the affected
organ would destroy and remove the cause of the irritation Celsus (Ist
century) enunciated the famous aphonsm  notae vero nflammations sunt
quatuor rubor et tumor cum calore et dolore —the four cardinal signs of
wflammation are redness, swelling heat and pain Galen (circa 200 AD )
who added functio Jaesa — a local deranged functuon thought that the
blood of the veins became hotter and according to Sydenham (17th century)
1t also acquired effervescence and produced inflammation when it reached the
assues  Boerhaave (carly 18th century) thought that the blood m the
d ded vessels and 11 was before getting overheated

Jokn Hunter (1794) observed that the temperature of the inflamed tissues
did not exceed that of the splanchnic organs that the dilated blood vessels
allowed for an easier supply of blood which produced an active congestion as
opposed to passive congestion or stasts and that its purpose wastorestore the
parts to their natural function Rokitansky (1842) suggested that the stasis
was followed by exudation Virchow (1852) 1dentified mflammation with
burmng and destruction and the mflammatory reaction as a degenerative
manifestation ( inflammatio febnis locahs ) Cohnherm (1889) introduced
the element of diapedests

Metchnikoff (1892) attempted to estabhsh a biological theory of the pro-
cess as an ad of the

p toits He suggested that
inflammation was a salutary defence reaction of the organism agamstmitants
The phagocy phages and phages now Ily referred to
as polymorpt lear 1 ytes and 1 11 grate to the

infected area and surround destroy and absorb the bactena by wtracellular
digestion Adarmu (1909) Herxhemer (1919), Marchand (1921) and Thoma
(1922) held similar views Wright (1904) added to Metchnikoff s concept
the action of opsonins Lubarsch (1898 1921, 1923 1928) distingwshed the

degenerative or alterative the exudative ornfiltrative and the proliferative
types of nflammation
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cluded that there 1s no significant difference between the actvty of the vagal
centres 1 the three groups as revealed by the figures for chloride or pepsin
and that the peripheral secretory mechamism 1s hyper reactive in those cases
of duodenal ulcer showing gastric hypersecretion

Hunt (1950} analysed the seeretory responses of the stomach to histamine
and nsulin 1n normal people and 1n patients with peptic uleers after the
secretions had been divided theoretically mto two hypothetical components
contaiming the morganic 1ons and pepsin, supernormal secretion of acid and
alkaline components and pepsin by patients with duodenal ulcer can be
entirely explained by theiwr increased peripheral secretory reactvity, the
superiormal secretion of the alkaline component by patients with gastric
ulcer can be explained partly by an increased pertpheral reactivity and partly
by an over active central mechamsm
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increasen the permeabihty of the capillary walls and migration of leucocytes
toward the site of the sumulation The result will be an mitial mcrease 1
blood flow throughout the arca followed by a gradual slowing down of the
1 at 1ts centre d with the clumping of blood-cells and the
formation of nucrothromb: At the height of inflammation increased artersal
flow and capillary stass will coexist 1 what Ricker (1924) called pen
staltic hyperaemia  Ungar concluded that from an objective brological
point of view inflammation 15 the result of a complex chain of biochemical
reactions controlled by the endocrine system Since inflammation 1s the
normal response of antmal tissues to 1 changes 1t defimtely has
some survival value It seems however that when the same sequence of
biochenucal reactions occurs at the systemuc level, 1nstead of bang lrmuted
to 2 tissue the resulting response termed the shock syndrome (Moon 1938)
1s undoubtedly purposeless and harmful This scems to suggest that the same
mechansm can have adaptive value at a local level and no homeostatic
significance whatever when 1t operates at the level of the organism as a whole

GASTRITIS
The term  gastntis  has given nse to much confuston While the suffix
s denotes an 1nfl v d and 1s appheable to the acute

variety 1t cannot be apphied as a general term to the chromce varniety because
1ts use has not been restncted to the inflammatory reactions of the gastnc
mucous membrane but has also included conditions which no longer show, or
may never have shown, any form of inflammatory reaction Card (1941)
pointed out that if the term  chronie gastntis  means any increased cellular
mfiltration of the mucous membrane then nearly everyone over the age of 40
years 1s suffering from gastntus

According to Bergmann and Katsch (1927) gastritis 1s an anatomical
conception and they suggested that in chmecal cases m which there 15 no
evidence of inflammation 1t should be called gastrosis Warren and Metssner
{1944) stated that connderable misunderstanding has ansen because the
term chronic gastritis means many things to many men To the chmoan 1t
means disturbance of gastmc function of a non speaific type To the gastro-
scopist 1t means changes m colour and shape of the mucosal folds To the
pathologist 1t has meant acute or chronic exudative inflammation Too often
a pathologist has centred hus attention on the exudative portion of the gastrins
and has overlooked the epithebal changes Chronic gastntsis a lahile condi
tion which may regress and which need not necessanly progress

Chromic gastritis may be said to represent one of two conditions which are
stnkingly differentiated from each other, 1t may be associated erther wath
(a) a hyperacavity of the motor and secretory functions of the stomach that
1s tosay the hypertrophuc type or wath (8) a hypoactmty of the motor and
secretory fi of the h~—the hypotrophic or phic type

CLASSIFICATION OF GASTRITIS

Chnically gastnitis may be classified according to whether 1t 1s an acute or
a chrorc mamfestation
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Aschoff (1922) interpreted mnflammation clinieally as rubor, tumor, calor,
dolor, morphologically as degeneration, exudation, proliferation, phystologically
as arculatory disorders and local immunity reactions He suggested as
aetwlogrcal the nfectious toxic or traumatie (circulatory) causes, and as a
Junctional defintion defensio, reparatio, regeneratio

The similarity between the festations of nfl 1on and the response
to injections of histamune suggested that k or an “H” su} e 1s
hberated by injury of the tissues which produces vascular reaction and
mcreased permeability (Lew:s and Grant, 1924)

Roussy, Leroux and Oberling (1929) pointed out that the mflammation
nvolves all the clements 1n the tissues, the cells, the wntercellular substances,
the blood vessels and the nerves Tzanck (1932) considered that the pheno
mena of immumty and anaphylactic intolerance are closely related to
inflammation (antiboby formation with fever and leucocytosis) The vascular
features of inflammation, systemuc leucocytosis, the mgration of leucocytes
snto the area of myury, the mitiation of repair and the cessation of cellular
proliferation are each explamable as self d, locally lled physio-
logical responses which are mndependent of mnervation (Moon 1938)

According to Menkin (1940) mflammation may be defined broadly as the
complex vascular, lymphatic and Iocal tissue reaction elicited in higher
mammals by the presence of micro orgamsms or of non viablerritants It
represents 2 basic or elemental reaction to mjury whereby the deleterious
agent tends to be localized and ultimately destroyed The inflammatory
reaction may be truly regarded as an immunological mechanism of defimte

b

sigmficance Menkin recovered 2 crystalline mitrog (leuko-
taxine) from mflammatory esudates which mduces mn cutaneous tissue a
rapid rugration of polymorph lear cells th h the endothehal wall of

the small vessel The inflammatory reaction 1s imtiated by the derangement
m local flud exchange It subsequently proceeds through a series of mter
dependent sequences which ultimately tend to localize and dispose of the
uritant An mflamed area can be dered as sh d off from the rest of
the orgamism It has 1ts own metabolism, 1ts own hydrogen 1on concentration
and 1ts own modified circulation and ul ly leads to or an
repair of the affected tissue

Lumtere (1949) who observed that a filtered extract of red blood corpus
cles preuiprtates the serum of the same subject, believed that the problem
can be resolved by the theory of collods He suggested that precipitation
or floculation produces msoluble foreign bodies which are removed by mtra
protoplasmic digestion or by diapedesis and that 1t 18 easy to produce
inflammation at any gven point by mjectng aseptic particles which are
responssble for the Yeucocytic mfiliration

Ungar (1952) who described the pattern o‘f mﬂar:xmauon stated that, when

an environmental change whether ph 1 trauma, p
ture, radiation), chemucal (‘irritant’ substances), or biological (bactenial
mfection toxin, venom antigen body reaction), 1 or mjures a

ussue, the following reaction will develop dilatation of the blood vessels,
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other Inflammatory gastritis 13 a lesion charactenzed 1n ats acute stage by
the presence of erosions exudate mn the gastric pits actwaty of the surface
epithebum  destruction of glands and polymorphonuclear infiltration of the
mucosa accompamed by transmigration of the surface epithehum by poly-
morphonuclear leucocytes In 1ts chromc state st 1s charactenzed by atrophy
of the glandular parenchyma fibrosis of the mucosa and submucosa intense
infiltration of the interstitial tissue by plasma cells and lymphocytes and
plasia of gastric to 1 epithel Non mfl y gastritis or
idiopathic  atrophy of the stomach 1s charactenized by extreme atrophy of
all coats of the stomach wall and 1s not accompanied by any evidence of past
or present wflammation
Maimon and Palmer (1946) suggested that superficial and hypertrophic
gastritis may be vanations of the same process rather than separate and
distinct entities Schindler {1947) disunguished between the chronic super
fictal atrophic and the chromic hypertrophic gastritis The appearance of the
mtestinal type of epithelium (goblet and Paneth cells) i the stomach
i thep of long ding nfl ton {Wilhams 1950 Arey
and Bothe 1950) Magnus (1952) suggested the followmng classification
(1) acute eroswve gastritis, (2) endocrine or genetic i ongin  (3) chronic
gastritis
Stempien Omtt and Karr {1953) observed endoscopically the following
zonal distibution of gastritis

Superfiral gastnitis

The antenior wall body was affected m 50 per cent
‘The antrum and body diffusely in 37
Alrophsc gastritis
The antrum and body diffusdly 1n 75
The anteror wall body 23
Hypertrophue gastnitis
The postertor wall body 1n 42
The body chffusely 1n 17
The antrum and body diffusely m 3
Muxed gastrins
(1) Hypertrophic—postenor wall 60
atrophic—anterior wall n
2) Hypertrophic—body
atrophic—antrum m 0

Grant hypertrophic gastrites

Stoerk (1922) described the état mamelone s a true hypertrophy of
the gastric mucous membrane, but did not consider 1t as an actual gastritis
an opimon confirmed by Steinberg (1927) Palmer (1949) considered that
gant hypertrophic gastritis 15 a vanant of chronic hypertrophic gastritis and
represents the ultimate in the seventy of surface changes in this disease where
nodulation and pseudopolyposis may be extreme

Schwarz and Oppenheim (1952) considered hypertrophic (pseudo tu
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Acute gastritis

Boas (1925) subdivided acute gastritis mto stmple, infectious, phlegmonous
and toxic forms, and Henning (1934) mnto exogenous, corrosive and phleg
monous types

Many acute infections are accompanted by acute gastritis (Faber, 1927}
Tt1s eanly produced by a variety of agents, but most of them are systemically
toxic Hot water (56°-60°C) and hydrogen peroude (100 cc of 3 per cent
solution perfused through a gastric pouch) per sz have no systemuc tovcity,
but when acute gastritis 15 produced and maintaned by these agents the
ammals cease eating and succumb to an mtercurrent mfection (Ivy, 1944)

Schindler (1947) has suggested the following histopathological classifica
non of acute gastrins

(@) Acute, stmple exogenous gastritis (acute gastric catarrh, acute
gastross, food poisoning)

() Acute cosrosive gastrips (toxic gastritis)

(¢) Acute haematogenous (infectious) gastrtis

{d) Acute phlegmonous gastrins

Chronic gastritis

Chronic gastritis assumes two distinct forms (1) atrophic and (2) hyper
trophic It hasbeen described as sumple and mucous {Ewald, 1893), catarrhal,
{mucous hypersecretory), hypersecretory and atrophic (Mathieu, 1898),
antrum (associated with ulcer), g hized, atrophic {; d with carcl
noma) (Orator, 1925), hypertrophic and atrophic (Letulle, 1931), irrtative
and haematogenous (Faber, 1935), hyperpeptic, hypopeptic and apeptic
{Lion, 1935}, and endogenous (H. g 1934, Zweig, 1935),
hypersecretory and hyposecretory (Pevsner and Gordon, 1935), superficial,
atrophic and hypertrophic (Schindler, 1935, Gow, 1942) and erosive,
follicular and hypertrophic (Bell 1941) Schneider {1951) considered the
irntable stomach as belonging to the pre ulcerative symptom complex,
organic hypertrophic gastritis as tending towards ulcer formation and atrophic
gastritis as tending towards carcimoma

Hustopathology

Letulle (1931) differentiates the histology of hypertrophic and atrophic
gastrtis, the former 1s characterized by the thickening of the mucous mem
brane, the latter by the flattening and stratfication of the epathehal cells

Magnus and Rodgers (1938) have pointed out that the spreading of the
two types of gastnuis appears to be different, atrophic gastritis tends to be
patchy at first before 1t becomes diffuse, while hypertrophic gastrinz of
locahized spreads umformly and shows no patchy distnibution The “bat
mamelonné  produced by mflammation shows the additional signs of
thickened and cedematous mucous membrane

According to Magnus (1946) simple gastritis may be divided into nflam
matory and non mflammatory types which differ fundamentally from cach
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ASSOCIATION OF GASTRITIS WITH DUODENAL ULCER

According to Finsterer and Cunha (1931) m duodenal ulcer the primary
seat of the affection 1s not mn the duodenum 1tself but 1n the stomach because
the antrum shows chromic inflammatory changes which produce abnormal
gastric secretion

Rodgers and Magnus (1938) found 1n 20 sp d for duodenal
ulcer that the body mucosa was normal mn every case

Templeton and Schindler (1939) found gastroscopically that out of 75
patients with duodenal ulcer 17 had muld hypertrophic, 10 severe hyper
trophic 15 mild superficial 4 severe superfictal, and 3 atrophic gastnitis, 11
had haemorrhagic pigment and 15 were normal Of the 130 patients with no
evidence of ulcer, 42 had hypertrophic, 30 superficial 40 atrophic, and 18
both forms of gastnitis

QOut of 70 patients with raduoll 1 evid of duodenal ulcer Carey and
Yivisacker (1942) observed gastroscopically 16 with normal gastric mucosa
27 with hypertrophic and 10 with superficial gastritis

Tumen and Lieberthal (1943} observed that, of 50 patients with duodenal
ulcer who underwent gastroscopy 33 were found to have chronic gastriis 1
unclassified mflammatory change and 16 normal stomachs The gastritis was
of the superficial type in 11, the hypertrophie type m 17, and atrophic
changes were seen1n 5 Freeman (1946) noted hyperplasia of the gastric mu
cous membrane m 76 per cent of 50 patients with duodenal ulcer Palmer
(1949) found that when duodenal ulcer was active, there was a tendency for a
greater mnadence of superfical gastritis which tended to disappear wath the
healing of the ulcer

Scheff, Horner and henamare (1944) observed 29 patients with pyloric ob-
struction due to duodenal ulcer, gastroscopic evidence of gastritis was found in
86 per cent as compared with 62 per cent of patients without obstruction

ASSOCIATION OF GASTRITIS WITH GASTRIC ULCER

Rodgers and Magnus (1938) stated that ;n 92 partial gastrectomy spect
mens contaimng one or more gastric ulcers the body mucosa was affected
by atrophic gastritis 1 28 cases (30 4 per cent) and 1n the remamder 1t was
localized 1n the pyloric antrum

Templ, and Schindler (1939) 1n e ! 1 and
gastroscopic stucies found that out of 37 patients with gastric ulcer, 22 had
hypertrophic gastntis Schindler and Baxmeer (1939-40) m 317 gastro-
scopic exarmmnations on 91 patients found 43 with no gastritis and 44 (44 per
cent) with purpuric type lesions

Pritchett and kmes (1942) found that 1n 272 cases 34 per cent had hyper
trophic 21 per cent chronic superficial and 11 per cent atrophic gastritis

Maher Zinninger Schiffand Shapiro (1943) who gastroscoped 14 patients
with gastnic ulcer found that 6 had normal, 4 superficial, 3 hypertrophic and
1 both types of gastritis Horner and Scheff (1945) found 1n 54 patients wath
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morous) gastritis a rare conditton which has an unknown actiology and
pathogenesis, and appears rocntgenclogically and gastroscopically to be
sinular to malignant tumours, to be benign and to have few chmecal signs
and symptoms

DUODENITIS

Duodentss or the infl y reaction of the first part of the duodenum
assumes two forms, acute and chronic They correspond to the two fundamen
tal types of gastntis and may be considered as :dentical pathological mam
festations

Acute duodemtis

Acute duodemtis represents usually only part of a diffuse inflammatory
reaction of the digestive mucous membranes to a generalized infection or
mntoxication and 13 a frequent manifestation 1 uraemia and 1n burns

Hunter (1890) produced acute lesions of the duodenum by injecting toluy
lenediamine 1n amimals He suggested that the lesions were produced by the
excretions of certam posons through the bile

Chronic duodemtis

The relation of chromc duodemtis to the aetiology of chromce duodenal
ulcer appears to parallel that of chronic (hypertrophic) gastritis to chronic
gastric ulcer The symptomatology of duodemtis 1s 1dentical wath that of
chronic duodenal uleer

Hypertrophy of the mucosa was observed by Apperly (1923), Orator
(1925), Nagel (1926), Wellbrock (1930), Rivers (1931), Kirkhn (1934),
Barclay (1936), and Taylor (1941)

The continuity of the h and duod pl the frequent
assaciation of chromc gastritis wath chronic duodenitis (Bouchut and Ra
vault 1927, Konjetzny, 1928, Ramond and Jacqueln, 1935, Allessandrint,
1935, Gubergnitz and Tchayka, 1936, Templeton, 1944, Debray and Pergola
1951
Ac)cordmg to Faber (1935) the pyloric sphincter does not act asa barner,
and m gastritis of the antrum the discase mn every case passes beyond the
pylonic sphimcter to 1volve the duodenum

¢ symp atolagy of duod: 15 sumilar to that of duodenal vlcer
(Ruvers, 1931, Karklin, 1933, 1934, Barclay 1936)
The differentiation between duod and ulcer 1s probably largely ac

ademic (Palmer, 1951) Duodenitis 1n association with chronic appendiciis
and chromic colitis has been reported by Basset {1925), Ducuing and Fabre
(1936), Brodin (1939), Brodin and Tedesco (1934, 1936 1941) These
authors have observed that duodenal spasm and duodenal stasis are cured
by the ablation of a chroncally mnflamed appendix Chiray and Amy (1930)
drew attention to duodenal congestion and hacmorrhages produced by
chronic infections of the 1ileo caccal angle and by stasis 1 the Jeft colon
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still have hyperchlorhydna after the duodenal ulcer has been present for 10
or 20 years or more (Hurst 1935, Bergmann 1936)

Permanent anacidity m hypertrophic gastritis has never betn proved
(Schindler, 1947)

According to Allessandnim (1950) repeated increased gastnic acid values
represent a premomtory sign and may precede by several years the appear
ance of the ulcer

RADIOLOGICAL DIAGNOSIS OF CHRONIC GASTRITIS

According to Feldman (1945) the association of hypertrophic gastntis
cases of chrone gastnic ulcer 1s frequently observed R 1 lly, the
mucosal folds are usually enlarged swollen and nigid in the latter In small
mucosal erosions and 1n the early stages of gastric ulceration, swelling of the
mucosal folds may not be demonstrable

The x ray appearance of chronic duodemtis has been descnbed by
harkln (1929) The roentgen diagnosis of gastritis 1s subject to considerable
errors of interpretation (Buckstemn 1930)

Schnexder (1951) described the different aspects of gastrius as seen 1n the
roentgenological picture 1n the stomach with normal form and function the
mucosa shows a soft relief and regular pattern of delicate serpiginous longa
tudinal folds 1 the stomach with functional gastrius { gastrismus  Rez
magen ) the mucosa shows longitudinal folds with soft oblique folds and
temporary rmldly hypertrophied folds—thss stage corresponds to the pre
ulcerative symptom complex In the orgamc hypertrophic type the mucosal
folds are enlarged mn all directions and display a corkscrew pattern with cross-
folds, the stomach 1s hypertomic and spastic and corresponds to the ulcer
stage, m the atrophic type there 1s ittle mucosal relief, the stomach 1s hypo
tonsc or atomc and cor ds to the stage

P

CLASSIFICATION OF CHRONIC GASTRITIS

Chronic gastntis may be dvided nto two distinct categories (a)

hypertrophic, and () atrophic
HyPERTROPHIC GASTRITIS
The sequential relationship of chromic superficial (hypertrophic)
and duod, to ct peptic ulcer

Cruveilluer (1829-35) was the first to cufferentiate clearly between ulcer
of the stomach  carcinoma of the stomach and gastritss and he suggested that
gastritis was the primary cause preceding peptic ul He dered
them as the same disease and related the causes of chromc ulcer to the causes
of chrontc gastritis There was first the erosion of the mucosa by virtue of what
Hunter called the ulcerative and subsequently, the erosion or
ulceration became a chromue ulcer but he was puzzled why one particular
spot became an vlcer whilst the remainder of the mucosa remaimed ntact
B (1823) Ab bie (1824), Kozezynski and Jaworsk: (1886) and
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gastric ulcer, that 40 had gastritis, 26 superficial, 6 hypertrophuc, 7 atrophic
and I combined atrophic and superficial

In an analys:s of 1,000 gastroscopic exammations mn dyspeptic casesn the
Services, Gill (1943) found that 196 had superficial, 166 hypertrophic and
34 atrophic gastritis Cutler and Walther (1945) found, gastrescopically,
that of 33 soldiers in a group of 33 asymptomatic volunteers, 30 were normal
and 3 had atrophic gastritis, 1n a group of 36 patients with duodenal ulcer
52 per cent had exther 1trophic or superficial gastritis, or both

Flexner and Flesshman (1940) 1n a serses of 256 exanunations found 29 1
per cent superficial, 17 7 per cent atrophic and 13 per cent hypertrophic
gastribs In 700 gastroscopies Carey (1940) found 9 per cent had superficial,
12 per cent atrophic and 22 per cent hypertrophic gastritis

The incidence of gastrtis as dignosed gastroscopically varies according to
the observer (Schindler, 1947)

AGE INCIDENCE

The age crdence of gastritis, according to Henning (1934), between the
age of 10-20 years 15 4 per cent, 20~30 years, 40 per cent, 30—40 years, 25
per cent, 40-50 years, 19 per cent, 50-60 years, 7 per cent, 60-70 years 5 per
cent Bank and Renshaw (1939) found 1n a serses of 50 patients suffering from
superficial gastritis from the age of 10-20 years, 1 case, 20-30 years, 8 cases,
3040 years, 14 cases, 40-50 years, 11 cases, 50-60 years 9 cases, 60-70
years, 5 cases, 7080 years, 2 cases

Carey (1938} found the age group for atrophic gastritis somewhat older
than that for superficial gastritis, 40-60 years as compared with 2040 years
Nonewasyoungerthan 20or older than 59years Schundler and Murphy (1940}
considered atrophic gastritts a disease of muddle hfe Fitzgibbon and Long
(1943) found no atrophic gastritis in their group of 40 young healthy adults

The age range tn hypertrophic gastritis 1s wide from 20 to 60 years (Carey,
1938}, rarely before 20 or after 70 yzars (Benedct, 1943)

The duration of symptoms 1s difficult to ascertain because early symptoms
are ysually mild and may be entirely absent

RELATION OF GASTRIC ACIDITY TO GASTRITIS

Hyperacid and hypoacid forms of gastrtss as described by Boas havecorres
ponding pathologtcal processes which can be distinguished gastroscopically
(Ekorbsch, 1925)

Hypertrophic gastritis 15 assocated with hypersecretion and peptic ulcer
(Lerman, Prerce and Brogan 1933, Miller 1933, Faber 1935, Hurst, 1935a,
Bergmann, 1936, Tanner, 1951), while atrophic gastritis 15 assoclated with
hyposecretion  permcious anaemua and gastric_carcinoma (Miller 1933
Gordon 1943, Rucketts, Kirsner and Palmer 1948, Tanner, 1951)

Porges (1935) confirmed the observations of Orator (1925) that antrum
gastritis was associated with hyperacidity and corpus gastratis with subacidity

or anacidity
A large majority of patients with gastntis assocrated with duodenal ulcer
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and fatigue—with no relation to exertion Schindler and Murphy (1940)
described the chmical picture as one of epigastric discomfort, poor appetite
weakness, fatigue, mnexplicable nervousness, sore tongue, numbness and
tingling of the and they dered 1t to be a senous disease

Simular observations were made by Jackson Swalm and Morrison (1942)
Barnett (1943) considered malaise weakness, fatigue and nervousness as the
non specific tetralogy charactenstic of atrophic gastritis

Gordon (1943) distinguished two clnrcal entities, one with hypertrophic
gastritis and symptoms resembling those of peptic ulcer and the other with
general weakness numbness, sore mouth, associated with atrophic gastritis
and achyla

Atrophic gastritis and pernicious anaema

The relation of atrophic gastritis with the deficiency diseases particularly
pernicious and 1ts compl the sub bined d
tion of the cord 1s now generally recogmzed

Fenwick (1870) recorded the occurrence of atrophy of the gastric mucosa
1n a case of pernucious anaemia and made further contrsbutions 1n 1877 and
1880 1n which he drew attention to the regularity in the association of permi
cious anaema with atrophuc gastritis Simular observations were published by
many authors

Hurst (1926) showed that achlorhydria 1s an essential predisposing cause
of Addison s anaerma, Konjetzny (1928) held a sumilar view

Castle, Heath and Strauss (1931) stated that the disease 1s due to a
nutnitional defictency conditioned by a defect in the gastric secretions
Atrophy of the gastric mucous membrane with a complete absence of free
hydrochlonc acid 1s the rule The gastric atrophy or atrophic gastritis 1s the
primary disease which 1s responsible for the lack of the anti anaemc factor
and 3 develop of the p

‘Wilkinson and Brockbank (1931) found 1n 291 cases of familial achlor
hydna 70 (24 1 per cent) with permicious anaema

Magnus and Ungley (1938) found no evidence of mflammatory change
but only atrophy 1 the mucosa mn sp taken from individuals dying
from pernicions anaemia

Ruvers and Smuth (1940) held the view that atrophy of the gastric mucous
membrane 1s probably a d € process d with a defi
state and that the changes in the mucous membrane are due to contractions
of the musculans mucosae

Berry and Colet (1948) considered that gastric mucosal atrophy may
precede pernicious anaemia and gastric carcinoma by several years

Chronic atrophic gastritis 15 usnally found together wath a deficiency state
—1n pernicious and 1diopatt ytic due to 1wron defi Y
Faber and Hurst assumed that the gastritis 1s the primary disease Ieading to
the secondary deficiency state Others hold the opposite opinion and think
that gastnitis 1s due to lack of the ant: anaemic factor
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Bouveret (1893) held sumular views as to the seq
fe preceding the establisk of the ulcer
The view that ulcer develops on an already nflamed mucous membrane

was held by Boas (1894), Mathieu (1898), K ke (1922), Kony
(1923a, b, 1930), Schruncke (1923), Aschoff (1924), Delore, Martin and
Mallet Guy (1925), Bohmansson (1926), and Bouchut and Ravault (1927)

Symptomatology

The 1dentity between symptoms of chronic hypertrophic gastnts and
those of chronic peptic ulcer has been emphasised by Faber (1927), Redwtz
and Fuss (1928), Buchner, Siebert and Molloy (1928), Stewart (1929),
McCann (1929), Gutzext (1929),Konjetzny (1930), Puchert (1931), Lindau
and Wulff (1931), Norpoth (1932), Aschner and Grossman (1933), Roholm
(1933-34), Hennmg (1934), Faber (1935), Pevsuer and Gordon (1835),
Carey (1937), Magnus and Rodgers (1938), Ruvers and Smuth {1940),
Eusterman (1943), Benedict (1943), Wolf and Wolff (1943a), Wiley (1944),
Cutler and Walther (1945), Feldman (1945), Magnus {1946), Albot and
Debray (1946), Betz (1947b), Schundler (1947), Flood (1950}, Bernard (1950)

The gastnius anamnests (¢ Ulcuskrankhest ohne uleus’, Morawitz) 18
differentiated from ulcer anamnes:s only by the difference 1n the duratton of
the symptoms {Schundler, Ortmeyer and Renshaw, 1937)

of the wnfl y

Arrornic GASTRITIS

Handfield Jones (1855) gave the first pathological description of atrophy
of the gastric mucosa

According to Lubarsch (1923) “gastritis atrophicans progressiva' s a
prolonged process with regenerative (or reparatory) and hyperplastic mam
festanions which concerns all the layers of the mucosa Accordmg to Taylor
(1941) the atrophic mucosa must be considered an acquired pathological
conchtion and hyperplastic and hypoplastic states of the mucous membrane
appear to be physiological variants from the standard and are not essentially
assotiated with disturbances of funcuion but they are however, particularly
susceptible to disease Benedict (1946-47) considered that gastric atrophy 1s
a defimite disease of the stomach It may in part be the result of an mflam
matory process or m part the result of a deficiency factor As a locahzed
process it may occur with other diseases such as ulcerorcancer Asa duffused
process, 1t may be 1diopathuc or associated with deficrency diseases notably
permcious anacmua

Symptomatology

Faber (1935) pomnted out that atrophic gastritis more often produced
general and nervous symptoms Moutier (1935b) stated that the symptoms
of atrophic gastritss are more those of a general disease of the whole erganism
than those of a localized disease of the stomach In his series the general
mamfestations of the disease were much more stnlung than the digestine
The single d plaint wasa feeling of intense weakness

B2 o
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a gruel meal and m 56 per cent 1t was Molofsky and Holland
(1951) found that most of the reports describe this component of the gastric
secretion as sparse and mucord

Secretory depressant in permctous anaemia

Brunschwig Van Prohaska, Clarke and kandel (1939) observed that the
gastric Jutce of patients suffering from pernicious anaemia when mjected 1n
travenously nto dogs with gastric pouches, produced anacidity and a pro
nounced although transitory, depression of the volume of secretion but
Brunschwig Rasmussen, Camp and Moe (1942) demonstrated that the
depressant factor 15 also present in the gastric secretion from dogs pouches
acid human gastric juice, and achlorhydric gastricjuice from patients wathout
pernicions or of the h

Effect of substitution treatment

Brown (1934) observed no noticeable change after substitution treatment
Benedict (1935) found that following speaific therapy of pernicious anaerma,
evidence of atrophy and hypertrophy of the stomach have both tended to
disappear Regeneration of the mucosa by liver therapy 1s believed by Mag
nus and Ungley (1938) to be unlikely from the very nature of the lesion Olson
and Heck (1945) recorded that the mucosa mncreased mn thickness from 0 6
mm before treatment to 0 85 mm  after treatment but never returned to the
normal 0 98 mm

Palmer (1949) described a case of diffuse chrome atrophic gastritis which
recovered completely after substitution therapy

According to Molofsky and Hollander (1951) achlorhydnia in pernicious
anaemia appearstobea permanent feature and 15 unaltered by treatment

Atrophic gastritis and gastric carcinoma

The relation of gastriis to gastric carcinoma has been pomnted out by
many authors particularly smce Broussais and Cruveilluer have drawn
attention to 1t Rosenherm who 1n 1888, studied the relation of the atrophic
processes of the gastric mucous membrane to carcinoma described a casen
which atrophic paths were found at some distance from the tumours

Konjetzny (1913 1934) believed that carcinoma mever develops on a
healthy mucous membrane and that although the factors concerned with
carcmogenesis are not known, the carcinomatous lesion must nevertheless be
considered as the end stage of a short or long series of morbid processes which
15 mnvariably accompanied by a well defined chronic atrophic hyperplastic
gastntis

It 15 generally held that atrophic gastntis precedes carcinoma (Hurst
1932 Usland 1935, Moutier 1936 happ 1937 Comfort Butsch and
Eusterman 1937, Shapiro Schiff Maher and Zinmnger, 1942, Guiss and
Stewart 1943) Schindler (1941) admuts that atrophic gastnitisis a precursor
of gastric cancer and therefore, these patients should be watched carefully
Jankelson MecClure and Freedberg (1943) found that 2 out of 18 cases of
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The secretion of kydrocklonc acid in pernicrous anaerua

Free gastric acid was absent or almost absent 1n the cases recorded by
Faber and Bloch (1900), Stockton (1904), Cabot (1908), Ausun (1911),
Friedenwald and Morrison (1919), Percy (1920), Ewald (1920}, Zadek
(1921}, Levine and Ladd (1921), Hurst and Belf (1922), Panton, Maxland
Jones and Riddoch (1923), Faber and Gram (1924), MacBride and Garmi
chael (1925), Grnker (1926), Evans (1926), Morawitz (1930), Strandell
(1931), Sturgrs and Isaacs {1931), and Kahn (1932) Simdar results were
found 1n response to the wyection of hustamine by Davies (1931), Wilkinson
(1932), Haden (1932), Helmer, Fouts and Zerfas (1932), Hartfall (1933}
Bloomfield and Polland (1933), Sturgus (1936), Goldhamer (1937), Rozen
daal and Washburn (1938), Thre (1938), Morrsson (1938}

Chlondes m permcrons araema

Total chlonde concentration n gastric yuce has been usually found to be
low m permcious anzemma (Miller and Smuth, 1927b, Wilkinson, 1931,
Helmer, Fouts and Zerfas, 1932, Hartfall, 1933, Thre, 1938)

Secretion of pepsin 1n permicrous andemia

There 15 a concensus of optnion that sccretion of pepsin 13 considesably
reduced, if not completely abohshed, in patients with pernicious anaema
(Fenwrck, 1870, 1880, Stockton, 1904, Levine and Ladd, 1921, Faber and
Gram, 1924, Faber and Holst, 1928, Johansen, 1929, Polland and Bicom
field, 1930, Davies, 1931, Wilkinson 1931 1932, Helmer, Fouts and Zerfas
1932, 1934, Hartfall 1933, Maltby, 193¢ Vanzant, Ostesberg Alvarez and
Ruavers, 1936, Toby, 1937, Thre, 1938 Watebsky hlendshoj and Vaughan

1942)
The admumstration of histammne m pernicious anacmia patients provokes
neghgible pepsin values of little fi Vagal latton by wnsulin

hypoglycaema, which has been shown to be a very potent stmulus for peptic
secretron, does not appear to produce any peptic secretion m these patients

Wilkinson and Brochbank (1931) observed that 50 per cent of the cases of
pernictous anaemua which had achlorhydna also had no peptic acuvity,
thats achylia gastrica Greenspan (1936) believed that pepsin 1s normally
capable of inacuvaung the antt pernicious anacmia mermsic factor, and that
since the enzyme 15 bound by dictary protem 1ts nactivation of the anaemic
factor 15 thus prevented, but these observations have not been confirmed by
other mnvestigators (Helmer Fouts and Zerfas, 1934, Castle and Ham, 1936,
Fitz Hugh and Creskoff' 1936, Morsison 1940, Bockus 1943)

Wucus wn permerous anaemia

Willinson (1932) noted considerable mucus 1n the specimens from Ius 208
cases obtaned by fractional analysis After admunistration of histanune this
was reduced to neghgible quantiics and after acetylchobne there was also
 definite decrease Hartfall (1933) found mucus present in all cases afier
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gastnus or a combmation of the two, whilst mucosal haemorrhage occurred
m 22 percent Gray (1943a) found 1n 100 alcoholics with epigastrc symp-
toms 22 with superficial gastntis 3 with atrophuc, 8 wa bined superficial
and atrephuc 1 with localized hypertrophic and I with hyperplastic nodutar
gastritis

Post oPERATIVE GASTRITIS

Gastrrtis 13 the most frequent comphication of the post operative stomach
1t 33 mvanably of the hypertrophic type The mucous membrane iz generally
found to be swollen and oedematous erostons and hypertrophic nodes may
be present 1t may snvolve a portion or the entire gastne remnant

horbsch (1933) observed g iy il y chi

P ges of the
stomach after every gastnc resection According to Korbsch (1941} st 15 more
frequent after Billkroth XX than after Bdlroth I and 15 mvariably present after
gaero-emcmsmmy

According to Schindler, Necheles and Gold (1939), o free acid 1s present
the camne stomach may develop vanous gastntic mandestations during
surgical procedures

A large proportion of cases of gastntis following gastro-enterostomy and
g was observed g prcally by Moutier and Ghelew (1939),
Flexner and Fleischman (1940), Taylor (1941} Pruttchet and Kmes, {1942),
Brown and McHardy {1944), Tosscland and McDonald (1945) Vitan
(1945), Boller (1947) Schundler {1947}, Gray Myers and Dockerty {1948),
Palmer (1948), and Drown (1950)

According to Paulson and Gladsden {1949) vagotomy does not protect
agamnst pust-operatve gastris Pritchett and huues (1942) believed that the
mtroduction of enterc enzymes mto the stomach was to blame Boller (1947)
considered trypsin as the prumary element responsible for the mtial tranma
Stetnberg {1951) suggested that bilous regurgitation which causes gastritig ss
one of the post gastrectomy disabibties

The behaviour of the anastomotic stoma 15 referred to an the Chapter
whach deals with the Pylonc Sphincter page 91

Conclusions
Generally speaking one may distinguish two types of gastriis (1) the
gastritis which 18 associated with peptic uleer, and (2) the gastrinis whichas
d with and the defi diseases They are hustologically

Wi
different the former beng of the hypertrophee and the latter of the atrophic
t

Ulcer gastrins shows a mucous membrane with a well conserved paren
chyma with the wsnal ngns of an mBammatory reacton an exudate with
1 y il and g of poly 2 1 i
through the epithelium of the glands, pris and vith and the appcarancé of

erosions 1t 1s not progresuve and shows httle frther mvolvement after the
mstial reaction has taken place

Cancer gastritss shows 2 mucous L witha hzed di
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primary atrophic gastnitss, followed up for 2 years, had developed a polyp
Barrett (1946-47) thinks 1t reasonable to assume that i all cases of gastritis
were followed from mnception, 80-85 per cent of these pattents would be
found to be suffering from gastric cancer

Permcious anaerna and carcinoma

Most obsesvers maintaim that pernicious anaema and carcinoma coexsst
accidentally Some beheve that permcious anaemia develops as a result of
carcainoma of the stomach, others are of opimon that only the blood preture of
permicious anaemia occurs but that true pernicious anaenua does not result
from carcinoma of the stomach

Permicious anaemia preceding gastric carcmnoma has been reported by
Brandes (1921), Conner and Birkeland (1933}, Silverman (1936), Rambach
(1938), Washburnand Rozendaal (1938), Jenner (1939), Rhoads (1940-41),
Rugler (1943), Schingler (1947), Hardt, Schwartz and Steigmann (1948},
Bourne (1948}, and Mosbech and Wideback (1950}

The common basis of atrophy of the gastnic mucous membrane m
carcinoma of the stomach and the deficiency diseases points to the fact that
this may constitute a common actuological factor and, as predicted by Hurst
(1935) who observed 5 cases of carcinoma of the stomach associated with
pernicious anaemia and subacute combined degeneration of the cord, that
the prolongation of Iife of patients suffering from permerous anaemia would
lead to a development of carcinoma 1n these patients, smce he considered
the chironic gastrits as a pre cancerous conditon

Palmer (1944) showed the illustration of a case of mtralummnal gastric
carcinoma of a patient, a male aged 58 years wha developed permicious
anaemia m April 1926 He responded well to the or il admuustration of whole
hiver, butdevelopedapedunculated gastricpolyp (adenocarcinoma) which was
removed m November 1926 In 1934 a Jarge tumour (alveolar colloid carct
noma) was found on the greater curvature and removed by subtotal gastrec
tomy The patient was i good health 9 years Jater when he reached the age
of 75 years

Kaplant and Rigler (1945) belteved that there 1s some evidence, although
not concl , to 1nd. that heredutary factors condit; g the develop
ment of pernicrous anaenua and gastric carcinoma may be hinked in some
manner 10 explain the co existent oceurrence of the two discases in the same
indivadual, and they quote Conner (1929) who effectively demonstrated the
hereditary basis of achlorhydria in patents with pernicious wnaema

According to Kaplan and Rugler (1947} a statisucal analysis reveals that
permicious anaerua and carcinoma, of the stomach develop in the same
individuals more often than would be expected on the basis of chance alone
and that they must, therefore, be actilogically related

Alcohol gastritis
Gray and Schindler (1941) found sn 100 cases of chromec alcohohes that
55 per cent had a normal mucosa and 45 per cent had manly superfictal

104



THE INFLAMMATORY REAGTION QF THE GASTRIC MUCQUS MEMBRANE

gastnitis or 2 combination of the two, whilst mucosal haemorrhage occurred
m 22 per cent Gray (1943a) found mn 100 aleoholics with eprigastnic symp
toms 22 with superficial gastriti 3 with atrophuc, 8 wath combined superficial
and atroptuc 1 with localized hypertrophue and 1 with hyperplastic nodular
gastats

Posr-oreratIve GASTRITIS

Gastnitis 1s the most frequent comy of the post-op: h
Tt 15 invartably of the hypertrophic type The mucows membrane 13 generally
found to be swollen and oedematous erosions and hypertrophic nodes may
be present It may involve a portion or the entire gastnc remnant
horbsch {1933} observed gastroscopically mft hanges of the
stomach after every gastnic resection According to Korbsch (1941) st1s more
frequent after Bitfroth IX than after Biliroth I and 13 invariably present after
gasxm-cmcmstomy
A ding to Sch

dler, Necheles and Gotd (1939), of free and 1s present
the cammne stomach may develop vanous gastntic mamfestatons duning
surgrcal procedures

A large proportion of cases of gastritis following gastro enterostomy and
5 was observed g pically by M and Ghelew (1939},
Flexner and Flenschman {1940), Taylor (1941), Prittchet and Knses, {1942},
Brown and McHardy {1944}, Tosscland and McDonald (1945) Vitkin
{1945), Boller (1847) Schindler (1947), Gray Myers and Dockerty (1948),
Palmer (1948), and Drown (1950)

According to Paulson and Gladsden (1949) vagotomy does not protect
agawnst past-operative gastritis Pratchett and haues (1942) bebieved that the

d of entenc enzymes tato the h was to blame Boller (1947}

considered trypsin as the pimary clement responsible for the mnal trauma
Stemberg (1951} suggested that bilious regurgitation which causes gastrstisis
one of the post gastrectomy disabshties

‘The behaviour of the anastomotie stoma 15 referred to m the Chapter
which deals with the Pylonic Spluncter page 91

Conclusions

G ly speaking one may d h two types of gastnis (1) the
gastnts which 13 associated with peptic uleer and (2) the gastritis whichis
associated with carcimoma and the deficiency diseases They are lustologically

different  the former being of the hypertrophue and the latter of the atrophic
©

e

Uleer gastnus shows a mucous membrane with 2 well conserved paren
chyma with the usual signs of an mfammatory reaction an exudate with
1 . and mug 0 tear 1

through the epithelium of the gl

of poly yles
tands puts and ville and the appearance of
erosions Tt1s not progresuve and shows little further involvement after the
mttal reaction has taken place
Cancer gastntss shows a mucous \: witha hized A
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THE PRE ULCERATIVE STAGE

ance of the parenchyma with excessive proliferation of the connectve tissue
and with predomnating lymphocytes and plasma cell infiltration It starts as
= patchy condition, appears to spread progressively untl it has mvaded the
whole organ and 1s 1rreversible

The fact that hypertrophic gastnitis 15 associated with hyperchlorhydna
and atrophuc gastritis with achlorhydnia explaims the presence of hydrochlonc
acid 1n the stomach mn assoczation with atrophte gastritis, at a stage before
the latter condition completely abolishes the secretory function of the
stomach

Stempien, Ontt and kharr {1953), who correlate hypertrophic gastritis
with hyperfunction and superficial and atrophie gastritis with hypofunction,
consider that mixed gastritis correlates with 2 summation of zones of hyper
function and zones of hypofunction, the level of acid secretion 1s a resujtant
of the physiological rate of sccretion plus or minus the type and degree of
mucosal pathological change



THE INFLAMMATORY REACTION OF THE CASTRIC MUCOUS MEMBRANE

AUTHOR $ CLASSIFICATION OF CHRONIC GASTRITIS

The charactensuc features of the two mam types of chrome gastrstis are so
strkingly different and ther causation and evolution so obviously dxvcrgent
that the marked contrast of ther and of thewr symp ma
be used as the bass for a smple climeal classification. (Sprra 1944)

Chromc gastritis may be clasnfied according to whether 3t 13 produced
{a) by durect, or {3} by mdirect causes

Durect causes
Threct eauses are acquired they prod Ioml mam and
which are revermble They are d with 1

increased acd secretion and gastne hypertonus, tlus stage corrcsponds to
the syndrome of hyperfunction which may lead to chronic peptic uleer for
manon There 15 an merease of appente and 2 tendency to constipation
sebief of symptoms and cure of the lesion 15 aclueved by the removal of the
offending agent They are caused by
(@) Chrome superficu) or eatorrhal gastnivs produced by mild repeated
sritation
() Mechanmseal thermal chemical factors {alcohol tobacco drugs
hughly spiced foods)
{#7) Swallowng of purulent matertal (chromc mfections of post
nasal gngival pulmonary, mtestinal ongin}

(&) Chrome & ki gasiritis produced by severe rep writation
@) Marked effect produced by p of bile into
the stomach {falure of the pylonc sphmcxcr posx-opcratxvc)
(i} Persistence of chrome superfical gastrts

Indirect canses

Indirect causes are mostly ik d they produce systemic fe
with lecal reactions which may be 1 ble They are d ¢ pro
cesses associated with deereased amd:ty and gastnc hypotonus which may
lead to gastric caranema There 15 a d and a tend: to

daarrhoea they are beneficually mfluenced by the appmpnatc subststaton
treatment They are caused by

{®) anar,v Jaztors associated wn‘.h deﬁcxmcy dxs»eascs Simple xmcroc)mc

cord They are produced by a process of glandular z‘rmﬁmza{wn

{8} Secondary factors d with ather pathofogical condittons
(3} As a sequel 1o varvlent acute gastntis They are produced by a
process of glandular destruction
{#) In pylonc stenows After intesive atkaline treatment Achlor

:xydna ofold age They are produced by & process of glandular exhaus
1on
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ance of the parenchyma with excessive proliferation of the connective tissue
and with predominating lymphocytes and plasma cell infiltration It starts as
a patchy condstion, appears to spread progressively until 3t has imvaded the
whole organ and 1s wrreversible

The fact that hypertrophic gastrius 1s assoctated with hyperchlorhydna
and atrophic gastritis with achlorhydria explains the presence of hydrochloric
acid 1 the stomach mn association with atrophic gastritis, at 2 stage before
the latter condition pletely abolishes the y fi of the
stomach

Stempien, Ontt and Karr (1953), who correlate hypertrophic gastnus
with hyperfunction and superficial and atrophic gastritis with hypofunction,
canstder that mixed gastritts correlates with a summation of zones of hyper
function and zones of hypofunction, the level of acid secretion 1s a resultant
of the physiological rate of secretion plus or minus the type and degree of
mucosal pathological change




PART IV

THE PATHOGENESIS OF CHRONIC
PEPTIC ULCER

The theories of ulcer formation will be crtically reviewed before giving
the elements which lead to the postulation of the authar’s theory
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CHAPTER 11

THE THEORIES OF CHRONIC ULCER
FORMATION

Many attempts have been made to produce a chronic peptic ulcer by
artfical means Although mnnumerable methods resulted in a structural
defect of the wall of the al y tract, the exp 1 leston 1nvariably
proved to be an acute one and no method has as yet succeeded 1n producing
m the ulcer bearing  area of an ammal the chronic lesion which occurs
spontaneously 1n man

THE VASCULAR THEORY

Virchow (1853) thought that peptic ulcer was due to a local embolus or
thrombus which interfered wath the circulation and lead to infarction of the
gastric area supplied by the affected vessels but Gohnheim (1890) pointed
out that most patients have not reached the age m which vascular changes
are found Katzenstein (1908) suggested that the following formula may
explamn ulcer formation CN + A + V = ulcer C = defects of arculation
(Virchow) N = eventual necrosis, A = (hyper) aadity V = digestive power
of pepsin Stasts or spasm of the capillary vessels was suggested by Mauller
and Heimberger (1924), Duschl (1924}, Berlet (1924) Nothaas (1938)
Boles, Riggs and Gniffiths (1939) Brun (1942) Wener Hoff and Stmon
(1948) De Busscher {1947) found that the vasculanzation uniformly
creases in relation to the concomitant gastnitis of chronic ulcer, all the
vessels of all the layers of the stomach contnibute to the dense vascular net
which surrounds the ulcer His study refutes the aetiological vascular factor
1n the pathogenesis of ulcer

Tt should be noted that ligation of blood vessels does not produce ulcers
(Latthauer, 1909, Ivy 1920, Layne and Bergh 1943 Lanmin 1945, Betz,

igi;)a Leveen 1948, Baronofsky, 1948 Holm Boyarsky and Morrione

Arteriovenous shunts

De Busscher (1948) believed that the dysfunction of the arteriovenous ana
stomoses (opcmng and closing) leads to alteration of the tissues exposing the
mucous membrane to many noxious factors which reduce s resistance and
that the ulcer patient 15 1onally predisposed to dysfunction of the
arteriovenous anastomoses which play a part 1n the genesis localization
healing and evoluton of the ulcer

Barclay and Bentley (1949) made artenographs of the gastric wall on
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1923, Lishr, 1924, Batter and Lohr, 1826, Duval and Roux, 1926, Ricen,
Sears and Downing, 1928, Henmng, 1930, Teale, 1934, Barber and Frankhin,
1946

Rosenow (1913) pointed out that haemorrhage, superficial erostons and
defimte ulceration of the mucous b of the h and duod
occur duning severe tnfecnons 1 man and in expenmentally infected or
otherwise severely intoucated ammals He showed that the mtravenous mn
Jection of streptococer of the proper grade of virulence may be followed by
uleer of the stomach and duodenum but in a paper entitled Elective localizn
tion of streptococet Rosenow {1915) i 833 expernnments with 220 strans of
streptococes observed Iesions distnibuted as follows joing lessons, 27 per cent,
stomach and duodenum {with haemorrhage and vicer) 28 per cent, appen
dix, 5 per cent, gall bladder, 11 per cent, p 6 per cent,
8 per cent, myocardium, 10 per cent, muscles, 12 per cent, kidney, 8 per
cent, Jung 11 per cent, skin 2 per cent, eye, 3 per cent The vanety of
these lesions clearly d the lack of speaificaty of the microbe for the
stomach
Gerdine and Helmholtz (1915) found 1n 10 outof 14 ulcers, diplococer and
streptococa 1 the ulcer base winch they beheved w be of acuological
sigmificance and, therefore supported Rosenow’s (1815) views At necropsy
these authars 1solated a Streploce cus mirdans from the ulcer which, when
mgected 1nto dogs and rabbuts produced haemorrhages and ulceration in the
prloncend of the h and 1n the duod Refe however, to the
protocols shows that the primarv dsease from which the very young nfants
died were perforated duodenal ulcer, § case, tuberculous memngtis 1 case
mbary tuberculosis, 2 cases, atrophy, multiple ulcers of the duodenum, 3
cases, and 1 case each of purvlent memngitis acute splenuc tumour, broncho-
Pucumonia and gastro-entenins Gerdine and Helmholtz also emphasized
the app e of dundenal ulcer i epid form. Ivy (1820} did not find 5t
possible to produce ulcer by direct infection of the gastric mucosa m dogs
with organusms wsolated from gastnc uleer 1 man by Rosenow s technique
Hickel and Bufford (1928) found septic fora 1 almost every case of peptic
uleer The causative streptococcus was 1salated from the resected uicer as
well a3 from the foa of 1nfection and produced electively, simlar lesions of
the stomach and duodenum when mjected intravenously into rabbits In
support of thewr view the authors produced iliustrations which show  diffuse
submucouy haemorrhages  thus clearly demonstrating the acute varnety of
the lesson whach does not become chronic
Pulvertaft (1929) considered 1t unnecessary to postulate an clective locak
2ation of the swreptococcus (Rosenow 1915) since such lesiont could be
produced by streptococeal toxns entirely free of organusms
Alvarez (19323) pointed out that while an ulcer should heal better when
not bathed day and mght by infectious matenal, the fact that ulcers are seen
most commonly an cases which have the most bactenaidal gastric juice
strangly militates agamst the mfectious cause of ulcer
Attempts which have been made to induce chiromaty n artficial acuts
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stomachs removed from the cadaver or excsed at operation for duodenal
ulcer They observed arteriovenous anastomoses tn the region of the sub-
mucous plexus of vessels, the opening of which excludes active circulation
through the vessels of the mucous membrane When the peritoneal cavity 1s
opened and the stomach handled at operation, the shunt comes into ply
and this condition persists i the excised stomach wall after the operation
When the sympathetic outflow to the stomach 1s blocked by means of a spmal
anaesthetic the shunts do not open If resection 15 performed under general
anaesthesia, leaving the sympathetic pathways open to convey the efferent
1mpulses from the abdomunal wall, the injection matertal does not enter the
mucosa Walder (1950) by the mntroduction of glass spheres of known dia
meter (60-180 ) into the perfusate entering the arterial side of the circula
tion of human stomachs removed at operation exammed for their presence
m the venons ontflow, d ated that arter shunts are many
times greater in diameter than the capillary vessels Doran (1951) did not
confirm the observations of Barclay and Bentley (1949)

The principle that blood may be diverted from the superficial parts of an
organ to pass through 1its deeper regions as described by Trueta, Barclay,
Daneel, Franklm and Prichard (1947) for the kidney, was shown to apply
also to the hiver {Dantel and Prichard, 1951), and the liver, spleen and lungs
(Prinzmetal, Ormitz, Sumkin and Bergman, 1948), and to the lungs of
man with httle or no pathology (Tobin and Zanquey, 1950, Brink,
1920) These are considered to be ted ph durnng the course
of vascular recovery from total constriction produced by sympathetic activity
(Del Pozo, Hernandez Peon, and Guzman, 1952)

Clara (1939) suggested a universal occurrence of artertovenous anasto-
mosis as occurning in all organs and tissues of the body *

THE INFECTIVE THEORY

A great deal of attention has been given to direct infectron of the mucous
membrane as the primary cause of peptic ulcer

It 15 of interest to ber that the of the new born infant 1s
stertle that bacteria i the stools appear only after the first feed has been
gwven and that food 15 the most important source which mtroduces the organ
1sms found 1n the stomach It 1s generally admutted that i healthy persons
gastric yuice 15 capable of destroying most of the orgamisms which enter the
stomach (Spallanzam, 1784, Korte, 1875, Bunge, 1890, Hewetson, 1904,
Bolton 1910, 1913, Hayem 1911, Dawson, 1911, Rosenow, 1921, Knott,

% Vessels of the uleer bearing arza Reeves (1920), Jatrou (1920), Hofmann and Nather
(1921) and Berlet (1923) have suggested that the blood vessels of the lesser curvature
and of the first part of the duodenum are fewer of a different type and with fewer
anastomoses than those of the rest of the stomach Bauer (1923) has suggested that
they are the of an J p of the M: {which
represents a rudimentary organ like the appendix and which 1s scen espeaially
cummants but also according to Keith and Jones i primates (semnopithecus) He
observed that experimental lesions healed slower 10 the Magenstrasse than 1n other partsy
of the stomach
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cotonta of Eppinger and Hess have unquestionally been disappomting The
maintenance of the autonomic balance or dynamic equilibrium 1s achreved
by many elements Warter and Fitzenkam (1949) admmt a double symptoma
tology 1 the ulcerative disease (1) the digestive syndrome, and (2) thenerv
ous synd but, because ot 1symptoms persist after gastrectomy,
they reject the view that the neurological signs may be secondary to the
ulcerative leston Fulton (1949 a) stated that the concept of sympathicotomc
or vag: dividuals, though 1t d an element of truth, 1s now
discarded for the same individual exhibats sympathetic and parasympathetic
manifestations mn different situations and both are frequently called nto play
at the same time 1n a selective manner Lattle (1953), 1n 50 male patients with
peptic ulcer selected at random and of an average age of 43 years, could not
find a sigmificantly greater number of parasympathetic signs than were
found 1n patents without ulcer

Organic lesions

Cushing (1932) drew attention to the association of peptic ulcer with
cerebral tumours Winkelstein (1945) reported that the majority of cases of
duodenal ulcer 1n boys aged 11-17 years was associated with signs of
pitwitary deficiency correlated with persods of special emotional stress Of
342 patients 1n the German Aur Force, who received traumatic brain lesions
dunng World War II kalk (1945) could not find a single case of chrome
peptic uleer

Laruelle and Reumont (1949) concluded that injury to the parasympathe
tic and orthosympathetic centres the vagal and splanchnic ganglions the
solar and 1¢ pl prod d 1 lessions making their inter
pretation difficult particularly in view of the chnical improvement following
vagotomy for chronic ulcer There 1s little experimental evidence to support
the view that imtation of the nervous elements of the gut 1s mvolved mn ulcer
production (Best and Orator, 1932)

‘The psychosomatic theory

Bauer (1934) emphagsized that the psychic side of an individual 1s involved
i all kinds of somatic disorders and vice versa, and that primary psychic
iha;gcs may have far reaching repercussions upon physical function of all

s

McDowall (1934) recalls that in dyspepsia resulting from emotional states
Such as worry and anxiety or m excessive mental work we have a relic of
the fact that ammals under emotional stress do not partake of food the
ahmentary canal being brought to a standstll by contraction of all the
spluncters and relaxation of the bowel wall

Robmson (1936) stated that ulcer 1s found only among the susceptible
mdwiduals of white races usually the long thin type who are given to
worry and nervous irntability The fact that ulcer 1s preceded by gastro
duodenal hypermotility and hypersecretton—a condition constantly found
m stat hing to McGregor (1938) and
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defects of the gastric mucosa by infecting such lesions with 8 eols, staphyle-
coccus, streptococcus and other bactena fatled completely (Ivy, Grossman
and Bachrach, 1950)

THE NERVOUS ELEMENT

In considening the nervous element 1 the pathogeness of peptic ulcer some
dfferentiation must be made between the neurogen:c and the psychosomatic
approach to the problem, the former bemng concerned more with orgamic
and the latter with the psychological disturbances of the nervous system
although a sharp disunction between the organsc and the functional 13 often
untenable (Newman, 1941)

The neurogenic theory

The neurogenic theory may be studied from two aspects (1) the para
sympathetic hypertonus, and (2} the arganic lestons

Parasympathensc kypertonus
Much importance has been given to the observations that gastric and
duodenal vlcers are ly associated with parasympathetzc hypertonus

Eppmger and Hess (1909) attempted to explawn the formation of the ulcers
and the concormtant secretory and muscular disturbances to some dishar
mony 1n the relation of the vegetative nervoussystems anaenmua of the musc

lans 1s caused by spasm through reflex action and a local ischacmua through
obliteration of the arterioles, necrosts and erosions are produced, aggravated
by hyperchlorhydria which 1s usually present in vagotomc subjects

Bergmann (1913, 1926, 1936) expressed the opinion that the entirc com
plex of nervous symptoms associated with gastric and duodenal ulcer 3
referable to autonomic dysfunction which mamfests atself 1 vasomotor
disturbances The concepton of Eppinger and Hess has found support from
several authors, mamly 1n Germany (Westphal, 1914, Durante 1916, Katsch,
1924, Kalk, 1924, Mucer 1926, Muller, 1926 Wolff and Thomas, 1927,
Russ, 1931, Draper and Tourame 1932 Stohr, 193¢, Westphal and
Kuckuck 1934, Stemberg and Starr, 193¢ Barron and Curtis 1937b,
Dawvies and Wilson, 1937, Balo, 1941, Berg, 1942, Held and Goldbloom
1946 Ruesch, 1948, Hetenys, 1950, and Babkun, 1950)

Carlson, Boyd and Pearcy (1922) called for new definittons of the terms
“vag apd ‘sympatt on1a’ as used in chinical medicine because
the stomach (including the cardiac and pyloric sphincters and the lower
oesophagus) and the small mtestine are under motor and imhibitory cantrol
both of the vag: and the splanchnic efferents winch render untenable the
view of phystological antagomsm of the vagt and sympathetic for this part
of the viscera Loeper and Marchal {1926) rejected Bergmann’s view because
they beheved that ulcer 15 the cause of the vagal neunus which 1s secondary
to an ascending neuritis

Darrow (1943) pomnted out that the actual chmeal and phy siological con-
sequences of the concept of balance, sympatlicotoma and parasympatht
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constituted a large part of the disability due to medical causesin the Army of
the United States of Amenca during World War I, were found to be
best treated not by sedatives dicts, P dics, rest or hosprtal ,
but by dealing with personality disturbances directly and promptly In
patients with symptoms superficially resembling ulcer, 80 out of 100 studied
were found to have psych symp which rendered them unfit for
miltary duty Among the actual ulcer patients, only 6 per cent were rendered
meffective by psychoneurosnis Moses (1946) studied 25 unselected cases of
uleer 1n the Navy dunng World War 1Y and found 76 per cent in the doms
nant afpha group (4 times the expected number) The ulcer cases were
charactenzed by marked feclings of insecunty associated with strong passive
dependent trends
Gamnsborough and Slater (1946} found that the ;ncidence of extraordinary
causes of psychological stress was small i fact the stresses were those of
ordinary hfe They found the results of treatment disappointingly poor, none
of the psychiatnic indings, not even the vanous indicanons of ansety tend
encies had any prognostic meaning
While the hypothesis of the 1mphication of the nervous system mn patho-
geness of uleer may not readily explain the occurrence of ulcer m nfants and
young children or the large group of ulcer cases seen i adolescence, 1t was
according to Brown (1946) guite consistent with chmeal expenence with
peptic ulcer as 1t occurs 1n aduit patients Kapp, Rosenbaum and Romano
(1946-47} confirmed Alexander s hypothess that the fundamental psycholo-
geal factor wn this discase 13 a conflict over sntense dependent desire Winkle-
st (1947) believed that peptic ulcer 1s probably a psychosomatc discase
Radloff (1947) made observations on 543 cases of peptic ulcerin3,695 adms
sions to the Army General Hospital in Hawau, 95 6 per cent of the total were
duodenal uicers He found that the psveh b 1dom developed
Peptic ulcer and rarely gave a hastory suggestve of ulcer Palmer, Rarsner
Ricketts, Maimon and Dashuell {1947) were not convinced that pauents
with peptic ulcer duffer essentially from the ‘ normal , or that the role of
emotional components 1n the formation of peptic ulcer or 1ts recurrence has
a3 yet been accurately assayed Douglas (1947) found that contrary to what
rught be expected living conditions 1n London dunng World War I1 appear
to have had htde effect on the end results of treatment of peptic ulcer
Rarsner, Paimer Ricketts Dashiell and Buser (1948) admut that the role of
factors 1 the prod: of pepuc ufcer and 1n 1ts recurrence 18
stll an emgma a
d_?“"d {1948) who followed a group of 233 pauents for an average period
o 9 years nated that emotional trauma and feehngs of xm‘:cumy were the
L p factors p d T ut logaeal
sigmificance was not am;’but:d to such factors because they were frequently
absent 15 panents vath symptoms of ulcer or present n individuals who
:;mam‘d asymptomauc According to Gauss {1948) under the psychosomatic
meept of peptic ulcer the exating factor of the disease 13 the stress and
stran of bfe the unfavourable reactions of the enviconment, economic malad
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1

therefore, psychic features must be ce ed m the pathog of peptic
ulcer, although the psychogenesis 1s unspecific or sndirect

Stergman (1936) observed a psychogenic factor 1 the Negro—findmg a
127 per cent incidence—but 1t 1s noteworthy that he found a vast difference
between the northern and southern Negro Wakson {1939) and Draper and
Touraine (1942) contended that the ulcer Ppatient 15 a neurotic patient Ina
subject with a permanent gastric fistula through which the gastiic mucosa
could be observed directly, Woll and Wolff (1942b} observed pallor of the
mucous membrane and inhintion of gastric secretory actvaty and monlity
during emotions such as fear and sadness, which mvolved a feelmg of
withdrawal During emotional conflicts involving anxicty, hostihity and
resentment they observed increased gastric secretory actwvity, hypermotility
and hyperacmia and engorgement of the gastric mucosa Crider and Walker
(1948a), who made direct observations of the mterior of the stomach
through a large gastrostomy opemng it a Negress, aged 21 years, observed
that anger, resentment, fear and anxety were associated with decreased
motility and output of actd and blanching of the mucosa Mechanical
sttmulation m the regon of the cardiac sphincter induced heartburn,
nausea, retching, and 2 reflux of bile stamed flmd Hypersecretion and
hypermotility were absent under conditions of sustained emotional tension

Mittelman and Wolff (1942) obscrved an association of phystological
function and affective reactions which were always accompanied by an m
crease in hydrochlorsc acid, mucus and pepstn secretions Penstaltic actity
became continuous and contractions sncreased 1n magmtude Rubin, Bow
man and Moses (1942) found that 70 per cent of the ulcer cases had a domu
nant alpha index asopposed to the 20 per centincidence m normalindividual

Halluday (1943) suggested a concept of psychosomatic affections which he
defines as “a bodily disorder whose nature can be appreciated only when
emotional disturbances (psychological happemngs) are investigated n
addition to physical disturbances { happ ) e affe
are numerous and comprise many of the common diseases of general med:
te In the gastro I system he considered duodenal ulcer, mucous
colitis, visceroptosss, ¢ stress dyspepsta , some cases of constipation as defimte,
and gastric ulcer, gall bladder disease, haemorrhoids (non traumatic) as
possible psychosomatie affections

Kalk (1945) pomnted out that1f the increase of perforations reported during
pertods of mtense bombing mn England and Germany was produced by
psychosomatic causes no such observations could be made with flymg person
nel who were constantly submutted to mental stress

Catheart (1946) classified peptic ulcer and conditions commonly referred
to a3 “gastric neurosis* or “functional dyspepsia’ 1n the same group, and
clamed that a close kinship exists between peptic ulcer and psychic neurosts
anxsety types which was seen statisucally 1n hospatal admussions 1 the
Canadian Army where an amazing parallelism was found 1n the hosprtaliza
tion 1ncidence of peptic ulcer and anxiety neurosis On the other hand
Halstead (1946) observed that fi 1 gastro- 1 chisorders, which
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Doll and Pygott (1952) found that the psychosomauc element was not
oving 1 barbitone (and ascorbic actd) and that st did not
merease the rate ofh:ahng of gastnc ulcer as yudged by measurements of the
ulcer crater in the radiograph
1t 1s of particular mterest to record with regard to the pathogenesis of ulcers
the ohservation of Beaumont {1833) that when Alexys St. Marun became very
angry, much bile regurgitated mto the stomach

Conclusions

The psychologncal ¢lement as an ymportant role 1 the manmifestations of
disease 1 general 1s easily admtted It cannot be demied that there exists an
intimate relationship between the psyche and the soma and that they func
tion normally 1n harmonious partnership, but to relate all bodily mamfesta
tions to mental as opposed to physical processes 13 10 1gnore the exstence of
the autonomic nervous system, which acts as their intermediary in the trang
mission of both the afferent and efferent impulses Since the body and the
mund affect each other it becomes mperative to establish the scat of lhc
primary affe whach 15 responsible for the disruption of the i
equiibnum before deabing with the repercussions 1t produces

I3t be admutted that a chromic peptic ulcer 13 caused by a local, that1s to
ay, somatic injury, one can alsa rcadlly concede that 1t has psychologeal

ons which the of the disease
pmccss On the other hand, 1t can be rcadx.\y agt::d that psychic influences
produce physical wl'ucl\ by somatc effects It

1s generally recognzed that psychic stunuh mncrease the motor and secretory
functions of the stomach and that the psychic phase of digestion 13 dependent
on the integnty of the vagus nerve but there 13 no evidence to support the
view that the exaggeration of this function leads to ulcer formatuon The
suggestion of the leader wmcr of d]r. Bnluh A!edxml ]aumal 2 1136 1951)
on the subject of Psy ’that  p 15 an
unnecessary term and the sooner s dropped from the curreat hterature the
better should strongly be supported

THE ULCER DIATHESIS
(The heredutary constitutronal factor)

Bolton (1913) stated that there 1s no f d that hered
mnfluences play any part 1 the cansation of gastnc ulcer Hayern and Lyon
(1913) held a simular view

Heredity a3 an aenological factor m peptic ulcer was supported in
Germany by Spregel (1918) Heissen (1920) Strauss (1921) and Baver and
Aschner (1922) Paher (1923) defined gastric ulcer as a constitutional disease
with local mansestations but made no distinction between the acute and
chronic lesion Draper Dunn and Segal (1924) suggcs(cd that panents with
ulcer have certam ck 1stic nd certam psycho
logical factors whuch are measurable componcns of the ‘ulcer consutution
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fi 1 uncer: , d uncertainties, socal upheavals,

mmpending calamties, frustration of any origin, in fact any of the numerous
causes that threaten to disturb the peace and equanumuty of a well ardered
Iife or threaten to impede the achievement of a desired goal [On this count
the majority of the adult population must be suffering from ulcers!]

Brown, Breshnahan, Chalke, Peters, Poser and Tougas (1950) adminstered
the Rorschach test under standard conditions to a group of 25 pattents with
duadenal ulcer and an equal number of cases with variousnon gastro-mtes
tinal diseases From the interpretation of their tests they concluded that ulcer
patients as a group tend to deal with their environment at an impulsne,
emotional, immature level to conflict 1n the area of social mterpersonal
relationship  According to Grossman (1950) there 1s no clear evidence to
ndicate that gastric dysfunction due to emotional stress can lead to ulceration

The fmlure of home fe as a psychosomatic factor n the aenology of
duodenal ulcer has been stressed by Mittelman and Wolff (1942), Moses
(1946), Kapp, Rosenbaum and Romano (1947) and Ruesch (1948), but
denied by Brown (1950) and Hanulton (1950) Kellock (1951) mvestigated
the possible aetiological importance of p Ity 1 sub with duodenal
ulcer by comparing the childhood background of a group of 250 male
patients with duodenal ulcer and a similar group of patients with other
diseases His findings suggested that there 1s no difference between people
with duodenal ulcer and others 1n the size, composition or social class of the
famly into which they were born, i their educational standard at school, or
w illness m childhood Neither do duodenal ulcer patients seem to be more
fortunate or less fortunate than others m the easly separation from parental
tnfluence In none of the pownts mvestigated could Kellock confirm the
findings of other authors—he suggested, therefore, the possibility must be
considered that the “ulcer personality’” may be the effect rather than the
cause of the disease

Grace, Wolf and Wolff (1950) observed 1n two fistulous human subjects
a large segment of prolapsed colon, with the mucosal surface exposed Over
helming p of abject fear and dgyection, were assogsated
with hypofunction of the large with pallor, rel and lack of
contractile activity Stressful hfe situations provocatve of confhct, anger,
resentment, hostility, anxiety and apprehension were found to be associated
with hyperfunction of the colon manifested by hyperacrma, hypermotilsty
and ncreased secretion of the enzyme lysozyme FProtracted hyperfinction
resulted 1n increased fragility of the colonic mucosa and, at imes, spontanc
ously occurring submucosal haemorrhages

Wolf and Glass (1950) observed m their fistulous subject that after central
vagus sumulation with msulin or during sustained personal conflict with
anxiety and resentment HC, pepsin and muco-protem (the glandular
product) concentrations were Increased winile the concentration of muco
proteose (the secretion of the lining columnar epithelium) was low Under
the circumstances the membrane was red and engorged and there was the
greatest evidence of susceptibility of the mermbrane to mpury
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uons of Young {1933} on 1,212 chuldren that physical 1 not
related to disease
According to Robinson {1935) peptic ulcer 13 shown to possess racal,
anthropometric, personal sex and sute selectiaty
Dogra (1940a) mvestigated 258 cases of proved peptic uleer atthe Govern
ment General Hospital, Madras High famulial incidence was shown but the
evidence available was not considered sufficient to support a diathes:s theory
He suggested a common environmental factor, as exisung under the jomnt
famuly system which 15 an outstanding feature of hife 1 southern Indi2, as
being the cause of 2 very lugh farmbal imcidence: The disease oceurs amangst
all rebigious groups but mostly affects the extremely poor and the non
Brahnun Hmdus Among the Brahnuns and the well to-do 1t 15 extremely
rare
‘Wangensteen and Lanmin (1942) claimed that the pauents become ‘re-
habilitated completely by being nd of thewr uleer diathesss by a sausfactory
aperation
Edwards and Copeman (1943) obtamed a family hustory of nicer 1 more
than §0 per cent of 139 cases in an army hospital Gamsborough and
Slater (1946) an a group of 130 men and 32 women, found an inadence of
9 5 pex cent of gastnic disease 1 the fathers of thewr panents, whach suggested
the eustence of a hereditary consututional factor, but they say that ‘it 15
farr to add that the innidence in the sibs 13 not suggesave  Doll and Buch
{1950) snvesngated the inc:dence of peptic nlcer 1n the hving sihs and parents
of 300 ulcer patients and campared them wath a control population An
excesy of uleers was observed i the brothers sistersand father of the proposin
Ewidence was obtamed suggestmg that famihal incidence was more prom
neat in duodenal ulcer patients and 1 those with early onset but the differ
ences were not statistically sigmficant Craig (1948b) thought that the cause
which 15 responsible for the evolution of gastne and duodenal ulceration
which has occurred dunng the last hundred years must be sought i envaron
mental circumstances rather than in constitutional factors
and Bachrach (1920) dered the kable tendency
of ulcer o recurn the same individual as crucial evidence which demonstrates
the tndwnidual i bility of the “nicer phible patent
The Edutor of the Britush Medical Fournal (1943) suggested that ‘to separate
the ulcer patient from lus diathesss 18 bike severing the fisherman from his
soul and untid we learn some new secret from Nature we must be content to
try to teach the patient how best to live at peace wath fus ulcer—and to do
thut ke must probably learn bow to hive at peace with humself

The occarrence of nlcer 1 ddentscal twins

The occurrence of ulcer in 1dentscal twins has been suggested as supporting
the hereditary factor m the famuhal inadence of pepuc ulcer but the evi-
dence 18 rather scant and unconvincing Schiodler (1935) reported a detailed
study of twin brothers aged 39 years who had ulcers on the lesser curvature of
the stomach which perfarated within one month of each other hadd (1938)
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Stenbuck (1924) thought that these sndividuals had charactenstie facies
which are usually thin and drawn with high malar prommences, are poorly
noursshed, are energetic in their demeanour and have an anxiousexpression

Hurst (1924b) suggested that there exists an mborn vanaton from the
average normal, which mamfests itself 1n hypertonicity of the stomach, acuve
peristalsis, raptd evacuation, hyperchlorhydna and hypersecretton Although
such a state was considered as not being incompatible with normal digestive
health, 1t was assumed that because the greater penstaltic activity caused 2
flow of large quantines of hughly concentrated gastric juice into the duodenal
cap, especally during intervals between meals, there nught be a great sus
ceptbility to ulcer formation The mherited tendency was supported by
Huddy (1927) and by McVicar (1927)

Draper (1930) pomted out that not only did patients who had an ulcer
have certamn anthropometric relationships, but that certam physiological
factors were also charactenstic of the ulcer bearing patient According to
Draper and Touratne (1942) patients who have ulcer belong to families in
which the long thin type of mdinidual pred m with
patients who have disease of the gall bladder, whose families are composed of
a mayornty of short stocky persons, that 1t 1s possible, almost without error,
to determine from the individual s constitution whether the location of the
ulcer 1s gastric or dnodenal

Matuson (1931), from aninvestigation of 844 ulcer cases, found 443 positive
and 401 negative cases of hereduty mnvolved Ryle (1932) and Wilkie (1933)
believed that there 1s 2 type of mndividual particularly prone to ulcer and
that heredity plays a part Meyer, Maskin and Necheles (1936) found that
an analysis of the gastric secretion n a large group of healthy members of
“ulcer famihies™ revealed an abnormat response to the Ewald test meal and
a high acadity of the resting stomach

Hurst s theory (Hurst and Stewart, 1929) that there ss 2 hypersthenc and
hyposthemic gastric diathesis which corresponds respectively to duodenal and
gastric ulcer 1s regected by Morley (1932) Bauer (1934) emphanzed that all
“endeavours to classify indniduals by thesr ‘habitus' into different types and
to correlate them to dispositions to diseases have failed ’

According to Riecher (1933) there was a family hustory of ulcer m 13
per cent of 942 patients with ulcer In 121 cases having a positive famdy
history the famihal incidence of carcinoma of the stomach was 33 per cent
He found that there was a familial incidence of peptic nlcer 1n upwards of
30 per cent of the cases reported mn the hterature and beheved that thus
strongly supported the constitutional viewpont of the aetology of the disease
He added, however that non allergic d such as galk , th
fever, cancer and diabetes also occur commonly n famihes

Feigenbaum and Howat (1935) observed no anatomical characterisucs
dhstictive of patients with diabetes mellitus peptic ulcer or cholecystitis
eompanison between the figures obtained by Draper (1924) and ther own
pomnted towards ag but opp 1 were hed because
of the different statistical approaches Their view 1s supported by the observa
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(1941-42), Berg (1946}, and Carlson and Hoelzel {1946}, protemn deficzency
by Hoelzel and Da Costa (1937), Weech and Page (1937}, Raggs, Rewholt,
Boles and Shore (1941, 1944), hretchmar (1945}, Freeman and L (1946)

vitamun A deficency by Manwlle (1933), Somersell and Orr (1936-37) and
Jensen (1946), vitamun B deficiency by Moore and Plymate (1932), Wall-
dorf and Kellogg (1932), Sure and Thatcher (1933), Howes and Vivier
(1936) Markoff (1943), Walters (1947), and haefer and Mchell (1947},
vitarmn G déficiency by McCarnison {1931a), Sruth and McConkey (1933),
Archer and Graham (1936) and Hanke (1937), vitaran D defiaency by
Almgust and Stockstadt (1935), p b acd defi y by Zucker

Berg and Zucker (1945), and Berg, Zucker and Zucker (1949}, ammo acids
deficiency by Wechselbaum (1935), and Co-Tw, Wnght Mutholland

Calvin, Barsham and Gerst (1945) wtamun E {a tocopherol) by Harns,
Tove Melion and Hickman (1847)

The food element

Sohlern {1889) who mentioned the absence of uleer 1n horses, cows and
other ammals, drew attention to the fact that the inhabitants of Russia racely
suffered from ulcer and that they lived to a great extent on vegetable food
He suggested that this may be due to a greater intakeof alkal which increases
13 blood and produces a relative against uicer Frieden
wald (1812) found a hustory of former sndiscretions of diet in 43 3 per cent of
1 000 cases Westphal (1914) blamed the consumption of ice cream and iced
water as 2 cause of the widespread madence of ulcer m North Amenca
MeCarnison (1921) who performed 3 600 operations on prumutive Himalayan
mountameers found no vicer The white race under pnmutive condinons
appears 1o be less prone to ulrer Robertson and Hargis (1925) suggested
that certain fund; 1 changes in p choxce, prep and
manner of mgestion of food matenals would prove the most plauuble
explanation for the increase in the madence of duodenal uleer

Proctor (1925) studied 1000 case hstomes of gastric ulcer and 1,000 of
duodenal ulcer In 16 cases of the former and 26 cases of the latter symp
toms had been present i childhood Hauser (1926) refers to numerous
authors (Ziemssen Leube, Heller Bamberger Decker, Haber Pierson
Craemer, Plocues) who have blamed the consumption of hot foods and
dnnks as the cause of ulcer wn cooks Harns {1928) thought that the hugh
carbohydrate poor vitamun diet on which the large proporuon of Amernicans
Live may predispose to ulcer, though the exaiing cause of the uleer was a
supenmposed nfection

Bergsma (1931) reported that in Abyssmia gastric and duodenal ulcer
n the black people 15 a relauvely common disease and that the diet consisted
of heavy sour bread and a sauce which contamed approumately 50 per
cent cayenne pepper (capsicum)

houwenaar (1930) 1 post mortem examunauons, found that of 1,370
Chinamen i Sumatra 151 (11 per cent) had ulcers or scars while of 1,269
Javanese men only 8 (0 63 per cent) were affected of 399 Javanese women
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desenibed perforation, n dizygotic male twins, aged 41 years, unmarmed and
Irving together 1 one household The first perforation occurred m the brother
who was a stout man of rabust appearance, the other brother, who wasa thin
underdeveloped man of haggard appearance, had haemorrhageand melacna
on the following day and perforated 48 hours after the first one Both had
apparently chronue wlcers which were stuated at the junction of the first and
second parts of the duodenum Rsecker (1946), who refers to a case reported
by Mentzingen mn 1935 of twin sisters aged 20 years with roentgenographic
evidence of duodenal ulcer, claimed that lus own case of peptic uleer m
identical twin sisters of the same age, who marnied brothers, was the fourth
case reported i the iterature They had gastric symptoms a few months after
chifdbirth, radiological exammation showed a duodenal ulcer The father
had a gastric resection a few years previously The sisters had attacks of acute
appendicitis within 11 days of each other

Ivy and Flood (1950) have deseribed the occurrence of peptic ulcer
symptows m wdentical twins of a famuly having a high madence of peptic
ulcers The father at the age of 87 years had a perforated ulcer, the oldest
brother had a duodenal ulcer, the youngest brother suffered from haema
temests, onestster had an irritable duodenum, another had epsgastric distress
both having been operated on for appendicatis One brother had a coronary
occlusion while another had ne medical history Both twins developed
duodenal ulcer at the age of 21 years Both had bleeding episodes, one had a
£a 170 enterostomy followed by a subtotal resection which did not abolish
the symptoms The other had a chol for cholehthiasts which did
not remove the ulcer symptoms nor prevent a recurrence of the bleeding The
authors concluded that the evidence on the occurrence of pepnic ulcer 1n
famuhes and monozygous twins supports but does not establish the view that
an organ susceptbihity to ulcer 1s inhersted

Canclusion

A review of the contradictory evidence makes 1t difficult to accept that
an ulcer drathesss, that 1s to say, a hereditary constitutional factor, forms the
substratum on which chrone ulcer develops The author (Spira, 1931) has
suggested that the single factor responsible for the familial imncidence could be
found 1z common famibal food habits

FOOD IN THE CAUSATION OF ULCER

The food element as a cause of peptic ulcer may be approached from two
aspects (1) the negatve, due to deficlency states, and (2) the positive, which
deals with the consumption of certam types of food

Deficiency states

Dietary defivencies as a cause of vleer were suggested by Pappenhzumer
and Larnmore (1924) and Sun (1926), starvation (fasting) by Hoelzel and
Kletman (1927), Bogoras (1935) Chen (1941), Morns and Lippmcott
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marked emaciation and mamtion of the amimals causing death, but did not
cause any ulcerative lesions in the stomach or duodenum

Steele (1944) has suggested a theory that malnutriion due to sluggish
mefficient liver action 1s the causc of peptic ulcer Douglas Wilson (1944)
referring to the dyspeptic symptoms mn the Army which often dated from
youth and were unremuttant and progressive, reported that this progression
was attributed to greasy food

Roth and Ivy (1944c) suggested that the excessive use of caffemne-con
tawning beverages mught play a contnbutary role But Giddings, Wynn and
Hald: (1945) concluded that the available experimental data offer no valid
reason for the 1 that the p of cafferne bever-
ages (coffee or tea) plays a part in the pathogenesis of gastric ulcer in man

Hyman (1945), on the observation that peptic ulcer has been treated with
reasonable success by the reduction and neutrabization of gastric acxdity
correlates the considerable vanations of gastnc secretions with corresponding
mverse variations mn the level of blood cholesterols and blood Iipids  Since
the pnimary function of cholesterol concerns the transportation of fatty acids
1n the blood plasma and bears a constant relation wath fat and phospholipads,
and since fat and 1ts denvatives have an mhibitory action on gastric secretion
and motility, he argues that there may be a possible relationship between
cholesterol and peptic ulcer

Ivy Grossman and Bachrach (1950) state that while they do not negate
the role of nutrition 1n the actiology of gastric ulcer the evrdence as supphed

the available autopsy of the inaid 1s not

fosccllancous theonies have been suggested but have not stood the test
of tme
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4 (1 per cent), and of 123 Tamuls 4 (4 9 per cent) were ssmularly affected The
figures for the Chunese and Tamls correspond with those which he found n
Europe In considermg the influence of feeding on the striking difference 1n
the mcaidence of both races employed as labourexs on the plantations, Kouwe
naar stated that they fed themselyes 1n nearly the same way, but ttisnote
worthy that he underfines that the Chinese eat a little more meat and the
Javanese a little more fish, the Chinese eat a little more fat 1n the form of
{ard while the Javanese use very little fat, generally in the form of cocoanut
o1l In the discussion which folfowed Ki ’S € , Rosedal
drew attention to the fact that the Chunese frequently sporled such vegetables
as they take by their habut of frying them, Given expressed the view that a
sunple diet of 2 chief meals a day combined with hard manual labour 15
the foundation of a healthy digestive system  Lichtenstein observed only 2
eses of chimeal gastric ulcer 1n 13 year of practice 1n Java but many cases of
gastric ulcer i European soldiers who had been stationed m Java for 1-13
years Bonne, Hartz, Klerks, Posthuma, Radsma and Tyokronegoro (1938)
observed a striking difference 1n frequency of gastric ulcer and gastnc cancer
between the Malays and the Chinese m Java and Sumatra They suggested
that a psychogemc factor may be ivalved qnce the absence of vistble
emotions 1s rather characteristic of the Malay race According to Brummel
kamp (1933) the gastric acidity and motihty in Malays 15 comparable to
that of Europeans Bonne, Kouwenaar and Ten Seldam (1940) found 3 03
per cent wadence of duodenal ulcer mn 2,237 Chinese men, § 47 per cent
m 259 Chinese women, 1 22 per cent in 3,281 Malay men and 0 54 per cent
i 1,320 Malay women The mncidence for gastric ulcer was 5 33 per centin
2,362 Chinese men, 0 3¢ per cent in 295 Chimese women, 0 32 per cent i
4,183 Malay men and 0 52 per cent 1n 1,730 Malay women

Boland (1935) vho reported a lower susceptibihity 1n the Negro of Atlanta
pomted out that the food of the southern Negro compares measurably with
that of the native of the Himalayas, they do not consume a great amount of
meat Close enqutcy disclosed that the victims had strayed from the usual
diet
Somervell and Orr (1936) observed that 1 the non uleer area i India
the man part of the diet was rice while 1n the ulcer area less rice waseaten
Baldyreff (1938) refers to the observauons af Sperck who long ago reported
that whabstants of East Stberia who subsist mamly on a very fat fish diet
were frequently suffering from ulcer

Degeneration 1n Auerbach s plexus, accomp d by some ct s the
mucosy has been consistently observed 1n rats and dogs fed on diets resem
bling those consumed by the poorer classes n Madras Presidency and
Travancore, South India, by Orr and Rao {1939)

Dogra (1941) admimstered high spiced rice and curry diet supplemented
wth green foods and plantains over a penod of almost 2 years to monkeys
{Macaca Radiata), this caused no ulcerative lesion in esther the stomach or
the duodenum of the ammals On the other hand nice and cwsry and
taproca diets admimstered alone, that 18 without the green foods, resnlted ;n
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reason why a particular single lesion becomes chrome, While the problem of
the pathogenesis of chronic ulcer may, therefore, be muted to the mvestiga
tion of the possible factors which may be responsible for the chromaty of the
leston rather than for 1ts imbiation 1t does not exclude the possnlity that the
factor which 1s responsible for the imtiation of the lesion may alsoberesponsi-
ble for 1ts mamtenance If this be so then the problem 1s reduced to the
establishment of the aetiology of the parucular vanety of lesion which, for
some as yet unknown reason persists and becomes chronic This, however
does not detract from the consideration as developed 1n the section on
Pathology that the acute ulcer which 1s encountered chmeally’ does not
become chrome 1t only means that the lesion which has been observed mnts
chromic form has not been observed 1n 1ts acute form.

THE NO ACID—NO ULCER RELATIONSHIP

Schwarz (1910) has drawn attention with lus dictum  no acid~—no ulcer
to the fact that 1n the absence of hydrochlonc acid no ulcer can form, but 1t
1s1mportant to recognize that this aphorism applies only to the chromc form
and that the ulcers which have been observed in association with achlorhydria
are mvariably of the acute type Bolton (1913) has madeat clear that when an
acute ulcer 18 1n the stage of formation the hydrochlonc acid mn the stomach

1d hed but that ding and chronic ulcers give nise to a
reflex hypersecretion of gastnic yuice Palmer (1926a) has confirmed that all
evidence pointed to the fact that chrowc ulcer does not occur m the complete
absence of hydrochloric acid and that the evidence usually offered to prove
that ulcer may occur i the presence of achlorhydna was found madequate
etther 1n demonstrating the achlorhydna or establishing the presence of
chrontc berugn ulcer or indeed 1 both respects

Hurst (1929a) stated that there 13 no evidence that an ulcer ever develops !
1n the stomach or duodenum m the absence of free hydrochlonic aad

Palmer (1940) 1n a large senes of autopsy studies (over 1000 cases) of
Ppatients with pernictous anaemia did not find a single case of chronic ulcer
In Ius combined studies with Schundler Palmer (1942) had notseenan ulcer
1n patients with complete and persistent achlorhydna In 4 277 exammations
with the flexible pe  Schund] d d 69 gastr pies 1n 48
patients with pernicious without g a single of

the type described by Rodgers and Jones (1938)

Kalk (1945) states that the presence of hydrochlone acd 1s a condstio sine
gqua non 11 the pathogenesis of ulcer Brown (1946) has never seen an ulcer
case with total achlorhydna with no free HCL 1n the gastnic content after
s(?alsl)aucn by hustamine, an observation which was confirmed by Card

The suggestion of Boles (1951) that the adherence of the theory of no
acid—no ulcer be relinquished 1s based on the erroneous assumption that
acid 13 not involved 1n the causation of chromec ulcer because 1t has no role
1 the aetiology of acute ulcer
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CHAPTER 12

THE ACID FACTOR IN THE CAUSATION OF
CHRONIC PEPTIC ULCER

The observation that chromic peptic ulcer 1s mvariably assoctated with
increased acid values has drawn attention to the possibihty that hydrochlone
acsd may be mvolved as a pnimary element 1 ulcer formation

In order better to understand the role which 1s assumed by hydrochlone
acid 1n the pathogenests of peptic ulcer, 1t 15 essential to differentiate between
the acute and chronc lestons

(1) It should be noted that acute ulcer occurs 1n the presence of normal
or dinmunsshed acid values or even in the complete absence of acid and, there
fore, hydrochlonc acid takes no active part 1 1ts production

(2) Chromic ulcer 15 mvariably associated with high acid values, therefore,
hydrochloric acid 1s an essential el 1f not mn 1ts prod , at least in
1ts mamntenance

Before mvestigating the factors which are mvolved 1n the causation of the
chronic peptic ulcer, 1t 15 essential to make the fundamental distinction of the
terram n which the uleer forms It will be seen that there are two distinct
categories of ulcer

The first 1s concerned with the ulcers which are situated extragastrically,
m an alkaline milieu, and comprises the oesophageal ulcer, Meckel s divert:
culum ulcer and the anastomotic ulcer

The second category 1s concerned with the ulcers which are situated intra
gastrically, in an acid milieu which corresponds to the ulcer bearing area
and comprises the gastric and duodenal ulcers

While 1t 15 reasonably certain that by itself rydrochlorte acid 1s responsible
for the occurrence of the oesophageal ulcer, Meckel s diverticulum ulcer and
the anastomotic ulcer, that 1s the ulcers which are formed mn the alkahne
mulieu, 1ts role m the causation of the ulcer which occurs in the stomach and
first part of the duodenum 15 more obscure, sice the acid Jevel n healthy
men and 1n healthy dogs 1s lugh but few of the former and none of the latter
develop chronic ulcers

It has previously been pointed out that while 1t 1s relatively easy to produce
experimentally an mnyury ta the upper part of the gastro-mtestnal tract, the
lesion nvartably belongs to the acute variety and heals rapidly No method
has yet been devised to prolong the existence of the acute ulcer, and whereas
the acute lesions are usually muluple there 1s no indication to suggest the
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A bleeding ulcer 1s frequently found 1n the early and acute type Perfora
tion may occur 1nto the abdominal or lesser peritoneal cavity, pen-oesopha
geal connective tissue, penicardium pleura and lungs Rarely, the aorta may
become involved Perforation may cause med 15, bronch h 1
fistula, abscess or pneumorua

Accordimng to Allison (1949) the region of ulceration of the oesophagus 1s
immechately above the cardia but there may be a centimetre of squamous
epithelium between the lower border of the ulcer and the gastric mucosa—
showmg similanty with the anastomotic ulcer

AETIOLOGY

Two different mechamisms have been suggested as being responsible for
the production of the chronic oesophageal ulcer

The first which only applies to a smalil proportton of cases suggests that
an aberrant gastric mucosa 1s present in the wall of the oesophagus secreting
the acid which 1s the causative agent Its occurrence 1s rare (Taylor, 1927)
Rector and Connerley (1941) 1n a review of the hterature found 118 (118
per cent) 1n a senies of 1,000 consecutive autopsies m mfants and children
Inflammation was frequently present Moore (1944) has emphasized that i
those cases 1n whach ectopic gastric mucosa 1s present the site of the ulceration
15 not 1n the aberrant gastric mucosa itsel{ but m the adjacent tissue showing
simulanty with Meckel s diverticulum ulcer

The second suggestion concerns the greater majority of the cases and
corresponds more closely to the anatomical findings 1t 15 that the ulceration
15 caused by a retrograde flow of gastric juice 1nto the oesophagus the cardia
being mcompetent and failing to prevent regurgtation of the gastric secretion
mto the lower part of the cesophagus .

According to Pringle Stewart and Teacher (1921) the chronic oesophageal
ulcer 15 situated as 2 rule, i the lowest part close to the cardia In 6 of
36 cases (17 per cent) which came to autopsy 1t also 1nvolved the adjacent
part of the stomach and the appearance of the ulcer pointed to a primary seat
m the cardia with 1nvasion of the oesophagus by direct extension The
authors considered that the first requisite for the formation of the peptic
ulcer of the oesophagus 13 an isufficiency of the cardia

Fredenwald Feldman and Zinn (1928 1929) observed 1n dogs that ulcers
1 the oesophagus produced by removal of a smali section of the wall through
the oesophagoscope will heal readily within a week when treated with a 10
per cent solution of hydrochloric acid they become chrome and healing
will be markedly delayed Perforationisafrequentoccurrence They abserved
a patulous cardia 1n 10 of 13 cases

Stewart and Hartfall (1929) agreed wath Prngle Stewart and Teacher
(1921) that the pathogemc factor of pnme 1mportance 1s the digestive action
of regurgitated stomach content arded 1 many cases by lowered tissue
vitality Chevaher Jackson (1929) reported on 21 cases and held a similar
view as 1o the pathogenesis of the lesion

Selye (1938a) produced haemorrhagte oesophagitis by bgating the pylorus
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THE ACID ULCER RELATIONSHIP

ULCERS SITUATED IN THE ALKALINE MILIEU

The ulcers situated 1n the alkaline miheu compnse the oesophageal ulcer,
Meckel s dnerticulum ulcer and the anastomotic ulcer

Oesophageal ulcer

Ulcers encountered in the oesophagus are stmular in type to the acute and
chronic gastro duodenal ulcers, and are differentiated only n as much as
they are located outside the ulcer bearing area, in the atkaline mibieu Acute
ulcers are met with not mfrequently, but chronic ulcers are a ranty (Stewart
and Hartfall, 1929)

The acute ulger

Taleston (1906) stated that acute oesophageal ulcers occur m assocation
wrth acute infective diseases and that these simple ulcers resemble closely,
both 1n gross and microscopic appearances, the simple ulcers of the stomach
Pringle, Stewart and Teacher (1921) observed 16 cases post moriem 1 7
years (1914-21) an incidence of about 0 6 of all autopsies, 6 were assocated
with appendicitis, 3 with pancreatitis and gallstones and 1 wath duodenal
ulcer, 1 with anthrax, I with hepatins, 2 with puerperal eclampsia and 2
with pneumonia, 1 each wath rupture of the iver and fracture of the femur,
they considered that such cases are all of a severe infective or toxic nature
The condition of the oesophagus vaned from superficial erosions of the
mucous membrane to deep ulceration and perforation or extensive destruc
tion of the tissues It 1s noteworthy that there was no digestion of the stomach
atself and that the cardiac onfice rematned closed

Masters and Bunts (1934) observed 6 cases of bramn lesions which were
assocrated with ante mortem erostons and perforations of the upper part of
the gastro-intestinal tract Each of the patients was comatose for 24 hours
or longer before death, and no patient was actively digesung food

It may be concluded that the acute oesophageal ulcer 1s 1 all respects
similar to the acute gastro duodenal ulcer

The chroniz ulcer

PATHOLOGICAL ANATOMY

Stewart and Hartfall (1929) have described the morbid anatomy of the
chronicoesophagealulcer whichmallrespects resembles the anastomoticulcer

According to Feldman (1945) oesophageal ulcer may occur in any porfion
of the oesophagus, peptic ulcer beng imited to the lower third, and occur
ring usually immediately above the cardiac ortfice Those that are situated
Igh are generally produced by extension from below or by trauma, traction
diverticula or tuberculosis When near the cardiac end, they rarely extend
1mto the stomach, while ulcers m the cardia of the stomach may extend nto
the oesophagus
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Perforation, usually fatal occurred 1n about 14 per cent of the reported
cases (Bockus 1943)

Conclusions

Tt may be stated, n conclusion, that there are two mechamsms which may
be accounted for 1n the actiology of the vesophageal ulcer (1) the presence
of an aberrant gastric mucosa 1n the oesophagus, and (2) the incompetence
of a patent cardiac sphincter Both involve the action of the same causative
agent namely, the effect of hydrochloric acid or the hydrochlonc acd pepsin
combination on the alkahne mucous membrane which normally cannot resist
the erosive action of the acd

1t 1s easily shown, on the one hand why the lesion produced by the wnter
mmttent regurgitation of gastric yuice allows the mtermuttent recovery of the
wmtated tissues and expl the i P of destruction and
healing which 15 observed 1n oesophagitis, and on the other hand, why the
‘persistent secretion of aberrant gastric mucosa with no means to neutralize
1ts effect continues the relentless destruction of the surrounding alkahne
tissues The re-establishment of the normal perstalic wave abolishes the
morbid process m the former case but sumulates the secretions and further
adds to the damage 1n the latter case Furthermore the secretion of the

diacglands which lar to the pyloric glands affords some protection
for the oesophagus in the case of regurgitation but cannot intervene with the
activittes of the aberrant mucosa It will be noted that in both alternatives it
15 the acid which 15 responsible for the lesion and that the difference m the
progress of destruction 1s conditioned entirely by the time factor the action
of the morbid process being wntermuttent 1 the former and more continuous
mn the latter
Meckel’s diverticalum unlcer

The study of Meckel s diverticulum ulcer 1s of particular mterest because
the lesion 1s strictly locahized and the meidence of primary jejunal ulcer 15
practically unknown (Judd 1921b Ebeling 1933, Grossman 1938)

The occurrence of Meckel s diverticulum ulcer 15 mvanably assoaated
wath the presence of aberrant gastric mucosa m the diverticulum. Huebsch
mann (1913) compared Meckel s diverticulum ulcer to the gastro-jejunal
ulcer foll gastre y since m both the ul at
the Junction of the gastnuc and intestinal mucosa The aberrant gastric mucosa
15 sitnated at the apex of the diverticulum and may hne the major portion
of1t Schaetz (1925) found 16 6 per cent gastme mucosa n 37 diverncula The
aberrant glands faithfully reproduce the structure of the gastnc mucosa
the fundal type of gland being the most commonly found (Taylor 1927)

According to Aschner and arelitz (1930) the ulcers are usually chromc
in type penetrating or perforating and resemble the peptic ulcers of the
stomach and duodenum They present a superficial area of necrotic tissue
and exudate 2 zone of granulation tissue and 2 denser more orgamzed sub-
stratum beneath which Les the disrupted musculans and the thickened
serosa adescription which conforms wath the tustological findings of Askanazy
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m expenmental ammals Bockus (1943) quotes Tileston, Hacker ard
Lotheissen who called attention 1o cases m which pepuc ulcer of the oesopha
gus was associated with pylone stenosis and gastne dilatation, causmg a rela
tnve msufficiency of the cardia and all g the dr of
the acid secretion

The association of oesophageal ulcer with gastnic and duodenal ulcer,
cardiospasm, carcinoma, hernsa of the h through the gesaphageal
opemng and short oesophagus has been noted by Dich and Hurst (1942)
Allison (1946) ders that the phageal ulcer forms when a derange
ment of the mechamsm of the cardia occurs which allows the acid gaste
Juice to flow back wnto the oesophagus Benedict and Sweet (1948) considered
regurgitation as the aetiological factor an oesophagitis and bemgn stricture,

Wangensteen and Leven (1949) found that gastric resection dramancally
1mproved ocsophagitis even 1n patients with a congentally short oesophagus
Barrett (1950) suggested that the wnflammatory reaction of oesophagihs xs
produced by the gastric reflux but the ulceration itself ts an extension of the
ulceration of the body of the stomach

Ferguson, Sanchez-Palomera, Sako Clatworthy, Toon and Wangensteen
{1950) haxe shown in vareus animals and m man (cadavers) that contact
of acid gastric Juice with phageal mucosa, whether brought about by
vomuting, regurgitation or by direct application, has a very prompt and
devastating effect

It 1s of special interest—in view of the author s theory of chromc gastro-
duodenal ulcer formation—that Cross and Wangensteen (1951} found diges-
tar and destruction of the living cesophageal mucosa 1 cats and dogs can
be accomphished by bile, pancreatic juee and a mixture of the two, human
bile and bile salts being particularly destructive

SYAPTOMATOLOGY

The symp logy of oesophageal ulcer and 1ts reaction to treatment are
characteristic Pamn, which 1s often severe and at first appears while eanng
or drinking, more particularly with hard or sntating food, occurs Jater with
almost every meal It may also be felt after eating 1f the patent bends for
ward or hes down or does anything which mcreases intra gastric pressure
which forces the gastric content through the cardiac sphincter Excessive
salivation 1s common, and may be interpreted as a natural attempt at neutra
Lization and 1s substantally sumilar to the succorrhoea encouatered n
Rewchmann's disease 1t may lead to aerophagy producing oesophageal
spasm {aerophagie bloguee) 1 sigfi that pam 1s smmediately
abolished by alkalies and that it 1s considerably relieved by mechamcal
means which reduce theantra gastric tension that s, sstting up stretching the
arms above the head and so on, and which dinunish the pressure whaich 13
exerted on the p cardiacsph Henling of the ulcer apparently
occurs in the same manner as that of an anastomotc ulcer and the complica
tons which may be anticipated are identical Haemorshage was noted m
53 per cent of Tileston’s cases and m 23 per cent of Friedenwald s group
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Perforatton, usually fatal, occurred 1 about 14 per cent of the reported
cases {Bockus 1943)

Conclusions

It may be stated, 1n conclusion, that there are two mechanisms which may
be 4 for 1n the logy of the ocsophageal ulcer (1} the presence
of an aberrant gastric mucosa i the phagus, and (2) the
of a patent cardiac sphincter Both mvolve the action of the same causative
agent, namely, the effect of hydrochloric acd or the hydrochlonc atd pepsin
combination on the alkaline mucons membrane which normalfy cannot resist
the erosive action of the acrd

It 1s easly shown on the one hand why the leston produced by the inter-
mittent regurgutation of gastric juice allows the intermuttent recovery of the
uritated tissues and explains the 1 P of destruction and
healing which 13 observed 1n oesophagitis, and, on the other hand, why the
persistent secretion of aberrant gastnic mucosa, with no means to neutralize
its effect continues the relentless destruction of the surrounding alkaline
ussucs The re establishment of the normal persstaluc wave abohshes the
morbid process m the former case but stumulates the secrenons and further
adds to the damage m the latter case Furthermore the secretion of the
carthacglands, whichare sumilar to the pyloric glands affords some protection
for the oesophagus in the case of regurgitation but cannot intervene wath the
activitics of the aberrant mucosa 1t will be noted that in both alternatives 1t
15 the acrd which 1« respansible for the lestor and that the difference 1 the
progress of destruction 1s conditioned entirely by the tme factor the action
of the morbid process betng sntermuttent in the former and more conttnuous
m the latter
Meckel's diverticulunt ulcer

The study of Meckel's diverticulum ulcer 15 of particular mterest because
the lesion 1 stnetly localized and the mexdence of primary jejunal ulcer 1s
practcally unknown (Judd, 1921 Ebcling 1933 Grossman 1938)

The occurrence of Meckel s drverticulum ulcer 1s mvariably associated
with the presence of aberrant gastric mucosa in the dvertnculum Huebsch
mann (1913) compared Meckel s diverticulum ulcer to the gastro jejunal
uleer foﬂowmg gastro y sitce 1n bath theulcersoccurat
the unctionof the gastric and tntestnal mucosa. The aberrant gastric mucosa
33 suated at the apex of the diverticulum and may e the major portion
Og’!ct Schaetz (1925} faund 16 6 per cent gastric mucosa i 37 diverticula The
fh ’}"““f glands fathfully reproduce the structure of the gastric mucosa

i\ und;) type of gland beng the most commenly found (Taylor, 1927)
n ceording to Aschner and Karelitz (1930) the ulcers are usually chrome
smeP‘?;1 or perf g and ble the peptic ulcers of the

<rim\c dand duodenum They present a superfictal area of necrotic tissue
2nd exudate, a zone of granulation tissue and a denser more organized sub
stratum beneath which hes the disrupted musculans and the thickened
seresa adescraption which conforms with the fustological findings of Ashanazy
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(1920) for chronc ulcer The site of the ulceration is the most significant
feature of the lesion Aschner and Karelitz considered it remarkable that the
ulcer was usually situated at the neck of the dwerticulum or m the sleum just
beyond 1ts nech In these cases the entire pouch was kined by gastric mucosz,
bath chief and acid cells being noted by five of the authors in the 33 cases
which they review When the lesion was located near the tip or on the body
of the pouch, hustological study showed the ulceration to have occurred in
mucosa of mtestinal type adjomning a patch of heterotopic gastric mucosa
Matthews and Dragstedt (1932) confirmed that Meckel's dsverticulum ulcer
nvariably occurs adjacent to the heterotopic gastric mucosa butonly mvolies
the mucosa of the sleum

Hudson (1933) reported 7 in I3 cases, Johnston and Renper (193%)
reported 46 1n 48 cases Schullnger and Stout (1934) gave a detailed review
of the literature, and Carlson (1937), reviewing 152 cases, found 26 7 per
cent contained 2 vaniety of heterotopic tissue

That the heterotopic ga tric mucesain these cases secretes free hydrachloric
aad and pepsin may be assumed from the fact that such secretion with
attendant mtation and ulceration of the surroundmg skin has been amply
demonstrated 1 recorded cases of heterotopic gastric mucosa occurnag 1n
umblical polyps and open fistulas from the analyss of therr secretion Lindau
and Wulff (1931) state that both pepsin and hydrochioric acid have been
detected by Tillmanns, Lexer Denuc’ Rosthorn, Stone and Taylor

As observed by these investigators, this secretton clearly begans or inereases
synchronously with the activity of the stomach This 15 1n accordance with
experiments on transplanted fundic mucosa 1n the mammac of dogs where
the transplant was likewise found to secrete gastrc Juice i connection with
feeding (Ivy and Farrell, 1925) This limted sttuation of the lesion has been
confirmed by Mason and Graham (1932), Mondor and Lamv (1933),
Brown and Pemberton (1936), Cobb (1936), Thontson (1937), Fleet {1940),
and Hancock (1951)

It may be concluded from the evidence that ulceration produced by the
presence of aberrant gastric mucosa m Mecke] s diyertsiculum does not take
place 1n the aberrant gastric mucosa atself but occurs invariably m the adja
cent I muc the alkaline sulieu~-which by its very nature cannot
restst the corrosive action of the gastric yuices

The anastomotic ulcer

The anastomotic or gastro jejunal ulcer, which occurs afier surgical mtclr
vention {gastro jejuncstomy and gasu’cctomy) for peplic ulcer 1 ynvariably
situated on the mtestinal side of the stoma

Boldyreff (1915) has shown that the mntestinal mucous membrane does not
tolerate even weak (0 15 per cent) concentrationsofacid Mann and Wilkam-
son {1923) have shown that if duodenal mucosa 1s exposed to gastnc Juice
without the admuxture of the alkaline duodenal yuices, an ulcer will form
practically every case
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Thonjeizny (1925) has described geveve Jejumtts with scattered erostons 1
the loop of the gastro-enterostomy which he conudered tobe the instialleszons
before wleer formaton Q ity the mft ¥ about the
area of ulceration may be so severe and extenstve that ether an acute oF
subacute obstrucuion of the gastro-entenc stoma of the cfferent loop may

result
i Matthews (1930-31) noted the effect of anastomosing a Pavlov pouch toan
1solated loop of the lower deum A typreal ulcer dev cloped m all smstances
{6 dogy) wathun 80 days
Mchlaster (1934) cstablished that the vulnerability of the satestnal
ulceration smereased directly as the distance from the pylorus Anastomotic
wleers may develop following gastro-cateTostomy n patients who never had
an ulcer (Eusterman and Balfour 1935) According to Judd and Hoerner
(1935) there 13 no surgical procedure unitsng the stomach and jeyunum which
vl offer 2 g agamnst the subsequent & topment of jejunaf ulcer
and Graham and Lews (1935) cmphaswzed that the sncrdence s ugher than
13 usually expected
Lake {1948) hay drawn attention to the absence of anastomone ulcer after
t for of the 1 which usually contams

&
Tattle or no acd
Steanberg and Stare (1934) sndicated expenmentally that spasm of the
jejunal musculature 33 &n mportant factor m the actology of Jegunal uleer
but Fauley and Tvy {1937) concluded from sumalar experiments that local
rouscular spasm was not an essential factor
Ruvers and Gardner {1940) emphasized that the situation of the majonity
of recurning pephic ulcerations 13 near the mite of the sugical anastomosis
Taefer (1942) dered that the Iesion was produced by the
changes m g 1 physiology and that 1t carresponds
more neasly with the expenmentat ulcer of Mann 2nd Wilhamson than does
the primary ulcer i esther the stomach o dusdenum
According to Feldman (1945) gastro-yeyunal wlcers occur ctuefly atthree
sites on the gastric side of the anastomoss the stoma or suture iine orm the
efferent oop of the jejunum close to the anastomoss About 65 per cent of
cases are anastomotic and 35 per cent arejegunal Qastro-yegunal ulcer pearly
always imphicates the stoma  Ulceration s rarely seen proxamal to the stoma
bt an some cases both sides of the stoma are mvolved When ccourring at the
suture hine it may mvolve both the stomach and jejunum When they occur
m the jejunum  they are observed close to the openung on the convex nde of
the jeyunal loop directly opposite the gastre stoma usually within one nch
of the anastomons m the efferent loop At tmes the ulcer 15 found several
nches below the stoma The majonty of. jegunal ulcers are noted in the angle
formed by the greater cusvature of the stomach and the efferent loop of the
Jgunum the gastso yepunal angle In a very small percentage of cases the
afferent Joop 1 myolved In 99 cases of “jejunal nleeration right found 68

the efferent loop 14 1n the afferent 11 at the mesentenc border and 1 6 the
site was not speaified
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The clmical features of jeyunal vlcer after partial gastrectomy do not differ
from those of jejunal ulcer after gastro enterostomy The leston 1s a deep,
penctrating crater usually situated 1n the wall of the jejunum directly opposite
the stoma or 1n the efferent imb not far from the anastomosis

Boller (1947) distinguishes betwcen gastritis of the gastric remnant and the
mflammation of the stoma which mvariably follows upon gastric operattons
and refers to the latter as “anastomositis” which he subdivides, according to
the mtensity of the lesion, into anastomosttis simplex, erosva and ulcerosa

It may be stated, in conclusion, that the actiology of the anastomotic ulcer
15 relatively simple b 1t 15 produced post of ly as a sequel to
gastro enterostomy or gast y Although the { distortion
produced by surgical intervention may not have any mechamcal effect on
the propulsion of the chyme from the stomach to the mtestine, 2t alters the
physiological relationship of the h to the small exposes the
delicate mucous membrane of the watestme which, normally, has an alkaline
reaction to the direct erosive action of the hydrochlonc acid at 1ts maximum
concentration

Gastric acxdity 18 never subnormal and 1s practically always above normal
n anastomotrc ulcer Tt 1s of fundamental sigmificance that the ulcer appears
snvanably on the intestinal side of the stoma and that there 13 always 2
narrow margin between the uleer and the stoma, thus showng clearly that
the ulcer forms exclusively on the alkaline side of the anastomosis

ULCERS SITUATED IN THE Acid MiLmeu

The action of hydrochloric acid on the mucous membrane of the uleer
bearing area will be studied from two aspects first, the effect produced by
direct admnistration of acid, and second, the effect obtamed by the idirect
production of acid in the gastric mucous membrane

The direct approach

Gunsburg (1852) postulated an anomalous mcrease of free acid production
15 a direct cause i the genesis of ulcer Smee then many attempts have been
made to produce the leston by the drrect effect of solutions of hydrochionc
acid on the gastric mucous membrane

Samelson (1879) observed that when he admumstered 12 5 ¢cc of strong
hydrochloric acid to starving gutnea pigs and tied the cardia and pylorus,
4 hours later there w1s no change 1 the gastric mucosa, 20 c¢ after
7 hours also had no effect, 15 cc of 5 per cent HC wath pepsin after 5%
hours produced extravasations and superfictal erosions, 120 cc of 5 per cent
HCl and pepsin admnsstered over 2 houss buled the animal | hour later
Only extravasations in the fundus but not on the lesser curvature werefound
Ewald (1879) fed anaemuc dags wath hydrochloric acid without beng able
to produce a gastric lesion Matthes (1893) was unable to mduce a lesion of
the h by the daily ad atson for 3 weeks of 350 cc of 0 56 per
cent HC! 1 dogs in spite of the fact that a glass ring had been previousty
sewn to the fundus of the stomach Ruzicka (1897) mgected gastric yuce 10
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the doubly bigated stomach of frogs but only found: a very superficial action
on the epithelium of the mucosa
Sattta (1900) who admumstered 3 per ccrll’t <¥' lB(}X by mouth observed

multiple ulcers only when 1t was preced Yy g Froum
(1308) attempted a susgral parttal obstruction of the pylore onfice but
could not provoke gastric stasis the h atways d letel

3 i
When he joined the fistula of an sclated stomach to the wmtestne, the
sntestnal mucosa was digested Borszeky (1908} narrowed the pylorus and
made 2 gastro-enterostomy n dogs to which he adminsstered daily 30 ce of
dilute hydrochlonic and Jegunal ulcers formed only in I of 12 dogs
Moutier {1810) solated the stomach by ligating the cardia and the pylorus
formed a gastric fistula and anastomosed the Jeyunum to the oesophagus The
stomach was evacuated ance m 24 hours Iunduous ulcers were observed
which appeared to cause no pam massive haemorrhages or perforation
occarred after short penods When the gastric juice was evacnated regularly
and stasis prevented no uleers formed Bolton (1910} found that ordmanty
hydrochlonic acid does not exercise any effect an the gastric mucous mem
brane 1 concentrations below € 7 per cent He suggested (Bolton 1913) that
hydrachlonc acsd 1 greater strength 1s 2 poison of the gastric mucous mem
brane and its action 13 precisely the same as that of sulphune acetrc and lac
nie aad Hydrochloric acd m the h content of the guinea psg 1s
normally about O 2 per cent, a solution of hydrochlorsc acid of any strength
below 0 7 per ceut prod no effect wh i duced mto the fasting
h sol of hs above this prod patches of necrosns and
ulceration of the mucous membrare of the stomach ofsmall arumals solutions
of strengths above 0 9 per cent produce a sinular condition n large animals
{It will be noted that the strength of the hydrochlonic aad solution which
was found to be destrucuive to the gasttic mucouns membrane 1s never
d even m pathol A cond: m man where 1t does not exceed
05 per cent) He argued that the effect of gastric juiee 1n retarding the
healing of acute gastric ulcer which he had observed suggested that in the
condrtrons of hyperacidity and hypersecretion a sull greater tendency 1n the
same direction should be exhibited and that since hydrochloric acd 15 a
P 1 powon and a hyp: d gastric jusee ss 3 more powerful destrac
tive agent than a normal gastrsc jutce i producing acute ulcer the continuous
admimstration of hydrochloric acid mught reproduce the candition of hyper
acidity 1n man He therefore fed gumea pigs on food soaked with 0 5-0 6
per cent solution of hydrochlone acid but he found that the wlcers which
weere produced subsequently 1n the amumals passed through exactly the same
stages as those m the animals used ascontrols Furthermore when the ammals
were kept on food soaked 1 4 per cent sodium bicarbonate solution the
expertmental ulcers passed through the same stages ag the controls He con
cluded therefore that alterations i the acidity of the gastrsc content alone
did not matestally affect the ime of healing of the ulcers
Fredman and Hamburger (1914) tied a bgature round the pylorus m
order to produce partial pylonc obstruction which they thought would then
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lead to hyperchlorhydna from gastric retention and the prolonged and v
olent action of the active gastric juice, that 13, hypersecretion and hyper
penstalsis would produce chrome ulcers from acute ulcerations and that
such ulcers may remam unhealed of the aadaty Jater drops to normal They
ebserved (1} acute ulcers in which healing was smply delayed, (2} typieal
chrome ulcers, probably stationary, and {3) progressne chromc ulcers

Spencer, Meyer, Rehfuss and Hawk (1916) who mtroduced 100 ce of 0 4
percent HClinto the human stomach, found thatst was promptly neutratized
Apperly (1926) who mtroduced 400 cc of 0 3-0 35 per cent HCI observed
a ssmilar effect

Greggio (1916) after tyng the pylone artery and removing part of the
mucous membrane of the stomach found that the admuustration of a weak
solution of hydrochlone acd did not retard cicatrization, and consdered
that 1t 15 1mpossble 1 this way to produce a chroruc lesion or any lesion
which m any way resembles that of chronic uleer

Dragstedt (1917) produced ulcers by the local myection of 2 5 per cent
solution of silver nitrate by a techmaque simular to that employed by Fred
man and Hamburger (1914), while at all times there was a guantity of active
gastric Jwice 1 the pouch, nevertheless, the average time required for healing
was 8 days and 9 days when there was a maximum drainage for gastne
Juice, duodenal ulcer required 20 days for healing both i the presence and
absence of acd chyme Bacterolomical examunation of the ulcer showed
vanous nfective orgamsms, the mnfe from the al Y
tract Dragsted Tuded that the digestive actwaty of the gastric yuce 13
not the important factor in the delayed healing of acute ulcers of the stomach
and duodenum and the consequent formation of chromc vleers Subsequent
contrsbutions by the same author, to which reference will be made later
support a diametnically oppesite view

Tvy and Oyama (1921) observed that perfusion of a pouch of the pylonc
antrum wath O ¥ N H(l had no effect

According to Winkelbauer and Starkinger (1926) hydrochloric acd »
necessary for the causation of a pepure ulcer 1t cannot be considered ata
genetic factor but only as a conditional due A simular view was expressed by
Hauser (1926}

Gallagher (1928) observed the effects of acd and trauma on jejunal trant
plants to the stomach Chronsc ulcess were observed 1n 2 transplants of 17
ammals (dogs) The longest observation was 154 days Attempts atartifical
acdity faded to mncrease the occurrence of chronic ulcer in the stomach
atself, 11 the scar tissue of the transplant or the transplant stself In 7 anumals
200225 cc of 022, 0 29 or 0 62 per cent solution of hydrochlortc actd was
admunistered once or twice daily There was frequent vomutsng and delay 1n
gastric evacuation Acute ulcers were observed m the gastrec mucosa of 2
ammals and & chromc ulcer 1n the fundus of one which was ascribed to the
repeated trauma from the stomach tube The most constant observations
were acute and chronic gastritis and multple erosions

McCann (1929¢) stated that under the mechamcal conditons of his
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experiments the gastric mucosa did not ulcerate from exposure to the normal
autolytic action of the juce for normal pertods of ime Even traumatc
lesions 1n all parts of the mucosa healed when exposed to acid pepsn for the
normal periods of digestion
Gottschlich (1930) observed that solutions of hydrochlone acid of 0 8-~
1 5 per cent introduced mto the stomach of starving cats produced superficial
necrosis which disappeared after 24-36 hours, but left a chronic gastritis
Sham feeding (Silberman, 1927, Brenckmann and White 1929, Buchner
and Schneder, 1931) prod ltiple acute lestons of the stomach and
duodenum Puhl and Brodersen {1931) emphasized that the acute nlamma
tory lesions obtained after sham feeding can be interpreted as produced by
a tovc factor because of the severe nutntional disturbances caused by
hunger In any case this type of gastatis does not correspond to the gastritis
assocsated with chromc ulcer 1n man Puhl {1932) found m the sham fed
ammals all stages of fatty degenertion of the pylonic and the duodenal mucosa
which may be produced by hunger or the mactivity of the cells or may even
be a defence reaction against the irntant action of gastric yuce
Buechner {1931) claimed to have produced an acute erosve gastus by
pounng 0 8-1 5 per cent hydrochloric acid mto the stomach of cats Over
gaard (1931) gave 350400 cc of 0 5 per cent HCL once or twice daily to
starving dogs for perzods up to 4} months, he could only produce an acute
superficial gastritis but no ulceration Matthews and Dregstedt (1932)
sham fed dogs for one month without producing ulcers When they 1solated
the h and dued Y g the distal end of the cut
to the oesoph and the p 1 end lower down 1n the Jejunum
10 ulcers were seen after 70 days They nevertheless claim that ther expen
ments on the experimental production of ulcers of Meckel s diverticulum
may be mterpreted as affording substantial support to the view that the
chemucal action of pepsm hydrochlortc acid (of the concentration found 1n
pure gastric Juice) can by 1tself and alone produce a typical chronic progres
sive ulcer 1n the stomach duodenum jejunum ileum or colon [But can 1t
be claimed as they do that the ulcers occumning 1n the acid nlcer bearing

area that 1 the h and duodenal cap can he pared to ulcers
produced 1n the alkaline area of the jejunum 1leum or colon?] Orater (1932)
pownted cut that 2 Pavlov pouch rep: d asham fed h—no nlecers

formed 1n this type of pouch because 1t 1s made wath the fundus which 1s not
prone to ulceration In constructing a pouch which weorporated both the
fundus and the pylonc antrum, the ammals suddenly became 1l 2nd died
from perforation of ulcers situated at the angle of the main pouch stomachs
Mann and Bollman (1932) found that after dilute hydrochloric acid had
trickled over the inner surface of the stomach and duodennm for 2 certain
length of time  the defensive power of the stomach then became exhausted
showmng that a mecharcal and not a chemcal factor was mvolved 1n the
prod of the lesion D dt {1933) reparted a case mn a youth aged
17 years with 2 perforating ulcer of the tleum near the entrance of a Meckel s
diverticulum  because 1t supported s view that the prinaipal aetio~
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logrcal agent 1n gastric and duodenal ulcer 15 the corrosive action of the
gastric yuice Palmer and Hemnz (1934) stated that i view of thewr clineal,
pathological and expenimental observations, 1t 1s apparent that peptic ulcer
occurs only 1 assoctation with acrd gastric Juice, that the vartous stages from
ulceratrve gastritis to the formation of callous ulcer have been deseribed
anatomucally, that all of these stages have been reproduced expenimentally
by vanous methods which increase the exposure of the mucosa to acid
gastric chyme, and that 1 normal tissue acid gastric jurce alonc 15 able to
imtiate, maintain and extend an ulcer This brings them then, to a conaidera
tion of the process which renders an ulcer sensitive to otherwise madequate
stimuli They claim that there 1s evidence that this 1s due to the mnflamma
tory process 1tself, even though Singer and Palmer were unable to establish
a relationship between the various degrees of infl: 1on and the ity
of ulcers, and they suggest that this may have been due 1n part to mability
to find 2 satisfactory means of measuring degrees of inflammation They
consider that the climical evidence of such relationship 15 quite definite
The first symptomatic signs of subsidence of the inflammatory process and,
therefore of healing should be and are 2 cessation of spontaneous distress
followed by failure of the previously adequate stimult to produce pamn
Dunng the first few days of antacid therapy, and also during the early days
of a spontancous remmssion, during which time the reparanve healing
Pprocesses are apparently 1n the ascendency, the sensitwaty to acd more or
Iess raprdly diminishes, more time 1s required for the production of pain, and
the resulting pamn becomes less and less severe (Palmer, 1930) Comcrdentally
the epigastric soreness and the ngidity of the rectus muscle disappear Berg
(1931) has shown roentgenologically that these phenomena occur long before
the ulcer crater closes Palmer and Hetnz (1934) consider that the acid
genests of these ulcers is perhaps most conclusis ely proved by the experimental
production of ulcers of Meckel’s diverticulum by Matthews and Dragstedt
(1932) [Critical comment on these experiments has been made on a previous

age
P Inginn and Bollman (1935} observed that whereas the reaction of the con
tents of 1solated duodenum remarns remarkably constant that of thentact
duodenum particularly the first few centimeters, undergoes marked fluctuz
tions The site where duodenal ulcer develops 1s the chenucal battle ground
of the gastro intestinal tract QOchsner, Gage and Hosor {1934) found that
repeated feeding with 1 per cent solution of hydrochlonc acid produced
mulaple acute lesions, petechiac erostons and shallow ulcers of the stomach
and duodenum, as early as five days after starting the experrment After two
mouths there was an associated gastnitis and duodenitis and an ncreased
mucous production Stevens (1935-36) mtroduced a cannula through the
first part of the duodenum and another canula through the third part of
the duodenum acid mtroduced through the first and recovered through the
second fistula howed that the duodenum was capable of neutralizing an
average of 1,800 cc of 0 5 per cent HCI in 24 hours
Howes Flood and Mullins (1936) cut (through a gastrostomy) a one sq
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€M i the MUCOsa of the Postentor wajy o the antryp, 1-3 em

no
Tcndcncy to chromclty Was not mereased The Tegeneration of the fibroys
tissue or of the €pathelim once starged was not Prevented by repeated
nsults of these solutiong €y coneluded that the 8astnic yuyyca of patients
with chropye Pepic ulcer hos 1o more Capacity o CaUse an acyge Mucosal
ulceration, ¢, ecome chrope than dpes artficial gastric yuice

Schmdy and Fogelson (1937) who Tepeated the SXperiments of Silber
Mmann (1927) and Prolongeq them to 02 days obseryed 10 changes 1, the

s thus ¢

Y Omdorgr Bergh and lvy {1 935) with hutamme and pdocarpme They
thoughy that the ulcers describeq by Sllbcxmann (1927) were of 5 type
Which resy), from Vomuting ang Malnutrryon

Matzner and Windwer (1937) 1 €XPeriments which lasted an average of
16 days 4, m which lestons Were produceq m the fcrcs!omach (rumcn) of
the rat found thay 2 I per ceny solution g cqually 5 effective 55 2 20 per
cent solution of Pepsin with , 03 per ent solution of hy drochlor;c acid

Wangcnstecn Varco Hay, Walpole and Trach (1940) nstilled hydye.
chlonc aad (0 4 per °ent) over an mtery 3] of 1546 4, 1
€C per hour bcmg allowed ¢, Tun mto the fasung Stomach by the dry

8ravity methog through; , &astrostomy °pemng Tha Mstillations v epe Made
daily fo, 637 hours (]

Mucoys me, Tane whcp Was subjected 10 the action of the Patient s gy
gastne juyyee for ¢4 days The denudeq surface ncreased g, S1ize and depth
€ end of Sure m

1t measyreq mm i 1ameter ang Presented 5
Punched oy 3PPearance of 3 chronye beptic yleer With well.ge.
11

Ng base y n the lesion Was protected from e Bastric
Jwice Complete healmg Occurred yy, 3 da;
has poing d

Palme, (1942) €d out thae from 5 Practica] Pomt of vy, acute
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ulcers are of bttle importance for they heal quickly and usually produce few
or no symptoms He argued that the chronic leston must obviously onginate
mn a breakdown of the mucous membrane and produce a defect which pro-
ceeds to the formation of a chrome leston Pepuc ulcer accurs only m the
presence of gastnic juice, only m those individuals whose stomachs secrete
acids and only 1 those portions of the digestive tract exposed to the action
of gastric yuice The leston 15 a penetrative one, beginmng 1n the mucosa
and dependent for its extension and progresston upon the abthty of the gastic
jutce to kil and destray hwing tissue It may he visualized that the acute
pracess whach 1s responsible for the tmtiation of the lesion produces sts effect
before the of the b takes place, that 1s to say, a
state which corresponds to the pre ulcerative condition and that the persis
tence of this process establishes and mamtains the chrome lesion

Dragstedt (1942) thought that the ch 1 and meck 1 trauma
produced by the normal gastric content, 15 not sufficient to cause ulcer in
the normal gastric and duodenal mucosa and prevent healing or delay mate
rially the healing of extensive lestons artificially produced This resistance to
the digestive action of the normal gastric contents 1s moreover not hmited
to the gastric and the duodenal mucosa but also 15 displayed to a consider
able extent by such organs as the spleen, the kidney and the pancreas

Shay, Komarov, Fels, Meranze, Gruenstemn and Siplet (1945) studsed the
effect of the gastrc jusce 1n 87 cats After prelmunary starvation they ligated
the pylorus and sacrified the ammal after 17-19 hours Ont of 87 anumals,
80 showed gastric ulceration, most promunent m the rumes, frequent 1n the
antrum and Jeast often mn the body of the stomach~—thss ulceration was
prevented when there was food 1 the stomach, but starvation aloze, even
after 72 hours, did not produce any recogmizable lesions m the stomach
mucosa Similar results were obtamed 1 rats by Burkle de Ja Camp (1929)

Friesen, Bar fiky and W: (1946) could not duplicate the
results of Mann and Bollman (1932) They were unable to produce ulces 1
4 dogs by perfusmg 82-108 cc per hour of 04 per cent HCI for 657
hours during 15-46 days Cummuns Grossman and Ivy (1946) gave
continvous gastric perfusion of 0 1 v HOL per gastrostomy (7183 cc per
hour) which resulted m the develop of duodenal or gastme uleerations
m from 50 5 to 90 hours in all of 5 dogs Severe acidosisan all of these animals
was evidenced after 12 hours by vomiting and weakness Blood gH determma
tions of 2 of the dogs were 7 14 and 7 10 after 33-52 hours respectively
Four more dogs were also gven 0 16 N NaHCO, by continuous drip pti
termnal ileostomy 1n addstron to actd by gastrostomy and mamtained ncrm;s
aad base balance asjudged by daily blaod pH determmations, these anun
ate well and developed no ulcers after from 59 hours to 12 days Two addmn}t:
al dogs 1n these series were fasted,, 1 showed no ulcer after 80 hours, and the
second, after developing an acidosts due to mnadeq troduction of base
{the blood gH dropped to 7 25), resealed a duodenal ulcer after 54 5 houss
To ¢l the possibulity of regurg of base into the upper gastro
intestnal teact 0 16 N NaHCO, was mtroduced by continuous dnp m 3
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fasted dogs receiving acid by gastrostomy, normal blood $H lecels were
mamtained and no vlcers were found when sacnficed after from 74 to 77
hours They concluded that thew studies showed that contisuous gastric
perfusion of phynological amounts of HC! will conustently produce ulceration
of the upper gastro ntestinal tract mn dogs and that the prevention of the
systemuc acsdosis which rasults from such acid itzeduction will annul the
ulcerogeme effect of the acd (¥t will be noted that the anmmals display sigus
of acud g and weaks before the ulcers are formed and that
the lestons are produced by the toxaemia as indeced s shown by the fact
that the establishment of the normal bloed p the or

of ulcer)

Stemn Grossman and Ivy (1947} observed that (1) prumary closure of the
Headenhan pouch resulted 1 acute uleer formation with perforation m all
cases, {2} secondary closure resufted i acute ulcer with perforaton m 50
per cent and {3) pomary closure with daily aspiration resulted 1 acute
ulcer with perforation 1 75 per cent of the cases

Bernstean {1947) commenting on expenments i s department by Matz
ner and Windwer (1937) on rats which had been fed and starved on
alternate days, found that hydrochloric aad in excess on the fasurg days
produced ulcer lesions m 10 per cent of the rats but sf pepsin was added 1n
the same way, lenons 1n 85-80 per cent were produced In gaving different
foods the following findings appeared  the rats that had fat with the pepan
and HQl developed wleer 1 70 per cent of the number used Those with
glucose developed ulcer su about 50 per centand those with prowein developed
1t 1n a small percentage of cases

Fogelman, Grossman and Fvy {1949} who wsed the methods of Cummuns
Grossman and Ivy (1946) found that the threshold of acid
needed to produce ulceration lies between @ 10 N and ¢ 15 N when 8-10 cc
per kilogram of body weight per hour are mfused continuously into the
stomachs of dogs for 6 days or longer and the blood pH 1s kept normal
P of acdoss p ulcer i when 010 N HC! {wath or
without pepsm)} 13 wmfused mto the stomachs of dogs

James and Pickerng (1949) beheved that the acd factor was operanve
m duodenal uleer but not 1n gastnie uicer They made 24 hour observations
of the gastric aeidity on 20 cases of duodenal ulcer with 23 cases of gastric
uleer and 20 controls They found that subjects wath duodenal ulcer yielded
more and subjects with gastrc uleer yielded less hydrochloric acid per hour
than normal subjects They emphasized that the ohservattons described 1
therr paper provided no proof that acid 13 or 18 nat a factor i the pathogenesns
of ulcer but they believed that the and hypothesss was extremely strong
as regards duodenal uleer but as regards gastrie uleer their observations
have led them to precisely oppostte conclusions and therefore they deduce
{1} that gastine and ducdenal ulcer are y distinct disorders and
that the chuef agent w their pathology 18 diffexent and (2) that there 15

haag other than mntragastric acadity which 15 the essential agent i the
pathogenesis of gastric ulcer
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According to Ivy, Grossman and Bachrach (1950) the threshold of acd
tolerance of the duodenal mucosa 1s unusually high, as mdicated by the fact
that from 1,800 to 2,400 cc of 0 I N (0 36 per cent) HC! may be mtroduced
datly at a steady rate for 10 days without causing an ulcer, provided an
acsdosis does not result The fact that the ulcer occurs m a cirenmseribed
area shows unegquvocally that the factor of a localized area of lowered resist
ance plays a role so that a mummum of two factors constantly exist 1n aetto
logical considerations of peptic ulcer, one 1s a Jocus mnoris reststentiae and
the other 1s acid, a view similar to the one suggested by Mathieu m 1893

Shay, Gruensten, Siplet and homarov (1948), who found that the pre
feeding of approximately 25 per cent more hydrolyzed proten resulted in a
very marked increase in the resistance of the rumen mucosa to peptic
ulceration, believed that 1t represented a true ncrease m the mucosa
resistance and that 1t 15 to be distinguished from the protecuve effect
obtamed with the other agents, for example antacids, which act by depressing
the digestive power of the gastric juice Debray, Laumonzer, Ravault, and
Rousselet (1950) confirmed the role of the non buffered gastric yuice 1n the
production of the lesions but beheved that vaso motor reactions explained
the vanations 1n the results which they observed

Madden and Ramsburg (1950) produced ulcerations of the fore stomach
of 80 per cent of Shay rats which were starved for 24 hours pre operatively
and for 18 hours post operatnely, water being withheld The gastric secre
tion ratio was 12 5 ¢c, the gH varted from 1 1to 1 8 Alumnum hydroude
therapy prevented ulceration Ligation of both vagy, ureters or common bile
duct, produced a profound reduction 1 gastric ymcee volume and fore stom
achs free of ulceration Madden, Ramsburg and Hundley (1951) confirmed
these observations and expressed the view that the Shay rat 1s a valuable
means m the study of the factors which mfluence the rate of secretion, and
of only hmuted value 1n the study of the ulceratrve process per s¢

Lambling, Bonfils, Hardoun and Hewatt (1951), who repeated the expert
ments of the Shay rat with some shight medifications, found that the lestons
could be related to the alarm syndrome Bonfils, Hardown, Lambling
and Tremolieres (1951) found that nephrectomy, which did not affect the
gastnic acdity, prevented the ulcerauon m 5 (25 per cent) out of 20 rats,
adrenalectomy, which reduced the volume and the total acidity of the gastnic
secretion, prevented ulceration in 8 (72 8 per cent) out of 1} rats

The wmdirect approach
Anndirect approach to the acid factor 1n chronic ulcer formation has been
suggested by the effect of acetylchohne and histamine

The function of acetylchohne tn the production of ulcer

Ommdorfl, Bergh and Ivy (1935) studied 3 sertes of dogs of which th;
first group was mjected with histammne every 2 hrours for 60 days, the sccon}’l
group with pilecarpine every 2 hours for 37 days and the third group witl
pilocarpine and hustamune every 2 hours for 50 days Although these
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mjections were followed by hypersecretion and hypermotility they were
unable to produce chronse uleer 1 dogs by exposing the mucosa of the stom
ach and duodenum for long pertods of time to the constant activity of a
gastnic yusce rich 1 aad and pepstn

Necheles, Levitzhy, hobn, Maskin and Frank (1936) following on the
observatian of Dale and Feldberg (1934) of the presence of increased amounts
of acetylcholine in the splemc blood after sumulation of the vag, suggest that
1f the stomach of the dog would show a derable degree of v 1
uon to small doses of acetylcholine 2 possible explanation of the genesis of
gastnitis and peptic ulcer mught be entertamed Thus belief was strengthened
by the fact that the stomachs of ulcer patients frequently display permanent
and wmereased actvity, which may be due to a more contnuoys production
1n these stomachs of acetylcholne than ocecurs s normal stomachs (Neche
les, Frank, haye and Rosenman 1936b)

Necheles and Neuwelt (1938) suggested that the occurrence of acute peptic
ulcer after the admumstration of extracts of postertor lobe of the pitustary
35 produced by acetylcholine as a physiological antagomst of prtwtrin

Wnght, Jenmngs, Florey and Lium (1940) state that the general concluston
appears to be jushified that the gut, probably mn 1ts rich nerve plexuses, makes
arelatvely large quantity of acetylcholine, which 1s prevented from acting by
the sympathetic nerves The mhibrtion can be overcome expenmentaily by
the admmsstration of esenne or by section of the appropnate sympathetic
nerves

Discussing the work of Necheles and hs co-workers, Babkin (1944) stated
that the concentrations of acetylchokne that produce constriction of the
blood vessels in the stomach of the dog or the rat are supposed ta correspond
to those found by Dale and Feldberg {1934)—about 27 gamma per cent—
1 the blood of the dog after 13-2 munutes strong sumulation of the vagt
In the expeniments of Necheles and hus co-workers larger doses produced
vasotilatation Dale and Feldberg observed a marked output of acetylcholine
from the stomach under vagal sumulation only when the action of the vag
threw the muscular wall mnto vigorous contracuon but wmn erder to obtam a
secretory effect much more protracted stmulation of the vag: 13 required
—say of 20-30 munutes duration or more Therefore argues Babkn 1t
seerns hikely that in the espertments of Dale and Feldberg the acetylcholtoe
was denved from the muscles rather than from the mucous membrane of the
stomach The theory of the genesis of gastric ulcer formulated by Necheles
and his 18 ot ble with the pton that h may
be one factor in the prod of this d H; he beheved,
was Iiberated mn the gastnic mucosa by acetylcholine Would not acety!
cholne 1f produced 1n unusually large amounts by the action of the vagus
nerves mobilize 1 1ts turn an excess of histamine which mught disturb the
blood aurculation 1n certamn regions of the gastric mucosa?®

Stavraky (1945) observed that acetylchgline, when snyected sto vanous
branches of the gastic artery 1n dogs maq hada
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to evoke different responses from different regions of the viscus Gastric juice
secreted from the lesser curvature was of low acidity but contasmed large
quantitzes of mucus and pepsin An abundant flow of alkaline gastric juice
was usually obtamed from the greater curvature of the stomach

Kammerling, Slezak and Grossman (1951) studied the effect on acd
secretion of usigation with acetylcholine of the gastnic mucous membrane
m two dogs with Heydenahin-type vagally denervated pouches of the fundus
and one dog with two pouches, a2 vagally denervated fundus pouch and a
vagally denervated pylonc pouch They found that 1t imuated a small
secretion of the fundic pouch or, if histamme was given, that it augmented
the rate of acsd secretion These effects were of small magnitude and did not
occur regularly

The function of hustamune an the production of ulcer*

Since 1t has been suggested that the presence of histamine 1n the stomach
may play a role 1n the pathogenesss of ulcer, the pharmaco dynamuc proper
ties of histamine will be briefly reviewed in order to estabhish 1ts brological
function

THE BIOLOGICAL FUNGTION OF HISTAMINE

The sigmfi of the hological fi of histamine will be made
clearer by a brief historical summary

Barger and Dale (1910) discovered 1n ergot the presence of a substance
which had the physiological properties of beta imudazol-cthylamine Acker-
mann (1910) showed that 1t was produced by putrefaction on beef pancreas
and that the abbau occurred either by decarbogylation or deamunation
Barger and Dale (1910b, 1911} established that 1t was a depressor constituent
of the mtestnal mucosa Dale and Ladlaw (1910-11) observed that &t
mereased the tonus and exaggerated the rhythm of contraction n plan
muscle (confirmed by Guggenherm and Loeffler, 1916}, that 1t was related
to shock was confirmed by Abel and Kubota {1919) who isolated histamme
1n erystalline form from the mucosa of the dog’s stomach and small mntesane
Mellanby and Twort (1912) 1solated from the mntestinal contents the bacillus
which converted histidine into lnstamine  Roger, Rahe Fawcettand Hackett
(1915) observed that the non coagulable portion of the agueous extract of
various organs contamed a depressor substance which affected smooth mu:di
and stimulated gastric secretion (an observation made by Vincent an
Sheen, 1903) Koessler and Hanke (1919) confirmed the work of Ackermann
(1910} and produced histamune fom histdmne by B Coli commums Best
Dale, Dudley and Thorpe (1926-27) 1solated hustamune and cholne from
alcoholic extracts of fresh liver and lung Irradiation of histidime wath ultra
violet rays 1 o120 and 12 ntre produces histarmine (Eflinger, 1930, Bourdﬂlmg
Gaddunt and Jenkins 1930) hoessler and Hanke {1924), who 1nvestgate
the ntermediate metaholsm of ammno aads, observed that a low protan

% See alsa Hustamine and Histapune beeswax Ulcer 1o the chapter on Experuncntal
Ulcer n Pact 1T
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d

diet pi d alow of the ymdazol plex, while 2 high protein
duet produced a high excreuon Gerard (1922) observed 2 smilanty between
the propetties of lustammne and those of the fiud found above an obstruction
of the small intestine 1 expermental animals

Histamne 1 present along the whole length of the digestive tract of the
gunea pig (Schuld, 1939) The hustasune present i the gastric mucosa has
been determined by Gavin McHenry and Wilson (1933), Emmehn and
Kahison {1944) and Trach, Code and Wangensteen {1944)

Douglas Feldberg Paton and Schachter (1951) d d the }

quivalents of the diffe and layers of the wall of the dog s diges
uve tract, They found that the wall of the oesophagus contans relatively httle
hustamine, that the fundus and the corpus of the stomach wall contamn

derabl, of b , and about twice as much as the pylonic

regon, that the wall of the large of and
that the values are hughest i the duodenum and decrease gradually and
continuously down to the rectum In all regions the greater part of the
hustamoe comes from the mucosa (Gavin, McHenry and Wilson, 1933)
The sub latively hugh b values those of the muscu
lans externa are lower than that of any other layer In those parts of the
digestive tract where 1t 15 possble to separate the mucosa nto two layers,
glandulars and Jans most of the histammne 15
usually found n the latter In the mtestinal wall the musculans mucosa
alone of all fayers retams a consistently high content of hustamune from the
duodenum to the rectum  All other layers contam progressively less as the
caudal £nd of the mtestine 15 approached

THE PHARMACOLOGY OF HISTAMINE

In man (and also i the dog and monkey) histanune produces arteriofar
dilatatson 1 addition to capillary paralysis Subcutaneous mjection 1n man
of 03 mg of lustamine causes gencral flushing of the skin and a nse m tem
perature of 1° or 22 C 2 small decline of systobic, 2 great falf of diastohc
pressure, and a nse of pulse rate Even a dose of 0 06 mg causes flushing of
the skin of the face and a rse 1n temp of05° C H 15 kit d
1 various organs as part of the response to tusue myury In a concentration
of 1 1 3,000 1t produces the triple response of Lewrs (1936)

Hustamine contracts smoath muscle throughont the body including that of
the bronchioles and intestne The role of small doses 1 the production of
anaphylacte shock needs no emphass and 1ts relation to bactenal infection
and bactenal towns which produce tissue damage has been well recogoized

Ivy and Javors (1924-25c) have shown that hustamine leaves the gastric
secretory meck T y—the degree depending wpon the mode of
admmnstranon—and that the normal intesunal mucosa possesses the power
of rendenng mert relauvely large quantities of histamine Cell mjury by
perfusion with snake venom (Feldberg and Kellaway, 1937) and staphylo-
coceal toxan (Feldberg and Keogh, 1937) bberates hustamune Increased
exertion of the heart hb an d amount of b (Gaddum,
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1948) Dayenport (1947) found that the metabolsm of the stomach 12 not
detectably affected by } A hing to Hallenbeck, Code and
Gregory (1947) hstamne may be a final pathway for a vanety of physio-
logical mechamsms which lead to excitation of the gastric secretory cells It
should also be noted that many physiological processes are affected s
opposite directions by lustamine and epmephrine

Aceording to Gaddum (1951) the antihistanunics antagomize all effects of
lustamine except that on the gastric jusce He stated that we do not know
whether histamune 15 to be regarded as an essential part of the normat
machinery without which the body would not work, or whether st 15 2
substance which appears only as part of the response to mjury, and we know
that the body of the cat, for example, contams enough hsstamune to kil the
cat, but we do not know why 1t does not normally do so

According to Code (1952) the histanune of blood from different species
varies widely The range wathun the species 1s more restricted The concen
tration of histanune 1n the blood of rabbts i the highest (1-4 or 5 g/m})
and the lowest 1n dogs (up to 004 g/ml) In man 1t ranges from 002 to
08 g/ml In the blood of most species, including man, the granular senes of
leucocytes (myelocytes) are the astanune carmers s the blood Normally
hustarune 1s held safely wathin the cells of the blood so that hittle or none 12
frec 1 the plasma to produce physiological effects

THE RELATION OF HISTAMINE TO PEPTIC ULCER

A conuiderable number of expeniments with histamne and the histanune
Bbeeswax muxture have shown that a peptic ulcer can be produced by 18
admmtstration, but it 15 essential to pomt aut that unusually large doses of
histamine were used—30 mg a day 10 dogs and 5 mg 1 gunea pugs—which
are out of all proportion to the size of the ammal and do not bear any relation
to the amount of hustanmune used 1n gastric tests i the human, m whom 1 mg
frequently prod pl If1 were an active factor
1 the production of the ¢k leston, h should prove of
climeal benefit This, however, 1s not the case, nor ha. histanmunase any effect
on the gastnc secretions

Intravenous ad of 1 wn dogs does not effect the
gastric secretory re.ponse to a meal or an mjection of histamme {Atlunson
and Ivy 1934} The daly oral ad ratson of h powder for &

pertod 0f 21 days had no effect upon the acidity of the gastrie juice (Biguna
and Canzanellr 1934) McIntosh (1938) could find no significant mctcasc‘m
blood histamine after feedmg, nor after the iy of 1 mg sub ¥
Schuf (1938) gave 799 subcutancous nyections over 4} years of 05 mg
doses of lustamine to one patent He gradually induced a lowenng of total
acidsty and free hydrochloric acid and the patient developed an absolute
histamune refractory achlorhydna which was folfowed by a relative achlor
ra
hyg}ray and Bachrach (1940) have ind d that alcohol stimulates gastric
secretson by causing the liberation of hustamune and that atropine does not




THE ACID FACTOR IN THE CAUSATION OF CHRONIC PEPTIC ULCER

2bolish the secretory response to alcohol This indicates, according to Drag-
stedt Gray, Lawton and Ramirez (1940), that alcohol refeases hustamune by
a different mechamsm namely, tmitation from that concerned mn the release
of listamune by secretagogues in food

Atkinson, Tvy and Boas (1941) and Necheles and Olson (1941) could find
no significant decrease of gastric acidity, and Slutzky and Dietz (1942) did
not observe any wlibitory action of b which did not prevent
the development of pepuic ulcers in dogs fed with anchophen

Shumkin Zon and Crigler (1943) found that blood histamune 1s wathin
normal hmutsin patients with gastric carcinoma and with peptic ulcer There
18 o relationship between blood histamine and the presence or absence of
free hydrochloric acid 1n the stomach

It 1s1nteresung to note that Jacob and Isracl (1938) suggested the admm
stranion of small doses of lstarmne for the cure of chrome ulcer Nakoda
{1939) claimed good results from the adi ationof mduodenal
ulcers The mechamsm of ulcer pain appears to be vascular and 1s reheved by
histamune which relaxes vascular spasm and increases splanchmce blood
supply Since he obtaned excellent results with daily inyections of 02 mg
0[ i k h d e (Ll { {

phosp he r

to prevent recurrence

Best and McHenry {1930) considered that there was no physiological
basis for the chimeal use of listarminase

Friesen, Baronofisky and Wangensteen (1946) observed that the antt
histarmine drug Benadryl fails to alter the secretory curve and also that 1t
fails to protect agamst the histamine provoked ulcer

hahlson {1948) stated that no expenments have been published which
demonstrate or even indicate that iberation from the pyloric regron of excess
histamine 1nto the blood occurs dunng the nervous or chemucal phases of

gastnc and he ¢ Actually 1t would seem rather unwise of
Nature toresort for this purpose to a substance which in concentrations i the
blood plasma suffi to late gastric would produce a vanety

of other effects such as general vasodilatation merease in capillary permea
ality, contraction of smooth muscle and mn hypersensive persons, even
headache Ol ly the role of m 1 gastric
lc):;nm be that of a hormone carried 1n the blood stream to all parts of the
Y

Hale and Grossman (1949) found that 3 week-old healed fundic and
pylone excisional ulcers 1n dogs did not break down and re ulcerate dunng
the ad of h Ithough ulcers developed 1 the ad
normal mucosa of the pylone portion of the stomach and duodenum

Ambrus, Ambrus and Harnson {1941) stated that treatment with mcrea
sing doses of histamne decreased the gastric secretory response of guinea
pigs to histamine injection Parrot Debray and Richet (1945) found n
pauents with peptic ulcer that the level of | 1n the blood i
suddenly and was from 4 to 30 umes greater dunng pamful penods, the
blood level was however, normal dunng pamless perods They ob erved
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1948) Davenport (1947) found that the metabolism of the stomach 1s not
detectably affected by histamine Accordng to Hallenbeck, Code and
Gregory {1947} histarune may be a final pathway for a vanety of physio-
Togacal mechanisms which lead to excitation of the gastric secretory cells It
should also be nated that many physiological processes are affected m
oppostte directions by hustamune and epinephnne

According to Gaddum (1951) the antthustamunes antagomze all effects of
histanune except that on the gastnic juice He stated that we do not know
whether histamine 15 to be regarded as an essential part of the normal
machinery without which the body would not work, or whether 1t 15 a
substance which appears only as part of the response to mjury, ang we hnow
that the body of the cat, for example, contams enough histamme to kil the
cat, but we do not know why 1t does not normally do so

According to Code (1952) the hustamine of blood from duferent species
raries widely The range withmn the spectes 1s more restricted The concen
tration of hustarune tn the blood of rabbits m the highest (14 or 5 gfml)
and the lowest 1n dogs (up to 0-04 g/ml) In man 1t ranges from 002 to
08 gfm! In the blood of most spectes including man, the granular senes of
leucocytes (myelocytes) are the histamine carners m the blood Normally
hustamine 1s held safely wathin the cells of the blood so that httle or none s
free m the plasma to produce physiological effects

THE RELATION OF HISTAMINE TO PEPTIC ULCER

A considerable number of experiments with histanune and the histamine
beeswax muxture have shown that 1 peptic ulcer can be produced by 18
admmstration, but 1t 15 essential to pomnt out that unusually large doses of
histamine were used—30 mg a day tn dogs and 5 mg m gunea pigs—which
are out of all propartion to the size of the anumal and do not bear any relation
to the amount of listamune used 1 gastric tests i the human wwhom 1mg
frequently produces unpleasant reactions If hustamme were an active factor
1 the production of the chrome lesion, anthistammcs should prove of
clintcal benefit This, however, 1s nat the case nor has histammnase any effect
on the gastric secretions

Intravenous d aton of | 1n dogs does not effect the
gastric secretory response ta a meat or 1n mgection of histammme {Atkmson
and vy, 1934) The datly aral admunistration of histimunase powder for a
pertod of 21 days had no effect upon the 1adity of the gistric yutce (Biguna
and Canzancll: 1934) McIntosh (1938) could find no significant ncreasein
blood histamine after feeding, nor after the i) of I mg sul
Schuff (1938) gave 799 subcutaneous myections over 4} years of 05 mg
doses of hustanune to one patient He gradually induced a lowermng of totl
aaidsty nd free hydrochlone aad and the patient developed an absolute
Mistarmne refractory achlorhydria which was followed by a relative achlor
hydna

yGr:xy and Bachrach (1940) have indicated that alcohol stmulates gastnic
secretion by causing the hiberation of listarmine and that atropine does not




CHAPTER 13

FACTORS PREVENTING HEALING

Cohnherm (1890) recognized that the real difficulty was to determne “the
unknown something which prevents the healing of ulcer

Mann (1925a) pointed out that the same factors which produce the ulcer
prevent 1t from healing In the absence of gastric content no ulcers will
form Chemucal and 1 1 factors, 1nfe and 1mpaired local resist
ance may be mvolved

The fact that hunger pain 1s abolished by alkalis suggested to Palmer
Schindler and Templeton (1938) that the most effective means of promoting
healing 1s to prevent the ulcer from cormngnto contact with acid gastricjuice

Quugley (1942) suggested that hunger contractions through mechanical
trauma to the area mnvolved which may give nisc to constderable distress 1n
the patient wath ulcer may also prevent healing of the ulcer Hunger contrac-
tions shonld therefore be controlled but Rogers and Hardt (1915) and
Mulinos (1927) could not establish any sigmificant difference between hunger
contractions and digestive contractions and Brody, Werle, Meschan and
Quigley (1940) found the motlity similar during fasting and after feeding

Gill and Keele (1943) ponted out that at pH 23 peptic actvity 15
sufficiently reduced for healing of a lesion to take place complete 1nactiva
tion being unnecessary

Mann (1951) re d that the ag responsible for producing the
ulcer prevents its healing Only when the ulcer 15 protected from the acid
gastnic content to such a degree that the ever present reparative process can
take place faster than the destructive process does healing occur, regardless
of the mmtial cause of the pepuc ulcer

One cannot avoid the conclusion that an active element must be mvolved
i the delay of healing of the chronic ulcer and that only when 1ts activity
15 abolished by 1ts removal will the ulcer proceed to heal

THE FUNCTION OF THE GASTRIC MUCUS

It 15 generally recogmzed that one of the main functions of gastric mucus
18 1ts protective action of the gastric mucosa against all forms of irntation
but particularly agamst the chermical ones Mucus mixed with gastric yuce
goes partly into solution and raises the digestive power An absolute or
relatve defictency of gastric mucus has been suggested as a possible actzolo-
grcal factor 1n gastro-duodenal ulcerative disease

239



THE TIEORIES OF CHRONIC ULCER FORMATION

an mncrease 1n the histamme level in the expenmental ulcer produced by
phen They Lambling, Moutier and Girrault, who prescribed

histamine for ats therapentic value because small doses abolish ss secretory
stimulaung action Heteny: (in Boller, 1954} stated that 1n association with
Borbola and Bitich he d rated that the | content of the gastrie
Juice i active ulcer cases 18 markedly dimimshed (under 20 » per hire) and
returns to normal tn the 1nactive phase

Ashford, Heller and Smart {19492) in a seres of 14 expersments on 12
normal and 2 gastric ulcer subjects, found that myectons of 054 mg of
histanune caused a moderate rise 1 mean pepsn concentration concurrent
wath the rse in acid concentration and flud volume

It should also be remembered that hustamune does not gave a maximal
sumulus abke to the secretion of pepsin and mucus as 1t does to hydrochionc
acid Since with chronic peptic uicer there 1s an ancrease in the secretion of all
three substances 1t 1s dufficulit to ge how § could be implicated
n #ts production without affecting the secretion of pepsin and muces




FACTORS FREVENTING HEALING

that mucus has a part m the mechanusm which prevents digestion of the
gastric taucous membrane by its own secrenion Hollander (1944b) held a
sumlar view

Vanzant (1947} found that excesave secretion of mucus was one of the
most strakng and typeal resultsof vagotomy W olfand Wolff {1947} observed
that the gastric mucosa 1s more easily damaged when engorged Under nor
mal cancitions 1t 15 very renstant to nouous sumul, ypecacnarha and mus
tard caused no visble change sn the gastric mucosa which 13 protected by
mucus According to Woll and Wolff {1948) gastnc mucus 15 elaborated m.
mereasmg amounts as & response o physical and chercal stomuls as 2
Pprotection agamst iury

Glass and Boyd (1950) who studied 60 patients wath peptic ulcer and 106
controls with sarous gastac disorders found no evid to snd a
deficiency of gastric mucn or ity fracions m fasung secretions or after
humoral or central vagal sumulaton m the gastric content of patients with
gastne or duodenal ulcer

Mucus appears to protect the stomach by {a) its presence s the surface
epathebal cells (B) s r to peptic dag {c) xts sntal to
peptic actnty (d) 1s capaaty to neutralize and buffer acd {¢) sts tendency
to become more viscous with an increase n acdity and (£ sts tendency to
cover the gastne mucosa by a more or less contiouous film (Hollander 19513

There 33 no evid of a defi mucus m peptic uleer cases It
has been shown that the secrenon of mucus 18 stimulated by acetic acd
teholine aleohol } wmsubn h 1anitaton plocarpine

sham feeding stimulatuon of the splanchnic nerves and the vag (Babkin
1900)

Frazer at the 2nd International Congress of Internal Mediine London
1852 reported that ranad fat produced tve mucus

It may be stated 1n concluston that 1 the normal stomach there 15 an
ncrease of mucus in response 10 wrvaton and fer confra 1t may be deduced
that when there 13 an excess of mucus present s the stomach there 15 also
some factor which produces srrtation n the gastrac mucous membrane and
that the reaction may be considered as a true réflexe de defense

AUTO DIGESTION

(The defence smechamsmy
The fmbure of the narmal mechanism to prevent the digestian of the gastrie
miucous membrane by the gastnc secretions has been blamed as beng the
primary cause of uicer formation The earher authors beheved that the
wherent vitality ofsving substances provided 11s own protecuion john Huanter
(1772) reasoned that an ammal substance when jomed with the bving prin
aple could not underge any change i 1ts properties and the moment that st
fost the living ponaiple 1t became subject to the digestive powers of the
stomach for of the lving prnaiple was not capable of preserving anunal
substances from being acted upon by the process of digestion the stomach
stself would be digested Virchow (1853} suggested that when the normal
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Physio-chemucal properties

Mucus 1s secreted continuously (by the goblet cells) 1n the stomach
duodenum and jejunum {Btcher, 1932, Babkmn, 1944), and hasan alkalne
yeaction (Babkin, 1928, Westphal and Kuckuck, 1933, Hollander and
Lauber, 19482, b) Pyloric pouches whether inner ated or denervated secrete
continuonsly without regard to feedmg or starvation (Ivy and Oyama 1921}
Florey and Harding (1934) confirmed thus for denenvated pouches and
Jennings and Flarey (1940) for mnervated pouches

Both vagus stumulation {(Vineberg, 1931, Jenmngs and Florey, 1940) and
splanchnsc stmulation (Baxter, 1934, Jennings and Florey, 1940) resultn
increased production of mucus, cach probably from different mucous cells
Gastric mucus becomes more viscous as the acidaty increases (Bucher, 1932,
Webster and Komarov, 1932, Miller and Dunbar, 1933) while alkalies
decrease 1ts viscomty (Bucher, 1932, Fontame, 1932) Gastric mucus as well
as mucus from other sources (bile, salyva) mhubit peptic and tryptic digestion
and 1ts activity 1s not destroyed by boshing (Klug, 1907)

Gastric mucus possesses some neutralzing and buffering capacity for aad
Oune gramme of human gastric mucus will combine with 16-18 cc of 6 I N
HCL (Mahlo, 1938, Babkin, 1944)

It 15 resistant to peptc digestion (Schuudt, 1896, Pekelhanng 1902,
Caslson, 1916, Anderson and Farmer, 1934) and mhabits 1t (Babkin and
Komaroy, 1932, Bradiey, 1933, Bradley and Hodges, 1934, Zaus and
Fosdick, 1934, Komarov, 1935) The secretron of mucus 13 abundant
durng the secretory period following sham feeding, but following alcohl
and histamine the secretions are small (Webster 1929) The acid binding
praperties of the mucaous secretion have been shown by Mahlo and Mulk
{1934} and Ihre (1938)

Pathaol .
P A

Irntation of the gastric mucous membrane produces much mucus i
Paviov pouches of dogs (Sato 1906 Pevsner, 1907 Kaufmann, 1908,
Leriche 1932, Simpson 1934 Jenmngs and Florey 1940 Hollander, 1945
Hollander, Lauber and Stemn 1947)

Fontaine (1932) has shown that mucus possesses different unctorsal proper
ties according to whether 1t 1s 1 an acd or alkalme medium The thick glue
Irke viscous substance dissolvesin an atkahne medium Bucher (1032) warned
about the effect of the Sippy treatment which reduces the viscosity of the
mucus and so lowers its protective function aganst the action of the gastne
yuces Wilkinson {1932) found that mucus was absent or neghgible m all
samples of his cases of achyla of permcions anaenua after sumulation by
acetylcholine and histamine Ochsner Gage and Hosor (1934) found !hB;
the gastranis and duodenttis which was produced by the repeated feeding ©
hydrochloric acid was mvanably associated with an mecreased mucus pro
duction Henning and Norpoth { 1934) found the admmistraion of mucint 10
be benefictal i the treatment of gastnic wicer Komarov (1942a) suggested
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effect on Lving ammal and plant cells and as 2 corollary that auto-digestion
of the stomach and sntestine cannot take place Gastnc mucosa cells are
speeaabised cells adapted to the action of hydrochloric acid and simiarly the
hyphomy cetes and blastomy hsch den elop indaffe dsare adapted
to thesr ruben
Vyantand (1930} beheved that antt pepan xste m the gastric mucous
membrane and znn trypun wmn the mtesune and that these ant ferments
conferred an smmunsty on hesucs against the digestnve Juces Rlug (1907)
found that gastnc mucus which 1y always present 1 coniderable quantty
protects the mucous membrane by formung adsorption compounds with the
enzymes Katzenstein {1908) found that when he mtroduced the jepunum 2
closed intestinal Joop or the spleen into the stomach they were digested
but duodenum or stomach 1 an everted fold mtroduced nto the stomach
cavity were not affected Batzenstemn (1913) thought that antt pepsin was
present m all tissues but more partcularly 1n the gastne mucesa and that st
was cffective only 1n an alkabne milien
Best {1915) suggested that the bving tissues were protected by an “anti-
ferment and that the gastroantestinal mucosa elaborated 2 speafic secretion
which p d the h from auto-d Schoen and Grswold
{1947) expressed simsdar views
Smuth (1912 1913} studied morphological changes i tissues wath change
1 environment. He found that the changes in the gall bladder followang
autoplastic transplantation wnto the gastro-intestuial tract produced hyper-
trophy and not atrophy of the mucosa Bolton {1913) thought that a potson
of’ bolic ongin which fates i the biood may be eapable of muttatng
self-digestion and he musted upon the prnaple of the mmtation of self
dugeston by a blood posson  and 2f endogencus poisons are proved to produce
gastric ulcer 0 man 1t will no doubt be shown that they do thus by bringing
about a locahized necross of the gastric mucous membrane or hacmorrhage
mio it
Dragstedt and Vaughn (1924) produced large wandows 1 the stomach of
dogs and ito these defects they carefully sutured segments of duodenupm
yepunum aewm colon and such organs as spleen and kidaey In no case were
these ussues digested The exposed surfaces of the spleen and kidney were
soon covered by a fayer of newly formed gastnc mucosa while the mucosa
of the duodenal and 1 it d entwrely normal for
periods of at least 9 months Simular observatsons were made by Necheles
{.;;Zg;;nd Fernando (1926-27) de Takats and Mann {1927) and Morton
Michacls (1928} asked  “Why does not the acd pepsin cuntanung gastric
Juice digest the wall of the hving stomach 1tself?  and he answered that
s virtually certain from a hstologacal aspect that the actd and the pepsin
though produced i the same gland are not produced in the same cells The
muang takes place only in the cavity of the stomach Now the superficial
cell membranes which regulate the permeability of any cell seem to consst
of some lipoud substance Obscure and equi ocal though thus term may be

P
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1on 15 impeded, the hzation of the gastric secretion by the

blood ceases and destruction of the mucous membrane occurs which ulhma
tely leads to ulcer formation

Claude Bernard (1836), sn an expenment which has become classical,
showed that when the leg of 2 Living frog was placed through a fistula snside
the dog’s stomach, 1t was digested by the gastric yuice He beheved that the
epithehal layer 15 not easily acted upon by the gastric juice and that the
eptthelial cells are removed layer by fayer while the underlying ones succeed
m therr place He also attached smportance to the protective value of the
the mucus These observations were confirmed and demed by different
authors

Harley (1860) did not accept Claude Bernard’s view but drew attention
to the protectsve action of gastnic mucous secretton Pavy (1863) repeated
Claude Bernard’s expersment with a rabbit’s ear which wassumilasly digested
He, as well as Brinton (1863) and Cohnheim (1890) supported Virchows
{(1853) view Samelson (1879) observed that when he reduced the alkabmty
of the blood to neutral no anto digestion of the stomach walf occurred

Schuff (1868) introduced a piece of meat mnto gastric yuice, the effects were
visible on the muscular fibres which became swollen and gelatinous but the
epithelam was not affected When he scraped off the epithelium of 2 gastne
fistula, noauto digestron took place Ewald (1879) rejected Claude Bernard s
views because when he immersed the well shaved foot of 2 hving puppy in 2
very effective mixture of glycerine stomach extract and hydrochlone atd
at body temperature for 6 hours, 1t was not 1jured although the hind limbs
were paralysed following section of the spmal cord Gagho (1884) suggested
that 1t was the absorption of the digestive products from the gastric mucosa
by the blood and the lymph which prevented the anto digestion Frenzel
(1886, 1887) observed that when he put the hind leg of a hiving frog mto 3
solutton of pepsin and hydrochlaric acid (0 2 per cent) at a temperature of
38° C complete muscular destruction to the bone took place whileasoluton
of HCl alone produced only shight epithelial destruction and some oedema of
the tissues He drew attention to the fact that there was no auto digestionint
the intestine which had alkahne secretions and allowed, therefore tryptic
activity and had no further need for atkalnsation by the blood

According to Matthes (1893) the proteolytic enzymes do not destroy
hving tissue While pepsm does not destroy the gastric mucous membrane
and teypsin does not destroy the mtestinal mucous membrane they both
destroy the mucous membrane of the urmary bladder

Ferm (1895) reviewed the theories advanced to support the reasons winch
explamn the absence of auto digestion The witalisuc theory—the protection
by the zis utalis—faded as shown by Glaude Bernard s expeniments proteé
tion by mucus 2s rejected because the presence of mucus does not prevent
post mortem digestion and also because pepsin and hydrochionc acid are
secreted at a level below the mucus He also rejected Pavy s alkalizaton
of the blood since 1t would be nentrahized as 1t was secreted and there would
be no free acid 1n the stomach He believed that proteolytic enzymes have no
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and are pot chrunous the enzyme does not act on the surface membrane 5
congectural They pomt out that the bile salts which are warface actine sub-
stances would predisposé toauto-digestion yet tule salts are clasmed o tnhubing
pepsin (Pavlos 1910 confirmed the mbubitory action of bile on pepsm )
They make no reference m thew book 1o ther own obsenvations {Grant
Grossman and fvy 19$8) which showed that diwntegrate fchanges 1n the
tric surface cells were found an mucosa exposed to bile for a fow munutes
and that Cytolys:s of these cells suggests patental danger 0 the mucosa
should sustable condations for the action exast  They resterate thes presious
i {Bachrach G and Ivy 1946) but de not explun
h 5 what e 1ead to the establigh of these cond:
Since the mntestines are known to be digested quickly afier death stas pert
sntent to engure why auto-digestion does not take place n the intestine when
trypun 1y contderably more effective than pepsit (Pepuc ulcers do not
oceur below the emirance of the sommon bile duet)

Boles (1951) stated that there can be no doubt that hydrochlonc andisa
pr for the develog of ulcer and that en the other hand 1t1s
anconcevable that acd 1 2 normal environment produces uloer

Hollander {1934) has suggested a two-components seif regeneraling mu
cous bartter which protects the mucous b agamst auto-d

Selye {1954) vuing the granuloma pouch observed m the rat that
P ofawell dehmted o ve tigsie area wath an untant {sucl
aserotan o) rendersat to the usual dig effect of subsequently
apphed fresh homologous gastric yuce Thus snduced topical resistanes of
the connectivg tissue st abolished by severe sy stress {such as can be
caused by the combined effect of fasting and newromuscnlar exhausion) He
concluded that no special protective substatice of gastric ongin need be
mvoked to explam the well known resistance of gastric ulver areas to peptic
digestion the inflammation of the exposed area bemg i atseld sufficient to
mluce adequate tocal protection

¥t may be postulated w concl that wh h may be
anoled @ prory hydrochinne and cannot affect by seli the gastnc
mucous membrane for whick it provides 1< natarat unless i

assummed that some change takes place euther 1 the muceus wmembrane or
the acrd which wonld transform a nermal equibbrum nto a pathological
disegmibbnium  There 15 to evidence that either of these zlternatives ever
takes place That hydrochlone acd 1s 2 protopl n which « the
cause of the digestion of organue substances which are bronght mnto contact
with 1t s generally accepted, but the ad of large of
and fals to produce a lesion in the normal stomack as keag as the mucous
membeane remais imtsct—at may defay the heafung but cannot smnare the
organie defect Jtas ble to ge 3 m which and

because 1t destroys fiving tissue 1 general could normally affect the cell

which 1s responsible for 1ts secretion m 2 way whsch would bring about sts
awn destrucpon
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at least 1t 15 not a protein which may be subject to the action of pepsin So
the membrane of the mucosa, being mdigestible and certamnly also imper
meable for a molecule of such a large size as that of pepsin, wll prevent the
smtertor of the cells from being digested as long as the membrane 1s mtact
According to Northrop (1937) pepsin and trypsin are secreted mn an
mactive form—they are quickly removed from solution by dead organisms
They are not able to penetrate mto hving organisms
Horrall (1938) has pownted out that ile 15 very toxic to all body tissues,
especially when the bile salts are concentrated The bule 1n the gall bladder
1s from 5 to 20 tumes more concentrated than that 1n the hepatic duct but,
nevertheless, bile does not cause necross of the gall bladder
Dragstedt (1943) suggested that proteolytic enzymes release histamme
from cells, and produce angiotoxic phenomena {contraction of artenoles and
increased permeability of capillanies) but are not directly cytotoxic He there
fore postulates that the ability of proteolytic enzymes to digest organized
Iiving tissue may be dependent upon therr ability to wnjure cells, which n
turn release hustamine which impaurs the blood flow locally and causes the
cells to lose their relative resistance to digestion
According to Price and Lee (1946) omentum, intestine, hver, gall bladder,
pancreas, spleen, hidney, lung cartilage, skin and even the gastric wall
aself were subjected to gastric digestion i healthy dogs by implanting hving
ussues and organs mn the lumen of the stomach or by ensuring prolonged
surface contact with gastric secretion Virtually all the tissues and organs so
tested underwent digestion The ser lar coat of the h 1tself was
not exempt from auto digestion The one tissue which seemed to be immune
to ordinary digestion was gastric epithelum
Bachrach, Grossman and Ivy (1946) have reviewed the theories on the
resistance of iving tissue to digestion They refer (1) to Hunter’s theory of
the lving principle , (2) Bernard’s theory of the protective action of the
cpithelium, (3) Harley’s theory of the protective action of mucus, (4) the
Varchow-Pavy theory of the neutrahizing and nutrstwe function of the blood
supply, (5) Fermu s theory of the biochemical resistance of the hiving celt
and (6) Wemland s theory of anu ferments They considered the factors
concerned n the reustance of the gastro mtestinal tract to digestion and
studied (1) the reststance of the gastric gland, (2) the resistance of the surface
pithel (3) the of muscle cells, connective tissue, and fibro
blasts, and (4) the resistance of a chronic ulcer to heahng They concluded
that the stomach does not digest stself when the circulation of 1ts mucosa 1$
adequate, when the tolerance of the cells to acid pepsin 1s not exceeded and
when the nutritional or metabolic condition of the subject 1s adequate for the
regeneration and proliferation of the cells of the gastric mucosa and for
mucus secretion
Ivy, Grossman and Bachrach (1950) stated that st 1s well known that the
selective permeability of the cell 1s one of the remarkable atimbutes of the
Lving cell and that thas attrsbute disappears with death or imjury Why, 1n
the case of those cells which are known to resist tryptic and peptic digesuon
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PACTORS PREVENTING HEALING

ofa dary nfe n the h and 4

P
the green streptococeny
The three most rmportant factors 11 the problem of the pathogenests of
pepuic ulcer are according to Winkelstesn {1942} (1) the mechameal factor
(2) the acid factor, and (3) the ussue suscepuibshity
Kalk {1945) suggested that sace 2 cheonc uleer 1 produced by lack of
healing and an acute ulcer heals rapidly a second factor must bewvolved sn
1ts chromaty and that 1t can only be constitutional sn ongmn
Olver {1947) thought that the results of hus expenments on Mann
Wiliameon dogs suggested. that there 1 another factor bendes and 1n the
formation of ulcer :n man Appleby (1948) considers that once the ulcer 13
soundly established and ind 4, free hydrochlonc acid 13 not the sale por
thly the masm eawse of sis persistence
Necheles {1949) believes that a devitahzed area must exst, before
g of the h by its own can occur The most plansible
explanavon of the cause of the breakdown of resistance he wsenbes to
vascular changes  the stomach James and Pickenng (1949) argued that
even if there 1s an agent 1 the gastric jutce whuch 1s concerned an the patho
genens of ulcer 1t 13 unlikely that a1 15 the only operatsve factor and 1t must
be inferred that mast of the mucous membrane exposed to the gastnie juice 18
resistant to 1t
A locus mmans tesistantiae {an area of reduced resstance) has been invoked
by wany authors as an additsonal factor which together with ¢he excess of
hydrochlone and 15 responsible for the producnon of ulcer Ivy Grossman
and Bachrach (1930) say that ‘Logically thetwofactorscannotbescparated
“This passive acceptante of the mjury however only evades the real diffienity
because the dummshed lacal resistance can only be the result of sowse artne
process 1t 32 only when it disappears that the ulcer heals No suggestion has
as yet been made to explan the reasen for its disappearance and why at
cames and goes
(According to Moon (1938) lacus munonts resistentise 15 the erudite term
under whu:)} :hm predecessors recorded thus observation and concealed thew
g of the 1 tmeck Toed
It may be stated, 1 conclusion that there ¢ a concensus of opinton that
two factors are concerned wn the causation of the chromc leson (1) the
posmary facior which 1s responsible for the mmual xrauma and which perssts
to 1nflict myury to the mucosa and (2) the secondary or acsd factor which
wnterferes with the normal healing process The problem of the causation of
chromsc ulcer vesolves 1tself then into discovenng the uritanng substance
which inflicts the damage to the gastric mucons membrane contmuey ts
achion and 150 focts gives rse to the wstial reactions which represent the
syndrome of hyperfunction,

3
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THE “LOCUS MINORIS RESISTENTIAE
{THE NEED OF A SECOVD FAGTOR IN THE CAUSATION OF THE CHRONIC ULCER)

It has been previously suggested mn respect of the chrome peptic ulcer
which accurs in the acid secreting area that a prion hydrochlone and or the
hydrochlonic and pepsis muxture cannot by tself produce a lesion, since st
constitutes the element of ats normal environment, but snce hydrochlonc
aad plays an essential part 1 the permstence of the nleer, it 1s reasonable
to deduce that a second factor must be mnvolved n 1ts causatson

Korezynsks and Jaworsk: (1891) regarded a permanent hypersecretion as
n essental factor, but with, 1n addibon, some inflammanon of the gastne
mucous membrane Ewald (1893) referning to ulcerations which follow
trauma suggested that a second element {Zweites Moment) must be imvolved
m s causation Mathiew {1898} suggested that there are two factors con
cerned 1n the production of ulcer, the reduced vitality of the tissues which
allows the second factor, strong acid, to exert sts destructive action Ruegel
{1903) considered that some defect of the mucous membrane had also to be
present Bolton (1913) has suggested that the chromeity of the ulcer 1
dependent on some secondary factor, such as mfection of the crater and
margins Carlson {1923} emphasized that the gastric jusce-~m normal or
greater than normal g —can itself prad Lor fi {
disarders only when 1t acts on tissues or mechamsms that are already
pathological Emery and Monroe (1929) considered that st would appear
camer to explan many of the charactenistics of the disease by a fluctuzhon
sn resistance of the mucous membrane than by a destructive effect of the
gastric juice A second factor was postulated by Matuson (1931) (1) the
endogenous constitutional or inhented and (2) the exogenous, acquised or
mfluenced by external factors Alvarez {1932) connidered that hyperaadity
15 not the sole factor 1n the production of the disease and that st was sigmfi
cant that the various exper 1 gastric pouches fatled to showsp
ous ulceratsion Orndorff, Bergh and vy (1935) concluded that some other
factor besides acxd 18 necessary for the production of chrome ulcer m the dog
Ochsner, Gage and Hosor {1936) suggested that, i addition to tusue

pability an onal predisp the precap or control
Iable factors were (1) hypersecretion, (2) hyperatidwy (3) focal imnfections
and (4) gastric trauma Emery and Rutherford (1938-39) believed that the
cause of ulcer ts not acid but ke cwrhosis of the hiver, must be due to 2
sensttization of the gastric cells by somethng smee all thesr expenmental
wark shows first celf death and then digestion and erosion by acd

DeBakey (1940) rerterated hus sapport of the views of Ochsner Gage and
Hosor (1936) According to Stem (1942) the co operation of other factors
hesides the acd factor 1s evident in both the expenimental and the human
wlcers  According to Quigley (1942) three factors are concerned m the
formation and development of ulcer (1} the existence of & specific ufcer
gastnus (2)thep of free hydrachlaric acd i the h, and (3) the
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THE SYNDROVE OF HYPERFURCTION

does not occur m the normal stomach and uleer 15 3 stage in the mflammatory
chsease of the gastric mucous membrane Chevalher {1936) who made 1,000
g tions came to the i that the distribution of the
gastnus wdicates to the surgeon the extent of the inflammation and conds
tons the prognosis Accarding o Orr and Rao {1939) inflammatory changes
were hoted 1n patents with subjectnve symproms of nleer m whom no nicer
was found at operanon

HYPERSECRETION
Balton {1918} evplamed that hypercholthydnia means that the gastac
Juee ap ge of hydrochloric acd whych 1s greater than normat
Tn these cases 1t 15 deved that the disorder of 13 a primary

condition and that 1t produces certain abnormal changes m the digesuve
processes whch result i the form of mdigestion known as hyperchlorhy
dria There 13 no doubt that the condstion of the gasinc secretion 15 merely
a phenomenon in the conrse of the disease and not the cause of the latter
Accordmg to Carlson (1915) there 1s no evidence that the gastrie glandsunder
any pathological conditton ase able o, or do secrete a yuice of hugher than
normal actdity

A sumalar mterpretation apphes to the pepsin vanations Butcher (1925-268)
found that his own curve of secrenon of pepsin corresponded 1n shape
to the curve of the free hydrochione acd Vanzant Osterberg Alvarez and
Ravers (1936-37) observed that i cases of dundenal wicer the
of pepsin was considesably logher than normal and 1t vaned with the
seventy of the symptoms of the disease and with the degree of acuteness of
the wflammatory process

Doll Jones and MacLagan (1949} mvestigated the subsequent digestine
Instorzes of 85 healthy men who had a hustamune test meal performed 15
yeas previously 10 who had developed symptoms suggestive of peptic uleer
showed an average volume of gastic yuce sigmficantly igher than the
remamder they therefore concluded that hypersecretion 13 2 cause rather
than an effect of peptic ulcer

Glass and Boyd {1950} found that the output of gastric mucoprotein was
increased sgmficantly 1n patients with duodenal ulcer as compared to con
trols 2nd o pauents wath gastrc ulcer after central stumulation as well as
1w the fastng stomach They conclude that since this sabstance forms m the
mucord cells of the gastne glands this observation fits mnto the general
pattern of hyperactiity of gastric glands m patients with duodenal wloer and
accompanies the greatly wcreased output of HOLand the augmented volume
of secretion m the disease The evid d also that hyp duty
n the stomach of patients with duodenal ulcer 15 due only to tncreased
volume of HOIL secreted rather than to any prmary distusbance of the

buf{rmng h of the h ps d by defictent secretion of
gasteic mucin

‘The phenomenon hyperchlorhydria may be considered 23 beng sdentical
with hypersecretson an which the acid 1self has not undergone any patholo
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CHAPTER 14

THE SYNDROME OF HYPERFUNCTION

According to Loews {1934) the charactenstic of all lving tissue s 1ts ability
to react to a stmulus, which 1s defined only by itseffect Whether the stimulus
be of a chenucal, physical or a mechanical nature, 1t produces a speaific
change of energy 1n hving nissue and from this alone results the specific
function of the celf, the cell complexes, and the organs respectively Lubarsch
{1923) has emphasized that passive mamfestations are only those related to
the rapid extinction of Ife As long as the cell 1s alrve and not completely
paralysed, 1t still reacts but with a changed energy condstion

HYPERAEMIA

It has been shown (Heyrowsky, 1913, Moskowstz, 1922 Publ, 1926,
Barklm, 1929, Welbrock, 1930 h.onjetzny, 1930, Aschner and Grossman,
1932, and Faber, 1935) that gastratis and duod are ly d
with ulcer, and that by themsehes they may produce ulcer symptoms
Various stages of transition from gastritis to ulcer have been demonstrated
Schoemacher {1825) reported on 45 cases of the  red stomach® as described
by Moynthan (1921} He confirmed the dark red colour of the hyperaemic
pylonic antrum wiich usually passed to the duodenum, the fundus and body
were not red The patients had all the subjective symptoms of peptic ulcer
Tonjetzny (1925) concewved ulcer genesis as the contmuation of an utial
mflammatory destructive process of the gastric and duodenal mucous
membrane He clarmed that these ulcerative Jesions cannot be distinguished
from any other ulcers which follow nflammatory processes and that the
conception of 2 simple corrosive or peptic ulcer devoid of reaction cannot
be sustaned Konmjetzny and Puhl (1927) believed that the same mciing
agent s present 1 bath these lestons

(1930) emph d that the infl y reaction may be
produced not only by exogenous but also by endogenous causes and he thinks
that the ulcer must be dered as a comphication of g and duodenth

and therefore the aetiology of ulcer must correspand to the aetiology of
gastrius According to Lenche (1931) the hyperaenma conditions the hyper
secretion and the hypermotihty hellogg (1933) stated thatan mflammatory
reaction 15 assotaated wath the formation of all ulcers exther as a predisposing
cause or as a comphcation

According to Aschner (1937--38), both chunically and pathologically ulcer
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THE SYNDROME OF HYPERFUNCTION

of the discase Smce 1t has an dentical symptomatology in the absence of a
d ble lesion it1s ble to suggest that the syndrome of hyper-
function which s 2 normal response to a persistent but exaggerated stimulus
precedes the pre ulcerative stage m the development of the chronic ulcer

THE RELATION OF THE CHRONIC PEPTIC ULCER
SYNDROME TO OTHER PATHOLOGICAL CONDITIONS
OF THE GUT

The relation of the azufe ulcer as a secondary mamtfestation of the remote,
primary acute and chrome lesions has been exarmuned 1n the section of Patholo-
gy The relationship of the ckrome ulcer synd. asa dary
tion of the remote primary chronzc lesion will now be investigated

Moymhan (1910) and Paterson (1910) have found hypersecretion, hyper-
motility and pyloric spasm present in appendix dyspepsia Rossle (1912) re-
ported 78 cases of gastro-duodenal disease of which 28 were assoczated with 2
diseased appendix and 28 with other pathologrcal sources related to mflam
matory disease Aaron (1915) noted that pressure on the appendix caused
pylonc spasm and epigastric pain Hart (1918) observed that 23 per cent of
gastric and duodenal ulcers examned post mortem were associated with
cholelithiasis Barber and Stewart (1920} observed 1 the dog contraction of
the h from it of the appendix the gall bladder and the
duodenum (confirmed by Carlson Pearcy and Boyd, 1922)

As previously mentioned 1n the section on Pathology Brasthwaite (1923)
has shown the of the ¢k lly mflamed appendix to the
stomach through direct transmussion by the lymph channels Hartmann and
Ruvers (1929) reported chronic appendiatis to be present in 35 7 per cent of
gastnc and 44 4 per cent of duodenal ulcer patients Larimore (1930) noted
that 18 per cent of hus cases had had appendicectores Ravers and Mason

(1931) found 16 3 per cent of cases associated wath gall bladder disease m
700 surgacally venfied duodenal ulcers and 7 8 per cent of cases associated
with 435 gastric ulcers Smthies (1934) found 1 500 cases of gastric ulcer
that 180 (36 per cent) had a previous appendicectomy or a lap. ry for
ulcer which disclosed a diseased appendix and 70 cases {14 per cent)
which were assoctated with cholecystitis or cholehthiasis Smuth, Paul
and Fowler (1931) investigated the eprgastric distress associated with an
srntable colon and chrome appendicins They had observed that the mtro-
duction of a few drops of croton o1l m the proximal colon was usually followed
by an increase m tone and a stnking increase 1 the persstaltic action
partcularly of the pyloric portion of the stomach When the 1rritation was
confined to the appendix or applied to the mucosa of the gall bladder the
same gastric phenomenon was observed In each mstance the stmulating
effect on the stomach was promptly abolished by atropine They also produ
ced epigastrnic distress by imjecting air wto the colon througha rectal tubeor
by massaging an wntable section of the colon particularly the tleo-caccal
region The pamn corresponded to the changes 1n tone or the passage of a
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THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

gical change and m which the increase of secretion must be interpreted as
a normal response to an abrormal stmulus

HYPERMOTILITY

Hypermotility of the stomach 15 mvaniably present i the early stages of
chrome peptic ulcer, gall bladder and appendix (Barber and Stewart,
1919-20), but may akso be amoctated with other lesons of the gavtro-
rtestinal tract and amuety complexes Ivy (1920) thought that the funda
mental cause of the gastric hypermotihity and delayed emptymng of the
stomach n duodenal ulcer 1 mntnnsic and 23 enhanced by the presence of
the extrinsic nervous mech Electric sumul. of the vagt near the
cardia n dags produces, according to Stahnke (1924), first hypermothty,
followed by pylorospasm, chromc gastrits and ultmately erostons Duo-

1 1

demitis, according to Karklin (1929), 15 ch 1zed roentgs gically
marked wntability of the bulb which tends to empty stself quickly but
mncompleteb

Todd (1930) reported that students may have hyperactive tracts for several
years wathout developing ulcer, but hyperactinty was evident m those of i
students who later developed the symp of ulcer Buck (1930) has
suggested that hyperpenstalns may be one of the easly phenomena produced
m order to compensate for the pylone obstruction

Shay, Gershon Coben and Fels{1942a) beheved that thefasture ofa dunde
nal mechamsm to react with the acd gastric juice, and thus toeffectanormal
contzol of gastric secretion and motility, 1s the cause of the abnormal gastric
motiltty and secretton often seen m patients with duodenal uleer Golden
€1945) expressed the view that abnormal motility may be of more phyne-
fogical significance than would seem to be mh mn a mere al
disorder or of transit ume or cahibre of the lumen of the mtestne Alvarez
{1940} has pointed out that, theoreucally, ducdenal ulceration should delay
the progress of matenal corming down from the stomach, and if severe enough
1t mught even reverse the gastric waves butone would also expect st tomcrease
the irntability and tonus of the stomach and upper end of the bowel and with
thus there ought to be asteeper intesunal gradient and a tendency to dsarrhoea

Fhus paradot, however, may eanly be resolved if reference be made to the
normal function of the pylonc sphincter The rapid evaceation 15 obviously
an attempt at getung nd of a gastric ymtant and the pylorospasm an
exaggerated physiological response to the same uritant, 1t represents a tru¢
“réflexe de défense’ The rapid m with pylorosy
shows that there 3s no obstruction to the outflow of the gastrc contents It
must be mterpreted as an exaggerated response of a physiological function
and consttutes the mechamsm which attempts the prevention of mtesunal
reflux mio the stomach and thas conforms to the law of 1sopersstalss and the

of the ab y sph as previously postulated

It 15 generally accepted that the triad—hyperaesmua hypersecretion and
hypermotthty—whick constitutes the syndrome of hyperfunction 15 mvar

1bly present with chronse ulcer and raay be recogmized in the mitial stages
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CHAPTER 15

THE CLINICAL EVOLUTION OF THE
CHRONIC ULCER

‘Many suggestions have been made m an attempt to explam the evolution
of the chromc peptic ulcer but none has so far succeeded 1n reconcthng
the apparent paradoxes of 1ts symptom complex It will be helpful therefore,
to visualize the evolution of the lesion 1n relation to 1ts clinical behaviour

THE AUTHOR S DIAGRAMMATIG REPRESENTATION
The development of the chronic peptic ulcer may berepresented diagram

matically by a curve m which thc ascendmg hmb corresponds to the pre
ulceratve stage, the patient p of symp ut does
not disclose any signs (symp(oms are positive signs are negative), the disease

O i d, when the mucous
membrane ﬁnally breaks duwn 1t produces the ulcer which gradually pene
trates the layers of the wall of the organ This stage may be represented by a
platean which shows the persistence of the ulcerative process (symptoms are
positive signs are posiive) When the uleer begins to heal, the symptoms
tend to disappear but the ulcer atself 15 still present T}ns stage may be

represented by the descending hmb of the curve {symptoms are negative
signs are positive)
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THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

penstaltic wave It may occur immediately after meals or at arregular inter
vals but frequently a defimte periodicity 15 observed which correspondstothe
appearance of hunger contractions They considered that the pain was
induced by reflex simulation of the stomach and was due to pylorospasm
Kobro (quoted by Nedzel, 1943) thinks that chromc dyspepsia 1s a forerunner
of gastric ulcer Constipation, colitis, primary chronic appendicitss, different
phases of chronic dyspepsia, gastritis and peptic ulcer—all these he considers
as different stages and I localisations of the same pathol 1
condttions

Barron, Curtis and Lauer (1937) studied the influence of laparotomy on
the gastric motor mechanism by the balloon and kymograph method m
7 patients They observed that (1) there wasa tendency toward hypermotihity
of the stomach 1n patients with untreated cholecystitis associated with
cholelithiasis, (2) continuous gastric motility was associated with occastonal
severe contractions duning biliary colic, and (3) ncreased gastnc hyper
motility persisted for from 2 to 3 weeks after cholecystectomy

Brodin (1941) found that the pathological appendix produced an arrest
of the barium meal 1n the genu inferus of the duodenum when the appendix
was compressed 1 the erect position The observations of Clark and Shapiro
(1941) relate to three cases of acute appendicitis in which pain was not the
first symptom, but was preceded by nausea, therefore vonuting and malaise
are nightly considered as of diagnostic importance by these authors

The pan of acute mfl 1on of the appendix, which 15 sudden, 1
generally followed after a lapse of a few hours by nausea and vomiting This
long time nterval indicates that the nausea and vomuting are not reflex
phenomena The localised inflammation obstructs the progression of normal
penstalsis and gives rise to retropenstaltic waves On reaching the stomach
they produce the sensation of nausea and may mnduce vomiting

Ask Upmark (1940) found 9 instances of chronic peptic ulcer 1n 22 necrop
sies of hepatic cirrhosis

Thiessen (1941) found that chncally about 25 per cent of patients with
duodenal ulcer have associated biliary disease suggesting that contiguous
mflammation of the sphincter ampulla 1s the possible inciting agent

Hillemand and Sonea (1948) mvestigated the radiological assocration of
megacolon with peptic ulcer It was observed 1 172 (20 6 per cent) of 832
ulcer patients, 1n 16 (10 3 per cent) of 151 panents with cholecystiis 1n
15 (15 8 per cent) of patients wath gastrins and 1n 9 (7 3 per cent) of 123
dvspeptics without demonstrative lesion

It should be noted that the relation between the acute appendix and the
acute ulcer 15 metastatic and that the relation between the chronic appcndlx
and the chromic ulcer 15 mechanical

Ivy, Grossman and Bachrach (1950, p 633) reasoned that appendicitis
or cholecytiis cannot have a speafic actiological relation to duodenal or
gastric ulcer because ulcer 1 both sites may develop after appendectomy of
cholecystectomy, an argument which cannot be sustamned
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CHAPTER 15

THE CLINICAL EVOLUTION OF THE
CHRONIC UGLCER

Many suggestions have been made 1n an attempt to explain the evolution
of the chromc peptic ulcer but none has so far succeeded 1n reconciing
the apparent paradoxes of 1ts symptom complex. It will be helpful, therefore
to visualize the evolution of the lesson 1n relation to 1ts chinical behaviour

THE AUTHOR S DIAGRAMMATIC REPRESENTATION

The development of the chromic peptic ulcer may berepresented diagram-
matically by a cunve 1n which the ascending himb corresponds to the pre-

ulcerative stage the pattent plams of symp but does
not disclose any signs (symptoms are posmvc slgns are neg:mve) the disease
more apf when d, when the mucous

membrane finally breaks down 1t produces thc ulcer which gradually pene
trates the layers of the wall of the organ Thus stage may be represented by a
plateau which shows the persistence of the ulcerative process (svmptoms are
positive signs are postive) When the ulcer begins to heal the symptoms
tend to disappear but the ulcer stself 1s sull present This stage may be
represented by the descending hmb of the curve (symptoms are negatine
s1gns are positive)

ULCER
Crromty of escrrd f gats

> Syroms +
+ Sgs 4

PRE-uLCERITIVE

Heun 2
€8 A TVE StaaE

PASSVE STAGE

Hypertroghic — Symptoms - car

i R fermal o0
Sy of

Ryrerfunchion. Healng

253 gastnhs



THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

It will be noted that the suggested repr 10n
paradox m as much as the inial gastritis 15 assocated with pam when the
morbid process 13 active, whilst the termunal gastritis 1s painless when the
morbid process has ceased ats activity But this phenomenon, which corre
sponds to clinical observations, ts explamed on the basis that the pain pro-
ducing factor 1s not the gastritis but the factor which 1s pnmanly responstble
for the gastntis as well as the ulcer and produces pam only during the stages
of activity

It 1s obvious that the stages in the healing of the ulcer must be m the
reverse order of 1ts formation and that the crater will disappear before the
oedema and the irrtability of the structures, in that order



CHAPTER 16

THE BILE FACTOR IN THE CAUSATION OF
CHRONIC ULCER

FAILURE OF DUODENAL REGURGITATION AS A POSSIBLE
CAUSE OF ULCER FORMATION

Although 1t has been clearly shown that hydrochlone acid by stself could
not produce chrome ulcer nevertheless, 1t has been suggutcd that the Jesion
may be caused by the pyloric sph g the duodenal secretions
and bile from entering the stomach One cannot but agree with Leniche
(1933} however, who rejected the contention that ulcer formation 1s the
consequence of the suppression of Boldyreff’s reflex He pointed out that 1t
would be singular on Nature s part to force the pylorus in an oppostie direc
tion to 1ts normal opening 1n order to produce a reduction of gastnc acidity
This would be a sheer waste of energy since Nature could have provided a
gastric yuice with a smaller aaidity or made the entrance of the gall bladdcr

1nto the stomach itself There 1s no evid ofthe ofap
dctcrmmmg factor to justify an alkaline reflux norofa nervous or humoral
nor of any md of a preaise of dig at which

refex may normally occur Furthermore, the presence of bile 1n the stomach
produces a more rapid emptyng (Pannett and Wilson 1921) and, therefore
would produce a phym:al mmpedmment to a retrograde movement thus

PR

two g forces
According to Mazer and Gr (1937) derable di dusturb-
ance may result from complete duodenal regurgitation Schn'ulmskx sopera
with total g regurgitation (the mnternal

pharmacy)—-has been completely abandoned as 1t proved to be a disastrous
procedure

THE ASSOCIATION OF DUODENAL REGURGITATION WITH
PEPTIC ULCER

While on the one hand there appears to be no evidence to substantiate
the view that falure of duodenal regurgitation 1s the cause of chromec ulcer
there 13 strong evidence on the other hand, that duodenal regurgitation 1s
associated with the presence of ulcer

Bolton (1913) observed delayed healmg of acute ulcers i 10 cats with
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THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

obstruction of the duodenum Stuber (1914) believed that the regurgitation
of the pancreatic yurce produced pepuc ulcer Greggro (1916) who produced
pylonc msufficzency 1 dogs found the pyloric and duodenal mucous mem-
brane studded with small haemorrhages wath enlarged pylorus and marked
hyperaemia Although there was no poutive evidence of a peptic ulcer afier
90 days, he suggested that a longer pertod might give more definite results
Pylonc obstruction and duodenal stasts in with duodenal ulcer
was reported by Wilkie (1921), Del Valle and Donovan (1926), Hurst and
Briggs (1926), Rowlands (1926}, Jones {1926), Ryle (1926), Higgms (1926),
Sloan {1926), Hurst and Stewart {1929), and Redon (1931} Ulcer symptoms
mn assocration with chromic gastro mesenteric tleus were reported by Stavely
{1910}, Kellogg and Kellogg (1921), Devine (1921}, and Muller and Brown
{1925)

Pannett (1926) has pomnted out that peptic ulcer accurs n those regions
where intestinal Juice has access to gastric Jurce and their interaction seems
to render conditions favourable to ulcer formation

Slocumb {1927) determined expenimentally the effects of partial duodenal
obstruction over different periods of time  With about 75 per cent of obstrue
uon he found 12 of 16 dogs with definite ulceration of the duodenum,
the uleers healed as soon as the lumen of the duodenum became unobstructed

While Enderlen, Freudenberg and Redwitz (1923] regected Stuber's
hypothesis, Redwitz and Fuss (1928) supported 1t and pointed out that
trypsin may exert its destructive mfluence on the gastric mucous membrane
at a pH of 1 5 smce trypsm 15 greatly activated by the presence of bile

Boldyreff (1938b) suggested that the most destructive factor i the causation
of the round uleer 1n the duodenum s the pancreatic juice, which 1sfrequently
regurgtated nto the stomach this secretion bemg always accompanted by
ntestinal yuces and bile

Thayssen (1922) drew attention to the association of constipation with
ulcer Faber (1925) associated constipation with gastritis, as did Rehfuss
(1929) who found that resumption of normal colon function relteved gastric
symptoms Alvarez (1940) observed reverse waves in the pars pylorica and
stagnation m the duodenum following expernmental partial obstruction Tow
down 1 the bowel

Zweig (1935) considers that m the operated stomach gastrstis appears
exther as a symptom of the ulcer syndrome or as a consequence of a diffuse
pangastritis caused by the permanent reflux of the duodenal content mio
the stomach This would explan the symptoms of the so-called * gastro
enterostomy  diserse

Boller (1947) stated that an mflammatory reactton of the gastric stumPh“
a regular accurrence as a sequel to surgery of the stomach It first assumes :hz
hypertrophic form which later becomes atrophic He considers that
duodenal secretions are the cause of the smtsation as well as the mamtenane®
of the gastrits
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CAUSES OF THE PRESENCE OF BILE IN THE STOMACH
AND ITS SIGNIFICANCE

It has been suggested 10 a previous section that the isopenstaluc ware 1
the normal mechanism which effects the propulsion of the chyme 1n the
gastro-ntestmal tract and that the reversal of the wave must be considered
as 2 pathological mamfestanon Since there arc moments when matenal s
carned from the intestine into the stomach as shown by the presence of bile
st will be necessary to mvesugate the reasons for 1ts presence 1n the stomach
and the effects 1t produces on gastne function and on the gastric mucous
membrane

Beaumont (1833) observed 1n Alexas St. Martm that violent passion at the
same time retarded the passage of gastric contents into the small bowel asat
produced reflux of bile tato the stomach When the use of fat or erly food had
beenpersevered m for some time bile was generally present i the gastric
fluid Whether this be a pathological phenomenon, 1nduced by the pecubarly
indigesuible nature of oily food or whether 1t be a provision of Nature to
asust the chymfication of this particular kand of diet he could not say but
o1l appeared to be affected by the gastnic juice with conuiderable difficulty
He added that 1mtation of the pylonc extremty of the stomach with the
end of the clastic tube or the bulb of the ther g 11
a flow of bile into thus organ External agitation by Lneading with the
hand, on the nght side over the regions of the hver and pylorus produces
the same effect. It may be laid down as a general rule howesver, subject to
the exceptions aboyve mentioned that bile 15 not necessary to the chymfica
von of food in the stomach ~ With the exceptions that I have mentioned 1t
1s never found 1n the gastne cavity m a state of health and 1t 1s only 1n

certain morbid conditions that 1t 1s found there
Boldyreff (1904) gave exp 1 evid, that only fats give rise to
regular duodenal regurgitation defimte observations having beer made
that this massive regurgitation consists of both bile and pancreatic secretion
Best and Cohnheim (1910d) stated that dogs refuse to cat fat and that
to obwiate this difficulty they used dogs with cesophagotomy and gastric
fistula and excluded the psychic gastne secretion Olnve o1l palmitin and
bacon duced into the h regularly produced half an hour later a
copious amount of bile tn the stomach Sham feeding never produced aback-
flow of ile Psychic mouhty, when the dog ate with appetite mhibited the
backflow of bile
Catheart (1911) obsenved the regurgitation of bile after the adminstra
uon of o1l aily or fatty foods and also after imtanon of the pylorus He found
n dogs with fistula that the admimistration of sodium oleate brought about
the regurgitation of bile withm 2 or 3 minutes while 0-2-04 per cent of
hydrochls ac 7 d derably longer tme for it to occur
Carlson (1915) believed that at ines bile may normally be in the stomach
but then s presence appears to have no sigmificance Lockwood and
Chamberlin (1923) observed that the admunistration of 1 ounce of olive a1l

257



THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

before meals produced a regurgitation of bile in 80 per cent of cases Accord
mng to Baird, Campbell and Hern (1924b) 1t 15 difficult to know if bile 1s
present in the resting stomach normally or appears as the result of nausea
and retching They found that where the resting juice was above the average,
that 15, 60 cc or more, bile was present m more than 75 per cent of therr
cases, but 1t was also sometimes present when the resting juice was very
small 1n amount Their only definite conclusion was that bile 1s rather more
frequently present 1n the resting juice m the cases of hyperchlorhydna They
rejected the wdea that the absence of regurgitation and bile 1s a cause of
hyperchlorhydria because 1t was present more frequently i the resting juzce
of hyperchlorhydna than in any ather group, and they emphasized that the
more acid the gastric contents the more likely 15 bile to appear 1n the course
of a meal They considered that the presence of bile 1n the stomach 1s not the
cause of low acidity nor 1s absence of bile the cause of high acidity

Medes and Wright (1928) found that trypsin and bile appearndependent
ly 1n the fasting stomach, while trypsin was present i all cases examned,
bile was present in 7 of 9 cases (78 per cent) 1n achylia of pernicious anaemia
and 4 of 9 (44 per cent) in miscellaneous cases

Rehfuss (1929) explans the presence of bile m the stomach after the
admunistration of fat as “an attempt at intestinal digestion in the stomach
—1n contradistinction to the fact that carbohydrates are never accompanied
by regurgitation of bile during the digestive period—and he further observes
that there seemed to be a tendency for bile to appear more often 1n the case
of long continued digestions

Bockus, Glassmire and Bank (1931) noted gross bile 1n the fasting resrduum
m 78 (39 per cent) of 200 cases of duodenal ulcer Because they falled to
recover bile from the fasting stomach with any frequency 1n normal indivi
duals they attrsbuted some significance to their findings 1 duodenal uleer
They confirmed the observations of Lyon, who believed that frank macros
copic biliary regurgitation into the fasting stomach suggests some functional
derangement at the pylorus A decided hyperacidity was present i 74 per
cent of the fasting contents containing gross bile, while 56 pes cent of the
fasting content without bile were hypoacid

Lake (1948) reported on a patient with a gastro enterostorny which was
performed 6 years prior to a partial gastrectomy Before the second operationt
a fractional test meal showed high aciduty, reaching 90 (0 327 per ccn;
HCI} after 45 minutes, and during the 7 tests which were made thhgl
hours bile was present in all samples Afier the second operation achlorhy ’{m
was present, and bile occurred only 1n the last test the seventh, 2 hours after
mgestion of the test meal bile

James and Pickermg (1949) observed that i 16 cases of gastric ulcer, fal
was present during the period of neutrality only 1n 10, and frequently 11;9 a
of acidity took place several hours before bile appeared They also ut!;lﬂ!
that absence of bile stamed samples 1s commonest 1n duodenal ulcer and f’l
bule staining 1s lesscommon in the casesof gastric ulcer which become neutra
at mght, than 1 those that remain acid
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The presence of bile which 1s sometimes seen at the end of a normal test
meal has been shown to be due to the Jower pressure which occurs in the
empty stomach while food 1s sull present in the upper mtestine, 1ts presence,
however 1s of httle sgnificance because of the weak concentration of bile at
the cnd of 2 meal

EFFECT OF THE PRESENCE OF FAT IN THE STOMACH ON
GASTRIC FUNGTION

The effect of fat on gastric motility

‘The effect of fat on the motiity of the stomach has been clearly demon
strated to be one of inhubition wath consequent delay of gastric evacuation
The retardation of gastne digestion by fats was clearly shown by Beaumont
(1833) Fwald and Boas (1885-86), Lantwarev (1903) and Edelman (1906)
Ewald and Boas {1885-86) suggested that fatty ands are Liberated whach
cannot he without a deleterous influence on the stomach White bread and
lard 1n the proportion of 1 2 produced vonuting 1n 30 muinutes Levates (1906)
found 1n the dog that after the adminstration of 100 g of fat the stomach
contamed 6§5 per cent of fat 4 hours later and 14 per cent 12 hours later
A simlar observation was made by Wilson Dickson and Singleton (1929)
who observed 1n man that the stomach may contmn 15~50 per cent of fat
afier 4} hours Cannon (1911) observed m dogs a slower occurrence of the
gastric waves when fed with fat than when fed wath bread and milk mush He
showed that the addition of fat to his standard opaque paste delayed the
appearance of any opaque matenal in the duodenum for half an hour this
result mustindicate a direct gastnic effect as 1t occurred before matenal could
be detected 1n the duodenum Carlson {1916) observed that fat decreased
the motthty of the fasting stomach Lockwood and Chamberlin (19232)
found that gastric evacuation was delayed by 40 minutes when they admimis
tered 1 ounce of olive onl before an Ewald test meal A similar observation
was made on humself by Butcher (1925} halk and Dusse (1924) observed that
while sesame ol and fresh margarine produced a shght reduction ranci

P d a marked red of the emptyng time of th h
Lim Ivy and McCarthy (1925) d that the of fat
mto the denervated pouches of the entire stomach dimimshed the motihty
of that organ The h which 1s for ths pt

F r 1
discussed 1n detail in the chapter dealing wath the hormonal control of the
gastric function

Brauch (1931) has shown that the fat reflex from the duodenum does not
affect the pylorus by stself but the whole stomachis mhibited Northmann
and Wendt {1932) found that ohve o1l delayed markedly the emptying time
of the stomach which was not affected by the ligation of the pancreatic duct
or by total pancreatectomy Lam (1933) who produced mhibiuon of the
movements of the stomach by injecting an extract of mtestmal muscle or
blood from fat fed ammals concluded {Lim 1935) that the fatintubats gastric
motility of both the nervous and ch 1 phases of the d h
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McSwiney and Spurrell (1933a), who recorded the emptying time of the
stomach by the “outhine * method which they described, observed that the
hypertonic meals produce delay wn propertion to the degree of hypertontety
and that hypotonic meals leave the stomach more rapidly than isotonic
meals McSwiney and Spurrell (1935) investigated the relationshp between
the concentration of fat in a meal and the degree of gastric delay produced
thereby and concluded from their experiments (on dogs, decerebrated cats
and human subjects) that the delay tncreases with 1ts concentration m the
meal They also found that the rate of gastric secretion exactly paralleled the
rate of gastric outflow Cerqua (1935) confirmed Paviov s observations m
dogs He found that olivc o1l leaves the stomach slowest {120-145 m ), water
quickest (13-22 m }, and acid solution takes an intermedsate postton {59-65
m ) X ray examination i anumals with fistulae fully confirmed these results
After splanchnotomy, emptying for water was the same but greatly reduced
for acid and ohve o1l

Quigley and Meschan {1933) noted a marked minbitron of gastnic movhity
after the ingestion of fats which did not result from fats restncted to the stom
ach but required their presence mn the upper end of the small mtestine
Quigley and Meschan (1941) showed also that the introduction of fatty acids
or soaps into the proximal intestine of fasting dogs inhibsted gastric mouhty,
but Quigley, Werle, Lygon, Read, Radzow and Meschan (1941) showed that
fat 1n the duodenum mhibrted the region and at the same tume decreased or
reversed the antral bulbar basal and phasi pressure gradients and that
evacuation was retarded 1 spite of sphuncter relaxation They found that
fats and therr digestive products nhibited the entire pylone regions of
fasung and fed ammnls wnd that gastrie evacuation was rctarded primanly
by depressing the propulsive peristalsis of the antrum Cream m the duode
num modified pressures ind motility of the sphncter region less m the fed
than m the fasung ammnl This was due 1n part to the exaggerated antral
pumping activity dent to gastuc d; 1ny the fed amimal, for a balloon
contaimng 500 cc of air placed in the stomach of a fasting animal produced
results comparable to those noted in fed amals Dilution nd flushing out
of the cream by the chyme discharged 1nto the duodenum also decreased the
effect of cream 1n the fed ammal Prevention of this effect by duodenal
dramage increased the effectiveness of cream in the fed animal Annegers
and Ivy (1947) found that 25 of 30 normal subjects showed a delay at 4
hours when the {at content by wet weight was increased from 6 to 8 per centty
and 27 subjects showed delayed gastric evacuation when the fat was 1ncreased
from 8 to 14 per cent

Harns, Grossman and Ivy (1947) found that fat mhibits gastne motiity
induced by distension m both the vagally mncrvated and vagally denervated
stomach

According to Kay (1950} beef fat if uncooked, has a depressant actiet
on gastric function Wath prolonged cooking, the action becomes progressivel Y
Jess sedative and 1s eventually stimulant This change of action 1s assoctate
with a fall in the 10dine value of the fat Card {1941) has shown however,
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that even saturated fats ininbn gastne motlity and 1t may well be that some
other factor 13 1mvolved

The effect of fat on gastric secretion

It1s now generally recognised that the action of fat on the gastne secretion
passes through two phases, first an inkabuory stage followed by an exeta
tory stage

‘That the presence of fat m the stomach mhibits gastrc secretion was ob-
served by the early contrbutors on gastic disorders {Ewald 1893, Penzoldt
1693) Boldyreff {1904) reported that Paslov, Chiggn Lobasov and Wir-
schubski made simar observations Cowse and Munson (1808} observed
that o3l gven smmedsately before or after a test meal, did not bring about
so marked a lowenng of the secretion as when 1t 13 gaven half an hour before
and they concluded that oil lowers the gastric seeretion both by reflex central
nhibstion and by mechanical action

Paviov {1910} admmstered 100 ¢c of ohve o3l through a cannula into
the mam storach of a dog Half to one hour later the dog was given 400 g of
meat Whsle without the o1l gastrc seeretion of the Pavlov pouch sceurred
five to ten minutes after ad mimistration of the meat, with the oil 1t took half
an hour The amount of gastric juice colfected was 8-5 cc per hour as
compared with the normal 10-15 cc A corresponding result was obtamed
when the fat was introduced mto the stomach immediately after the meal of
meat Pavlov showed that the efiect of fat on the scereton of gastrie jurce
1s not hinuted m mhubition and that secretion of gastric juice begins agamn at
the thurd hour if the meal of fat be at all large This late seerction lasts a long
wme and furmishes 2 derable g of yuce Orbeh {1906) reported
mstarices in dogs m which the secondary nse of secretion surpassed even the
wsual normal response The twofold effect of fat on gastric secretion, minbn
uon first, then 1! has been confi d by Bablkan {1928)

According to Cannon {1911) fats cause the pancreatic yuice to flow butthe
pancreatic jutee nstead of drimunsshing the acdity of the duodenal contents
sncreases the acidaty by separating a sull greater amount of fatty and Even
when dissolved sn bile the fatty acids gave the solution an aad reaction Fo
this meressing acdity of the contents of the upper 1ntestne as well as to the
action of fats themselves and the weak and sluggish gastric peristalsis which
they evoke may reasonably be attributed the fact that fats pass from the
stomach only 7 fast 23 they are absorbed or carned mto the large mtestne

Okada (1915) has proved exy ty that & of

takes place dunng starvauon that this dimununon oceurs sooner with
carbobydrates and proteins than with fats that there 1sa defimte mcrease with
fats oils soap and acd but that sugar water and bicarbonate of soda have
httle effect

Lockwood and Chamberhn (1923a} observed that thesmmediateeffectof

admmistening 1 0z of olive 01l before meals was a lowering effect of the high
posat of aciduey by 12 per cem

Kalk and Disse (1924) obscrved m man that the admmsteation of marga
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rine or sesame o1l produced only a shght reduction of gastric acidity and a
shortening of the period of secretion and emptying time and early appearance
of duodenal regurgitation Rancid margarine produced much more marked
effects Kalk (1924-25) found that the adminstration of 100 cc of milk or
50 g of butter produced after a temporary lowening, a marked ncrease of
gastricsecretion and a more marhed state of gastric irmtation and increased
tendency to reflux of the ducdenal secretions

Roberts (1925) observed in man that in several instances the composition
of the samples towards the end of the o1l meal suggested that the contents of
the stomach consisted almost entirely of gastric Juice, whereas thus was not
noticed m the control meals This observation was confirmed by Butcher
(1925} on himsclf, and by Rehfuss (1927) Lim, Ivy and McCarthy (1925}
ntroduced ohve o1l into the ntestine of a dog with an entire stomach pouch
and found that the subsequent mtroduction of a solution of 100 mg of
histamine into the stomach pouch stimulated the gastric glands to secrete In
this case there was no appreciable imhibitory effect 1n spite of the presence of
olive oil 1n the mtestine, but when a smaller dose of histamine (50 mg ) was
given under simular circumstances the secretory effect was drmmished by the
fat Bablin (1928) reported that n dogs 100 g of lean goose meat provoked
152 cc of juice and 67 ferment umts during 5 hours, 100 g of fat goose
meat gave 22 3 cc of ymee and 62 ferment umts during 8 hours Feng
Hou and Lim (1929) using Bickel pouch dogs observed exaggerated responsc
1 the third hour after oltve o1l followed by a meat meal Roberts (1931)
reported stmular results for the human subject

The secondary rise of the secretory gastric juice after the admnistration of
fat has been ascribed to the action of soaps in the duodenum (Babkin, 1905,
Ivy and Mecllvain, 1923) Wilder and Schlutz (1929) believed that the degree
of mtubition produced by the saturated fats varied with the shortness of the
carbon atom chain Roberts (1931) found that the efficiency of oils ihibiting
gastric secretion appears to bear some relationshup to the degree of saturation
of the constituent fatty acids, the less saturated oils being the more efficient
There was no effect when sodium oleate was introduced mto the stomach but
1f 1t was mtroduced 1nto the duodenum 1t gave rise to lugher gastric aciditres
He pointed out that while atropine inhibits the psychic secretion but r:;):
the chemical secretion, oil inhibits both the psychic and the chems s
secretions and also the chloride secretion In cases of achlorhydna 1 whic!
the test meal emptied with greatly increased rapidity, the oil delayed this

TOCESS

P Shay, Katz and Schloss (1932) showed that the amount of rcgurgnau;ﬂ
was not significant 1n lowering 1ntragastric acidity i the human stomﬂ;4)
these experiments were confirmed by the experiments of MacLagan (19
and the chimcal stucies of Teorell {1933) and Hollander (1936) Allg',
Mackenzie and Webster (1934) confirmed that there are two phases 11 c
action of fat on gastnc secretion Fat inhibits chiefly the nervous phascl }:’c
gastric secretion but when presented in great amounts also dcpressc;l o
chemical phase as well as the effect of histarmne During 1ts inhubrtory phase,

neo



THE BILE FACTOR IN THE CAUSATION OF CHPONIC ULCER

which 18 temporary, fat dimunishes the volume the acidity and more espect
ally the peptic power of the gastne During the y stage fat
canses the volume of the secretion to be increased, whale the acidity 1s only
shghtly lowered though the peptic power semains greatly diminished
Appell (1935) showed that most foods when placed 1n the jejunum will
cause an increase of the secretory rate of the stomach cream and casein
consistently sumulated gastnc acidity and secretion to a high degree Bablun
{1938) pomnted out that a diet rich n fat admumstered over relatively long
penods of ttme, may induce a hypersecretory condition of the gastnic glands
coupled with almost complete paralysss of the vagal trophic action
Alley and Bablan (1939} found that histarmine phosphate elicited a coprous
secretion of gastnic yuice from a Pavlov or Armour pouch notwithstanding
the ihibitory effect of previously mgested fat The volume of secretion was
only a little less than n the control expeniment. Under the same circum
stances subcutaneous myection of pilocarpine chloride evoked a gastric seere
tion whose volume was not less than that of the control pilocarpine secretion
Shay Gershon Cohen and Fels (1939) by simultaneous intubaton of the
duodenum and the stomach showed that when ohive o1l was mstilled directly
nto the duodenum beginmng at a tme the mouth meal was taken a very
marked supression of gastric secretion resulted Total chiorides as well as free
and total acid were greatly depressed After 150 munutes the secretion started
to rise sharply until 345 rminutes when gastric evacuation was complete thus
confirming the observations of Sokolov (1904) in the dog They observed
that 90 rnutes after duodenal Mt of ol the
of 08 mgm of histamune produced a sharp mse in gastnc secretion 1 spite
of the continued duodenal instillation of the o1l They pormted out thatduode
nal wsullauon of hypertome glucose soluuon also produces a secondary nse
which could not be due to the formation of soaps and they suggested there
fore that this phenomenon 1s due to a release of stored up secretion accumu
lated during the period of dep Enzyme paralleled that of
the acid and the chlondes showing the sharp secondary nise following the
depression
komarov and Komatov {1940) using dogs with a Pavlov pouch tred
adding 2 small amount of fat to the test meal 1n single experiments or to the
daly meal in prolonged expeniments, wath the aim of avording the exaitatory
phase of the action of fat The appearance of this phase was prevented by the
usc of small doses of olive ol or cod hiver oil (about 1 cc per kg of body
weight}, imtroduced into the stomach a short ime before a test meal of meat
The volume acidity and peptic power of the gastric secretion was markedly
reduced There was no appreciable increase in the volume of the secreton 1
thie fate hours of the experiment When sinular small doses of olive ot or cod
bver oil were added to a standard diet for one or two weeks, they bkewise
depressed the gastnc secretory activity in the Pavloy pouch dogs vy (1941)
has potnted aut that after the mhibition due to fat 15 over the gastric secrenon
returns to a hugh rate Bablun (1944) stated that the knowledge of the mode
of action of fat on gastric secretion 15 of practical value At one time fat was

253



THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

T ded by the «l for the purpose of mhibiting the acuvity of
the gastric glands in cases of hypersecretion The disadvantage of this method
was that 2 large amount of fat (such s 1s prescribed m Sippy’s diet, for
snstance) would produce during the excitatory phase a gastric secretion so
coprous that it might partially or perhaps entirely compensate for the inhibt
tory action of the fat or mught even induce hypersecretion

Voegthn (1947) showed that placing cotton seed a1l or olerc acid 1n the
stomach apparently causes the formation of gastric acid to be mhibited to a
shght degrec about 4-6 hours later but the effect was not sufficently
marked or prolonged Gershon Cohen (1947) showed that when olive oil 18
mstilled at the rate of 40 drops per munute there 15 a marked secretory
depression of all gastric secretions which 1s followed by a sharp secondary nse
after the effect of stimul of the duodenal mech wears off (fat being
the most potent I of the duodenal t )

EFFECT OF BILE IN THE STOMACH

The effect of bile on gastric motihity

Pannett and Wilson (1921) investigated 1 cats the effect of the additon
of small quantities of bile salts (sodmm taurocholate) 10 a standard test meal
and observed a marked increase mn the speed of the cvacuation of the gastric
content When sodium taurocholate was added to a test meal 1n normal men
an abnormally rapid gastric evacuation took place Stll and Carlson (1929)
observed that the ntravenous injection of bile reduced gastric motility, but
this effect was produced by the toxic systemic effect and not by a Jocal acton
on the organ

Winfield and Kaulbersz (1941) noted that feeding of bile relieved anorexia
They observed that whole bile, or bile salts dissolved mn water, when placed
m a fasting dog s stomach during the quescent phase, gastric contractions
were mnvartably produced During the contraction phase, a short mhibition
occurred Shortly after the feeding of fat (bacon or oltve o1l) bunger contrac
tions ceased In only 2 of 24 experiments did the feeding of whole bile after
the mntake of fat call forth contractions after a resting phase produced by fat

‘The effect of bile on gastric secretron

Sakolov (1904) observed that bile produces an mcrease of gastric sccrclw;
when 1t 15 g@iven by stomach tube or applied to the intestne, and when places
1n an 1solated stomach 1t would sumulate secretion from a Pavlovpouch
These observations were confirmed by Pavlov (1910} who also confirmed the
inhibitory action of bile on pepsin

Lonngxnst (1906) who fcc‘lz lﬁlc obtamed from other ammals with blharz
fistulae to dogs with Pavlov pouches found that 1t sumulated the secretio)
of gastric Jurce to the same degree as water, but the contents of the mam

stomach showed almost no digestive power subsequent to the mngestion of
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ile on account of the precipitation of the pepsin by bile Glaessner {1913)
after feeding sodium choleate to patients with hyperchlorhydna noted a
decrease 1n the acidity of the stomach content

Wied (1914) d the gall bladder to the stomach 1n a dog
and studied the gastnic content by means of a fistula He observed occasional
shight d as well as 1 to total acidity, he concluded

that the acidity of the gastric content 1s not appreciably affected by diverting
the bile 1nto the stomach Grey (1916) by means ofa cholecystogastrostomy
with ligation and division of the coramon bile duct i dogs diverted the bile
from the duodenum to the stomach Theresults from two series of expertments
agree that bile has no appreciable effect on the acidity of the gastric content

Grey (1917) found 1n dogs that after ligation of the larger pancreatic duct
the presence of a considerable amount of pancreatic juice 1n the stomach
throughout the period of digestion leads only to a mederate decrease 1n the
aaidity level of the ingesta 1n the later stages of digestion Earhierin the process
there 1s no constant alteration of the acidity level in either direction

Pannett and Wilson (1921) found that after the administration of ile salts
to normal men there was 2 striking rise of both free and total acidity

Meyer, Ivy and McEnery (1924) showed on Pavlov pouch dogs that bile
stumulates gastric secretion They found that cholecystectomy does not cause
a depression of gastric secretion and they thought that through s role on
fat bile may have an indirect exatatory action on the gastric secretory
mechamsm

Still and Carlson (1929) produced an diate but temp y mlut
and great dirunuhon of gastne secretory response 1o 2 test meal by mtrave
nous of bile These exp were not confirmed by Kosaka and

Lam (1933) who used toxic doses of bile by mtravenous injection.

Kim and Ivy (1936) found hittle secretagogue action produced by hepauc
bile in contact wath the gastric mucosa for periods of 30 minutes which covre-
sponds to ‘ normal smee regurgitated flurd would be evacuated from the
stomach 1n half an hour (Regurgitated bile 15 gall bladder bile which 1
10-20 times more concentrated than hepatic bile )

Kaulbersz and Winfield (1942) observed that when 2 g of bile were placed
mto fasting dogs stomachs 5-35 munutes before histamne 1rjectr
diminution of both secretion and acidity was noted 1n the Hedenbem
pouches 1n 50 per cent of the experiments When bile was grven after boor
mune 1y no mhibitory effect on occurred nor was there oo
ncrease in the amount or acidity of the secretion 1n the pouch Bile x:x:o‘.‘:r)’
imto dogs stomachs with Pavlov pouches induced an inareaed 2oz ;;
gastric secretion from the pouches after histamine wjection In & ‘:.,,
gastric ﬁSt"ﬂf«: t}}:c amount and acidity of gastric secretion was fo-:;?;’!;

gh m several foll h ;o
duction of bile These high readings were n:ver equ;;ﬂ:“;;un’ ‘i g
effect alone In certan instances histammne and bile prodx.&‘u ’—N;u i’
small amounts of secretion They thought therefore, tha L"!‘t?”’ P
gastric secretion was partially stimulatory and pama’u 7128 :,4;‘: ;’ ;/‘::
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did not influence the wnhibition but nulbified the lation of
The minbutory effect was predomnant m Hesdenham pouches and the
stimulatory effect i Pavlov pouches In dogs with gastne fistulae the com
bined iphubitory and stumulatory effects produced a vanety of results which
seemed to jusufy the supposiion that bile mtroduced nto the stomach
imnates a nervous stmulation producing an ncrease of gastne secretory
acuvity, and that when the bile progresses into the intestine absorption
produces a decrease of gastric secretory actwity

Beamer, Friedman, Thomas and Rehfuss (1944) found wn dogs, with
gastric and duodenal fistulae, that following the mtroduction smto the
sntestine of dogs, without special precautions substances such as ground
meats or meat digests, a secretton of gastric juice was normally obtamed
When bile was prevented from entering the stomach or accamulating w the
mtestine and only 1sotonic solutions were used, hitle or no gastric secretion
was evoked In Paviov pouch dogs 1 which products of protein digestion
were mnstilled mto the mtestine, while bile was allowed and the test solution
prevented to regusgitate, secretion of gastric juice was observed to commence
within half an hour after the first appearance of brle m the stomach The
volume of gastnic secretson varsed roughly in proportion to the volume of
bile which regurgtated and the duration of contact of the bile with the
gastric mucosa When solutions of dog or ox bile were placed i the maw
stomach of the Pavlov pouch dog, the secretion of the pouch amounted on
the average to 6 2 cc dunng the first hour following bile admmnustration
while the volume for the control hour preceding bile admumstration was only
07 cc thus confirmung the early work of Sokolov (1904) Contrary to the
results of Meyes, Tvy and McEnery (1924) they found that bile alone in the
intestine did not stmulate gasteic secretion The instillation of bile mto the
stomach resulted i g and a brief 1wn of the rate of gastnc
secretion

Kaulbersz and Bilsk: (1949) observed tn dogs that bile mtroduced through
a gastric tube evoked an merease of volume of secretion from Hexdenhan
pouches affecting only shightly the acrdity and the pepuc power They sug
gested that m cases of hypersecretion the regurgitation of bile nto the
stomach may present a source of continuous syymulation

‘The effect of bile on mtestinal motility

While the presence of bile 1 the stomach produces an mereased moubity
1t has the opposite effect on the small mtestine
Fubins and Luzzat (1888) tumed the passage of a pea through a loop of
stestine, 1t was found to pass through the lumen more rapidly after bile hadr
been injected into the lumen than before Eckbard (1899) injected 1 cc¢ ©
bile 1nto the duodenum of a rabbit and st remained quet for 10 minntes
Frgection of Inle mto the intestine sesulted 1n wave bke movements along the
sntesune  Hallion and Nepper (1307) found that bile in contact with the
satesnnal mucosa has a Jocal smulaung influence on the small wntesune
lly upon the duod Schupbach (1908) observed that bule hasan
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ntibting effect on the movements of the small intestine and an accelerating
effect on those of the colon A weakening of activity and a decrease of the
number of- of the small by the strip method of Magnus
was observed by d Ernico {1910)
Ott and Scott {1909} observed increased penstalsis in a Vella fistula by the
oral admunnstration of 2 g of bile but they agreed with Schupbach (1808}
that direct appheation of brle mhiints the surviving excised small intesune of
cat or rabbit while 1t stumulates the large miestine
Boulet (1921) who studied two human subjects 15-20 munutes after decapt
tation observed that bile had an inhabitery effect on the motlsty of the sfeum
and the colon This confirmed hus previous observations on ansmals
Nakata (1933} confirmed the abservations that when the serous coat of an
1ntestinal strip was exposed to the action of bile 1t had a depressing effect on
the motshity but when the mucosal coat was exposed even toamuchstronger
concentration of bnle the effect was shght or absent
Harrall (1938) stated that he and s collaborators observed that ox bile
wected mto the duodenum produced a curve of imcreased acuwity very
sumilar to that of sodium glycocholate and dog gall bladder bile A period of
relaxation frequently preceded the sumulanon produced by the injection of
those substances
In a serses of expeniments on caccostonmzed dogs in which the proximal
and distal acuvity could be correlated by two tandem balloon systems
Galapeaus Templeton and Borkon (1938} observed that the mjection of 10~
20 cc of gall bladder bile n contradutinction to tap water was followed
by 2 marked depression 1 colon actwity lasting from 50 to 100 munutes
Defaccation followed a few munutes after ijection and marked tenesmus was
usually manmfested Haney Roley and Cole {(1938) found that the sntroduc
ton of gall bladder bile from the dog mto the prowmal end of a loop of
sntestine 12 promptly followed by a marked increase i the rate of propulsion
A solution of bile salts 15 fully as effective as bile They observed 1n Thiry~
Vella loops in the dog that the Iocal application of bile stmulates the motor
activity of the small mtesine that this effect 1s due entirely to the presence of
nle salts and that the action of bile salts on the glands of the jejunal mucosa
best explams thus result They suggested therefore that bile salts may play
an important rale 1 the normat 1 of the propul of
thesmall ntestne Ackerman Curland Crandall (1941} observed thataftera
fatty meal the rate of gastric emptying i the bile fistula preparation 1s slower
than 10 normal dogs but the admmistration of bile salts wath a fatty meal
brings the gastric emptymg time of the bile fistula dog to withun normal kimats
It may be stated in conclusion that the evidence tends to show that hile
has a sumulating effect on the stomach the upper part of the small intestine
and the colon but does not markedly affect the motihity of the small intestme
The effect of bile on the gastric mucosa

{The reader 35 seferred to chapter 8 p 152 which deals qith the cffect
produced expenmentally by bile on the gastric mucous membranc)
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Bie 15 not found ordinarly in the h although small g ofa
ddute solution may appear towards the end of 2 meal

An excess of bile n the stomach causes vomting as was obsered by
Bowsson (1843) when he gave 120 co of brlfe to a dog by mouth Claude Ber
nard (1856) thought that bile preciptated the pepsin when 1t reached the
duodenum  Corvisart (1857) believed that it was precpitated by the acd
of the chyme Harley (1860) supported thisview Naunyn (1868) observedfoss
of appente m 2 dog which was gnen2g ofsodium cholemcum in sausage

The toxic effect of bile on the gastric mucons membrane was shown by
Rywasch (1831) to be dependent on the bife salts and ther deavatsves He
dermonstrated that bile acts as a protoplasnuc porson on red and white blood
corpuscles as well as on cthated and hver cells Sinular observations were
made by Neufeld and Handel (1908)

In reviewing the causes of chronie glandular gastriis Ewald (1893) refers
ta the well known expersments of Dastre (1890) and Odd: (1888) who found
that large quantities of bnle . the h had no infl on the dig
an observation which contradicted previous anthors as well as those of van
der Velden, Malbran Riegel, Werll and his own which wathout doubt
showed that regurgitation of bile was the cause of gastric dusturbances

Snouth (1914) found that when he transplanted eprthehal tissue imto the
gall bladder, necrosis only occurred in that part of the graft which wasin
directcontactwith bile, while theremarnung part, which was protected through
the nfolding of the mucous membrane, escaped damage for a considerabl
time Tashiro {1917) suspected that a number of agents known to produce
ulceration of the gastrsc mucosa 1n gumea pigs such as adrenalime thyroxine
and bacteral toxuns reduce the phasphatide contents of the blood and thus
remave ths protective effect agamst the bile salts Aleoholic extracts of bile
were fed to 1B rats by Cooper (1923) Most of the ritsdied wathin 48 hours aft
bewng dead by the seventh day At necropsy, the intestine and stomach wese
haemorrhagic and there were erosions of the gastric mucosa in 3 rats Hosono
(1931) reported that gastrsc haemorrhage follows the feeding of sodmm
taurocholate and sodium glycocholate

Leriche (1931) drew attention to the unportant fact that hydrochlonc
acid hiberates the bile salts from nte

Tamesue {1934) observed that autolyss of the gastrsc mucosa occurs at
#H 4 0-80 and that hydrogen mhibits and g fates the effect
Bile acrds wmbabnt the effect depending on thesr atton, 1/1,000c0n
centration has no effect He emphanzed that the cytolysis of the gastnie
mucosa 11 the g of HClis jerably increased and that 1t 1s essen
ualforstsaction He measured the permeability of the gastric mucosa (1n pigs)
of bile salts and acid and found that very weak soluttons of bile salts show
+ marked cffect Concentratons of 1/5 000 ~1/30 800 of sodsum taurocholate
are effective

Accordmg to Sobotka (1937) bile and bile acids preaipitate the pepsin xs
the acid gastric juee  thereby mactvatmg 1t an effect whichis natre erse
by re acidification (Burkart, 1868) and thus 1s not merely due to an unfavaur
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THE PATHOGENESIS OF CHRONIC PEPTIC ULCER

THE TOXICITY OF BILE

The toxic effect of bile on the nervous system was recognized since the tume
of Hippocrates The effect on the bram and nerves, the heart and blood
pressure and on skeletal muscle has been reviewed comprehensvely by
Horrall (1938)

Horrall (1938}, after referring to many contradictory observations by the
earlier authors, concluded that the vanations of the toxictty of different bules
may be explained in various ways (1) the quantity of bile acids 1n the bile
may vary constderably, (2) the kind of bile acids 1n the bile may vary (tauro-
cholic acid 1n dog fule and glycocholic acad 1n ox bile}, (3) the amount of
protective substances (cholesterol, protein) may vary substantally, and (4)
speaific proteins or other constituents may cause reactions

Magendie (quoted by Horrall, 1938) reported in 1824 that I g of bile
myjected mto the crural vemn of dogs killed the anmal 1n a few moments,
whereas when injected slowly 1nto the portal vein, 1t caused no disturbance
Bouisson (1843] myected human gall bladder bile mnto the jugular vem of
rabbits, kiling all animals Filtered bile had only a mild effect

The depressing and exciting elements contamned m the bile are mutual
antagorusts, the total effect bemng an algebraic sum (Meltzer and Salant,
1906) Whole bile 15 more toxic than esther of 1ts major constituents (Greene
and Snell, 1928) Horrall and Carlson (1928) have shown that bilirubia
has no effect on the heart, urobilin appears to be purely an excretion product
Still (1929) found that bilirubin 15 a non toxic substance, that bile acids are
the most toxic substances found m bile, that the order of toxicity of the bile
acids 15 (1) cholexc, (2) desoxycholc, (3) glycocholic, and (4) cholic, and
that the toxicity of bile lies 1n the cholate radical

Horrall and Carlson (1928) recorded the mamfestations of towcity pro
duced by bile as heart rate decreased and nregular, blood pressure de
creased, vomuting, bloody diarrhoea, anuna or, if there 1s urine, it contains
albumin, haemoglobin, red blood cells, and later, casts, ceilular, then hyaline,
the resprration amplitude 1s decreased, the rate wmcreased oedema of the
lungs, and frequently pneumonia, 1n the central nervous system, convulstons
(tonze, clonic or intermuttent) and, later, coma and death

The toxicty of bile varies, according to Horrall { 1931), directly withits
salt content and specific gravity and, therefore, the gall bladder bile has 2
greater toxiaity than hepauc duct bile or fistula bile He quotes Stadelmann
(1896) who dered sodium holate 10 times more toxic than sodrum
glycocholate b

According to Stram and Marsch (1?36) bile salts act as toxic substances by
mhibiting the oxygen consumption of the tissues

It mz\);z be nth‘Zg with pam}:ular 1nterest that Tsuruta (1931) concluded
from his experrments as follows  The male 1s more susceptible to the tm;lc
action of bile salt than the female This 1s true, not only for the frog’s musc'e,
butalso for the stomach mucosa of guinea pigs Whether thss difference 1sduc
to the different nature of the tissue protemn or to the phospholipid content
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we are not prepated 1o answer Anditis egually difficult to answer 3 question
a3 to whether this difference wn susceptibility of the tissue to bule salts a3
respousible far the greater snesdence of gastne ulcer wnt males than females
m the case of the human

The effect of bile on the blood
This 13 of particular wterest as 1t affects the problem of gastrse haemor

rhage

ngwnsch {1891) found that coagulation of blood was prevented by 0 4 per
cent taurocholate Doyon and Gauntier (1909) observed that 1 ml of bile
prevents the coagulation of 10y} but not of 15 ml of plasma and that I mi
per kilogram of body werght of bile or of 2 10 per cent taurocholase solution
when injected into the mesentenie ven suppresaes the coagulability of the
blood for a few hours

Neufeld and Handel (1908) stated that Inle salts are a protoplasnuc poson
and have 2 cytotoxic effect causing haemolyss of sed cells dimategration
of white cells disruption of spermatozoa haemorrhage albumununa and
Iysts of protozoa

“Tatum (1918) and Bradley and Taylor (1917} showed thatbile ar ws salts
has a very marked cytolytic effect on the cells of vanous organs and that thss
disintegrating effect 1s guite dustinct from autolysis They also showed that
thus 1z nat due to the activauon of enzy mes by ile ox to a co-ferment w bide
but represents a strasght destructave effect presumably of a chermcal nature

Horralt {1931} observed that nle mucin, which 1 different from muan
secreted clsewhere reduces the tonaty of hile Wilhams (1932) has shawn
that human serum dummishes the towcty of bile salts Haemolysis 1s pra
duced by 8 625 per cent bile salt 1n sodwm chlonde solutson but requires 2 5
per cent when used with human serum

Effect of bale on macro~orgamsms

The action of brle and of bile acids on b it lly on path
mvaders, 1s manfold and w wtre expenments do not afways allow one 1o
predict what will actually take place tn e

Bacteria were present n bule m the gall bladder m 58 per cent of 735 cases
operated on at the Johns Hoplins Hospual The post operatwe diagnosis was
gellstones 1 §99 ¢ases and cholecystiis m 136 cases Banflus tofs was present

2n 49 per cent of these cases and B fyphosus m 19 per cent (Blalock 1924)
Yeasts are renstant to bile

Bile perstonutss

According to Wangensteen {1926} Jeakage of sterrle bile 1ato the perstoneal
cavity is notianocuous as was suggested by some authors The experimental
ammal dies within a short me of cholaemia due 10 the toxc action of the
bale salis when a well funcionmg bitary fistule from which bite escapes snto
the penitoneaf cavity 13 estabbished

According to Horrall (1938} bile perstomtis 15 caused by the tovic action of
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bile acids Bile acids exest a toxic effect on the heart, udneys, blood and
blood capillanies And on all tissue with which they come 1n contact Bactema
have ittle or no effect if the penstomtss 1 fatal within a few hours Secondary
surgical shock 35 a very smportant result of the toxic action of bile acds It
has been well cstablished that bile, myected subcutaneously, cavses tssue
necrosis, nd even a large ascptic abscess

The effect of bile on the gall bladder

Why does bile not cause necrosis of the gall bladder® This question 1as
pertinent as the question why hydrochlonc acid does not cause necrons of
the gastric mucosa or trypsm destroys the pancreas Horrall {1938) explams
that bile 15 very toxic to all the body tissues, especially when the salts are
concentrated The bile m the gall bladder 15 from 5 1020 times more concen
trated than that in the hepatc duct The hver bile 1s alkaline as shown by
vital stunmg (Rous, 1925), the pH bemng greater than 7 ¢ and Jess than 84
As the bile pisses mto the gall bladder and 1s concentrated, the alkahnity
dimimishes, cvusing the pH to return to a neutral or shghtly acid state Inthe
centre of the bile 1n the gall-bladder the pH 356 4, but about the penphery st
1 Jower at 54 The wall of the gall bladder 1s also shghtly actd n spute of the
frct that st conusts fargely of connective tissue The protective substances
which occur in the bile are cholesterol, leathin fats and protemns These
substances actually dsmnish the cytolytic actity of the bue salts Muan s
added by the linung of the bile ducts and gall bladder This acts w two ways,
first, 1s a mechamcal protective covering for the mucesa, and second 2s 3
chemical neutrahizer of the bile salts Both the true and pseudo mucins arc
very soluble i alkalis such as bile salts It appears that the actdity of the ving
liver cells and gall bladder mucosa pratect themselves agamst strongly
necrotic alkaling bile by throwing out enough acid to make a zone of neutra
hity between hiver cells and the bile :

Womach and Brcker (1940) produced cholecystitis by the anjection o
concentrated bile mto the gall bladder butatshould benoted that the damaga;
occurred only after hgation of the cystic duct—thus introducing an addition:
factor 1n the expeniment  According to Berman, Snapp Ivy ang Atlnson
(1940} there 15 no evidence that bile acids are tovic to the liver 4

Gatsch, Battersby and Wakin (1946} believed that cholecystittsis produce l
by pancreatic juice and bile salts When they mgected Inle salts into the port¥
venous system, they observed no change m the Iver though there wasntense
mflammation of the gali bladder

The effect of hile on the pancreas

Although the human duct of Wirsung joins the common bie duct (
many species these ducts remamn mndependent and enter the ducd:num
separately) nevertheless, if bile enters the pancreitic duct 1z gives 1is¢
e ly serions q

Acute pancreautis and hacmorrhagic necrosis have been pmdngiad
expenimentally by allowing bile to enter the pancreas {Claude Be
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1856 Opic 1901, 1910 Flexner, 1906, Arclubald and Mullally 1913,
Whipple and Cook 1918, Archibald, 1918, Brock and Morrel, 1919
‘Wangensteen, Leven and Manson 1931, Wolfer, 1931 Bottin 1932, Jones,
1932 Elman 1942)

A large number of 1rritating substances when mjected into the pancreatic
duct are capable of causing 1n ammals, the same lesions that are observed
1n the human —gastric Juice, (Hlava, 1890) , formalin, sweet o1l, fatty acids
and sodium soaps of the fatty acids {Opie, 1901), duodenal contents (Polya
1906), weak solutions of hydrochloric mitric and chromic acids and alkahs
Flexner 1906) Bland substances have been found to do httle or no harm
(blood blood serum, agar agar, gelatine paraffin starch emulsion and also
cultures of certain bacteria when not too virulent or 1n too great quantity )

According to Archibald (1919) the essental pathological lesion m pan
creatitis 15 necrosis of the pancreatic cells or masses of cells This 1s the
primary effect (Opte and Meakins 1909) Haemorrhage inflammation,
mfection are all secondary effects

A ding to Mann and Giordano (1923) an 1 and phystol 1
basis for the theory that reflux of bile may occur 1n the pancreatic duct does
exists In only 35 per cent of 200 human specimens was 1t possible to
obstruct the et of the ampulla and cause bile to pass into the pancreatic
duct Wolfer (1931) found that 1n all cases 1 which pancreatic juice was
mtroduced 1nto the gall bladder of the dog there followed unmustakable
pathologcal changes in the wall of the gall bladder Bisgard and Baker (1940)

showed exper Ily that reflux of p juice mto the gall bladder
1n the presence of bihary stasis invanably produced permanent pathol H
changes 1 the gall bladder (acute aseptic cholecystitis with necrosis of the
wall of the gall bladder)

Ttis fi that the P 1n the pancreatic duct 1s greater
than 1n the bile duct (Dragstedt Haymond and Elhs 1934)

Thke rel of bile to

Ivy (1944-45) suggested that the action of bile salts upon fat soluble sub-
stances would inf} the action of hyd bons in the stom
ach Thus methylcholanthrene which has a close chemical relationship to
the normal of the bile dissolved 1n bile mught produce a Jesion
where methylcholanthrene alone failed to do so

Barrett (1946-47) pomted out that the areas of the intestine which are
normally most exposed to bile are the site of far less cancer than i the sto-
mach, which 1s normally only mldly exposed

Cholecystogastrostomy

Odda {1888) 15 reputed to have been the first to perform cholecystogastros
tomy His object was to find out the effect of bile on gastnic acidity In hus
day bile was held to have a permaious effect on digestion by neutrahzing
the actd and by p g pepsin and alb (H. Fred
Landois Briicke Bernard Foster)
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Mocquot {1911) and Grey {1916) found that this operation had no appre
crable effect on the gastric acidity in dogs Their observations were confirmed
by Robumson (1930) Babcock (1920) believed that the operation favoured
the neutralization of acid and he recommended 1t for the treatment of gastric
ulcer

Gatewood and Poppens (1922) who anastomosed the gall bladder tothe
stomach, duodenum and colon n dogs, observed that the gall bladderimama
bly becomes infected regardless of the viscus used for anastomosis Lehman
{1924) found that no vartation of the mechanical plan of the operanon
prevented the hepatitis Du Bose (1924) referred to cholecystogastrostomy
and cholecystoduodenostomy as operations of necessity rather than of chorce
Marmelh (1925) found that there was srritavon and inflammation 1 every
stance wherever the gall bladder was sutured to the digestive tract

Brarthwaite (1926) rec ded cholecystogastrostormy as the op
of choice for maccessible gastric ulcer Wangensteen (1928) reported cholan
g@tts following cholecystogastrostomy for a malignant lesion of the head of
the pancreas Beaver (1929) found mnvarmably that mfections of the bihory
tract and hver followed cholecystogastrostomy Robimson (1930) who
advocated cholecystogastrostomy for gall bladder dsease consdered t
* unlikely that this operation can have any beneficial effect n the treatment
of gastric ulcer, as has been clamed® Gatewood and Lawton (1930) found
that from an expersmental standpoint, infection of the gall bladder mvarsably
follows cholecystogastrostomy regardless of obstruction of the common bile
duct Hepatius and cholangitis are the rule Sumilar observations were made
by Gage (1930-31), Ebason and Johnson (1936), Sandblom, Bergh and
Ivy (1936), Graham (1938), Walters (1939), Bengolea and Velasto-
Suarez (1939), Glass (1940), Allen (1940), Soupault (1940), Mallet Guy
(1940), Zollinger (1940), Brackin and David (1941), and Gordon Taylor

1942
¢ Wh)lpplc (1938) stated that “‘the rare successes, not the many fartures,
appear in the Iiterature * 1

Brarthwaite (1943—44) who adrmtted having been obsessed by the v2 “;
of bile mn the stomach found that the late results of the operation which he hd31
advocated as the treatment of choice for maccessible gastric ulcer (Brat
watte, 1926) were unsausfactory and the operation was abandoned

Cholecystectomy

Extirpation of the gall bladder causes as a rule dilatation of the tl'tlth;"
choledochus which develops mto a vicarious reservorr I, however, the func;:zn
of the sphincter 15 impaired by pathological causes or expersmentally, ! -
no dilatation occurs and a contmuous flow of bile mto the intestme
established (Rost, 1913, Mann, 1917, Judd and Mann 1917)

Meyer Ivy and McEnery (1924) found that cholecystectomy does
cause a depression of gastric secretton

not
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CHAPTER 17

AUTHOR’S THEORY OF CHRONIC ULCER
FORMATION

1t may now be suggested that the elements required for the construction of
a theory of the causation of chromc peptic ulcer must be based on physio
pathological considerations

Expressed 1 1ts sumplest form, 1t may be postulated that the tissues react
to simuh 1n the following manner

{a) A threshold stimulus gives a normal phymological Tesponse

(b) A repeated stimulus gives an exaggerated physiological response
(hyperfuncnon—a true téflexe de d{fnu'e) .

©A gwesar (
a reduced local resistance and ulumatcly breakdown of the tissues)

Summation of the responses to shmuh (by the mtmducuon of the time
factor) converts a p 1 mto a pathol 1 process

The stages i thc dcvclopment of the lcslon are parallel mamfestations
to the responses of the conditioning stimuli These appear 1n the following
order (1) the Synd of Hyp (2) the y reaction
and (3) the necrosis of the tissues

The method of approach te the solution of the problem of chrome peptic
ulcer may be divided 1nto three parts

The first concerns the identification of the nature of the shmulus It may
be exther of 2 physical or of a chemical nature That 3t 1s not wholly physical
1n nature 13 shown by the fact that mechameal trauma cannot produce the
lesion That 1t can be of a ¢t 1 nature 18 supported by much evid
which shows that chemical agents have a markedly destructive effect on the
gastro-mntestinal mucous membrane

The second concerns the site of the injury produced by the sumulus Since
the chronc lesion starts on the surface of the mucous membrane before 1t
penetrates mto the deeper structures of the wall of the organ 1t must be
produced by direct contact of the tovic agent with the mucous membrane

q bal

The thn'd the 3} which 15 reponsible for the p e
of the The prolonged p of fat 1 the stomach after an
mtial inhib d a uon of gastric yuices { hyperchlor

hy,
hydria ) and causes the xcgurg\‘t'anon of 1ntestinal juices and hile into the
h Bile which Ily performs ats fi 1 an alkaline medium
acts as a powerful imtant on all tissues 1 the extra biliary channels
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partscularly so1n an 2acid medrum It reduces the surface tension of the gastric
mucous membrane and, therefore, accelerates 1ts destructive effect on the
ussues which respond by a generalized inflammatory reaction of the mucosa
(superficial hypertrophic gastritis—the pre-ulcerative stage)

The continued action of the srritant on the inflamed mucous membrane
reduces local resistance and, finally, causes the breakdown of the tssues

Since hypersecretion of acid stimulates the sceretion of bile and bile
stmulates the secretion of acid, a victous circle 15 formed

It may, therefore, be deduced that bile 15 the ongnal simulus which
amitiates the Jesion, prevents its healing and maintains 1ts chromcity

The mech which 15 responsible for ulcer formation may be repre
sented by a simple equation A + B =~ U, in which A = acd, B = bile
and U = ulcer The el 1on of A or B abolishes the eq 1t follows,
thercfore, that if exther the acid factor or the bile factor 1s removed, the
morbd process 15 arrested and the ulcer heals

It will be noted that the clements which are responsible for the miration
of the leston are also responstble for 1ts maintenance and chronscity, butgnce
the chronic gastritis appears before the appearance of the ulcer it may be
sard that chrome ulcer 15 “chromc’ before 1t 15 ‘ulcer”

The practical application of thus theory will be developed m the section
which deals with the Chiical Considerations

o
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CHAPTER 18

THE ROLE OF FAT IN THE ECONOMY OF
THE ORGANISM

PHYSIO CHEMICAL CONSIDERATIONS

THE COMPOSITION OF FAT

The fatty substances concerned m this Study may be divided into three
main groups

(1) Neutral fats, which are fatty acid esters of the tnihydroxy alcohol
glycerol The fatty acids occurning in the neatral fats of the body are (a)
saturated acids of the general formula G, Ha, O; the mam representative
of which are palmitic acid (Cyg Haz Oy) and stearic acd (Cis Hyg Oy), and
(b) unsaturated acids, of the general formula C, H,, , O; which contain one
or more pairs of carbon atoms uruted by a double bond (C C) atsome pomt
of the carbon chain—of which olexc acid (Cis Hyy O;), with one double
bond between the ninth and tenth carbon atoms occurs m large quantities

{2) Waxes which are esters of fatty atads and aleohols other than glycerol
Of these esters of hydroxy alcohol, chol 1 (Ce7 Hyg O) occurs in
anmal fat

(3) Compound lipids which are fatty acd esters contanng in addiion
an alcohol and fatty acids Of these the phosphobpid lecathine, a glycende
of fatty acids, combined wath choline and phosphonc acid, 1s the most
important

Compound lipids usually contzun i addition to palmutic steanc or oleic
acid more hughly unsaturated fatty acids such as inoleic acid (Cis Hy O,
with two double bonds) hinolenic acd (Cis Hsp Oz with three double bonds)
and arachidome acid (Cys Hae O; with four double bonds)

Esters of the tnatomic alcohol glycerol are by defimtion fats when they
are sohd at ordinary temperatures and oils when they are hquid

The physal properues of fat concern the speafic gravity, the melting
pomt the solid and uitre the refi index and the rotary power

The chemeal properties of fats are charactensed by the following

(1) The acrd value which 1s determined by titration of the free fatty acid
with caustic soda It 1s a measure of the degree of hydrolysis of the fat.

(2) The saponsfication valve which determnes the amount of caustic potash
which 13 hised duning sapomfi

(3) The 1odine value which 1s the amount of halogen calculated as 10dme
which 15 taken up by the unsaturated acid

(4) The Hehner paluz which gives the percentage of fatty acids insoluble in
water that are yiclded on sapomfication by 2 fat
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(5) The Rechert Meissl ralue, winch 1s a measure of the amount of lower
fatty acids entering snto the composttion of a fat which volatilises sn a current
of stexm

(6) The acetyl alue, which gives the number of millsgrams of caustic
potash required to neutrahse the acetic acid hberated on sapomfication of
1g of acetylated fat

CHOLESTEROL

Although cholesterol 1s not chemically related to fats, there 15 an imtimate
physiological relationship between these substances

Cholestcrol 15 a sterol, comparatively mert, sohd, insoluble 1 water, but
soluble 1n alcohol, ether and chloroform Its chief sources i the food are
yolk of eggs, liver, kidney, brain and fats (cream, butter and meat fat) It
an essential constituent of all cells and fluxds n the body and exists euther m
the frec state or combmed with fatty acids to form cholesterol esters In
bile, 1t occurs only 1n the free state and tends to vary with the amount 1n the
blood, where 1t exists 1n a free state in the red blood corpuscles while the
plasma more than half 1s present as ester The normal level 1s 0 15-0 2 per
cent Large amounts are present in the adrenal cortex, the ovaries and the
nervous system particularly the bramn

Most of the cholesterol denved from cellular disintegration 1§ retamed 1
the body Cholesterol when given orally, 1s absorbed only 1n small amounts
unless some fatty matenal 1s also present i the intesune The ingestion of
food rich 1n cholesterol over a period of ime raises the blood cholesterol

Bile and pancreatic juice aid 1ts absorption Combination with the bile
neids increases 1ts solubility and the esters are hydrolysed by pancreatic and
mtestinal enzymes The esters are resynthesized before reaching the lymph
strcam, which 1s the mun route by which the cholesterol s absorbed
Synthesis 15 proved by the fact that the cutput may considerably exceed !hi
intake over long penods of time, the blood contams an enzyme which will
split the estcrs and cause synthesis (Sperry and Schoenheimer, 1935) Fart
of the absorbed free cholesterol 1s excreted i the bile wnd part 1s changed
1nto coprosterol by hydrogenation and eliminated 1n the facces Some of the
biltary cholesterel 15 reabsorbed m the small intestine The cholesterol phus
coprosterol in the facces 1s usually greater than the cholesterol content 1 the
diet Cholesterol can be found 1n normal urine (Gardner and Gainsborough
1925) Blood cholesterol 1s low during acute mnfections but returns to normél
with recovery, 1t 1s low with chronic anaemia but high with thyrod de
ciency, diabetes mellitus nephrosis, and also during pregnancy The 1;‘
creased cholesterol of the blood during fat absorption 1s mamly due to the
absorption from the pancreatic and intestinal jurces and the bile It has been
suggested that cholesterol 1s one of the constituents of bile which mahe 1t sg
effictient in the emulsification of fats and therefore, i their digestion an
absorption

Bradges (1941) considered that cholesterol 15 a Iiptd of paramount mpor
tance It 1s a vital consutuent of nerve nissue cells, and 1s responsible in part
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for the sem solid constituency of lwmg cells ddpltc their farge water content
{75 to 85 per cent) 1 enables cells to
hold greater g of watcr pathol lly visible oedema Continuous
feeding of diers Tugh or low in fat rases or lowers the blood cholesterol level
which 18 normally 0 18 per cent. The mfant receves very httle cholesterol
from mulk Cholesterol or ity denvatives located 1n the skn are transformed
1nto active Vitamun D by solar wrradiation

LIVER AND FAT METABOLISM *

Brief reference will be made to the development of fatty livers m tespect
of fat metabolism because 1t 1s intimately related to cirrhosis of the huver

Allan Bowie McLeod and Robmson (1924) observed that totally pan
createctomized dogs which were mamtamed on an adequate supply of
nsulin developed fatty livers which could be prevented by the admumstra
uon of raw pancreas Following the suggestion of Leathes and Raper (1925}
that phospholipids were ivolved n fat mnsport fmm the liver, Hershey
(1930) found that leath d the of raw
pancreas Hershey and Soskin (1931) found 1 that cgg yolk leaithine prevented
the death of the ammals

The development of fatty livers 1n rats on a high fat diet 13 prevented by
Jecithine (Best, Hershey and Huntsman 1932) Thus effect 1s produced by the
choline fracuion of lecithine (Best and Huntsman 1932, Best Ferguson and
Hershey 1933) Tox.\c slats and starvation induce a fa!ty mﬁlmuon of the
Tiver whuch 1 d n the of fat lable for
(Dible, 1932 Dible and L:bman 193¢ Best and Campbell 1938) Welch
(1936} found that choline promotes the formation of phospholipids and
consequent removal of neutral fats from the hver

Feeding rats on a hugh liver diet produces fatty hivers (Beeston and
Willanson 1936}

Some authors (Aylward and Holt 1927, Ralli Rubin and Present 1938
Best and Rudout 1938 Julhan Clark Vermeulen Donovan and Dragstedt,
1942-43) believed that no lipotropic factor ather than choline existed 1n the
pancreas while others {Channon Loach and Tristram 1938) believed that
a speafic factor other than choline existed 1n the pancreas

Channon and Smuth (1936) sy d the ethyl homol of choline
which showed strong lypotropic acuvxq

Best and Campbell {1936) found that the ketogenic extract of anteriof
prutary gland produced an mtense nfiltration of fat and a rapid increase
m the size of hivers of fastng rats  Adrenalectomy abolishes the ketoss and
prevents the accumulation of fat 1 the hver (Mchay and Barmes 1937)
Drags(cdt Prohaska and Harms (1936) found that an alcoholic extract of

hpocate ) p d the fatty d of the iver Choline

* Substances wh ch prevent or remove accumulation of fat in the s er are termed
Lipotropes
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or Iipocaie have no influence on ketosss according to Mackay and Barnes
(1938b), but Juhan, Clark, Prohaska, Vermeulen and Dragstedt (1942-43)
found that 1t was decreased by hipocaic

Tucker and Eckstemn {1937) discovered the hipotropic property of methio-
nine, and Channon, Mamfold and Platt (1938) suggested that 1t was the
effecuve amino acd This was confirmed by Grffiths and Wade (19.9)

Channon, Loach, Lotzides, Mansfold and Soliman (1938) suggested thatalt
protems havea hipotropic action which 1s due to therr anuno acid conteaty

Perlman and Chakoff (1939) found that choline sumulates the synthesis
and transfer of phospholipids

Betaine, winch 1s 1 precursor of choline, has a hpotropic effect {Platt,
1939, du Vigneaud, Chandler, Moyer and heppel, 1939)

Connor and Chaikoff (1938) 1n dogs produced fatty lvers with alcohol
which were shown to be due to choline defictency (Best, Hartroft, Lucas and
Rudout, 1949) and which could be prevented by the admumutration of
adequate amounts of choline

Chaikoff and Connor (1940) observed that the continued presence of an
excessively high amount of fat i the liver stimulates hepatic fibross even i
normal dogs and may cause the death of the ammals

According to Frazer (1840) there 15 httle evidence that choline sumulates
fat ouidation or that 1t 1s concerned with phospholtpid formation n the hvess
as a factor of intermediate metabolism

Welch and Landau (1942) have shown that arsenocholne (an analo-
gue of choline contamag arsenic 1 place of nitrogen) 1s hipotropic and also
enters the leathine molecule The observation that the triethyl homologut
of cholime 15 incorporated mto the phospholpids suggested, according to
McArthur, Lucas and Best (1947) that the mtact molecule of chohne rather
than 1ts labile methy! group 15 responsuible for ats bpotropic action

Entenman, Chahoff and Montgomery (1944) found that the actuve frac
tion of the ants fat substance 15 not dyalizable, that it is solable i dilute acd
and that the choline free fraction denved from the raw pancreas prevents
fatty hvers Swnce depancreatized dogs suffer from a reduction of plasma
chohne, Chaikoff, E and M (1947) concluded that deple
tion of choline storage accounts for the development of fatty hvers, andsince
free methionme also prevents fatty hvers, the synthesis of cholme from

f 1s not mnparred 1 the pletely deg zed doy

There 15 2 direct refationship between high fat diets and the requurements
of choline and labile methyl groups {Elveheym and Krehl, 1947)

Edible fats as obtatned commercially are almost free from choline

Vitamin By, and fohc actd appear to have a Lipotropic effect, the formc‘r H}
the biosynthesss of labile methyl groups, the latter 1 transmethylaton® ©
the choline molecule

nd
* "Transmethylaton 1v the transfer of fabule methyl groups from choline &

betane to b : © weld the p of & Jabile methyl grovp
13 a characteristic comman ta choline and methiomne (du Vigneaud 1952)

P
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CHOLESTEROL IN RELATION TO THE FATTY LIVER

‘When rats are fed on diets contaiming cholesterol they develop fatty hvers
which are characterized by the presence i the liver of excessive amounts of
cholesteryl esters while at the same ime considerable deposition of glycende
may occur This varmable increase of the glyceride content of the - cholesterol
fatty liver (antthpotropic effect) has been shown to depend on a number of
factors Cholesterol 15 not significantly absorbed unless fat 1s present m the
diet as shown by Thannhauser (1923) 1n man Sano (1924) m dogs and
Cook (1938) m rats Chol, 11s dep d throughout the body, except
the bram (Page and Menschick 1932) There 1s a marked rise in cholesterol,
both free and combined 1n the thoracic duct lymph during fat absorption
(Spiers and H. h, 1934) Diets hol 1 cause a change
1 the nature or an ncrease 1 the amounts of liver pids (Best, Channon
and Ridout 1934)

Lowzdes (1938) suggested that the progressive mcrease i the hver choles-
terol with mcreasing fat m the diet must be regarded as a result of increased

1 absorption Chol lisabsorbed irrespective of the type of fat fed
(Cook 1938) Cholesterol metabolism 1s bound up with an ncrease of fatty
acids 1 the faeces the amount of chol 1 missing 13 app ly equal
mn amount to the acids d Rats synth more chol lona

high fat diet than on a low fat diet, the increase of cholesterol being greater
with an unsaturated fat than with 2 saturated fat (Eckstemn 1938)
Perlman and Chatkoff (1939a, b) found that cholesterol decreased and
choline stimulated the phospholipid turnover m the liver of cholesterol fed
rats
There appears to be a physioct 1 between chol ol
and lecithine

FAT SYNTHESIS

The conversion of carbohydrates imnto fat appears to pass through the

following stages (2) glucose 1s reduced to lactic or pyruvic acid to form
Idehyd d of Idehyde molecules with or without pyru

vicacid yielding a long chamn of unsaturated aldehydes or keto-acids which
1 turn are oxadized to fatty acids, () the conversion of glucose into glycerol
1s generally thought to occur 1n such a way that glucose 1s first broken down
nto glyceraldehyde which subsequently undergoes red to glycerol
(¢) the umon of fatty acids with glycerol 1s brought about through the agency
of the enzyme hipase This catalytic action 1s reversible

Two possible sources are available for fat synthes:s in the body glucose
and proten Some of the amio acids of the naturally occurring proteins are
convertible to glucose in the diabetic animal and since glucose can be
transformed 1nto fat 1t seems reasonable to assume that protemn can be a
precursor of fat Itisnotgenerally accepted that in normal healthy individuals
fat 13 formed under conditions of excessive feeding of proten Normally fat 1s
completely oxidised to CO, and HyO 1n the body
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Theoretically, 27 g of glucose may give 1 g of fat wath the liberation of
0355g of water and 1 16 g of carbon dioxide, this transformation of carho~
hydrates into fat does take place even 1 the carmivarous dog (Morsguls and
Prate, 1913)

In the vegetable kingdom fats are synthesized from carbon diowde and
water under the influence of sunlight, probably via the mtermediate forma
tion of carbohydrates

Liebig (1852) pomnted out that the fat of ammals recesving a very smlar
diet was different according to the species, beef fat, for istance, beng differ
ent 1 composition from mutton fat Fats are charactesistic of the species
{Lovern, 1935) Although fats are hydrolysed mn the lumen of the intestiae,
their constituents are resynthesized 1 the wall of the mtestine and carned
in the chyle to the blood as neutral fats

Fats are found manly i foods of arimal ongin, plants store ther fat
their frints and seeds, but frints are generally not well supplied with st

Smedley Maclean and Nunn (1940) believed that 2 mnsmum ttake of

wrachydonic acid 15 necessary 1n order that the cells of the fat depots may first
be loaded up with fat

Weight for weight, fat supphes about twice the energy of the other staple
organtc foods, carbohydrate and protein It 15 an essential m the structure
and function of al} tissues and espectally of the bram and nerves (Bloor,
1942

Fa)ts serve passnely as heat msulation under the skin, as padding to keep
organs and blood vessels m place and for rounding out the contour of the
body structure They consttute the most important form of stored encsgy

THE IMPORTANCE OF FAT

Mayer and Schaeffer (1913) and Terromne (1919) dmde the fatty aods
which are found m the body mnto two parts, an #ément constant and an
elément anable The former represents the fatty acid content of ammals that
have died of mamtion It 15 mdependent of the mdividual and of the fat
content of the animal at the beginning of the manigon period Wathin narrow
Lirmuts 1t 15 constant for the species when cxpressed as a percentage of thebody
weaight It s quanutravely and quakitaw ely constant 1 spie of all physio-
fogrcal vaniations The Hement constant does not vary greatly in homeothermic
or porkilothermuc Is each dered as a class, but mn the former it has
a value about five imes that found 1n the latter The #lément pariable which 1
the difference between the total fatty acid content and the Hhment constant
extubuts great mdwidual variations even o the animals of the same speuies
The élément vartable consists of those fatty acids which are present m the form
of neutral fat and form the true reserve of fat of the antmal, the dment constant
25 that part of the fatty acid which cannor be drminushed 1n amount without
causing death It s probably an essential component of the ammal s profo-
plasm
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THE ABSORPTION OF FAT

It has been generally thought that fat 13 absorbed only after being spht
up m the intestine by hpase into fatty acid and glycerol The fatty acid enters
the mucosal cell with glycerol which 1s absorbed at the same time to re
synthesize neutral fat Thus synthess passes through an intermediate stage of
phosphatideformation Probably the glycerol s phosphorylated and combines
with the fatty acids (Fatty acids would be dangerous of absorbed 1 very
large and the re sy to neutral fat abolishes this danger } Two
fat spliting enzymes are present in the intestinal content one being provided
by the pancreatc yuice and the other by the intestinal jumce

The veloaty with which fats leave the stomach 1s connected with their
melting point and viscosity (Tangl and Erdelyr 1911 Fejer, 1913) Fats
which are absorbed quickly seem to leave the stomach quickly

Frazer and Stewart (1937) stated that the Lipacmia following a meal
containg fat occurs within 11 hours of ingestion reaches 2 maximum 1n
2-3 hours and the curve returns to the resting level 1n 4} hours

Defiaiency of vitamuns A, B or D and anaenua causes a decrease in the
rate of absorption of fat

The mechamsm of fat absorption
4bsorption of fat from the stomach

It 1s generally believed that fats undergo practically no digestive changes
m the stomach This subject has been reviewed by karel (1948)

Absorption of fat from the small tntestine

The difficulty m explamning the absorption of fat arses from the fact that
fatand fatty acids which areatsel 1 arensoluble in water
and therefore how they could pass through the epithchum of the intestinal
mucosa Three different possibilities have been suggested (1) fat mught be
dussolved 1 the lipoids of the cells after splitting into fatty acids whilst the
glycerol might be absorbed by ats solubility i water (2) fat mght be
absorbed as an emulsion bile acting as the Isifying agent the h
being one of filtration through the mucous membrane and (3) fat 1s
saponificd and 1s absorbed 1n the form of a water soluble sodium soap

That change in the diffusibility of fats and fatty acids through collodion
membranes may be brought about by bile has been shown by Neill (1921)
Mellanby (1927-28a) stated that the accepted hypothesis for the absorption
of fat from the alimentary canal aysumes (1) that fat 15 taken 1nto the colum
nar cell of the villus as fatty acid and glycerol (2} that re synthests of fac
occurs n these cells and (3) that neutral fat passes from the celiinto thevillus
spaces and thence into the central lacteal

Verzar and McDougall (1936) have put forward the hipolytic hypothesis
of fat absorption Frazer (1938) has suggested the partiion hypothesisas
distinct from the emulsification theory to explan the mechamsm of fat
absorption Bloor (1939) reaffirmed the hydrolysis theory According to

D1:%3
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Frazer (1940) the hipolytic hypothests must be regarded as unproven

Frazer, Schulman and Stewart (1944) have shown that only the tnple
combmation under the conditions prevailing i the intestine, offatty acid, bile
salt and monoglycende 15 effective for fine emulsification (over the pH range
of 6 0-8 5), adequate quantities of monoglyceride being formed during the
first 5 hours of pancreatic lipolysis (Frazer and Sammons, 1945)

Comparing the hipolytic hypothesis of Verzar and McDougall and the
partition hypothess suggested by himself, Frazer (1946) stated that there s
general agreement on the main changes which fat undergoes durmg absorp
tion The occurrence of emulsification, hydrolysis and phosphorylation, and
the smportance of bile salts and the adrenal cortex are recogmzed by both
groups of workers, the differences he in the way these changes are brought
about, and 1n their signficance and relationship to the absorptive mecha
msm Frazer considered that the available evidence does not support the
conception of the fat absorption h which that fat s
completely hydrolyzed in the intestinal lumen, that the intestinal cell has an
outer pavement membrane, that paraffins are not absorbed, that the adrenals
control phosphorylation of fat 1n the mtestinal cell and that no significant
amount of fatty matenal passes up the portal vein during absorption In
addition the Iipolyuc hypothests provides no adequate explanation of the
fine emulsification of fat 1n the intestinal lumen the differentiation between
neutral fat and fatty actd absorption, the effect of added or inhibited lpolysss
the difference between the absorption of tributyrin and long chan tn
glycerides, and the improvement 1n fat absorption when adrenalectomized
ammals are adequately salt treated Frazer (1952) concluded that there are
two different forms, mvolving two different mechamsms and two different
routes, by which the absorbed fatty matersal may pass mto the bedy
(a) the water phase, by molecular dispersion of short cham fatty acids and
Iong chatn soaps with passage mto the portal blood and (8) the oily phast,
by particulate dispersion of glycersdes and long chain fatty acids and resyn
thesization to triglycerides with passage through the chyle into the systemi¢
blood

Becker, Meyer and Necheles (1950) stated that the resultsof themr investiga
tions support the theory that fat may be absorbed mn the unhydrolyzed state

DIETETIC CONSIDERATIONS

THE DIGESTIBILITY OF FAT

Holmes and Deucl (1920-21) studied the digestibility of three vegetable
ails—cotton sced peanut and corn—which were partly hydrogenated m
arder to obtam hardened oils with different melting points They observed
that as the melting point increased the digestibility decreased, this also corres
ponded to the 1odine number which decreased with decreased digestibility
It has been stated that the digesubthty cocfficient of fats with melting pom';
above body temperature varies inversely wath the melting pont The eritica
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temperature above which there 1s 2 marked decrease in digestibility 10 man
appears to be about 50° C Shorter chamn fatty acids are more completely
absorbed, the chenucal constitution appears to be the important factor A
natural emulsion (mulk) 15 much better d d than Isified or 1!
fied fat

The charactenstic aromas and flavours of the various fats are due mamnly
to the presence of non fatty materials, pure, fresh, glycendes of the hugher
fatty acds being odourless and tasteless Ease of asssnnlation depends to some
extent on melting pomnt hqud oils and the softer solid fats bemg almost
completely digested, while fats which have been hydrogenated to a melung
pomnt of 50 G or above are utilized less efficiently Hilditch (1935) beheved
that absorption depends almost letely upon the possibility of the fat
being hquid at body temperature

‘The lower the melting point, the more completely 13 the fat absorbed Fats
which have melang pomnts lower than the temperature of the body are
digested more easily than those which remaimn sem sohid 1n the alimentary
canal The meltng pomt 1s lower after recent meltng, thus cooking may
make certain fats more assmilable (Frazer, 1940) Plants and cold blooded
antmals (fish) have fats of low meltng points Fats found 1n milk cream and
egg yolk are the most casily digested because they are 1n the form of an
emulsion

For practical purposes digestsbility may be defined 1n terms of the mverse
rato of the gastric motor and secretory response produced by the food which

m h

ponds to the ime required for sts from the

Fat tolerance

The tolerance of fat vanes from mdmdual to mdividual but 1t 15 now
generally recogmized that many people show a dishnct intolerance to fat,
which 1s parucularly marked in children who show a natural revulsion to 1t

Porges (1929) has emphasized that peptic ulcer patients are unable to take
ol after a short period of treatment Tidwell Holt, Farrow and Neale (1935)
confirmed that premature infants and twins have a marked difficulty in fat
absorption According to Jewesbury (1937) mdigestion 1n breast fed mfants
1s most likely caused by the hugh fat content of the mulk

According to Cruickshank (1946) most people are aware of the disadvan
tage of too fatty a meal and he adwises that for young children and those
with weak digestions fried foods fat meats and pastnies should be excluded
from the dict

Renhold (1948) has reported a case of fatindigestion in a breast fed infant
the mlk containg 7 4 per cent of fat, although the mother took very luttle
fat 1n the diet

Young gurls employed on h m war f: which splashed fine
particlesof ol into the atmosphere have been found to be constantly 1ngesting
the oil and having their clothes saturated wath 1t Thus resulted 1n nausea m
many cases and consequently the inabihity to eat a morming meal
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Fat tolerance of the Eskimo

The Eskimo has been frequently mentioned as an example of great fat
tolerance extubited by people ving 1n cold chimates (Hewbecker, 1928)
{“Esksmo” 15 derived from the Indian and means raw flesh eater)

Bilby (1923) stated that 1t 1s 2 common error of waters upon the Eskimo
folk to assert that they oil themselves to keep out the cold, that they drnk of
as a food and revel 1n grease generally—nothing 1s more mexact The Eskuno
h fe uses a blubber b (a stone, or mallet of wory tusk setma
wooden handle) to beat down the seal or whale fat mto ol for her lamps Seal
o1l and melted blubber act as strong purgatives and cannot be used for
snternal consumption

Thomas (1927) reported on the opportumty of making a cardiovascular
and renal survey of a group of people subsisung exclusively on meat which
presented itself dunng the MacMillan arctic expedrtion of 1926, where he
was tn close contact with the Eskimos of northern Labrador and Greenland
He stated that therr diet includes the meat of whale, walru, seal, cattbou
musk o, arcte hare, polar bear, fox, ptarmigan, and the numerous sea birds
geese, duck, auks gulls and a varsety of others, and finafly, fish, all caten
usually (and preferably) raw Cantrary to general opuuon, the Eskimo
cats refatively hitle fat or blubber This portion 1s used for 1ts oil, 1 lighting
and warming the domiasles, melting sce and snow for drnking and for cooking

Drummond (1934b) thought that when a wider view 1s taken, 1t 1§ Fecog
nized that the metabohic efficiency of the Eskimo 15 less 2 matter for surprise
than the rather poorly developed powers of deahing with fat which our own
race exhibits

Grenfel] (1943), writing on the Ife of the Eskimo in Labrador, says that
the lugh plateau has always been 2 home for the carsbou, which has afforded
the northern Indians an easter exstence Given a mixed group of Eskimos from
north of Cape Chidley and those from the south, nurtured around the Mora
vian Mission stations and relymg on flour and ¢ cvilized * diets, 1t would be
possible for any intelligent stranger to separate them correctly, stmply by
the difference of thesr physique The Northerncers are sturdier, hivelier and
have a true red colour in therr cheeks

Mr and Mrs Manmng (1941) exploring the arctic region mentonspecific
ally that blubber was used only for fuel

Father Buhard (1953) also emphasized that the Eskumo Iives exclusively on
meat The man kils the scal and the woman cuts out the blubber to keep the
Jamp filled with onl

Although Duncan (1947) does not specifically refer to gastric diseass, he
thinks that the only plausible expl: of the of an 1501:1!:!:_
colonyn the far north Yukon ternitory agamnst rheumauc fever, toxaemias Of
pregnancy and nephritis can be asenibed to the diet, which conststs manly o
1n unhmited quantity of wild meat
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THE EFFECT OF THE FAT LEVFI OF THE DIET ON
GENERAL NUTRITION

Burr and Barnes (1943) stated that lngh levels of fat 1n the diet produce n
a short time the same result as low levels fed over a longer period

‘The brain 18 exceptionally constant i 1ts fatty acid contents {due to the
mabtity of the nervous tissue to burn fat or acetone bodies)

Crampton and Malls (1345) by {eeding rats onsocalonc amounts of diets
contaming 4 per cent and 16 per cent of fat respectvely observed that
there was better growth on 4 per cent than on 16 per cent whether the ammals
were fed ad lthifum or 1socaloncally Forbes Swaft, Bihott and James (1946),
who used four diets contaimng 2, 5, 10 and 30 per cent of fat respectively,
and supplying the same quantities of gross energy, protem and vitamuns
found that the gains sn live weght the digesubihty of mtrogen and the
retention of mitrogen and energy were 1 the order of increasing fat contents
of the dyets

Minumnm fat requirements

Anderson and Wilhiams (1937) have pownted out that standards of fat
smtake proposed by physiologits show wide vanauons as does the actual
mtake m vanous parts of the world

The fat consumption 1 different people vanes greatly and 13 affected by
the chimate, by local habts and by the smount of work which has to be
performed There 15 greater wastage in edible $ats than an other edible food-
stufls (Halhburton 1918, Pear! 1920) According to Rubner {1902) 20 g of
fat per head of the populanon appeared daily m the Berhn sewers

According to Hindhede {quoted by Starhing 1919) a man can be keptalive
and work normally on a diet 1o whach fat 18 practically absent, provided the
accessary factors are supphed 1 suffi o} ‘The Jap soldier
appears to be sansfied wath 20 g and the Afnican Bantu with 30 g of fat per
day (Hutchinson 1911)

Marrack (1942) has pamted out that since fat can ezsily be made wn the
body from carbohydrate and anuno acids 1218 hard 10 see why it should be an
essental in the diet and thus 1t 1s probable that fat as such s etther not
essental or 13 peeded 1n small amounts only People of Eastern Europe drmk
practucally no mik {Marrack 1942} According to Cruickshank (1946) there
15 considerable prejudive agamst the use of milk and butter by the Chinese
Le Gros Clark (1948) posted out that while 2 small quantty of fat 1s needed
232 vehucle for the fat soluble vitamuns 1t 18 doubtful whether fat otherwise
plays an essential part in the diet

Dr 4 (1948} has ) d that food habits are usually very
deeply rooted and thatat 1simportant to recognize that theres 2 psy chological
aspect of the fat mimmum gueston

In the report of the C on N bhshed by the Brush

P

Medical Assocation (1950} 11 13 stated that the Commutice 1s unaware of any




THE PATHOGENESIS OF CSIRONIC PEPTIC ULCER
Fat tolerance of the Eskimo

The Eskimo has been frequently mentioned as an example of great fa
tolerance extubited by people hving wn cold chimates (Hembecker, 198)
{*Eskimo” 1s denved from the Indian and means raw flesh eater)

Bilby (1923) stated that 1t 1s 2 comman error of writers upon the Eskimo
folk to assert that they oil themselves to heep out the cold, that they dnnkoil
as a food and revel in grease generally—nothing 1s more mexact. The Eskimo
housewnfe uses a blubber hammer (a stone, or mallet of wory tusk setina
wooden handle) to beat down the seal or whale fat into osl for her lamps Seal
ol and melted blubber act as strong purgauves and cannot be used for
mternal consumption

Thomas (1927) reported on the opportunity of making a cardrovascular
and renal survey of a group of people subsisting exclusively on meat which
presented stself duning the MacMillan arctic expedition of 1926, where he
was 1 close contact wath the Eskimos of northern Labrador and Greenland
He stated that therr diet mncludes the meat of whale, walrus, seal, canbou
musk ox, arctc hare, polar bear, fox, ptarmugan, and the numerousseabirds
geese, duck, auks, gulls and a vanety of others and finally, fish, all eaten
usually (and preferably) raw Contrary to general opiuon, the Edamo
eats relatnely ittle fat or blubber This portion 15 used for 1ts o, 1n hghting
and warming the donuailes, melting sce and snow for drinking and for cooking

Drummond (1934b) thought that when a wider view 1s taken, st 15 rec0Z
nized that the metabolic efficiency of the Eskma 15 less a matter for surpris¢
than the rather poorly developed powers of dealing with fat which our own
race exhibits

Grenfell (1943), wriung on the hife of the Eskimo n Labrador, says that
the hugh plateau has always been 2 home for the cartbou which bas afforded
the northern Indians an easier existence Given a mixed group of Eskimosfrom
north of Cape Chidley and those from the south, nurtured around the Mora
vian Mission stations and relymg on flour and “civihized” diets, 3t would be
possible for any intelligent stranger to separate them correctly, ssmply by
the difference of their physique The Northerners are sturdier, Inelier and
have a true red colour in their cheeks

Mr and Mrs Manmng (1941} explaring the arctic region mention specific
ally that blubber was used only for fuel

Father Buhard (1953) also emphasized that the Eskumo Iives exclusnely on
meat The man lalls the seal and the woman cuts out the blubber to heep the
lamp filled with o1l

Although Duncan (1947) does not specifically refer to gastric discascs, he
thinks that the only plausible expl of the y of an ssolated
colonyn the far north Yukon terrstory agamnst rheumatic fever, toxaenuas 0
pregnancy and nephritis can be ascribed to the diet, wihich consists mamnly of
an unhmited quantity of wild meat




THE ROLE OF FAT IN THE ECONOMY OF THE ORGANISM

changes leading to gangrene and necrosis, and loss of hair from the face
neck and back The diseasc 1 cured or prevented by the addinon of 2 per
cent of fatty acuds to the dset The nonsaponsfiable fraction of fats and
glycerol are wmncffecuve Three drops of fat dady have a measurable
effect

Funk Caspe and Caspe (1930-31) descrabed a new pathological condinon
of probable dietenc origmn in rats which differs from that described by Burr
and Burr (1929) mn that the segmentation of the taf develops earber and 1s
not prevented by lard, cod hiver oil and hnoleie acid Additions of itamun B
had some heneficial effect {Stnelew, 1930 1931, Hume and Smath 1931
Gregory and Drummond, 1932)

Gregory and Drummond (1932) observed that when they fed rats on a
fat free diet to which they added 30 per cent of synthenc olem the growth
was very poor, but that when they returned 10 o fat free diet the yats
smmediately commenced to grow agam From: the sapichty with which the
declme of weyght occurred when large amounts of fat were gven, they con
cluded that & toue substance was present

Graham and Gnffith (1930~31) pointed out that i the effects produced
by the baxal diet of Burr with 85 g of whole dred yeast and 9 drops of
cod hver oif the signs of the disease are prevented by wheat germ ol Jard
and whole Lver, wheat germ ol bamng the most effecave and lard
the least

Burr and Burr (1930} found that the mterference with growth, scaliness of
the skin and the kidney lestons produced by a completely fat free diet were
cured and prevented by Linolese acid, 1n an ssolated pure state or as a con
stituent of olive anl, Jard corn ail, pappy sced o1l baseed o1l or egg lecrthun

Burr, Barr and Matler (1932) found thar oletc acid was meffective and
classed 1t with the saturated acds but lmolerc and hnoleme a61d were equally
effective and interchangeable

Gyorgy, Sullivan and karsnes {1931} conndered that the vanous nutn
tianald of the ratasect Hy quite duffe vitamin Hdef Y
{egg white wjury} vitanun By deficrency {rat acrodymia) and lactoflavin
deki duced +

can be p and p

Mckay and Barnes (1941) believed that there appears to be some sl
nity between egg white disease and the eczema deseribed by Burr and Burr
{1929} They found that egg white imjury or acrodyma mn the albmo rat
which occurs when commercial dried egg white is meluded m the dict of this
ammal 11 2 substantial amount develops rmuch move slowly if 10 per cent of
the dset 13 1y the form of corn ot which 15 nich m hnolere acid instead of
lard ¥fwitarmn B 13 1myected 1o corn ol fed rats the signs and symptoms of
the egg white acrodyma disappear almost entirely

Accardiag to Buer and Barnes (1043) the goat cow chicken and pig have
been kept for short pertods on dets low n fat without the development of
outward signs of the deficiency

Lattle appears to be known about the reg of man for 4
fatty acds
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evidence that there 1s a mummum daily intake of fat required to mamtam
the health and well being of the human body

It should be noted that in practice 1t 15 impossible to have an absolutely
fat free diet unless sthe dict be prepared from synthetic ingredients Even the
"Jeanest” natural foods contam 1n most cases a small percentage of fat The
fat content (dry weight) for white bread 1z 1 9 per cent, for brown bread,
2 6 per cent, for oatmeal 9 per cent, for spongecake 13 per cent, for vege
tables 1 5 per cent, for frutts 1-8 per cent (Lea, 1398)

Fat deficiency diets

Drummand (1920-21) stated that 1t would appear probable that the
mammalian orgamsm can exist without recesving fat 1n the food and thatt
would be reasonable to suggest that pure fats are dispensable constituents of
the mammalian diet If true fats are essential for nutrition during growth
the mummum necessary must be exceedingly small (Osborne and Mendd),
1920-21) Rats fed on a dict contarmng not more than 0 08 per cent of fatty
matenals develop and behave normally (Drummond and Coward, 1921)

Hill and Bloor (1922) have shown that fatty materal was always present
m the facces, whether fat was present mn the diet or not, and that the compe~
sition and properties of the excreted fatty matenal were largely independent
of the fat of the food According to Sperry and Bloor (1924) almost as much
{at appears 1n the facces on a fat diet as on 2 fat free diet {confirmed on
Thary-Vella fistula dogs by Angevine, 1929) Fatty matersal of the facces has
1ts origin largely in the blood The effect of food 1s shown by a much greater
hpoid excretion an a fat free diet than on fasung Sperry (1926) suggested
that lipid excretion may be concerned with removing undestrable or exeess
sterols from the orgamsm Bile 1s not the source of faecal hpids {Sperry
1926-27) Sperry (1929~30) showed that there was two or three imes as grest
a hpid excretion by bile fistula dogs as by normal dogs. He separated d:;
faeces into (1) bacterta (2) non bactersal sobds and (3) soluble matestal an
found that 40 per cent of the total fat excreted on ‘fat free” diets 35 38 ﬂ";
bactenal fraction Gregory and Drummond (1932) found about 8 per cent®
phospholipids in the facces after a fat free diet, with 2 percentage of sterol at
nearly 40 per cent

Unsaturated acids produce unsaturated fatty acids while neutral fat #
synthesized from carbohydrates {Sinclawr 1929)

McAmis, Anderson and Mendel (1929) found that while comparatvely
good but by no means optimal growth has been recorded the best gre "
was exemplified hy thase animals which recaved some smaf inclusion of f-ﬂ
m therr diet Whether the apparent heneficial effect of a small amount of fat
1s due to 1ts content of vitamin A or other vitamuns or to its action a5 @
vehucle for the fat soluble or whether fat per 5218 1, 1 ot
conclusively demonstrated Burr and Burr (1929) described 1a the le a
deficiency discase which was produced by a dict of hugh punty, extremely
low 1n fat, and was charactertsed by abnormal conditions of t}’z‘e :km..‘h'-'
feet and tail developmgascaly cond which wasfollowed by Ty
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not recurred The blood pressure 140-150/95-100 dropped to 130-85 after
4 or 5 months, but rose after resumption of the normal diet There was a loss
of weight of about 14 lbs during the first 3 months which then remained
steady There was a decrease mn the serum fatty acids, 5 7-3 2 per cent 1n
linoleic acid and 3 2-1 8 per cent mn the d acid This ind. d the
probability that the normal human subject 13 unable to fabricate highly
unsaturated fatty acids
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The percentage contents of hunolere acid are as follows olve o 7 per cent peanut
o 25 per cent sesame oil 35 per cent saya bean o, 50 per cent  hard Jard
1-7 per cent ey lard 35 per cent egg fat 15-19 per cent {Jarmeson 1932)
hen fat 22 per cent becf tallow 3 per cent and mutton taflow % per cent (Hil
ditch  1935)

Low-fat diets

Deficiency of essential fatty acids has been blamed as the cause of certan
cases of eczerna 11 children

Hansen (1932-33) observed that the total sodine absorption values 1n
eczema averaged 383 mg sodine absorbed per 100 co of serum, while for the
countrols they were 539 mg Hansen (1933-34) confirmed his previous
communications that the 10dine number of the serumn fatty acids was abnor
mally low m infantile eczema duning the active phase of the disease and that
oils rich in unsaturated fats improved the condition

Holt, Tidwell, Kurk, Cross and Neale (1935) obscrved three mfants ona
low fat diet, one developed eczema but there was a remussion when fat was
added Thewr blood lipid showed a moderate decrease m the degree of
unsaturatson of the serum fatty acids simular to that found by Hansen and
Burr (1933 1937} and by Hansen (1937)

According to Burr and Barnes {1943) there was a moderate decrease 1n the
sodine number of the serum Iipids in two infants mantamed at the Umversity
of Minnesota Hosmtal for 10 weeks on a dict extremely low m fat

Drummond (1948) quotes Macrae who imnvestigated a number of chuldren
sn an orphanage near Brussels soon after its hiberation it World War 1 and
who obtamed evidence that a good dret caused the skin to become pormal
Merely increasing the quantty of fat, however, did not have the same effect

A most mteresing experiment conducted on humself over a period of &
months by one of the authors was descnbed by Brown, Hansen, Burs and
McQuarne (1938) The diet of 2 500 calorses was hinuted to sucrose, potato
starch, baking powder sedium chlonde fernc atrate, viosterel, carotent
(vitamun A), orange yuice citric acid amse oxl, hquid petrolatum and milk
pracucally freed of its fat The dasdy protein was denved from 3 guarts g{
milk and cattage cheese made from an addienal quart of milk The cht
source of fat was the skammed mitk which had less than 0 08 per cent of fatty
aad content and represented 0 03 g of fat per kg of body werght per day
Rats on this diet developed the charactenstic symptoms of the fat dcﬁmcnc‘)i!
syndrome 1n approximately the same time as Burr srats The results observe
were most strrking The subject remamed chmically well, wathout developtng
even a common cold during this pesiod, one of the most notable subjective
effects was the marked absence of fatigue The somewhat tired feeling usually
expenenced after a day s work in the laberatory disappeared wathun afew
days from the institution of the dict It 15 also interesung to note that framh
childhood the subject had suffered from frequent attacks of mgrawne whic
had been occurnng at wntervals of 7-8 days tmmediately before the expert

ment After 6 weeks the attacks of head bsided pletcly and ha




THE VITAMINS IN RELATION TO FAT
Vitamin E

The source of vitamn E (the ferulity witamun) 1s wheat germ ol or
hardened cotton seed oil—and nesther of these ils contains vitamun Aor D
Meat eggs, green lcaves and sceds supply vitamin E The examnation of
fats for vitamun E has shown 1t to be present in the unsapomfiable portion
{Evans and Burr 1927) Weber Irwin and Steenbock (1939) found aerated
lard (of a peroade value of 11) destroys vitamun E as does exposure to
sunlight, and 1t 15 made rancid by heating Moderately rancid fat destroys
witamun E

THE VITAMIN-SPARING ACTION OF FAT

Evans and Lepkovsky (1932b) suggested that fat 1s :mportant 1n the dict
because 1t has a sparing action on vitamin B hemmerer and Steenbock
(1933) found that a diet low 1 vitarun B, and hugh 1n fat did not affect
the tissue content as compared wath a diet low 1 vitamun and low m fat
Sure (1932) found that the vitarn B requirements for lactation 1n the rat
were not mnfluenced by the amount of fat included in the diet, and he stated
that a entical examination of the data of Evans and Lepkovsky does not
Justify the interpretation that fats have any sparing acton on vitamin B
requirements  Gregory and Dr d (1932) and Dr d (1934b)
also dispute their view

Anderson and Wilhams (1937) suggested that the vitamm sparing action
of fat may be duc to the actual presence of vitarmn B n the fats Cowgill
{1938) concluded from 2 review of the subject that vitamn B, 15 more likely
related to carbohydrate than to fat metabohsm Mannening Lipton and
Elvehyem (1941) fourd that nibofl q were d with an
merease of fat 1n the diet

THE PATHOLOGICAL EFFECT OF VITAMIN DEFICIENCY ON

GASTRIC FUNCTION
Vitamn A

Daets deficient 1n vitamin A produce hypomotihity of the ntestinal tract
(Gross 1924) The appeute 1s depressed and gastne aadity decreased
(Wilbur 1939} The anorexia 1s not related to ulceration of the mucosa
!1}(‘;4?) 15 no change 1n the resp of gastnic toh (Hernn

Vitamin B

McCamson (1918-19) observed on pigeons and monkeys that the
absence of vitamun B produces lustopathological changes i the ahmentary
tract which frequently assume the climical form of colitis Since he found
degenerative changes m the myentenc plexus of Auerbach in ammals on
avitamn B-free diet he concluded that the nervous control of the bowel was
mmpaired 1n proportion to the degree of degenerative changes both 1n
polyneuntic and scorbutic anymals
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CHAPTER 19

THE VITAMINS IN RELATION TO FAT

THE FAT SOLUBLE VITAMINS

Man can plete the synthess of A from carotene, he can obtait
vitanun K from the action of bacteria m his mtestine and he can form
vitamn D from the action of ultra violet light on the integument

Vitamin 4

The growth promoting and antixerophthal A s mostab
m hvers of certam manne fishes, 1n butter, cream, milk, egg yolk, and
mammahan hiver The normal human hver contatns from 10-20 mg per 100
g of tissue Lard, almond oil, olive o1l, and cotton seed o1l do not contam
vitamm A, but green vegetables contain comparatiely large quantitics
of the vitamun  Vitamm A m the hvers of fishes and 1n nulk depends on
the food of the animal In the absence of air, vitamun A 15 not destroy
by heat In the ordmary processes of cooking, animal fats are exposed 10
air as well 1s heat and will, therefore, lose some of their vitarun A Butter
and cream are the most palatable and assimilable sources of fat as well
as carriers of vitamun A, but butyrin and ethyl butyrate are highly tovic.
Vitamun A found tn butter and cod liver oil 1s easily destroyed Heating and
aerating them for a short time or exposing them for 2 longer ime at room
termperature deprives them of every trace of vitamun A (Matull, 1927) Nuts
cocaa butter vegetable oils lard and bacon while rich m fat are poor it
vitammn A Excessve dictary fat which does not carry vitanuns leads to a 1oss
of vitamin A Rancid fats or stale duets are especrally destructive of the
A vitamins (Hickman, 1943)

Aant

Vitamun D

Vitarnin D or the antt rachitic vitamun, 1s generally found m the same
foods as vitamun A The richest source 15 hver of marine fish It affects fat
metabolism since the presence of fatty acids i the mtestine will prevent the
absarption of calcium Ergosterol the precursor of vitammn D 1s a comparatt
vely stable substance not affected by the preparation of foodstuffs

Vitamin K

This vitarmn or the ants haemorrhagic vitamn, 1s found 1n ammals only
m the Iiver Vitamn K 1s fat soluble but it 1s contamed i green alfalfa
leaves cabbage, cauliflower spinach tomatoes and soya bean o1l
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ncreased motor actvity as a result of diets high 1n yeast, while Allen and
Burget (1928) observed that baker s yeast does not exert as great a secreta-
gogue action as sumilar amounts of protem and fat

Williams Cox and Nash (1940) prepared a concentrated extract of fresh
yeast which, when injected intramuscularly, stimulated gastric secretion m a
huistamine like manner They state that the tests which have been made
suggest that while the active principle of the yeast extract 1s not listamine
the evidence on this point must be considered as inconclusive According to
‘Wilhams, Hoffman and Nash (1943) neurine (bronude) injected intramuscu
larly sumulates gastric secretion, the threshold dose of neurine base being
150 times larger than that of ustamme

Vitamun C

Smuth (1927a) has shown that there 1s no sigmificant impairment of the
gastro intestinal tract of the guinea pig 1n (experimental) acute and chrome
scurvy

Plummer (1927) has observed that in the guinea pig with advanced scurvy
the duration of spontancous activity of the strips of mntestine 15 decreased
There 15 also a diminution 1n the number of rhythmic contractions except
s the tleum where the reverse 15 true The increased amplitude of the
rhythmic contractions 1ndicated hypermotility 1 the colon and also a shight
hyperactivity 1n the duodenal stnp The tonus of the mtestinal wall was
considerably increased in the scorbutic strip

According to Webster and Armour (1934) vitamin C has no effect on
gastric secretion 1n human beings These findings reduce the significance of
the observations of Archer and Graham (1936) who have drawn attention
to vitammin C deficiency 1n peptic ulcer and 1n haematemesis
Vitamn D

Bauer Marble Maddock and Wood {1931) have shown that the adminis
tration of irradiated ergosterol decreases gastric acidity in man and that the
decrease 15 proportional to the amount of ergosterol used Webster and
Armour (1934) observed no effect of vitasmin D on gastric secretion while
hypercalcaemia (Grant 1941b) and hypocalcaenua (Schifflers 1934) appear
to depress gastric secretion
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Cowgill, Deuel, Plummer and Messer (1926) have shown that avitamunosis
B in dogs 15 followed by anorewa and gastnc atony Feeding of vitamu B
complex restores normat cond but the sy fe charac
teristic of advanced cases of vitamn B deficrency suggest that the loss of
desire to cat 1s due as much to a generalized systemuc disturhance as 1t is o
an abnormal conditon locahsed tn the almentary tract

Gross (1924) has reparted a decrease in intestinal motility m rats subsisting
on vitamun B-deficient rations and Stucky, Rose and Cowgill (1928-29)
found that vitanun B defictency produces, . the majontty of ammals, a
decrease 1n gastric motlity Smmth (1927b) has shown that dogs which have
lost thew appetite for vitamn B-deficient diets and show mtial symptoms of
bert bert have normal types of gastric hunger penstalsis Plummer (1927}
has shown that absence of vitamun B from the diet of rats dimmushed the
length of ume during which an excised strsp of intestine exhihuts spontancous
contractions m oxygenated Locke s solution The amphtude and rate of the
rhythmue contraction 1s markedly decreased m the spastic stage of the ben
ben rats espectally n the duodenal and ileal seg The tone of tht

1 1 15 also ] d

Rats kept on a B, deficent diet showed progressive gastro mtestnal
hypotontaty, dilatation and stasts (Gershon Cohen, Shay and Fels, 1938)
In human bemngs with an abnormally long emptying tiae the perod was
shortened by admnsstration of vitanun B, (Wood, Splatt and Mazwel,
1842,

szc production of gastric achlorhydria 1n antmals fed on diets Jacking 18
vitarun B was shown by Webster and Armour (1932-33) Furst, drrnution
and then complete cessation of gastric secretion occtred but normal
secretion was restored by the addition of powdered yeast to the ciet Injection
of histaramne produced the free acidity of 0 409 per cent and total acidity of
0536 per cent HCI while sham feeding and injections of 5 per cent alcohal
anto the duodenum showed the stomach to be apparently quite refractory
to all sumuli The complete achlorhydria of avitammoss was obtam
independently of anorexia and mantuon, which never occurred m ther
expenmental ansmals Wilbur (1939) showed that the deficiency of thianune
causes anorexsa with concomitant decrease 1n gastnc secretion, and thert
are some nd that a defi of th or the vitamun Bcomplex
may result 1n inflammation and ulceration of the gastro mtestnal tract

Awvitamunosts B1s followed by complete achlorhy dria, and normal secnuog
15 restored by the adnunstration of yeast (Babkin, 1933, Webster an
Armour, 1934) or by the admunstration of vitanun By (Cowgnl} and Gillman,
1934, Schuffrin and Ivy, 1942) Contradictory reports have appearcd o2 the
action of vitarmin By on the stimulfation of acd secretion 1 both dogs an
man The pellagra factor apears to be different from the achlorhyd;l;
preventing factor In normal persons nicotmuc acid has a histamne B58
effect Jated

Comparson of records and direct observauon of contrachions of 1sola "
segments of rats mntestine by Smuh and Plummer (1928) do not mdica
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THE. DELETERIOUS EFFECTS OF FAT

rerterated 1n Exodus 34 25 “Thou shalt not offer the blood of my sacrifice
with leavened bread neither shall the sacnifice of the feast of the passover
be left unto the mornming

THE DELETERIOUS EFFECT OF EXCESS OF FAT

‘While there 1s no evidence to support the view that a low fat diet hasany
deleterious effect on the body there 15 ample evidence to show that excess of
fat has harmful effects and that there are many therapeutic indications for a
low fat diet It 1s a matter of common experience that the additton of fat
mmpedes digestion by remaimng for a long ttme 1n the stomach fatty acids
may also be produced (Ewald and Boas 1885)

Adler (1913) found that fat in the form of olive a1l or cotton seed o1l 15
toxic to rabhits Long-continued daily feeding of non toxic doses of o1l pro-
duces blood crises resembhing pernictous anaema and extreme emaciation

Bloor (1913) quotes Ravenel who stated that bacteria have been shown
to be atded 1n their passage through the intestinal wall by fats Fatactsasa
culture medium for proteolytic bactenia High fat diets produce diarrhoea
1n some individuals and spastic constipation 1n others

Starling (1919) reported that a meal lacking 1n fat was deficient m staying
power but this 1s contradicted by Christensen krogh and Lindhard (1934)
who 1n accordance with the observations of hrogh and Lindhard (1920}
found a very pronounced difference 1n the capacity for work on different
diets On a fat diet their subject would be able by the utmost mental effort
to carry on for about 90 minutes when he would reach such a degree of
exhaustion that he could no longer follow the metronome of the cycle
ergometer On a carbohydrate diet two subjects were able to carry on over
4 hours and had to give up only through stiffness m muscles and joints
Consolazio and Forbes (1946) observed 8 men for 9 days who put themselves
on a high fat diet (pemmican) which contamed a 71 per cent beef fat con
tent Their morale detersorated considerably and most of the men resigned
themselves to sem starvation

It may be of interest to recall that Minot and Murphy (1926) prescribed a
diet Iow 1n fat for the treatment of permicious anaemia Higgins (1930) found
that n the treatment of epilepsy by the ketogenc diet (high fat—low carbo-
hydrate) the patients complain of some difficulty of domng hard and prolonged
muscular work When the number of grammes of fat 1n the dict exceeds the
number of grammes of protein and carbohydrate combined acetone
diacetic acd and beta oxybutynic acid are formed (It should be noted that

thus method of treatment bas now been generally abandoned )

Johnson and Freeman (1938) showed that the lymph collected during the
digestion and absorption of fats 15 destructive to red blood cells the effect
being maximal at the ime when fat absorption was most raptd

Loewy, Freeman Marchello and Johnson (1942—43) found that the total
bilirubin output wassignificantly higher on hugh fat diets thanon calonfically

equivalent low fat diets red blood cell destruction proceeds at a faster rate
on a high fat diet than on a low fat diet
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CHAFTER 20

THE DELETERIOUS EFFECTS OF FAT
THE DETERIORATION OF FATS (RANCIDITY)

It has been observed that frequently the preservation of a mixed food 15
)lagrf;)ly a matter of the prevention of fat deterioration (Burr and Barnes

Ewidence has been obtamned that owudized (ranad) fats, m additon to
being inferior to the fresh material i palatabihty and nutriuve value, may
actually be mjurtous to health, and lead to digestive and other disturbances
Whipple (1932-33) has found that dogs, fed on a diet contaimng oxidized
fat, developed a disease which she termed the “oxsdized fat syndrome , and
ultumately died, while control animals, recerving a sumlar ration contarung
unoxidized fat remained 1n good health

The most 1mportant form of rancidity 1s that produced by the action of
oxygen of the air on the fat

With the development of rancidity 1 vitro, natural anti-oxdants are used
up and carotene and vitarun A are destroyed

In addition to the deleterious effect of oxidized fat on the vitamuns i
general, the detrimental properties of rancid fat mduce nutrinonal defi
ctenctes which are probably due to some direct activity m the body tissues
Gyorgy, Tomarell, Ostergard and Brown (1942) found that st destroyed

Imoleic acid They thought that such sub: as lard, butterfat, or rice
which have a procarcinogenic effect when given together wath butter yellow
(N N -dimethy! b ) act by stabal the car gen ather by

reducing the unsaturated acid content of the diet or through an ant-oudant
effect They showed that the diet containg inoleic acad was very toxtc and
produced symptoms (loss of weight, anacma, leucopensa) which could be
prevented by the addition of yeast, the toxiaty bemng due apparently to
oxidation products of the unsaturated fatty actds Lavik and Baumann
(1941), found that rancified fat was equally effective i tumour production 23
the skin apphcation of 20 methyl cholanthrene Burr and Barnes (1943)
found that a balanced diet to which pure vitamumn B, cod hver ol and germ ot
was added was very toxic the toxiaty bemng related to the development of
ranadity Gyorgy and Tomarell: (1943) found that yeast had anu-gudant
propertes which were lacking i the B vitamins

It 15 interestng to nate that the Bible gives a double myunction which has
for object the avoidance of rancidity  Exodus 23 18 prescribes that ¢ Thou
shalt not offer the blood of my sacrifice with leavened bread, nesther shall the
fat of my fetst remamn all mght untl morning , and this yunction I
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disorders designated as lipido es 15 a heterogenic collection of disorders To
combine this group under the name “hpldoses has been generally accepted
since fat ke sub ofd ton and properties are
found which accumulate 1n reticulum cells and histiocytes

With the patient on a low fat diet the symptoms and signs of essential
hyperlipaemia may promptly disappear, only to reappear wath the resumption
of an average or hlgh fat diet (Mowtt, Gerstl, Sherwood and Epsten, 1951}

A pathol of fat 1 has been described by
Walliams (1907) This consists 1n the formation m the intestine of defimte
calcuh contamning nsoluble calcium soaps of the hugher saturated fatty acids,
along with free fatty acids and calaium phosphate These concretions are met
with in the form of intestinal sand calculi 1 the vermiform appendix or
enteroliths Jarge enough to cause mt:stmal obstruction Intestinal sand 1s
found 1n greatest m 1 cases d with colicky pains

Patients on a lugh fat low carbohydrate diet put on far less weight than
those on a high carbohydrate low fat diet It 1s a matter of general observa
tion that ngh carbohydrate low fats diets mn conjunction with the admims
tration of insulm give the most granfying results 1n sanatona for tuberculous
diseases

The relation of fat to neoplasms

‘The occurrence of neoplasm mn relation to the fat problemis of greatnterest

Leitch (1924) quoted Scott who has drawn attention to the large propor
tion of cancer amongst the workers of the Scottish shale refineries Leitch
produced tumours 1n 30 out of 75 mice with various oils of the shale group
by applymng them repeatedly to the skin and this 15 well illustrated by the
studzes of the so called mule spinners cancer and the prevalence of cancer
of the skin amongst the workers of the paraffin mnes of Scotland

Further to the exp of Yamagiwa and Ichikawa (1918) who pro
duced papillomas by coal tar applications, Burrows and Johnston (1925)
igected 1-5 cc of the pure stenle corn o1l mnto the subcutaneous tissue
the mass broke up but remamed unabsorbed the lesions being simlar to
those produced by muneral oils and tar Burrows and Farr (1927) stated
that cancer 1s directly the result of the removal of the excess of the ergusta
(fat soluble vitamns) from local areas of the tissues They believed that
mneral oils, tars and especially the amimal and vegetable ails and fats which
are largely free from fat soluble vitamuns when mtroduced into the tissues
mnduce cancer and crowd the cells by dissolving and removing the fat-
soluble vitamuns from adjacent areas of the wissues Ther observanons
apply both to the skin and the mtestmal canal Whipple (1932-33) who fed
dogs with lard made rancid by oxadation produced loss of hair rash, loss of
appetite black and hard stools—convulsions diarrhoea—death Roffo (1931)
held that the soil in which a neoplasm appearsis powerfully mﬂucnccd by the
bipoids There 13 an 1ncrease 1n chol ol 1 p m
the tumours and the hehotropic quality of cholesterol the face being more
sensttive than the uncovered skin  Cholesterol becomes photo active under
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According to Adlersberg and Ellenberg (1939) a tugh fat dset dimmishes
the uric excretion 1n normal mdividuals
French (1942) observed that the most effictent caleium utihzation was
obtamed from a diet contaming 1 g of fat to 0 06 g of calcium and that the
utthizatton decreased consistently 1n the order of the increasing fat content
of the diets from 5 to 28 per cent, and then considerably for the 45 per cent
of fat diet
Simple excess of fat mn the diet can easily be shown to cause an increase of
fat deposition in the liver (Frazer, 1940) Drosd and Crohn (1942) stated that
a high fat diet produces a coated tongue and bad breath They suggested
that the true or essential halitosis depends probably on some fault 1n fat
digestion and 1ts intestinal absorption and splitting, or, perhaps in some fault
1 the hepatic reassembly of fatty acid radicals and soaps wath newer equiva
lents of sterol and fats i man
It 15 well known that skin diseases are improved by low fat diets Sutton
and Sutton (1939) have prescribed it for the treatment of acne, Barber (1939)
for seborrhoeic condittons and Bigham (1941) for chronic psortasis
The rat tolerates fat extremely well (Hoagland and Smider, 1940) butst
15 difficult to relate the results of experiments on rats to the fat tolerance 1t
man Catel (1936) attempted to feed rats on an exclusively fat (butter) dict,
but the expertment had to be abandoned b the 1s refused 1t after
a few days
Douglas-Walson (1944), studying the somatic mamfestations of psycho-
neuros:s 10 the Services, noted that the patients attnbuted the progression
of their symptoms to greasy food
Following epidemological studies of Swank (1950) which suggested the
possibility that the inadence of multiple sclerosis m different geography
areas varies directly with the amount and type of fat mtake, Walmot and
Swank (1952) attempted to determine whether thus relatonship was one of
cause and effect or merely comaidence They could find no essential differ
ences hetween normal subjects and patients with muluple sclerosis with
tespect to ether Iipid levels or the response of lipid levels to the change ©
diet which for long pertods contaned 20-50 per cent of the fat normally
consumed
Mayor disturbances 1n the metabohsm of lipids associated with the acct
mulation of lipids 1n the resculo endothelial cells may be classified as follows
{Moore, 1944)
I Cerebrosis ipodosis  ~— Gaucher s disease
II Phosphatde Iipordosis — {a) Niemann Pick disease
(b) Amaurotic family 1diocy
1 Cholesterol ipordosis — (a) Xanthomatosis
(b) Hand Schuller Chrstian disease
Disturbance 1 absorption — Lipodystrophy (Whipple’s discase of
1ntestinal lipodystrophy)

According to Thannhauser and Schrmudt (1946) the group of metabole
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are used as solvents He emphasized that there 1s abundant evidence that
chets hugh n fat tend to increase the rate of formation of certmn types of
induced umours

Lushbaugh {1946-47) exposed thesus moskeys 10 the vapour of shale ot
Hyperplastic gastritis polyps and penetration of the submucosa by emithebal
growths were found 1n 2 monheys that suraved the Jongest One monkey
that Ined 1} years was found to have severe atrophic gastritis

Rarby (1945} wh pted ta1nd h i
10m of cholesterol esters heated t 300 Q and of cholesterol heated at 430 C
was unable to confirm Roffo s results Grossman and Tvy {1945} behieved
that in relanon of diet to cancer there may be a Jocal effect produced
by fat

Roffo (1946) confirmed s earher work which showed the role played by
the cholesterol dervates i the ¢ancerization process as 1 alto demonstrated
that the cholesterol which has been oxidated by heanng or by the action of
uitra wolet rays undergoes physiochemicai and brological changes which
confer 10 3t the value of a cartinogenic agent smee iy ngestion induces
cancerous lesions 1o the stomach In his experiments on white rats fed on an
ordinary diet of soup or muik bread and bran to which 1 ¢c of borled sun
flower was added Roffo observed that during the first months the general
condstion and weight of the ammal unproved but that mortality began to be
observed after the sixth month of the new diet Roflo suggested that the
caranogeme action of heated pure chve oif and animal fat 1s due to farmation
of oxyeholestero! by heating and that the common factor between many
carcmogenic ageats 13 the central ph hrene nucleus of chol 1

Peacock {1947) reaffirmed that methods of cookmg whch involve heating
fats and oils to temperatures about 300 G provide a source of potenual
carcmogens

Ivy (1955} who confirmed Roffo s evpeniments concluded that the over
heated fat {lard heated at 350 C for 30 mnutes) contamed low grade
CArcrnogen

Sako (1942} found a lowered resistance to pneumococas th mce which had
recersed a high fat diet {50 per cent) for & weeks as corapared with animals
fed with less (25 per cent) A high fat low proten diet caused the hghest
mortality and lowest sarvival pertod ta dogs exposed to benzene fumes (1a
Freeman Hough and Gunn 1945-46) whilst rats exposed to benzene and
mamtamned on a high fat diet fested 2 greater mned: of Jeucop
than the control groups, irespective of the protem content of the deet {fa
and Freeman 1945-46)

Dhabetes

The relatson of fat to diabetes 1s of great y 1inp
generally oserlooked that the 7 of fat has d
on carbohydrate intolerance The sigruficant chinical observation has been
made that diabetics do better on diets which are restnicted 1 215 Diabetics
who were treated on 3 gh fat diet~before the advent of insulin—~looked

3,
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the nfluence of sunbght, x rays, ultra violet bight and radwm and retams
this property for  or 10 days after exposure Domagk (1938) found that there
was a greater madence of gastric carcinoma 1 butchers, publicans 2nd
watters He quoted Liek who stated that 1n Indra 4 per centof carcinomas
are situated m the ahmentary tract but the meadence approached 60 per
cent 1n Denmark He considered that oils and fats, not only ammal but
vegetable, are the probable cause of the considerable number of carcinomas
of the stomach and intesine He reported a gastric adenocarctnoma m
1 0f 20 muce fed on a diet of nee and 20 per cent olive oil alternating each
week with the usual diet for one year Roffo (1936-39) claimed to have
obtamned a wide range of pathological lestous, including uleer, papilloma and
car of the fore h, ad cmoma of the glandular stomach
and sarcoma of the stomach and hver, 1n rats fed with heated or ultra violet
radiated cholesterol and with overheated animal and vegetable fats

Klemn and Palmer (1940) considered that the lestons produced by Roffo
did not meet accepted cntena for malignancy because the lesions werelimited
by the serosa and no metastases were abserved, 1t was not shown that they
were arreversible 1n the absence of the shmulus, they were not transplanted
and there were sinulassties to less severe and non malignant lesions observed
under other conditions

Beck and Peacock (1941) confirmed Roffo's experiments ‘They concluded
that “the heated fats did not contam recognizable amounts of any known
careitogens but they mcluded some sub e which taterferes with 1138
antimony trichloride reaction for vitamun A, giving a bright red coloration
Rats fod with repeatedly heated fats m addition to a dict rich m vitam A
(carrot) showed no gross patholagical lestons tn the fore stomach or rcducu?n
in hiver vitamin A (presence of “antt vitamin A of undetermned nature ')

According to Peacock (1943) the preference of carcioma for the pylonc
end of the stomach, often stopping abruptly at the pyloric valve, 1s compatible
with the conception of the regurgitation through the pylorus of a bile solubls
carcinogen which ss activated by the acid pH of the stomach He considere
that Bonne’s observations rather suggested that the same or assoili'l\td
factors snduce exther ulcer or cancer, depending on mdividual suscep ty

According to Wicrda (1943) 1t was taught that duerticula of the colon 11_5
restricted only to man and that 1t occurs oply 1n the latter half of the bfe
span In 3 rats which were fed a Iugh fat dset for 90-111 wecks, one m'mﬂ'{t
drverticula of the colon developed m each In appearance the daverticu! ;
resembled the type found 1 man, and seemed to be the result of ’ﬂgn
pressure withu the intesune acting agawst a specific hmuted area of the wa
Morns Larsen and Lippmcott (194344} observed white nodular elevatons
of the gasttic mucosa (hemgn papillomas) after feeding heated lard to 13’5
There were also chronic gastric ulcers with atrophic epithehum at the edge
of the ulcer curshosss of the hives and lesions of the heart and hidney I

Rusch (1944) has potated out that the ncidence of tumours 15 high fol Oz
g the sub 1 of carcinogens dis olved 1 vegetable o g
whereas fewer neoplasms are produced when fatty extracts of animal tissuc
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1n western countries has been d with an ption of
fat The lugher mnaidence 1n urban as compared with rural populattons and
the mcreasing mcidence with finanaal status are both correlated wath the
amount of fat consumed

Atherosclerosts

Atheroscleros:s of the aorta and 1tsbranches by far the vascular
disease ranks hugh amongst the causes of natural death in man Rabinowitch
(1930) believed that excess blood cholesterol 1s an important aetrological
factor n the p of arterioscl 1n the young diab but Man
and Peters (1935) found severe arteriosclerosts with or wathout hypertension
evident 1n patients with serum cholesterol normal below normal or above
normal

Duff (1935) gives a detailed review of expenimental cholesterol artenio
sclerosts He stated that artersal Iesions which resemble those of arten
sclerosis 1n man can be produced m rabhns by the admnistration of diets

1! 1 with a resulting elevation
of the level of cholesterol and other hipoids mn the blood

Duff (1936) recognized the importance of hyperlipaemia but believed that
the depasition of the lipoids 1n the walls of the arteries takes place only after
the occurrence of 2 pnmary myury to the walls of the vessels Joshn (1937)
stated that when diabetics were treated with high fat diets radiologreal
evidence of arteriosclerosss could be found 1n many juvemle diabetics

That the serum cholesterol level 15 ssgmficant 1 relation to the develop
ment of ath 2} 15 now well established Davis Stern and Lesmick
{1937-38) found the average cholesterol free and total Iipid phosphorous
and fatty acids m a group of patients with angina pectors of atherosclerotic
ongin higher than 1n a group of control subjects These observations have
been confirmed (Gubner and Ungeleider, 1949 Duff and McMillan 1951
Gould 1951 Keys, 1951, b Kkatz 1952) Similar observations had been
made for New York by Page Kirk Lewss Thompson and Van Slyke (1935)
for Southern Mmnesota by Barker (1939-40) for San Francisco by Collen
(1949) for Boston by Gertler Garn and Bland (1950} and for Denmark by
Kornerup (1950}

Hirsch and Weinhouse (1943) stated that although no generally acceptabl
cause for the lesions has been established and while some regard 1t as an
agemng process of the vessels dependent on focal changes of the media (Vir
chow Sanders Beitzke Wells) there 15 evidence 1n favour of the view thatat
13 due to lipid infiltration of the mntima a3 a result of disordered lipid meta
bolism (Marchand Lubarsch Aschoff Antschhow Leary) The sumple fatty
deposits with atherosclerosis have the same hipid composition as the blood
plasma and the normal intima This strongly suggested that the lipid deposits
;:1 g;hemsclcrosls result from a non selective deposition of the plasma

ot

PMoreton (1947-48) believed that atheroscl duced by v
hyperhipaenua that high fat meals induce hypcrhpacxma and that the size
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asthenic and tended early towards the develog of ketosis Red! of
their fat intake increased therr carbohydrate tolerance

Sansum, Blatherwick and Bowden (1926) referred to the well known fact
that diabetes occurred frequently among fat people and that the blood sugar
can be raised by giving a hagh fat diet just as 1t may be by gving a lugh
carbohydrate diet

Adlersberg and Porges (1926, 1927, 1928) suggested for cases of mld and
medium diabetes a diet rich 1 protein and low 1n fat which improved carbo-
hydrate tolerance, they argued that with a high fat mtake so much fat 1s
stored m the hver that the latter organ 1s unable to deal with carbohydrate
Sweeny (1927) found 1n normal subjects that on carbohydrate diet the sugar
tolerance curve after glucose rose from 0 08 to 0 12 per cent, on a protein
diet from 0 62 to 0 16 per cent, on a fat diet from 0065 to 019 and n
starvation from 0 08 to 0 20 per cent It should be noted that during starva
tion the hver accumulates fat

Rabinowitch (1930) drew attention to the benefit derved by drabetics from
a high carbohydrate low fat diet Nixon (1930} has pornted out the advan
tages to the diabetic of a diet rich mn carbohydrates and low m fats Sumilar
views were held by Dyke (1932), Graham, Clark and Robertson (1952),
Barach (1932), Czomczer and holta (1932), Jameson (1932), Lawrence
(1933),Grayand Sansum (1933), Geyelin (1935), and Man and Peters (1935)

According to Himsworth (1934a) a high fat diet reduces the sensitivity 10
msulin He suggested (Himsworth, 1935-36) that a dict relatively high m fat
which produces a loss of carbohydrate tolerance predisposes to diabetes
mellitus This view 15 supported by Joshn (1937) and by Treadwell (1942,
1946) who observed that hyperglycaemia follows mn every case on a high fat
diet and now prescribe as a routine low fat diets

Greene and Swanson (1940-41) observed that the glucose tolerance was
improved wath a lugh carbohydrate dict and dimunished wath 2 high fat dlc:i
Treadwell, King, Bebb and Tidwell (1942) noted that the most markch
decrease 1n glucose tolerance was observed 1 ammals recerving a diet whl%
was high 1n fat and low m hpotropic factors Consolazio and Forbes (1946)
who studied the effects of a high fat diet 1 a high temperature environment
found that 1t decreases sugar tolerance

Houssay and Martinez (1947) observed that the toxic and diabetogent
action of alloxan ncreases 1n rats fed a low proten diet and even more It
the case of a high lard diet or ox fat diet 5

The observation by Young (1949) on the state of the German dlabCuCSWtho
were subjected to extreme food shortage during World War II, supports ¢
conclusions of Himsworth (1949a) that food restrictions as such but mor:
particularly the restriction of fat, 1s responsible for the fall in the nadenc
of diabetes and diabetic mortahty which was observed 1n England d“”é:g
the periods of food rationing Himsworth (1949b) has pointed out that
fall in the incidence of diabetics aged over 45 years parallelsin a surprising d)sl
consistent manner the reduced consumption of fat during the two P°“°ﬁ
corresponding to World Wars I and IT and that the r1se over the last 50 yea
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hatz (1952) concluded from a review of the history of experimental
atherosclerons that man, the chuck and the duck develop atherosclerons
spontancowsly Expenmentally it 18 easy to produce gross atherosclerosss s
rablbus or chicks 1t 18 more difficult i guinea pigs hamsters and ducks, and

posstble m rats Schhel an Ratz s lab d that 1t may
depend on specics varability mn bpid metabolem

Keys (1952) and Gofman Jones, Lyon, Landgren Stsower, Colman and
Hernng (1952) suggested that a substantial measure of control of the devel
opment of atherosclerosss and myocardsal infarction in man may be achseved
by control of the make of fats

heys Fidanza Seards and Bergam (1952) reported that n the year 1949
{ats supplied 38 per cent of the calories 1 the United States of Amenica, 34
per cent 1n Denmark and 32 per cent in the Umted hangdom Studies of
actual intake 1 working class fanuhes sn England gave an average of 35 per
cent For the whole of Italy the average was 20 per cent, and in the men
surveyed by them mn Naples 1t had the same value In 84 clincally healthy
men m Naples of ages ranging from 18~5¢ years the serum cholestero} Jevel
conformed 1o the Enghsh and Amencan age wend as far as the early
thirties but cid not inerease thereafter They concluded that these facts
prabably have a bearmg on the development of atheroscleross and the ma
dence of coronary artery disease since they had the unanimous judgment of
the local physicians that coronary artery disease 15 less common in Naples
than m the United hangdom and the Urated States of Amenca Smndar
observations were made for Portugal, and by mferenceforSpam (heys 1953)
Fullerton Davie and Anastasopoulos {1953) observed that ahmentary

th labibity of blood as d by the 4 d
clotting tme  and the clotung ume 1w stheone coated twbes and they suggest
that this provides the hnk with the high seram-cholesterof levels in the devet
opment of atheroscleross

Hoeys (1953) concluded from a review of the subject that the concentration
of totel cholesterol m the blood seram bears an 1mportant relationstup to the

lof of atheroscl and 1ts sequelac and related chmcal conds

tions The total cholesterol concentration 1n the serum of men hatutaally on
drets charactenisuc of the United States changes directly with changes in the
total fat content of the diet For the 40 years of records available, the pro

portion of fat calories 1n the total Amencan food consumption has steadsly
mcreased On the bans of compartsons with other countrics at present thus
e n fat phon taght be predicted to be d with an mcrease
of the order of 50-100 per cent 1n tortality from degenerative heart discase
for men aged 40 to 65

[Experrmental atherosclesosis has been comprehensively reviewed by Katz
and Stamler (1953) }

Bronte Stewart hueys and Brock {1955) who studied 383 men aged 40-58
sesiding 1w the Cape Pemsnsula found that coronary disease was rare m the
Bantu commoner i the Cape negro and most commmon mn those of European
descent Highly significant cufferences were found in the mean total choles

4
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of the liprd particles 1s comparable to that of the partcles which are known
to produce arterosclerosts experimentally

Plotz (1949) pomnted out that there 1s considerable evidence of a relation
between coronary atheromatosis and cholesterol metabolism In a group of
10 patients suffering from coronary artery disease 9 had pepuic ulcer, they
all died within 7 months after being placed on a high fat diet Malmros
(1949) atiributed the reduction m the mortality from coronary thromboss
i the Scandinavian countries during World War II to the ratiomng,
espeaaally of fat Closs and Dedichen (1949) confirmed these observations

In children the cholesterol concentrations are lower than 1n adults

Keys (1949) found, in a study of chimically healthy men 1n Minnesota, a
distinct difference m the average scrum cholesterol levels between young
(18-25 years) and muddle aged (45-55 years) men Keys, Mickelsen, Miller,
Hayes and Todd (1950) 1n 1,492 men (17-78) and 564 women (17-30) found
no significant different averages n the concentration of cholesterol 1 the
blood serum between the ages of 17 and 30, over this age there was an
average increasc per year of age of 2 2 mg of total cholesterol per 100 ml of
serum

Gertler, Garn and Bland (1950a, b), 1n 146 working males and 95 males
sho had expenienced myocardial mfarction prior to the age of 40, found that
1t every age level between the third and sixth decade the coronary discase
group had markedly higher and more vanable serum cholesterol Ievels than
the healthy group and that the ratio of scrum cholesterol to serum phospho
bipids remain highly correlated No advantage was gamed in lowenng
cholesterol mntake 1n coronary arterial disease

Tanner (1951) showed that 1n 46 relatvely young men m Lngland there
was a mean annual ris¢ of 1 7 mg per 100 ml There 13 no relatton at any
age between the serum cholesterol level and the habitual dietary mtake of
cholesterol (Keys, 1949, Keys Mickelsen Miller and Ghapman, 1930,
Gertler, Garn and White, 1950, Wilkinson Blecha and Reimer, 1950}, while
profound changes are produced by the ntake of fat (Keys, Mickelscn
Miller and Chapman, 1950, Keys, 1952) even when both calonc an
cholesterol ntakes are constant Hildreth, Mehinkoff, Blair and Hildreth
(1951) reported that 3 of the (male) authors subjected themselves to smc(;
duets for 3-8 months They found that 1 reduction of the dietary fat produce
a significant fall n the serum cholesterol concentration Addition of vcgch
table fat produced a rapid significant nise of serurm cholesterol to the leve
observed before fat restriction ol

Feldman nd Momson (1951) found 1n a survey of 1,522 autopsies 1
cases (6 6 per cent) of peptic ulcer The madence of peptic ulcer was ;
per cent among the 733 patients wath artersosclerosts of the coronary artenc
and 10 5 per cent 1n the 152 patients with coronary occlusion "

Adlersberg (1951) postulated from a genetic analysis of families m‘
xanthomatosts and famulies of patients with coronary disease that E{:rﬁ);
coronary atherosclerosis may be an hereditary disturbance of ipid mﬂa‘.” S ;
manifested by elevated cholesterol levels and tr dasa tray
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Frazer Stewart and Schulman (1942) reported that considerable absorp-
tion of liquid petrolatum from the mtestine can occur if the ol 15 emulsified

In view of the conuiderable mncrease 1n the use of mneral oil in foods the
Counail of Foods and Nutntion (1943) has drawn attenton to the evidence
obtamed from studtes of the effects of the mgeston of mneral oils which
show conclusively that 1ts harmful potentiahties are greater than had been
supposed

Most unrcfined muneral ol small of undesirable by
products and in some t have been identified

Becker (1952) concluded from a review of the subject that  there can be
no sngle doubt that mneral o1l and 1ts emulsions should never be used
mternally’

The toxicity of cod hver oil

Scandinavian workers have clarmed that cod liver o1l may exert a harmful
effect when admsmustered over long periods of ttme Agduhr (1926) described
pathological changes produced by the o1l when given 1n doses as low as 0 1
cc. per kilogm per day Goetsch and Pappenheimer (1931) showed that
rabbrts and gumea pigs developed a ch 15t1C lar dystrophy when
fed on drets that were heated with fernc chlonde containmng lard and cod liver
oil. Bell Gregory and Drummond (1933) have shown that large amounts of
cod liver ol causes retardation of growth of the albino rat and Madsen
McCay and Maynard (1933) thatat d the rate of develop and
early seventy of the muscle degeneration According to Clausen Barnes and
Burr {1943) cod bver ol rapidly destroysvitamun Ean mixed diets According
to Komarov and Komarov (1940) cod liver o1l when admimstered daily
exerts a cumulanve intubrtory effect on the activity of the gastric glands.

Ruchter (1942-43) tested over I 000 children between the ages of 5-14
years mply by letting them taste a small spoonful of unadulterated cod Iiver
oil progressively with increasing age more and more of them mamfested a
dushke for 1t. Rats kept on daets d m A and D responded
much the same way Carton and Naftalin (1953) reported massive oedema
{exudative diathesis) m pigs fed on a diet nch i cod biver o which resembled
the dative d mduced in chickens fed on high fat dicts deficent i
vitamun E a5 described by Dam (1944)

CONCLUSIONS

A review of the subject shows conclunvely that only the addwmon of 2
mummum of fat 1s required because even lean foods contam a certain amount
of fat which 1s suffi for the req of fat soluble The lean
meats average 2 contents of 5 per cent bread 1-2 per cent vegetables
and frutts vary from 1 to 8 per cent (Lea 1938)

There 1s little fat avarlable 1n pnmtive bfe where ammals are hunters or
are hunted and where constant exertions provide httle opportunity for the
deposition of a reserve of fat In the arctic regions man consumes more fat
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terol level and particularly of the beta hipoprotetn fraction of the serum The
Bantus had the lowest levels, the Europeans the highest, the Cape coloureds
were 1 between The fat consumption of the Europeans 15 more than twice
that of the Bantu, with the coloured group intermediate Vogelpoe! and
Schrire (1955) confirmed electrocardiographically (5,004 examinations)
that the meidence of myocardial infarction was uncomumon in the Bantu
{2-0 4 per cent), more common 1n the Cape coloured than in the Bantu (100
-18] per cent) and more common 1n the European than in the Cape
coloured (448-81 5 per cent)

Kuo and Joyner (1955) noted that by folfowmg the hour to-hour post
prandial lnctescence levels in patients with coronary artery disease the
attachs of anginal pans would mvarably occur at or near the peak of the
lipaemic curve

Mineral oil

According to Bloor (1913) petroleum hydrocarbons and unsapomfiable
esters (wool fat) were found not be absorbed Burrowsand Farr (1927) have
shown that rats were unable to utthze the vitamin A of butter fat when the
Iatter was muxed with hquid petroleum

Channon and Collinson (1929) reported that small traces of mneral ol
could be absorbed by animals and deposited n the hiver

Jackson (1931) repeated the expertments of Dutcher, Ely and Honcyv-clil
(1927} and found vatamn A deficiencies when the butter fat and the liquid
petroleum were mixed but little difference when they were given scparatcl):{
The reason for this distinction was not apparent unti Moore (1929) showe:
that carotene and vitamin A were separate substances

Curtss and Horton (1940) suggested i view of Moore’s findmngs, that
because of the preferential solubility of carotene 1n mineral ol, a suﬂicxcn:
amount of vitamm A should be taken with or dissolved 1 mimeral md
whenever 1t 15 used as a cathartic or food substitute Curus (1942) calcu)a!lcw
that one ounce of mumeral ol at body temperature 1s able to dissolve 140,0
mternational umts of carotene and at room temperature, 120,000 unts (I:C
ordmary dasly diet provides 5,000-10 000 international units of mammmzt

Todd, Dittebrand, Montague and West (1940) supported the view "
excessive dietary fat which does not carty vitanuns leads to a loss of vxln‘x;in
A, so that one must refrain from the mdiscrimnate use of iquid paral 3‘

Smuth and Spector (1940) found that mneral o1l mgestion mterfered wlm
the utilzation of vitamun D fed separately as cod hver oil to such an exte "
that 3 times as much cod hver ol was necessary to heal rickets m rid
when the basal dict contarmed 5 per cent mineral o1l when the dict conta:in «
10 per cent of muneral ol 3-10 umes more cod liver o was nccd;‘ -
heal rickets According to Llliote Isaacsand Ivy (1940) and Javert and Ma
(1941) the nuneral o1l interferes with the absorption of vitamin b » nth

Morgan (1941) described a syndrome of muneral orl poxsomns’é s
anorexsa, indigestion, flatulence, fatigue nervousness, dyschezia “}"‘X
leakage, accompansed 1 many cases with considerable loss of wesg!
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CLINICAL CONSIDERATIONS

Thus part deals with the p 1 h to the problem The vanous
23pects 0 of the mcxdcncc arc rmcwcd, hunts are gven as to the diagnosis
and d medical and curgieal treatments

are crically reviewed bcforc gving details of the author s onginal methad
of wreatment
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because 1t 1s a useful vehicle to provide 1n small bulk the enormous number
of calories which he needs for s datly energy output

All Is refuse fat D Is as well as tropical fishes eschew it
completely Rats fed exclusively on fat refuse st after two days Humans are
coaxed by gastronomic subterfuges to accept 1t Children show an mstinctive
revulsion to 1t In the nursery they are taught that “Jack Sprat could eat no
fat, hus wife could eat no lean®! There 15 no evidence that fat tolerance can
be acquired

The ndigestibility of fat has been recogmized by the earhiest observers
Anstotle m his Problemata (quoted by Shay, Gershon Cohen and Fels, 1939)
suggested that 1t was indigestible because “1t swams in the stomach The best
digestion takes place at the bottom of the stomach, where the fat does not
descend ”

The Bible gives very emphatic and repeated nstructions on the subject

“It shall be a perpetual statute for your generations throughout all your
dwellings, that ye eat nexther fat nor blood  {Lev 3 17)

“ Speak unto the Cluldren of Israel, saying Ye shall eat no manner of fat,
of ox, or of sheep or of goat ' (Lev 7 23)

Robert Graves (1946) commenting on “sacnfice of prospenty !, makes 1t
clear that the meat only was accepted by the Priest for hus consumption The
injunction, frequently resterated, to “burn the fat as a sweet savour unto the
Lord” (Lev 1 9,615,731, 821, 17 6) 15 clearly directed to the use of fat
for the purpose of cooking and so, improving the taste and the digestibility
of meat, this interpretation 1s consistent with Rashi s commentary on the
relevant text

There 1s no condition which requres the adnumistration of fat, there are
many 1n which 1t1s contramdicated The lean individual (pace Julius Caesar)
has many mental and physical advantages, over the fat one, he generally
fecls fitter

Fat 1s the artsfical product of a sedentary cwiization



PART V

CLINICAL CONSIDERATIONS

‘This part deals wath the g H h 1o the probl The vanous
aspects of the mndencc are yev:ewcd hunts are ngcn as to the diagnosis
and diffe th hodox medical and surgical treatments

are cnitically reviewed before gving details of the author ¢ onginal method
of treatment
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CHAPTER 21

THE INCIDENCE OF PEPTIC ULCER

THE INCIDENCE OF PEPTIC ULCER IN ANIMALS

1t 33 geneally agreed that chrome peptic uleers do not occur spontancously
m ammals These obseriations were made s the dog by Turck (1906)
Mann (1916) Greggio (1916), Ivy (1819}, Rogoff and Stewart {(1926)
Overgaard (1934) Vohm Widenhomn and De Feo {1938}, sn the rat by
McCarmson {1931}, Howes and Vavier {1936), m the rabbat by Ophuls
{1906) Beazell and Ivy (1936), 1n the monkey by Hoff and Sheehan (1935)
Watts and Fulton (1935} The few references which report spontancous
ulceration m ansmals refer to the acute vicer of snfective ongin (huelles 1936)
Chromc lenans are produced by ph Itrauma Schroeder and Wegeforth
{1935) obscrved n seals and sea hons chromc ulcerntion produced by
sharp stones swallowed for traturation: of food which were deeply embedded
with nematodes

GENERAL INCIDENCE

The mnadence of peptic ulfcer 15 ot ly of derable smp but
the statistics on the subject are confusing the difficulty ansing from the
lack of differentration between the acute and the chrome lesion, perforation
and the mortakty rate and the presence of scars being usually taken as the
bazs of the statiucal computations Dyspepsia 12 one of the most common of
the unpleasant expenences to which man 1 subject About 50 per cent of
10 000 pattents between the ages of 30 and 60 years, scen by Ryvers and
Ferewra (1938} complamed of varying degrees of digesuve difficulnes

Although 1t 18 generally agreed that the mnadence of both acute and
chrowic ulcer i3 increanng 1t must not be assumed that the smevease 1n both
vaneties of wleer 18 necessarsly due #o the same causattve clement

Necropsy reports

Busnton {1857) m 7 226 necropsy records found approximately § per cent
pepuc lesione Pesvy and Shaw (1893) mn 17 652 records only 0 4 per cent
Hart (1918} 11 per cent in 1 531 records Musa (1922} 12 per cent tn 955
Holzwesssig (1922) 69 per cent mn 3 508 Robertson and Hargrs (1925)
12 per cent i 2 000, Lehman {1926} 20 per cent wn 1 000 Sturtevant and
Shapiro (1926} 2 per cent 1n 7 700 Hurst and Stewart {1929) 11 per cent
Portis and Jaffe (1838) 457 1n 9 771 cases Gordon and Mannmg (1941)
27 per cent n 22956 Gauss {1948) 5 per cemt
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CLINICAL CONSIDERATIONS

Ivy, Grossman and Bachrach (1950) subscribe to the view that autopsy
reports can be grossly msleading

Admussions to hospital

In respect of admussions to hospital the madence of peptic ulcer was for
Friedenwald (1912) 7 8 per cent1n 12,598 patients, for Eusterman and Balfour
(1936) 12 2 per cent of duodenal ulcer m 15,985 patients De Bakey (1940)
1n 544,801 hospital admussions had 2,607 casesof peptic ulcer (0 478 per cent)
In a collected series of 1,193,916 hospital admissions the ulcer cases were
7,859 or 0 658 per cent Tidy (1941) found that there has been an enormous
increase m gastro-duodenal disease 1n recent decades Rothe (194]) found
that 1n Germany duning the first two war years the total number of exam
nations increased and the percentage of positive findings also increased
Markoff (1943), 1n a seres of collected cases from 41 Swass hosputals, showed
that general admussions for 1932-42 increased by one third but were double
for pepuc ulcer admussions

According to Patterson (1944) 12 per cent of Americans are subject to
peptic ulcer during some period of their ives Duodenal ulcer 1s four times
as prevalent as gastric ulcer and also occurs earhier 1 Iife than does gastric
ulcer Emery (1946) found that approximately 9 per cent of patients sought
relief from gastro intestinal symptoms and 50 per cent of these patients had
organic disease m the accepted sense of the term Accordmng to Ivy (1946)
10 per cent of the population will develop peptic ulcer durmg therr hife
time Craig (1948b) stated that gastric ulceration was uncommon untl
the beginning of the mneteenth century, and that there 1s ittle evidence to
suggest that duodenal ulceration was other than a rare disease until about
the beginming of the present century Since that time there 15 evidence of 2
considerable mcrease 1n the snaidence of duodenal and gastric ulcer 1n males
Although gastric uleer mn females has become very much rarer, investigations
pont to an mcrease 1 the frequency of duodenal ulcer Wihnte (1951)
concluded that there 1s still considerable confusion and difference of opuion
on the subject of the meadence of peptic ulcer

Alsted (1953) carnied out two surveys, in October 1940 and mn October
1948, 1n order to ascertan the inaidence of active peptic ulcer in the Danish
population In 1940 an overall ulcer rate of 11 per 10,000 mhabitants was
found, 16 8 per 10 000 males and 5 4 per 10,000 females In 1948 the corres
pondung figures were 16 9 per 10,000 inhabitants 27 I per 10,000 males and
69 per 10000 females The hghest incidence up to 63 4 per 10,000 was
observed amongst males between the ages of 40 and 55 years The male pre-
ponderance was more pronounced 1n 1948 than in 1940 The maidence of
gastnic ulcer rose by 300 per cent in males between the ages of 40 and 50
years, whilst the incidence of duodenal ulcer was only doubled

THE DUODENAL-GASTRIC ULCER RATIO

The duodenal gastrc ulcer ratio was found tobe 3 1 by Moymhan (1912)
1 1 by Morley (1913),2 1 by Hart (1918) 4 1 by Mayo (1921}, 2 1by
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THE INCIDENCE OF PEPTIC ULCER

Musa (1922), and 24 1 by Lehman (1926) Accordig to Robertson and
Hargs {1925) there has been an absolute and a refauve mcerease of duodenal
uicer as compared with gastnc ulcer which appears 1o have been confirmed
by subsequent observations A ratio of 6 1 was found by Witlse (1927),
8 1 by Young (1927} € 1 by Albrecht {1930), n Germany 235 1 by
Walton {1930} m London $ 1 by Lahey (1931}, 6 1 by Balfour (1931)
4 1 by Mouter {1932}, 56 1 by Emery and Monroe {1935), 12 1 by
Eusterman and Balfour {1935}, 7 3 by Allen {1937) 136 1 by Jenmson
(1938) 2 1 by Boyd (1942} 17 1 by Bockus (1943}, 50 1 by Berk and
Fredi {1944) 1n Army p 1 ging 29 Syears 10 1 by Marshall
and Gerber (1948} 95 1 for males and 44 1 for females by Jamieson,
Smuth and Scott (1949) and 73 1 by Whae (1951) According to Brooke
{1950} the relative amerdence of duodenal to gastne ulcer rose from 29
1940 to 4 7 1n 1942 and then dechined to 4 1 1n 194647

It 15 of interest to note that cf Hy the d of duodenal wicer
1s greatly m exeess of gasiric ulcer mn the hving subject but about equal
i number at post mortem examunations

OCCUPATIONAL DISTRIBUTION

Fredenwald {1912) 1a 1 000 cases of ulcer of the stomach and duodenum,
found that 31 were 1 cooks 18 i metal workess, 12 mn porcelan workers
8 nmuners 28 s tadars 15 1 shoe makers and 19 blacksmuths Itas
sigmificant that doctors were found amongst the hugh madence by Hurst
and Stewart {1929) and awmongst the low 1ncidence by Ihre and Maller
{1843} Duesberg (1938) found no snoidence of wicer an 622 monks as
compared with 51 (0 74 per cent) amongst 6 923 foundry workers

Marrts aod Titmus (1944} found an madence of 25 per cent m the
leading profe wealthy mdepend 3 and soon 14 percentin

ploy gers lower profe 49 2 per cent n shilled warkers,
salesmen shop assistants and clerical workers 17 8 per cent 1n semu skilled
workers and agneultural Iabourers and 16 $ per cent 1n unskslled warkers

Sallstrom {1945h) behewed that the frequency in men depended on the
uregulanty of therr mode of bving and affected particutarly the building
Ede chauffeurs and drvers seamen artsts musicians journahsts and

tors

According to Doll Jones and Buckatzsch {1951) socal class dad not

duodenal ulcer d the abserved inadence of gastric ulcer
was two-thards Jesy than expected in professional and busimess executives and
two-thirds more 10 unshlled and heavy rmanual labourers A hugh nadence !
of d;:edenat ulcer was found 1n foremen and business executives and a low

i agricuttueal lab A Iy hugh d found
doctors was considered to be duc to a more refined standard of diagnosis
i thus group Bus dnivers and cond showed no prevall dency to

develop ulcer There was no evidence that wregulanity of meafs or :‘hlﬁ
work were of importance mn the incidence of uleer Anxiety and overwork was
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Ivy, Grossman and Bachrach {1950) subscribe to the view that autopsy
reports can be grossly misleading

Admussions to hospatal

In respect of admissions to hospatal the medence of pepc ulcer was for
Friedenwnld (1912) 7 8 per centan 12,598 patients, for Eusterman and Balfour
{1936) 12 2 per cent of duodenal ulcer in 15,985 patents De Bakey (1940)
1n 544,801 hospital admssions had 2,607 cases of pepticulcer (0 478 per cent)
In a collected series of 1,193,916 hosprial admissions the ulcer cases were
7,859 or 0 658 per cent Tady (1941) found that there has been an enormous
increase n gastro-duodenal disense mn recent decades Rothe (1941) found
that in Germany during the first two war years the tot1l number of exam1
nations ncreased and the percentage of positive findings lso increased
Markoff {1943), in 1 senies of collected cascs from 41 Swiss hospitals, showed
thit general 2drmssions for 1932-42 increased by one third but were double
for peptic ulcer admusstons

According to Patterson (1944) 12 per cent of Amenicans are subject to
peptic uleer duning some pertod of their lives Duodenal uleer 15 four times
s prevalent 15 gastnc ulcer and nlso occurs carker m hfe than does gstne
ulcer Emery (1916) found that approximately 9 per cent of patients sought
relief from gastro mtestinal symptoms and 50 per cent of these patients had
organic diserse mn the ccepted sense of the term According to Ivy (1946)
10 per cent of the populition will develop peptic ulcer duning their Ife-
ume Craig (1918b) stated that gastric ulceration was uncormmon until
the beginning of the mneteenth century, and that there 1s hitle evidence to
suggest that duodenal ulceration was other than a rare disease until about
the beginning of the present century  Smnce that ume there is evidence of 2
considerable increase in the madence of duodenal and gastric uleer in males
Although gastric ulcer in females has become very much rarer, investigations
potnt to an ncrease i the frequency of duodenal ulcer White {1951)
concluded that there 1s sull considerable confusion and difference of opinion
on the subject of the incidence of peptic ulcer

Alsted (1953) carned out two surveys 1n October 1940 and 1n October
1948, 1n order to 1scertun the mcadence of acuve peptic uleer in the Danish
population In 1910 n overnll ulcer rate of 11 per 10,000 inhabitants ws
found 16 8 per 10,000 mnles and 5 4 per 10 000 females In 1948 the corres
pond:ng figures were 16 9 per 10 000 tnhabrtants, 27 1 per 10 000 males and
69 per 10,000 females The hughest incdence up to 63 4 per 10,000 was
observed 1mongst males between the 2ges of 40 and 55 years The male pre
ponderince was more pronounced in 1948 than 1n 1940 The mncadence of
gstric uleer rose by 300 pet cent 1n males between the ages of 40 and 50
years whlst the incidence of duodenal ulcer was only doubled

THE DUODENAL GASTRIC ULCER RATIO

The duodenal gastric ulcer rtio was found tobe 3 1 by Moymbhan (1912)
1 1by Morley (1913) 2 1 by Haxt (1918),4 1by Mayo (1921),2 1by
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Musa {1922}, and 24 1 by Lehman {1926} According to Robertson and
Hargs (1925) there has been an absolute and a refanve increase of duodenal
ulcer as compared with gastric uleer which appears to have bren confismed
by subsequent observations A ratio of 6 1 was found by Wilkse (1927),
8 1 by Young {1927}, 6 1 by Albreche (1930}, in Germany, 225 1 by
Walton {1930) 1 London, 8 1 by Lahey (1931), 6 1 by Balfour (1931),
4 1 by Mouter {1932), 56 1 by Emery and Monroe (1935}, 12 1 by
Pusterman and Balfour (1935), 7 3 by Alien (1937}, 136 1 by Jenmson
(1938) 2 1 by Boyd (1942), 17 1 by Bockus (£943), 50 1 by Berk and
Fredmsan: (1944) m Army personne] averagmg 29 5 years 10 1 by Marshall
and Gerber (1948), 95 1 for males and 44 1 for females by fameson,
Smuth and Scott {1943) and 73 1 by White (1951) According to Brooke
{1950} the relative madence of duodenal to gastric ulcer rose from 29 i
1840 to 4 7 1n 1942 and then dechined to 4 110 194647

It 15 of mterest to mote that chnucally the mcds of duodenal ulcer
1s greatly 1n excess of gastnie ulcer i the hving subject but about equal
m number at post mortem examinations

OCCUPATIONAL DISTRIBUTION

Fredenwald (1812), 1 1,000 cases of ulcer of the stomach and duodenum,
found that 31 were in cooks 18 i metal workers 12 1n porcelan workers
8 1n muners, 28 i taidors 15 in shos makers and 19 n blacksmuths It s
sigraficant that doctors were found amongst the Iugh inadence by Hurst
and Stewart {1929) and amongst the low madence by Ihre and Miller
{1943) Duesbery (1938) found no wmadence of uleer m 6§22 monks as
compared with 51 {074 per cent) amongst 6923 foundry workers

Mosms and Trtmus {1944} found an nadence of 25 per cent in the
Ieading proft wealthy independents di and so on, 14 per centin
employers, managers lower profesnony, 432 per cent an skifled workers,
salesmen shop asustants and clerical workers 17 8 per cent i sem skalled
workers and agrcultural labourers and 16 5 per cent m unsialted warkers

Sallstrom (1945b) believed that the frequency an men depended on the
wregulanty of thewr mode of hving and afiected partcutarly the buslding
u;?c chauffeurs and dnvers seamen, artists musictans journalssts and
editors

r‘Accordu::g to Doll, Jones and Buckatzech {1851} socal class did nmot

duodenal vicer mad: , the ebserved mcidence of gastrc ueer
was two-thisds less thag expected i professional and business executsves and
two thirds more in unskulled and heawy mannal labourers A hugh mcdence '
of duodenal uleer was found 1 foremen and business executtves, and a low v
sncidenes wm agnoultural tabourers A sgmficandy tgh nadence found i ¢
doctors was considered to be due to a more refined standard of diagnosis
m this group Bus dnvers and cond showed no | \! dency to
develop ulcer There was no ewidence that uregulanty of meals or shit
work were of importance in the neidence of ulcer Araety and overwork was
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complained of more frequently by men with proved duodenal ulcer, than
by men with no dyspepsia In contrast, no association of ulcer with home
worries was found
Doll (1952) found that 1n men gastric ulcer 13 between 2 and 5 trumes as
prevalent - the poorest class as in the upper social classes (Registrar
General’s mortality figures) There was no difference for duodenal ulcer
1 High incidence was thought to be charactersstic of doctors (excess of diag
i nosis), executtves, transport workers and fishermen, and low incidence to
Ibe charactenstic of agreultural workers and clerks

SEX INCIDENCE

For duodenal ulcers, diagnosed chmically, the sex ratio of males to females was
reported as follows Perry and Shaw (1893) 3 1, Brunner (1903) 9 1
Moynihan (1912) 4 1, Morley (1915) 21 1, Barford (1928) 43 1 Eus
terman and Balfour (1935) 39 1, Jennmson (1938) 37 1, Wadinger
{1940) 31 1, McMullen (1941) 22 '), Bockus (1943) 42 1, Kscfer and
Mchell (1947) 47 1, and White (1951) 63 1

For gastric ulcers Brinton (1864) 1 2, Brunner (1903) 114 1, Moynthan
(1912) 1 1, Morley (I1913) 1 25, Mayo (1921) 36 1, Eusterman and
Balfour (1935) 4 1, Wedinger (1940} 25 1, McMullen (1941) 16 1,
Bockus (1943)21 1, Srmuthand Jordan (1948) 22 1, Whate (1951) 11 I
Jamteson, Smuth and Scott {1949) in 2 combined series of 3,258 patients
found the sex ratio 35 for males to 1 female

In autopstes for duodenal ulcer, Musa (1922) found 1 11n 47, Stewart (1929)
32 1, Portis and Jaffe (1938) 4 1 White (1951) 33 1 In autopsies for
gastrie ulcer, Stewart (1923) found [ 1, Portis and Jaffe (1938) 26 I, Gordon
and Manning (1941} 2 1, and Whate (1951) 25 1

Sandweiss, Saltzstein 1nd Farbman (1939) observed during the age period
before sex activity rises the sex incidence of peptic ulcer to be equal between
the sexes Nicol (1941) found that the scx incidence of peptic ulceration s
remarkably constant throughout the world, being approximately 3 males to 1
female In hospital patients throughout Great Britain 1t varied from 1 to 1
tn London and 8 to 1 1 Scotland

AGE INCIDENCE

Doll, Jones and Buchatzsch (1951) calculated the incaidence of pepuic
ulcer 1n London to be 58 per cent for men between the ages of 15 and
64 years and 1 9 per cent for women in the same age group Under the age
of 55 years the male to female ratio was 45 1, over 55 years it was 1 4 1
The maximum mncidence of gastric ulcer was in the decade 45-54 years, and
of duodenal ulcers 10 years earhier In men the expectation of developing 2
duodenal ulcer was at a maxsmum and was constant between the ages of
20-64 years but the expectation of developing a gastnic ulcer was greatest
between the ages of 35 and 64 years
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In a suney of 5 951 persons most of whom lived mn London, they found
that 1n men the madence of peptic uleer of all kinds rose 10 2 maximum short
of 10 per cent in the age-group 45-54 years, i women the highest incidence
was 6 per cent and was not found until after the age of 55 years Before the
age of 20 years there was none Doll (1941} stated that on the assumpuon
that the age and sex madence of the findings of Doll Avery Jones and
Bucl h (1951) are applicable to the whole of England and Wales st can
be calcutated that 5 8 per cent of men and 1 9 per cent of women between the
ages of 14 and 64 years suffer or have suffered, from peptic ulcer Similarly
1t can be esumated that 971,000 men and 478 000 women 1 England and
Wales ofall ages, have or have had ulcer The esumate of a total of 1,449,000
persons out of a population of 42 850 000 1n 1946 compares wath an estimate
of 1,500 000 made by Avery Jones and Pollal (1945) on the basis of hospatal
cxpenence and the natonal death rates for 1938

Incidence 1n the aged

Acute uicer has no age it although 1ts occurrence 1s relatn ely rare in
both the very young and the very old

Meyer and Saphir (1943) reported 16 panents with chronic ulcer, the
youngest of whom was 60 and the oldest 83 years They emphasized that
theee ulcers were asymptomatic

Boles and Dunbar (1946), 1n an analysis of 4 000 consecuuve autopsies
found 97 (70 male and 27 femalc) cases of peptic ulcer i individuals over the
age of 60 years 27 acute and 27 chronic gastnic uleers 18acuteand 23 chrone
duodenal ulcers It 13 noteworthy that in only 10 (or shightly more than 10
per cent) was the chnical diagnosis made and that haemorrhage or perfora
ticn gave the clue to the diagnosis

Rafiky Wangarten and hneger (1948) found that in 1,800 hospital ad
muswons for pepuic ulcer 22 2 per cent of the pauents had attaned the age
of 60 years Ruefer and Mchell (1947) found that 1n approxumately 50 per
cent of therr senies 152 patients were over the age of 65 years Mulsow (1949)
1 areview of recent Amenican literature on peptic ulcer found an inaidence
of 192 per cent abave the age of 60 years amongst 3,705 cases reported
Levin harsner and Palmer (1949b) obscrved 1n 450 ulcer patients 41 over the
age of 65 years~approxamately 10 per cent  there were 25 males and 16
females Twenty seven patients were between the ages of 65 and 69, 8
between 70 and 74, 6 between 75 and 79 and 1 was 82 years

Incidence 1n infants

The madence of peptic vlcer 1 the newborn and the young infant 1 of
conuderable importance in the mterp of their pathog: because
the action of atad as a factor in the acuology 1s completely ehmnated
Cruserlhuer (1829-35) reported multiple gastnc ulcers 1 three mnfants
aged one two and four weeks respectively The lesons oecurmng i the
newbom are obviously acute ulcers or petechial erosions which result from
sepsis general bactenal infe pp fe of the 1
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cord, or thromboss of the omphalo umbilical vesns (Jacob, 1909) Bolton
{1913) refered to the case of Carteaux which vomited blood 20 hours after
Dirth, Ssebold’s cases which perforated on the third day and a case described
by Charcot 1 which two ulcers were found 1n the stomach of 2 64 months’
foetus Berglund (1928-29) found 19 cases of acute ulcer in young children
n a serzes of 1,323 autopsies performed m Stockholm Proctor (1925)
reported on 8,260 cases of chronic peptic nlcer seen 1n the Mayo Clinsc from
1906 to 1924, only two occurred m children

Kennedy (1933) pownted out that ulcer i the newborn as evidenced by
melaena neonatorum 1s acute and typical of the lesion It 1s frequently mul
tiple, may be in the stomach or ducdenum, and ether heals rapidly or else
causes the death of the mnfant by haemorrhage or pentonutis Burdick (1940)
described 10 cases of chromic duodenal ulcer in children aged 4}-13 years
Eight of these were hospital cases, out of 21,231 admissions, and 2 cases were
seen 10 private practice

According to Miller (1941-1942), who made observations on the gastric
acidity of 50 mature, breast fed wfants, during the first month of life, the
relationship between the mother’s gastric secretton and that of her infant at
birth 1s emphasized by the fact that the percentage of mothers with achlor
hydna during pregnancy is identical with the number found i mature infants
at birth Muller observed achlorhydria 1n 6 of 50 infants, which 1s about the
same ratio as that observed by Strauss and Castle (1932} 1n 3 of 20 mothers

According to Monrad (1941) (quoted by Priesel in Boller, 1954) no chromc
gastric ulcers oceur in mfants Bird, Limper and Mayer (1941) have shown
that ulcers 11 the newborn have special charactenstics  the great majonity,
of ulcers which are recognized, bleed seriously or perforate or both, m
many the onset 15 precig without recogmzable pr y symp
or signs, with few exceptions the lesions are acute, without cellular reaction
or bacteral mvasion Fraser (1943}, commenting on the paper by Bird,
Limper and Mayer (1941), considered 1t 2 remarkable finding that such a
large number of cases occur m the newborn (38 1n a total of 243 cases)
Benner (1943) reported post mortem studies of 8 cases 1n about 500 routine
autopsies on nfants and children, all were of the acute type secondary to
some other 1llness, generally severe mfection

Ivy, Grossman and Bachrach (1950) considered that the occurrence of
peptic ulcer 1 the newborn and the infant under the age of one year 1s ex

dingl g from the viewpont of pathog b of the low

acidsty of the gastric content found 1n most instances White (1951) reviewed
the autopsy and chimcal materral at the Children’s Hospital 1n Boston for the
last 25 years, 1n 1,487 autopsies there were 62 patients with gastric or duode
nal ulceration In 32 patients the ulceration was classed as the Cushing-
Rokitansky type secondary to or assoctated with diseases of the central
nervous system such as tumours of the brain hydrocephalus encephabts,
mongolism, and poliomyelitis Of the 30 patients without cere-
t 1 d 13 had duodenal and 17 had gastnic ulceration, largely
of “‘sccondary type In the total autopsics there were also 83 cases of
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oesophageal ulcer White (1951) concluded that 1n 1nfants and children the
type of ulceration and the conditions of diagnosis are quite different from
those 1n adults but the inaidence of gastro-duodenal ulcer seems low mdeed
compared with that of adults

It may be stated, m conclusion, that the ulcer which occurs 1n the new
born and the young infant 1s an acute lesion dary to the gross
state which 15 1nvariably present 1n these patients

FAMILIAL INCIDENCE

Dreschfeld (1897) reported the presence of ulcer i 6 farmhies Huber
(1907) descnibed 30 famubes i which 80 cases of ulcer occurred, 11 (I5
per cent) of his cases had a family hustory Czernecki (1910) reported
the history of a farmly 1n which a mother, a son and three daughters had a2
pepuc ulcer Plaut (1913) found a long famuly history of ulcer 1n 22 per cent
of 50 cases Dauwe (1913) reported 8 cases of ulcer who had a famly history
of the disease Spiegel (1918) 1n 121 ulcer patients found a famuly hustory i
26 4 per cent and only 5 5 per centn 200 control cases Hurst (1921a) report
ed on 2 farmilies 1n one the father and 2 out of 9 chuldren were dyspeptc and
4 had typical symptoms m the other a mother, 3 sons and 1 grandson were
affected Bauer and Aschner {1922) reported from a senes of 255 cases of

certified peptic ulcer  and 400 controls that pepuc ulcer 1s four tmes more
common 1 the famehes of the ulcer patents than 1n those of the controls
Aschner (1923) 1n 132 cases had 12 7 per cent wath a farmuly history whilst
1n 200 controls there was only 4 5 per cent. Ruhmann (1925) found a familial
sncrdence 10 48 per cent of 50 ulcer cases Wilkie (1927) behieved that there
was an undoubted hereditary tendency 1n ulcer particularly in females he
reported two families 1n each of which three sisters had to be operated on for
duodenal ulcer Riecker (1933) 1 942 duodenal ulcer cases over a pertod
of 5 years reported that 115 (13 per cent) had a family history of ulcer
He beleved that there can be no doubt that peptic ulcer 15 a familial disease

The author (Spira 1931) reported on a family Iiving 1n adjomng houses
as two separate households In the first household all the male ). a
man and his son, a stepson 1 law and hus son had erther a proved ulcer or
symptoms suggesting ulcer, whilst 1n the second household composed of 2
stepson hus wife and their son and hter none lained of ind
The semor member of the first household who had a duodenal ulcer always

complamed that the food which was prepared by hus Belgian wife was the
cause of all therr dyspepsias

The occurrence of peptic ulcer proved by x ray laparotomy or both 1n
exght siblings of one famuly Amencans of German Jewish descent (5 females
aged 73 70 66 55 and 53 years and 3 males aged 62 61 and 58 years
respectively) was reported by Plotz {1950)

It 15 obvious that this inadence cannot be advanced m support of the

theory of the hered 1 hesis because 1t 1s far too hugh to
be considered on the basis of a genetic law
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Kimball (1951) considered that the reports of familial susceptibility do
not of necessity prove the existence of an hereditary as contrasted with a
congental or even an environmental factor, but the author believes that m
these cases, the environmental, that 15, the food factor, 1s responstble

The inherited factor (the ulcer drathesis) as an element 1n the causation of
ulcer and in the meidence 1n 1dentical twins, has been examined mn the
Pathogenesis

SEASONAL INCIDENCE

Seasonal incidence with peaks m the sprng and autumn have been
reported, particularly by the older authors Smuthies (1920) believed that the
prevalence of epiderme mfectious agents in the spring and autumn was
responsible for the exacerbations at these tumes Hurst and Stewart (1929}
blamed the vagares of the weather for the seasonal variations of peptic ulcer
mcidence m Erngland Matuson (1931) m a statistical exanunation of 1,342
cases found an incidence of 6-8 per cent for the months of January to August,
but 10-12 per cent for the last four months of the year—a difference which 1s
sigmfican: Rothe (1941) concluded from 7,488 observauons for the years
1927-40 10 Germany that there was a considerable seasonal peniodicity with
a maximum mcidence i the winter but without marked peaks m the spring
or autumn Fusterman and Balfour (1935) found a seasonal variation tn 50
per cent of their cases and they suggested that possibly some nutritional
factor was mvolved Sallstrom (1943d) found mamfest seasonal vanations
with a mummum frequency during May— June and maximum frequency
during August—September

GEOGRAPHICAL DISTRIBUTION

Brunner (1903) stated that there were 10 cases of peptic ulcer in England
to 1 1n Germany, and this was due to the English mode of life and the pre
ponderance of meat m the diet .

Rutimeyer (1906) reported the following geographical distribution m the
madence of peptic ulcer—Russia 08 per cent, Switzerland 2 6 per cent
Austria 4 per cent, Germany 5 per cent, England 5 per cent, Denmark 16 7
per cent North America 13 per cent

According to Muller (1934) there 15 httle occurrence of ulcer n the
Argentine Mexico, West Indies and Papama

Ivy, Grossman and Bachrach (1950) concluded from a review of the
Iiterature that on the whole 1t appears that peptic ulcer has been nated less
frequently at autopsy mn the United States of Amenica than in England, on
the Continent or 1n Australia

RACE INCIDENCE

The white races hiving under primitsve condittons appear to be less prone
to ulcer
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McCarrison (1912) performed 3 600 operations on primitive inhabitants
of the Himalaya mountans but found no nstance of peptic ulcer The
racial difference 1n the Dutch East Indies wasreported by houwenaar (1930)
Post mortem on 1370 Ch 1n Sumatra showed that 11
per cent had ulcer or scars of 1,269 Javanese men only 0 63 per cent were
affected of 399 Javanese women 1 per cent and of 123 Tamuls 4 9 per cent
The figures for the Chinese and Tamuls correspond with those which he
found m Furope Doll (1952) draws attentron to the sigmficance of the gross
difference 1n incidence between closely associated communities which may
furnish an 1mportant key to the fundamental causes of the condition [This
subject 1s referred to m more detal 1n the chapter dealing with the Food
Element 1n the Pathogenesis of Chronic Ulcer }

Gastne and duodenal ulcer 1s a rel ly disease 1n the coloured
people 1n Abyssima (Bergsma 1931)

Muller (1934) found the death rate from ulcer in the Umited States of
Amenca as follows for gastric ulcer 1n males—uhles 3,345 or 11n 197 2, and
blacks 267 or 1 1n 371 9 In females—wiutes 1 179 or 1 m 455 1 and blacks 233
or 111 389 7 For duodenal ulcer 1n males—ufutes 1 688 or 1 1n 3819 and
blacks 79 or 1 1n 1,256 9 In females—uhites 398 or 11n 1,349 5 and blacks 24
or11n 3,783 1

Boland (1935) found that duning the ten year period 1925-34 among
£0 000 patients admitted to the coloured division of the Grady Mumaipal
Hospital Atlanta (a town of 300 000 inhabitants one third negroes) 119
cases were diagnosed as peptic ulcer, and dunng the same period among
75,000 patients admutted to the white division of the same hospital there
were 295 cases of peptic ulcer He suggested (Boland 1942) that the mcrease
m madence 1n the black race 1n the Southern states of the United States of
Amenca 15 due to the abandonment of 2 native diet

Vassalo (1937) has never scen a case of peptic ulcer m a non European i
Zanzibar  Vint {1937) 1 1 800 autopstes performed i Naiwobi found 1
case of healed gastric ulcer none of duodenal ulcer and 3 cases of carctnoma
of the stomach

Eagle and Gillman (1938) quoted Byers who 1 1927 reported only 4
cases of peptic ulcer 1n 18 000 Bantu inmates during the years 1921-26 They
analysed the mncidence of peptic ulcer n 12 718 autopsies at the Government
Mortuary and found the mcidence was 5 i 3,373 Europeans (0 119 per
cent) 8 1n 8 328 Bantu (0 097 per cent) and 3 n 824 Eurafricans (0 364 per
cent) 2 778 autopsies at the Johannesburg General Hospital gave 38 1n 1,400
Europeans (2 714 per cent) 2 1 227 Eurafricans (0 881 per cent) and 5 1n

1,144 Bantu (0 437 per cent) The combined statistics from these two mstitu
tions show that the European 15 app ly 7 times as ptible to peptic
ulcer a3 the Bantu and only twice as susceptible as the Eurafrican The
authors draw attention to the imperfect information avarlable 1 respect of
diet race chmate and environment m the aetiology of peptic ulcer

Gordon and Manning (1941) 1n 22 956 autopstes for the years 1920-37
found the following sex race madence acute gastric ulcer whites 85 males
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37 females, coloured people, 48 males, 31 females Chronte gastne vlcer
whites, 63 males, 28 females, coloured people, 21 males, 7 females Acute
duodenal ulcer whites, 86 males, 34 females, coloured people, 19 males,
18 females Chronic dusdenal ulcer whites, 36 males, 6 females, coloured
people, 6 males, 10 females The total represented, whites, 499 per cent
males, 20 2 per cent females, coloured people 18 per cent males and 119
per cent females Ellis (1948-49) 1n a study of peptic ulcer i Nigenareported
a series of 123 cases of duodenal ulcer to 1 of gastric ulcer which suggested
to hum a dufferent exciting cause for the two types of ulcer Most had pyloric
obstruction Red and green peppers are ingested in very large quantihes,
nice being a part of the diet

CONCLUSIONS

It may be stated, in conclusion, that when the food element—with parti
cular reference to the fat factor—is examined 1n relation to the incidence
of peptic ulcer, a direct aetiological rel hup will be established

The vanation of this element 15 illustrated by the observation that until
recent times the Negro in the United States of America has suflered less from
ulcer than his white neighbour, but since his economical condition and his
standard of ving have improved, the tendency to ulcer has also increased
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CHAPTER 22
DIAGNOSIS

The importance of a precise diag as a preb 1y to ful treat~
ment needs no emphass The phynaian should proceed with a planned
exammnauon of the patient sn the following order (1} hustory taking (2)
q ¢, {3) physical and (4) fat y

4

HISTORY-TAKING (ANAMNESIS)

It 13 generally recogrused that hstory taking must always be pauendy
carried out in suspected ulcer cases at should ovcupy the best part of the
i the phymcal requining relatnvely httle ime

Afer noung the famsly history and medical antecedents the patient should
be allowed to tell Ins story 1 Ins own phraseclogy and i chronological
order Having ascertatned the characteristics of the panenis complant
particular attention should be directed to pan hecause it 1s the presenting
symptom of the active pepuc ulcer Detasled enquiry should be made as to
1ty Jocation if 1t occuss on the night side of the epigastnum 1t pomts o
duodenal uicer but of mote centrally i pomnts to gastnc ulcer Enguiry
should also be made as to the character of the pan that 1e sts intensty
extent mode of onset duration and ‘rhyttun  {according to Moymhan
there 1s 2 “triple thythm  food comfort pain for a gastric ulcer and a

quadruple thythm  food comfort pam comfort for a duodenal ulcer)

the nocturnal occurrence of the pam may also be of pathognomome ngmfi
cance

QUESTIONNAIRE

The examuner shoufd then proceed with 2 standard set of questions
referting particularly to appente nausea 20d vomuting bowel function
sleep and foss of weight It 1s helpful to remember that appetite 2 usually
4 hed in all 2ctine pathol 1 cond; and that the single exception
to this rule 18 ducdenal ulcer sn which appeute 15 mantaned or may evenbe
excessive Lose of wesght 1s unusual Constrpatson s almost wn anably present
Vomung 1s an unusual symptom of ulcer when not assocrated with pylonic
obstruction Nausea and heartburn (pyrosis) are paradoxscally more often
symptoms of hypochlorhydna than hyperchlorhydna *

* The author {Spira 1931) has descrbed the  Lipsuck sensation whath may oceur @
susceptible people afier caung a fatty meal The lipy fecl as of they were covered by a thin
layer of fat such as would be produced by the use of a greasy bpatick 1€ may be associated
with a mild degree of salivation It s thaught therefore that the hipshck  sensation may
tepresent a precunory stage of nausea
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PHYSICAL EXAMINATION

When first seen the patient must always be subjected to 1 comprehensive
physical examnation This 1s facilitated by a standard routine which saves
much time and avords many pitfalls in the diagnosis

Only a very brief outhne of the procedure will be indicated The examina
tron consists of mspection, palpation, percussion and auscultation A record
of temperature, pulse rate, blood pressure and urine examination may be
made by a nurse before the general examnation The heart and lungs
should be examined before approaching the gastro intestinal system

Inspection

Inspection under bright illumination, preferably dayhght, will draw
attention at a glance to the physiognomy, the expression of the eyes and the
appearance of the skin {its texture, discoloration, pallor, jaundice, naevi,
pulsations, deformuties, swellings, visible peristalsis) The appearance of the
tongue should be noted, whether 1t 1s coated or clean, and whether glossitis
18 present

Palpation

Palpation will disclose enlarged organs (hver, pancreas, spleen, kidneys
a mass of glands), succussion splash will draw attention to an enlarged
gastric pouck Cutaneous hyperalgesia 1s an unrehable sign Deep pressure
usually ehats a defimte tenderness of the affected organ and epigastnc
tenderness 1s always present when the ulcer 1s active Radiographic examina
tion will show that the point of maximum tenderness corresponds to the site
of the leston Muscular rgidity 1s not very common, but when present 1t 1
2 sign of a large inflammatory reaction

Percusston and auscultation

Percussion and Itation will help to d h between sohd and
hollow organs Surface markings are not very helpful because the shape, size
and position of the h may vary derably

The nervous system
The nervous system should be examned in order to exclude obvious
orgamc disease

X-ray investigation

After an exarmnation as outlmed above, an x ray nvestigation 1s the first
and most important step i the diagnosis and should be carried out by 2
comp radiologist It may be 1 but 1s apt to musmnterpretation
1f 1t 15 divorced from the chinical aspect of the discase Close co-operation of
chintcian and radiologust 15 therefore, essential

It may be helpful to draw attention to some specrfic ponts

‘The presence of a crater in the stomach {(Haudek s nuche) establishes the presence of an

organic leson  the main distinction to be made 1s between benign and malignant ulcer
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Although the question of malignancy of a duodenal lesion does not arse x rays of the
duodena! cap do not always provide mftrmation with the necessary precion A persistent
speck of barum caught 1n the mucosal folds wih i of the Toucons
may be mutaken for an vlcer or a preudo-diverticulum
Deformsty of the duodenal cap without pain or tenderness on pressure v most likely
o be due to & healed feston, Fluoroscopy will disclose the shape position and behaviour
of the stomach Alterations of function withont permanent defect, uch as spasm,

hty wcreed and rapid les potns kably to the activiry
of & merhid process -
Reflex spasm tuedenal ad extranste hal

or chronse appendiats) may lead 1o errors of diagnosiy,

Gastroscopy

Gastroscepy 1s restricted by ats bmuted field of vision but may be useful as
contnbutary evidence of a gastmic lesion the duodenal lenon 15 obviousty
out of the area which can be seen through the flexible gastroscope

The skill and temp of the greatly anfl the value of
the mterpretation {Schindler, 1947} Tt 15 2 valuable wd 1n diagnosing
gastne fesons but only m connection with 2 well taken hustory physical

d; study and lab y data {Tesler 1947)

Gastroscopic exarunation 15 partreutarly useful i diagnosing mucosal
atrophy erosions and early tumours Damage through suction may produce
small submucosal and mtramucosal haemorrhages which may be mustaken
for pigment spots {Wolf and Wolff, 1943)

The risks of gastroscopy {Jones Doll Fletcher and Rodgers 19535} have
been reported as 75 accidents with 32 deaths 1n a survey of 49 000 examina
vons by 40 gastroscopists and a further 5 acadents with 3 deaths 10 an
unknown number of gastroscopies

LABORATORY INVESTIGATIONS

The secretory & of the hos it d by sample
test meals Ewald s gruel meal being the most commonly used but many
vaniations have been tntroduced (Boas, Riegel Fischer) Alcohol (Ehrmana)
coffee (hatsch) and Liebig s extract have been suggested to replace Ewald &
meal Rehfuss has introduced thefractional test meal butat should be realised
that st only measures the congentration of aad The many himstations of the
value of the fractonal test meal have been pomnted out (Moynthan 1919
Comfort and Osterberg 1931, Spira 1931 Hollander 1935 Hellebrand
and Brogdon 1935-36 Fusterman and Balfour 1935) It may be recalled
that the mam abyections are (1) the gastnic tube acts as a foretgn body tn the
stomach {2) the gastric tube may produce emovonal wbhitation {3) swal
lowmg of the salva neutsalises free hydrochlonic aad (4) there may be
wviolent ducdenal regurgitation from retching and (5) there may be many
day to-day vanations m the response of a gaven subject

Gastrie secretion after the admunustraten of listamme 15 of value m
determuning the presence of free hydrechlonc aad s absence may be
accepted a3 strong evidence agamst a bemgn Jesion
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Bennett and Ryles (1921) chart 1s somewhat musleading 1s it relates (o
80 per cent of 100 normal students Rehfuss (1927), who studied groups of
normal men with over 1,000 complete fractionnl analyses found that fully
onc third showed a tendency to high acid output and almost one third toz
hyposecretory type He behieved that the cvacurtion time was the real
value of fractional test meals

It should alse be remembered that there may be a high concentration of
frce hydrochloric acid 1n the presence of a malignant ulcer of the stomach
Just as there may be no free hydrochloric acid 1n the presence of a bemgn
gastric uleer, particularly 1 the aged, but both these occurrences are very
rare

DIFFERENTIAL DIAGNOSIS

4 f, 1

Many pathological produce symp which are m
the digestive organs 1nd may be specifically referred to the stomach, 1t 1s
essential, therefore to sort out the gastric from the extra gastric pathology
When the physician 15 satisficd that he 1s dealing with a disorder which 1s
localised 1n the stomach, he should bear it mind that the first distinction
which must be made 15 between benign ulcer and carcinoma It 1s helpful
to remember that, broadly speaking, hyperchlorhydria and a white coated
tongue are related to hypertrophic gastritis and are associated with uleer,
whlst hypochlorhydria and a red tongue (glossitts) are related to atrophic
gastritis and 1re associated with carcmnoma With ulcer there s a long
history of intermuttent periods of pamn reheved by food and antacids a well

d app and a dency to pation With carcinoma the
history may be short and indefinite, the appetute 15 poor, with loss of weight,
a tendency to diarrhoea, more constant pam which gradually gets worse
and 15 not relieved by food It generally makes its first apperance in people
over forty who have enjoyed good health and may follow soon after an acute
nfective 1llness which may be blamed for the fiugue and anaermua It may
miric ulcer and though the acid values are low, alkalics may give temporary
reliel

The conditions {excluding rarties} which must be considered 1 the
differential diagnosis (organic reflex and systeric causes) may be classfied
as follows

Lestons or THE ALBMENTARY CaNaL

Intra gastruc lestons

(a) Lesions of the ocsophagus cesophagius uicer spasm hiatus herma  carcmoma

{b) Lenons of the stomach gastritis carcioma  dnverticulasis

{c) Lesions of the ducdenum prmary and secondary duoderuta divertculosss
ducdenal tleus {by pressure of mesentenic vessels)
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BIACKOSIS
Extra gastric leseons
{a) Lesons of the pancreas pancreatitn varqnoma
(b} Levions of the liver sequelae of mfeetions acute 2nd chrome hepauts aurhoss
{c} Lesions of the gall bladder cholecystins cholelithiany
{d) Lewiony of the intestine  these are generally restricted to the colon consupation

spastic and wrstable colon nflammaton of the vermform appendix hookworm
(sn the troprcs}

LEstons OUTHDE TRE ALIMENTARY CIANAL

Duseases of y cand Jar g y and central nervous systems
Functional disturbanzes
Fatugue teas 4 pavch drsorders Theseshould be & d

with extreme care and only after exclusion of alf organtc causes
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CHAPTER 23

CRITIQUE OF ORTHODOX TREATMENT

Before describing the detals of the author’s treatment 1t may be useful to
give a critical review of the orthodox methods

Orthodox treatment may be considered from twoaspects (a) medical, and
{b) surgical Both have m common the desire to abolish the acid factor, thus
dealing with the effect rather than the cause of the disease

MEDICAL TREATMENT

The medical treatment approaches the problem from three angles rest,
diet, and antacid medication

Rest
It 15 obvious that rest 1n bed will give the patient mental and physical
1 which 15 beneficial s all forms of disease

Diaet

Hippocrates (466~377 BC) and Celsus (30 BC—45 A D) ntroduced
a reduced food intake for the treaiment of the dyspepsias Cruvedlver
(1829-35) suggested the admumstration of mulk for the treatment of peptic
ulcer in order to provide rest for the stomach Ziemssen (1871) added alkalis
after Kussmaul (1869) had shown the presence of hyperchlorhydria by ustig
the stomach tube and this method was further developed by Leube (1873)
Ewald and Boas (1886) favoured a high fat dset, prescribing almond o
Cohnhetm (1902) gave oltve ol Lenhartz {1904) mtroduced gradually
ncreased amounts of eggs i combnation with iced mulk Senator (1906)
and Jarotska (1911} prescribed conuiderable quantities of 1ced butter, whilst
Strauss (1911-12) and Petren (1913) prescribed large quantities of cream

Spriggs (1940) recommended cold far bacon and bam nd Barborka
(1951) claimed that a diet relatively hugh i fat (cream, butter and olve o)
seems to be well tolerated

Modern dictetic treatment 1s now generally based on the Sippy (1915)
method or one of 1ts modifications, which consists in the admmstration of
mulk alternating hourly with alkalis Milk however has many mtrnsic
drawbacks 1t 15 not always tolerated and some pauents are allergic to 1t
Tt lacks vitamn B and may contamn a toxic substance methyl glyoxal If
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predigested by the additen of sodwsm cstrate and sodium bicarbonate
vitamn G 1s destroyed and mfantile scurvy may occur Large quantities are
reguued to provide the adequate amount of calories 1t 1s apt to produce
flatulence and constipation and may lead to 3 full abdomen and obesity
Sidecfiects of over feeding with mutk have been shown an patients with
hypertension and pulmonary tubercwlosss and may fead to 2 sub-scurvy state
(Archer and Graham 1936} The ad of large g of mulk
has been severely erisased by Bablun (1944) and by Winkelstern  Cornell
and Hollander (1945}

Good results have been clatmed for hyperal with d
(protewn hydrolysate) (Co T, Wnght Mulholland Galvin, Barcham and
Gerst 1948)

‘The continuous duodenal (Fanhorn 1910} or gastric drip (Winkelsten
1932}, according to these authors cures the ulcer but does not prevent ity
recurrente The choice of fimd for the dnp appears to make hitle difference
to the beneficial results {Winkelstan  Cornell and Hollander, 1942} Jepunat
feedmy (Bockus 1924) has now been abandoned by us suthor (Bockus
1943) It should be noted that the effects of frequent feeding and the dap
method can be ascrnbed to a great cxtcn; to the repeated mutiation of

p and § p tion o P
Antacsd medscateen
Med \ 15 mamly d with control of the hydrochlonc

aad factor The following preparations have been nsed

The soluble anteryds hicarbonate aitsate and acetate of sodwmm and pot
aswum produce rapid neutrabzation but their action 13 not prolonged
Intensive treatment may gne rse 4o 3 delayed or  rebound  secrenion of
gastne juce and may produce toxic symptoms due to atkalosis (Hardt and
Ravers 1923 Rafiky Schwartz and Kruger 1932 Kirsner and Palmer
1942) with renal changes and ncreased blood urea 1t may favour the
formation of renal caleuls {Fisele 1940) metastaue calaificanon and
nephrocaltinons {Snapper, Bradley and Wilson 1954) and hypercaleacnua
with renal snsuficienty secondary to excessne mulk and alkal intake
{kesster 1953)

The wnsolubls antacds ate enly poorly absorbed and are therefore less bikely
t produce alkalosis They mclude bismuth salts calewm and magnesium

pounds The al pounds act oo the hydrochlonic acid solely

as physical agents by absorbing the acid to the solid colloid Both the reactive
and non reactive gels have a hugh constipating effect and faecal impaction
may eccur

Amon exchange renne are wnsoluble mert plastic substances capable of
removiag acd Effective neutralisers i niiro thew 1n ree effects have not been
noteworthy and therapeutic sesults have proved unrehable The alkyl sul

phates or deterg specifically pepsin without significantly
affecring gastne acdity
4 Jies bell

d and ats alkalosd: P hyoscy and
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pol depress the parasympathetic post gangl cceptor suk €,
they re effective through therr local anaesthetic action, but small doses may
also have a marked effect on the secretions of the eyes, mouth and throat

Choline dervatives (Dibutolin) have an atropine like action

Autonomc blocking agents (Banthine tetracthylammonium chloride, hexa
methonium) frequently give rise to side effects which may be distressing

Sympath drugs (amph Dexedrine} reduce motor function
They are apt to produce r leepl and loss of app , they
may be useful 1 hypotensive patients

Sedatives (phenobarbitone and ats sodium salt) appear to depress gastric
secretion

Mucin has been suggested as a protective of the gastric mucous membrane
It has a disagreeable taste and results are not encouraging

Protein hydrolysates, per os, have no specific value but may be useful i the
elderly, under nourished patient Injected intravenously they frequently raise
gastric secretion (Vanzant, 1932)

Amino acrds (mstidine, Larostidine) recerved surprisingly favourable reports
when first introduced but these could not be confirmed by expertmental or
chnical research (Sandweiss 1936) Their use has now been abandoned 1n
Great Britamn

H,

+

{ Torantl), have given disappomnting
chinical results (McHardy and Browne, 1943)

Antshistamimie compounds (Benadryl, Pynbenzamune, Neo-Antergan, The
ophorin) do not inhibit gastric secretton and may even considerably increase
gastric acid values (Doran, 1947)

Hormones do not appear to have produced any benefical effects Cortisone
and ACTH are definitely contra indicated The results of treatment with
enterogastrone have been cntically reviewed in Part I, Chapter 2, which
deals with the sccretory function Urogastrone and anthelone have not
proved useful

Gastro intestinal extracts, powdered duodenal mucosa (d d and
defatted), raw whole ma 1 Juod! (Pepsac, Viod, ), and un
specificd protemn free prep tons of the h and small intestine
(Robuden) are said to contawn an “ant: ulcer factor’ resembling or identical
with enterogastrone Hubacher (1946) cl d that of 54 pa
tients treated with Robuden 44 showed good results without dictetic res
trictions or confinement to bed Stolte (1950) compared under identical
conditions the effect of Robuden and salne and also the effect of Robuden
tablets and a placebo and found that the time for healing was exactly the
same and that the symptoms disappeared 1 the same length of ime

Vaccines and foreign protein smyections appear to relicve pain but do not reduce
gastnic aadity (Vanzant and Suell, 1932}, the mechanism of therr action 18
not clear and therr effect may be stmilar to placebos which are known to
relieve pain

Berk (1951) summanses his comprehensive review of the drugs commonly
used as follows  Itisob from the imposing ber of drugs which have
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been vsed n the of pheated gastro~duodenal ulcer that no
speatfic pharmacologzcal cure 1s presently avarlable for this disorder All the
drugs have inadequacies and many are handicapped farther by undesnirable
sidc-efiects  He emphouzed that  the most strking feature of the mediomal
treatment of gastro-duodenal vicer has been the overpowering concern with
gastnie 2cdety , but that expenence hasdemonstrated thateffoctive chinscal
results may be ot d without the absolute and p 1
of gastnic acxdity sought by Sippy Indeed m many cases of mmple un
phicated gastro duodenal uleer factory climeal improvement may
be secured without ever using antatds

Radiation therapy

Yreys ~ Treatment by x rays which has as 1ts object the production of
hypo-acidity or anacsdsty has been shown 1o amimals to produce late effects
such as atrophy, proliferation metaplanz and fibrous of the gastric mucous
membrane {Warren and Whipple, 1923) This was confirmed by Betz {1947)
who observed marked oedema of the submucosa as a pre ulcerative leston
and by Ricketts, Kursner, Humphreys and Palmer (1948) who observed
mflammatory changes and atrophy sn man Brown, Scott Holman, Wood
Funck Waden and Davis (1952) suggested x ray srradiation to the stomach
with Iocal exasion of the uleer beaning portion of the duodenum and the
gastric antrum {; duod: y} followed by g duod
they clammed that the results after six months were encouraging

Raffium — Jenking and McGeorge {1942) and Rucketts Palmer Rarsner
and Hamann (1948} used radium to produce a reduction of acidity Two 25
mithigram or four Hl-mihgram needles placed 10 a stout rubber tube are
swallowed by the patient and kept in the stomach for perods of 4-5 hours
daily to give an exposure of 2,000-2,500 mlligram hours

Douglas Ghent and Rowlands (1950 1931} who exposed stomachs of
dogs to beta rays from an mtra gastne balloon and produced atrophy of the

b 1

»

gestrie glands wath an wnderlymg normal and 18
suggested the use of befa rays m the treatment of peptic ulcer

In view of the exg 3 evad, that rad produces destructne
Iestons (see Chapter on Exp 1 Ulcer)stis t d ! and

1t may be extremely dangerous 10 use a method which induces an urever
sible atrophy to heal the ulcer

Results of orthod.

Disappearance of the crater demonstrated by x ray examimnation as
evidence of healing of the ulcer was reported by Flood (1951) out of 51
cascs of gastric ulcer 19 healed i 4 weeks 24 1 B weeks 5 m 12 weeks and
3 after 90 10 120 days In 145 gastrc cases reported by Smith and Jordan
(1948) the crater disappeared within 8 weeks w ali except 9 cascs
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Inaidence of recurrence

The naidence of recurrence after two years of medical treatment has been
reported as 19 per cent 1n 392 panents (Jordan and Kiefer, 1952), 84 per
centin 1,435 patients (Emery and Monroe, 1935), 65 per cent in 225 patients
(St John and Flood, 1939), 83 per cent m 151 patients (Raimondt and
Collen, 1946), 20 I per cent m 332 patients (Smuth and Jordan, 1948}, and
54 per cent 1n 233 patients (Flood, 1948) After a period of five years the
reports are 46 per cent (Jordan and haefer, 1932), 93 per cent (Emery and
Monroe, 1935), 50 per cent 1n 600 patients (Eusterman and Balfour, 1935),
78 per cent (St John and Flood, 1939), 46 8 per cent (Smth and Jordan,
1948}, 78 per cent (Flood, 1948) The incidence of recurrence m gastne and
duodenal ulcer does not differ to any great extent There 1s no evadence that
the risk of recurrence under medical management decreases with the passage
of time (Flood, 1951)

SURGICAL TREATMENT

It 15 now an accepted rule that medical treatment must be gen an
exhaustive trial mn all ulecer cases before resorting to surgical intervention

Generally speaking, three types of operation, with many varations and
modifications, are now mn use (1) gastro enterostomy, (2) gastrectomy, and
more recently (3) vagus (and sympathetic) section It should be emphastsed
that all these operations have only one common object 1n view, namely, the
marked reduction or, if possible the complete abol of the acd gastric
secretions

Gastro-enterostomy

Gastro enterostomy was introduced 1n the treatment of duodenal as well as
gastric ulcers on the assumption that by diverting food from the ulcerated
area and by facilitating the massive regurgitation of alkaline juices snto the
stomach 1t would reduce gastnic acidity and allow the ulcer to heal The
fallacies of this conception were not tmmediately obvious

Cannon and Blake (1905) who examined the effects of gastro enterostomy,
stated that intra abdomunal pressure relations make grawity drainage
1mpossible They observed that food goes through the patent pylorus rather
than through the artificial stoma

Moyn:han (1908) stated that gastro-enterostomy1s most efficient only when
gross mechamical obstruction exsts a view also held by Quigley ( 1942)

Patterson (1914) extolled gastro-enterostomy because he considered 1t to
be physological and believed that it offered the surgical solution to 2
medically msoluble problem He argued that by directing the food away
from the lesion and avoiding unitaton of the ulcer, while at the same time
allowing rapid drainage of the stomach and allowing a reflux of the alkaline
intestinal juices into the stomach the ulcer would heal automatcally
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Truesdale {1915) showed that gastro enterostomy praduced atrophy of the
pyloncrng Horwitz Alvarezand Ascanto {1928) confirmed thisobservation
Types of gasiro enterostomy
Many types of gastro cnterostomy have been descnibed They melude

anteriorgastre , POSLETIOr g 5 gast

with entero + gastror y with Roux en Y anastomoss,
Devine s g y with pylonc excl and Finney spyloroplasty
{gastro-duodenostomy}

Mortality

The mortahity rate of gastro-enterostomy varies from surgeon to surgeon
Easclsberg (1918 had 5 4 per cent 1 284 cases, Haberer (1918), 1 2 percent
1n B3 cases Paterson {1926),0 8 per cent 1n 495 cases, Horsley (1930},123
per cent 1 57 cases, Moynthan (1932) € 1 per cent mn 1,000 ¢cases More
yecently, Gardner and Hart (1948) had 7 3 per centan 68 cases, and Walters
Gray and Praestiey (1948) 11 per cent in 88 cases

Lowenng of gastre acdity

This was reported by the earher observers (Kramer 1906 Kazenstesn
1907) but more recent observers have reported very hittle reducuon {Ender
fen, Frendenberg and Redwitz 1923 Levasohn and Feldman 1925, Sten
berg Brougher and Widgoff 1927 Lindsay and Evans 1929 Elman 1929
Halt, Henrich and Wilhelmy 1935, Walters 1936) Whale Page and Rankin
(1937) and Snell (1937) claimed a veducton of acdity Engel (1937),
Ochsner {1937} Maer and G: 1937y Hok and Sandusky (1938)
Wangensteen Vateo Hay, Walpole and Trach (1940), and Heuer (1544)
could not confirm these results

Late yesults of gastro enterostomy

Improvement after gastro enterostomy was claimed by St John (1930) in
92 8 per cent of 118 cases by Balfour (1930} m 69 per cent of 500 cases of
duodenal nicer and 79 per cent of 100 cases of gastric uicer Church and
Hinton {1940) 1n 106 cases nearly all duodenal had 24 5 per centonred and
26 2 per centumproved 1 46 per cent there wus no benefit and 16 per cent
needed a further operation Heuer {1944) m 170 cases of duoderal uleer
showed satnsfactory results 1n. 73 per cent and 1 31 cazes of gastne ulcer 77 4

per lcem In 2 collected series of 641 cases 71 per cent showed satusfactory
results

Ircrdence of jeyunal uleer folloartng gostro entsrostomy

Varwous authers have seported the madence of yegunal ulcer after gastra~
enterostomy s shown in the Tahle
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TABLE
REcorpED INCGIDENGE OF JejunaL ULCER FOLLOWING GASTRO-ENTEROSTOMY
Total No Reported inprdlence
Author Year of caser of uleer (per eznt)
Euselsberg 1914 230 30
Conybeare 1922 84 85
Pool & Drneen 1922 59 34
Lewsohn 1925 68 340
Paterson 1926 9% 41
{wich posteriac
tro-entefostoy}
Paterson 1826 347 23
(with anteroe
gastro-cnterostomy]
Carman 1926 4146 53
lewisohr & Gusburg 1927 13
{pastric)
63 34
{duodenal} {for xg14 to 1910)
Hurst & Stewart 1929 131 520
Luff 1929 744 280
St John 1830 19 69
Gatewood 1930 15¢ 60
Balfour 1930 500 41
4 odenat}
Ballour 1930 100 30
(gastric
Benedict 1933 732 29
Haberer 1833 387 20
Walton 193¢ 2154 14
Hnton & Church 1934 79 164
Emery & Jounton 1935 238 13
Wright 1935 1,730 849
(duodmaal)
Wiight 1935 507 1045
(gasric)
Judd & Hoerner 1935 508 28
{f ¢ sgos~igus)
Judd & Hoerner 1935 4383 28
Hor 19131071}
Judd & Hoerner 1935 3065 23
(for 1gaz—1925}
Judd & Hoerner 1935 2,382 19
{f ¢ soa7—1083)
Perman 1936 143 125
Judin 1937 426 50
Walters 1937 600 32
Newburger 1937 31 97
Mouter & Ghelew 1939 96 146
Fromme 1939 98 220
Church & Himion 1940 106 462
Vangensteen & Lannin 1842 138 100
Heuer 1944 188 208
o e | ‘o i1
3
Drowgasrd 1248 27 250
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Wakers Chance and Berkson (1955) emphasize that mnadence of gastro-
jeunal uleer was low ag first reported, but has gradually mcreased as the
tme of follow up has mcreased

a of ulcer after gaste ostomy 1 greater for
duodenal than for gastne ulcer For duodenal ulcer 1t has been reported as
50 per cent within one year and 70 per cent within 2 years (Ivy, Grossman
and Bachrach 1950}

Experimental evsdence supports the chinical results Dott and Lam (1923)
observed 90 per cont of jrpunal wleers i dogs alter pylonc exclusion and
gstro-yunostoms, Montgomery {1923) found 4 large sohitary ulcers
60 dogs 1 which gastrojegunostomy had been performed

Prbram (1923) referred to g yasthe g
discase
Hurst (1928) thought that g was the gastne

disorder of the day and undomng gastro-enterostomy was the gastric operation
he frequently recommended Eusterman and Balfour (1935} cmphasized
that jgpunal vicer may develop following gastro-enterostomy m panients whe
really never had an ulcer

Foall (1936) considered that the duodenal reflex 1s of bittle importanee in
gastro-enterostomy since the duodenal are p lly neutral the
operaton 13 folloned esther by the estabhishment of an atrophic gastnus
when the patient maproves, or by 2 superacd  gaxtris when the patient
develops a yequnal ulcer or a recurrence

Lanmn {1945) wondered how many hves had been lost by inficing upon
patients such disastrous operatons as those saggested by Euselsberg {1895)
Schmimsky {1918} and Devine (31925) which do not reqmre expersmental
esidence to brng te hght the dismal record of these aperations Gray and
Lofgren (1948) observed 825 patients who had a gastro-enterostomy stoma
taken down and a partia} gastrectory performed for jejunal ulcer wmal
fux:ctmmng stoma gastne vleer and gastric carqutama

y g g y was reported by
Larsen (1934) Hartfall (1934) Lubhin (1936) and Bruusgaard (1946)
Posobal or  dumpmng synd after gast ‘was reported.
by Hurst (1913) Mix (1922), and Evensen (1942}
With the exception of a few surgeons the of of
has now been Hy abandoned the only nd for 1t 15 pylonc
obstruction when the patient 1 not fit for more drasuc surgery
Gastrectomy
G y was d as the op of choice when 1t was re
{ that gast y had fuied to achieve ats object
Types of operation

A connderable number of gastrectomies have been descrbed but funda
mentaily most of them are modifications of the Billroth 1 (1881) and Billrath
II (1885) types of operation Vitkin (1940) beheved the formanon of a
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sphincter 1n the anastomotic region after gastrectomy of the Billroth II
method to be quite impossible He explamed that the periodic closing and
opening of the anastomoss 1s caused by peristaltic contractions and disten
sions of the efferent mtestinal loop nearest to the anastomosis

According to Finsterer (1926), the extent of the resection and not the
removal of the pylorus decides the result, for Mage (1942) the basic prere
quisites of subtotal gastrectomy are removal of the pylorus, a radical
resection of all antral tissue and the excision of the ulcer Apart from various
technical modifications of the operation more and more extensive resections
were advocated till hardly any gastric remnant wasleft { Vasick, 1948) ignorng
the fact that small stomachs may give rise to oesophageal regurgitation
‘Wangensteen (1952} advocated 2 segmental resection constituting not more
than 10 per cent of the stomach or 15 per cent of the acid bearing area, whilst
Deloyers (1955) suggested the removal of the whole acid bearing area m
order to produce an absolute anacidity (nverted gastrectomy) Rutter
(1953) reported 2 case of 1schaemic necrosis of the stomach, which was due
to over enthusiastic devasculansation of the proximal part of the stomach

Mortalily rate

Ivy, Grossman and Bachrach (1950), mn a collected series, reported an
average mortality of 6 4 per cent (029 9 per cent) 1n 850 patients with
gastric ulcer and 2 8 per cent (13 to 54 per cent) m 3,710 patients with
duodenal ulcer

Reduction of acrdity

Immediate reduction of gastric acidity after gastrectomy was observed by
Crohn (1925), Lewisohn and Feldman (1925), Portis and Portis (1926),
Kiem (1927, 1935), Lewishon and Ginzburg (1927), Stenberg, Brougher
and Vidgoff (1927), Morley and Roberts (1928-29), Winkelstein (1929),
Comfort and Osterberg (1931), Priestley and Mann (1932), Walters (1936),
‘Wilhelm), McGCarthy and Hull (1936), Hill O Bnien and Wilhelmy (1937),
St John, Flood and Gus (1939), Wangensteen, Varco, Hay, Walpole and
Trach (1940), and by Connell (1931, 1934) after fundusectomy

A reduction of acidity 1 proportion to the extent of the resection was
observed by Fnsterer (1926), Holman and McSwain (1943), Heuer and
Holman (1943), Heuer (1944), Gawviser (1948), Cross, Ferguson and
Wangensteen (1951)

According to Wangensteen and his colleagues (1940) extensive gastnic
resection per se does not produce achlorhydna, extensive gastric resection
combined with gastro jejunostomy will usually produce achlorhydna,
exasion of the pylorus and antrum fails to produce achlorhydna

A tendency to a gradual return of gastric acidzty after partial gastrectomy
was observed m dogs by Fauley, Strauss and Ivy (1932) They observed that
resection of at least 66 per cent of the stomach 1n 10 out of 12 dogs resulted
varying degrees of compensatory hypertrophy of the gastric remnant The
Jeyunum at the stoma was also hypertrophied The emptying time of the
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stomach was permanently decreased 1n spite of the hypertrophy The acidity
of the gastric content returned practically to normal 1n from three to five
months Jejunal ulcers developed 1 3 of the 12 dogs

Priestley and Mann {1932) suggested that the more rapid emptying time
of the stomach which usually occurs after partial gastrectomy 1s  factor m
producing the lower acidity Strauss Strauss Levitsky, Scheman Siedmon,
Arens Meyer and Necheles (1937-38) found that slower emptying time offers
better chimcal end results than rapid emptying time

According to Ohiver (1949) no ulcer will deselop if the whole stomach has
been removed whereas 2 subtotal gastrectomy leaving 25 per cent of the
stomach, will result m a high mcidence of stomal ulcer Oliver (1951)
concluded from hus expermments on Mann Williamson dogs that bilateral
supra diaphragmatic resection of the vagi plus extirpation of the pylonic
antrum will adequately suppress a gastric secretory response and result 1n the
necessary degree of 2nacidity to prevent the development of stomal ulcer
According to Ivy, G and Bachrach (1950) dogs after subtotal gastric
resection show a gradual return to gastric acidity rather than a tendency for
achlorhydna to occur with ime The gastric phase of gastric secretion
decreases by 30 to 40 per cent

Late results of gasirsc vesection

Walters Lews and Lemon (1940) 1 197 patients had excellent results m
83 5 per cent after the Polya type operation without undue diet sestrictions
while Watson (1947) found that after the Polya operation m 132 patients
the results were excellent in 39 (43 3 per cent) of 90 followed up for under 3
years and 14 (33 3 per cent) of 42 followed up for over 3 years

Ivy Grossman and Bachrach (1950) reported the satsfactory late results of
gastric resection i 1487 collected cases of duodenal ulcer as 92 7 per cent
(81 6-982) and 499 cases of gastric ulcer as 959 per cent (90 to 100),
Rauch (1952) 1n 893 resections reported 26 6 per cent excellent 63 per cent
satisfactory and 10 4 per cent poor results

Wallensten and Gothman (1953) reported a mortality of 4 9 per cent with
a recurrence 1 1 1 per cent, and the dumping syndrome i 10 1 per cent
1 103 gastric ulcers and a mortahity of 1 2 per cent witha recurrence of 3 7
per cent n 261 duodenal ulcers MacLean Hamulton and Murphy (1953)
found that when they resected all but 10 to 15 per cent of the acid secreting
area (segmental gastric resection) accompanied by pyloroplasty the food
wtolerance was ymited to mitk 1ce and cream McDonald Gillespie and La
Bree (1953) obtained 92 per cent excellent results 1n 122 patients after a
75 per cent resectson of the Hofmerster short loop type Harvey St John and
Volk (1953) m an analysis of thewr falures after partial gastrectomy
comparmg therr results for the periods 193645 and 1946-51 found that the
satisfactory results were 85 and 75 per cent respectively

Cross Ferguson and Wangensteen (1951) claimed that an extensive
gastric resection m which 74 per cent of the acid secreting portion of the
stomach by wesght 1s excised leaving 10 per cent of the entire stomach as
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the upper fundic pouch anastomozed to the antrum, wll protect agamst the
histamune m-beeswax provoked ulcer in dogs A segmental resection m
which 25 per cent of the stomach by weght 15 Ieft as the fundic pouch will
not protect agamst an ulcer provoked by h 1 b , whether or
not a complemental vagotomy s done

Karschner (1929) believed that the admunistration of food immedsately after
resection would break down the imitial barrier which delayed the return of
normal function

Complications of gastrectomy

Mucrocyhic anaemia — Microcytic anacma following gastrectomy was
reported by Berg (1930), Ivy, Morgan and Farrel (1931), Bockus, Bank and
Willard (1932), Boyd (1938) in dogs, Bussabarger and Jung (1936) 1n rats
Geoldhamer (1934), Bussabarger and Ivy (1936), Bussabarger, Ivy, Wigodsky
and Gunn (1939) 1n monkeys, Morley and Roberts (1928), Gordon Taylor,
Hudson, Dodds, Warner and Whitby (1928-29), Hartfall (1934), Larsen
(1934), Sl (1936}, Munakata (1939), Bruusgaard (1946), Watson (1947),
Smuth and Jordan (1948), Gaviser (1948), Mur (1949), Wells and Wel
bourn (1951} 1n the human According to Farris, Ranson and Collier (1943)
gastrectomy nterferes with the metabolism of ron

Macrocyhic angemia — Macrocytic anaemia was reported after extensne
gastrectomy by Moymihan (1911), Rowlands and Simpson (1932}, Vaughan
(1932), Hurst (1932), Rhodes and Grunberg (1942)

Callender, Turnbull and Wakisaka (1954) found that after total gast
rectomy the secretion of the mtrinsic factor 1s greatly reduced, the reduction
beng of the same degree as occurs 1n addisoruan pernicious aniemia

Gastro jeyumitis — konyetzny (1935) reported on gastro-jejumiss refernng
to 113 Jocal and systemic consequences as the most important reason for the
fulure of operations on the stomach particularly the bactenal infection of
the gastric remnant which follows surgical intervention

Tat absorption — After subtotal gastrectomy fat absorption 1s imparred,
between 20 and 40 per cent of the dictary fat 1s lost as compared with Jess
than [0 per cent in healthy persons (Rekers, Abels and Rhoads, 1943)

G y and pull y tuberculosts — Olmer (1947} established a rela
tionship between gastrectomy and pulmonary tuberculosis Jones, Culver
Drummey and Ryan (1948) observed loss of weight in spite of apparently
adequate food intake

Vitamn B deficrencies — According to Welbourn Hughes and Wells (1951)
vitamn B defictencics are relanvely common after gastne operations and
have been found 1n 10 per cent of subtotal gastrectomues one or more years
after operation Hyporiboflavinosts and incipient peripheral neuntis duc to
ancurine defi , are the © syndromes Less common conditions
are established perspheral neuritis Wernicke’s encephalopathy and other
disturbances of consciousness and pellagra

Clostridium welcht — Howie, Duncan and Mackie {1953) found in 12 o[ 15
patents examined during the first week after the operatron numerous
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Clostrtdwum welchy 1 films and cultures from the stomach contents and 1 8
of the 15 pattents small amounts of welchu 2nd towun were also demonstrated

Necrotising entenitrs — Williams and Pullan (1953) described 1 10 patients
3 necrotising enterinis followmg gastric surgery Of the pauents 5 died, and
necropsy showed that m all of them the mucosa of the small intestine had
sloughed over a considerable area—the 2¢tiology 15 unknown

Other complications — Disturbances of the gall bladder bibary stasis and
gallstone formation were observed by Jankelson and Robms (1943) and
Mayoor and Suren (1947)

Browne and McHardy (1944) hsted the following medical problems after
opération recurrent or anastomotic ulceration, haemorrhage from ulcera
t1on or gastntis, oedematous stomal obstruction resulting from ulceration

hypop or gastro-} tis, b T disturbances
motor and secretory dysfunction (reservorr loss trituration abnormalty
digestive defi Y g diarthoca) defi absorption particu
Tarly of iron and calaum fe of vitamn defi particularly
glossius, chromc yejumtis, chromc gastratis

Boller (1954) drvides the pathological q foll g
nto two grou,

(1) Those which show no pathological substratum and include the small
stomach, defi ofacid cascade emptying gastncand 1

flatulence filling of the afferent loop the so-called dumping syndrome
delayed hypoglycaemia metabolic disturbances aerophagia (2) Those
which have a pathological substratum and include gastnns of the gastric

e artefacts and jejunal ulcers
Jeyuno-colic fistula carcinoma of the remnant Disturbances of the hiver gall-
bladder and d Ifi arenotinfr )}

Metabol I}

Y are responsble for the marked 1fzuguc and asthema
which are often present.

Haemarrhage follounng gastrectomy

Post-operative haemorrhage vanes considerably Walters (1941) reported
116 per cent tn 112 cases Church and Hinton (1942) 4 5 per cent 1n 44
cases Wilkinson and Tracey (1946) 24 per cent in 41 cases Holman (1948)
3 8 percent1n 53 cases Morey and Plummer (1955) 7 9 per cent in 74 cascs

Ivy, Grossman and Bachrach (1950} reported that 1n a collected survey
(Ivy and Famner) of 1,593 panents, 555 or 3 48 per cent with anastomotic
ulcer had manifest haemorrhage at some ume m the course of their disease

There seems to be some refauon of post-operative haemorrhage to pre-
operative haemorrhage For patients who bled pre-operatively 4 out of 37
(108 per cent) bled post-operatively (Eliason and Johnson 1936) 7 out of
15 (46 6 per cent) (Church and Hinton 1940) 12 out of 76 (15 8 per cent)
(Cooper, 1948) For patients who did not bleed Pre-operatively the same
authors show respectively 2 out of 114 (1 8 per cent) 15 out of 91 (16 5 per
cent) and 16 out of 214 (7 4 per cent)

337



CLINICAL CONSIDERATIONS

the upper fundic pouch anastomozed to the antrum, will protect against the
fustarmne 1n beeswax provoked ulcer in dogs A segmental resection
which 25 per cent of the stomach by weight 1s left as the fundic pouch will
not protect against an ulcer provoked by histamine 1 beeswax, whether or
not a complemental vagotomy 1s done

Kirschner (1929) believed that the admmstration of food immedately after
resection would break down the initial barrter wiich delayed the return of
normal function

Complications of gastrectomy

Microcytic anaemia — Microcytic anaemia following gastrectomy was
reported by Berg (1930), Ivy, Morgan and Farrel (1931), Bockus, Bank and
‘Willard (1932), Boyd (1938) in dogs, Bussabarger and Jung (1936) mn rats,
Goldhamer (1934), Bussabarger and Ivy (1936), Bussabarger, Ivy, Wigodsky
and Gunn (1939) 1n monkeys, Morley and Roberts (1928), Gordon Taylor,
Hudson, Dodds, Warner and Whitby (1928-29), Hartfall (1934), Larsen
(1934), Sull (1936), Munakata (1939}, Bruusgaard (1946), Watson (1947)
Smuth and Jordan (1948), Gaviser (1948), Muir (1949), Wells and Wel
bourn (1951} sn the human According to Farris Ranson and Collier (1943}
gnstrectomy nterferes with the metabohsm of ron

Macrocgtie anaemia — Macrocytic anaemia was reported after extensne
gastrectomy by Moymhan (1911), Rowlands and Simpson (1932) Vaughan
(1932), Hurst (1932}, Rhodes and Grunberg (1942)

Callender, Turnbull and Wakisaka (1954) found that after total gast
rectomy the secretion of the intrnsic factor 1s greatly reduced, the reduction
being of the same degree as occurs mn addisoman pernicious anaema

Gastro jeyumnis — Konjetzny (1935) reported on gastro jeyumus, refernng
to 1ts local and systemic consequences as the most important reason for the
failure of operations on the stomach, particularly the bacterial infection of
the gastric remnant which follows surgical intervention

Tat absorption — After subtotal gastrectomy fat absorption 1s impawred,
between 20 and 40 per cent of the dietary fat 1s lost as compared with less
than 10 per cent 1n healthy persons (Rekers, Abels and Rhoads, 1943)

G y and puls y tuberculosss — Olmer (1947) established a rela
uonship between gastrectomy and pulmonary tuberculosis Jones Culver,
Drummey and Ryan (1948) observed loss of weight m spite of apparently
adequate food mtake

Vitamn B deficsencies — According to Welbourn, Hughes and Wells (1951)
vitamin B deficiencies are relatsvely common after gastnc operations and
have been found 1n 10 per cent of subtotal gastrectomies one or more years
alter operation Hyporiboflavinosis and inciprent peripheral neunius duc to
ancurme defi y are the syndromes Less common conditions
are established peripheral neunitis, Wernicke s encephalopathy and other
dusturbances of consciousness and pellagra

Clostndium nelehn — Howre Duncan and Macke (1953) found 1n 12 0f 13
patients examined during the first week after the operation numerous
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The * dumping syndrome

Symptoms - The post gastrectomy symptoms usually referred to as the
dumping syndrome  are warmth sweating weakness palpitation fullness
tightness and pam n the epigastrium nausea and sometimes vomiting which
relieves the symptoms They are brought on by 2 meal esther immediately or
after a delay of one or two hours They appear to be produced by sympathetic
stmulaton

Symptoms were attnbuted to kypogl by GI (1940}, E
(1942), Gilbert and Dunlop (1947) Barnes (1947) Lawrence (1947)
Zolinger and Hoerr (1947) Debray, Pergola and Muffang (1950), Warter
Rouillard and Monn (1951) and to jeyunal distension by Berkman and Heck
(1945) Irvine (1948) Machella (1949), Butler and Capper (1951) Pontes
and Neves (1953}

Adlersberg and Hammerschlag (1947) made a disinction between early
and late p d being responsible for the early and hypo-
gly for the late symp Schechter and Necheles (1949) ruled out
hyperglycaerma Custer, Butt and Waugh (1946) produced relref of symp-
toms by the admunistration of hydrochlonc acid Hosford (1949) observed
a feeling of fullness with both slow and rapid emptying Smith (195I)
attributed 1t to lack of potassum brought about by the release of some
adrenaline substance m the bloed and unduly rapid absorption of mngested
carbohydrates Wells and Welbourn (1951} blamed rapid emptying stasis
and reflux reduction of acid and removal of the itrinsic factor Smuth,
Fraser Staynes and Willcox (1953} attributed 1t to precipitate emptymng
Muir (1949) and Schofield and Anderson (1953} to afferent loop stasts

Incidence — The d of the dump d was reported as
12-15 per cent by Jordan (1942), 14 per cent by Mateer (1942}, 10 per cent
by Ingelfinger (1944), 5 6 per cent by Custer, Butt and Waugh (1946), 37 7
per cent by Gulbert and Dunlop (1947), 525 per cent by Zolhnger and
Hoerr (1947) 3 per cent by Lake (1948), 8 6 per cent by Jordan (1948)
6 3 per cent by Adlersberg and Hammerschlag (1949) 75 per cent by Muir
(1949-50) 119 per cent by Butler and Capper (1951) 10 per cent by
Wallensten and Gothman (1953) 41 3 per cent by Meurhng (1954), 135
per cent by Morey and Plummer {1955)

Jordan (1941) found that symptoms lasted more than 4 years in 50 per cent

of her cases Custer Butt and Waugh (1946) beleved that they lasted
ndefinitely

Vagotomy

Vagotomy was mtroduced by Dragstedt and Owens (1943) as a physio-
logreal solution of the ulcer problem They revived and enlarged the less
extensive operation of Pier: and Tanferna (1932) They based therr operation
on Hartzell s (1929) experiments on dogs which suggested a neurogensc
ongn for the excessve gastric secretions but ignored Vanzant {1931) who
reported that two years later the gastric secretions of Hartzells dogs had
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The following table gives the reported ncidence of gastro jejunal
ulcer after gastrectomy over a number of years

TABLE
INcIDENCE OF GASTRO JEJUNAL ULCER FOLLOWING PARTIAL OR SUBTOTAL GASTRECTOMY
Total No Reported recurrence
Author Year of cases P Trerveny
St Jobn 1930
(parual gast ¢ tomy) (margwal uler)
Starimnger 1930 13 000 09
Qna pummary of  [(afier Bllroth I m thod)
Starhnger 1930 a6
(ater Biliroth 1T method)
‘Wright 1935 28
(eollcti e0q m}
Perman 1936 7 18
272
Moutrer & Ghelew 1939 33 # "““42';“’
(gasints)
4
McClure & Fallis 1940 74 3 foe D
(ruspe ted r currevce)
‘Walters Lewis & Lemon 1940 1212 25
Mage 1942 502 80
Raefer 1942 143 nz
Bartels & Dulin 1942 92 43
Sanders 1945 101 80
Ruenhoff’ 1945 255 90
Wilkinson 1946 173 68
Allen & Welch 1946 129 23
Watson 1947 68 44
Lake 1948 600 10
Gaviser 1948 231 17
Visick 1948 93 32
Gardner & Hart 1948 100 50
Stewnberg 1948 319 06
5t John et al 1948 373 14
auch 1952 893 15
Wallensten & Géthman 1953 91 09
(st ) (afte Bliroth
1 operat o)
Wallensten & Gothman 1953 239 37
(duodenst) {aier Billroth
rauon)
Wallensten 1954 203 84
(after Billroth
Toperat )
Wallensten 1954 322 25
tafter Billroth
Wope u )
1955 74 81

Morey & Plummer
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1 Tack Tal,

produced a effect by at the cep phase of secretion
by severing the vagus nerves to the maimn stomach of both Pavlov and Her
denhain pouch dogs Gastro y effectively p d the stimula
ting effect of vagotomy on the gastnc phase of secretion They suggested
that an acid environment produces an mhibitory effect on antrum function

Effect of vagotomy on gastric secretion and motility

It 15 generally agreed that vagotomy produces an immediate reduction of
both gastric secretion and motility (See also Physiological Considerations)

Vanzant (1931-32) has pomted out that although numerous observations
have been made on the effect on the stomach of section of the vagus nerves
they have been made only for short persods after operation

Meck and Hernin (1934) found that the lengthening of the emptying time
of the stomach after thoracic vagotomy varied with the consistency of the
food the emptying time being delayed after solid food but remammg at the
normal figure after hquid food They concluded that the evidence pomts to
the vagus as 2 nerve necessary for the existence of normal gastric tonus and
that emptying depends in some way on the degree of this tonus

Permanent anacidity was claimed by Winkelstern and Berg (1938}, no return
after one year by Paulson and Gladsden (1949) and Postlethwait, Bradshaw,
McRea Willlams and Deaton {1950), and after 2841 months by Palumbo
Marquis and Smuth (1951)

A return to normal acidity tends to occur after a relatively short space of time
(Moore, Chapman, Schulz and Jones, 1947, Vanzant, 1947, Ruffin and
White, 1948 Shay khomarov and Gruenstein 1949, Paulson and Gladsden
1949) It would appear that the stomach 1s so nearly autonomous that 1ts
secretory functions will return almost to normal some time after bilateral
vagotomy 1f not, the patient req parasympatt drugs to
counteract the gastnc atony (Sten Steigman and Meyer 1947)

Night secretion 15 greatly reduced m volume (Clarke Storer and Dragstedt
1947, Hansen 1948 Stein and Meyer 1948)

Effect of vagotomy on visceral function

Vagotomy not only mterferes wath the secretion of the stomach but also
with the secretion of the pancreas (Baxter 1931) Vaso-dilatation may be
responsible for this effect (Greengaard Grossman Roback and Ivy, 1944)
It interferes serously with a number of essential vasceral functions, and from
the physiological standpomt 1t must be regarded as a grave aperation.
(Iomarov 1942 Walters Neibling Bradley, Small and Wilson, 1947,
Moore 1947 Govaerts and van Geertruyden 1949) Boles (1948) thought
that 1t may have been too soon to form conclusions but not toe soon to
voice a protest concernmng what had the appearance of becomung a mass

expenment on human bemgs that 1s fraught with potentially serious and
permanent disabilities
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returned to normal Vanzant (1931} confirmed Pient, Lapenna and Tan
ferna’s observations that the changes brought about by the destruction of the
vagus nerves which resulted 1n marked reduction mn the capacity of the
stomach to secrete acid were not permanent m the human subject and her
studies confirmed that this was also true in the dog

Effect of vagotomy on the expermental anvmal

Auer (1903-10) has pownted out that the vartous operations on the extrinsic
nervous system considerably reduce the general body resistance A rough dret
which has no effect on the intact stomach produces ulcerations after bilateral
vagotomy {Beazell and vy, 1936)

After vagotomy the pertod of survival m Mann-Wilhiamson dogs 1
shortened (Saltzstewn, Sandweiss, Hammer, Hill and Vandenberg, 1947},
the occurrence of ulcer which 1s not prevented (Beaver and Mann, 1931,
Olwver, 1947), may be produced expenimentally (Greggro, 1916) and results
1n death i rats (Shay, Komarov and Gr , 1948) It p uleer
n the Shay rat mn the time finut of 24 hours (Harkins and Hooker, 1947)
It does not prevent the cnchophen produced ulcer (Fhlsabeck and Hill,

1947)
Lalleher, Lewts and Wangensteen (1950) found that vagotomy gives
virtually plete pro n agamnst h provoked ulcer 1 dogs

good health but not m dogs 1n bad health Their studies of gastric motiity
after vagotomy alone and vagotomy with vanous dramage procedures
d ated that ulcer d ncreased as the time for gastric emptymg
decreased, and that a procedure which promotes gastric dranage after
vagotomy leads to a higher incidence of stomal ulceration

Effect of vagotomy on the gastric mucous membrane

Vanzant (1947) showed m dogs that excessive secretion of mucus was one
of the most stniking and typical results of vagotomy Deleterious effects on
the gastric mucous membrane, loss of lustre, dullness and reddening was
observed by WollT (1948) atony of the lars and d d
number and size of gastric rugae were reported by Palmer (1949}

Glass, Mershermer and Svagals (1951) observed, after subtotal gastrectomy
and successfual bilateral vagotomy an increase of the muco-proteose fraction
of mucin and complete depression of the muco protein They concluded,
therefore that the degradation of the mucous coating of the stomach after

g y cannot be dered a favourable feature which mught contribute
to a better protection of the gastric mucosa from trauma or peptic digestton

Necheles and Jefferson (1952) found 1 dogs that while bilateral vagotomy
Ted to dil of the h and vomiting the additional section
of the left phrenic nerve produced rapid emptying of the stomach and no
vomiting occurred Additional section also overcame cardiospasm which
often foliowed bilateral vagotomy

Evans, Zubran McCarthy Ragens Woodward and Dragstedt (1953)
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may reach an alarming degree (Boles 1948) Some pattents contmue to
complaim of weak ner and ind even though they have
been reheved of pan and other symptoms attnbutable to ther ulcer
{Ruffin and Whue 1918} Usual compheations are (2} gastric retention
due to atony and dilatation, (b) diarrhoea, which 13 not consistently refated
to achlorhydna or rehieved by the ad ation of acid, although st appears
1o benefit by the admimstration of pancreanc extracts and {c) spasm of the
Jower third of the oesophagus

The results are inconstant vanable and 1n most cases unpredictable
‘There may be recurrence, failure to heal and unsuspected perforation may
develop (Walters Netbling Small and Wilson 1947) If the human stomach
resembles that of the rabbit then gastric ulcers may oceur if rough food 15
eaten (Ivy, 1946, Moore 1847}

Chamberlin and Winship (1947) question the routine use of the abdommal
approach, particularly for the occasional performer of sagotomies

Recurrence of gastric ulcer after complete vagotomy

Recurrence after vagotomy has been reported 1n 15 patients by Warren
(1947), 10 5 of 74 by Moore (1947), 1n 6 of 52 by Hansen (1948) and 1 of 50
by Collins and Stevenson {1948) Rob (1948) descnibed a recurrent uleer
6 months after an adequate vagal secion Dragstedt, Camp and Fitz (1949)
reparted 1n 2 senes of 197 pauents, that 2 gastne ulcers developed afier
complete vagotomy although nocturnal hyperacidity was abolished Damels
(1950) reported perforation of a duodenal ulcer 15 manths after vagotomy
Weber Goldblum and Gregg (1950) reported 3 cases of recurrent ulcer, 1n
2 of the cases after vagotomy for duodenal nlcer gastric ulcers were observed
which had oceurred subsequently to the op N (1950) n 79
cases of duodena) ulcer, reported the development of two cases of gastnc
ulcer 6 months afier suecessful vagal section

Pallock {1952) found from Ius collected cases that of 736 pauents with
pepuie ulcesation treated by vagotomy alone 73 who had been treated for
gastric ulcer had a proved recurrence rate of 18 per cent, 74 patients treated
for jeunal uleer had a proved recurrence rate of 16 per cent of 589 panents
with duodenal uleer the recurrence rate was 6 per cent Many more patients
had 5)(’}“‘?(0::13 suggesung recurrent viceration but the recurrences were not
prove

Hand and Patey (1953) 1n a follow up of 72 cases of duodenal and jejunal
ulcer treated by vagotomy from 1946 to 1950 found that gastnc ulcer 15 2

P ol vag y for duodenal uicer (3 out of 12 cases) Recurrence

of the duodenal ulcer oceurred 1n 5 out of 12 cases of smple vagotomy and

n 4 out of 28 cases of y plus pyl y and in Jontof 8
cases of vag y plus gastrs They Joded that the only
gm\np'or cases 1n which vagotomy has an established position as a routine

P 18 that of g ) ulcer after subtotal gastrectomy
Wells (1954) ina fauow‘v:p of 39 cases of proved anastomotsc ulceration
treated by vagotomy, found that m 25 of the gastrectomses only 1wo-thirds
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Effect of vagotomy on pan

Complete division of the vagus nerves 1n cases of ulcer produces complete
and permanent relief of distress but the sensation of hunger 1s not aholshed
by complete vagotomy, inflation of a balloon 1n the stomach produces a
feeling of distension or acturl pam (Dragstedt, Woodward, Harper, and
Storer, (1948)

Extent of section

Schilling, Feldmann and Scott (1948) after an extensive review concluded
that 1t 1s now conceded that unless vagotomy 1s complete, 1ts effects on the
gastro mtestinal tract are esther absent or variable

Krehl (1892) pomnted out that it 15 most remarkable that a minute branch
of the vagus can so perfectly take over all the functions of the two big nerves
{Alvarez, 1948)

Total vagotomy may be difficult to achieve because of the considerable
variation 1n the number of main trunks and accessory branches of the vagus
nerves which have been described (Bradley, Small, Wilson and Walters
1947, Miller and Davis, 1947, Chamberlin and Winship, 1947, Doubilet
and Shafiroff, 1948, Shaprro and Robullard, 1950)

Chowce of operation

According to Thorek (1947) the k 1pproack has the followmng
advantages (1) good exposure and (2} more complete sectioning of the
nenves lts disadvantages are (1) the lesion cannot be examined (possible
mahgnancy), (2) pyloric obstruction cannot be corrected, (3) post vagotomy
gastric atony cannot be corrected (4) post operative pamn 1n the nason
and costovertebral jomnt may result, and {5) gastro enterostomy 1s a difficult
~nd unsatisfactory procedure when performed as a secondary operationona
diated and atonic stomach It 15, therefore generally accepted that the
transabdominal route 1s ta be preferred because 1t allows a proper view of the
affected organ and allows for additional surgery should this be required

Operatne risks

Weeks, Ryan and Van Hoy (1946) reported 2 deaths associated with
supra diaphragmatic vagotomy Thorek (1947) recorded 3 deaths after
25 vagotomies 1n 18 months, none of wiich, however, could be directly
attrrbuted to the aperative | dure QOrr and Job (1948) clarmed
no deaths in 115 cases Hoerr Brown Rumsey and Crile (1952) reported an
opertive mortality i sub diaphragmatic vagus section plus gastro ente-
rostomy of 1 out of 147 patients

Favourable results which have been claimed include tmmediate rehief of
patn reduction of acidity, healmg of the uicer and a pauaity of recurrence

Unfanourable results, frequently reported, are dimimished or absent motility
of the stomach dilatation and retention epigastric fullness nausea, vomiting

1

1
anddrarrhoca Thedilatationand giromd hed motility
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conclusion that there s httle place for vagotomy alone in the treatment of
duodenal uleer and that 1t should not be performed for gastnc ulceration
because of the hugh inad of pected malig discase and because
the post-operatve results p f: bly with gastric resection
Pollock {1952), from a review of the collected results of vagotomy in 1,524
panents with peptic uicer (1,314 duodenal, 127 gastric, 82 yeunal and 1
phageal), luded that vag y alone 1s an unsausfactory operation
but 1t yields better results when bined with gastric d:

Vagotomy combined untk other operations

It soon became evident that vagotomy alone was an unsatisfactory opera
tion (Gnimson Rundles Bayhn, Taylor and Linberg, 1949, Pollock 1952,
Rowe Gnmson, Flowe Iyons Longino and Taylor, 1952, Walters and
Chance, 1953) Itwas therefore, suggested that a dranage procedure should
be added to the vagal section

Storer Woodward and Dragstedt (1950) found 1n Mann Willamson dogs
that removal of the cephalic phase (vag! vip d half the number of
ammals while removal of the gastnic phase (resection of the antrum)
protected two-thirds of the number of amimals That subtotal gastrectomy
plus vagotomy does not necessanly completely abolish gastne seeretion was
reported by Custung (1932), Klemn Aschner and hrohn (1933} Shapiro
and Berg (1934) Winkelstern and Berg (1938), Dragstedt and Owens
(1943) Drogstedt Palmer, Schifer and Hodges (1944), Porus (1944),
Ruffin, Gnmson and Smuth (1946) Moore, Chapman Schulz and Jones
(1947), Vanzant (1947), Ohver (1947 1951), Ruffin and Whte (§948)

According to Bockus (1948) there 15 no proof that gastro-enterostomy will
mvanably function factonly 1 the vag d h But ding
to Crile (1951) the combined op of vag and gast ostomy
produces a synergisuc effect and offers the most effective and safest surgical
treat duodenal ulcer 1t produced a most satisfactory chimeal result

for
10 90 per cent of 147 patients after a follow up of 2 to 4 years {Hoerr, Brown,
Rumsey and Cnle 1951
Walters and Chance (1933) now use gastro-enterostomy and gastro-
enterostomy with vagotomy only 1n cases 1n which gastric resection seemed
to carry an ble sk when compared to that of gastro~cnterostomy
Hoerr (1953) 1n 146 patients observed excellent results in 99 (68 per cent)
and good results 1n 25 (17 per cent) Holt and Robinson (1954-55) claimed
satsfactory results jn 87 per cent of 243 cases of vagotomy and gastro-
Jejunostorny  Weinsten, Druckerman, Lyons and Colp (1955) found a
rate for gast alone of 15 per cent, with vagotomy
10 per cent, subtotal gastrectomy 6 per cent with vagotomy 0 6 per cent
Imperato and Hinton (1955) observed the dumping syndrome 1n 23
per cent of 392 patients after subtotal gastrectomy, but mn 26 per cent of
65 patients after subtotal gastrectomy plus vagotomy Bollman and Lioyd
(1955) 1n 316 duodenal and marginal ulcers had excellent results 1n 843
per cent of 216 cases of gastre plus vag , with
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were free of recurrence after 3 years and of the gastro-enterostomues 10 of 14
patients had defimte or suspected recurrence
Gunimson, Bayhn, Taylor, Hesser and Rundles (1947) observed that the
4 3

secretory resp of the h to 15 ably reduced after
vagotomy White and Smuthwick (1947) have pomted out that neurosurgical
methods have failed to relieve hyp dity b the 1 mech
which controls digestion bies 1n the mtrinse pl of the gastro-

tract and that the preganghonic fibres of the vagus and sympathetic nenves
have extraordinary powers of regeneration (Diviston of the vagr does not
abolish the action of atropine, therefore, the intninsic nervous system conti
nues to function) Antia and Ivy (1949) studied dogs with fistulae beforc and
after vagotomy The time required for 80 per cent emptying of a test meal of
250 mulhilitres of boiled mulk or 200 mullitlitres of borled mulk plus 50 mills
litres of corn o1l was not significnatly altered for exther meal by vagotomy,
thus the whibitory effect of fat was not changed by vagotomy

Qrr and Johnson (1947) argued that patients with duodenal ulcer are
typically subjects with hypermotile, hypersecreting stomachs, that the
huistamine beeswax method (Code and Varco, 1940) produces ulcers by
continucus hypersecretion, that the side tracking of the alkaline secretrons
of the pancreas and the bile as shown by Mann and Williamson (1923)
produces ulcer that Stahnke (1924-25) claimed to produce
ulcers by repeated stimulation of the v1g1 and ulcers associated with thalamic
smjury {Cushing, 1932} were probably due to vagal irritation They, there
fore, justified vag as a “physiological * solution of the peptic ulcer
problem because vagal section eliminates the psychic phase of gastric secre-
tion and reduces both the gastric motlity and the quantity of free hydro-
chlone aad

The fallacy of this reasoming has been pomted out by the author {Spira,
1947, 1948) and 1t 1s now quate obvious that vag cannat be dered
asa physiological” procedure

Desom {1948) has drawn attention to the grave ateny following vagotomy
which may affect not only the stomach but the duodenum as well He warns
that post operative steps should be taken m order to anticipate this trouble-
some comphication which may have a fatal sssue

Alvarez (1948) found 1t wnteresting that “flurnes of nterest’ 1 br vago
tomy had occurred m the years 1907-1914 1920-1924 and 1930-1934 and
then died down, as so often happens The reasons for surgeons having given
up the operation were not published

Govaerts and van Geertruyden (1949) after an extensive review of the
subject, concluded that the mdications for vagotomy are few (1) when the
general condition of the patient with a gastro-enterostomy does not warrant
a more extenstve operation (2) for jejunal ulcer after extensive gastrectomy

Backus (1950) referred to the ‘vagotomy epidenuc of 1943 1o 1948
because 1t was becoming increasmgly evident that vagotomy alone for the
cure of peptic ulcer, except gastrojejunal ulcer wall not be employed 1n many
clintcs mn the near future Walters, Belding and Latlie (1951) reached the
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conclusion that there 13 little place for vagotomy alone in the treatment of
duodenal ulcer and that 1t should not be performed for gastric ulceration
because of the lugh mad of pected mal disease and because
the post-operative results compare unfavourably with gastric resection
Pollock (1952) from a review of the collected results of vagotomy m 1,524
patients with peptic ulcer (1,314 duodenal 127 gastnc, 82 jejunal and 1

ph 1), luded that vag y alone 1s an unsatisfactory operation
but 1t y1elds better results when combined with gastnc dramnage

Vagotomy combined unth other operations

It soon became evident that vagotomy alone was an unsatisfactory opera-
tion (Gnmson Rundles, Baylin, Taylor and Linberg 1949 Pollock 1952
Rowe, Gnmson Flowe, Lyons, Longino and Taylor, 1952, Walters and
Chance, 1953) Itwas therefore, suggested that a dramnage procedure should
be added to the vagal section

Storer Woodward and Dragstedt (1950) found 1n Mann Wilhamson dogs
that removal of the cephahic phase (vagectomy) protected half the number of
ammals while removal of the gastne phase {resection of the antrum)
protected two-thurds of the number of ammals That subtotal gastrectomy
plus vagotomy does not necessanly completely abolish gastric secretion was
reported by Cushing {1932) Klein Aschner and Krohn (1933) Shapiro
and Berg (1934) Winkelstein and Berg (1938), Dragstedt and Owens
(1943), Dragstedt Palmer, Schafer and Hodges (1944) Porus (1944)
Ruffin Gnimson and Smuth (1946), Moore, Chapman Schulz and Jones
(1947) Vanzant (1947), Obver (1947 1951) Ruffin and White (1948)

According to Bockus (1948) there 1s no proof that gastro-enterostomy will
mvarniably function f: 1ly 1n the vag d h But d
to Crile (1951) the combned operation of vag; and gastro-ei y
produces a synergistic effect and offers the most effective and safest surgical

for duodenal ulcer, 1t produced 2 most satsfz y clmcal result
11 90 per cent of 147 patients after a follow up of 2 to 4 years (Hoerr Brown
Rumsey and Crile 1951)

Walters and Chance (1953) mow use gastro-enterostomy and gastro-
enterostomy with vagotomy only 1n cases in which gastnic resection seemed
to carry an ble nsk when d to that of gastro-enterostomy

Hoerr (1953) 1n 146 patients observed excellent results 1n 99 (68 per cent)
and good results m 25 (17 per cent) Holt and Robinson (1954-55) claimed
satisfactory results in 87 per cent of 243 cases of vagotomy and gastro-
Jojunostomy Weinstein, Druckerman, Lyons and Colp (1955) found a

nce rate for gast y alone of 15 per cent, with vagotomy
10 per cent subtotal gastrectomy 6 per cent with vagotomy 0 6 per cent.

Imperato and Hinton (1955) observed the dumping syndrome 1n 23
per cent of 392 patients after subtotal gastrectomy but m 26 per cent of
65 patients after subtotal y plus vag y Boll and Lloyd
(1955) 1 316 duodenal and margmal ulcers had excellent results m 843
Per cent of 216 cases of gastro-enterostomy plus vagotomy wath recurrence
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n 5 per cent, and 85 4 per cent of 88 cases of a 50 per cent (Itmuted) gastrec
tomy with no recurrence Coffey and Lazaro (1955) claim that a post
operative follow up of 55 cases of vagotomy, hermgastrectomy and duodenos
tomy (Finney v Haberer) reveal certain consprcuous advantages of this
operation

Beattie (1955) reported on 643 patients with chronic duodenal ulcer
followed up for up to 8 years, treated with partial pylorectomy wath resection
of at least the antertor half of the pyloric spluncter and a subsequent pylore-
plasty of the Judd type associated with vagotomy There was only one case
of recurrent ulceration, 906 per cent were relieved permanently of all
symptoms within 10 weeks and another 55 per cent restored to normal
within 3 months Only 4 2 per cent were incomplete successes The overall
mortality was @ 47 per cent (3 deaths, 2 from carly imperfections of technique,
I from post operative pnecumonia )

Henson and Rob (1955}, m 100 consecutive cases of duodenal ulcer
treated by vagotomy and gastro enterostomy of which the first 45 showed an
apparently satisfactory mtitral follow up, 9 (20 per cent) required further
gastric surgery In this series (78 men and 22 women), of those which were
followed up for 29 months llent results were ok d in 33 patents
(37 1 per cent), good resuits in 9 (10 1 per cent) Persistent post-operatne
syndromes occurred 1n 30 (33 7 per cent), persistent dyspepsta alone with
unproved recurrence of ulceration i 5 (5 6 per cent) and proved recurzent
ulceration 1 11 (12 4 per cent) Because of the high recurrence rate m the
course of a relatively short follaw up period and the hugh inadence of post

operative syndromes, they luded that vag and gastro-
15 an unsatists y op for duodenal ulcer
Sympathectomy

Vago-sympathectomy was suggested 1n order to oppose the over action of
the vagus

Experimental observations

The expenimental production of gastric lesions by section of the sympathenc
nervous system has been considered n the Chapter on Expenimental Ulcer

Peptic ulceration 1n dogs and rabbuts following splanchnicectomy has been
reported by Dalla Vedora (1902), Durante (1913), Brancau (1914),
Fhoenneche (1922 1923, 1926), Alvarez, Hosot Overgaard and Ascanio
(1929) Koga (1937), and Lium (1941) Holmes (1953) found that with
pylone ligation, or w the Shay rat, ssmultaneous ganglionectomy alone was
Iess effectual (50 per cent) than with added vagotomy which prevented
ulceration 1 90 per cent of the animals

It has already been suggested (se¢ Phystologscal Considerations) that sunce
the vagus and the gastric sympathetic are mixed nerves and do not behave
stnctly as antagonists, resection of the one reacts on the other and that the
one may then assume to some extent the function of the other
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Chunseal observations

Many contradictory chmcal observations have been published on this
subject

Rehef of pamn and healing of the ulcer has been reported by Froehhich
Stephan and Troehhch (1942) and Pereira (1944)

Sicard Albot and Tricard (1945) reported the results of splanchnicectomy
for gastro-duodenal ulcer 1n 8 patients There was some rehief of pam for a
few months but no change in the ulcer crater 5 patients were submatted to
gastne resection within 18 months

Frochlich {1946) reported 25 cases of sympathectomy in the treatment of
peptic uleer with excellent results m 9 cases good results m 5, 3 cases of
uleer persisted, but the patents attended to thesr work, 5 cases had bad
results the results in 3 were unknown The author did not deny that the
general results do not speak in favour of splanchmcectomy

Blegen and Kuntner (1947) reported the aggravation of gastnc ulcer m
two patents after dorsolumbar sympathectomy, one patient had repeated
haemorrhages duning convalescence from the operation and the second had
a panless perforation from which he died

Torrc and Vxllarcal (1948) cbserved m a case 1n which Smuithwick s

d a marked mp Isis Sins (1948)
claxmcd that svmpnthcctomy relieved hypermotihity, spasm of the duodenum
and heartburn of 15 years standmg 1 a patient with hypertension Craig
Morlock and Hightower (1950) observed no significant effect on the
motility of the human gastric antrum

According to Goethals Borin (1949) total denervation of the stomach was
suggested by Schiasa (1911), Latarjet (1922) Latanet and Wertheimer
(1923}, Granola (1925), Foucault (1938), and splanchmcectomy by Alba
nese (1940), Froehhich (1942) Gocthals Borin (1946), Perewa (1946)
Otermun Andreu and Pueyo (1948) and Baumearten (1948)

Goethals Borin (1949) stated that the followmg facts, Jumfy sympathectomy
for peptic ulcers (1) the ulcer patient 1s an orthosymy
19 a secondary mamifestation due to an increase of sympathetic mnus {2) the
psychic and central nervous system mamfestations of ulcer which produce
mcrcascd motor and sccrc(ory functions of the gastric mucosa are susceptible

to by s y (3) the hyper histammacmma which
cxists lhc uleer pnucnt :md produccs a local ncha:nua could be corrected
by 5 {4) st hes pylorc spasm increa
ses Bastric ton\xs and allows rap\d cvacuation of the acxd gastric Juices H\:
dasapl B! hypothcsx thatspl
the 1 visceral rcﬂcxcs on n the h that ut d hes vagus
untabxhly and therefore n:duces psychlc hypcrchlerhydna and that thc
of the gast: ) region the healing of the
ulcer From hus own ohsrrvauuns he concluded lhat the problem 1s far from
solved and that a b g plus sp mav be the
answer
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Mason and Pollard (1949) reported on the results of ilateral supra
duphragmatic splanchmucectomy and lower dorsal ganghonectomy as
treatment for essential hypertension m a group of 1,498 pattents over 11
years In 13 of these cases, with peptic ulcer, pre operatively 3 had proved,
4 had presumptive and 1 had a Iikely peptic ulcer, post operatively 9 cases
had proved and 3 presumptive peptic ulcer They pomnted out that ulcers
advanced to dangerous proportions without gving the usual warning
because pamn pathways were not mtact

Craig, Morlock and Hightower (1950) reviewed 963 cases in which
sympathectomy was performed for the relief of severe essential hypertension,
there were 22 cases of proved gastro-mtestinal disease 20 with duodenal
ulcer and 1 with gastrojeyunal ulcer In 8 symy were unaltered, 1n 3
they became worse and 1n 3 less severe Symptoms of duodenal uleer devel
oped for the fisst time following sympathectomy in 7 (0 74 per cent) Rossand
Brolsma (1951) 1n a review of 214 patients found that the mcidence of peptic
ulcer was not altered by this operation

Job and Vilbnger (1951) and Kux (1952) reported on 350 cases of
sympathectomy wath no fatalities The operation consists of 1 transpleural
sympathectomy 1n the costo pleural sinus under local anacsthesta preceded
by a pneumothorax which 15 aspirated after operation They claim good
results in 63 per cent of 110 patients followed up for one and a half years
But Kux now r ! bined y and sympathectomy
which gives better results

Boller (1953) reported the case of a man who had a history of dyspepsia
from the age of 16 and when 22 years old had 4 retrocolic Billroth II
operation for a high gastric ulcer which healed It was soon followed by
a jejunal ulcer which was treated by high gastric resection, the patient was
then transferred to Kux who performed transthoracic splanchmc and
sympathetic section on both sides and night sided vagotomy, nevertheless,

had to be ad ed to relieve pain A large ulcer appeared 1n
the gastric r a serious k occurred and the ulcer perfora
ted 1nto the tr colon Total g y and partial resection of the

small intestine and colon had to be performed

Conflicting surgwal methods of treaiment

Based on the assumption that hydrochlonc acid 1s the element responsible
for the causation of chrome gastro-duodenal ulcer, 1t 15 claimed that all
surgical methods have a physiological principle as the basis of approach to
the problem Thus, gastro-enterostomy was suggested as a mechanism which
would bring about the neutrahsation of hydrochlonic acid by regurgitation
of the alkaline intestinal secretions, gastrectomy was suggested 1n order to
bring about the removal by amputation of the acid secretng arca and
vagotomy was introduced to prevent the development of hydrochloric acd
by elymmnating the mechanism of 1ts production

However, results did not come up to expectations and the surgeons have
now resorted 10 a combination of two methods, gastrectomy or gastro-
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with ora b of vag y and sympa-
thectomy

The results d by the are most conflicting and appear to
depend more on cmhuxnrm and personal idiosyneranes tban on the bans of
thexr phymological claims, Optumistic reports encourage large seale tnials but,
lmfomm:\td), as ime goces on 2nd wider expenence s ganed more fadures

andd dually leads to the final abandonment

are & Lt o

of the 1nnovations
Ogilvie (1956) states that  the following can be labelled, after long tnal,

as unsuccesghul upcnmcnu 1n the surgical treatment of pephc ulcmuon

Gastroye , *g wuh Roux 1oop gasu'o-
with ent gastro-dh
anc)’s operation local examon of gastoc u!ccr wedge “resecton of the
h, sleeve of the Y, prouumal gastrec.
tomy, * L y alone, y with gastro-jejunos-
wmy Via, ck:u)mradxalg.m y, * Devine s exch
ph)-na]ogxml gaszztctomy with pyloric mmmuan (nglvxc, 1935}
y with R Y * gastrectomy wath entero-

anzstomons gastrectomy with colamc rcpb.c:mmt gamccwmy wath
Jgunal repl Alt
these have been launched wath a ﬂounsh of trumpcts Only two have
been apologised for All should be discouraged and these marked wath an
astenisk should be prohibated

The divergence of views between the orthodox and (hc au\hor‘s  concep-
tion of the problem arises from a dific

The orthodox conception of the disease 1s b:wcd on anmbom, constitution-
al element which 1s difficult 10 influence and, therefore, restnets the treat-
ment which must remain symptomanc.

The author’s conception 1 bated on an acquired, environmental element
which, therefore, makes 1t possible to wnfluence the cavsatve factor by
changing the environment
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CHAPTER 24

TREATMENT OF PERFORATION AND
HAEMORRHAGE

For the pathological aspect of the problem reference should be made to
the chapter dealing with the Pathological Considerations

PERFORATION

Treatment of perforation 1s a subject 1n which the physician takes little
part except to arrange for the patient’s admission to hospital at the earliest
possible moment, once admitted appropriate pre operative treatment
should be mnstituted without delay

There are three methods of dealing wath this emergency (1) contmuous
suction, (2) immediate operative repair (simple suture), or {3} gastrectomy
The choice of method must depend on circumstances at the time of admussion
and the attstude of the surgeon

Continuous suction

Wangensteen (1935) reported 4 late cases treated by continuous suction,
3 recavered, and 1 died (admutted 28 hours after the perforttion) Bedford
Turner (1945) reported recovery 1n 6 patients, Taylor (1946, 1951) reported
24 recoveres 1n 28 consecutive patients (3 dred of causes unconnected with
the treatment and one might have been saved by tmmediate operation)
Olson and Norgore (1946) have abandoned this method and use 1t only
patients who refuse emergency operations Stead (1951) reported 50 cases
with 5 deaths, 4 of which were unfit for operation on admussion Taylor and
Warren (1956) making the fundamentally important distinction between
the acute and chronic ulcers, reported 47 patients with acute ulcer treated
by aspiration who recovered without complications and who showed no
tendency towards subsequent chromc ulceration

Simple suture

Simple closure by suture, with or without omental graft, appears to be
the operation of choice (Wangenstcen 1935, Graham 1946, Banitell 1947)
The object should be to cure the perforation and not the ulcer (Colp and
Drucherman, 1946) Simple suture was advised by Bockus (1914) Mage and
Payson (1952) Gilmour (1953), Schmitz, Harkims, Olson, Moorc and
Merendino (1953), Donhauser (1954) and Eagleson (1954) Parker 1941)sn
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a collected review for 1925 to 1938, of 764 cases treated by simple suture
found that the percentage of cases who remained well vaned from 14 per cent
to 86 per cent On an average 388 or 51 per cent remained well and 376 or
49 per cent did not remain well In 524 eases followed up 96 (18 per cent)
biected to a second op Forty (1946) reported that, of 100 cases

1 which 70 were followed up, 10 required a sccond operation Hhingworth
Scott and Janueson (1946) have drawn to the lative merd
of recurrence In 596 cases 65 8 per cent remamed symptom free after one
year of 166 cases followed up for 5 years 28 3 per cent remained symptom
free and 20 per cent required further operanon Ivy Grossman and Bach-
rach (1950) 1n a collected senes of 1,106 cases followed up since 1940 found
33 per cent (range 56 to 67 9 per cent) were symptom free 66 7 per cent
{range 32 1 to 94 4 per cent) had a recurrence of symptoms of 1,065 cases
18 per cent (range 13 5 to 33 3 per cent) required 2 second operation They
considered that the literature on the seventy of recurrences 1s too hetero-
geneous for statistical evaluation

1t should be noted that 1n these statistics the basic distnibution of acute
and chronsc wicer has not been taken into account

Mortaltly rate

Graham (1946) reported 8 deaths (64 per cent) i 125 consecumnve
patients, Bartell (1947) 1 1n 88 patients and Sangster (1948) 4 m 105
patients Jones Doll Jones and Whate (1953) 10 1n 301 patients (3 3 per
cent) Gilmour (1953) reported in 119 (58 per cent) cases of acute ulcer a
mortality of ml and 1n 87 (42 per cent) of chronic ulcer a mortality of 15
per cent

Gastrectomy

Immediate gastrectomy for perforation was recommended by Haberer
(1819) Strauss (1944), Nuboer (1951) Turner (1951), Auchmcloss (1952)
G poulos and Christoponlos (1952) Lowdon (1952) Emmett and
Owen (1953) Moore Harkins and Merendino (1954) and Cooley Jordan
Brockman and De Bakey (1955)

Mortality rates

Judin (1937) reported a 7 8 per cent mortality rate m 231 selected patients
(representing 30 per cent of the total) Bobbio (1948) 8 deaths mn 136 selected
patents Heslop Bullogh and Brun (1952) 8 6 per cent in 104 patents
Lowdon (1952) reported on 65 cases 51 primary partial gastrectorues with
no mortahty

The mortality rate 15 greatly ifluenced by the tme mterval between the
perforation and the operation In 7,683 cases reported by De Bakey (1940)
the mortality rate was 10 5 per cent after an mterval of 6 hours 21 4 per
centafier 12 hours 38 5 per cent after 18 hours 62 4 per cent after 24 hours

It 15 also affected by the time of the meal preceding the perforation rises
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with the age of the pauent (Ulfelder and Allen, 1942) and vanes accordmng
to whether the ulcer 1s acute or chromc (Gilmour, 1953)

The longer the duration of the previous ulcer history before perforation
the greater the likelihood of a recurrence of symptoms (Houston, 1946,
Forty, 1946, Ilingworth, Scott and Jamieson 1946) ’

Shock

Moymhan (1910}, who has given a classical description of perforation
which makes the diagnosts unmustakable, reported that shock was not pre
sent, an observation confirmed by Wangensteen (1935), Soutter (1941), and
Barber and Madden (1943)

The success of all surgical interventions for perforation appears to depend
on the techmque of the surgeon, organized teamwork, choice of operation
and selection of patient

HALMORRHAGE

Treatment of haemorrhage must engage the combined attention of the
physician and surgeon It cannot be too strongly emphasized that each case
of haemorrhage must be considered as an individual problem

As soon as the gastric hacmorrhage has been diagnosed, arrangements
should be made for the immediate removal of the patient to hospital where
he should be put to bed without undue delay, kept warm, reassured and
given an mjection of morphine to control restlessness

Blood transfusions

‘Whatever the cause of the bleeding 1t 1s essential to ascertamn at the earliest
possible moment the amount of blood lost and flud requirements for the
correction of dehydration (Bennett, Dow, Lander and Wnght, 1938,
Bennett, Daw and Wnght, 1942) The necessary mvestigations must be
undertaken by tramed laboratory assistants The transfusion must be ade
quate and should be rep d as often as y If the nght blood 13 not
available, plasma may be given as 1 temporary substitute

Costello (1949), w a study of 300 cases of massive haematemesis, which
wmeluded 171 cases of chronic duedenal ulcer, found that of the 75 patients
who died 71 had not recewved adequate blood replacement Fatahties due
to madequate transfusions have been reported by Chinn and Weckesser
(1951), Shapiro and Schuf (1952) Ogilvie, Cardoe and Bentley (1952),
Saltzstein, Mahlin and Scheinberg (1953)

In addition to ts lfe saving properties bloed transfusion has the
therapeutic advantages of stopping the bleed combating mfe and
gwing the patient A feeling of security and 2 sense of well being Special
precautions, however must be taken in its admumstration and its highly
speciahized technique must be left to the expert
Diet

The patient s general strength must be mamtained by a liberal diet and
food should be given at usual meal times Starvation has now been generally
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abandoned The modern tendency 1s to presenbe a full diet, Meulengracht s
(1935) regime or one of 1ts modifications, and the author goes even further
and allows the patent to choose from his standard diet chart the items to
his own klang  Unless the haemorrhage 1s very severe the patient may feed
himself Avery Jones (1943) found that prompt feeding and hiberal trans-
funons have conniderably decreased the nadence of recurrent bleeding

It may be of interest to mention a case reported by Graham (1941), of a
pauent who was admutted to hospatal suffening from recurnng massive
haemorrhage from a duodenal ulcer The usual dictetic control with malk
and cream, suppl d by eigh fi of varymg volume and
at varying mntervals failed to control the haemorrhage His haemoglobin,
eight weeks after admussion was 25 per cent. The patient was then placed
on a full ward diet contammng an abundance of ammal protemn with
vegetables cooked and raw In Grahams words *The mmprovement i
the patient was nothing short of phenomenal

Source of bleeding

The next step 1 to decide whether the source of bleeding 15 mtragastne
or extragastric

Ruvers and Wilbur (1932) reported that 90-5 per cent were mtragastric
lesons Bockus (1944), afier reviewing the hiterature, estimated that 60 to 75
per cent of all massive haemorrhages 1n the upper ahmentary tract are
caused by peptic ulcer Crohn Marshak and Galinsks (1948) reported that
out of 102 cases 59 were duodenal and 5 gastnc ulcers 16 were due to
miscellaneous causes and 22 were negatnve or unexplamed In 363 cases
reported by Welch (1949), 251 were accounted for by gastric and duodenal
ulcer Moschkowitz, Mage and hugel (1949) had 89 per centof mtra gastric
lestons and Amendola (1949) 85 per cent. Tanner (1951) in 946 cases of
haemorrhage found that 717 had gastric or duodenal ulcer 57 gastrius
29 carcinoma of the stomach and 34 portal hypertension

Tr for bleed

When 1t has been decided that the bleeding 1s 1ntragastric then the next
problem to be dealt wath 1s the choice between medical and surgical treat
ment a chowce which should not be delayed for longer than 48 hours If,
dunng this period the bleeding stops then the treatment which has been
adopted can be continued under vigilant care If on the other hand the
bleedmg persists or recurs then the medical advisers are faced with the
immediate question of whether the lesion 15 acute or chromc a diagnosis
which may be difficult to arrive at wathm the stated peniod but which has
a direct bcanng on the choice of treatment.

In the acute ulcer haemorrhage occurs without any warmng The patient
does not complain of pain, he may feel grddy and fant Ius symptoms bemng
due to loss of blood, often fainting 1n the bathroom

e chrome ulcer, on the other hand 15 assoctated wath a long hustory
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of pam During a period of quescence, that 1 when the uleer 13 healing and
the morbid process 1s 1 abeyance, the ulcer does not bleed

The relative merdence of acute and chronic ulcer was reported by Nielsen
(1922) as 16 acute and 32 chromc ulcers and an additional 11 ulcers plus
scars, and 7 undetermned, Burger and Hartfall {1934) had 15 acute and 30
chronic ulcers

Avery Jones (1943) reported 51 cases (of which 38 were gastroscoped), as
21 acute ulcers, 2 acute gastritis, 15 undiagnosed Heuer (1946) reported
61 acute and 163 chronic uleers, Schiff and Shapire (1951) 10 per cent acute
ulcers 1n 339 patients, Avery Jones (1952) in 1,053 patients, 329 acute and
724 chromic ulcers

The tendency to bleed 1s greater the later the ulcer begms (Stolte, 1944)
According to Markoff (1954) the acute ulcer bleeds more than the chronic one

Haemorrhage as a first symptom, “silent ulcer” or acute ulcer, was
reported by Burger and Hartfall (1934) in 6 8 per cent of 137 cases, by
Ralk (1936) 1n 6 4 per cent of 154, by Andresen {1939) 1 14 1 per cent of
120, by Woldman {1941} 1 20 per cent of 144, by Rafsky and Weingarten
(1942) 1n 15 2 per cent of 283, by Wilkinson and Tracey (1946) 1n 50 per
cent of 140, and by Eads (1946) n 10 8 per cent of 129 cases Ivy, Grossman
and Bachrach (1950}, 1n 1,678 collected cases, found 16 2 per cent wath no
previous history If the diagnosis of acute ulcer has been established then
surgery should be avoided Hinton and Church (1942) are emphatic that
when there 15 no pain, there 1s no surgery

Avery-Jones (1943) reported 161 cases of proved or probable peptic ulcer
with 14 deaths (9 per cent}, 51 cases of acute ulcer with 1 death (admutted
monbund})

Haemorrhage from an acute lesion seldom ends fatally Avery Jones (1952)
reported 329 patients out of 1,020 as being 1n the acute lesion group, 8 of
these died (all over the age of 65)

Brandon {Lancet,1 360, 1956), reported encouragmgresultswithad:
and Russell s viper venom given through a stomach tube

Comparative mortality rates of medical and surgical treatment

Early statistics on mortahty rates are widely divergent and cannot serve
as a basis for companison because they do not refer to identical cases
(Finsterer, 1939) Thus for medical treatment Chiesman (1932) recorded
a mortality of 25 per cent 1 191 patients, while Witts (1937) reported a death
rate of O per cent i 24 cases, he did not think that the relative ments of
operative and non-operative treatment of gastro duodenal haemorrhage
could be assessed on ma.s hospital statistics, the best individual medical
results (Meulengracht, 1936) bemng much supenor to the best mdivndual
surgical results Meulengracht (1937) reported 136 per cent 1n 368 cases,
and 1n 1947 on 1,031 cases with a gross mortality of 2 5 per cent and a net
mortality (excluding causes other than bleeding) of 1 5 per cent

Meyer, Sorter and Necheles {1942) reported a mortahity of 7 2 per cent
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m medically treated and 22 2 per cent 1n surgically treated cases Andresen
(1948) had only a 2 per cent mortality with medical treatment

Fraser and West (1949) 1n a senes of 177 cases had a mortality rate of
62 per cent, 165 cases were treated medically, with a mortality of 4 2 per
cent, the remaiming 12 cases which did not show a sausfactory response to
conservative treatment and were operated in the late period (that 1s after
more than 48 hours of rap:d blood loss) showed a mortahity of 33 3 per cent
Artenosclerosis appeared to be one of the most smportant contubutary
causes of death

Chinn and Weckesser (1951) found that 1n 322 cases (1935-1948) treated
medically, 211 did not bleed while i hospital, with 3 (1 4 per cent) deaths,
54 did bleed wath 25 (46 per cent) deaths, 27 were operated on with 9 (33
per cent) deaths Of the 28 deaths occurring mn those treated medically 19
had senious complicating diseases

Ogilvie, Cardoe and Bentley (1952) found in 358 cases (of which 106,
or 30 per cent were over 60) that the bleeding was arrested 1n 339 cases and
35 (10 per cent) came to operation The overall mortality of 19 cases was
53 per cent, 1n 8 cases a fatal 1ssue was inevitable, 4 were due to errors of
judgment, 1n 4 transfuson was inadequate m 2 an excess of intravenous
flud was given, and 1n 1 an aberrant pancreatic duct was severed

Saltzstein, Mahlin and Schemnberg (1953) reported mortality in 271
medical cases as 5 1 per cent, and 1n 68 surgical cases as 5 9 per cent

Mortality rates for surgical mterventions vary Finsterer (1939) claims
4 2 per cent, Gordon Taylor (1945) 10 to 11 per cent, Parsons and Aldndge
(1950) 14 per cent

Increase in the fatality rate with age was shown by Blackford and Allen
{1942) 1 2 senies of 120 men and 31 women There was 1 death 1n the 20
year age group 1 1n the 30 year and 6 1 the 40 to 45 year group Similar
observations were made by Allen (1937), Blackford and Willhams (1940)
Meyer Sorter and Necheles (1942) reported with conservative treatment,
no fatahities under 45 years, 21 per cent in patients over that age, Rafsky and
Weingarten (1942) 4 8 per cent in those under 50 16 8 per cent 1n those
over 50, Cates (1950) 92 per cent in those over 45

Ohver fifties are poor nisks whether treated medically or surgically (Lewimn
and Truelove, 1949)

1Ind for gical tr

Indications for surgery are (a} definte proof of chronic ulcer and (b) the
age of the patent (over 50)

Hurst and Ryle (1937) reserved operation for the rare cases in which the
source of bleeding 15 a large hole 1n a sclerotic vessel exposed at the base of a
chromic ulcer Machay (1954) pornted out that the pathological changes 1n
the vessels 1n peptic ulcer are secondary to the inflammatory process i the
ulcer arca these changes render the vessels less elastic mpatr their contrac
tility and prevent smooth coaption of their ntima They occur regardless of
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age and are not related to generahized arteriosclerosnis According to Osborn
(1954) gastric arteries of all ages are immune to arteriosclerosts

Recurrence of haemorrhage after conservative treatment was reported by
Haraldson {1948) n 205 out of 504 patients after 10 years (3 fatal) Holman
(1948) found that 26 to 50 per cent bled again, with a death rate of 3 7 per
cent

Haemorrhage as a secondary mamfestation

Since haemorrhage 1s considered by the author (as explamed m the
Pathological Considerations) as a secondary mamfestation of a septic focus
located outside the gastro-duodenal region an attempt should be made to
discover the pnmary disease It wall be found that the gall bladder and colon
are frequently implicated and this can be confirmed by further nvestga
tions When the correct diag has been estabhished, approprate treat
ment can then be instituted and the future of the patient greatly safeguarded

Tanner (1951) reported the sigmficant observation that 50 per cent of his
cases of gastritis and uncertain pathology were associated with achlorhydra
Swynnerton and Tanner (1954) reported that of 403 patients wath achlor
hydra one mn three had manifest hacmorrhage at one stage dunng the
course of the discase

The following two case reports illustrate the author’s approach to the
problem

Case No ] —H P aged 49 when first scen on 12 7 44 gave a history of stomach
troubles for 30 years  For 4 to 5 years he had an indefimite paut under the nbs which
made him feel very ill this was associated with vomiung at sught only An xray
report mn 1943 showed a duodenal scar Seven weeks prior to his visit he had an attack
of haematemesis and was put on the Sippy diet given wwon and vitamun C. On examina
tion the abdomen was generally tender with no defimte epigastnic tenderness There
was also some superficial hypertrophic glossitis the appetite was fair the bowels regular
but the stools rather offenive (for which he had had treatment three years previ
ously) X ray examunaton five days later showed a very deformed duodenal cap and
a gmall ulcer The patient was given busmuth subnitrate 10 grammes before breakfast
(Bensaude s method) and dilute hydrochloric acd three tumes a day His improve-
ment was sapid. X ray on 27 7 44 (ten days later) showed a deformed cap which was
not tender on pressure His health remained good ull September 1951 when he reported
that he had a peculiar feehng i the head and had passed a dark brown stool He was
given a bowel antiseptic and had no further trouble until he had a small haemorrhage
1 August 1954 which was associated with offensive stools The treatment was repeal
with the addition of large doses of the vitamm B complex. In the summer of 1955 he hada
successful removal of an acoustic neuroma  he has had no further recurrence of bleeding.

Case No 2 —J H W aged 5! when first seen on August 30th 1953 gave the
following hstory

January 1939 appendix removed 1940 abdominal ducomfort diagnosed by s
doctor as duodenal ulcer x ray, 1941 — no ulcer but duodemus x ray 1942 R A. F
Hospital — no ulcer x ray, 1944 Nova Scotta — no ulcer, summer 1945 cht:}eq’!u"
gram — negative January 1946 for and g
{normal stomach and duodenum) January, 1947 melacna, x ray two months later —
1o vlcer In August, 1950 complained of considerable pam, which was not diagoosed

356




TREATMENT OF PERFORATION AND HRAEMORRHAGE

ke 1nusted on Japarctomy which disclosed extenuve adhesions between duodenum and

gali bladder fossa and a chrome vlcer in second part of the duodmum pcnetntmg head

of the pancreas an antecohic Polya partial g

dyspepna iz 1952 On August 28th, 1953, melzenn Auguxt 30t recunmcol‘m:hcna

admutted o hospital Barum meal Septeraber 15th, 1953 <~ no ulcer

After bus discharge from hospital the patient wmphmed of very offensive stools and.
therefore an intestinal antuepuic was prescnbed The patient kept well but easly
1954 required a further coune of the intestinal antseptic because b stools were un
plemsant  On 11196 the pauent teported that during the whole of 1954 and 1955 he
“enjoyed perfict health as mever before
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THE “ULCER MENTALITY”

It need not be emphasised that the relation of the doctor to the patient
mvolves, 1n addition to his professional duties, many moral obligations He
must nspire the patient with the utmost confidence, which he can only
achieve by a complete mastery of his subject He must be prepared to face
difficult situations and answer awkward questions with circumspection and
tact He must be frank and outspoken but be conscious of his responsibilities
and admit 1gnorance when the occasion arises

The question which 1s uppermost in the patient’s rmind 1s whether he 15
suffering from cancer As a general rule, the patient should never be told
that there may be even a suspicion of mahgnant disease Only under very
exceptional circumstances should this rule be broken

If the physician 1s satisfied that he 1s dealing with a berugn lesion, he must
immediately reassure the patient and make 1t clear to him that, generally
speaking, chronic ulcers do not perforate, bleed, or become malignant He
should explain that the ulcer exists only during the periods of activaty when
pain 18 present, and that, when there 1s no pam, the quiescent period corres
ponds to the stage of healing Providing the patient adheres to a rational
mode of hving during this period he can 1gnore the existence of an ulcer

To advise, as suggested by Crohn (1944), that cures are effective but
generally temporary and that to obtain a lasting cure the patient must relax,
observe his diet, eat every two hours until bedtime, try to ward off anxieties
mdulge 1n hght recreation, take a vacation and seek a change of scene as
often as possible, cease smoking avoid intowucants and take precautions
agamnst colds, 1s to imply that the patient must be a millionarre and attend
to humself all day 1n order to keep 1n a tolerable state of health!

To consider peptic ulcer as an incurable disease (Althausen, 1949) and
tell the patient to adjust his hife to the ulcer 1s a defeatist attitude which must
be repudiated Likewise the suggestion that “once an ulcer patient, always
an ulcer patient” (Ivy Grossman and Bachrach, 1950} must be strongly
condemned as 1t creates the “ulcer mentality” and passes an undeserved Life
sentence of mental anguish on an innocent human being
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CHAPTER 23

THE AUTHOR'S STANDARD TREATMENT

Based on the physological and pathological principles, as p ly
shown, a method of treatment has been evolved which has completely
Justified stself in practice

It conssts essentially {1} 2 dietary regime which has a tow fat content,
the details of winch are given 1n the Diet Chart, and (2) the admustration
of small doses of alkah for the control of the excess of actd which 1s always
present with chromie ulcer

As a rule the treatment 15 ambulatory and there 13 10 need to put the
patient 10 bed Short penods of rest after meals, and the appheation of dry
heat {a hot water bontle or an electric pad) to the epigastrium are ali
that 15 required Meals should be taken in the usual way, that 1s, at normal
meal imes

A muxture of soluble and mnscluble atkabs contawing say, 18 gratas each
of bicarbonate of soda, magnesium carbonate and calcrum carbonate
half a tamblerful of water should be mven a few minutes before meals, 5
munums of tincture of belladonna may be added if the pain does not respond
to the atkal muxture The alkabme treatment mav be reduced after 1 to 2
weeks and can generally be omutted after 6 weeks

Pattents who have heen on a restncted dies for a long time and who show
witamin deficiencies should be given the approp mn g
doses

Nervous patients may reqmre small doses of sedatives which should always
be admmustered 1 a soluble form because 1t 1s less toxic, and rapidly
excreted Sodiwm phenobarbitone § gram twice or three umes a day
for a short peniod may contnibute to the pauents feehng of well bemg

Constipation, whach 15 the usual concommutant of ulcer wall requate Iittle
additional medication whnlst the patient 1s takmg the alkahine rauxture If the
bowel needs additional help 1t should be provided 1 the form of bland
preparations which produce bulk rather than colonic sumulation *

Jt has been ewphasised (Spira 1931) that 1f thus treatment does not
produce rapid improvement in the condttion of the patient, 1t 15 not the
treatment but the diagnosis which 1s at fault and further investigation should
be insututed without delav

A few cases Mustratne of the aathor s results are gven wn plates I-ZVi
Only radiographs of gastnc nlcers have heen presented because they are
less hiable to erroneons interpretanon than radiographs of ducdenal ulcers

* Consupation 1 the curse of modern ervili auon which may be medically defined as
the struggle of getng food and the struggle of getung tsd of st.
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‘Animals feed, man eats the man of wnellect alone knows how to eat
Bnllat Savann
The proof of the pudding 15 1n the eating
OMd Proverb

THE DIET CHART

The following diet chart has been constructed in the form of a menu in order to faalitate
the chosce of foads
Hors d oceavres

’All hors-d oeuvres are strictly forbidden, including caviare, smoked salmon and smoked

Soups

ArLowzp

Clear chicken broth consommé boutlion and julienne 2ll fat having been carefully
removed these may be followed later by thick soups (not thickened wath mulk or cream)
such as cream of ice, cream of wheat, cream of peas all wathout fat and in small quantitiey

Method of preparation
Meat essences must nof be used It 1s advisable to prepare soups the day beforc they are
required for consumption 3o that when cold all fat can be eauly removed.

Pish and shell Fish

ALLOWED

Sole plaice turbot halibut whiting fresh haddock cod hake smelt all fresh water
fish

Lobster and crab, prawns and shrimps oysters

Nor arrowzn

Salmon, mackerel herring eel, bloater whitebait smoked fish preserved fish, sardines
and anchovies, mussels fish pastes
Method of preparation

Fish should be rather overdone than underdone 1t can be eaten hot or cold It may be
baded steamed grilled or fried (the batter must not be consumed) Fried fish can be eaten
hot when fried sn butter or preferably inmargarnne o cold when fried moil Saltand lemon
may be added to taste
Method of fiying n o1l ~— Dry the fish well 1n a cloth sprinkle with flour_shake off any
superfluous flour dip mto a beaten egg and immerse when the ol 1s sufficiently bot to
show a blue smoke When the fish 1s golden brown remove and drain thoroughly

Meat

ALLOWED

All meats beef mutton veal lamb pork (without crackling) fried bacon without fat
calf s hver kudney sheep s brain calf s foot jelly smoked meats ham tongue

Not ALLOWED

Stews Insh stew goulash oxtail boled meat and twice cooked meat braused meat
meat puddings, pies and patties mnced meat, curry thpe sausages of all kinds Paté de
Jfore gras meat pastes rclishes
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Method of preparation

All ninible fat must be nigorously removed Dnpping should not be used. It 1s important
that all meat should be tender It does not require muncing It may be eaten hot or cold.
Reat should be gnilled or roasted. Red meat should be underdone white meat rather
well-done Salt and pepper may be added to taste

Pure meat gravy from the joint without fat 1s permutted. Prepared sauces gravies mustard
pickles condiments and spices chutney are not allowed and nothing should be added to
make the dsh nich

Fat uwsed for cooking should not be used more than twice

Poultry
Aurowrn

In the 1mtial stages all young birds are allowed In the later stages small quantities of
breast of goase or duck may be tred The same applies to pheasant, partndge grouse.
Nor Autowen

Game and venuson which require nich sauces
Stuffing bread sauce and fned breadrumbs.
All poultry should be roasted not bouled or casseroled and eaten hot or cold.

Vegetahles
Atrowen

Potatoes and sweet potatoes all root vegetables carrots parsnips, beetroot turmips
swedes vegetable marrow seakale and chicory young peas, French beans scarlet runners
broad beans butter beans lentds and Indian corn wathout husk spinach tomatoes
sspasagus whate and green artichokes, mustard and erexs panley

Not attowen

Omions, lecks and radishes celery and horse radduh eucumber water cress mushrooms
Cabbage caulifiower brusselssprouts spring greens cape brocoh and sauerkraut should
be avoided 1n the mitial stages of the treatment

Mathod of preparation
Fotatoes should either be boiled or baked in thewr jackets not fried or sauté
Vegetables should be boided 1n large quantties of water or better sl boded 1n two
waters or submutted to pressure cookung Root vegetables are most digestible when they
are prepared in the form of a purée In the later stages of treatment a little fresh butter may
perhaps be added
In the after treatment the vegetables mentioned under  Not allowed may be tried
‘Warmed up vegetables are not allowed

Salads

Green salads should be taken spaningly at fist They arc allowed when they are n
s¢ason and only the tender lettuce leaves should be chosen.

Salad dressing

The drewing should consist of a mummum quantity of preferably arachus od (hwle

:a::::::) rozrllh‘e)ﬁneln tasteless olive ot and a little tarragon or malt vinegar {in the
o of 2 to 1) or lem,

B e dded on Juice with salt to taste A little pepper and a pinch of sugar
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CLINICAL CONSIDERATIONS

Puddings and pastries

AtLowrn

Custards junket blanc manges and jellies plain cake

Milk puddings should be partaken of and only at roeals where meat has not
been consumed It 13 smportant that they should be baked slowly for about three to four
hours, until their consistency s that of hight cake

Not arLowen

Pancakes appie-fntters which 2bsorb the grease in whuch they are cooked.

Suet puddings fancy pastnes

Fruit
Arrowep
All fruits may be eaten fresh but must be ripe Preserved dred and stewed frusts are
allowed provided they are not too 2c1d. When acid frust xs used for stewang a small quantty
of bicarbonate of soda should be added before cooking to overcome the acdity Idwosyn
be
y

crases to fruts vary with individuals and thewr fully noted
as regards berries

Bananas must be very nipe.

Nor aroweo

Melon and pineapple nuts chestnuts almends and rauns  Avocado pears.

Cereals and farinaceous foods
ArLowep

Cereals such as Quaker Qats Grape Nuts, Force ete.
Rice tapioca semolina macarom spaghett and nmifar Italian pastes may be freely

consumed.

Esther salt or sugar can be added to taste Milk may also be added.
Bread and biscnits

ALLOWED

Bread and rolls must be stale and when toasted eatencold White wholemeal, Hovis and
Graham bread etc, Rye Vita  Vita Wheat, water biscuits rusks and zwichack.

Nor axrowep

Hot buttered toast shortbread and other rich biscuits

Barley sugar frwt drops sugar i any form honey seedless jam and marmatade jelly
can be partaken of freely

NoT ALLoWPD

Chocolate toffee butterscotch

Cheese and butter

ArtowED

Pommel Gervais and fresh cream cheese — Port Salut, young Dutch and mild cheese
1n general may be tned.

Not ALLowep

Ripe apd blue cheese are stmctly forbidden.

Butter or marganne should only be eaten fresh and 1n small quantnes. On no account
should butter and cheese which have been subrutted o heat be consumed or used a3 an
adjunct to sauces or gravies
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THE AUTHOR S STANDARD TREATMENT
Eggs
Eggs 1 every form are strctly forbidden except wn the preparation of custard and cake

Milk and cream

Arrowen
Sour mulk yoghourt koumiss whey and buttermulk -— Horlicks (prepared wath water)

Not arLowzn

Citrated peptomized condensed and dned milk.

Cow s mulk 15 forbidden except sn small quantites 1n tea and coffee Tt should be remembered
that mulk 1s not a natural food for adults and stfl much less a beverage than a food

Cream 1n all forms 18 sirictly forbidden —— cream ices are nof alloned but water 1ces are
pernutted
Beverages

AvrLowzp

Water 15 the beverage par excellence It can be flavoured to the patient s hung

All puneral waters Vichy Ewian Vittel Malvern sodawater barley water, albumin
water orange Juice lemon juice tomato yuice and frunt drinks

‘Weak tea 1nfusions, tisanes and weak coffee may be tned

Nort atrowen

Hot mulky drinks cocoa and chocolates

Ginger beer and ginger ale

Alcohol cocktals liqueurs and champagne are strictly prohubuted
Inthelater stages wine with water may be tried When symptoms have disappeared mild
beers can also be tried

INSTRUCTIONS TO THE PATIENT

Asageneral rule any dish which the paucm dn.likc: or whxch gives rise to eructations or
bas been found by po

of the dish 18 contra md.lcalcd or the method of preparation faulty

Violent exereise pam:ularly stooping bending lifting and garderung should be strictly
avorded duning treatment

Smolung 1n modenuon after meals 15 allowed (Ovtrmd\ﬂgtncc may producc nicotne
powonsng which gives )
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Cardiac Sphincter

Anatoy Reith (1903) Cannon (1911) Forssell (1912 1913) Leber (quoted by
Forssell 1912) Alvarez (1922) Caballero (1923) Reich (1926), Hurst (1927) McSwiney
(1926 29) Abel (1929) hnight (1934) Lendrum (1937) Maumov and Bloom (1948)

Physology Langley (1899) Mikulicz (1903) Cannon (1908 09 1911) Cannon and
Washburn (1912) Carlson and Luckharde {1914) Carlson (1916) Thieding (1921)
Carlson Boyd and Pearcy (1922) Jackson (1922) Mosher (1922) Brown and McSwiney
(1926) Schulf (1926) Veach (19%6) McSwiney (1928-29) Muller and Rueder (1931)
Fulde (1933 34) Feldman and Mormison (193¢ 35) Lendrum (1937) Nemours Auguste
(1951) Monges Monges and Gambarells (1955)

MNormal Perustalsis 1n the Oesophagus Meltzer (1899 1907) Meltzer and Auer (1907)
Templeton and Moore {1944}

Reverse Pensstalsns of the Oesophagus Cannon (1911) Carlson (1926) Holmes and Dresser
(1928) Beams (1932) Barclay (1936) Alvarez (1945) Penmington, Haney and Youmans
(1946)

The Nervous Control Rossbach (1890) Openchowsks (1899) Courtade and Guyon (1899)
Langley (1899) May (1904) Ellott (1904) Meltzer and Auer (1906 1907) Klee (1921)
Thieding (1921) Rogers and Bercowtz (1921) Garlson and Luckhardt (1921) koen
necke (1922) Carlson Boyde and Peaccy {1922) Hatcher and Wens (1923) McCrea
McSwiney and Stopford (1925) Kmght (1934) Mitchell (1938 39) Hwang Essex and
Mann {1947)

Cardiospasm_Zenker and Ziemssen (1878) Morrell Mackenzie (1884) Mukulicz (1904)
Cannon (1906 07) Heyrowsky (1912 13) Hurst (1914-15) Shaw and Woo (1916 17)
Shattock (1916-17) Hull (1918 19) helly (1920) Plummer and Vinson (1921) Rake
(1926 1927) Morley (1927) Hurst (1927) Cameron (1927) Mosher and McGregor
(1928) Soper and Cassidy (1929) Hurst and Rake (1930) Muller and Rueder (1931)
Wood (1932) Sturtevant (1933) Knight (1934) hught and Adamson (1935) Ferguson
(1936) Lendrum (1937) Zeller and Burget (1937 1938) Brucke and Stern (1938)
Grondahl and Haney (1940) Vinson (1940) Cowgill (1941) Lechmann and Koepfel
(1942) Templeton and Moore (1944) Grimson Recves Trent and Wilson (1946) hauntz
(1946) Hwang Essex and Mann (1947) McMahon Braceland and Moersch (1951)
Jefferson Philips Proffitt and Necheles (1951) Necheles and Jefferson (1952)

The Sphincter of the common bile duct

Anatomy Vesahus (1543) Fallopius (1561) Glsson (1654) Haller (1666) Bianchus
(1711) Vater (1720} Santorim (1724) Gage (1879) (all quoted by Boyden 1936)
Tobuen (1853) Gage (1878-79) Odds (1887 1888) Hendrickson (1898) ~Letulle and
Nattan Larmier (1898) Helly (1898) Rost (1913) Mann (1917 18 1920) Auster and
Crohn (1922) Mann and Giordano (1923) Matsuno (1923) Mann (1924) Job (1926)
Whataker (1926) Higgms (1927) Giordano and Mann (1927) Burget and Brocklehurst
(1927 28) ‘Nuboer (1929) Lueth (1931 32) Dubous and Hunt (1932) Halpert (1932)
Ivy (193%) Dardinsk (1934-35) Schwegler and Boyden (1937) Boyden (1937) Gordon
Taylor (1942) Long {1942)

Comparative Anatomy Higgans and Mann (1926) Burget and Brocklehurst {1927 28)
Schmudt and Ivy (1937)

The Collus gysnicus Sphincter Lohner (1924 1926) Winkelsten and Aschner (1925)
Copher and hodama (1926) Whutaker (1926) Boyden (1926 1928) Westphal and
Gleichmann (1930) Bergh (1942)

Phystology

A The Nervous Control Oddy (1888) Doyon (1894) Meltzer (1917) Westphal {1923
Winkelsten (1923) Mann (1924) Cactson {1645) Burget (1925 1926) ' Whoaer (1923;
1927) Boyden (1926) hodama (1926) Copher and hodsma (1926} Potter and Mann
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