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Wards.



INTRODUCTION

(a) Historical:

The importance of the motor function of the
stomach has always been completely overshadowed by the
attention pald to secretory sctivity. This is strange
since it 1s well known that complete achlorhydria can
exist without any apparent disturbance of gastric
function, whereas normal digestion would be impossible
without the peristaltic movements of the stomach. Indeed
the general feeling of well-being, characteristic of
health, may be banished by some motor dysfunction. An
extreme example is post-operative dilatation of the
stomach. Less serious types of motor dysfunction are not
uncommon; radiologlists are well aware of the sudden drop
in gastric tone which mayvaccompany the noisy closing of
a door.

Until the latter part of the nineteenth century,
it was taclitly assumed by physiologists that the stomach
was in a state of qulescence unless active digestion was
proceeding. Morat, however, in 1882, showed that con-
tractions occurred in the stomach of the fasting unanaes-
thetized &og, and later made the same observation in men.

In 1895, Moritz, using an air-filled balloon, estimated



the difference of intragastric pressure caused by the
movements of the dilaphragm but made no mention of fast-
ing contractions. Bettman however, 1n 1899, called
attention to the contracted condition of the stomach
after a fast lasting several days. Wolff reported in
1902 that after forty-eight hours without food, the
stomach of the cat may be so small that it resembles a
8lightly enlarged duodenum. Boldireff‘1904) noted in
dogs with gastric flstulae the occurrence of regular
rhythmic contractions of the empty stomach and bowsl,

and that the periods of activity alternated with periods
of rest. He found, indeed, that the movements of the
empty stomach were frequently greater than those which
accompanied digestion. In 1912, Cannon and Washburn put
forward the vliew that the pangs of hunger were assoclated
with the presence of fasting contractions. Washburn was
trained to swallow a soft rubber tube with a small balloon
attached, which was then moderately distended with air.
The apparatus was so arranged that Washburn could not see
the recording drum. Whenever he felt a sensation of
hunger, he pressed a key which caused an electromagnetic
pointer to make a mark on the tracing. These marks were
found to coincide with an established gastric contraction.
In 1916, Carlson published his well-known work giving a

detalled account of his investigations on the fasting



gastric contractions in animals and man. He confirmed

the findings of Cannon and Washburn, and in one case re-
1918

ported later,( ) he demonstrated gastric contractions

after a voluntary fast of fifteen days.

Many theories have been advanced to explaln the

1763
sensation of hunger. Haller( ) considered that the

tonicity and contractions of the empty stomach stimulated

the hunger nerves in the mucosa by pressure and rubbing.
Erasmus Darwin,(lBOl) on the other hand, thought that
hunger paln was due to the atonlc condition and absence

of contractions in the empty stomach. Weber,(1846)

(1871) p(1905)

supported by Vierordt and Knap held to the

view that the sensation of hunger resulted from powerful
contractions sufficiently strong to reduce the cavity.

No discussion involving the physlology of the
stomach 1s complete without reference to the work of
William Beaumontfless) From his detalled and painstaking
observations on Alexis St.Martin, he concluded:-

"The sensation of hunger is produced by a dis-
tension of the gastric vessels or that appar-
atus, whether vascular or glandular which

secretes the gastric juice and is believed
to be the effect of repletion of this fluid".

1917
Carlson( ) suggested that this theory was
untenable on the ground that there was no actual accumu-
lation of gastric juice in the crypts of the glands in the

empty stomach to stimulate the gastric nerves by distension.



(1905)
Boldireff considered hunger in relation to the

periodic activity of the stomach but solely with the
idea that hunger might provoke this activity.
Brauch,(lgse) on the other hand, rejected all theories
which made changes in the stomach alone responsibls for
the hunger sensatlion, as he found that a feeling of
hunger occurred as commonly during a phase of gastric
quiescence as during a period of contractions.

At the present time, 1t 1s thought that the
sensation of hunger is made up of several components of
which contraction of the empty stomach 1s probably one.
Cannon(1936) stated that these contractions occurred
during sleep; they were stopped by chewing and tempor-
arily inhibited by swallowing. Very vigorous muscular
exerclse caused a cessatlion of the contractiona but after
the exercise was stopped, they might be more intense than
before. Patterson,(1914) working on dogs, found that in
young animals the fasting gastric contractions were more
sustained than in o0ld ones.

The relatlonship between the contractions of
the empty stomach and the movements occurring during 4i-
gestlon have been studled by Rogers and Hardtflgls}
These authors correlated the activity of digestion to
the movements of the fasting stomach. Kurzin and

(1937)
Slupsky have shown that an inflated balloon in the




stomach acting by mechanical stimulation of the gastriec
mucosa, caused a flow of gastric jJuice, and that the
volume of secretion depended on the area of surface
stimulated.

The conditions which produce the fasting move-
ments are not yet understood. Cannon‘lgSG) believed that
a reduction of the blood sugar by about 25% led to anin-
crease of gastric contractions, while a rise inhibited
them; he concluded that the activity of the muscle fibres
of the stomach was related to their need for glucose.
Brauch,(lgsa) however, could find no relatlonship between
the blood sugar level and the occurrence of the fasting
eontractions. Boldireff and Kellogg,(lggg) from experi-
ments on dogs stated that the onset of the contractions
of the empty stomach are due to the periodic delivery of

pancreatic juice into the duodenum.

(b) The Scope of the Present lnvestigation:

The orlglnal aim was to determine the effects of
various drugs on the human stomach. It was soon apparent
however from my own experiences, as well as from a study
of the previous work that there was some confusion as to
the sequence of events in the fasting stomach. It was
obvious, therefore, that before any observations could be

made on the clinical pharmacology of the stomach some



information had to be obtalned on the normal fasting
movements. The work opens with an account of the various
methods employed in the investlgatlon. This is followed
by a section on the interpretatlon of the tracings and a
discussion of the difficultlies and fallacies encountered.
Gastric motility in health and disease 1s then described
and various feflex phenomena are dealt with in an attempt
to throw light on the causation of pain in peptic ulcer.
The second part of the thesis 1s concerned with the clin-

ical pharmacology of the stomach.

(¢) The Extrinsic Innervation of the Stomach:

For the purpose of this investigation the view
was adopted that the vagus and sympathetic nerves trans-
mit motor and inhibitory impulses respectively to the
stomach, i.e. stimulation of the vagus nerve causes an
Increase in gastric motility; stimulation of the sympath-
etlc reduces motllity. This is the simplest interprete-
tion of a large amount of conflicting experimental

evidence.

The results from experiments involving nerve

{1931)
section are summarised thus by McSwiney HE

1. The cutting of one vagus or one splanchnic nerve
was without effect.

2. The cutting of both vagl resulted in a temporary
dilatation of the stomach associated with de-
layed emptying and slugglish and shallow waves.




3. The cutting of the splanchnics caused an increase
in gastric activity.

4. The cutting of the splanchnics and both vagi
caused the stomach to behave as it 4id after
vagotomy alone.
These observations support the view that the
vagus Iincreases gastric motllity but the sympathetic
has an inhibiltory effect.
Numerous workers have published thelr results
on the effect of stimulating the extrinsic nerve supply
to the stomach. Their results however are contradictory.

1916) (1931) (1940
Thus Spadolini,(1917) MeSwiney and Alvarez )

have described purely inhibitory effects from stimulating
the vagus. McSwiney and Robson(1931) have demonstrated
that stimulation of the sympathetic nerves caused either
contraction or relaxation of the gastric muscle, usually

1905
inhibiting the peristaltic waves. Elliot( ) stimuleted

the sympathetic nerves and found a loss of tone in the
stomach.

In men, however, the few investigations which
have been recorded have ylelded results favouring the
hypotheslis which has been adopted in the present work.
Exner, quoted by Koennecke,(lgzz) cut the vagus nerves
in tabetics and observed some atony of the stomach.
Pieri(lgso) reported the results of three billateral vago-

tomies in man and found that the stomach had lost some of




(1937)
its tone. Barron and Curtls, after bllateral

splanchnic section in man, found the periods of activity
lengthened. Barron(lQSV) recently reviewed the liter-
ature and gave case-reports of bilateral section of the
sympathetic nerves and of the vagus in man, performed for
such conditions as severe dlabetes and vagotonla. The
reports included a study of the gastric activity from
observations made with a barium-coated balloon. These
results supported the view stated above, 1.e. that the
vagus nerve carries motor stimuli, but inhibitory

impulses reach the stomachvthrough the sympathetile

system.
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PART 1. GASTRIC CONTRACTIONS IN HEALTH AND DISEASE

SESCTION 1.

TECHNIQUE. A

Many methods have been described by different
authors to obtaln tracings of the movements occurring in
the empty stomach. 1In all types of apparatus the same
principle is used: a thin-walled rubber balloon is passed
into the stomach, and changes in the intragastric pressure
are transmitted to the balloon and hence to a recording
apparatus.

Carlson(lng) and Brauch(lgsz) relied on an ealr-
filled balloon which was connected to a water-manometer of
U-shape, in which there was a float-recorder. Danielé%gig)
used a similar intragastric method attached in this instance
to a tambour. Weltz and Vollers(1925) 1ntroduced.both a
water and an air-filled balloon into the stomach. In this

investigation two methods were employed.

(a) Apparatus Modified from that employed by Carlson.
(See Figure 1).

Figure 1.
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A Ryle's duodenal tube "A" was taken and a
rubber condom "D" of about 200 c.c. capacity was tied to
the end of the duodenal tube by means of fine silk thresd.
The balloon was fixed in such & way that the weighted
leaden end of the tube acted es a gulde in passing 1¢t.

The other end of the duodenal tube was fitted to a glass
connector pilece "I" and then to the vertical limb of a
T-pilece "K". To the outer horizcntal portion of this T-
plece was attached a2 small length of rubber tubing with s
clamp "J" compressing it. This was used as the valve con-
trolling the supply of air to the balloon. From the inner
horizontal part of the T-plece there was a rubber connec-
tion to a burette "B", which was attached to a side-piece
at 1ts lower end to a second burette "C" of equal diameter.
The burettes formed s U~tube, eand were filled with water
to a specified mark. The water assumed the same level in
both burettes. A vulcanite float "L" was introduced into
the second burette "C", so that it moved acecurately with
any change of level of the water. A recording point "E"
on the upper end of the float was kept in contact with
the smoked paper of a slowly revolving electric drum "H"
while a time-recorder "F" worked by a Brodie's clock was
used. (See Figure 4). The deflated balloon was swallowed
until the mark 60 (midway between marks ii and i1i) was
between the teeth of the patient. Air was then introduced
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until the level of the water had moved down 5 c.c. in
burette "B". As the burettes used in this method were
both of the same diameter (1.2 cm.), there was a differ-
ence of water level of 10 c.c. in the burettes. After
the'balloon was inflated a period of fifteen minutes was
allowed to elapse so that the patient could become accuvs-
tomed to the experimental conditions. 1In thils intervel,
an X-ray screening examination was performed in order to
obtaln sccurate informatlion as to the exact position of
the balloon. Manipulation of the tube, 1f necessary, was
then carried out, after which the tube was fixed by ad-
hesive tape to the patient's cheek.

After the experiment was completed, the clamp
on the U-tube was loosened and the alr allowed to come out
of the balloon so that the tube could be withdrawn.

With a 1little practice, the deflated instrument
was swallowed without difficulty by most of the patients.
The balloon produced no discomfort and no difficulty was
experlienced by the patient in keeping at rest. The record-
ing was always taken with the patlient sitting upright in
a hard chair because a comfortable chalr frequently in-
duced sleep. The investigation was usually carried out
in the afternoon, the patient having had a light breakfast

and no lunch, - the average fast being five hours.
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X-ray photographs shown lllustrate the position
of the balloon in the resting and in the contracting
stomach (Figure 2). A few tracings were taken with a
amell finger cot balloon of 20 c.c. capacity using
burettes of equal 1lnternal diameter. One such recording

is shown here. (Figure 3).

Pdg b
|x - gastric
contraction.

Figure 3.

This procedure was abendoned in favour of a
method using a larger 200 ¢.c. balloon and it was
thought that thls gave a much more accurate interpre-

tation of events occurring in the stomach.



2.3

&$
((

& $ #
"L#H

. %

% &
")

#Il

%

#

% $
()

1" 4| (
II)% <
%& # * & #'1"$
27972=3 "& %
* & %& # "

# .

% $

' % #

$" )& &

7<

*

&

((



15

The apparatus corresponded exactly in principle to that
described above. The main difference was that in thils
method, the bore of the two burettes was different:
burette "B" had the same bore (1.2 cms.) as in the pre-
vious method but burette "C", which contained the record-
ing float, had a much wider internal diameter (2.5 cms.).
This change in diameter necessitated the use of a cellu-
loid float. An increase in the intragastric pressure now
produced a different response in the two burettes owling
to the difference in bore. A fall of water-level of 6 c.c.
in burette "B" caused the float in burette "C" to rise
only 1 c.c. This had the effect of eliminating minor
oscillations of the recording point, and enabling a much
clearer tracing to be obtained. 1In this method, the pre-
liminery steps quoted above were performed and alr was in-
troduced into the intragastric balloon until the water-
level in burette "B" had moved down 5 c.cy. This figure
was kept constant for each recording.

As described above, apparatus modified from
that employed by (a) Carlson and (b) Brauch was used in
this work. Smeall portions of a tracing obtained by each
method are shown. (Figure 5). Marked difference in the
amplitude of the waves is seen and with the modified
Brauch's technique a considersble damping down of ex-

traneous oscillations is noted.
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Fear and excitement interfered with the normal
gastric contractlons. Thus any patlient, showing signs of
emotion during the investigation, was considered unsultable
and excluded as a subject in the present research. The
Ryle's tube was passed with the balloon completely de-
flated. In every case, the patient was made familiar
with the procedure by frequent practice with an ordinary
stomach tube. The actual passing of the tube was so
arranged that the first swallow enabled the patlent to
get the lead gulde into the upper part of the oesophagus.
The patient was encouraged to swallow the tube at the
first attempt and was urged to swallow the tube slowly
and naturally but at no time was the tube pushed down.
The best lubricant for the tube was found to be sterile
water, since some patlients were nauseated by liquid
paraffin. Special care was exercised in tying the rubber
balloon to the Ryle's tube because if the connection was
faulty, 1t assumed on inflstion a position at right angles
to the tube. This was found to be the commonest cause of
the condom folding upon itself inside the stomach and was
avolded by ensuring equal puckering of the condom where

it was attached to the Ryle's tube.
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4. Waves due to Changes of Intra-asbdominal Tension:

At times other phenomena are noted:-

(1) A shasrp-topped irregular wave of shorter duration
than 30 seconds usually caused by the patient
sighing or yawning may be found. This occurs
suddenly and does not fit in with the phase of
gaatric motility under observation.

(11) Irregular waves of varying shape, due to movement
on the part of the patient such as bending down,
or crossing the legs, may occur.
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SECTION 3.

THE EFFECT OF THE BALLOON ON GASTRIC MOVEMENT

Control Observations

1911
Cannon( ) quoted Moritz(legs) who suggested

that the presence of the balloon inside the stomsach
merely elicited the contractions associated with the
presence of a foreign body. Carlson(lgls) refuted this
suggestion and Neidhart (1935) declared that the activ-
ity of the empty stomach was not significaently affected
by the presence of the condom. No absolute proof has
been presented however that the balloon does not act as
a foreign body, but my own observations provide scant
support for Moritz's suggestion. When the condom 1s in
position and inflated to its usual size, no movement of
the stomach beyond the flat waves of relatlive guiescence
may be seen for periods of two hours at a time. It is
fair to assume that if the balloon acted as a foreign
body these long periods of rest would not occur.
Occasionally tracings show a very short phase of contrsac-
tion followed by a long perlod of rest. This seems to
indicate that after the initial disturbance due to in-

serting the balloon, mechanical stimulation diminishes
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inserting small shot under the serosa. By means of
roentgenologlic motion plctures, slight rhythmic move-
ments of the stomach were seen. It seems probable,
however, that although the x-ray method may show only
little movement, the changes in intragastric pressure
may be more marked.

Other observers, too, have found fasting
movements in the stomach when there was no balloon
present. McSwiney and Spurrellflgss) by outlining the
gastric walls with silver sutures found waves passing
over the fasting stomach of dogs. Templeton and

Johnaon(lggg)

showed activity in the fasting state with-
out the use of a balloon by recording the pressure in
the gas-bubble of the stomach.

It is concluded that the balloon itself does
not cause contractions. On the other hand, it is possible
that the normally occurring contractions are magnified by

the presence of the balloon.
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SECTION 4.

DIFFICULTIES and FALLACIES

s an s en ey W am e

During the course of the lnvestigation it was
found that movements were recorded which were independent
of those due to gastric contractions. It was essential
for the proper interpretation of any tracing that the
origin of these extrinsic movements should be established.

(a) Movement of the Patient:

The patient should as far as possible sit still
throughout the experiment as body movement often results
in the appearance of sustained flat-topped waves in the
tracing.

(b) Cough:

A frequent cough renders a person unsultable
for investigation of gastric motility by these methods.
The sharp sudden rise in intra-abdominal pressure pro-
duced by a cough may simulate a gastrlc contraction and
constant observation 1s necessary to exclude thls fallacy.
If the cough is severe, the marking point 1s usually
thrown off the recording drum, and it 1s impossible to

draw any conclusion from the tracing. (Figure 9).



*0f
+
: $ #" ) " * & * # %
. I $ %)
"Y% 9

2$3 ") & # * &0

& M) (& & * % &+
"& " ( & &% .F $ & & %(# # ' ( ' ")%
# . # ! ! * & &") &+
K" )- " $" ) "& & "& # 1 ((

"B+ #%$" ) < r s & (& | (&&
& $ #&: #%
2#3 /"$$ %) 0
$&+ & "& ! & &W%HH# * ' &
$$% ") N & 1 % #
2 "Y% 7A3



*%

V%  TA
5 ( ! "& * & %
& # ## " ( # "$$ %)
L (($ "& #. K ")
"% %& &
23 &%" .( 1 ! 1 0
# $$% !
) & ") $ $ " & | & $ +
%& . &%" . ( # | " &
I # & %(# . K ( & | % &
"8 & # & (& $ &&
V& $ I"# $ # ("& "& 1% (( % -
& 5% .( + & %& ( && $ # *v
+ & $ ( .& & $
& $ #" " & 279763 * 5

#

/

%

)

%

#

#

((



*%

(( &&+
v
& (
# $
& ' &
L& !
) &
( & ~
' L&
g -
K &%
$
$ $K
!
V% 77

(+ 3

"& $
& 7>7?7?
#%

+

) % & +



V% 77 & 5 (| I
& % "& $$% & Q K # & " 5%% &" &
| % # # %& $ ) & " &  )%& 5L
$ #" )( #"11"$%( " L(($ "& ' "# #
" (0 eI #OH# O && H# 1% # o
& % "Y% 7= & *&  5- ) !
¢ & )%&
.
%
"V% 7=
2)3  (#" ) | (( 0

&  %(+ () $ # 2=AA $$3 *& %& #

L ot & % &

#7117 0% ( %32 %773 w0 w0 (( &° 7 %e

& ((.(( & g &&".(+  * o+ &"L
L& L (& " & $ oy



* & |
2 ") %
( !

%

#
7?3

1%

(
()

$$ &"
((

n & & n 1]

#% &

2 ") %

&+
#

)Y (1%

(# # %
#" )&
7<3



0% 0% 0% 0%
0% 1 2% %
|I)% 7<

+

#1( # . (( $ $  &" " %

(") o+ D &l % # ' &&%
& & + # . &" % # "
& $ ) &" " # I #
"H % &%BS &&!%( # &% "

1% #% &

$ I &" " !

&* (((* #

(( & .

23 )( O

* & # n 1 & n )

% " * & & ! % # (( * %(#

& $ * " " *
() % 2 ")% 743

*& D % # &&".

)

&

II&

?A

8 %
(L

$ &&

n & $ # non +

& & %

&



(%

?7

33 % %"

%

"Y% 74
# & * 1 # * " * 1

“$ % * % &%$S &&!%( C(( #

&) " ! )" & ! . B #



32

SECTION 5.

GASTRIC MOTILITY IN HEALTH.

(1904)
Boldireff introduced balloons into gastric

fistulae in dogs and described phases of activity varying
in length from twenty to thirty minutes with periods of
rest of 1%4-24 hours' duration. Cannon and Washburn(lglz)
found that the perlodic activity of the stomach in man was
very simllar to that occurring in dogs. They found that

each contraction lasted thirty seconds and that there was

an interval of from thirty to sixty seconds between con-

tractions. Weitz and Vollersflgzs) Brauch,(1937)
. 1936
Dantelopolu, %) and Barron, Curtis and Heverriela, ' %

have also desecrlbed these fasting movements. The fullest

account is that given by Carlson(lgle) who classified the

phases of activity of the empty stomach thus:-

I. Periods of powerful rhythmical contractions
alternating with phases of relative qui-
escence. Each individual contraction
lasted thirty seconds.

II. Tonus rhythm (tonus contraction of the fundus).
These waves were always present, had a dura-
tion of twenty seconds, and fluctuated 1in
amplitude.

III. Pulse pressure rhythm.

IV. Respiratory pressure rhythm.
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Carlson found that these contractlions lasted
from twenty to thirty seconds. These waves occur rhyth-
mically in groups which last from a half to one hour.
Between the individual contractions, short rest pauses
occur lasting from ten seconds to five minutesa. The
number of contractions in a phase of sactivity 1is very
variable, usually at least twenty are present. The fre-
quency of the individual contractions also changes, but
it is commonly in the reglon of fourteen contractions in
twenty minutes.

2. The Tonus Wave:

Carlson described a ténus rhythm which was
caused by contraction of the fundus. These contractions
lasted on an average twenty seconds. The tonus wave noted
in this investigation consists in a series of flat-topped
waves of about ninety seconds in duration. These waves
frequently precede true gastric contractions. When this
change in the type of contrasction occurs, one tonus wave
follows more rapidly on another; the individual waves be-
come shorter in duration and higher in amplitude, and thus
merge into active fasting contractions. The occurrence of
this tonus wave is not invariably followed by hunger con-
tractlions, as tonus rhythm may continue as long as two
hours and then give place to a period of qulescence. This

succeasion of tonus waves may also be seen after s period
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of active contractions. No pause 1s present between the
individual tonus waves, the one immedlately following the
other. (Pigure 16).

In one case in which the balloon was lodged in
the fundus, very typlcal flat tonus changes were seen.
(Figure 14). The discrepancy between the tonus rhythm of
Carlson and the tonus wave described here may be explained
thus. In my own investigations, a larger balloon was used
which, by more accurately filling the stomach, may have re-
corded a wave of greater duration. An extreme case 1s
shown in the diagrsm. (Figure 17). 1In "B" every phase of
activity of the fundus is recorded; in "A" activity begins
only when tonus encrosches on that small portion of the

fundus occupied by the bslloon.

=N Large
sslloon. Balloon.

Figure 17.
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3. A Phase ovaelative Quiescence:

This term was used by Carlson to indicate the
periods of rest which occur between the phases of con-
traction. I found that in what appeared to be a quies-
cent period, extremely flat-topped waves of about 2%
minutes'! duration were occurring. These waves were of
very low amplitude and represented slight but frequent
changes 1n gastrie tone. This phase 18 the nearest
approach to complete rest found in the healthy fasting
stomach. The occurrence of this wave 1s not described

by other authors. (Figure 18).

Method A.

i ¥y N ity Py

A\

Figure 18.

4. A Tetanic Phase:
(1916)

and Danielopolu(lgso) observed -

Carlson
this phase frequently. I have never seen it in the normal
stomach. When a tetanlc phase occurs, the active fasting
contractions take place in quick succession until a phase
of prolonged high intragestric pressure develops. It is

sald to be commoner in young end virile people, but this
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has not been confirmed in the present investigation.

The onset of active fasting contractions is
usually heralded by a gradusl increase in amplitude of
the tonus wave. The actlive fasting contractions may
cease abruptly or may pass into the phase of tonus waves;
but the most common type of cessation 1s an abrupt stop,
and a subsequent periocd of relatlve qulescence. In the
healthy subject, the gastrlc fasting contractions, once
established, are usually regular in rhythm, of approxi-
mately equal amplitude and not super-imposed on esach

other.
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SECTION 6.

GASTRIC REFLEXES

e s e e

It has long been known that pressure on the
eyeball or on the carotid sinus produces a slowlng of the
heart. Sachs(lgse) records that Czermack in 1868, ex-
perimenting on himself, showed that pressure on the right
vagus and on the carotid artery had the effect of slowing
the pulse and the respirations.

A. Oculo-Gastric Reflex:
(1930)

Danielopolu stated that modersate com-
pression of the eyeball, insufficient to slow the pulse,
had weli defined effects on gastric motility. The phen-
omenon consists of a periocd of inhibition of gastric
motility succeeded by a phase of excitation. (Figure 19).
The test‘was performed in three cases, and 1t
was found necessary to compress both eyeballs with moder-

ate force for at least two minutes in order to elicit the

reflex.
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Method A.

A. B. C.
Figure 19.

A. Both eyes pressed for three minutes.
B. Phase of inhibiltion.
C., Perlod of excitatlon.

The sfferent fibres of the reflex travel prob-
8bly in the trigeminal nerve. Discussing the oculo-

cardlac reflex, Sachs(lgse) q

uotes Barre and Crusem, .

who regard the ciliary nerves of the sclera as the
afferent pathway. He also notes that Danielopolu and
Gulllaume conclude that the afferent fibres of the oculo-
cardiac reflex run through both trigeminal and sympath-
etic nerves. It is thought that the efferent fibres of
the oculo-gastrie reflex run in the vegus, and the result
of moderate pressure on the eye sppears to be slight

stimulation of the vagus. Cannon(lgll)

states that vagal

activity may cause & preliminary lowering of tonus before

the phase of increased movement 1s produced. According to
Danielopolu(lgso) both sympathetic and parasympathetic

systems are involved. He holds that one and the same
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stimulus may cause a sympathetic action on one organ and

a parasympathetic effect on another. He concludes that
the first inhibltory phase in thls reflex may be due to
sympathetic stimulation of the stomach, with parasympath-
etic stimulation of the heart, the parasympathetic effect
on the stomach becoming manifest later. It 1s impossible
to decide which of these theorles 1s correct, but the view
put forward by Danielopolu that the same stimulus may have
a sympathetlic effect on one orgen and a parasympathetic
effect on another will be found to be of considersable
Importance when the actions of calcium and other drugs are
discussed.

B. Carotico-Gastric Reflex:

This reflex 1s obtained by compressing the right
carotid buld jJust below the angle of the lower jaw. The
result is, (a) during the actual pressure, a sloﬁing of
gastric contractions followed by, (b) a state of hyper-
motility which eventually ends in (¢) a phase of reletive

quiescence. (Figure 20).
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- Method A.

B.
Flgure 20.

A. Pressure on right Carotid Sinus sccompanyled by
a slowing of gastric contractions.

B. A state of hypermotility, which was followed by
a phase of inhibition.

y = normal respiratory wave, x = increase in amplitude
of this wave during carotid compression. (Phase"™").

The increased gastric motility was followed by
a period of quiescence; and an increase in the amplitude
of respiretion was noted during pressure on the carotid
(Phase "A"). Wrighé194o) states that the external press-
ure on the carotid sinus stimulates the adventitlal nerve-
endings and reflexly slows the heart. If it 1s assumed

that the efferent nerve for this reflex ls the vagus nerve
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then the action on the stomach may again be explained

19
solely on the lines of Cannon‘s( 11)

findings, namely;
that vagal stimulation produces first a short inhibitory
phase followed by a periocd of motor activity. The para-

lytic phase may be explained by exhaustion following

hypermotility.
(1930)

Danielopolu describes this reflex as a
phase of hypermotility followed by a depressed phase. He
adds that frequently a period of inhibition precedes hyper-
motility, usually during carotid compression. His
published tracings inveriably show an inhibitory phase.
This worker's explanation of the reflex is that the in-
hibitory period depends on a momentary preponderance of
the sympathetic system and the excitatory phase coincides
with the control passing to the paresympathetic nerves.

He attributes the paralysis to exhaustion.

It was found that to obtaln these reflexes the
stomach must be in a phase of active contractions. 1If
the sfomach was in a state of qulescence neither of these
reflexes could be obtained. The importance of these re-
flexes lies in showing how extrinsic stimulation may alter

the movements of the stomach.

-
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SECTION 7.

PATHOLOGICAL CONDITIONS.

TG e e man e

A priori it would appear that gastric motil-
ity should play an important part in the rathogenesis and
symptomatology of leaionsvof the stomach and duodenum. It
must be admitted, however, that marked changes from normal
have not hitherto been described. Danielopolu(lgso)
stated that it was difficult to determine the 1limits of
normality. However, he described as typical of gastric
atony, a wave of small amplitude, and contractions which
never proceeded to a tetanic phase. In six cases of
pyloric stenosis he reported increased amplitude of con-
tractions with marked irregulaerity and fusing of the
waves. He also noted in thls condltion an arrhythmis,
the weves varying in amplitude and duration. These phen-
omena, he added, were not pathognomonic of pylorlic sten-
osis. » ,

In the present investigation, an attempt has
been made to determine whether any alteration 1n gastrie
motility can be distinguished as characteristic of patho-
logical states of the stomach and duodenum. Among the

conditions studied were (a) patients with gastro-enterostamy,
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Case 1II.

J.C., Male, aged 37. Recurring haematemesis. Gastro-
enterostomy when 22 years of age.

Starting with a haematemesis six years ago, his
symptoms have been consistent with peptic ulceration.
After five weoks of medical treatment a gastrogram was
obtained. The contraction waves had a large amplitude,
varied slightly in helght and were practically regular in
rhythm. ©No fusing of waves was seen and no abnormality
was observed.

From these two cases, it may be concluded that
normal contractions occur in patients who have had =&
gastro-enterostomy performed. This conforms with Cannon's
views for in 1911 this-wotrker stated that there was no
reason for thinking that peristalsis ceased after gastro-
enterostomy or that the food was not thoroughly churned

in the pyloric end in the normal manner.

(b) Patients with Peptic Ulceration:
(1917)

Dundon produced ulcers in the stomach and
duodenum of dogs, and found in three quarters of the dogs
greater motility than in the normal empty stomach.

(1931)
Onodera, Kanegae, Matufuzi and Hasi, as a

result of an investigation in one thousand different

patients; described three types of ulcer.
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(1) When a relatively acute ulcer is present, the
gastric tone 1s increased and the contractions
are deeper and quicker than normal.

(2) With slight pyloric stenosis associated with
peptic ulceration, the tone is decreased and
contractions are irregular with longer periods
of quilescence.

(3) With advanced pyloric stenosis and dilatation of

the stomach, there is a marked reduction in
tone and hunger contractions are wesk.

Danielopolu(lgso) stated that in gastric ulcers
the inflation of the balloon caused pain and that strong
tetanic contractions sometimes occurred. Brauch(lgsv)
studied sixty-four patients with peptic ulcer by the
balloon method, and came to the conclusion that the
important findings were irregular peristalsis, lncreased
irritabllity of the stomach and a tendency to hyperperi-
stalsis. He applied the term "gastric arrhytimia" to the
disorganised peristaltic movements which were occasional-
ly observed. This author was unable to divide hls cases
into the different categories'enumerated by Onodera and
his co-workers.

During the present study twelve patients with

various clinical types of peptic ulcer were examined.

Case I.

Acute Duodenal Ulcer. J.D., Male, 22 years:

Epigastric pain of three years' duration related to
food and relieved by alkali. Remissions last three
to four months. Epigastric tenderness present.
Blood in gastric julce. Faecal occult blood test
positive. Diagnosis of duodenal ulcer confirmed
radiographically.
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Gastrogram: Powerful fasting contractions varying

in amplitude. Fusion of waves was noted. The patient
complained of his usual stomach pain and this was found

to be present only when a contraction occurred.

Case II.
Acute Duodenal Ulcer. W.M., Male, 19 years:

Intermittent epigastric pain of two years' duration. The
most recent attack occurred six months prior to admissim
and in this the pain was most severe just before the next
meal was due. Epigastric tenderness present. X-ray ex-
amination revealed the presence of a duodenal ulcer.

(a) Method A.

S s i 2t A e s B B L B
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(b) Method A.

Figure 22.
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Gastrogram (Figure 22 (a) and (b): The contraction

waves were Ilrregularly irregular in rhythm and of high
emplitude. They tended to fuse and to become superimposed
on each other. Frequently a tetanic phase developed.

Pain was present when strong contractlions occurred. This
pain was simllar to that which commonly occurred just be-

fore the patient's next meal.

Case III.
Acute Duodenal Ulcer. B.W., Female, 25 years:

Epigastric pain of two years'! duration. Remlssion periods
of two to three months have occurred. Paln commenced
after food, occasionally before meals, and was relleved
by alkali. Epigastric tenderness present. Radlographic
evidence of a duodenal ulcer was found.

Method A.

IUEEE SE Sk 0 T i madh S sy sums ms dule Rt AN BNy NS R S R B B B O

Figure 23.

Gastrogram (Figure 23): The fasting contractions

were powerful in amplitude, irregularly irregular in

rhythm. Fusing of the waves occurred and periods of
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tetanus were present. No paln was present when the re-

cording was taking place.

‘Case IV. ‘
Acute Duodenal Ulcer. D.M., Male, 57 years:

Intermittent epigastric pain and loss of welght of one
year's duration. Present attack started four weeks'
ago with discomfort after food relieved by alkali or
by vomiting. Blood in gastric julce. X-ray examina-
tion confirmed the presence of a duodenal ulcer. ‘

Gastrogram. Strong contractions regular in rhythm

but varying markedly in amplitude. No pain was present

during the period of examination.

Case V.

Acute Duodenal Ulcer. J.H., Male, 26 years:

Haematemesls two years ago followed by intermittent epi-
gastric pain which appeared after food and was relieved
by elkali. Recent loss of weight. Ulceration of duo-
denum confirmed radiographically.

Gastrogram. Variation in the amplitude of the con-

traction wave; some waves were powerful, others weak.
The rhythm was irregularly irregular. While the balloon

was in situ, no pain was felt by the patient.

Case VI.
Recurrent Duodenal Ulcer. A.A., Male, 36 years:

Intermittent epigastric pain of eight years' duration with
periods of freedom from dlscomfort lasting sometimes six
months. Pain, more acute in the week prior to admission,
was relieved by vomiting. Tenderness present in epl-
gastrium. X-ray examlnation showed & deformed duodenal
cap with a recurrence of duodenal ulceration.
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observation.

Casgse VIII.

Recurrent Duodenal Ulcer. D.C., Male, 36 years:

Pain in upper part of the abdomen of three years' dura-
tion. At that time the presence of a duodenal ulcer
was confirmed radiographically. Since then several
relapses have occurred, the most recent starting five
weeks prior to admission. Paln present after meals
relieved by the taking of food. Eplgastric tenderness
with slight rigidity. Faecal occult blood test posi-
tive. Duodenal ulceration confirmed by X-ray.

Gastrogram. Irrsgular irregularity in rhythm and

force. No other abnormality was noted in the tracings
and no pain was felt by the patient at any time during

the investigation.

Case IX.

Recurrent Duodenal Ulcer. E.L., Male, 47 years:

Intermittent epigastric pain of fifteen years' duration
with periods lasting for six months of freedom from
discomfort. Pain occurring after meals relleved by
alkell, vomiting and the taking of food. Eplgastric
tenderness present. Faecal occult blood test positive.
Hyperchlorhydria. Ulceration of duodenum with cica-
trisstion from old duodenal inflaemmation found on X-ray
exemination.

Gastrogram. The fasting contractions showed no

gbnormality beyond an lrregular irregularity in rhythm.
No pdin wag felt by the patient during the time of

obéervation.
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Gastrogram (Figure 26). The tracing showed infre-

quent contractions of low amplitude, irregular in rhythm
and tending to fuse. The patient complained of pain when
no contraction was seen on the tracing, while during con-
tractions no pain was felt. The paln was not relieved by

atropine gr.1l/100 given subcutaneously.

Case XII.
Chronic Gastric Ulcer. C.D., Male, 53 years:

Intermittent abdominal pain after food of twenty-two
years' duration. Remisslons lasting six months have
occurred. No tenderness. Faecal occult blood test
positive. Presence of gastric ulcer confirmed by
X-ray examination.

Gastrogram. Powerful gastric contractions were

present which tended to fuse. Contractions were regular
and the patient made no complaint of pain while under

observation.

In these cases, the diagnosis was confirmed by
x-ray examinatlon. In all the acute cases, pain was still
occurring intermittently, bﬁt in the chronic relapsing
cases, pain had been absent for some time, although radlo-
graphic evidence of ulcer was still present.

The records show that the movements seen in the
fasting stomach of a patient with peptic ulcer often close-
ly resemble the normal hunger contractions. Usually slight

fusing of the waves 1s seen in such cases, but this has
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also been found in normal people; and, as shown in the
previous section, fusing may also occur in the healthy
sub ject wlith a gastro-enterostomy.

In the pressence of acute duodenal ulcers the
contractions resemble closely those described by Onodera
and his colleagues(IQSl) as a Type I. ulcer curve, i.e.
the gastric tone is increased and the contractions are
deeper and quicker than normal. These tracings frequent-
ly end in tetanic spasms. In patlients with duodenal
ulcers, powerful contractions were found in six out of
ten cases, and the arrhythmia gastrica of Brauch in a
like number. It would appear therefore that powerful
gastric contractions, irregular in rhythm and with a
tendency to fuse, favour a diagnosis of duodenal ulcer.

In the acute gastric ulcer case, on the other
hand, the contractions were weak and of small amplitude
but with_the same tendency to fuse as in patients with
duodenal ulcers. The periods of fasting gastric con-
tractions were infrequent, but once started they lasted
longer than usual and there were longer intervals be-
tween the contractions. These findings resemble closely
the description given by Onodera for his Type II. curve.

In a case of chronilc gastric ulcer, the
contractions were powerful and tended to fuse. Although

there is a characteristic type of tracing for each form
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the tracing characteristic of gastric carcinoma. In
Cases I. and II., the waves were of much lower amplitude
than those seen normally, but in Case III. the waves were

of normal appearance - though fewer in number .
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SECTION 8.

A NOTE ON PAIN IN PEPTIC ULCERATION

- e e G A e

The hypotheses suggested as an explanation of
pain in peptic ulceration may be divided, as Granet(lgas)
suggests, into three groups:-

l. Increased muscle tension.

2. Chemical irritation of the ulcer.

3. Kinsella's Compression Theory.

l. Increased Muscle Tension:

Abnormally deep muscular contractions in the
form of strong hunger or fasting movements were first
suggested by Ginsburgh, Tumpowsky and Hamburger,(lgls)
as belng closely connected with the pains of peptic

ulceration. Carlson(lglv)

was also able to correlate

the occurrence of the hunger contraction and the onset

of the pain. He noted that the fasting movements which
caused pain in the ulcer patient were not étronger than
usual, and 80 postulated an increased sensitivity of the
nerve endings in such cases. He explained that a con-
traction which would not cause pain in the normal healthy
individual would, however, excite 1t in the ulcer patlient,

1918
due to this increased sensitivity. Hardt( ) stated
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that the pain was intermittent, being synchronous with
the contractions of the stomach, pylorus or duodenum.

Ortmayer(1925) could not satisfy herself of a relation-
ship between the hunger contractions and the pain. She
found that while the administration of alkall relieved
the pain, the peristaltic movements of the stomach re-

malned unaltered. Christensen(IQSO) and Smith, Paul and

(1930)

Fowler -~ supported the hunger contraction theory.
Smith and hls co-workers held this view because they
found that ulcer distress could be relieved by the in-
travenous injection of atropine, grain 1/50th.
(1938)
Dimitriu, Tanasoca and Popovici found
that when pain occurred in gastric ulcer, contractions of

st(1929)

the stomach were always present. Hur concluded

a detalled discussion by stating that the pain of duo-
denal ulcer, as distinct from the pain of gastric ulecer,
depended upon an increase of muscle tension which develop-
ed in some way when a small quantity of acid contents was
present in the stomach. He further maintalined that this
increase in tension occurred in the pyloric vestibule and
was due to spasm of the pyloric sphincter accompanied by
deep peristaltic waves which, by the time theylreached the
vestibule, almost completely separated its contents from
those of the proximal portion of the stomach. Consequently,

the pressure in the small distal segment rose unless the
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pyloric sphincter at the same time relaxed; if, for any
reason, the sphincter did not relax there was a marked

rise of pressure. This produced an abnormal increase of
tension in the individual fibres of the muscular coat of
the pyloric vestibule and resulted in pain. Hurst attri-
buted the pain in gastric ulcer to an increase in pressure
in the proximal portion of the stomach, the obstruction at
the site of the ulcer belng due in this instance to a spas-
modic hour glass constriction. Glaessner and»Kreuzfuc£§915)
thought thet spasm of the pylorus and the duodenal cap was
the most important factor in the causation of pain in pep-
tic ulcer. Changes in the tonus of the duodenum have been

shown by Ivy, Vloedman and Keane(lgzs) to occur with a

rhythm similer to the tonus change of the stomach and to
take place almost synchronously. They suggestéd that the
hunger pains were related more closely to the contractlons

of the duodenum than to those of the stomach. Wilson‘lgze)

supported this view, finding by x-ray examination that the
gastric waves were not connected with the pain of duodenal
ulcer. He thought that the pain was due to a sustalned

contraction of the duodenum.

2. Chemical Irritation of the Ulcer:
Talma in 1884 reported the production of severe
epigastric distress by the injectlon of 500 c.c. of a
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solutlon of hydrochloric acid (1:750) into the stomachs

of two patients, one with a gastric carcinoma and the
other with a benign peptic ulcer. This was confirmed by
Suyling in 1888, and Bonninger in 1909 found that the
distress of gastric ulcer could be brought on regularly
when a decinormal solution of hydrochloric acid was intro-
duced into the stomach. In 1912, Sippy stated that the
pain and discomfort of uncomplicated ulecer was due to the
irritative action of the hydrochloric acid on the nerves

19
exposed 1n the ulcer. rPalmer( 26b)found that the pain

in patients with peptic ulcers could be produced by intro-
ducing into the stomach hydrochloric acid in strength
varying from 0.2 to 0.5 per cent. Palmer and Heinz(1954)
gave a very complete review of the literature and con-
cluded that ulcer pain was not directly connected with
pylorospasm, gastric motility or intra-gastric pressure,
but depended on the presence of an adequate stimulus act-
ing on an irritable palin-producing mechanism located in

or adjacent to the lesion itself. This adequate stimulus
might be - (a) mechanical, due to peristaltic traction or
local spasm, or (b) chemical, due to the acld reaction of
the chyme. The usual stimulus, however, was sald to be
the free hydrochloric acid of the gastric contents and the

action was probably exerted directly on nerves rendered

excessively irritable by inflammation resulting from the
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destructive effect of the acld gastric julce.

In contra-distinction to the work previously

(1892) 19
described, Lowenthal, Schmidtt 09) Boring£1915)
1911
Hursts ) and Reynolds and McClure(lgzz) hed introduced

varying smounts of hydrochloric acid into the empty stomach
in concentration of from 0.5% to 2% without producing dis-
tress in elther normal persons, or in patients with ulcer.
Hardt‘lng) found that ulcer pains might be present'when
aspiration of the contents of the stomach revealed no free
hydrochloric acid and that these palns might be relieved
by the addition of 0.3% hydrochloric acid to the stomach.
He also pointed out that gastric ulcer pains may be absent
in the presence of high acidity. He concluded that any
active process (ulcer or carcinoma), producing an abnor-
mally irritable condition, might cause intermittent pailn
synchronising with the contractions of the stomach, pylor-
us or duodenum, but bearing no relation to the degree of
acidity. Christensenslgsl) also, found no relation be-
tween the spontaneous variations 1in the acldity of the
stomach content and the appearance or the intensity of the
pain.

It 1s interesting to note that Meyer, Fetler
and»Strauss(lg&z) concluded from their investigations on

the relation of ulcer pain to gastric motility end acidity

that the patients were found to fall into two classes:-
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(1) those who had pain response to an acid stimulus but
showed no palin in relation to gastric motility, and

(2) those who had no pain following an acid stimulus but
had paln during periods of gastric motility.

S. Kinsella's Compression Theory:

(1928, 1929, 1940)
Kinsella ’ ’ put forward the view

that pain was caused by compression of sensitized sensory
nerves in and around the ulcer base produced by -

(1) inflammatory oedema, (2) increased muscle tone or
spasm, and (3) localised vascular engorgement. These
three phenomena occurred in and around the ulcer crater.

He stated that the relief of ulcer pain depended on a de-
(1940) I

crease in tissue tension. According to Alvarez,

vy
supported a simlilar hypothesis for the continuous type of
distress met with in ulcer pain. He bellieved that the in-
“termittent type of ulcer pain was probably due to changes
in tonicity of the muscle'at the site of the ulcer, brought
about by peristalsis or local spasm.

Among my own patients pain occurred in three of
the ulcer cases while under observation. In one patient
with a duodenal ulcer, the pain was present on numerous
occasions. The two patients with acute duodenal ulcera-

tion, complained of pain which coincided with the appear-

ance of a gastric contraction on the tracing. In these
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rest a normal acidity, while of the two cases which had
Pain synchronous with gastric contractions, hyperchlor-
hydria was found in one case, a normal acidity in the
other. It 1s concluded that in duodenal ulceration,
while the effect of the hydrochloric aclid as a pailn-pro-
ducing stimulus cannot be ignored, gastric contractions
appear to be mudh more lmportant.

Of interest in this connection is the clinical
finding that the administration of large doses of atropine
is valuable in patients with duodenal ulceration, when the
ulcer paln proves resistant to dletetlc treatment.

In one patient, (Case I. p.46) with an acute
duodenal ulcer, who was treated with Sippy's regime and
who, on three occasions, could not tolerate any increase
beyond the first week's dlet, which had now been given for
three weeks, the administration of atropine was apparent-
1y beneficial. Atropine sulphate gr.1l/50 was given hypo-
dermically at 10 a.m. and 8 p.m. for seven days. The
patient, who had previously complained bitterly of paln
efter food, and during the night, felt much better. Noc-
turnal pain disappeared, and he was able to take the seccnd
week of the Sippy diet, without recurrence of pain. He had
no further trouble end made a quick recovery. Notwithstand-
ing the large doses of atropine there were no complaints

of dry mouth, thirst or difficulty in reading.

il
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Ulcer patlents who do not respond to milk diet
and alkali are not common, but in two ulcer cases of this
type, atropine in single doses of 1/50th grain has been
used with apparent success, after the paln had persisted
throughout a perlod of diet of the lightest possible kind.

In drawing deductions from these successful re-
sults with atropine in the control of duodenal ulcer pain,
the effect of the drug on gastric secretlion as well as
muscle spasm, must be remembered. Controlled observations
by Bennett(lgzs) end others have shown that the administra-
tion of atropine sulphate before a test-meal, causes a re-

duction in the height of the acld curve. Test-mesals with

atropine premedication are shown here. (Figure 32).
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It will be noted that in addition to a reduction
in the height of the free acid curve there i1s a marked de-
lay in the emptying time followlng the atropine adminis-
tration. It 1s possible, therefore, that the soothing
effect of atropine on the pain which occurs after meals in
peptic ulceration is due in part, if not entirely, to the
reduction of gastric acidity. In}duodenal ulceration, how-
ever, pain is not an infrequent symptom at night, when the
stomach 1s empty. In view of thls the effect of atropine
on the fasting juilce was determined.

The action of atropine gr.1/33 was studied in
the fasting julce in two normal subjects, in three
patients with peptic ulceration, and 1n one with achlor-
hydria. The patient had received no food for twelve
hours; a Ryle's tube was passed and an attempt was made
to aspirate the stomach contents completely by removing
as much julce as possible. The aspiration was repeated
after a quarter of an hour and after half an hour. Then
atropine sulphate gr.1l/33 was given subcutaneously.

After fifteen minutes the stomach was agaln emptled.
This was repeated twice at fifteen minute intervals. No
gruel was given throughout the procedure.

The effect of the atropine on the volume of
secretion and on gastric acidity was then estimated.

(Figure 33).
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In four cases there was a reduction in the
volume of fasting julece following the atroplne, but in
the others the volume d1d not diminish. No significant
alteration could be detscted in the concentration of free
acid. These results suggest that with adequate dosage the
volume of the sacid gastric secretion may be significantly
reduced and thet this may play a part in the easing of
palin in peptlc ulcersastion.

On page 53, observatlons were described on a
patient with a gastric ulcer, who was suffering from pein
at the time of exsmination. As in gastric ulcer cases,
no relationship has been established between contractions
of the stomach and pain, it is probable that gastric acid-
ity was mainly responsible in this case, for there was
marked hyperchlorhydria. Bell(lgzs) however, reported
four cases of gastric ulcer with characteristic paln and
in all of them, there was complete achlorhydria. On the
other hand, Palmer(lggsa) reviewing the literature on
peptic ulcer with achlorhydrie, concluded that there were
no well documented cases on record. He considered that

fractional test meals should be done on several occasions

before a diagnosis of achlorhydria could be established.
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Three theorles of the causstion of paln in
peptlic ulceration have been described. Among my own
patients, pain was synchronous with gastriq contractions
in subjects with duodenal ulcers and was unrelated to
contraction in subjects with gastric ulcers. Atropine
sulphate gr. 1/50 has been found effective in relieving
the pain of peptic ulceration where this has been reslis-
tant to dletetic treatment snd alkali. The production
of free hydrochloric acid after a fractional test meal
has been shown to be reduced followlng a dose of atroplne
but the emptying time was prolonged. Atropine also
diminished the volume of fasting juice. It is probable
that these results partly explain the relief of pain
produced by this drug in peptlc ulceration.
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SECTION 9.

THE WATER REVERSAL PHENOMENON.

Welch,(lgss) using the condom balloon in the

fasting stomach, investigated patients who had clinical
evidence of abdominal disturbance. Normal patients show-
ed complete inhibition of hunger contractions when food
of almost any kind was Introduced into the mouth. 1In
fourteen out of sixteen patients with abdominal disturb-
ance, Welch found, that after the first taste of food,

an increase of tone occurred in the stomach with an in-
hibitlon of peristalsis. Carlson(lgls) showed that cold
water, added directly to the stomach by stomach tube,
caused an inhibition of hunger contractions for three to
five minutes. In the present investigation, it was found
that draughts of cold water (four ounces) will cause
cessation of the gastric fasting contractions in healthy
subjects for at least ten minutes. This experiment was
done repeatedly in six patients with normal stomachs,

and the time of inhibition of gastric motility varied
from ten to thirty-five minutes. The momentary cessa-
tion of gastric contractions caused by swallowing & .sip
of water is shown in Figure 34. The typical result after

swallowing four ounces of water is demonstrated in
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Method A.

Figure 34.
At x, sip of water given.

Method A.

A
Figure 35.

At arrow, four ounces of water given by mouth.

Method A.

N f
.v,,ﬂwwd . Nt s

A 3 S ﬂ%“% &34
(2) L e ‘ ‘ QWM

Figure 36.
At arrow, four ounces of water given by mouth
in tracing (1).




76

Figure 35, where there is complete inhibition of contrac-
tions for at least ten minutes. The same effect 1s seen
in Flgure 36, where powerful contractions in a patient
with a normal stomach but hyperchlorhydria, immediately
ceased after he had swallowed four ounces of water; in
thils casé the phase of relative quiescence lasted twenty
minutes.

In cases of peptic ulceration, a draught of
cold water falled to abolish thevfasting contractions.
Eight cases of peptic ulceration were given four ounces
of water and the results are shown in Table I. and in
Figures 37, 38, 39 and 40. The case number referas to the

brief clinical histories given in Section 7 (b) p.4s.

Method A.

Filgure 37.

At first arrow, four ounces of water glven.
At second arrow, paln present.
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The Effect on the Gastric Motility of

Swallowing a Draught (4 oz.) of Water

Diagnosis

Six normal subjects

Acute Duodenal
Ulcer (Case I.)

Acute Duodenal
Ulcer (Case II.)

Acute Duodensal
Ulcers (Cases III.
and IV.)

Recurrent Duodenal
Ulcer (Case VII.)

Recurrent Duodenal
Ulcer (Case VIII.)

Chronic Duodensal
Ulcer (Case X.)

Acute Gastric
Ulcer (Case XII.)

Response

Immedlate inhibition last-
ing 10-35 minutes.

Two minutes after water one
painful contraction, then
three minutes quiescence,
followed immediately by
powerful gastric contrac-
tions (Figure 37).

No inhibition-immedlate on-
set of tetanic contractlons
on repeated occasions accom-
panied by pain (Figure 40).
Contractions unaltered by
atropine sulphate gr.1/100
subcutaneously given immed-
lately before the water.

No inhibition-contractions
continued unsaltered.
(Figure 38).

No inhibition-tonus rhythm
occurred.

Yo inhibition-contractions
continued but of lower
amplitude.

‘No inhibition-tonus rhythm

for 5 minutes then contrac-
tions restarted.

No inhibition-contractions
continued unaltered.
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Method B.

Method A.

IT.

Figure 38.

Tracing I. shows a gastrogram from a patlent with an
acute duodenal ulcer and on two occasions at the
arrows, four ounces of water were glven with no
effect on the contractions.

Tracing II. shows a normal case with the usual re-
sponse to four ounces of water given, at the
arrow.
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It is concluded that the normal inhibition of
ten to thirty-five minutes duration, produced by swallow-
ing four ounces of cold water, does not occur in ulcer
cases. Instead of this, one of four phenomena may be
seen: -

1. Immediately after the patient swallows the
water, an intense incresase 1in gastrlic tone
may occur, accompanied by the onset of te-

tanic contractions.

2. The gastric contractions may continue unin-
terrupted.

3. The contractions may give place to tonus
rhythm.

4. A period of inhibition of very short duration
may occur. This happened only once in a

serles of observations on eight patlents.

This change in the behaviour of the stomach,
following a draught of water, may be an indication of in-
creeased sensitivity of the neuromuscular mechanism to in-
tra-gastric or intra-duodenal stimuli when an ulcer is
present. Even gentle stimulation of the ulcerated area
is sufficient to cause reflexly either increased contrac-
tions of the stomach or the onset of tonus changes instead
of the normal period of inhibition. These suggestions have
already been made by Carlsonflglv) who postulated an in-
crease sensitivity of the nerve endings in ulcer patients.
Hardt(lgle) and later Palmer and Heinz(1954) also postulat-
ed hyper-irritability of the nerves due to inflammation
and considered that this played an essential part in the

production of pain in peptic ulceration.
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SECTION 10

THE RELATION BETWEEN THE SECRETORY ACTIVITY OF THE
STOMACH AND THE GASTRIC FASTING CONTRACTIONS

Onodera, et alii, stated that no relationshlp
existed between the degree of gastric acidity and the motar
activity of the stomach. Twenty-three cases were investi-
gated in my own serlies: a fractional test-meal was performed
and later the gastric motility was studied by the Balloon
method.

The degree of acidity was assessed on the basis
of the greatest concentration of free hydrochloric acid
attained during the fractional test meal and expressed in
terms of decinormal acid. The emptying time was judged as
the period during which starch remained in the étomaeh,
using the starch-iodide test. -

The strength of the contractions, was measured
by the amplitude of the wave (mm.) and the breadth of 1ts
base (secs.) and the time between individual contrections
was noted.

Conclusions (based on results in Table II.): Despite

the variation in the acid content of the stomach from
merked hyperchlorhydria to complete achlorhydria, the

duration of the individual contraction wave is practically



82

TABLE IiI.
[ Amount of
free hydro-
chloric Ampli- :
acld ex- tude of Interveal
pressed in Empty-| contrac- Duration between
c.cs. of ing tions of individual
N/10 hydro- | time measured | contrac- | contrac-
chloric in in milli-| tions in | tions in
Case| acid. hours. metres. seconds. | seconds.
1. 100 1 40 30 30 - 90
2. 90 2% 24 33 90
3. 85 1% 24 30 30
4. 82 1% 20 33 180
5. 72 2 20 30 30 - 90
6. 70 2% 10 30 120 - 480
7. 70 1% 12 30 30
8. 55 1% 30 35 30 - 90
9. 52 1% 30 35 60
10. 50 2 16 35 90
11. 50 1% 25 40 30
12. 45 13 30 35 30
13. 45 13 15 30 45
14. 45 1% 20 30 60 - 90
15. 40 1% 20 30 90 - 270
16. 40 2% 15 30 90
17. 30 1% 15 30 30 - Tetan-
: lc stage.
18. 30 1% 16 30 30
19. 30 1% 25 35 45 - 60
20. 30 1 25 30 30 - 45
21. 30 1 15 30 15 - 30
22. |Achlorhydria. 1% 20 30 90
23. JAchlorhydria. 1% 20 30 30
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The interval between individuasl contractions
varies from the tetanlc state (where no true pause can
be said to exist) to a maximum rest period of about eight
minutes. Thils interval 1s not related to the degree of
acidity but varles from one person to another.

The emptying time of the stomach, the amplitude
and duration of contractions, and the lnterval between

contractions appear to be unrelated to one another.
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PART 2.

SECTION 1.

L A el

THE ACTION OF DRUGS ON THE MOTILITY
OF THE FASTING STOMACH.

The Method of Assessing Drug Action:

Certaln factors must be kept in mind during any
investigation on the action of drugs on the contractions
of the empty stomach. Sachs,(1936) In experiments with
drugs #cting on the vegetative nervous system, stated -
"the concentration, dose and mode of application of the
drug, the tonus and excitability of the innervated organs
and the state of the whole autonomic system, central and
.peripheral, must be taken into consideration".

In the following experiments, the drugs were
glven elther by subcutaneous, intramuscular or intravenous
injection. The actlion of the drug was studied on different
phases of gastric activity. The patient, who had been pre-
viously trained to swallow the balloon, was 1n a state of
contentment. If any difficulty was encountered in passing
the balloon, the experiment was abandoned.

Drugs may have varying effects on gastric motil-
ity according to conditions existing at the time of
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adminisgtration. 1If the stomach 1s showing active hunger
contractions (Phase I.), the action of a drug may be:-

(a) to stop them, or (b} to increase their frequency or
amplitude, or (c) to lesve them unaltered. The result of
a single experiment would be worthless, as these periods
of contractions are self-limiting and while normally last-
ing a half to one hour, the contraction phase might be
ending spontaneously at the time of administration of the
drug.

The following general rules have been adopted
to assist in drawing conclusions from the results of the
various investigations. If a drug given early in Phase I.
(hunger contraction phase) coincides on every occasion
with a cessation of contraction, i1t seems falr to conclude
that the drug has a sedative actlion on gastric motility.
It has been found that in the middle of a phase of hunger
contractions, the interval between the contractions is of
the seme durastion. The tetanic phase (Phase IV.) 1s very
rarely seen, so that if a drug which is given early in
Phase I. constantly produces sn increase in the frequency
and amplitude of contractions, it 1s concluded that the
drug has a stimulating action on gastric motility. The
period of tonus change (Phase II.), while frequently the

precursor to true gastric contractions, may pass 1nto
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relative quiescence (Phase III.) without the occurrence

of gastric contractions. If a drug given in a period of
tonus change repeatedly causes this to pass into Phase I.
(hunger contractions) then this drug is assumed to have

an excltatory action. No conclusion, however, can be
drawn 1f the tonus changes disappear. Any drug given in
Phase III. (relative quiescence), which in repeated ex-
periments is followed by the onset of gastric contractions,
1s assumed to have a stimulating action.

A distinction must be made between drugs power-
ful enough to cause new gastric contractions during a
phase of relative quiescence and those merely augmenting
or increasing the frequency of hunger contractions already
established. There are thus several degrees of excitatory
action.

The actual effect of the injection appears to be
of no significance. Control injections of normal saline
(10 c.¢.) 1intravenously did not affect gastric motility.
(Figure 42).

In many of the figures shown in this portion of
the thesis, two or more traclings are seen in the same
photograph. These are marked Tracing 1. and Tracing 2.,
and in every case the second tracing is a dlrect contin-

uation of the first.
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SECTION 2.

The Action of Atropine:

It 1s generally accepted that atroplne paralyses
the post-ganglionic fibres of the parasympathetic system,
or, as Fraser(lgss)explains, prevents the effect of the
liberated acetylcholine. Among many other results, this
action should produce (a) a quickening of the heart-rate,
and (b) a reduction of gastric motility, as both these

effects are due to paralysis of the nerve endings of the

vagus.
In the isolated stomach of a dog, Zunz and
(1926)
Tysebaert | found only weak contractions after 1 mg.
1932
of atropine per kilo. Bastedo( ) quotes Ginsburgh and

Tumpowsky, who found that 0.8 - 1.5 mg. (1/80 - 1/40 gr.)
inhibited the hunger contractions of dogs; and noting the
same effect when the splanchnic nerves to the stomach were
cut, they concluded that the action was purely peripheral.
In man, Lasch(lgzz) stated that lncreased peristalsis was
1h most cases inhibited by atropine but no cessatlon of
normal movements was found. This experiment was performed
by means of x-ray apparatus and repeated barium meals.
Tetelbaumflgza) using the balloon method wlth fasting
patients, found that 0.3 - 0.5 mg. of atropine stopped

contractions of the pylorlc part, although sometimes a
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larger dose was necessary. He stated that 0.3 - 0.5 mg.
had no effect on the peristalsis produced by food; 1 mg.

of atroplne was necessary for this.

(1928)
Rall, by the same method, noted that twenty

drops of 1/1000 solution of atropine sulphate (1.2 mg.)
orally, caused a diminution in gastric motility and pre-
vented backflow of bile into the stomach. The normal spasm
of the pylorus was not inhibited and subcutaneous adminis-
tration was found more effective than the oral route.
Neidhart(193§) in his first series of experiments, stated
that 0.5 mg. of atropine sulphate subcutaneously had no
constant effect. In a second series (1935) he found that
0.3 mg. intravenously reduced gastric contractions; 0.5 mg.
intravenously produced a short period of paralysis and

0.7 mg. more prolonged paralysis.

DanielOPOIH,(lgso) using the intravenous route,
described experiments in which 0.05 mg. caused 1lncreased
tone and aemplitude of gastric contractions; 0.25 mg., if
given when the contractlons were maximal, lowered tonus
and stopped movement. The hypermotllity with very small
doses was accompanied by a slowing of the heart-beat.

In the present investigatilon, the range of dos-

age was 0.05 mg. to 2 mg. of atroplne sulphate. Both sub-

cutaneous and intravenous routes of administration were
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Actlon of Atropine Sulphate .05 to 0.3 mg. Intravenously.

Actlon on
Case | Dose Pulse-rate Effect on Gastric Motility

1. |.05 mg. |Slowed in 10 | Given during hunger contrac-
mins. by 7 tions - immediate increase
beats/min. and augmentation of contrac-

tions.

2. |.1 mg. Slowed in 5 Glven during tonus changes -
mins. by 8 in 4 mins. increased to
beats/min. gastric hunger contractions.

3. .1 mg. Slowed in § Given auring hunger con-
mins. by 10 tractions - immediate in-
beats/min. crease in frequency and

amplitude.

4. |.1 mg. Slowed in 5 Given durling hunger contrac-
mins. by 7 tions - slight immediate in-
beats/min. crease in freguency.

5. .1 mg. Not taken. Glven during tonus change -
In 7 mins. onset of typlcal
hunger contractions.

6. .1 mg. Slowed in 5 Given during relative quil-

' mins. by 10 escence - no contractions

beats/min. produced.

7. .2 mg. Slowed in 5 Given during hunger contrac-
mins. by 3 tions, continued unaltered
beats/min. for 10 mins. then slight in-

crease in amplitude and fre-
quency of contraction.
8. |.3 mg. Not taken. Given during weak contrac-

tions in 10 mins. contrac-
tions which had continued
became much stronger.

i
|
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It 1s clear that atropine by the intravenous
route in doses of from 0.05 to 0.3 mg. produces -
(a) & slowing of the heart-rate, and (b) a stimulating
action on gastric motility. If hunger contractions are
present these are augmented and increased in frequency.
If the stomach is undergoing tonus change, this is con-
verted into more active gastric contractions. In one
case, however, during a period of quiescence no contrac-
tion was produced.

(b) The Effect of Atropine in Dosage of 0.4 mg. to
1 mg. by Intravenous Injection:

The next investigation consisted of the adminis-
tration of atropine 0.4 mg. intravenously to three normal

subjects. (Table IV.)

LR R R R

Actlon of Atropine Sulphate 0.4 mg. Intravenously.

Actlon on
Case Pulse-ratse Action on Motility
1. quickened by 20 Given during hunger con-
~ beats/min. in 5 mins. | tractions - immediate
after injection. cessation.
2. | Quickened by 24 Given during hunger con-
beats/min. in 5 mins. | tractions - immediate
cessation.
3. Quickened by 18 Given auring hunger con-
beats/min. in 5 mins. | tractions - immediate
cessation.
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Atropine 0.4 mg. intravenously appears to have

a sedative action on gastric motility accompanied by =

quickening of the pulse.

- an o an -

Action of Atropine 0.6 mg. Intravenously.

Actlon on
Case Pulse-rate Action on Motility

1. Quickened by 8 Given during hunger contrac-
beats/min. in tions - immediate cessation.
5 mins.

2. Quickened by 19 Given auring hunger contrac-
beats/min. in tions - immediate cessation.
5 mins.

Se No quickening - Given auring hunger contrac-
slight slowing 4 tions - immediate cessation
beats/min. 5 mins. | of stomach movements lasting
after injection. 30 mins. :
Normal in 30 mins.

It 1s seen 1n Table V. that 0.6 mg. of atropine

sulphate given intravenously to three normal patients

appears to have an inconstant actlion on the heart but a

constant sedative effect on the gastric motility. Quick-

ening of the pulse seems to be the most usual action, but

it 1s interesting to note that in Case 3, slowlng of the

pulse was associated with an immediate cessation of

hunger contractions.

(Figure 44).
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Method B.

Filgure 44.
Atropine gr.1/100 given intravenously at arrow.

Finally, atropine sulphate 1 mg. was given in-
travenously to one normal subject. There was immedlate
and complete cessation of gastric motility. The pulse-
rate immedlately increased by 27 beats/per minute in five
minutes, thereafter gradually falling to the pre-injection
level. These are the effects with which the clinician is
familiar when he gives atropine sulphate in its maximum
officlal dose.

It can.be seen at this stage that there are two
widely differing actions of atropine: - (1) with very
small doses, a stimulant effect on gastric motility and

a slowing on the heart-rate and (ii) with larger doses,
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a sedatlve action on gastric motllity with a quickening
effect on the pulse-rate.

(¢) The Action of Atropine in Dosage of 0.6 to 2 mg.
by Subcutaneocus Injection:

The actlon of atroplne in doses of 0.6 to 2 mg.
(1/100 - 1/33 grain) by subcutaneous injection was next
Investigated because the drug is commonly used therapeu-
tically in these doses to relieve spasm. Normal sub jects
and patients with peptic ulcer were investigated. The
data in Table VI. show the action of atropine sulphate
0.6 mg. by subcutaneous injection, on the pulse-rate and

gastriec motility.







































































































































































































































































































