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THE UNPLEASANT side effects that may
accompany gastric resection justify a con-
tinued search for a more physiologic opera-
tive approach to peptic ulcer. This requires
a broader knowledge of the physiology of
gastric secretion with emphasis on the man-
ner in which secretion is regulated.

Dragstedt,4 Wilhelmj,9 Woodward 10 and
others, have shown that the presence of
acid in the antrum of the stomach regulates
gastric secretion by paralyzing the further
release of the antral stimulatory hormone:
gastrin. However, others have suggested
that a falling antral pH results in the elab-
oration of an inhibitor to further gastric
secretion.'-3' 6 The recent report that gastric
juice contains a substance which, when
given intravenously to dogs, inhibits the
secretion of acid, indeed, results in atrophy
of the gastric mucosa if the injections are
prolonged, lends some support to the the-
ory of active inhibition.5

All previous investigational efforts to dis-
tinguish between paralysis of stimulation
and active inhibition have depended upon
the interpretation of secretory responses of
variously constructed pouches in dogs. This
report describes an attempt to detect the
hormonal aspects of gastric secretion in an-
esthetized cross-circulating dogs. The study
had four objectives:

1. The production of a predictable stim-
ulus to gastric secretion.

2. Inhibition of the secretion.
3. Detection of the hormonal nature of

the stimulation, if any.
4. Detection of the hormonal nature of

the inhibition, if any.
* Presented before the American Surgical As-

sociation, White Sulphur Springs, West Virginia,
April 4-6, 1960.

Twenty-seven dogs were used in single
experiments, and 70 dogs were used in
cross-circulation experiments.

Materials and Methods
Adult mongrel dogs, varying in weight

from 12 to 20 kg., were used. When cross-
circulation was planned, the animals were
paired by weight within 1.5 kg. Each dog
was starved for 24 hours, and prepared
with morphine sulphate 10 mg./kg. intra-
muscularly, 30 minutes before operation.
Anesthesia was achieved by a single intra-
venous injection of chloralose (50 mg./kg.)
and urethane (500 mg./kg.). The abdomen
was opened with a long midline incision.
A flanged, plastic cannula was inserted
through the posterior wall of the fundus of
the stomach immediately above the highest
short gastric arteries. The cannula was de-
livered through the eleventh intercostal
space in the mid-lateral line of the flank
and secured with an appropriate collar.
Gastric outlet obstruction was produced
by ligating the duodenum immediately dis-
tal to the pylorus. In animals which were
to be stimulated, a straight, No. 18 French
catheter carrying an inflatable balloon was
passed through the pylorus prior to the
ligation. The distal end of this catheter was
delivered through a duodenostomy and to
the outside through the abdominal wall. In
the cross-circulation experiments, the ab-
dominal aorta was mobilized, cross-clamped
proximally and distally, (simultaneously in
both dogs), and divided. Each proximal
aortic stump was cannulated with an 18-
inch length of one-quarter inch, nonwet-
table, plastic tubing. The tubing was filled
with saline containing 0.5 cc. heparin and
its distal end inserted into the distal aortic
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stiuimp of the opposite clog. The cross-

claiiIps wx-ere tleni reimnoved sitllitaiieoislv
fromil both aortas (Fig. 1).

Following( clostire of thet abidominial w\all,

the (bor was tturne(d on its left side. Gastric
jiuice wias collecte(I fromii the fuindtis can-

nula] at 1.5-minutite intervals for the (utiration
of eacl1 experimilenit. One cul)ic centimileter

of eacl specimencii wvas titrated with 0.1 so-
diumn hydroxide uising Toepfer's reacgent as

indicator. The number of Cul)ic centimineters
tuseul xvas converted to inilliequivalents per

imilliliter byv dividinrg by ten, and expressed

ais total millicquivalents by miuiltiplyxinig 1b
the 1I53-iiminte volumei.

Stiimutilationi of secretionl ts achieved 1b
grently inflatinig the antral balloon uIsinlg ap-
proximiaittely 15 to 25 cc. of air. Inhibition of
secretion was aichievced b tuiriiing the d(og
oito its ricrht sile and introduiciing either
100 cc. of (rastric jtuice or saline adjuisted to
p)H 1.0 wx-itlh 0.1 \N hydrochloric acid.

Results

1. The Production of a Predictable
Stimulus to Gastric Secretion. This was

accomiplished in tlhree ways using 20 dlogs.
Fir-st, the basal secretioni of a (log previously

siubjected to antrectomiiv was observed. The

iafferenit anid efferent limbis of the gYastro-
enterostoiniv were ligcated dIutring the collec-
tion perio(l. Secold, the uinstimulattedl secre-

tion of intact (logs (wN-ith nothing in the
antruii ) was recordedl. Tlhird, the secretory
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FIG. 1. Schernmtic vicxv of the inter-connected
aortas for cross-circulation betw-een (logs. Note
halloon in one grastric antrum.

i-espoiise of the iintact clog withl aii inflated
balloon in the antruimi wx as notecl. Chlarac-
teristic respon-ses are repro(ldlce(l in Fig-

uire 2.

2. Inhibition of the Stimulus to Secre-
tion. Fotur (logs wx-ere prepared as described
andI stimilation of (grastric secretion achieved

with a ballooni in the antriuml of the stoimi-
aich. After secretion wN-as wvell established,
and blad conitintued xvithout interruption for
three hours, the clog rwas turned onto its
right side ain(l 100 cc. of gastric juice, or

saline adljuisted to pH 1.0, w-as introdticed
into the aintruiml (thie balloon remaining in-

flated). Since the animiail wx-as on its right
side, collections from the fundic cannila
were not possible during this period. At the
end of three additional hours, the experi-
Imlent was concluIded 1wv turning the clog
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Fi(.. 3. Tree cffcet of acid in the bal
stimtulated antrtim.

b-ack to its left side, (Iraining the

tlhrotuglh the findtus ccannula, and in

the concentration of lhy-droclhloric
the -oltume accumulated over tl
lhouirs. An example of this experimn

produiced in Figture 3. -Note that t
voluiime duiring stimulation was 9.6-
h1r. prior to introdcuctioin of acidl
antrutiim. For the next tlhree lhotur
sponse to introdtuction of atci(l int(

trumln, the imieain secretion fell
Meq. hir.

:3. The Hormonal Nature of th
lation. This phase of the study- x

dulcte(l in two -ways. First, single d

previotisly c onstrtucted Heidenhain
were prepared ini the uistual manner
secretioin was stimoitdated by inflatin:
trall balloon and the secretory resl
both the fundi(utis anid the Heidenhali
r(-cordle(l simnutltaneou sly at 15-mi
tervals for six hlouirs. The clharacte:

spionse if both is reprodutced in F

The imecan secretory responise of the ftnuclts
'was 2.641 \Ieq. /hr. while that of the pouch

was 0.595 Nleq. hr.

Next, contintuotus cross-circulation was es-

tablislhed between dogs, paired by weight,
ith a catheter-balloon in the antrum of

one animial only. The secretory response of
1)oth animials lwas then ol)served at 15-mim-
ute intervals for six consecutive lhouirs. Forty
(logs were uise(l. Figutre 5. is an example of
the respoinse observed. The mean secretoir
respoinse of the stimulated ainimiial w-as

6.781 'Meq. "hr., -while the mean secretory
response of the unstimulated para-biotic
mate xvas 2.327 Mleq. hr.
4. The Hormonal Nature of the Inhibi-

tion. Tw\o teclhnics -vere uised for this study.

I(Total) First, continuouis cross-circuilation was es-

tablislhecl between paired animals, the an-

ti tim of onie cointainingt a catheter-balloon.
Me/h r Follow iIng iinflation of the balloon, the secre-

tory respoinse of that (log wvas followed con-

secuitivelv for six lhouirs. \Meanwhile, the
5 6 secretory respoonse of the para-biotic (log

wNas obserxved for the first three lhoturs, at
IloonI- -which time the latter aniimnal wN-as turned

on its right side and its antrum filled with

stomniachl 100 cc. of gastric juiice. This precltu(led ob-
eastiring serv-ation of its secretory response for the
acidl an(l last tlhree hours. This experimnent was at-

lie tlhree temipted seven times, buit fouir were not

ent is re-

-he mlleaIn

. IMeq./
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s, in re-
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Logs witi
poticlles
Gastric

g the ani-
ponse of
in pouclh
nute in-
ristic re-

'igutre 4.

8.0o

70.O

6. 0O

5.0O
Meil

Furidus Hc . 4 0

/~~~~~~/~ .0.

21.0.

0.0

< ~~~~~3.0-

Pouch 2 0-
Meq
Hc l 0

0 .0 _

HOURS

MEAN: 0.595 Meq hr.
1. 39

0 1 4

2 3 ' 4

HOURS

5 6
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completed due to the appearance of urti-
caria (once) and clotted cannulae (tlhree
times). Figture 6 is representative of this tyrpe

of experiment. The meean secretory response

of the stimulated dog over three lhours wN-as

4.5-95 MIeq./hr. Following introduction of
acid into the antrum of its para-biotic mate,
the mean secretory response fell to 2.459
MIeq. /hr. for three hours.
Since deterioration of the animals could

explain the decrease in secretion, the fol-
lo0w7ing experiments wvere done. Continuous
cross-circulation wvas established betw een

paired dogs as described. A catltheter-hal-
loon wA-as placed in the antrum of only
one dog. Following inflation of the balloon,
the secretorx response of this dog w7as ob-
served at two hour intervals for six con-

secuitive lhours. MIeanw\hile, the secretory
response of the para-biotic miiate wNas ob-
served for the first and last twov houlr seg-

ments of the experiment; however, during
the middle two lhours this clog wN7as turned

onto its right side and 100 cc. of gastric
jutice introduiced into its antrum. This ex-

periment -was clone eight times, four of
lwhich w7ere never completed due to blood
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Fi(.. 5. The transfer of antral stimuilation, betw-een
anim,als, bI cross-circulation.
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FIG. 6. The transfer of antral inhil)ition, between
animals, b1 cross-circulation.

clotting an(d slhock. A chlaracteristic response

for this experiment is reproduced in Figure
7. The effect of introduicing acid into the
antrum of the uinstimulated clog during the
middle one-third of the cross-circulation
wN-as to reduce the mean secretory response

of the stimulatedcldog from 4.685 to 0.568
Nleq./71r. That deterioration of the animals
w-vas insuifficient as an explanation for this
ohservation is apparent bh the return of
secretion to 6.386 \Ieq.//hr. for the last two

hoturs of the experiment.

Discussion
Method. Some of the technical feattures

of the experimental method require conm-
mrient. Since previous studies have been ac-

complished in pouch dogs, awvake and nor-

mally responsive, the interpretation of
comparahle stuidies uin(ler anestlhesia is halz-
ardouis. However, UTvuas S has reportedl suIc-
cessfuil observtatioins of gastric fuinction tin-

der the hypnotic agenIts: cliloraitlose aind
ti hnteliae, folloving preoperative adm(liniiis-
tration of miiorphine.
To lower the pH of the gastric antrum,

isotonic saline adjuisted belowr pH 1.5. with
0.1 N hydrochloric acid, is adequiate. Fresh
cloa g,astric jutice proved equally effective,

\Vluullric I5"
Norrumber 3 413
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Ft-;. 7. The tran.sfer of antral inhibition, between

ainimals, by cross-circeilation.
provided its 1pH wsus lower than 1.5 before
uIse.

The miieclhanical and physiological factors
involved in cross-circutlation 'were manr.
Since the animlals w-ere not heparinized,
many cross-circulations wvere abandoned
(Itn to clotting of the cainnulae during the
six to eiglht houir experiments. Blood sub-
groups wfere responsible for transfusion re-

actioins, Imaclnifested( undlbler anestlhesia bv
urticatria, tachvcardia, gastric hvpersecre-

tion, and deterioration of the animals, in
15. to 20 per cenit of the experiments.
These factors, pluls the occasional appear-

atnce of shock, bleedinog from one animal
iInto the otlher, pluigginig of the fundus can-

ntlale w\ith foodl particles, leaves, etc., w7ere

a freq(uleIlt threat to suiccessfuil coimlpletion
of eachi experimieint.

Results. Gentle (listenltioni of the antrumiii

is kniowni to be an effective stimultis to gas-
tr-ic seei- tioIn ill tonantiesthetized dogs. In
these stti(lies, the samiie stimiiulus proved suec-

cessful cindler anesthesia. Since: 1 ) There
W ats 110a SeCretion fromll- it(atdor ill whicli the

altrit111 1 ia(l 1 prev'ioisly b)(ccn rIintoved'; 2)
The stimII1uluis \w-as mechanical to the an-

triumo :3) The stimiiluis produiced secretion
froIm a Heidenhain pouichi; and 4) The

stiullluls wx-as transferable throuigh the vas-
ctilar system (at least in part) to the futnd(uts
of an tIIustimuitilated clog, it lacld manya of the
knowrn chiaracteristics of gastrin. Its elab-
oration with regaclrd to the integrity of the
vagus nerve lhas not -et been clefinecl in this
preparation.
The inliibition achiev7ed by cross-circulat-

tion uinder anestlhesia also requiires cautiouis
interpretatioin. For exa.mple, the secretory
response (luring the first and last tw o hours
of the experiment depicted in Figuire 7
mighlt represent the combined stimulation
of tw-o animiials, w-hile the "inhibited" mild-
dle twN-o lhouirs represents the net stimula-
tion remaining after paraly7sis of the para-
biotic antrulm w7ith acid. Suibsequient experi-
ence ith discontinuiouis cross-circuilation
appears to eliiminate this objection. Also,
the slhifts of 1)loo00 voltumne from one animal
to the otlher, mniade possible by prolonged
cross-circtilation, h1as an immeediate and

pronouniicedl effect on the gastric secretory
response. Indeed, it appears that er-

secretion is one of the responses to hvper-
volemia in the absence of direct antral
stimntulation. On the other lhand, hypo-
volecm ia iinterrtupts gastric secretion even in

the presence of antral stimulllcltion. This fac-
tor also hlas been carefully controlled in ouir
recent experimnents.

Summary
Distention of the antrum of the stoimachl

of a dog, tunder imorphine, clhloralose aild
turetlhane ainesthesia, resuilts in stimlallttion
of gastric secretion.
The antral stimutltus is aclso manifest, in

part, in a Heidlenilhaioi poulchi, andI is appar-
eni-tl- tranisferable, by cross-circulation, to
tHie intact fLncluts of a second(l dlo
The secretorv response to aiutral stiiiiulat-

tioIl, tundcler the anestlhesia uised, ceatses after
introcltictioni of aci(l into the stimul-ate(d
ailltI I111)1.

The secretory response of a stimulated
(log can be inhiihitedl by introducing acid
inlto the antrulm of a non-stimutlated doog

414
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with which it is cross-circulating, under the
conditions of these experiments.
Some of the technical and physiological

factors involved in experiments involving
continuous cross-circulation have been dis-
cussed.
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DISCUSSION

DR. LLOYD M. NYHUS: The experimental study
presented tonight by Dr. DuVal represents a
phenomenal amount of hard work. Further eluci-
dation and interpretation of these results will be
necessary to realize their total significance. We
must also understand the facets of acid stimulation
to realize the complexity of the problems of
inhibition.

It has become apparent recently that on the
stimulatory side of gastric acid secretion the vagal
release of gastrin has a significant role in the
over all spectrum of gastric acid output.

Thus, there are found significant phases of
acid stimulation instead of the formally postulated
three phases: 1) direct vagal, for the direct action
of the vagi upon the parietal cell; 2) vagal antral,
or the effect of the vagus upon the antrum to
release gastrin; local antral, the effect of chem-
ical and meclhanical stimulation of the antrum
upon ga.strin release; aind, 3) the intestinal phase
with its previous connlotationj.

Inhibition of gastric acid secretion from antral
sources may be produced by vagotomy, or by
perfusion of the antrum with acid or cocaine.

(Slide) This slide demonstrates the inhibition
by acid of the vagal release of gastrin. As we well
know, acid inhibits the mechanical and chemical
phases likewise as does cocaine. It has been be-

lieved that this inhibitory effect upon acid secre-
tion was due to the blockage of gastrin release
at its point of origin in the antrum and since
cocaine affects inhibition a neutral cut-off mecha-
nism has been postluated, rather than inhibition
due to an antagonistic hormone.

In the past four years three papers have been
presented which indicated the presence of an
inhibitory hormone. However, none has been con-
firmed. The work of DuVal and Price is the
strongest evidence that such a hormone exists.

In canine gastric secretory studies simple
nausea or retching in the animal can markedly
inhibit the output of acid from an isolated gastric
pouch, regardless of the stimuli. One wonders
what the total effect of these acute experiments,
under anesthesia, with the blood volume shifts,
and so forth will be upon the output of acid in
these animals.

We shall await with interest furtlher work by
Dr. DuVal, and I am sure of malny others, in
this fascinating area. I wish to thank Dr. DuVal
for allowing me to see his manuscript in advance
of his presentation and also the Association for the
privilege of the floor.

DR. MERLIN K. DUVAL (Closing): I wislh to
thank Dr. Nyhus for being kind enough to discuss
this paper for me; and I appreciate the privilege
of the floor.


