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Uotility of the Stomach.

For the study of the stomach we used lurge speciuens of iafa diaphane

ult Raju stabuliformis (120 ome lemsth snd 20 %o 25 kme Wolght). In these

the various nerve branches can be easily found. The anisals were lumobilized by
seotion of the spinal oord below the medulls. Artifioial respirstion was employed

2, pads. Bhoagh, gus) o boaB sptrdhan

by having a cammla through which sea water

In some experinents two ballocns were inserted into the stomach,
one in the cardlac portion and the other in the pyloric portion; these com-
ooted with Marey's capsulcs and the contractions were recorded on smoked
papers

Vamew Our method ocmsisted of stlmluting different branches of the

vagus at the oesopnaguss The upper brancles of the vagus bewr relatlons to the

faradic ourrent produces an almost im-

oesophagus only; stimilesion with
modiute contraction of the cesophagic. The Othor Lrancies of the vagus huve
relations to both the oesophagus and the otomsoch. Stimlstion of the vagus
shows two remarkable features:

(1)1t gives an Limediate contraction of Ve oesophugus end & GOMErAck=

Lon of e stomach which begins 25 %o 45 seconds after the cessation of siimlutions



ohes of the vagus initiate contractions in diff-

(21D1tgereny b
1 brunon 1a

erent parts of the stomach but if the ourrent applied o & vaga

organ.

strong onouch, contractions spread all ove:
4 typloal course of events waen one of the vagul bramohes (in this

with a

case on tre right side of the oesophugus) was stimlated for 30 se

00l 8 om.) was as

moderately strong induction current (Harvard inductori

follows:
Expt. 2, Aus 9 Almost imedicts contraction of the lower end of the
contraction of the

mming of stiulasi

oesoph 0 10 secs. after the beg

pyloric shhinover which lasted for 5 to 10 secs. Next there was u yeriod will very

the stlanlation period and

both during the rest o

few, if any, convracvio

vion of stlmlution. Bub 20 to 25 seoss

following ool

the period immediste:
aficr the end of the siimilaticn there beien forwurd and backward moveuente

contractions of tie pyloric cznal. 4

of the lesser curvature and sligh

rings

pulesting ring eppeared in the osrdlse purt; the parta in which s

ocourred wors mot quite defimite. At tlics vhe body Of the svomsoh wovld

perforn rotating movements.

interior Splanohmic Nerves. Stimlation of the anterior splenoinic

nerves give a mih stronger and more prolonged effect than does the v
During the first 5 to 10 secs. of stimlation contractions of tre pyloric

sphinoter ocour but last only 5 to 10 seos. For bie remaincer of tie stlu-
wlating period (from 30 to 60 seos.) there are no movements whebsoevers

= period of

The 26 to 30 secs. imediately following stimalucion is slso

quiescence, aftcr which there begins at the distal end of i pylovic cenel

& very strong contracticn, wrlch spreads oremisd. This conirsotion pesses
through the entruu pylord and constricys tre wiole siGuchi as T.o orue:
becoues narrover 1t moves bodily posteriorlye Aboat 1 min. G0 seos. sfter
the end of stimilation the whole svomach hee constricied und relured wid tren
e seme phencmenon begins vo ocour ageiny indeed, vie ploture may be

Tepeated several tiies.



After several stimlations of the vagus and anterior splanohnic

nerve, in some there set in whioh

wore in the form of travelling rings. These started at the cardiac emd of the

stomach and descended to sbout the middle of the fundls part.
Muller and Li1jestrand have seon that vagus stimlation imnivits

movemente which had previcusly been provored by splencinio stimlation. In

our exporiments we found that stimilaticn of both nerves, elther similtansously

or in rapid succession, produced no dimmition in effeots In one case (Expt.

4uge 15) we observed that preliminary stimlation of the vagus even inoreased
the effect and shortened the latent period of splanchnic stimilation.

o repeat, we have not observed any inhibitory effects of vagus
or splenchnic stimlation. Nicholls (1933) showed that the spontanecus contr—

aotions of an isclated strip of antral mscle of the skate are inhibited by

adrenaline in ooncentrations of 1:1,000,000 or greater but that more dilute
sclutions (1:2,000,000) osuse stimlaticn. Tiesue from this regicn kept 3 to
4 dsys 1n saline at 0° 0. was found %o be stimlsted by all effestive doses of

Yo spectel (eee of the during

spontansous contractions) were tried by us.
Efeot of Atrcpina. Atroptne in larce doses (6 to 10 zs.) 414 mot
prevent the positive effects of elthor vagus or splanchnic stimlation. It
stimlated soevhut the stomach maole 1tself and, as a mattor of fact, it
even inoreased the effect of vagus stimlation. Nicholls re¢ently demons~
trated that tie effect of vagus stimlation on & strip of gastric mscles of
the skate 1s mot affected by atropine, wheress the positive influence of
scetyloholine 1s abolished by atropine.
Therefore 1t 1s to be conoluded that the effect of the parssym-
pathetic nervous system on the smooth mscles of the stosoh of the skate
1s quite aifferent from that in wem-blooded anisals, inelogous relations

were found %o exist in the blood vessels of tese enimele With respect %o



adrenaline and acetylcholire as bot' these drues cause thelr

contractions

.cother intereatin~ point is the phenomenon of

spread of contraction over the whole orran. Accordins to
Muller, the gastric plexus (iuerbach'e plexus)in the skate
stomach 18 in the form of a true "merve net” because the
neuro-fibrillie paes from one cell to another. Both vagus
and splanchnic extrinsic nerves are comnected with the cells

of iuerbach's plexus.



Gastric Secretion.

Yor testing the gastric reaction a glass tube of suff-
icient width was passed through the mouth into the stomach of a
- skat

If the stomach contained fluid, by 1ifting the posterior part
of the body of the animal and slightly moving the tude back and
forth, the contents were drained from the stomach. If the contents
of the stomach were scanty a wire with red and blue litaus and
congo red papers attached to it was passed through the glass
tube and the reaction of the gastric Juice tested.

In certaln cases the spinal cord from Just below the
medulla to the tail was destroyed by means of a probe which was

introduced into the spinal cord through a cut in the ligament
bets

n the first vertebra and the skull. Such animals could be
Xept alive from ten to sixteen days.

4 fasting skate (fasted for 14 to 15 days) never has
much fluid in the stomach. It is with great difficulsy that even
#co can be aspirated from such animals. But the reaction of the
mucous membrane 1s very acid to litmus and congo red.

Section of vagi or injection of large doses of atr-
opine d1d not stop this secretion, hence it does mot depend on the in
tegrity of the parasympathetic nervous system. This may be seen
from the following example

Bxpt. 54, Aug.17, Section of Vagi. Oesophagus snd pylor-
us tied 4.20 PM. Reaction in the stomach acid. The wound sewn
water-tight. 24 hours later (Aug. 18, 4,25 P.M.) animal in very

g00d condition. Stomach contained 2.0 cc of very acid mucus,pH 3.8,

Effect of Atropine. Expt. 39. .20 P.M. stomach
acid and empty. 4 mg of atropine sulphate subcutaneously and




intramuscularly. Stomach empty for next 5 hours.

the mucosa strongly acid. 7.35 P.M.
PH 2.8 to 3.2.

Reaction of

0456 cc of thick mucus

Nineteen hours later (9.30 A.M.) stomach empty and acids
It must be added that pilocarpine (up to 20 mg) and acetylgholina
(25 to 100 mg) do not activate gastric secretion.

Adrenaline (sub-
cutaneously or intramuscularly) inhibited this spontaneous gsecretion
for a period of several hours, the time
of the do

arying according to the size

In acute experiments (spinal cord cut below medulla,Dial)
stimulation of the sympathetic nervous supply to the stomach for
eral hours as well as injecti

of massive doses of

412 not activate the gastric

oretion. In case of adrenaline
there was even a definite inhibdition of gastric secretion.when
food wae present in the stomach.

Expte Aug. 3l.
injected over 8 hours.

1:5,000 adrenaline, 8 cc of which were
At the end of this period, a little neutral
f1luid and food could be aspirated from the stomach.
the mucosa neutral.

Reaction of

Bxpt. Sept. 5. This expt, extended for more than 21
bours. 2 oc of 1:10,000 adrenaline were injected every 1} hours

(total of 22 cc adrenaline per animal). 3 animals were employed.

No. 1. Stomach contained food. Reaction acid.
¥o. 2. Stomach empty. Reaction neutral.
¥o. 3. Stomach Empty. Reaction neutral.
Therefore neither the parasympathetic nor the sympathetic nervous
ayster

convey secretory impulses to the gastric glands. By

means of drugs, analogous relations were found to exist in the




pancreatic gland of the skate. (Babkin)
The elimination of vagus influence on gastric muce
osa 41d not produce any marked effect, as was reported above.
Guite different results were obtained when the
- 1influence of the sympathetic nervous system was eliminated by
the destruction of the spinal cord from the cervical region do
domn to the tail. This resulted in a "paralytic secretion” of
the gastric juice. This secretion appeared from several hours
to 3 to 4 days after destruction of the cord and continued
%o the end of the experiment (longest duration of experiment
being 16 day

The amount of fluid aspirated from the sto-
mach varied in different animals from a few ccs to 10 and
26 co in 24 hours. The admixture of the sea water to the
gastric secretion can not be excluded, especially the first
time after the destruction of the spinal cord. The stomach,
usually empty, could lose its tonus or else the tons of the
sphincters could be diminished and the water would thus be
passed into the stomach cavity.
Sea water 1s a quite alkaline fluid with a pH
8.2 (approx.) If poured on the acid mucosa of the stomach and
kept there for one to two minutes, it turns it neutral or
alkaline (Expt.39). Homever, there are facts in favour of
actual secretion of gastric juices
(1) The acidily of the gastric contents mers
high (reaching pH 2,0). Hence not very much sea water could
enter the stomach.

(2) The osmotic pressure of the gastric con-




'y

tents was lower than that of the sea mater.

(3)C1 concentration of the gastric contents mas
lomer than that of the sea mater.

(4) The secretion possessed a moderate peptic
power (from 40 to 150 Mett's units).

(6) During the paralytic secretion, the secretion
1tself and the blood became depleted of some electrolytes.

(6) There was no loss of C1 from the blood, poss-
1bly urea which, according to Basxiv xkemeroy 18 present to
1% in gastric secretion, was gradually lost by the animal,

(7) Injection of adrenaline stops this acid sec-
retion. On several occasions the stomach contained a
neutral or slightly alkaline fluid, presumably sea water
because the Cl concentfation approached the Cl con-
centration of the sea water. Thus in Expt. 33 in a skate
with apinal cord destroyed on Aug.l8, the stomach was
found empty and acid on Aug.22. Injection of 2cc of
1:10,000 adrenaline at 10 AM.
InL hour (11.05) 0.5 cc fluid, pH7.2
In 2 hours (12.05) 23.0 cc fluld, PH7.6)
In 3 hours (2.05) 4.5 cc fluld, pH7.6 ) o1.2.79%
Next morning(8.154.M.)3.0cc fluid,p pH5.0
Gonclusions: The conclusion we draw from these experiments
1s that the mechanism of gastric secretion in Elasmobranch
fishes 1s different from that in other vertebrates.

In the higher mammalian forms (cat, dog, man)




gastric secretion is regulated by the two nervous systems

and by a humoral mechanism as mell.
In anphidia, e.g.frog, the sympathetic nerve
seems to be the secretory nerve of the gastric glands
(Priedman).,
In Elasmobranchs the gastric glands are al-
ways in a certain state of activity. This activity does not
depend on the influence of secretory nerves (vagus or sympathetic)

but it 1s highly influenced by chamges in circulation. It

18 highly probable that the origin of the "paralytic secretion”
18 vascular and depends on the lomered tonus and presumably
incre:

ed permeabdility of the blood vessels.

In this connection it is worthy of mention that
histamine is practically without effect on the ¢irculatory
system of the skate, even when injected in massive doses
(2 mg every two hours during ten hours, i.e.total of 10 mg)
and that it neither activated mor stopped the spontaneous

gastric secretion in normal animals(Expt.Aug. 26).

The phenomenon of "paralytic secretion” of gastric
Juice in the Elasmobranch is reminiscent of the effect of section
of the splanchnic nerves on kidney secretion.

How the mechanism of secretion is set into activity in

normal conditions we do not know. However, it is a well-est-

ablished fact that after the introduction of food into the
stomach the secretion starts and reaches its maximum on the
third day (V. Herwerden).
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