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The Relut;ion of the Autonomic l1ervoua 5ystero to thellotility

A.F.Chaisaon ,

and
L~ .H. Friedman.

For the study of the atoIOOchwe used lUl"ge speCill1ellS of.dajadiaphanes

andadultRaJustabullformla(120om.len,;thand20to25k(;Jn.welbht). In these

the various nerve branches can be easily found. The uni:~l~ were inUDobilized by

sec t i on of the spinal oord beloVl the medulla. ~"'rtlfioial respi ra t i on was employed

byhavint: aoannulathroughwhichseawuterr:..ln , pass throuchoneorbothsplra).s.

InsomeexperimentstwoballoonS71ereinseJ·tedintothest0!':16ChI

one in the cardiac portion R!ld the other in tl:el)yloric portion; theseconn-

ected with L1arey's capsul(~ and tl:e contr~ctions ,iere recorded on smoked

Y!im.a-r Our method consisted of stimulutin~ different branches of the

vagus at the oesophagus. The upper branches of the vogus bet.l' rel~tionB to the

oesophagus only; stimuletionwithafarodiccurrentIlroducesar.nlmcstlm-

medl!itecontra.ctionoftheoesophabHs. 'l'heotherbranc:esoflileva~Bhuve

relations to both the oesophagus and lihe otiom..'1ch. Stlmulationofthevagns

(1lItglv8s an irrmediatecontrClction of tile o8sophugusandacontract-

lonof the stoma.chwhlchbegins 25 to 45 secondDafter the cessationofstil!1Ulation.



(Z)Differenllbl'",-nchesofthevagllslnltiatecontractionsindiff-

stl'ongel1oubh.contrClctionsspreadullov€:l'thcor.:;an.

case on tre rIght sIde of tihe ocsophaguSlVI8S stinmlnted for 30 secs. with a

moderately strong Inductioncurrent (HarvardinduotoriuJD.coi18cm.)wasB.e

oeeophnh....1s. !: liO 10 secs. aft~r the b~L:innino of stL.ulution contrcctlon of tihe

pyloric sp.hinCl;E:l' wA.-u.lastea. for 5 to 10 secs. next t '1erE:: was to. r:cl'iod ';/it: very

pulsutlnt.: ring Dppeo.red in trle c~rdio.c part, tr.e PEJ.l'ts in \'I;'1C11 sucl rines

~teriOl' Splanclmic 1~ervE8. StInmlatlon of the anterior splanohnic

nerves give arm.lchetronger and more prolongeu. sffect than does the vaGue.

DurIng the first 5tolOsecs.ofst!f.!Ulotioncontractionsofthcpyloric

8phino ter occur bu t 1a s to on1y 5 to lOsec s • For t 11C l'ema inc:.e l' 0 r t i ~est i lll-

ulatinGperiod(from30to60s€;cs.) t}.erearenomOVElClentiS whatsoever.

The 25 to 30 secs. 1l1!Dediutely followinu stilJulutiion is alsc ~ pcriod of

quieecence. aftc.l' which there begins st tiledis'(;ulendoft:"cpyloriccsnal

s.verystronboontracticn.whichspreedsOrB..lliad. Thisconcractioup&sses

through t~(: antrur.ll pylori and constoriclis tre \'II.ole sl.omach;

becomes narrower it moves bod.ily pcsturiorly. About 1 min. 30 secs. after

the same phenomenon begins to occur aellin;



After several stimulatlons of thevagusandanterlorsplanohn10

nerve,in some experiments there set in spontaneous contraotionswhich

stomach and descended to about the middle of the fundic part.

ourexperimentswefoundthatstimulationofbothnerves,eithersiDDJ.ltaneously

orinrapidBuoces81on,producednodlmunutionineffeot. In one C8se (Expt.

Aug. 15) we observed thlltpreliminllry sti=llltion of thevllgus even increeeed

To repeat, we have not obeervedany InhIbitory effeote of vagus

or splenchnicsti=lation. Nicholls (1933)showedthatthespontaneouscontr-

solutions (1:2,000,000) oause sti=llltion. Tissue from this reeionkept 3to

4 days In salille at OOC.waa foundtobe stirrmlatedby all effective doaasof

adrenaline. No special experiments (e.g.stimu1atlonofthsep1anchnicaduring

apontaneouscontraotiona) were tried by us.

Mfeet of Atropine. Atropine in laree doses (6 to 10 mg.) did not

prevent the positive effects ofeithervah"U8 or splanchnic atimulatlon. It

trated that tIle effect of vagus stimulation on a strip of gastric Jml8cl~a of

th6 akate Is Dot affected by atropIne, whereas the positive influenceof

acetyloholineisabolishedbyatropine.

patheticnervou8 system on the amoothmuaclse of the stomach oftheekate

Is quite different from that in warm-blooded animals, AneJ.ogousrelations



a4renallneand!1cetylchol1r.e1l8 bot'"theoodr'!/!'sc!1usethelr

.nother 1ntoreethl'- polnt Is t 11e phenomenon ot

spread ot contraction oyer the whole orp-an. Accordin" to

.uller, the p;aetric plexus (Auerbach's ple:cu3)1n the oleate

stomach 10 in the torm ot a true "nerye net" because t::e

neuro-tibrllbe pass troCl one cell to another. Both "agUl

and splanchnic utrinsie neryos aro connected wit.., the cells

ot Auerbach'. plexus.



Gastriclec·retio'n.

10rtestingtheBastricreactionaBlasstubeofsuff­

icient width was passed throUBh the mouth into the stomach of a

skate. If the stomach contained flUid, by lifting the posterior part

of the body of the animal and sliBhtly moving the tube back and

forth,thecontentsweredrainedfromthestomach. If the oontents

of the stomach were scanty a wire with rsd and blue litmus and

congo red papers attached to it was passed throUBh the Blass

tube and the reaction of the Bastric Juice tested.

In certain cases the spinal cord from Just below the

medulla to the tail was dsstroyed by means of a probe which was

introduced into the spinal cord throuBh a cut intheliBament

between the first vertebra and the skull. Such animals could be

kept alive from ten to sixteen days.

A fastinB skate (fasted for 14 to 15 days) never has

much fluid in the stomach. It is with Breat difficul,y that e'lsn

icc can be aspirated from auch animals. But the reaction of the

mucous membrane i8 very acid to litmus and congo red.

Section of '1aBi or injection of larBe doses ofatr­

opine did not stop this secretion, hence it does not depend on the in

teBrity of the parasympathetic nenous system. This may be seen

from the following examples:

ltxpt. 34, AUB.17, Section of VSBi. OesophSBus .hAd pylor­

us tied 4.20 P.M. Reaction in the stomach acid. The wound sewn

water-tiBht. 24 hours later (AUB. 18, 4.25 P.M.) animal in very

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

Effect of Atropine. Eltpt.39. 1l.20 P.M. stomach

acid and empty. 4 MB of atropine sulphate subcutaneously and



intramuscularly. Stomach empty for next 5 hours. Reaction of

the mucoea strongly acid. 7.35 P.M. 0.55 cc of thick mucus

pH 2.8 to 3.2. Bineteen hours later (9.30 A.M.) stomach empty and acid.

Itmustbeaddedthatpllocarpine(upt020mg)and~

(25tolOOmg)donotaCtivategastricsecretion.~(sub_

cutaneously or intramuscularly) inhibited this spontaneous secretion

for a period of several hours, the time varying according to the B1z~

In acute experiments (spinal cord cut below medulla,DiaLJ

stimulation of the sympathetic nervous supply to the stomach for

several hours as well as injection of massive doses of adrenaline

4id not activate the gastric secretion. In case of adrenaline

there was even a definite inhib1tion of gastric secretion.when

food was present in the stomach.

Expt. Aug. 31. 1:5,000 adrenaline, 8 cc of which were

inJected oyer 8 hours. At the end of this period, a little neutral

fluid and food could be aspirated from the stomach. ReacUon of

Expt. Sept. 5. This expt, extended for more than 21

hours. 2ccofl:10,000 adrenaline were injected 8'Iery l! hours

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

Stomach contained food. Reaction acid.

No.2. Stomach empty. Reaction neutral.

No.3. Stomach Empty. Reaction neutral.

Therefore neither the parasympathetic nor the s;ympathetic ne:nous

systems convey secretory impulses to the gastric glands. By

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



pancreatic gland of the .kate. (Babkin)

The elimination of vagus influence on gastric muc.

oea did not produce any marked effect, as "as reported above.

iouitedifferentresults"ereobtainedwhenthe

influence of the eympathetic nervous system was el1minated by

the destruction of the spinal cord from the cervical region do

40wn to the tail. This resulted in a "paralytic secretion" of

the gastric juice. This secretion appeared,fromseveral hours

t03t04daysafterdestructionofthecordandcontinued

to the end of the experiment (longest duration of experiment

being 16 days). The amount of fluid aspirated from the sto­

mach varied in different animals from a few ccs to 10 and

26 cc in 24 hours. The admixture of the sea water to the

gastric secretion can not be excluded, especially the firs1

time after the destruction of the spinal cord. The stomaCh,

usually empty, could lose its tonus orslse the tone of the

sphincters could be diminished and thewatsrwouldthus be

passed into the stomach cavity.

Sea water is a ,£u1te alkal1ne 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

alkal1ne (Ell:pt.39). However, there are facts in favour of

actual secretion of gastric juice.

(1) The adlHty of the gastric contents were

high (reaching pH 2.0). Hence' not very much sea water could

enter the stomach.

(2) The osmotic pressure of the gastric con_



(3)Clconcentratioilofthegastriccontentswas

(4) The secretion possessed a moderate pspUc

power (from 40 to 150 Mett's units).

(5) During the paralytic sllcretion. the secretion

itself and the blood became depleted of some electrolytes.

(6) There "as no loss of 01 from the blood. poss­

ibly urea "hich, according to 11 ..1'<;'" ".ro""'.v Is present to

1% 1n gastric secretion, "as gradually lost by the animal.

(7) Inject10nofadrenal1nestopsthiaacidll8c-

neutral or sl1ghtly alkall.ne flUid, presumably sea water

because the 01 concenttation approached the Cl con­

centrat10n of the sea water. Thus in Ez:pt. 33 1n a skate

w1thspinalcorddestroyedonAU8.1B,thestomachwas

found empty and acid on AU8.22. Injection of 2cc of

l:lO,OOOadrenal1neatlOAoII.

In L hour (11.05) 0.5 cc flUid, pH7.2

~: :::::: :~:~::) 2::::: :~:~:: :::::} Cl 1.79%

Kext morning(B.15A.I4.)a.Occ fluid,p pH3.0

eonclusions: The conclusion we dra" from these experiments

1s that the mechanism of gastric secretion in Elasmobranch

fishes is different from that in other vertebrates.

In the higher mammall.an forms (cat, dog, .man)



gaBtric Becretionis regu1atedbytbe two nervous systems

and by a bumora1 mecbaniem as well.

In ampbibia, e.g.frog, tbe sympathetic nerve

seeme tobetbe secretory nerve of the gastric glands

(:friedman).

InBlasmobrancbetbegaetricg1andeareal-

waye in a certain state of activity. Tbis activity doee not

depend on tbe influence of secretory nerves (vagus or sympatbetic)

butitiebigblyinfluencedbycbacgeeincirculation. It

isbigblyprobable that the origin of tbe "paralytic secretion"

isvascularanddependeontbeloweredtonueandpreBumably

increasedpermeabllityoftbebloodveesele.

IntbieconneCtion1tieworthyofmentiontbat

biBtamineiepracticallyllithouteffectontbeciroulatory

syetemoftheekate,evenwheninjectedinmsBsivedosee

(2mgeverytllohoureduringtenbours,i.e.tota10flOmg)

and that it neither activate4 nor stopped the spontaneous

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

The phenomenon of "paralytic secretion" of gastric

juice in the Elasmobranch ie reminiBcent of the effect of section

oftbeeplancbnicnerveBonkidneyeecretion.

How the mechanism of secretion 18 set i?to activity in

normal oonditions "e do not knoll. HOllever, it ie a llel1_est_

third day IV. Herwerden).
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