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Tn revj-ei¡ring'bTre literatr"me concerni"ng'bhe el,ect::obj.oloéTical

phenomenon o'bse:rvecl Ín the sto¡rach one finds 'bliat sionie tln¡e-l-ve clj-fferen.t

authors irave contribu'bed to the subject"

The fi.r's1r ex'Ílei:iments t^lere clone in. J.92'/ by T'íond', the onJ-y

.vïorkel:'bo use frog;s s'bornachs" llelun has cont;ributeri tl:ie g::ea'best nüriber o:f

papers ar¡d has rlirec'beil his lvork toro¡arcls cliscoverin.€l the sotlrce of the po-

.bcntial aJl.cl corï,cJ,ating; it to 'bh.e gastric ç;ecr:etion., Goodrn.an, on. tÌÍe other

han.d-, ap;oroachecl the p-robJ-ern:llro:n a clinj.cal ancl cU-a6,;nostj.c þoint, of vj.erv

en:birely. lij.s r¡¡o::1ç has been done soJ".ely on. h¡na-r¡ subjec'bs.

li{ond. (1) j.n lf)2'l :liea.surec'l- the el-ectrico.l. ¡otentjal of the

frogts s'bonach and fou-nd- valuos bet-l¡een l-0 ancl 70 rrri-llivolts. I{e noted tha'b

i,he long;er tÌ-re-t,irite s?eir.t in'bhe preÞarati.on of 'bh.e exleriiitel¡.t o¡.cf i,Jre mor:e

¡amd.]-1nÉll an<l t,raur,la illcrr.lred. by the sto¡:ach. duri.n¡; the or.'oceclul'e, tlie E;r'eater

v,las -bhe. tend-ency for the r:esting poterrtiaì- to be 'lol'¿. Using a-:r artificial

vagcu.l-nr rre::fusion ap-rraratus h.e Jras caused-'be:i¡rorary::ed"uc'¿ions in ihe value

r::f 'Lrhe poterrtia.ls.

There liras a r¡arl,,ec1 red-uction of pol,entia-Ì. rvit;l:. ih.e perfusi.on

o'1 ,OIfo pota.ssiu:tì cya¡j-de, d-is'billecL -;ra-'be::, 6.5?/" I$aÜl , .6Ú,1NaCl', "If' H'}AL¡,

and. potas;siun acld.ed'bo Tlíngerts sali.ne solution. In everl¡ cage h.ov¡evel", the

rerllc'oion tïas reveïsi.bl-e a.nci 't,J:e potentiaJ- d-j.ffe::eirce retru:ncrl to non:;erl- tçitb.

tlre reperfusion of oxlrp;enated, ileatecl , norr,-:a-l- Ri.n.gers. lle also found- that

.0.3{o anú ,O6fo ]nep'E}¡l alcohol uere r¡rithout effect and. 'i;hat atropj.ne, a.ce'b;yl-

choliire arrd adrenalin i,'rere r¡¡ithout effect.

Tn tlris::espect liloncl is-the only rLu'bhor to reor:rt no change

in po'ben.'bial d.ifferellce f::o¡r e.cetyJ-choline ancl atl'renal-itL. Iìe a]-so repor-bs

that hydrogen ion lncreases in-'bh.e perfu.sion ftu.id- cau.sed. a recìuc'i;ion in the

a+5"',l



Pge.2

potential, 0n. tire other hand, lyit,]ri::l bhe lu¡r.en of 'bhe ¡;to:nacll lie , ta--i;r;s 1;lrat

only bhe actl:-al concen,'Lratj.on o:: n.onrral.ity of th.e solutions, rep;a::clÌess of

their natur.e, hac1 ar.r. effect on po1;er:1,:lal difference. lle co::clnd.es tha'b for

1¡e salts tosi,ecl their o:rly effect on potential is when'bhey are a¡tpliecl front

'bhe bloodstrealt side in. tTre perfusi.on. apþa,ratus.

In I9'ó2 i,{iislov¡itze:: arrcl fiilver (¿) Aia a sinj.l-ar pi.ece of v¡ork

and duplicated lioncllrs 'belchniq.ue fairl-y accu-ra1,eIy v,¡i'bÏl tlie introd-u-ction of

several- refinerrien't,s" Usint; cats unde:: Ðe::n-oston ¿rnaes'bhesia, t.he;r f6¡11rL the

pot,errbial of th.e s'bo¡rach'to range from 70 to P,0 t¡til-livol'cs" Ïntroduciir€l the

mrrcosal electrode via 'bl¡.e oesophnp;us ancl placin¡j the se::osal- one on. "bhe cen-

ber of 'bhe a.n'l,erior wall'bhey founcl -the po'centíal- to be substantiall,¡r lorver

in'bhe pylorus 1;ha:r in. tÌ're fund-us aìrr1 eardj-a. fiu.r1;l:r.o-rrtore the¡r observod'bha.'b

i'b is of considerable impo:r:'i;ance to onsu,re a ¿1ooä. con.tact ancl a pe::iraretr.t con-

tac:l; bei;rreen the ïiu.cosâ. and the rnu-coÉal, electrod,e ar:cl 1;hat the -¡los:l1;j-on of th.e

nru-cosal electlocle is more importa.nt'btian the,oosi-'bi-on of -bhe serosal- elect::ocle.

This latter fa.ct itas not been rnentioned- by any other i.nves-bigat,or but'r"¡as found.

to be of tnaxj.rrnult importance in tltis investiga'bi.on"

Contrary 'bo l,ioncl 1;hcy formcl that cliffe:rences in the norrnal-ity

of solutions containerl ln.'bh.e storrrach dicl- no'c,urocluee changes in tlle Ðo'ben-

-bial- cl-ifference but notj-ced variou-s po-i;enti,al ::esponses :llron equal vohrJiles of

solutj.ons of t.tre sane d-ep;ree of noniiallt;r of chl,ori.do, cÍ1,rate, iod.1de, and.

bronicle salts. Sod.ium clll.orid,e in'l,roclu-ced into ttle stor¡io.ch tloubled the ::es'b-

ing; Þo'i;en"biat j.n nlaJly cases. TtLe i¡crease las;ted anylvl.iere up to one llorir ald

the¡ retlrnec,l to i'bs n.orrnal resting leve} . 0n tlie o1'her haird, eq-u.al co:r.cen.tra-

tions of soc]-iu-rrr citra'be and sod-ium iod-Íd-e cau.sed a reversible red-u-ciion i.n

¡o1,en'bial., 1;he citra'i;e salt having tlre grea-ber effcct. A ce::tain rrru¡be:: of

experiraeir.ts v¡ele also directe<l tolvards an evaluation of 'Lhe effec-i,s of other
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riretal.s al-rd sorne ofl'bhe al.lcalino ear'chs" A ïerversible red-uctio:r of approxi-

rnatel.y 2O nil-livoltà i'ra.s founcl wh.en N/10 li'bliiur:r r',ras in'brodu.ced in1;o the s'l,orn-

a-ch. Sirr:itar,ly'bhey foilnd- that \i/10 calcium. cau-sed a reduc'o:lon of :llrorn 10-15

¡ri.llivolts, v'rhile a:rurroniun was r"'i'bhou'b offecLo ln each case the 
"¡to"i'cle 

sal-t

rrv.as ugecl" T:iisl-o'w:i.tzer and '$i.Lver also changed 'bh.e concen'bration of hydrogen

ions in the vascu.lar perfirsion apÞara'bus. ilhey no'biced th.at it req.u.i::ed fairly

la::p;e pl¡ changes ("5 'Lo 1.5 pI-I) for a conslclerab--l-e 1-en,1;l,h of tj-rie before the

po'be¡ti.aI clifference Ìvas effected.. Iïorvever 1;he potential- cliffe::ence coul-d be

clecr:ea,ged by rriaki.np; the pe-r'fusj-on fluid either aci-d. or all<al-i¡.e and it a1-rvays

returnecl -bo norrnal- r,rheir -Lhe p]l of 'l;Ï.:.e fluicl r.ra.s brou,Piht baelc I'o 7 #3 { .05.

Again, conì,rary''bo lïond, they founcl'Lhat the ac-ldi'oi.on of a]-cohol to the perfu-

s:lon. fluid- cansecl a- reversib-Le:recluction in'bÌre po'i;enbiaf d.i:f:felrel;lce. i$o l,len-

'bion is inad-e as to the 
"orr""¡.t"r,tion 

o:ll the a]-cohol or how nruch r,vas ail.cled-.

lllhey foun.d ::educi;ions in potcni;ial v¡ith intravenotls injec'bion of h.j-starnin.e

(.A - Z.O ng:as.) and also rvith f-airty large doses of adrenalin (.2 to 2 c"cs.

of 1: 1000).

They ilave Èôjone on to concl-u-cle-bhat as th.ese la::ge ìnjeciions

prod-ucer1, very sroalj- rapirlly reversed reductions j.n potenl, j-al and, tha'b as a

shift of the acicl-base ba]-an.ce o:f 'bhe bl-ootl t,o eÍtlter side clic.l. not lrer:rtanently

Ínfluence'uhe po'ue-'ltial , 'bhat th.e effects fr:on-bhe bloods1;r:eam sid.e are se-

cond.ary" l-he only clirect metÏrocl of clianging'bhe notentjal i.s-Ûhroug]-l tlte tr.a'uli,ïe

of the substanco wj.thin the s-Uornach. Ih.ey also :tli:o.d- that vagal- sti-l'rr-r.1ation,

both peripheral ancl in.tact, i.s rvit:rout efJlec'u as is vagal .section. llolllever

th.ey do co:r.,robors.te ii'londfs finciiirgs concerÌling'bÌ:e con.c.ì,i't,ion of th.e a-n-il-lal-

having al ir'çortant effeet on tl:e resting ïo'uential an.cì" 'l,hat t;h-e lìÌapjnitud.e

of the:;'ecorrlable.lo'Lent-'r.al is indicativc of the general- metabolie state of

the anirrral . lhert is, iiith vorli'bing, jlul-rronaï)/ edetr a., brad.ycarclia or a fall

in l¡l-ood. pïes$u:re 'i;here \Y€ì.s ð. üia::lied^ red,uction j.n potertbial .
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Later in. conjr:-nclrion r,¿1'bh. Rotliscliilrt (f ) t¡ey founc1 'bhat, by

p1-aci.n6; ionic sol-u-ti.ons of substances of d.iffe:':ent absorba.bi.l-i.t:¡ itr Ùhe

stolltaci:1,ha-r, the po'r;eutia]- c'l-if:flerence clccreased- drrring i;h.e pe::i'cld's'"'¡he::' t]:e

g1'eat,est absorp-bion wa.s p;oi.ng on :frorn the si,omacb.

Sarre (a) 1n 1954, also rn¡or!';erl r,'¡i'blr ca1;s and- trsed per:iros'bon

as an anaesth.e'bic. Il.e successfully iì-e:nongtrated 'bhe fact tloat :bhere 1',ras a

ctefinite po'i;ential clifference ac-Joss th.e E;ast::ic r¡.elibrane" fle was 'Lhe f:ì.rs't;

ipves'bÍ.gator to rLteni,ion tha'r,the:rtucosa-ì- suirface i'tas rrop;a-bive wl.ti:r. r'ergard. to

-bhe serosal., a f¿lc'b wirich ]ras sj-nce bee¡r founcl t::t,io'by everl¡ subsecluent, riforkelr.

UnlÍlce l,iisl.orvil,zer a-nd- Silver Ïre fou-nd- ¿rn increase j-n po'[enbial iv]ren the sto-

nach ryaÊ stilula'LerJ. to seclete frorn 'che injec'biorL of Ìtistamine.

Acla:lr a1d. Good,¡;ran (S) neasured tire el-ec'bri.cal- pote¡:'cj-aI j.n

h.u¡,ran su.bjec'bs and ::c:porberi, al accura-ì,e ck:scrÍptíon of .-bh.eir apoa::a'i;us. 'i'hey

lsed. platinu:l caloi¡el el-ectroäes lvhi-ch sl-..orved- a cons;tatrt ¡ni.r.uie ¡o-'l-arizatlon.

po-l;en-bia-1- d.ifference of 0"4 ridllivolts. The r:esistance of the en'bire galvano*

¡iteter,..r¿Ls onf]¡ 4,OO oh:i:rs a-ncl tllis rr-as useil. in conjturction l"lil,Ïi a poientiometer.

iltr.r.l mu.cosal elec'brod.e in cach e4rerirrient tras a strirlg; soa.Ìcecl- j-n -lrotassirun

chlo::ide r,,,¡hich l^ras passed. by üreans of an ordiir.a.rXr siolna.ch tube. It il'ade con-

.bac1; rvj.b¡'bhe riru.cosa a.'b one eircl an.d, lrj.ih the platinrun calonel elec-brocle ai

tho o-i;l:er. 11iro circuj.t rvas cornpl-eùed by ]neans of lnt::odu-ci.ng the o'bher elec-

trod.e in1;o the ante-cubital vein, [he Þotential- tTrey reeo::dec1 variec.l from 130

to bO nillivolts. li.hese lororl<ersi also observed- the fac'b i;hat'bhe rLucosal el-ec-

1,rod.e lras nega'Live v,¡ith ïega.rd to the slcin electrocle. Of e sir.ort sieri.es of

4 experi:itenbs tircy clbserved in tr,^¡o cases an j.rrmed-ia*r,e fall- in;¡rotential" af'ber

talcing rnilÌ<, 1n oire case no cì'ian¿qe, an.d. an l.ncrcase in po-ben'cial- <i.ifíilcrenee

in'bhe rer,raining subjec'b. They bel-ievethe time j-n.tervaL betr,n¡een'bb.e last
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Itea1 ancl th.e initial reacling to exert an. cffec'b on -bhe respôlrse 'bo núlkn

Q,ulgl-ey et. al (6) trave repeated. certain plre.ses of Sarrers

lr¡o.-rlc usine; the ap'pora'Lu-s of ÂcLair au:cl Gooclnan (5) on'tire s'bomach ancl pou-ch

of unanaes'bhetized. Pavlov d.ogs" Thelr placed a conbined s'l;orrra.ch tube and el-ec-

'brode vla.the oesopha.gus inlo'bhe s'borrncir antl ahother in'bo the poucll. llhe

tubes r"'ere used both as ca::ri.ers ancl i.nsulators for 
.'bhe 

el.ectrocles an.d al-so

served as a nealls of aitinÍnisbering the tes'i; solu-bions. lTre circu-it was corr-

pletecl by plac1ng'bÏ.te other elec'brod.e on the ab::aded slcin. They founcl ùhe

restittg potembi.al- of -r,he s-bornach to' be fron 20 'bo iJO millivolts ancl of the

pouch'bo be from 10'bo 20 ¡iri-11-ivolts. 'llhe ini'uj-al::estj-ng po'Leniia-l- variecl

with the tirne interval- afterbhe -l.ast '¡neal as vr€-s observecl by /\claÍr and.

Goodrna:r (S) an¿ appa.reni;Iy rvas ¡ro'b related- to hruiger coll'L,ra.ctj.on.s or lnovemen.ts

of the storrre.ch fro.m respj-rabion. Unlj-ke ï,iis1ov,¡j.'bzer ancl ljilverbhey o'bserved

n.o ehaug;e Í-n;ool,en-bial. difl:lerence fol.lovii.ng'bhe snbcu'baiteous i.njectì.on of 0.1>

rnilligro:ns of hisl,amine. Âl.so 2 rnilligra¡rs of piJ-ocarpi::e in1;ravenously or

I rnj-llie;reu¡ of atropine faited to cause any sip;nJ.fican.t clr.ange j.n tlie poten-

tial.. ijiinilarily-i;he;i observed" no c3r.ange in po1,e:n-t-¡al r'¡he¡r so.l-u'bions of a

1r]T rarrge of from 1.08 to 9lrlere ìntrocLucecl in,l;o the storrp,ch. I'ie:i.'ch.er" dj-c1

hyperbonic, isotonic or hypotonic i{aCl. sohrtions effec't; the poten'bial- vrhe¡r

i:r't,roituced j,n'bo blle stoinaclr or pouch." Tiorvever, the perfus:lon of th.e stol'naeh

wi1,Jn \df, ilex'i,rose caused an- iucvease in po'benbi.al rlifference of both the sto¡na.ch.

and the pou.cir lvhil-e no change ïvas seen:tron the in.'bra'¿enorls injec'bion of ihe

d.ex'brose. lt v¿as ol>servecl that tlte in'broclu.e'bj.on of lrhole rnil-l.r into'b)re pouch

:tncreasecl the poten-Lia1 dlfference of the pou-ch, nrhe:ceas iyholc nil-h in bhe

stomach rlecreased- the el-ectrical sta'be of both. s'l,ornach ancl pou-ch.

Solul¡l.e caseirr. 'lras r,'¡i.thout effec'b and ernulsi,fi-ecl fat hacl l,tre

sa¡re effecl, as v¡hole:¡tille ln botlt stomach an<1 pouch. f'b r¡¡as observed
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tha'b al"cohoJ- (?,4r - lq/" e15hyl) in'b::od-uced. in-t,othe pouch inc::easedthe po'ben'bial

d.ifferetrce of the pouch rvhile a.lcohol of bhe salte concentra'bion j-n bhe stomach

Ínc:reased-the poton-biat clífference or negati.vity of both'bh-e s-bonach and the

pouch" I'1, l'¿as fou.nd that 'bhese inc::eases in rro'Len'bj.al- d.ifference lvere unre-

lated. to secre'ùj.on, for al'l,hou,gh the ad-rninis'bratÍon o:l a.lcohol 'bo'bh j-n'braven-

ou,sly arrd direcl:ly into the s'bolnach j.ncrea.secl the secretion, only i;.Ì:e alcohol

pJ-aced di:rec-bly into tl:e stornach .had an efiect on jroteu'bial-.

Reiun (?) in an. el.ucf dation of the Ìrypoùhes:'.s ^bha.t el-ectro*

endosrrtosis ruy be tbe r¡ecb.anisïr by rvhich osmosis is performecl by J-iving orgÐJl-

isrns Ìras rnea.sured. rlhe elec'brical- energy outpu'b of the res'bÍng stomach. lfe has

u.sed zinc acetate-agar elec"brod-es and. sliuntecL t,he po1,en'bi-a.t of 'l,lle stornach

throrlqh a lol'¡ resistance circuit" i¡Torking i,litir d.ogs r,lncle:: Ii-gh'c pern.ost,ofr.

anaesthesia, Reliin sia-i:es that th.e s-bonach. can rnaintain a con.stan{; po'ben'bial

differcnce aciross i'i;s l,¡afl d.espite th.e fac'b 'bhat the iilaximtu¡ cur'::ent is be-

ing'lvithcllro.trï1"ì. Ile clellonstrates ahrrost conclu"s1vely that cu.rren.t as iri¡1h as

200 'co å70 mlcroalnjlelres per sq.u,a.re centilnetor o:1 stotitacir can be procl-uced con-

ùinually rvitl:out any apþreciabl.e rilaintai¡r.ec1 d-epol-arizatlon of the dj-fference

1n poì;en-tial- a-crossthe gastric rlucous ner,rbrane. ï'ur.'blrer, Ìre Lras,o.;onel on io

cal-cul.ate thab of the total- rrte'Labollc energy of the restin65, Tlon-secreti.ng

s'bomacir, I.9'/, to 4"4fo of thls eirere;y xley be obtainecl and neasured- as el-eci;riea]

energ:y, lIe conclrrcles frorn this, that as t,l:.ere is no inain'bained. rl.enolariz,ation

of the poten-Llal- clurinp;1;]ro fl-olu of the ¡ra.xi:imlir cur::ent, that thc dj.ffelrence

in. po-i;ential across th.e gastric lrucoìLs lrrenbrâJ:Ie ì.s capa-ble of proclucing; su.f-

ficien'b enere;y for 'ohe con'bin-u.ou-s sec::e'bj-on. of grrstric juico.

Irol.loiving this (e) in an atternpt to correi-äte'bhe effect of

his'ba:nine ancl hycl::ochloric acid. on secretion. and poten-bie-l, .tìehm devised.

an appal-a'bus to includ.e a. snial-l area of s'boii:acLr (21 sc¡uare centimeters) in



Pge" 7

a ninature rva'uer batb. rn¡hich. r-eadi"]-y facilita1,ed. the l¡leasulreltìent of tÌLe ra'Le

of secretÍon as lvel-l- as'blLe potcn'bial" Agal.n nsin¡; dogs ir:lde:: pern.osi,on

anaesthesia, vrith 3inc a-ce'bate ancl saùu-rated- potassÍu¡r chlorid.e electrodes;

the lro'cential l¡as clec::eased- to a relati.vely corrsta:r.'L level v¿ith a progressive

iicrease in secret:lon frorn .reïea'becl subcutaneou,g d.oses of hista:rri.ne. F-cl:rm

deternúned tl:e effect of pil ch.ang;es clue to gasljric secre'bion on tlie po'bential

and founrl tha'i; r.,¡llen a hista:ri-ne i.:nrlucecl sec:retion had reacl:reil i.ts:raximu:n

ç¡uan'oi'by anri. the trfi of' t.ìre saline in 'bhe l,rater ba-th char{rer hiecl cÌra:r¿;ecl from

apïroxi.nately 6'bo a ¡Iei of 1"9 to 2.6, the repS-a-ceine¡rt o:[ t]ri-s fl.uid u¡i.1;Ìr

freslr saline llever al'cereiLthe po'ueirtl-al b¡r mo::e than S îli-l-Iivolts. Th.erefore,

the effect of 'cbe acicl secretj-on o:f the stonacir on tire recordabl,e ìoo-ben'r,ial

is ir:-si.g;nificant. T'his ,.'ras de-r,tonsiraberJ. ap;a.:i.n 
'bir pJ-acing ein iso'ron.ic 'ph.osphate

bu-ffer of a pI-ï of 7"2 t'o'/.5 in the cha:irber. Aftor his'barriine stj.rnu3-ation the

potential decreasecl to 'Llle ija¡rle ex't,ent as l"¡i'bir saline in 'bhe chatirber, l¡hile

the pT:ï remained prac-bically uncJrane;ed clue 'bo the presence o:f tl:Le ph-osp1:.a'be

'buffer"

Iìelua also rnacle.'bhe astute observabi.on tha'b as the HCl. s,eci:etecl

by 'bhe stornach dj.r'fuses into 't.tre fluicl i.n 'ulr.e cher:rber that the::e mi¡4h.t r"reJ-l

be a cliffusion potential'i;ha'i; wou.ld be o::ienta'l,ec1 to-'iarcl 'bi.le ¡iu-cosal- electr:ode

Í.e. op;tosi'be to th.e potential of tire stornacl.r, ancl tb.ereby'bhe a'¡rlrarent::e-

duction of tlie s'l,o¡iracl,r po'beilbial di:fferen.ce fo.l.-l-oir¡in,g histarrrine rnight merely

ìre 1;he effec'b of a groator ch.ffu-sion po'i;entia.l- in an opposite di-rection over'-

comir¡g tho con.s'bant'po1;e¡ttia-ì. of th.e stor.r.ach. fn arr atte:npi; t;o c1e'i;erriiine to

i,'¡hat exten'b'bhis clifftision. po'l;ential conbribntos'bo the clecrease in. tlie po-

'ben'bial- after his'banine stj-¡ru-l..abi.on, t,he elîfec'b of. a s;rn'þl:retic cliffusion of

HCI- on the pote:r1;iaI 't¡as t,r1ed. llhe ex1:eri-nen't,s '.lere perfonnecl i,¡ith sol-u-

tlons of TfCl varyin¡,; in pll frbrn 0"64 to 1.05. After the s'uona,ch hacl been

stirrrul-ated. v¡ith repeatecl injections of hisi;a:nine and.'ohe lro'i;entia-'ì- had reached
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j-1,s nelv level, approxirnately 200 e.cs. of lICl- r./ere l:un. into the ci:ambe:: and.

the pi'I of 'bhe last t-:0 c.cs. of 'bhe solution leavl.ng the chaäibeï ryas fou.lril. 1,o

eo¡:al that of 'bhe or:lp-;inal I-ICI 'bo r',¡i'bllln 0.02 of a. p1:1. Iho fa.ct'bha:b tjre pot-

ential- rernained. at the rnaximun low levol-:for sone tilne aflter the fl-or¡¡ had cea.sed-

ig evident that the clecreaso in potential ls not clue to a <lÍffusj-on potential,

llistamine stinula'bion, while 'l,]re po'l-,entiaI r.ras s'bj"tl. r),epressed

f::olt prevlou-s Ìristanine uag fo-l-loro¡ed. Try secretj.on and compr:.ratively l.ittlc

change in the rnagnitu.cle of 1,lr.e po'be::ltia1.

In a subsequent pa,Tler (g) ttetun d-ernonstra.terl that el-eetrj.e

cu.rrent aÞÞlied.'bo-bhe seereÌ',ing stoinacl'rs of pernostonfzecl c1-ogs fron ge:ro,sa

to rnucosa -resultecl in an itrcr'ease i,n 'bi:.e secretion of I-iCl-" 'I is..,ras'oot founcl

holvever in non-secreting stomachs. '[T]ren curren.t is aÞpl-ied. in .LiLe r,cvclrse

d.irectio:n, i.e. frotn lilLtcosa to serosa., 1;here is a clcc::ease in secretj-ort along

wi.'bh d.epr.'c)ssioll of i;he potentj-al-. firith the cessa'bion of -bhe curren'r, the sec-

retlon slovll-y returns acco¡irþanied by tire lroi;en'i;j-al-. It iuas also fou-ncl-'i,hat

hís'i;anin.e stirnulati,on, fol-J.or',ring 'bh,e depressj.on of the po'bential f::orl the a3r-

plicatiolt- of cu.rren-b frorn imlcosa'bo serosa in.'i;ire norì-secretinr,; sl,onacÏr, ::e-

srtl-'i;ecl. i.n sec::eti.on ¿r:rrcl 1r¿).s a,ssoci.ated r:'d'bir a re-]-ative-l-y srnaJ-I c.hanp;e in-L,he

poì;en'bial . In ^bhese ex,oe::j.;';len'bs 'bi¡.c l-evel. o-f i;h.e pote:n.1;j"a-.1-, af1;er sec:-'et;j on

rr¡as r¡e1.1. establ-ished r'ras esse:r'bi-ai"l-)' -bhe ßairte as 'i,lr.a'b iç,rncl in- sccreting

s'uoiäach.$ noi, j-ni1;i.a.l-ly d.enressecl b:f aprrl-j.ec.l. cr;.r::en-b.

l,ater in collaboraùion r.rith ï]nelolr (10) ücÌrm Liorrnd th¿r'b uire:n

StrmJ-l a::iorin't;s o-í sod-iu¡t 'l;hioc:r¡a¡ta-t,e r,,lerc; acl.¡rj.niste::ecl- to do¡1s to coi:rol.etel¡¡

:inhibi'i; the g;astric secr,'e'bi.on.,'t;ho.t the 'po'üontj,a_l_ rem.o.:Lned. nnci,r.anp;erl_ a¡.lcl con,-

s'i;an1; a.t the t'esti.ng level . li'ilen gi.ven i:r-r l-a::p:er: arnoun-bs ib rra,s -îor:rrrl, 'i;ira.'i;

a.s'bh.e rì.r'ng] 'book e-lfect't Lr-e ¡o'ire:r'L'bi.a,'l- sl-r¡ill¡¡ ír:.c:..eased. to a. 11eiï -l-c+vc-]' ¡.,rj,.e1.'e

j.t rema,ined Jlo:r: the dura'i;ion of t]lc,; eï:rrer-j.r;terrt.

l-n his nosi; r'ecel'i; ta.jrer (1.2) nenni Jr.¿rsr ¡::'esen-i;ecl ra"i;ll.er con-



Pge" 9

clusi.ve evj.clcl.cc 'bjra-i; 'l,it.c ;ra jo:r 'pa:i:t oft -l;Ìr.e gastri-c ;rotenti.¿¡.1- o::$-,ginn.i;es T:e-

tt¡r¡cer- '[,h.e str]läru-cosla ant1 Íiltcosas By cÌevel.oÞj-:r.gj a.n a.ppar::e:,ci:$ r,ilij.ch emplo;rs .bJ:ree

eJ-ectrotles; one on. 't;he t¡.u.cosa (rn), ole in. 1;ho sr:.b-inrcosa (S-li), ancl o:rrer orÌ the

serosa (fj), i:ctcorclinfìs r'¡e:t'e nail-o of i;,he c.-ti:í::lleronce. j-n. lrol;e¡-{;:i,a.l he1;r,reen. fii ¿i:rd-

,5 e-lectroc1es :Lt1- thc rr.s-ltr.al ¡ialì1.:ì.erc I't; r,¡a.s fou.trr] .i,Ìrat-Lhe -lo1,en-tial' difller.el:lce

in the restin{¡ s-f;oäL¿.rcb. betr¡reen the su.l:-¡illcosal ¿r.n.rl irnr.cos;a.]. elect::ocl es rras

esent,ial-L.y of the ßatite rìla[,;lr-itr;.c].e as tl:ra'b ]¡e'brn¡een'[J:c serosal ¿,¡lcj mlcos¿rl

e.l.ectrod.cs" Ït uas eil.so founcj- 'bha-b the cl.Lan-ges i-n ¡oten'bi-al 'ohat occr;T: fo-1.1.6i,,¡*

ing; histeurr:ì-:r.e i:'rjec'bion. arer only lecorclerl- .[':r,,oir,r th.e rrrucosal*su-b¡rncos¡r,]- elee-

troc]es orl,he trucos¿rl-seros¿rl e]"ectyocies. li]}re s;ubmr.cosal--scros¡ll el.ec'b::odes

sh.ol,I l:to chan¡,tc. lruri;ìicr', 'Lh.e d-j-ffeireilce of ,ootr:n"'LÍal :in 'bhe ¡:es'bj.r.g s'borrracl:.

r."eeorcÌed frr¡lli 't he sLr.lr¡lttrcosa.l-se:r:osal electroc-les is onl¡r a. srir.al-l- fra.e.'i;i.on of
'bl:e total- poten'i;ia] d-iffere:nce of tlr.e sl,onie.ch-. irleil¡i conc-l.riclec'l 'biiat bhe e_'l_ec-

trornotive fo::ce orig,'i-ira'bes Ín 1;he secret,org irorbi.on of the stonach.,

Fino.lly, Goodrla:r (11) using a Loeds ¿::d" i:Iortlirop speci.al micro-

ina:{ T'ecoi:der, rvhich is i.n effect a hi.p;h ::esista-n.ce poten'bi-o:Íieter, alr<ì- elec't rodes

errtployitrg -liqr:id ;jr:n.cti.orrs l¡].rich. -p::even1;ed the sc'uu.¿r-ì- eJ.ecl,rod.e flo:rl rnalring;

contact lvitirbhe lÍving tissues, stud.i-ccl a series of l.¡rov¡n. llorLrial. stor,laclLs

a.ncl knotrn ca.ses of ri"uocl.enal u-1cer, gast::i-c Lr-lccr a.niJ- 6¡as'Lri.c ca.lcino:"na. Da.ba

is presenteil- on. 'che vat'ious -l.esions inriica.tinp; a- c]:.a::a.c1 eristic r.esponse -to

:ni.l-k in 1;he nonäal ¿mcl in each of 1;he conclil;i-o¡Ls l,;en''rionecl above.
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-åPP/.LRAIruS

It v¿as soen at an early s'bage i:r the investigati.on- of 'btlis

p::oblern 'l;Ìtat it l,'ras necessary to clevelop record-inp; eq.uÍpl,ren'u 'uhat ¡::ovj-clecl

botir stabflity antl- sensi.tivity. I'b I'ras also d.esirabl-e t¡at the aÐnaratus

r,uould. faithfut-l-y reeo::d. voltage eh.anges a.s fast as one Ðer çrecond-. The ap-

paratus consists essentlall-y of throe pa.r'Ls, vízz electroc)-es, anlrJ-i.fier, ancl

rec orcling p;alvanonet er,

lÌhe ainplifier vva.s d-esignecl so 'bha.t tlie actuo.l cur::en.t cl::atfit

froärthe stomaclL was n-il anû 1t rnerely arnpl-i-fi.ec1 the d.iffo::ence in Ðotential

a.cÏoss the 54as'bric rmcou;: merrbrane, llhisl,vas fac1l-i'bated by having a lLigJr

i.nput itnpeclance (1. mep;ottm) 'bo'Utre arnplifier. l3y th.i.s rneanri a recolrcli.::g galvano-

meter of h"igh resi""ltance lras opcra.'l;ed. fro¡r the arrrplifier. T'L l¡as fo¡rnr] 'bl:at

this Ìti¿:';ir resJ.s'ba.nce of the eleci;rocles, ampJ-ifier and- ga-1va:r.ome'ber in lto r.,ray

interfered v¡ith -r,he record.in¡¡ of the po'ben'i.,j.al <1Íffer:ences.

]ÏLÏ¡CTTIODÏS

Ihere ã-re thrr:e necessary features in any ::ecord.ing electrodes

all of lvhich mtts'r, be'presen'b ancl cons'balt. lhese a::e (a) constan'b (ancl ln

i;his case iii.¡*r) l:esistance, (b) coil.'uact'r,vitiri;ile tissue iuithou'b in.ju:ry'to them

ancl (c) absence of nol-arization a'¡'bhe point of contac'blviththe tissucs. llhe

el-ectroCe systen as sllol'rn in liigure 2. consists of 'br¡vo saline br'íd,c;es con¡rected.

a'i; one end. r,,vith tire silver inpu'b leacls of tÌ:e a:utrllifier, a::d, naki-ng con'bac'b

at the oblter'enri ruith. the s'uotnach. Pl-as'bic trrbinE; of 2.5 rn.m. inside cl-ia-

lieter l''¡as used. These þ:cov'ecl'rio be rlore co¡lfo::ta'ble than stanc].arcl- naso-gastr:i.e

'Uubes being rnore flexible ancl having ¿r. rela.tÍveJ.y sriralley ou.tside d.iarne'ber

for their l¡ore due'bo the thin¡:ess of the r+a11.; tlief i¡sr. thcrefore easier to
j.nsert. Tlr.ey are al-so un.affected by noisture. Tlhe con.ce::.tra'bion of the
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electroly-be u,secl to fill tÌre tubcs lvas not; critical, Þrovi"d.ecl it lvas 6,;rea-b

enoü-ßh 'bo -orovitle sr,ifficient concl-u-ci;ivi'by; Iqil' lil'aCl proved sa'bisfec'Uor¡y" I-b

was esselì.tial. hollever, forbhe concen'bratioll at the t.r,,,¡o silver ju.ir.c'bio:rs to

be iden-Lical. Con¡rections be'bv¡een the sa.line bri.cìges and the a:nplifj.er i.n-

put l-eads vrele nade throu.gh. chloricled. sj.lve:: r,,¡j.re in a ¡llass Jl .'cube r,'¡hicl-r

perräi'btecl r'eÞlacerlent of 'bhe erec-i;r:o1.y'te by fl-ushing (tr'Ígur:e z.).

T'Ìre cU.stal enc1 of eacl:. bridge rvas c-Losed- r¡rj.'Uh Ð. sprrlce p:¡upj

'1;. tr Iottg" Tit.is provicled. a räechan,ical obstru.ct,ion to'i,Ïie csca.pe of salj-ne fror¡

the 'bubinç; bnt clid not sÍp;ilifi.cantly úecrease the e-l-ectrical c<lnd.uc'bivi'by.

Tiris procedure rlas a.rlapi,ed because ib was founcl-:in 1;Ì:.e earllr exþerilients

that Þi¡tcl:'ing the tubing c1uri.n63 inse:rtion ol even sr+a.l-J-orying expel-lecl a

sirLa-I1- arnoun.t of electroly'¡s r+hi.ch lvas reÐl-ace<l by a b¡þble o1l air; a:n.d a

sudclen cì.rop in voltage occu.::red cl-ue 1,o the resulting: hi-gh. increase in reslst-
ar-rce of the l.ead.. It lias also fou.ntl_ necessarj.'bo boil tlie saliire, sirrce gas

bubbles trere cì.rj.ven. off in th.e :bubin¡,; b-v 'i,he heat of -r,he boity iÍ tiris ',¡¡ere

not clone, and- aç;ain a. high resistar.lce lyas iriilosed in the briclge rr¡itþ a con-

sec¡tient red.u.c't ion in recordccl tr;otential . 1.'o ensu,t'e ù]r.at the end. of fir.e,c;as1,::J_c

el.ectrod.e dici not becorn.e occluded by encl. on pressu,r:e agains'b'che gastrj.c vra_lJ.,

sr,rall. ltli.ltdotïs t'rere cu-t in.'i;he ¡;aIl of t]:e tubing for a di.stairce of ltt froiir_

'l,he end a:rcl d.ista.l- to i;he rvooclen plug. Tlr.e space in the ti.p o:f tiie'i:ubing

(Ais-Ua,l to'blie ptug) v¡as fill-ecl lvith a rriclc of co'l,ton ro¡oo1 moistor:reä r+fth saline.

!-lbis ensured con-baci; lyith- the riu"r-cosa ancl 1;herefore el-ec'b::i.ca.1 cond_rr.c-biv:i .by v.lith

a niinittrurn chance of damage to the Írrlcosa f.'roüi elect::orl-e Þllessul'e or" s'bc¡naclr

ilovements.

By foJ-lowing tho foregoi.ng tiescli.¡:tion, tl.re el-ectrocles ïrere

found to be of constant resistance, of.'goor1 conclu.c'r;ivj.t¡¡ a:id hacl no d.et:rirreri.-

ta1 effect on'bhe iissues 1,h.a'b th.ey calire:in con'tact lrith. The suh;ject of po-

.L¿rriza'Lion riitr.st be gone in.'Lo:in so¡rc cl.et;aÍl. Pola.::izo.tion,, r,ù:i-ch ri,ay'oe c,l es-

cl'j.becl as ûJt ex-braneoi"rs curren'b::'esulting¡ flro¡", il:e conta.c'i, of electrotle and.
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-bissue, is ca.-pa.ble of causing e:ntirely $purj-our,: resultsn l\ ctr-rr:en'b of pol'e.r'i-

zation ntay occur at one or botlr electrodes ancl may 'be equal o-:: p;rea'bert'han

the or.i¡i;i.nal diffel:ence of po'ben-bial v¡hich is 'oro]le::ly being record-ed-. [iitlj--

l.arily the current of polari,z-a'l,ion nay be in the sa¡:e cl.irection or j.n hhc

oSrposite clirection to 'bhe trol,entiaf difference beitrfi reco::clec1. Tt is obvj'ous

therefore, iha'b a¡ly cu:rïent of polarization rrtu.st 
.t:e srlal-l , icieal-1-5r l-ess l;han

I,ii o-f the reco::ded potential , r,r.st be cons'bant, alrc-l rnus'L a'i; all'bir¡es be re-

ooÉjnizetl and- consiclerccl in ii,he yesul--Us. I,'ol: these -rleû$onri elcci,rodes lTc]:e

devisecj- -;¡hj.ch nin.j.ini7,ed or obli'berateil any pol.arj-zatÍon. I]he con'tac-b ivj-th the

-uissues by coì,ton, soal<erL i.n sal-ine, bhe use of salÍrle'briclP;es irnclthe silver-

sí"1-ver-chl.o::idc junc'bions a'L the gal-va.norneter inpu'b, a]-ong rvitil 'ï;he fac'¿ tl1at

bo1,h sícles of the salj.1e'ori-clge r,vere fil,l.eil lvith saline of i;he id'en'Lj-cal con-

centratior.r, al1- helpecì torvards th.is encl . /\s is sliolvn i-n Fig;u-::e 2. t-h'e rr'pper

set of g;lass T. tubes a-re provid,ecl rvi'Ùir ru-bber tops. These facilita'bed the

flu.sTii:rg out of tlie enl;:ire elec'br.'ode lritÌr fresh saline. lt lvas iroÊsibl-e by

ltieatrs of the cla:lips sh.o'1,¡li 1;o close off the olec'brorle r'vhen fill.ecl and :r:a'in't'ain

the briclge asj an air free closed- syst'erc.

4Iry:.EFrl (I'isure 1. )

f1re T:urpose of tÌris ampl.ifier j.s 'bo a.rnplify tni.n.r:-te dj-rect

cu*ent dii'fere¡ces of poten'bi-e.J-. As r,ra.s s'batecl ea::-l.j.er "bhe cliÍ-feÏence j.n

çre el-ectrieal conc'l.ition (ac1,ua1-1--v, the nu:ii-ber of el-ectrons) of 'l;jle mu-ct''sal

as oÞlro,.ied.-Lo'bhe ser.o$al" sÍd.e of 'Lhe s'Lomach is clescribed- as a dif:tellence

of electrical po.ben..bial . As these cliffler:ences are vcry sinal-l- i'L is neces,salT

.bo Ìrave the a:rLpl-ifiel¡o exaç1g;erate t-lrleiü. 'I'Ìre circtit clia-¿¡ran o:e "bl-re ar'r-rl'i-

fier: is sho.!,m in F1g;u,re 1-. It is a balancecì., si-ng;le sta¡ie, 'pusit pu-11, -pen-

tode, Cl-ass A anrpJ-ifier. 1'he input irrtped-ancc is irip;}i bein'g 1:ic;¡¡ohiit'

,l,hc in}ut is re'r:r-.csc:r'bcd by the tr'¡o poi.:r'bs À ancl B, coitli:r,1



.Fg;e. J-il

fron the "qÍlver-siIve::-cÏ:.1ori-do ;iunc'i;ion.s of t;he clecbrod,es. Âjl'bt:ï pasrjj-:np.;

blirough.the'Lv¡o va::iabl-el'esj-s'bors Iì9 arrc'l RlO lrhj.cÌ1. are each i.jOOrOC)O olurs,

tire j,nput i-s fed to'bl:e cont,rol g::icls o-['b]re tiyo 3(-]5GT. 'cul:es. llhe PDO ohrn

resisl,orr R11, between ihe filai'noll'b anrl-i;he g;rou.acì Ìll:ovides a, s:nal-J, stanclinf;

nep;a'bive bias on 'bhe grids ÌTi'bh resl:ec'b 'bo 'bhe fila:rren'bs"

The ou'i;pu-'i; is ire'presenbed on pJ:ro'i,of.lraphic papei: by ilea.ns of

a:noving coiJ- gal.vanornetcr, a.nrl. is a,l-so bala¡rced-, Tlte sc:r"een gri-d-s are col.l.-

nectecl cli::ect-l-y to 45 vol-'Ls positive. 'f'he nlates recej.ve'Lhj.s 45 volts via

a. balanceci load n-etv,rorlc, resj.stors Iì12, lì1.3, Ttl.4,, RJ-5, and'i;Jre shr_rni,ing effec-i;

of the gìal.vanoirletel coj.l.. 'ilhe::esj.st,¿.nces are iriade varia.j:le so'L.hat -,.¡hen

tilele is rtno in.ïu'bttrthe curre:r.'b ii-rrou.glr tb.etwo tu.br:s riray r':c; bal,ailced."

l,'ill.en this occtr.t:s ti¡.e::e is no C-if.'ference in'po'¡eu'i,ia.l- 1le-tr.rieon'bl:re tlro jloil:-r,s

ltXn aflil, rrYr, and "bherefore, no cu-ïïent:tl-or,ving;'bÌrrou¡¡h tirc ¡;a,l.va:.'Lor-rile'Lcr coÍl-

ancl co::seclrr-eir.-bJ-y 'i,h.ere aï'e no ri.eflec.t ions. r,iflrcn Ìrolvevor, a rnj-nu,i;e cl-i.ffer..ence

in 1-lotett.'i;j.al- exj.s-bs lle'brveen bh.e innrr.'l, 'l,cl:'¡rj.n¿rl-s rrÄti -¡l-fl, tt!,Ît, 'l,lie rnore pos:f'bive

terrninal- caußes one'l;ube'bo cond-uct inore'bÌ:ein nomial , ¿rncl tlr.e nep;atJ.ve ter:-

:nj-na1 causes 1,he otl¡.cr tube bo cond.uci; less'b.hair. nornal . ilh.e net result of

these concli.tÍons i.s a::r unba'l aä.ce in the lclacl resi-stors Iì1-2, R13, R1.1,', Rl-5,

causing a di.ffere:.rce in- po'ben.-bial- to exist be'blveen lX.tralr.rl lYr'. lf]ris in'bu::n

al--]-ov'¡s a- cu:lre:r-t-t,o flo-vr tbloi-tp;lt the ¡1al-va¡-orneter coil causj.n¡¡ it to swi.nug

be-Llyeen. tlie poles of i'Ls rnagnet. Very s-'Lj,pltt charrges j-n. Ðo'ben'bia-ì" on i;he

conbrol g;rj.ds of tÌrose tubes proclu,.ce rela.cj-ve}¡i large cìran¡-5os; i.n -b.Ï:e cu::rent

florving tirroup;h th.ern. Tiie cleflection of 'bhe galvanorreter nirr.or j-s a Ì:ig;h1;r

inag;nì'f:i.ec1 tr.nd.j.sioliecÌ rentièa of tÌ:.e i-nput volta.¡ie. /r-l-tliougJr.'bhis is a. sirirple

exlrl-a:ra'cion of 'uhe purpose an,cl:iu.nction of the a¡rn.l.ifler, 'birero a.r'e stil] a

fer¡¡'l,ech.uical poin'bsl'bhat need- rïier.li-,ion.ina¡" The tr,¡o tubes usecl pr:ovi-cl.ed econ-

orq¡ o:f operation. and- irarl su-ffj.cien'b ¡.4ain alr.cl a J-ov enoirgli lrl.e.tc ilil-Ded-an.ce to

lila'bch-i,b.e g,;a1van.o:neter u.seit. ll.he probJ-e¡i of <l.rj.fi; or: ba,se line -ins'babi1.i.'by
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v'¡as deal--L tli'bh by us;1ng €r coinlnon catLlode b:La.s res:i.stor. .Dri,¡1', dne-bo va.r1l-Lng

radia'bj.o:r ancl co:rclu-c't,ion of heat frr:m'uhe'Lubes1;o the ehasisl¡+a.s practicalJ-y

elirtina.tecl by ::aising the 'bubes slightl¡r in 'i;heir soc]cets so thnt -bbere lras

no physical- con-bact betv¡een the base of tire tubes and'bhe chasj-s. llhe gal_vano-

tne'ber v¿Ìs eol:r::ectecl fror.n L-rla'be to plate of the two tubes a:ild the vo-l-ta¿¡e acl:oss

it eq"u.al.ized (r''¡Íth no;oote:r.tial- cliffe:cence acïoss the inpu-t of th.e arnpl-ificr)

by acljustj-ng;'b]:e scntc:r tap of a ruj"rc lronncl -potcn.'bj-omcter conneciec-l to t;he

high voltage sourco.

Gå.LVAL[Oii]ãTíIR

Ttr.e galvanoneter was of cltArsoÐ.val t¡¡pe u-sÌng 'bwo ? inch

'oer:lan-er1t rragnel,s of LÏ'Le type used in suiall tou¿ "p"*kerß. Tire moving coil

lyas l'¡ouncl vlj-th 21000 turns of nurLber 42 e:rarlel covered r,liy:e a.ncL hacì- B.:D.9.

resis'bance of 41000 olLrns. Tt vr€r.s susÐenrlerl vertj-cal-J.y by a fine ¡hosohor-

b::onze l'¡ire allolin¡g a l-inear torqu.e movenent. Ilecoi:clg were talcen on sfolrr

rnoving velox papeï, by rneans of a l-ight llearn reflected fro¡n a silve::ecl. lij.cro-

scope cover slilr attacired-'bothe ¡r;alvaaolre'ber coj.-l-. A seconcl -l-igilb bea.:l re*

fleeted- from'bhe galvanotirebe:r rn-1r::or !'ras focusecl on a red- g-l.a-ss vieu¡inß scïeeu.,

anil provid-ed opÞortuni.t.y 'bo observe the vo-l.tage be:Lng recorcl-e<i.. I,,a.:icimrm

gain of the arriplifier r¿¿ith'bhe sa-l.j.r:e-bri-d-6¡e electrod.es used, Þ:r'ovicl-ed full,-

scale defl.ec'bíon (5 inches) of the figl-Lt bearn r,¡ith. [J0 inil]-ivolts i.n¡ut. A

du"a.l potentio¡nc'ber i;0. thc g::ic1 ci.rcuits provi.clecl atry gain requirecl r.p 'bo the

lnaxirntun ui irhou-t cha:rging the i¡:æerlallce of the ínpu.t sys'ben.

c/\lfllïtAl.'I0N

$alib::¡rtlon of i;ire apparatus rtas¡ carriecl ou"t by ap'pl¡ring pe-

i;ential- clifferen-ces of 10.60 rd-J-livo1ts, frorn a vol'Lage c1-lvi.der in L0 nilli-

vol'b s'beps. The calibrator voltaE;es r'¡e::e aþp-J-ied- through 1;Ìre sal_ine bri-dges

frorn a secon<l lrair of low resis'l,ance silver-si-l-ver'-ch-l-ori.rle junc-bions con-
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nected to the calibra'bor. fhe arrangenren'b of the calj-'brai;or j.s sh.orvn on the

lof'|, Ìrancl sÍde of l'igure 1,

fn so:ne cxpelrÍrirents gastric secretj"ons Ìlere reco::d.ed- si.liu-lt-

aireously trith po'benbial.s. l[ÌLe secre'bionslvere co]-l.ec'bed- in a 2 c.c. p"l.astic

thimble helcl in a loop on'bhe arrn oil a s'orÍngj ba.l-an.ce. f]le --t.a'bte:: rivas cotl-

nected r.rj-1,h a pivo'Led rnÍrror uhicli reeord.eil, 'bire secre'bi.ons 'by rilea:ls of a, re-

fl-ectecl l.igh'b beann onto'bJre¡ sa¡ie paper as rlras useil to record. the ¡otentj.a.J.s.

Tire spring ìralance gave linear iìispl-aceriren'b of the l.j.gh't bea¡n as i,l're wei.p;l-rt

of the secretion i-n tlre th.Ír¡lbì.e increasecl:ilroli Íts zero posi.tj-on. Several-

thj.tirbl-es of iclel¡"tical rvei-gh'b v¿ere provid.erì. so 'bha.t r'¡hen. one -bhi:',rble had fi.ll-eil

it could be repJ-acecl in.stairtly by ano'cher lrith 'bhe retu,rn of th.e -1.J-gh.'1, bean

to i'bs fonner.Ìlase l:l"n-e. 'Jlire ç¡rr-anti.1,y of secrebion pe:: unit of tine is j-n-

dica'becl therefore by 1,he1,otal upvrard. excr-rsion of i;he ì.ip;h'b lreann, and the

rate of secretion is apparent frorn'bbe slope of ihe g::aphic recorcl . ll-re no:re

rapid'bhe secretion, 'bhe cl-oser to tlÌe perneniì-icrrl-ar j.s tÌ:e pìrotograph of i;he

Iigh'b beam represenbÍng the secre'bjon. ll.lre spri"ng balance v'ra-s cal.iJ:rratecl

froirr ti:le to tirrre lvi'bh laror'¡n lieig;h'l,s ancl 'bhe ac1;u-al sec.r:eti.on rvas a,l.so v,ieighecl

in roany inste,nces" 'Ihe ahotographie t,racing a3-so ac'bu.al-ly provj.d-ec1 an ¿.ccurate

record of the weiélht oÍ' t;he sec::eti.on.
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Pn0cnDurùLil

ithe ea.cIy exþerinen'bs in '|,]rls lr¡ork colfcern-ed. air effort 'bo

recorcl gastric po'ber:.tials in hunans using the techniq,ue oui;J-inecll by G'oodiilan

(12) tri'bh slight rnoclificatj.ons. This series proved- 'bo be u.nsa'i,:i.sfactorSr

rriai-nly beco.u-se i'b t¡¡e.s inpossibl.e 'bo ob'bain eonsj-s'i;en'b reco::cls. lilhere waEl

alïros'b coïr'uÍnuous variation in'bhe vecorrlocl po'ben-bíal to an cx'bent lvhich

preveni:ed- any conclusio:r,s being reachecJ" concerni:r¡; eiilrer tlre s'beacly state

or the reason-s forbhe varia'bions. T'b appearecl 'bhat the instabili.'u;r 1¡¿s

pa::tly cl-u-e 'bo 'bechnical- erllor, e.Loj. chalr.gi-trg electrica.l- eontact j-n the

s'co:nach, amd pa::tly clue to 3:hysi.o1.ogÍcal variatíons whj.ch were not u.nd-er.-

stood. Ft-rtherrnore the evid-ence lvas :[aj.rly stronq that the ernotiona.J- state

orbire cond.j.'i;ion of res-b or al.ertn-ess of 'c.he Þa'bj.e::-'b r¡rat,erj.ally effectecl. tire

p;astric po'beu.tia.l being recorclecl f:rom rninute to rúnuLen Llor exaritÞfe, a sud.-

don ¡roj-se causeri a::apÍd cl-ecrease j"n lrotential. lasting several ni-m:-'bes.

ln one patient a cha:nge jn;ootentia]. p::od.ncecl b¡r suctr an- int-

err"uption r,¡as ciraracteris'i;j.cal-1y rep::oclu-cec1 o11 rnore tlr-an one occasion.. Since

su-ch va::iatj"oi'rs in po'i,ential difference occurr-ec1 , 'bhe causes of i'¡lLich lvc::e

¡r-ot u-ncLerstood, i'i; seerred unlikely tiiat 'i;he in.vesti.g;ati.on of .oa.'l;ien'bs v¡ith

gastric Iesíons wou,ld prol'ide resu,lts 
"vhj.ch 

cou.ld be interprete<i., l-'herefore

a. ser:i.es of animal- expeririient,s lilere underta.l<en in an. efforb to cla::ifir fu.r-

tlrer i;he ¡tore fundarne:rJal con.'brol- oÍ the p;as'i;ri.c potenl;j-al.s.

Tn all. cases clogs r+ere u"sod. lueigiring fron 5'bo 1.ã ki-logral.üjles.

They rriere a:raesthetizerl uitir solubl-e bar't¡f tone , }ilT) ini-Lliqr¿u,r$ per liilo pliv<:

iirtraper:i.'bonealJ-¡r. The neck ancl abdonen r¡rere cl-ipped and. a rnicl-l-ine inci.si.on.

r,,¡as r;lad.e in the neclç an.cl e. tracheal cannLr3.a insertecl , Á. venous'cap cannula.

forbhe adrnÍnis'brabj.on of drugs'1v..¡-s j.'rrsertecl. in bhe i.nterne,l. jugr;ular vein.

'ilhe stomacÏ¡. v¡as their brou,gJrt ir:to a micl-line abclo:ninal i.ncj-sion arrri. a fla:rged
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glass 63astroe1-beros'borny-i;ube 1.5 c.¡r. in dia:ne'r;er an.d l-5 c.n. lon5'; I'ras tj-cð

into'i;he a:-rterior,wal} of 'bhe stonach by a pursestring sutu.re" Á.1-l bl-eecl.e::s

r,¡ere caught and carefull;r .L,ied. 'ttre gestros'i;oq¡ tubo lrro'r,r:u-cleci throuPjrl;he

abd.orninal opening and 1,ras helcl ve::ti.ca1"1y:i.n a cla:np. lf]ris'brtbe provlilecl

nÌeans o:ll introcìu.cing sol-u.tions anrl 'l,he reeordi.nP; el-ee"b::'od-e in'r;o the l-urten of

il,le s'borim.ch. T,o prevent sal-ivo.rTt- secrel,:i.on frorn enterlng ancl ga.s'bri-c contents

fro1rr l-ea.ving'l;he s'úonacll , -Llle oesopha.,.qtr,Íi ljiÉl.s Ùied in"LJro necl< a¡.d- the pl,,'loüS

tig:ated just distat tothersþhincte:ro Tn ty:in.p;-Uire pylofis' c¿L-i'e uras'ballcn-bo

exolu-d-e al-l- ì;he a.rcLr.::a'l,e vessels fron the ).igal,u.rc"

,lhe sUoirrach rras 1;hen fi.llecl l',ii-bir pì.rysiol-ogi.co.l salir:.e a'i; 'bocly

-bernperatrrïe ancl- ihe el.ec-t,rocle ctj.pttetl in'i;o -l,lr.e se-:Line fj.ltec1 lu-nc-;:t oÍ' t;he

stoma.ch. 'Various l-icluirls r,yel:e -br:iecl forbhi.s purpose slnong -bhell, vari.ottg

saline soll'bions r4t to 10t6 lT¿ìCl-, irhysiologi"cal- callne, 'bap r,'ater, aïttl cij-l.r-r'bei

liyclroch1.o.rj.c a.c:i.cl . f.b uas cìecid-ecL 'chat as :[ar as corrd,uc'Li-vi-ùy arrrl sta'tri1i.-Ly

lyere concerned, no3:inal sali¡:re i'lo.s'[;he nosl; sa'bisLÎt:c'i;orry. T]re l.evel oll'í;h.e

saline r:¡as b::ou,f.îl-lt hr.l-f ïÌay up'i;lLc ¡;l.ass ¡;a.s'bros'borq,''L;nbinp; antl'bh:i.s offe::ecl

a visu-a]- r:ecord- o:íl pcris'bal-ti c cor:'b::ac''ci"o:ls of tlrc si;ol ach ì':al--l a-ir-d rrovcl'.clt1;s

of ¡re sto¡iecl.r iLu-e 'bo resl:i.ration, In 'bh.j-s r'ray tÌr.e lroten'L,i.ill tli.ffc::ence

of .bhe ga.s'b¡:Lc rïu,cosa as a wlio:l-o.,:ias-¡:re¡,sut'ccl- a:rcl il:r'tcllacts c¿¡-u-r:eci b¡r a.

vari¿rbl-e con'beict i¡otr¡¡een 'r,lÌe mlr-coÉla ¿rrld- gl,i.,:tr:ì-c e].eci;rocl.e froni rcspira-tory

tnovelriolr.ts, ìoer j-s-i;a-l.s j-s etc . r liJere el-iri j-rratcc--ì".

irbe fo::eÊ;oÌ.i4¡ techn-ic,lir-e l,rarç: a.cl-hererl to r:i.g-i.r).Ì-¡' iili,lre fji'st

set:ies of cio,.j expe::i¡.,e:-L'i;s i,vï¡ere only gaLstr:lc 'po-i;enbj.al s ",ielle lleco':l:cl-ctl .

Á. r¡econc't- scries-; oj-' exl¡cril;c-;n{;g ri;e::er coltd-u.c-bcrl i:n r¡jrich c:[foÏts

lrcre nacle -l,o r.ecc-,r.cj a.llrl. coruel.¿¡.te p;asiric 'Ì:otent j.a-1. il-i:f.le,rcn.ce$, aitc-l -'jec:ìle-

.bi.o:n" For, 'i;i1c lt.'i;'Lr::: -i;iie fol--ì.ouì-ng Trrocerltr,re l;as li.sed.. Tr¡r.cll.eal aild- :ì-ir-

.ber,:na,ì- j1p.;uIer'.r ca:uru.l.ae were insel."üeci a.s bel-'o::'<l . -A' tititl---1,.-i ile aìldonl:in¿rl. j.n-

c j-sio* rvas r.ilade al:.c]. 'l,l-re s'i;o:nacll r'¡as; c;lposccl.. A p;as'i;rostotrry ope:rlinp; t'ler.s 'r'ta<]'e
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on tlre an'berj.or ç;'bor.ia,clt r¡1a..ì--l- a.bou.-i 2 c.:Ìrts. pT'oii-i.lr¡rl.'i;o tiie'tr:.'o:lcii,.,al- llo:i:il-el:: of

.b.tle .¡¡,J-o:ric alltltr.n" Tlle;ecler:s lirel() s¿u-¿iht.'b ailcì 'L;j.ecl " ll'h:rou.¡;h tirj-s opetrj-rt¡1 a

spi::trl o.1 5 nil..ì-i¡ieter gJ-ass::ocl rva.s ine;erbecl i¡'l;o the s'1;o::laclr',

Tr1is se::'vecl to seÞa::a'[,e and proven.-b opitosj-1;ion of t]i.e lrrllcosjal

,sì,::[aces so tha'b per..iriteLl--i;iclranres r.'¡e::e ineLifectÍvr), ond tl-to s'i;eac]l¡ fi'ovi of

g;as.Lri.c sccL:ertj.on. cou.l-cl- be .recorc.1.ecl" 1'Ì:.e ,';ize of -i;Ìle Êila-ss sìriral Ín each

ri.og.l,ras care:flu11y chosen -i;o avoi.d" s-Lre'l,ch.inP.l of th.e sì:olrt¿rclt ancl- srossibIc in*

1;erf ere:nce 'r,¡i bh. it,.'; see::-'etor';r fi:-tt.ction... l\ s braj'|lrb ¡;l-ass tu.be of l' ' 5 c ':'r '

d.:iarreterr'L,o serve as a coll-c;ct:i-ng tr.tbe, liilrl.s'bhc:-'l 1;:Lecl. in-bo'Lhe p;r.lstros'bor4r

openi¡g lri.bh a pu.ï,se strin€; su'Lu-l'e. lllris tube r+as e.:lra.np;ec1 so tÏ¡ai its l-one;

axj-s ry¡.$ lar.¿Lll.el'i-;o ùhc J-on¿1 axj.s of ti:e gl-ass s;oì.::a.1- a:ril the:reforc of 1;]re

ÌlOö.1¡ of -the ,stoinagho 1-Ìre clop; r,ie-,5 p].a.ced. o:r.:i.t;S ri-¡4h'c Side, anii'r'l-'e eol-1ect-

iLn61 1;ube broufjht ou.t{;hrough a Lnirill-l slrj.n j,n.cj,sj.on oveilbhe rigÌ.l'r;:reciu-$. ''[he

.bable iras til-t,ccl a:rc1 'Uhe positio:: of the tribing ad-jr:r.sted- j.n a claritÐ, un"Li-1' the

lonÍj axi.s of -b]:.e s-i;orilacLi andthe col'ì ec'bin6'cu-be ruel:e ir.r al.ign:,rert'c arld- a-l-iitost

ver-bical . ,ftLe gastric -qecr,etions ivere thu-s per:i-riittecl to flow s'bead-:i--1-y ot.t-t

of "r,ire col-lec-bj.ng -r,u-ben Tl't.e gas-bric electrorle vras inserted. 'bl:roufÌÌr the co-L]-ec'b-

ín¡3.bube arr,t1 a cotton. wick inthe e¡.d. of it:'¡as a.ll.or¡¡ed.'bo Ij.e oll'llj'ie ri"LLtcosa.

Ttri.s gave goocl eJ.ec'i;rj.cal conl;act. The o{;i-r.e:: eleetrocle Ïras fixed su-bci-rtan-

eou"sly as before.

[11 clruE;s a¡rl so.l-r:-bi"ons give]f Ìïere acl,:ninis'berec.l eítlirer: in1'ra-

ve'orr.gly vj.a tho -Ua.p ca.nn,uJ-a, subcu.tancotr-sly or d-irec'bl-)r:into'bhe str¡na-ch. as

no'l,ed. in. each. in.staÌlco.
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illl:e in.il,j.al. re:cord-erl po'bon-li¿rl clif:lel:ence ranged, be'br'¡een 5O

and. IOO lLil-livol-i;s" Tnis po-l,enbial r'¡¿rs s'bea.cl-y, in'bhat it d-iri noì, shoÏr any

flrrctu.¿rtl-ol1 or r,¡ave pattern. ft dicl. sll.orgr hor;leverr a. prog.ressive ancl plraclrlal

in.csease frolii -Lïre beginning of the recoril- for a variable perj-odl of l-O ltii.nutes

to j- a:: ]l.or-r-r. "Ë\t 
'i:]re encl of thj.s 'Liiic r',¡helr 1;h.is increa-se vlas corrrpl-cte thc

-oo.be¡itia1 d-ifference remained at -bhis nclv level- un'i;Ít oxpe::ir;tental' p::ocedrire

1ìr¿ts s.bartecl . ït r,vould appeaï ùha'c this:represents a p;raclua-|. ::eturn to a sta-te

of absolu-te þasal corLd.i'bion.s foll-oviing 'bire clisturbance c::eated- "oy re:1-1-ex(:)Íl

aro¡,sed 6-illingthe pr,e-Þara1,ion o:f tïtc an.irnal.. il-Ìre exter.-r, of the ¡iradtial irL-

cyease of po'be:r'i;ial , un1;il- a- consta:rt J-evel'iirrs a'b'i;a.incd::angecl .í'ro¡i:i to l-O

nrill-ivol-bs. .l.l:rese fj.n<lin€:s a.re in accorcl ruith those of T{islorsi'bzer atlcl Sjilvel:

(Z) ancl other eari-y invesiiga'bors lvho fou-nil.'b.hat the,c;as'bri.c po-leirl,ial d-íf-

ference lras greal,est r,¡hen -t,he anirnal'çvas in a rest,ing si;a-'be. ll'he¡' ¿rre al-so

i]l a.ccor<1 r,ui'bh our early observations in htui:ansr e.€i. tvjlenthe lla-oi.en'i; rn¡as

distr.rrbecl'L,he po'cen'bial cliffeïen.ce l''¡as reclu-ccd'.

l.b vuas a.lso fou:rc1'i;hat in atl. experi.i,:en'cs the electrod.e rvithj-n.

th.e s-bo:nactr lras nega.tl.ve vij-ttr respecl; ì;o the extra-gas'brj.o leo.cl . fn tlone of

.the an.inLal ex.¡reri.r,rents rvas tire j.n'blagas'bri.c el-ectrocle losi'bi.ve 'co tli^e ext,l'a-

gastrie leird- e:lcept as a. telnin.a-L ph.enonen.on fo--Llowing the clea'l;h o:íl the anJ-nal.

Sagc (4) on the. contrar¡r r:ecord.erl sol:te j-:rsl,ances il:. frogs ín v¡hich the gast::ic

l-ead l'ras ¡ositive.

Alll.lTtiaìlüJliÍ - iiFFl;üT 0l.l FOTrTllìTTl\Ï,

tr'rom tTre observabions of tlre effect l'¡hici:t a. sndd.en scal'e and

a snbseclu-ent ¿rd¡enalin rele¿lse hacl on. the po'uen'bi.a1. in- hurita:r st¡-Ìliects i--i; was

detorminecl'bo try the effect of i.njections of j.ntra.veÏlolls ac1:rena.fin.:i.n va-ry-
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yln,g CLoses on cLo¡4s. Thirt;r n.i-n.o doÊjs l,riere ex'poririLei:'LecL on. fo:r:'bh.i.s purpose

ancl a'co'bal of 81 injec'l,ions of'¿rc1::ena1j.n, lrere gliven. Both so-l ubl-e bar-bj-1-,one

an<1 pcr1tol:arl¡ital l'¡ere usecl ar¡ airaesthetj-cs. Illliere Ís no ciistinplu.j-,shab-l.e

difference in tlre reco:rderi resul.ts frontthe u-sc of eíther ap;en'b. -AI1 dmFls

given lvere r,iacle up in a solu'bion of lir;vsiologi.cat sa.line. Sa.fine gi.rren by-

itself a.s a control. ïras r¡lÍthout eflfect on Ïepea.tecl trial-"

The response frorn ailr:e¡:a.-Lin fall-s cha.rac'beri-s-bi cal.J-y int,o one

of two types. 'Ihe firs'b ?esironsie (ï'i.gure ¿¿) to the large::'closc (the sjz,e of

the d.ose, anc1. ''"vei.ght of tbe an.j.rna.l" Ís gi.veln il¡ith th.r: illusira-bion) ::eaches

it:äax:i-i¡.u:n in 2 to 5l¡rinutes ¿rn.d, is usually cornplete v¡j.'bhin 10 m:inutes.

llhere is a rapid fal-l- in po'ben1,iat o-f from 5 to 20 nilllvol'bs to a netr level-

with.in Z or yt minutes. I{avi.ng rea.ch.ecl t}rj.s loÍnt 'l,he::e j-s a. ::ctur¡, 'i;o approxi-

mately 7ïrt of tho o::'ip;inal- lcvel in the next 2 to 3 ¡tj.ilu--bes. Àt 'l,irj.s poj-n.'b

l,he re'hu,r'n. oJ.' tl:.e pol;entíal beconrc:s tnore grad.ua.l and lilay tal(e -10 ni.nu'bes for

compl.ete ïecovelî¡r The result, as shor"m in. Tr'igure 4Á is arl aÊJrTÏïìetrical- d-o¡'vn-

rva::d sPike.
ho,¡''J

0n the other.hä srnall close e-l-icits a b1-phasic response. As

is sh.ovm. Ín lTigure 4,8¡ 'bÌ.re reslron.se'bo .05 c.cs. of I: l-000 ac]"re:lali.n. in a 6"li

icilo¡,;rarorne dog is a-n. irnmecl:i.a'be fall- of al¡out 10 rnillivol-t,s l'ri.'b]lin a lre::i-od- of

of al:ou.'b l- rilinu1;e. I:[avirrg r..cach.ed this Troin'b a'i; the encl of i;hi-s'hir-nel,h-ere

is an i:rrrned"iate retnrn'bo the non-nal level. at'Lhe sanle:cate forllrillPl a syrrtet-

rical rLo.rrmrr¡arcl spi.l,o. At'bl'-ris point'uhere is again a red,u-ci;j-on in. po1,enl;ial-

but sloger,::equ-:Lring; about 1,v¡ice as lon5t a-s p:revi.ortsJ-¡r'6q reach t¡rj-s soeoncl-

lor,r loi.nt, ancl then a slovr I'ecoveq¡ -bo noLll¡r-l- requ:lrin€; as J-ong as 20 ¡rd.n.n'bes

on oceasione As j-s shor,'m ln- Ifi.g;u"re 4B, tire las'b trvo Tes'frolfseg a::e'b.'¡-rrica.ì" ofl

the effect o:t a sätal--l- close.,'ûri-Ie i;he fi.rs'b lresjrollse rvitb a. close of .15 c.c

of l: 1000 aiLronalin shorr¡s so¡ne of 'bhe charac'ce::j.stj-cs of tÌre srla-l-l r-l-oçiil¡:;c in
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the si:ral-l upi.rarcl. s:oil<e a.t '|,Ìre peali of '[;]re res-ponse, l,lh.ile 'rhr] I ong plvo-tlual f'e-

coverT¡ is charac'ber'Ístic of a l-a:r:ger close, Tlho c:ri'bi.ca..l. c"Lose lvou.lcl appearbo

be 0.0295 li .006 cnc,s. of 1: J-000 a.drenal.in per lcilograrriie. lïi.-bh rJ.oses J-a::p;er

th,a:r t;llis tire::'tlsl.tonse is of .bÌre'b;rpe sho-r'nr Ín Fig;u.ye 4!t" Ttlis ha-s; been formcl-

to bethe case al-nos'o lri1;hou'b exceo'bj-on iir'clre ad.renali.n:.'esponse i.n-bilis r¡orlc.

Tt ln¡as o.l.so obse:lvecl , 1;h¿r1; r¡i.'bh adrenalin a.s many os 6 or 9 con-

secu'¡ive d.oses coulcl be p;ive:n., r¡li'ulr.i.n a peri.ocl o:Ê'bv¡o ilou.rs and'i;Ìre resnonsje

ïras apparentl¡¡ n-ot j.n any rva,y i¡-f}-r-enced i;y the Ðrececli.nri injcc'Lions.

pTLOüAÏìpTÎliI,j - liFï'ltcll oi''i Pc)'iftt\ir'f/ú

To de'bernine -i,h.e ef:fec-b of ,oj"locarpine, 2l-: exper.'itilen'ca.1- clogs

were einpJ.oyecl arrd. a 'bo'bal- of 4,5 d-oses of p:iloca.rTine vlere given ::an.gi:n.p; f::ont

0.1 c.c" 'bo l-.0 c.c" of! a l:'f, aqlleolr.s sol-ution..

lhe rcsult, agaiir fol--Lor,.red a clefini'i,e pa'b'be::n in. each ea.se, the

only variation being'i;ho size eur,cl dr-ra'i;1on of 't he::esponse r¡¡hich,¡;as cl.efilt.itely

relariecl to 'btre size of bhe d.ose.

Iigu::e 5lr represents a tyJri.cal. Tesponse io pil-ocarpi.ne. li1

'u-he,space of 5 ôr 6:nj,nu-testtrere is a ifr'op i.n.ootentj-al dj.ffereÍ.ce of iö5 ll11l-i-

volts to iu'h.a'b apteal:s to be a nelv pe::r¡a,ne¡t l-evel- of potentia].. This n.ew l-evel

of approxirr,a'i;e1y 40 rnil-l-ivol-'bs r",¡as ¡iio.j.nteLinerl for'$- ]iour aüc1 then t,he po1;ential

diJlference slorrly bep;an 'l,o i.ncre¡.rse Ë.1;lcl after L Jroli-T rrras bacl< l;o -L,he lre-

píloca.r-pine l-errel-. I'iguro 5C j.s anlo'bhe:: 'bypical resJ onse in i."rhj.ch 't ilc riose

of l-.i-l-ocarline i.s srl'Lall-er" 11le r¡oten'Lial beg1r,r,s'c,o retrirn t,o ¡-ori,.a.l ¡nu.ch

sooner t.?.rall. the ¡rrevior).s case ancl- tire respcr.ge'",lag corllletc,,,¡i-tlti.:1. one ]ror.r-r

lyií,hou-l, the pcriod- of lrl-atea.u lrhj.clr ï/a.s pl:'esen'b rvi.tl:l t::e J"a::gei: d-ose. I'igrr-:rc

5I3 replesents'bl:Le rcslonsc of'the el.ec'i;rica-l- note:r.tial.'Uo an eveil. sliral..-1.er d-ose,

iltrere is a s¡r,al-l- biphe s:lc elel,,iet'b in 'bhjs ljesponse l'¡hj.cl; i-s seet:¡. irirrned:-erbely

af'ber tïte d.rug i,s ¡:;iven. Thiri increase i.ll trot,cnti-a-1., 
.l:efore j-t r,'ias comnle'Lely
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clecreo.secl froin -i;ire effect of tiie pj.l_ocr.rri:ine caLr_sjÊs a sr:ral--l s-cj.l<e j.n -i,j,.e 
cl or,m-

rrÍ¿).ïil. cu.l'Ve arrcl C¿ur:ro'b ì:c cXplainc':cl on. tire baSiS o:Î c]-oSag;c; ¿rs i'b wei€i eolrnrto]il.y

foun.il rri'bli bo'bir s:i:ia.J--I. anc'ì. l¿ïgs cl.oses. Lt :i.s seelr j,n bot;h Ji'i-gu::es Dll and 6

ancl ig nruch rnor.e lrarlied. :ln 6,

Jl'ip;u.r'e 6 :'epresen.ts a bilrÌrasi.c lreßponílc) 'i;o .J.O niJ,1-igla.ns

of pilocarpj.ne a.ncl a. clecrease in Ðo'oerr'bj-¿il- o:1 25-50 nill-ivol-ts. llhe po-

1;ential rci¿ained" ab thls level:for 10 iTìj-tlu'úes, ancl- irhen 5 millÍplro:,rs of at::o-

'pine 'tvere gi-ven, the -poi;en'f,ial c-ij.:flfleirence Íruledia'beIy be¡4an. t,o j,nc::ea.se. It

reacÌrecl. its olcL l-eve-l- a:rd. relii¿ri.¡r.ecl st;ea.d]. a1;'chis J..cvel-. ll.t ivas o'bservect 1;!ra.-i,

rvi'bh'L,1te i¡.:.traverror.ls ailirin.j.si;¡'¿r-i,ion of ai;::o-0i.le'u.'i,iere Ti/as a.r=¡ilrch::rore ranj.cl.

:rei;uf':r -i,o norrna.I thar-i if the .oj.locarpine resj])oitse ilas 1e:f'b"l;o recove:i:.fc:¡ i-i;-

se]-f. Ä'bro'pi.¡Lc aftel pi.locarpi.no r1j-d-:rot ¡:-l-'r','a,:'s p::ocl.r-'co aß rapid. e:rei;u.rn. as

is sirot'n in- 1i'ip;t-r":re 6 bLt't al-rrtosilïi'b]lor.t'r, e:iceþ'1,-iol-l:i.'ï; recinceci the ti::re for-i;h.e

recoveÏli' ilroril Þj.l.ocar-oj-ne 'uo occtr"r. llhis, :Lrr. s.r¡s:ra_L ins-banceS, brorr_¡1Ìr',r; .bh.e

effec'b of the d.rug aircl'Lire cornple'be recovênr rrj-tl:l,in ¿L Ílpa,ce) of liO lai-nn'i;es,

t'uliereas if 'bhe pilocarlriir.e had no-b been. fo-1,-J.or:;,ed- b-:¡ a'b::oi5ine it ivonl-c1 have re-

quired from a¡: hour to 2 h.our:s for i;Ìre con;ol-e'be recovorlr a;:cl rclspo:r.se to the

sa:äe rlose. ilhe close of a'brolrj-ne iij.ven lyeis ap'Þltoxj-rra'l,eJ-y'i;ilice t.Lrc s:i-ze of

i;he dose of piJ-ocarpine o;rd l+ithin 2 m:lnntes of ìt,s iirjec'bion'i,Ìre po'i;en.'i;i¿¡.1-

cliffereilce 1"r/as ri.si.:ng j-n a st::aight }i:ne to'i;he Þr-.e-lril.oc¿rrÞj-nc _l evel-.

ll,L$iil¡úi-LlW * .tìJr'IiiElCli ON :u-!Ll ljT Clìiil'IgN

To d-e'be::tltj.ire tlte effect of histar.qj.ne on po'i;en'bi.aJ. anrl secre'bion,

ex.periilents lvere ca.rrÍed. out on.30 dogs, The sec:-.etj.ons tr,rerc col ]-ec'becl in

the plastic cup on 'ti-ie en.cL of 'bhe arrn of 'Ll:le s-¡lri-ng bal¡rnce a,:r.t1 -,;he ra'be and

Brilorr.n-ii were titeasured o.nd. ::ecorclecl si-rnu"1'baneousl-y lli'i;]:r 'i;he reco::rl:i.ry¡ of -bhe

e-l-ec'brical poten'bÍ.al. llhe cletaj.l-s of this ira:c'b of 'bhe alrpara1;r-r.s anrl ihesr::-

gica.J- prepara'bion olÌ ti-..e clogs i'¿as a.:l-1u.d.ecl- 'Lo in ihe cl.iscussÍo:r. of aplrarabu_s

anrl ,orocecl.u-le. llhe anacs'biresia uged- in these exlreririeni;s r,,lasi cha.n¡irlcl . f:n.-
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s'be¿rcl of solu'b-l-e bar-.b:it,o:r.e, eigh-i;een c-l.ogs lrere a-:laes'i;hetj.zecl. wj.th. trror¡rh.i.ne,

uretllane a,¡cl chloralose a-nc1 tv¡e-l..ve l.¡j-th 'pen.'l,ob¿trbi'bal-. 'illlere wa.s llo s-Lrj¡iifÍ-

can-l, dif'feT'ence in 'bTre re"sul-1;s rrri'bl:' ei.ther €i¡fa.es'bhesi.a.

1n everry case tl:lc h.is'ûomine usecl, =øas a fresh a,t^t_ueon,$ so-ì..uti-on

of Trrga:irine Acj.<1 Phospha-be (8. 8.,: lT. ) tnacìe up at 'bhe -b-Lürer of irriec'bj.o:r. ll'].re

cf:fec'b of a snbcuùan.eou.s ii;r.joc'uion of li1s-bamine on -ootenbial- wa.s constar-Ù in

al-l 'bhe experi::rcu't,s ailrl is showr i-n ilt'j.gr-rre J-l . .4ll'bJroi-rglr l.a.lg¡er." cl-ose,s celllÊies

a lon¡5er: a.ircì. g:.'oater ileÞ::ession of ilt,e ¡o'oel.'t,:lel-, essen'bj-aJly the l:espoiLiie

'lvas of' 'r,ìr-e san''.c 'bl¡pe Ín. a"l.-l- cases .

Tl;.e:':e lva9J alr,va1,'s o, cl-r.,fi.n.i-be electri-ca.:1" ref]ÞcllÌse r¡,1-i-'birin -l.ess

'bh.a¡r on.e n1nl'be of tbe 1,:irlo of in.;i ec'Lton. llhere lro.s a. gracì"rral- clro'p in'po-

'be:o'bial l"¡irich uas u-sltally cornÞle^'ue t"¡i-thin 5'bo 20 rninr-r-tes of 1'lle injecti.o:r

alcl1he 1e'bu,rir. of the -rroten-bj.al" began as soon as i;he ¡.ew loi'¡ ,ooinr', rv¿Ls rea.ched

r,vi'i;trout any per:,i.od o:il .rrain't,air-ecL cleer:'eased. po'beirtial-. TÌle re'bilrn to'bìre pre-

Ìlis;'bairri,oe level- rcqtjrecl frorrr 20 rnj-nrlbes'bo one ?r.or.r.r. In Tl'ip-;r:,::'e l-tB'bhe tj-ne

req-u.itecl rvas 20 rid.n-u'i:cs. fL'ire aliou.n.t of decr:ease in po'bential. dj.ffc::c:rce varied-

f'rorl a- cl::op of 5 :nj.ll.ivo.ì"1;s in r:cs-{)onFje 'bo .02 iliJ-ligrarrts of his'ba:lriir.e / l<j l-og;::¿ul.

.bo a drop of f.il to 20:nillivol.ts j-n resl,onse to O.l-2 tliLtifl::a:'s of Ìljs'i,¿tüïinc

per ¡ilogra:n. In Jfi¡r;ure l-JA'che c1ose of histarnine rvas su-:fficj,errL to d.t-lcrea,se

-i;1ie potent,ia.l,30 mil-l-ivol-'l;s in 20 uiinu.tes" Al'bhou-gh not shol'¡'n'bhere ïr¿às a

subseq.u-cn.t re'bu,rn. of po-ben'bi¿rl- rvithÍn the nex-i; ilour to j-ts,ore-jrj-s'l;arnj.ne Level"

lilhe e:i:fleci of .t¡ista¡rine on secretion Jlor,veve::, ll:otlu-cod- far

frorn consteut"o regu-lts' In sorre in's'c¿tncesr Ïii(rl1-l-i-'c J-^iJ\, the an"oun'b of secre-

1,Íon in a p;iven tj,ne r',¡¿:s increasecl consicl"erably. In o'bl:rer such j-ns'i'anceßt

as shoi;',¡"n i:n I'ig;ure 11-8, tTrere ïras no change artd tile rate of secre'bj.on t',ras

-bhe sa:rrre bofore airrl after the hj-s'bs:line, an.cl in o'bhcr.non-secre-bÍnp,; sio¡tacils

no secretion rva.s ini'L;i.a'bed.
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Af'ber each. experirncnl, a careful pos'b rnorterrl rr¿:rs perfo::mecl on

'i;he alinal. in'bÏre exac-b posì.ti.on'bha'b r¡a.s l:reld, clu.ring: t.tre exþe::i:nent. tho

posi'bion ancl d-rainage of each s'bolnacJL consid.ered j-n the resul'bs vras snc.h 'blr.a1:

all secre'Lion formccl coulct be co-l-l-ec1,ed r,vi'bhout any ¡neclna:rical- orbechnical

irlpeclo:tce.

Despite the varial;ions :i"n sec:retory rcsponses frorn Ïris'bafline,

it is Srossible'bo shovu the sanre el-ec'i;rical response in over"y case. I:llhen an

j.nc::e¿rse in secretíon did occlr.r (Ii-grre :-tA), -bire on.se'i, of 'the i.ncr:ease fol--

J-or,¡ed ihe cl::u¡g a-pprotcixìa-be-{.ir 5 rninutes aftcr j.njec'i,ion lvhÍle-blie e-'ìectrj.co-l-

ïes-ponse v¡as u.su-al-J-y ini'L;i.a.'beil v¡Íthin less 'blrran one milllr'oe.

ÏILOCARPT]'ffi - ilIf,T:lC'I 0lï $ECF,XIIION

In an a,'b'ueìnp'b'bo cleterrnine tl:e effect of pilocarpine on sec-

re'bion and'bo correlate this v¡i'bh the potential- changes, J.3 experiner.-bs r,ve::e

lrerfor¡necl . fn every case c1.op;s r¡e-¡re usecl. r,ri'Lh in'br*O""ì.'ron"al sod-Íu::r rrento-

ba::bl'bal a-s the anaes'bhet,ic ag;enÌ;. ïn 7 of 'Lhese experitircn'bs'Uhere was a

clofinite i:rrcrease j.n secre-bion (liigu-::e 1O.r\) along r¡vith 'ol:e cl.larac'ueïj-s'bj-c

elecbrical response (See Figure 5). In 6 cx1rerj.:irents there v¡¿r.s rlo change in

secretion (Fi.gure l.0B) ¡u-'U there rvas tl.re sarne e1.reracteri.s'Lic electrica,l response.

Ì,fhe¡r an. j.ncrease in secre'bion clj.cl occllr-'(ïigure lOA) it, did

no'b las'b as lon-6,; as tha'L induced- by irista:ninc, but u,su-a.lly'apÐearecl- with.in

5 rai-nu'Les after the i.njec'bion o:f t;he clru-g and- ÏLa.c1 retu-rneiï'bo the no::r,ra,l::ate

lvi'bhin 45 n-Lnutes 'bo t h.our"

ADItTlìtf/itIi\T - TIT(ËCT 0IT SIiCR'LrlTIoItl

In 10 ex¡eri¡nental anilrra] s the effec-b of ad:"'enal-1n on sec-

retion v¡as c'Lete.r:iúnecl u,sÍng botlr- 'bhe secrcting and :r.on-secreting stornach. In

no insialce cou.-l-d. any cliangeinthe ra.te of secrel,ion be eredj,ted'i,o-bl-le ad.re-

nalin a}-i,hough j-n each case there vras-bÏ¡-e cl:rara-c't,erj.stic ati.::ena.-ì-in el-ec-brical

response, scerÌ in tr'igu.re 4-.
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PO'ITAITIILL DltrTlHìlì]iliiO]:l

Nineteen expe::íinen'Ls r¡¡ere devoted to the stirnul-ation of the

vagus anclthe fornoral tLer-ves, inbact eurd sectionecl.. t¡1t*;ççsr-lIts a.t bes'b a.re

confgsinp;. Stinmlat,ion of the cen.i;ra-l- entl of ej.'i;her th.e ri¡¡ht or'l-of'b vagu-s

lvi'bh the opposite ono intact'¡rroclucec'1. no cons'can'b effect on gastric po'bentlal

dÍffer,ence. Also,'bhe sa¡le is true for the central end, of'the section.eiL fern-

oral.

T'b was fou.nd that "cile short,, q.uick, inco::l,s'ba.n.'b reil,uc't,ion. in

potenti.al resulti.ng f::orn s'bj.ümlatj.on of the poripheral- en.cl of -bhe sectioned

vagus, cou-ld. be reproduced by sír¿i.lar stiinulation of fascj.a or nu.scl,es in -Lhe

neclç. I'b is qui be apÞarent tliat some fu-rther l'¡orlc shouj"cì 'be done on- t.tri-g as-

pec'ü of the problert.

'rFIFi I]FIï]C1.' 0ll ,ï'OOD S-0Lì5 'l'AiñOHS ]i\r li:111ì Íi1-01'Afli Oi'i FOifiiliiillll].

Of I? expe-.r:ilrents in rrb.ich 25 c.cs, of a 5!:á sucr.'ose sol,r.ition

rvere pu-t i-n.to the sto¡r¿rch, ll-: failecl'bo r,)rod-u-ce anlr chanPìe i:r the potential

dif'fe:rence, lÌhe chalge evolcecL in the:other i¡,To ryas perrrran.ent ancl resul-'becl i.n

a ltlety 1o',,¡el: l.errel of po'be:r.'i;ial- i'¡hieir. r,Ias l,ta.intai.ned.'l,hro,-rtllotti; Ùhe rernainder

of tirese tÌ¡ro exper"ili.Leri'ris. llhis is Ðossibly explai:r.ecl on i;he ba-si-s of cond,u-e-

tion changes in'i;]:'e elec'brotyte,,zithin'chc sto¡nacir. Corn oil a:nd alcoliol- lve::e

al-so '¡ii1,hou-'b an¡r i.riunecU.a-be efírieci vihen plececl clirectly in'bo.tl:.e $to¡:tach"

._Ltüt lltFrBcT 0Ï' Dil¡,llt Olt llHfr A-i'tIhiÀL 0I'l 'Jlill I;I.Ì¡lC'.íAICAL I]Ol]iili'iTIAf, ÐIllTi]i,l?]ilÏi0ül

ln 58 ex_ueri.nen'Ls the condition of t'he elec'¿rieal -ootential

d-ifference ÌÄras recor:dec1 r'rhile the ani:ilal r,vas d-yÍng a¡lc1 for sottre tilre after

ileath. A'b¡¡pical record. is sho'l'm in Tt'igu::e 9. 'jllre clogs t¡,Iere usu-aì,ly kil-tecl

v¡íth intravenou,s ai:: or chloroforn. lllle result of this ernbol-us iv¡rs deal,h of

ôfÂ¡l

fi;i:llitf'L LIB

the ani:nal usuallY ti'i'bl:in 3 u-tes a:ilter injection" llh.e e-l-ectrj-cal
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po'benbial dj.fference unc'lerwent an ilil,ieil-ia'Le vertj.cal drop of fron 5 'bo 1-5

rnilliv<¡l'1,s" A'b this ¡oj.n-b tJ:e d-rop beca-ine more graiLu-al ancl.'bh.e poten-t,ial

'bhetr sl.olvly airlrroached tjre base l-ine orLhe iso-elec't:ric zero req"r.riring about

Í¡0 minutes in ihe exìoerililen'i; sh.orrm in l.liguro 9. In three instances'bÌre po-

teìrtial rven'|, belotrbh-e L¡a-se lin,er incl-i.cating a Þosi1live or reveïse lo'i;en.ti.al..

A sttggestecl exÞJ-anat:Lon forbbis j-s inclu-d-ed in the cliserission."

ll'o elabo::atc on 'uhc s'batoïnont; of Ï',iij-slo¡¡itzer ancl Si-L.vey, (2)

'bha'b the recorclecl el-ectrical po'benti¿r1 iì-j.fference l,?as l_olver in 1,h.e Þylo::us

tha:r other parts of 'bhe storlacll, 17 e:rlreri¡ircn,ts I'lere per:fo::rnecl to reco:rcl the

po1;en1;ia-î frorrrbhe trvo areas of 'bi:re szu::re stornach usin.g tlie sa:rc d.eg::ee of

arn'oli f i. ca'b:i. on..

In ever¡r case tJr.e poÌ;ential difference lras fou.ncl 1,o be grea,'Le::

inthe fu.ndu-s'ç]ia:: in-i,ìre l¡r"l.orus, i;ire J-or¡rest po'beirti.al of a1-1. ltein.g:r:eòord-ecl"

f::orirbh.e girs'br'Íc sirLe of the p¡ri.oric sphi:rc'Ler"

"¿\s Ís shot'',m itr. Ii¡¡ures Brl\ and ll-bhe:response to eq-u.al- cl.oses of

hista¡rine in the salte s.boriacb is aÐ-qltoxi.iìÌa-be-ì--rrbhe sa¡ie in'ov] o::irs a.s j"n.

fu-nclrrs, l.tre in-itial potet:L'i:i.aJ- :iir the 'plr.l-orus rr¡a.s 40 ni-l-l.ivol-'bs r'¡hj-l-e'{tlrc

fundu-s rvas 60 rúll.ivol--i;s.
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DISCfiSSTOiTT

Befo::e d--iscr¡.r¡s:ln$ 'i;he ¿rc-i;u-a.l resul.ts foui:-d jn i;he j,¡r.vesti-

ga'bioir. i,o uas'i;ÏLou.ght'{,ha'b a. fertr rerl¿r.rl.ls lniglr.t be lrroper"l.:/ clirectccl'r;or'¡lrrcL

'i;he re,rlorts of ç;o:le of "bhe con.'briblr'ci-np; o.u.'bh.o::s.

i¡fb.en one consi-ders the reporb of i"olr.c'], (1.), it trarc'l-l.l¡ s€i€rris

feasibl-e fìlra'b i:,i s r:esul.ts carr 1;c i-:l-i;crÞ:rot,ed- r¡ri.'bh any accu-rac:¡. ïiis rrretliocl

of a- vescu.].al nerfu.s-i-on a-'0para.tu.s vra-s tr,$ecl l'r]r o'blle:: lvo:.']<er,q (e) a¡r¿ (f ) í,Ìrd.

'l,lt.e)' e¡r.coun'ber:ecl- -l.i.'i;'L1e d.i.ffi.ctil-'bl,' i:r. this ::esoect $o 'iiir.â-t one lrray et{cl-u.de

'becÌll-ica-l- errorsj for tlLe apÞa::eri.t cli.scile],.aircj-es tì:.at h.e reportÊ. ï!.e; s'Le.'cos

t1la'i; -bhe j.n''oraveir.olis i.njectj.o¡-r of acetyJ-chol-:ì-ne alc1- ad-r'enal-j:r ÞrocLr-ce ll.o

efilec'i; onl;h-e electrical -oote¡:'ui,a.l- cli:ilference; of 'bhe s'boilachl iliiot onl.y i.s

be t.lie onl;y r^,ror',1,.e:: t,o:r'c'oo::t-bl:rcse l,e¡;a.tive resu.Its ì.rrr.'b llc s'La'bcs -i:lla.i; t,li.e

ci:ro:rg5ers in poteili;ia.l. 11 :ifJlerence froi:i va.::Íou-s sr.rbstarces ini;rod,rlcecl j-ilto 1;he

gtorn¿rcil are c1eÐeirclcn'b onJ-;r o:n. t;ire os:¡io'bj-e 'i;ei.,s:ioi: of i;l:.ese su-bstn:n,ccs a-iicl

ÍndepentlerLt of tlieir n.¿r'bri.r'e" llli-iLs latì,er fact Ìr¡.s bee¡. sl:orr¡, to'be otirey¡,yì,se

by f-our snbseq.uen',; rvorìss (2), (f ), (:l.l-), ar:.d. (l.O),

One obËorva.tion of i;ond.rs -bhat Ì.i¿rs been cor:l:obo::a--bccL b¡¡ al:r,ost

eveta? str-bseq.rr-en'b invcs'bip;a.tor Ìrov,lever:, is'chat tïre lroorer the idl--¡si.ol..ogj-cal-

sta'be, fJ-u.i.cl ba.l-al.ce, e'l,c., of t.Lre an:ii¡,al , thc ,lotre:: "¿]le ::estÍng po'ccirtirr-l-

cli:flfe¡'erl.ce, 'ilhe::e cnn'Ì:e tit,tlc cl-or.ibt in i;ire fact i;irai; i,,onri. ac'i;ual--ly 1,¡¿*l,o-

co:r:d-i,n.¡;; a c.l.:Lf:fle::encc of poi,enUial- flron tlle stotna-ch bu.t tiieL:e rtir-st ha.ve been a

large elenent of s¡u.r'j.ous lrolarization cu-r'rent in his restr.l-'cs. l,[everi,heLess,

he dir-ì- record, ä po'i;eiri;i.¿rl rlif:flerer.ce rvi'ri-ch cou-l-d be l-ol¡ered by t]le vaseu-r,ar

perfus:ion. of s:Decific su.bsta.¡.ces an.d- ',.lhi.ch i-r ever¡r case l.,üas reversible l'rl:reir.

the appara'bus rvo.s reperÍu-secl rvÍth Rì.np;ers"

severa.l of 'l,he resul-i;s of l;r:l .s:l-oryi.tzer and sil-veï were bo:''lre

out in 'bhis prcsent investigation.. 'ltieir finrLi.rgs of a h.i¡:;her t¡ol,en.tial d.i-f-



Pge, 2B

feren.ce irr tlie p)¡l-orus'Lhan. in't ire card,ia, ancl of 1;he illto:r,c8.nce o:f a good

connection betr,leen lr11-tcosa ancl un.rcosal. clcc'brocle were clencln.$tratecì- on nany

occ¿rsion$ b)'us. Con'üralïy to ljionil- (1) ttiey found-'i;l:a'b tb"e <j.:L:flfere::.ces in
'bh.e ost:ioi;j.c lrressu-re of so-l-tttion.s contai-nerJ. :ln tþc; stolp.cll rlicl lot îrr:oclu,ce

cll.a:rges in 'i;he po'bentia-l- rliffercnce ïrrl b 'bhat tlLe ac1;ual n-atu::e of .[he su.]:-

s'La:rce lvas of fj.yst impo::tance.

Iiislolribzer ancl Silver (¿) ¿r::e 'blic on15. rvorhcrs to exi;e:rsive1.y

i::vesti6Ìate'bhe effect of variorr,s Íonic arrc]- mol-ar solutj.ons of c'l_iffe::cnt

salts on l,bLe potett'l,ial 11Í:fferen.ce c IIhile 'bheir ::,.esul-ts seeL:i J-op;j-ca1 en,ou5¡h

tlle¡r 104¡6 no attetiipt'bo expJ-ain.'t .lielr n.or ha-ve ttiey beerl r'epeatecl by su_bser¡uent

ltrollïers. Agelin, contrarl¡r to jiioilcl- thoy fouilcl_ rcduction.S in po{,e:oì;i.o.1 difference

fron the in'bravenou-s injec-i;1o;r of ailrerra.J.in., ancl l1ke a 61ood rrany subseor¡,ent

ivorlters fou.ncl'ohatthc po-ben'L-ial clj-:flferelce l".ras lïraïkedl-y rcd.uced-l,vilen i,he

stoliia.cli- r'¡as stil:itr-l-a'bed to secrete rv:Lth hi.s'balline. Si-ru-1lar to our olrn f:i,n-i.iir,gs,

the;' e¡t"rved.'chat va6¡a-I si;intla'bi.on, bo'bb. per.i.piieral an.cl j.ntact nas,",rj.thoui

effect aird si:ni]-ari1.y the¡r 16t6d. that the pjrysiiological siate of il:e euri¡:.,al

he.s a dir-ec{; eff'ec'l, o¡.'Lli,e::esiing eJ-ect::Ícal-';,ro'Len1;ial d.iffe::ence of 1;he

silonti,rch.

11. ratÌrer u.nloilo finclin€l of ilothschil.il ancl Silver (5), in tha-L

it has not been Ïelea'i;ecl or rrentj.onerl by o-birers, i.s tha.'u the potentj.al. ilj.f-

ference oll the storlach clecrea.ses r,,illen the grcal,cst absorpi;i-o:r. i.s goin6¡ on

iui.'bhirl the stotnach, lltrj.s fact wj.l.I be rnen-i,ioned aga_in rvhen the.irossj.bl-e

sources of 'bhe el-ectrÍcal po'i;entiat clifference of the s'l,omaeh are colrsi.deled.

Tlle v,¡ork of [jar::e (¿) is on1.y of irnÐor.l;ance iir-i;]rat; lt shoulcl

be r¡lentionecl as one of the earl.y con,trj.bu,tior.s. His fjnrÌj.nÊl of an. increase

i.n -tro'benLial cliffel:ence r:-'pon i.njection of hÌstar¡l:i.::e is accornpanied by l;.o ex-

plana'bÍo:-r nor has j-t been found-bo be'brue by subseqrr-ent r,rorlçersi.
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"Ad.air ar:cl Goocl¡ran (f ) tr.ave giver-r. an excellent d-escrÍ.p1;Íon

of l,beir apparatr:rr and'the d.eì,ai-ls of tlrej.:: el.ec'brodes. Tlhelr:iraclcr the f:Lrst

attenpt at recorcli.ng hutnan s'{,oiTra.ch po'be:r'uial j'i; is u.nfo::tunate that 'bheir

resul't;s are pro.c-Lically non-contribu-'bory. TJ.olvever, clespÍ-'be ti,rcr fa.c'b th.at on3,y

four subjectË vrere etrrrc;rj.nented u-lrr¡n'bireir one conclusion tLrat tlre lnore ac'uj-ve

'bhe process of d.igestion is, 'blie lorver i,vil.l- bethe record.ecl po'r,ent;i¿rl di:ílfer-

ence fro:l the stonaclL , appeal:s sou-nd "

tl¡rig;}cy e'b. a.1. (6) reÌreatecl ce::tain Ðhases of Salrers v¡orlt

¡rncl T¡ere be:rcfi.becl by th.e ac1-op'oi-oi-r of ê-claj.r ¿l-ncl. Goodtr".an.rs a-ppar¿.1't trs, filhe fact

'bhat'bhey also fou.n.<i- ir.c.¡ ch.ange i-n poi;e:n-i;iaJ- tl-if:flere:nce foll-o'wjn.g'cTre in.jecti.on

of his'ba:;tíne na.kes one inclinec'l. to clu.estion their ',,eclLn-icaI 1lrocerlurc.

TlL.e greai strid.es in 'l,}tj.s fielcl of experiirenta'l- Þirysli ol-og¡r

rnade by Jìehm a::e discuss;ed to best aclvanta-ge r,¡l:en consid-erinp; tlie source of

'¿he electrical pobentieil dj-fference of i,he stone.ch. Goodl'nanrs reJrort (lf-)

on 'bhe diag;nos'bic possi.bil-ities of i,he reco::d.ed. elec'r,rícal. pote;:'r,i.al riiffe::-

eirce of the sto:nacli rnu,st be vÍerred- l:riùh so:ae cri'bici.sm. l.n tÌre first lir.stance

hj.s lcr.or,,¡J-ec1ge of tl:e rLorrnal j.s lirii1,ecl . lle l:Las recorcled el-ectrj.cai- poten-biaI

d.ifferences fr:oru 25 ca.ses of d-u-ocleiral ulcor, 30 ca-ses ofÌ garsri,ri.c u-lcer, 4,6

cåìses of p;astric carcj.no:itas o.nd- 10 :rrorr¡rals.,

Ii:com lii.s recorcli.ngs of l,hese'blie respo:r,se in an-r' tylrc of

clisea.se is seen 1;o vary wi'bh1n fai.rJ.y rvicie li¡d-1,s. l.n ev¿r-l.ua-biirp; tris l:esul-ts

he con.siilers the i:'esÐoirse of 1;Ìie elec1;rical po'bentia.l di:lference of the s1;ottt-

ach to rnill<" In none of tlio cûses il-]-tist::ated in his Ðaltlr r'¡as tl-ie Þoten'bi.al

in a resti-n511 or stead-y s'ba'be befc'rethe mj-11< i¡¡as given. Aside from. this,

there are o'bher tecli.nj-cal factors of lvÌrich he nialies no riienl;i-on, eit.ber of

1,heir occurrence or co:r'i,::o1., that rnr.s'b certaiirl¡¡ h.ave appea.recl. durirrg 1,Ìre
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course of bhe e:cpcrilrien't,,s. Tll:rere are tlo o'bher f¿rci;s TrerbainÍ¡rg -bo'bire

contrj"br.rt:i.ng invest:i.gators"i;hat rus'i; be r:re:r'i,io::.ed. I'j.rst, in a ma.jori.'Ly

of ca.ses, a reJ-a'bível-y J-ovl irrrpeda:r-l.ce reeorcl:ing systern has been tr.secl . Th.is

fact is signj-fican'b becau"se tl-re l-orr resis'ca.irce oJl'i;he electrocles i:iay si-gr:ifi.-

ca:rtly aff'ec'b the '¡ro'i;en.tial-s recorcled-, Seconclly, al.J- tìre reportecl. r'esu.l-bs

'bo d.a'be have been iltustrated. by pjra,ohs b-ralm f-rom serlal. visua.-l rccor<ls,

vahil.e ln this Tr::esen'l; lnvestiga'iilon. a.c-r,u.a-l- photogra,olls of 'bhe resu,lts ]la.ve
(¡.{,.

been :;i¿rcl-c. 'lhe¡:e can be l-it-bl.e cloubt -bha'b lnj-nu1;e changes, ¿rs lvel-l,4tj.riie

rela1,io:rsh.-iips suffe:l l-oss crf so:rro d-e1,ai.l r'rlien recorcls are presentecl b¡7 'i;he

f or¡iter l;'e'bl rocls,

.Fro:n tiris i-nvt;s'Ligatio:r:L i'i, :is concl-uil erl 'bha.t 'blie ira,xj-t,tu¡t

elec'br':i.cal pote::.t,ial of 'chc storna.ch is record.ed. l¡Ì:en'i;Jte aniual:Ls; a.t rcst.

Any procecl-rl-re 1;lr¿rt prodnced. ¡:esul'{,s, prod.ueeci a c1c:clease in ito'be:ri;i-a}, 'll'}te

yesulis :frora a.drcnalin, Ïrj.starnjno, ancl pil-ocarpi.ne a:re all- of 1,he sa:.te -b;rpe .

Ilacb. of tïrese drugs resu.l-'{,ed in a decrease of po1,*n'i,itt of a, var;;rj-n¡; cleg;ree.

The p::oÞosed-'i;Ìreory bchj:nd-'b]-Li.s unifortiii.'l,y of resÐon.se from tit::ee rl::uç;s of

n,o sirnil-u.rÍ.t;¡ r'rh.a1;soevcr" is'Ì:riefly as foll or,rs:

It has been a. cons'ba:rt obsorva-t,ion in ^Uh.j.s rvork as t;e.l-l a,s In

'i;tre reporbs of o'bhers (1), (2), (5), (4), (6), an.d (z), that-bhe recorderl-

elecbrica.'l poten"tial d.ifference of the s1ioriracir. is an, ¿rsir,rte j.nrlicatio¡- of tile

pTl),.sj,o1o€jical s-bate of bhe aninal-. That is, oper:ati.ve riiali.pr-r.1a'bj.o:r of -i;he 
,3u-1;,

]:eat loss, fluicl loss, brrr.dl¡cardia, or a. d.::op in T:lood pressu-i?o are aIJ. ac*

coti4lanied at'i:heir very onset'¡ri'bJr a. c1z'op in'bhe elec'i;rieal poterLrlj-al cliffer-

en.ce of the s-lioiilaclÌ. ït r¡¡as founcl 'bl:a'b if for :ro aÞpa-i:ent l:eason 'i,he elec-

trica.l potential- rlÍíference began'bo clrop very slol'rly d.ur:Lnro;the cou-rse o.f

ol experj-r,.eni-bh.at it r¡as fr-itile to pjo o.heacl. r,ri1;lt thc Ínjcc-bion of cì--::t-tgs o::

¡;irilil-ar experi::ron1,al 'lrroceclure, In th.ese instances; 'bhe res-ironse f::otit tlie
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tlre ih-u6.3 lrou-lc1 l¡e su"'perinposed on'ul're alrcady cl.ec::easi,ng eJeetli.cal Ðo'¡ential.

<liffe¡:ence. In soncr cases, in rrrh.Í.cir no couse coul-d-'be jlou.ncl for th.e falling

off of the lrobential , ancl rulre::e srr.ppori,ive neaslrres lrere of no ava.j-l in re-

s-boring or t¡:ain1;ai-ning po.Lentialr d.ea'bh itrevi'b¡rbl¡r, restlì.'ccd- after $; to *

of an hou::, by uh.ich [;j.rrre 'uhe po'r,eL-bial rlifference ïras usualIlr so.-rnel.,']rere

cf ose to 'Lb.e basc l i.o.e ot: zel'oô

Sjinj.lari-l-y i'ú l¡as ílou.nd. 'i;ha.t <-l.iffcre:oi; s-bag¡es of a.naesthetj,â

hacl ¿r va::j-able ef:îe ct on 'úh.e e-l-ec'cr:j.ca-l po-t;en.tia-l- cli:Íí'erence of t-,he s'borir.ach.

l,litTr su.r'g;ically clcep a::ra-cs'biresis, (i.e. stage i5, Þlar.e 5) ttre secre'bj.on of

-úlle siom¿rch lva.s found to be:prac'i;i.cË11.1-y nil a,ncl. vrj.'bh'r,h"ese cor¡,c'l-j.-bio:rrs'ilhe

el.ectrical po-i:cn'bial difjlorerice o:fl -bb.e stomach ,.'¡¿r.s f.'outriì 'l;o be hj-gh ancj. con-

s'Lari'b. 0n. t;he o'i,Ìre-:: ìrarr<ì., rvhen.'t,lic ani;ral iv¿.-,s found-'bo be corninp, ou.t of 'b-l:e

anaog'úl;ie'ùic (i.u. sta¡¿e l. a.n.c'j- 2.) the ¡oten.i;ial-'ltec¡::tLe lrrot¿;ressivel-y 1o'*c::.

By i-:lcreasin¿; the a:naes'l,ltcsia 'uh.e elect:rical -po'Le¡rbjal" cli-l'-ileren.ce coul.ri J:e

ïe'r,uÏned 't o its fottiier hi.p;ir Level .

lhe:re are tr.ro cxtrj.nsj.c factors then, asid-e frorn an-v il::ttgs

ti:at :i n.flÌlence t1r.cu¡agni--i,u,d.e of 'r,h.e recor:ciecl. o.l.ect:-'j-cal poter:t,iel rl.j.í'Jlerence

of 'blre stonacir, viz,: (a-) tiie closer to 'bJre il.orr;Ìal -bhe physj.o1op;i.cal l>alatce ancl.

(b) thrl il.eeper -bire anaesthei;i.a of 'bhe a.ni.l,ia.,'l- Lire lLi.g;her

iyj-tl. be i;he c.l-ec-bL:icaI i¡oi;e.:r'i;i-al ri.ifference o:f tlie res'uing stolrr¡¿ch. lilÌri.s

'l a1;'i;er conil-i-iion is su-b;j ec',, 'î;o cri-ial-j fic¿riioll, i3y' cleep anaesthesÍa- is t¡.ca;r.t,

r?stur-gicallytr d.eep ¡vitbortt res¡ire.bol-'"ì¡ or carCj.ac enba.rasslient.

i;lith thesc 'rïro ¡oi.n1;s i-n- ¡rri.nd- one cÊ.n co¡:lsicl"e:: 'che e:ifect o:[

ì;]r e ;i :o-braver.Lorr-s i.ir j e c'Li o::. of ¿rilreiral- j-ir..

lls ruas out-'l-j,L:ri:d- i.n llesu.l-i;s, acl-i:'ena-'1-jLn lroilu"ces, a :L:alid, sho::'b

livecl clecrea-se in el-ectrj.cal por,en'bial, d.-lfferen.ce. ï,errge cl-oses 1r:r:odLucec.ì. a.

sirirp!-e d-or,mr.yartL clefl"ecl,ion in'che fortl of an inverted spike, r.¡llile s¡ia.l.l-er
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doses r,¡ere founcl'bo result in a Ì:i.pha.slc resÐorrsee 0n the basi.s o:ll t.he f¿rct

tha'b adrenalÍn is a. rrret¿rbol-ic sti.rrr.la:rt, tTre:r:esulting drop i.n electrj.ca-l- po-

lbentia.t cliffe::ence subsequenl, ùo'bl:re j.njectio:r of 'bh.e clrug; may bo explaineil-.

It tias been cle¡irons'bra'Lecl 'bllat 'bhe el-ect::icaJ- po'bent;ial d-iÍfeueit.ce is Ìri-p;Trest

r,¡hen.'bl-re secretitrg; cel-Ls of the r¡'bomacl: are comple'beJ-y at res'b. ConÍieq.uentl¡r

a clru.g incre¿rsj.ng o:r/geTì consu¡u-r'bion ancl -oroino'bin¡3'bhe co¡Írus'bion of carbohy-

d-::a1,e rvi'bh a consequen'i, increase i:r. tlle r"espiro.tory q.u.otienb wil.l" l.or,¡er the

elec'brica.l po'ben"tia-l. cli:fferencer l-n acid-j.tj-on j-t r.ras fourl.d, in the huriiarr ex-

llerit:ien.'b "cha'b surprlse, fear, or nelrt¿rl acti.vity rod-ucec1 the el.ce'i;ricrrl. Ìro'i;e:o,-

tial c1j-fferenceo It ivould aTJlrear' 'bh.cn 'oh.at 'bhe s.ymat;ho-ac1i:cnal syst,ern :is

capa.ble of lrroduci:,rg actnal metaboLic cl:ra.nges in'the sec::etor¡r cel-l.s of t]le

stomachn fhis c.Ì:ange rray i'rork'¡;hrough'bTre mecl.iu¡rr of specifi.e s'birnulation of

certain p;as'brÍc cells by'bhe syupathetic sys'Lern, or rnay be a non.sirecifi.e rr.e't,a-

bo.l-ic iucrease, or riray be d-ue 'bo circul-atory cirang;es.

Our ::esul-'i;s r¡íth. ¿rrl:renal-iir rr¡ere si.rrii.lar to tlnose :lou-nd. by i:lislorritzgr

a:rcl. Silver: (2) ancl lìehn (B) lvJriJ-e Sa:':re (4,) repo::i,ed- alt increa:se in poten'bial

difference a:rcl QuigJ-ey (6) a:n<i. Itonil (-1.) founcl no ciran€e. T-b is beyoncl- tiris

auihor to o:tfe:: on explana'o.ion foL:'bÌ:e f¿rj.hi.rc of voJ-'bafie change-i;o occnr

v¿ith arlreiral-i:r in t;he uork of irionc-l ancl Qnj-¿.;le¡,, or tii.e j-lrcr:,ease as repor:ted

by Sarre. lthere are t'r'¡o possibl.e sj.'bes of'error hovlcver. itll.te fj.rsl, is ihat

'biiei-r d.oses 'urere inad-eeliate ancl i;hc second-:'-s'uh.e perfusion appa::atus'bhey

d,escribe" fn'bhe earl.y'par'1, of ih.is investiç;ation a'c'beni'bs ilrere rrade'uo stu"cly

tlie isola'bccl siorrrach in a pe::fusion appara-bus. ft,,,¡as founcl"bha'i even-bb.e

shovtest pc::iod of a¡ro:ria to'bh.e Ìi.iLlcosa resu-1.-bed- in. no vol'ba¡:;e i'¡]-ren'biie a¡-

paratus rr:rag $et u.p.

As .¡ri-locarpine aud. his'barni:rre a:cer both sþecific stiliu-l.¿ln^Ls ofl 6lasi;ri.c

cell-s,'i;he ciecrease in po-i;en'f;ial sribseqr:ent'bo -bhoir Ínjec'bi-on is rmclerstan.iì--

able. i;iheli. tÏ.re s'bj.inul-ant effect of pilocarrrÍi.le is coun't,erac'bccl- by a'bropine,
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the voltage corûnencos to:Lnerease again. fhese findinp;s v¡ith hist¡,:nlne are in

keoping with i;lrose of I'ilislo¡nitzer and Sllver (2), while Sarre (+) ¿escribed an

lnoreaÊe in Potential"

The fact that on oeeasion piJ-ocarpine and h.istornino did. not produce

a seoretory resBonse nust be tnenrlioned " As rvas pointed out in results in. no ease

did a potential response faÍl to occuro lt would apÌrear from these fac'bs thenn

tha'b the formed. seeretorry product's are the end resul-t of a serles of reactions

occurring within the gas'br1c ceLls.

The secretion itself nay be neglÍgible, but from the sti¡mlation

of speoiflc drugs tho ceLls in every easo v¡oul-d aplear to undergo a certain amount

of ac'bivity. This ac'bivity vrhich apparently is a far moro fundarnenbal thing than

the secrotÍon ltself oecurrod Ín ever1r case and is representod by the potential t€spãrrr

It v¡as observed in this v¡ork, as 1t vras by litisloïritzer and Silver (2)

tlrat, the potentfaL luas higher in the fu:rdus than in tlre pylorie regi.on of the stom-

achn It is also intorest,ing to note that Good:nen (1I) vrho puts great emphasls on

the rnagnitud.e of the resting potential difference in huntans malces no note as to

whether he is recording from fund.us or pylorus. Tt is obvlous therefore that the

recordecl electrlcal potential differenoes of the stornach are influencecl not onLy

by a wide variety of nervous amd other factors but that the actual posltlon of

the mucosal- oleotrode 1s of great importance. lh-ese factors prohlbit the aocrrate

interpretation of electrical potentj-al record:-ngs frorn hurûan subJects in li.ght

of our Þresent laro'lvledge.

Ït has not been the purpose of this investlgatÍon to identify

the source of the electrical potential and therefore 11ttl-e first hand. lnfor-

nation can be offerecln Nevertheless it ean be ,oointed. out l'¡ith sone degree

of certalnity lhat the potentíaL ls a property of the living gastric cell.

The reeordings talcen d-uring the tine t¡hile the animaL lras dying fron large

intravenous ernboLi sholï a reduetlon in the potential t'o zero orbhe j.soelectric

point (T¡iguro g). If the potential difference was clue to an artefact such as

tlre oontact of the eloctrode and. the acid gastric julce, ol: a current of po-

larization at elthor e¡d. of the elec'brod.es, lt rirould be expected. 1,hat it woukl
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persist fo:: a considerabl.e ti.¡iie after ci-ea'|,h. Itol,teve:e in evc::y Íns'L,a¡rce in

v¡hich a record.i:u.g vJâ.s talçen of i;ho d-yinn a:linn1, i'b was obsorvecl ihat th.e

potenti.al begar: to clrop coi¡:rcicle:rrt ivith the onse1, ojl rnyocard.-lal faihrre ancl

a clro'o j.n blood, Þuessure, Jt'rotn th.is fac'b ¿ùo¡re 'bhen j-t catr be s'ca1;ocl -bhe

potontial- clifference Ís a lxolerLy of the li-ving cell"

The poten'bial diffelreïl.ce j.s ¿r'p'irarently in¿oÞondent of s.bornactr

xluscle conl;rac'blons ¿:nd ;oeri.stalsi.s. Quigley et" al-. (0) and. o'bher' l¡üoï:t{ers

Lrave observecl titis fact . Tn every ex.oerinern.t j-n this series peri.stal'bi.c

¡lovei;tei:t;s of 'bhe s'boltach rïere seet:r a]ld- in n.o instan.ce Ì,ras th.ere any relatÍo:r

be'c,uleen 'bh.ese coirtraction.s an.r1 a d.ec::ease or increase of pote:n.[ials. t)uigley

e1,' aI. (6) nsed unanaes'bJre'irizecl Pavlov ?ouch clogs ancl observeil hun"qer con-

'brac'i:ions repeatecìJ-y.

In }leh:nrs first pa'per (Z) :ae has con.tri.buted t'r,,ro val-u-abl.e

fu-nclanen'ba.I fac"bs. I'ilst he has shotm that, curren.t as h:i¡,Ji as Z0O -uo P?O

rni.eroarrrperes per squa.l:e ce:rtineter of stonach. can be prod-ucecl. contj,nual-Iy o.n.d_

that a cli.fference of pobential can. stitl be measurecl. fr. other llorcl-$, ihc

reeording;s that he ancl tl¡.e o'bher rvorlccr:s j-nthe sr:-bjec'b al'e:reporting are

'i;ru-e potential recorclings ancl are j.nd.e'oenc1en.'L of cu.-.r:ren.'[:. 1¡Jith the a.-opa3a-tu.s

'tl-lat he clescribes one ïìay treasu-l:e'bh.e acci¡irulatj-on. of e-ì-ecirons (ÞoÊit1vo

-poter-r1;ia-l) against the cleficj.t of elect,ro¡-s (negative ¡ote¡tial) on oppoL;inp;

sicles of o-û in.tact nrulcolls nteinbrane comple'bely inrle-rron.c1e:¡'b of aï.¡,r cu.l:ret-r.t

(a:,rperes) iu ttrat rfiucous ¡ilel-irbrâne.

[h.e seco:nd- fac-b that Ïte]r:a ]ras s'brcssed- concerns eilergy equj.va-

leuts. By repeatecLjy accura'be measilrements Ìre Ìras slLo-r,¡*n that o:rî the tota.l

meta.bo-lj.c @nergy of the res'binp;, non-secretj.ng, storrrach, '*/o to al, o'1 ilris

energy tlay be rrteasured as el-octri.oal. enerp;y. /rJ-tbouç3h he does not state'bhat

biie differclr.ce in iro't entia.l_ across the gastric mu.colr.s liellblaÐ.e i.s the sou-rce
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of 1,he energy llor the seci:etÍon of gastri.c ju-ice, ire bel-icves'bira.L in víery

of tho br¡'ro facts presen'becl, above it is calal¡l-e of nroclu-cÍ.n¡r suff:Lcien'b etleugy

for tiiis secretion.

Rehm (B) has also clone rruch to de'bermi.ire lvhat effeet l:t0l-ae'-ùd-

has on'bhe-po'bent;ial. 1"Le has fou-ncl. a neglig;ibIc cha::lge in þoteiltial- diffe::-

ence frorn aeicl aclcled -l,o the contents of the non"-sec:reti-ng; stomach ancl blr

bufferingthe secre'bions rvj-tl: a phospha'be buf.:îer. Tle has al-,.¡o elilnina.ted- the

possiì:ility that the red.uction in lo'i:en'cial clifference nipJlb in reality bc

the offcct of a diffusion lotcn'[ial d-lre'bo the f-l-oiv of h¡rilrqgon ions.l,hroup;h

the stonach coni,ents"
I

Reh:nrs latest :Qaper (12) eives ari. accorìnt of a tech:ti-qle

rrvheroby ÍfleafLs of intcrposÍng an e1c;ctrocl-e be'cryeen the l.ayers of ihc stoina.ch

l,vall. the sottrce of the poteni;ia'l ]ras bcen iclentified as being superficial

(i.e" torn¡arcì.s the l.nmen) to 't:re submucosa

Ït is the irel-ief of thj.s au-b.hor and t,he accrurmlated. cxìocri-

rtental d-ata r'¡ould tend to bearbhis or-r'b, tlLat-bhe electrj-ca.l po'ber.ti.ai- d-if-

ference record-ed ilro:l the livj.ng s'[,oina-ch ori-p;iilates in tire .se'creti.ng ceIJ.s,

vrhether acid, rrlr-r.sq11g, or Þep'bic, oÍ the rrtltcou_s rnelirbra.ne. Fu.Tbhe::, 'bire po-

'l,ential dÍfferen,ce r,you-lcl seern'bo be ao. inclication of i;Ìre -ph¡rsioloe;ica.l s.ba.l,e

of 'bhe co1ls a¿d is hig5lr.est r¡he¡.t;he cells are in a resting concl.j,tion anrì,'le1,¡-

esl, rrhen the cells are cì.epJ_eted. fo_1-_l-olving secretj_on.

1'.,lisl-olîitzer, Silver and I1oùhsclrild (3) reîrorLed silnil-ar fíncl-

i.ng;s. lllhey observed 'l,hat r,'.¡her-r substa.i:lces of g::eatest abso::babi1.i.t¡¡ r¡ere in
'bl'ic s'bomcLch'cha-b thc po1;e:ri,i.al d-Íllfel:ellce r.¡as l-ol'¡est. ilh.en on.e consj_d,ers the

v¿rst ru-u¡tber: of factors l'ririch infl-uence i;ire lro-bential ,'bhc teclr.¡,'rj,ca.l. factors

j.nvol-veil i::'.record.ing; it, it is irerha,rrs clou-b'bfnl i.f a. pra.cj,i-c¿r-1. app-1-Íca.i;j.on

of 'bhese finclinp;s can be found-. i.jeve::theless, 'bire::e nay be sorne Þossj.b_]-c
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fÍelcls of usefu-J.ness v¡ork<;d. orlb'l,ìrrougTr -i;he api:1Í.cati.on of knor,m inf-l-uen-ces

on the gastl-'ic po'be:r'bia1s.

^ú'irs'bl1r, th.ere is 'bh.e rcl.a'bj.onshÍp of erno'uional backgrounit

on-i;he s'Labilj-'by'of the Þo-bentia.J,s. I'b has been:[onn.cì:ln'b]rj.s rvor'l'ç ti:at

'i',hcre a'.re voltap;e ch.an5¡es l,¡hicb. Ð.ïe ¡1, ïlea.su.re of the erino'bional- stabi.l-ity of

't he indiviclu-al a:rcl are q¡rL.i-'be i:Lrcl.epencleitt of tire ¿uilou,nt of acj-cl" or o'i,irer:,gc-

c:rc-i;Íons 
"

Secoir<lly, i'c r,'Iou,lcl apt-rear frorn this in.ves'bi.ga-t;ion. tlLat 'bl:e

electrical. po-beutial. is a nore:[r-r-i:d¿'utren'i;a.1. p:roperbJ'of -i,ile g]as'r,rj,c cell- t-].Lan

tho ac^Lr-ral sec::ction. I-i; is Ðossibl-e 'bherefo::e , 'r,Ïra1; clran¡,tcs in reco.r:ilecl

e-l"ectrlea-1- poi;ential- clif:eereirce rligh1, reveal cilalt¡lcs in fu,irc'i;ion r1uch. ea.rlier

than lrould. gas-b::ic o.ilalysls or o'bh.er nresent-dÐ,y rìrêen.s of j..rrvest-Lgai;i.on.

ïur:tire:"'r it rr¡ou.lc1 seelrt froríl i;he d-ea.th cui:vefl 'i;ira'L a. cl.ecrea.se

or red"u.ctio¡- j-n circu-la.'Lion r,rith j.'cs co-oxj sta:r'b a¡.oxa.e:;ria jra.s ¿ur ext:rel.,eJ..¡r

:'rrarlcec.'l- effect on tl:Lc cl-ectrj-cal poten-bj.al. d-ifferelìcer Tiris poses 'l,l:r.e flucs't,ior-

as "i;o rvhether or no1: a<1:.'en¿r].iir and- 'i;ire o1,h.er cì.::rr.gs l:Lave a, c'l,i-::ect effec'b on

ù]re cel-l.s or rTiÌeth.el:'uhey produce-bhej.:: ctrrnges'bilrori¡:¡h'i;he ncclj.un of -i;he

vasono'bo:: Fj¡rs¡"t'ro ll'ron 'i;lij-s :i.nvestip;ation this clnes-bj-on ca.nno'b bc ¡nsl'rerecl-.

I:l.olrevcr, if i'i; r,¡ere subseoue:r.t1y fouircl 'bþa'Lthe record-a.bl,c

ci:,emges in ,oo-be:r1,Íal clifferalr.ce r,,rere d-'le 'bo '¿.b.e cj-r'cr,rJ,a-bolX' sba't,c of bire

sborrtach, Ë:ì. lììean.s trlor-1.lcì. 'cli.us be a't, Ìta¡rl 'bo ¿rssess -b.lii.s s-ba'be.

Jilthou¡,1þ 'ohis is a ra'birer blj.ef preseir.ta.iion of a ftuid-al¡ie::ria]

p::obletrr, i-t; j.s jus-i;i.f.iabl-e'bo poi.nt ou-b tlta'b'i,iir: s1li-¡¡ect j.s lvortlry of fu"rther

si;ucl.y. ll.Tre ¿rslec'u ofl rercoril-i.ng.,; :ih'ctn ]nr,il¿.rlrs r¡i'cir. fl.u.r6Fic6'pie 'ir-l-acerrer:.t of tl-r-e

mucosal. electrocle is of consj.d"era.l:-l-e il'¡rportai:lce an<], wou.lc]. dei:lo:r:.s'br:a'be ¡iore

full¡' i;he diagrrostj.c po'l,e:i.r-i;ialj.ties of th.e alrlara-bus" It is-bo be lionecl'olrat

tl:i-s lvo::li l¡i.1.1 bc corlbimr-ec'L i.n -bTle Departriten'b of Ph)¡siolog;r o:: elser,r'.here.
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SUlû;LAIflf lú:lll COÌ\ICJ.ITSTOIS

1. A brie:e reviery of 'bhe Þertinen1; l-i'ce::a-'bure cotÌcern.Íng -bh.e

olecl,rical potential of 'bhe gastric ntucosa l¡ras Þ:cesented-o

2, Appa.ratus air.d- proced.i"tres for ob'bain:i.rrg con,tinuou-s lrhotop:rapJri.c

recoÏd-s of gas'brÍ.c pote:1-ti.al-s auc-[ sec::etions rïere c]escribed.

3u llimit;ed resr:l-bs of experilrrents on a srrall. iru:rfuer of hurna::

subjec'bs, arrc"l d.etail-ed resnl'bs pertaininp.; to gas'cric po-ben'uial a¡rcl secre'bj-ons

in clogs r,iere pr'osenteiL anc-[ cliscu-ssed. flhese resu.]-ts discl-osed tlrat the::est-

ing voltage of the s'l;omach ran54es bo'bueen 40 an.rl 100 nil.llvo-L-bs. ll'J:re m;cosa1

surface i's nega'bive r¿ith respect 'bo ihe serosal sLr.rfa.ce. The vol-'t,age att,ains

its:naxj.mrun lrhen. the s'l,oläacTr j-s a'b res'b ancl- the anintal. q.uiescent. Interfer-

errco or trar¡na to th.e st,orriach lolrers 'bhe pot,eir-'bial- clifference âcross the r;ru-

cosa. Sl.stelúc disturbance to other parts of 'bhc bodlr, as by painful s'bi-nu-

lati.on, also lor¡rers the vol-tage, a.s does aclre:ra-ì-in. lLhesc obsei:va'bi.ons incl,i-

cat,e 'bha'b the vol'bap;e rnay be rnoclifi.ed. by 1;he syrrpatho-adrerral systern.

,Also, the s'bi¡iu.lant d.rugs pj-locarpi:n,e ancl- hi:stzuiriile recìuced-

the gastric po'ben'bial" llle decrease cau-sed- by these i[ru-p;s, esÞecial-ly li-Io-

carplne, rrag ;orolongecl ,

4. The reclu.ction of potel-bial ce.u.secl by piJ-ocarpin.e ancl ],Lis'bamine

v¡as sonetiines associatecl i¡ri--t,h i.ncr:eased. pqastric secletions ùn.c1 soi,retiiiies not"

Secretory res.oonses of 'bhe s'borlach'bothese dru¡3s ìrere Lln.rel-ia,ble,lnuhereas

the electrical- r'espollses ahrost invariably occur::ed-,

5o PossÍbl.e explanal,ions for the resu-l-bs observec'L vre::e lrrese¡.'ced.

ancl discussecl" Sorle rornarl<s ruere t.t¡rd-e rela'cing; to the possibJ-e di.a.p;:l-osti.c

value of the gastric potentials.
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Schernatic Diagreun of CalJ-bra.tor, ll-l"ectrocles ancl Aä¡r1.i.fi.er
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Figo 2

Ðiagram of ELectrocle System
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Detalled. d.lagram of constrnctlon and arrangemont of
eloctrod.es. The mountlng was a vertlcal bakelito plate 10
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Fig. 2B Photograph of el-ectrod.es morurtod m bakelite board,
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Photograph of Recording Unlt
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FÍg" 5 Photograph of recording unit for gastric potential and
secretion, incorporating camera ancl paper drive rnechanism,
galvanorneter, and spring balance with their optical systems.
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lffect of Ad.ronalin on Gastric PotentfaL
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Fig. 4A Effect of 0.2 and. 0.5 c.c, l-: 1000 Adrena1in in two
d.ogsn SÍnple reduction of poteutial foll-owed by rocovor.

Effeet of 0"15, 0.05 and. O'OP c.c" 1: 1000 Ad.renalÍn
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Figo 5

Effect of PiLocarpine on Gastric Potential
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F1g. 5 Effeot of pllocarpine in 5 dogs, witlr doses of 5, 2o5 and
4 millÍgrams" fhe prolonged effect of pilocarpine is apparent.
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Sffeet of AtroBine Tollowing PlLocarplne
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A dose of 3 nltLlgra:ns piloearpine caused a typÍca3- re-
duction of potential r,¡hÍch was neutralized. b]' atropine.
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Comparison of Potentials 1n grloric and tr\mdÍe Regions of Stomach,
ar¡d the Sffects of Adrenalin"
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Fige B

Comparlson of PotentiaLs in PylorÍc and I\rndie
Regions, ffid the Effects of llistemine.
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Effeet of Death by Air EmbolÍsm on Gastric Potential"
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.Air ombolism caused a reduction in potentíaL to half
the fozrner voltage 1n 5 ninutes, Vol-tage fell to zero in
50 rninutes.
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Effeet of Piloearpine on Poten'bial and' Secretions"
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Sffect of HÍstarninê on Potential and Seeretion
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