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An outline of the Mastery of rAietris eieetrelyte abeerption 

and secretion alone with the development of amoral electrolyte-

physiolosy bar been presented dud related to foetal electrolyte 

phyttleleey. 

A method boa been doaeribed whereby see transfe7e of rMrre~1 

and eleetroXytoo =room the metric mean et the rabbit testes n 

be studied in vitro. net  treostere et Nes le. Cr, le and ester 

vo C otue1ied in 7c/atien to their diftcnencoo of elect ochocicel 

potential norcoo the mucosa. The result(' were then conoidmed in 

relation to the develeraontal cytoloa of the neeeeee 

The open circuit electrical potential difference and ohort. 

circuit cuvent weA) measured uoinc a method leeeribed in thin thecio. 

ionic concentzatione were va iod on the two °lase of the mucooa end 

the -:eleulting Leo in open circuit p.d. vo-o uood to calculate 

the tranoport nuL,befe et the principal leas in the egoten durinc 

tLeir tlanofe c 'orese the amoral cell membranes. The abort-circuit 

cu ent sac otudied in relation to the presence or abeam* of various 

1000 OD the tiro olden. and the effect° of vorieue druce OD 1, sere 

doesribod. 

It is concluded f:cm the results obtained that the anyntic 

sells eitiroete Fr* and Cr acninet their grediento of oloctrochenical 

potential. The non differentiated colic acre ahem to effect an 

absorption of Na' aminot ito cradient of electrochemical r,otentiol. 

All sevenente Orator ire passive end down *emetic c,,adientc. 7he 

a 	onion tommeeeit vas ogoollored to be DODO specific. There rap 

no evidence et eseetive transpert of Z. The ohysiolocical 

eiatitiesnec o them remaito bee boon ail:mooed& 
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agtoric0 ,,tdoknround Trior to 1eQ9. 

scientific interest in the inorganic propurtieo of 

gastric secretion probably commenced in the firot half of 

the 17th century. 	it was at this time thought thr:t the 

pboommosa of functional bio10'7 could be explained in termv 

of as adios*. kmoolodio of acids and alkalis - the iatro-

ehemdeal school, or on the other hand, by a knowledge of 

tbo physical forces present - the istre-physioel school. 

!7ylvius, in 1650, stated that gastric digestion wan 

d000ribablo by the chemical terminoloy of that time, 

as* noted in particular the flandular nature of the gastric 

mmoOes and the easing of Juice from it. 	Borelli„ altbouch 

hollasias to the iatreophysioal school, noted in 1600 that 

animals without teeth and with non 'fleshy' stomachs 

digest hard foods without cruchinc: "Them r,n1Avan consume 

flesh and bones by means of a very potent erment o  much 

in the ammo way as corrooive liquids corrode and disoolvo 

metals.' 

Van Belmont r000gnieod acidity in the rastric 

content, and dietlaguiehed this from the egrment itself. 

spallansani, however, failed to convince himself of the 
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acidity of gastric juice in spite of fining that sea-

shells and corals were eroded by it. Once, after eating 

an eeess of strawberries and wine, he found acid coning 

into his mouth, but attributed this to abnormal digestion. 

the middle of the 19th century the mnistence of 

acid in gastric juice was becoming widely accepted. John 

Hunter, ir 1772 claimed that there was acid in the stomachs 

of a great variety of animals. He also noted that there wac 

no acid in the etomche of calves before birth. That wan 

probably the first plweiolocal irverticntion faade on the 

secretory physiolory of the foetal stomach. It in remarkable 

that practically no observations on the absorbtive and 

secretory activity of the foetal stomach have been made 

since. 

Carminati in 17e5 showed that the eastrio juice vas 

ne,.7tral during starvation and acid after feeding. 

LagI4.11I241224tiltaIErmItgai4011)°9 

Coneilerable adliances in 1;acielede n1 the inorganic 

constituents of gastric juice were rade da7147; this period, 

as a result of the techniques of chemical  analysis which had 

been developed. Pout (1824) showed for the first time the 

presence of 'fixed' alkali in the (7stric Mice. Schmidt (1654) 

was able to confirm the findinL.., of Prout in vivo using a 

human patient with a gastAc fistula. 
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'eidenhain (1879), and later Pavlov (1910), using gastric 

fistulae on experimental animals, s7.:;owed that the composition 

of gastric juice is dependant on tLe secretion rate: a findinr! 

that has received consiorablo attention ever since. 

During the 19th century, it became apparent, with 

increasing use of the microscope, that the rastric mucosa vine 

made up of a heterogeneous cell poprlation. Thus Heidenhain 

(1079) recocnised two principal cell types, the parietal cells 

and the armentiffin cells. In a short time the parietal cells 

became associated directly with the secretion of Rel. Thus 

Swiecki (1676) and Langley (1831) Showed that in the fro, 

pepsin is secreted largely by glands in the oesophngus, whilst 

the glands of the gastric mucosa secrete acid almost entirely. 

The cells o the frog gastric mucosa were then shown to be 

of stAlar appearance to the parietal cells of the mammalian 

gastric mucosa. 

;:nny attempts were made to identify the nite of acid 

secretion usinc injected dyes. Claude Bernnrd (4859) injected 

a solution of iron lactate and potassium ferroeyanide into the 

jugular vein of a fasting rabbit, and later found a blue 

piment on the surface of the gastric mucosa, particularly in 

the re7iop of the lesser curvature. 

p11 indicators were injected by a large number of workers 

(Eddinger, 1830, 1882, 7rinkleT, 10(35, Frankel, 1891,) and the 

results of these experiments indicated that the fundic region 



of the etesadh woe the efts of acid secretion. 5!ince thie 

rel.= was known to contain the hini]ect proportion of oarietal 

cells, it was considered that these nem the cells responsible 

for the secretion of Bel: they ware termed loxyntic colic' by 

Laneley in 1881. Zitazerman (189e) dencribed 	tIrrmuloo 

within these oelln 1714ich had a low refractive power and did 

net dowries* in number during accretion. 

Progroes in p4sical nhemietry curing this period produced 

laws and concepts which have -.ince become of considerable value 

to phrsiologioto via it to describe the faotore rosponsiblo 

for the difference in conposition of mAstrio juice and plasma. 

The sent useful advancee r.-ere thoee in thermodynamics. particularly 

la relation to the oorceot of free energy. due to lelaholts 

(1682) and Oibbr (1875)•  leading to the ooncept of t.heoSseilic 

ootcntial and equilibrium. 

At about the sorac time. Fick (1855) evolved his empirical 

low of dif anion, whioh hap had considerable 1200 by biologisto 

*ler 	7coovor, indiooriminatense of this ION COI lied 

-0 aerial orrorn of dencoiotion* 

A marriage of thermodynamios and electroohemiatry 

produced the familiar equation relating the 	of a 

oncentration cell to the activities of the elootrolytoc in 

the velum (Verne, WE I). and ooLlatione relating the mamitude 

of a diffusion potential to the transoort numbers and activities 

of the electrolytes pro pent (Planck 1890, Nernst 1e88, liehn 1397). 



Observations of electrical phonee& ameeelated with 

secretory activity mere nods as ltmr age as 1834 when Donal 

obeervid an cletrical -.d. aerons the ,7antrie all end 

moseelated it with the secretion of acid. Du nois-Reymond 

(1840) first recognised thnt the livinc fropIs okin is a 

seat of eleetreommotive force and mad give rico to current 

flor* 71N 	observations were eonfirmed by Oalcott/ (1904) 

md extended to eherr that the p.d, dependell on t!-,c rresense 

of sodium (lithium) colts in tit bathing solutions* Purthormorop 

tile p.d. persisted with identical solutione bathin7, the two 

sides of the skin: thus the p.a.," could not be rroduced by 

diffusion potontialo or be mplained in other simple PhYsicol.. 

chemical terms* 

The earl intereot in the electrical properties of free 

*kin has persisted until the prevent day, largely due to moat 

workere in the field of active transport considering this 

tissue as a uzefUl reference point; also the extreme rotes 

et the tissue makes i1 one of the most satisfying of 

preparatimme can which to works 

in its of the. considerable advaneee in physical cheiotry  
which had taken pineal  physiologists realised that the 

phenomena of gastric secretion were not deecribnble simply in 

terms of phi steal the 	but depended on other fermis 

eharaetariatio of livial mystsms alone. "late Heidenhain was led 

to postale** the participation of a eTriebkrafts in the aboorbtive 

and e.creti promisee of the cut. 



T4R.4(kvolop. en* 

Interest in identification of tLc cite oZ acid secretion 

ecutinued with the work of Fitzgerald (1910)*  using the Pranging 

blue reactio**  bu Injecting balanced amounts of aa3oniumederrie 

citrate end poteesium ferreerenide. The blue colouratlon woe 

in the centric emcees la the mien ef the lee. or ourvoture• 

Vortical ;Actions et the nnosaa Owed the colouratien tob* 

liaralialid in the upper third ofteep gastric pits onXis, it was 

aloe observed in the canalieull of the parietal cell*. An 

t7Onewg (195E) point* out it is sarprising in view of the 

41:fsion conditions present that mdh flood localisation wa* 

obtains: 1, 

tTeing silver chloride deposition*  Fitecerald (1910)*  

"anti (1913) and Ieschlm (1915) hove nhown that the highest 

chloride coneontrations are found in twil peristal rmile and the 

intercellular canalicai. 

The canalioull within the parietal cells hove attracted 

interest eine* they were fit deseribed by 01/4 in 1891 and 

confirmed en many ecoassione since (Bete r and Beasley 1930, 

Hollander 1941, Plait itYno Cenney(1950 pOinte est that 

	 eanaliculi are present within the yecot emir end are 

in fact a. rentinvrtien c the cell wall* in the roast cell at 

sect*  the tell well ha* been mown to Oe a site of metabolic 

netieu (nethetsir,, 1950, 1101711 renelt otudiee or ntimmary gland 

scceterIT tionvo, 	tLe c.."4 Iron acmes)** have confirmed 

the presence of intracellular nanaliculi and inmatinatione of 



the cell wall. 

:IWO the ,z7Lstric mum* vas somposod of throe cell 

types it wev flecircble to find MOODO of determining the 

compooitioa of the pure parietal secretion, rime the pure 

parietal secretion cannot be obtainod in practice, it has 

been mummy to resort to indirect evidence. Pail., (1910) 

observed that the acidity of the Gastric 3uice inareaced as 

the rate of secretion increased, Be intarprotod this,  

fins inr: to moan that the palatal eels asarotod acid at 

a hiGh and cezietant concentration, and that this was neutral. 

iced and diluted Mr the non parietal .accretions; this offset 

being most apparent at the onset and end of the oftrotorY 

phase, 

Hollander (1911, 1932, 1934) and H011ander and eosin 

(1931) confirnod Pavlov's findings and by plotting neutral 

chloride agatant total acidity Allowed that the 	ooncontra. 

Lion wee 17(,11 with. we neutral chloride; assuming them that 

there woe no neutral chloride in the r)ariets1 secretion it 

we considered that the parietal cello secreted purer. I C3 nt 

170mU, HOOOver, the abeam* of neutral chloride in the 

dotal secretion io SOmething that manias to be proved 

(Conway, 1956;. 

aray (19434 Plotted neutral chloride amine* saarstion 

rate 	mtrapolated the line obtained to sore asarstion 



	

rats, It was found that the 	trill chierillaIMMO not sera 

at zero rate of acid esoretioa bat approach ad a eta 

about Tswemuivil• It vas aloe shown that the potassium 

concentration remained eanstant at about laseouivil durinc 

larva variations in acidity and secretary rotas Orgy 

concluded that the parietal ceeretioa has the following 

couvositien e159 n•equivilo els.166 awmplivflo  K47 seeenivilw 

riebsr and it-Int (1950) using the data obtained 10, 

3' (1939) on yon c men in revponce to histamine am0 

estimated the pure ljeriutal and non parietal secretions to 

Lmve the following coupeeitionat 

lariotal U conceztration 
	

16.0m•equivi1• 

neutral CZ" 	lasso"livil • 

total Cl. 	* 	125mo:421v/1. 

* moo"3 	45r4oequivil• 

The &Joys tamale. era ueally cIaoced together as the 

covalent theory o: gastric acid secretion, and account for 
the variation of acidity with. recration rats. At to =too 

of acid secretion the neutlmliring affect of the (conntnmt) 

parietal @aeration is most apparent, whereas at the ht/ hoet 

'Moe the gastric lace compooition will toad to apprearh 

that of the pars parieti'.l secretions 

?h tell (1939. 1)404 has preps rea an alternativediffneima 

theory' to account for the variation of acidity with oftratery 



rate, c sureste that the lit ions which have been secreted 

diffuse aerosol the matric muooea, down thpir 6radient of 

eleetooLemicol potential, back into the blood. At the 

same time, Nat ions dilluse down their rradient of electro4, 

chemical . ictontial, from the blood to the metrics lumen* 

The effect of this eleak4set and es. fit:exchange will be 

most pronounced at the lower secretion rates* 

In order to toot the diffusion theory, Teorell tlaced 

• esseured *mount of ;lysine buffer in the storm' ho and at 

the end of the eiroerimentel period titrated the buffer to 

determine the amount of acid that had been produced, it was 

four: that under these conditions the primary acidity vested 

between 17m.z. at the higher rates of secretion and nemN at 

the lower rates. The main objection to this method is that 

the acid is being secreted amine* an abhor all; low difference 

of electrochemical potential. 

however, it would seem that there 	little eloubt that 

the gartrie ruco-.a is perIneable to hydreren ions, ane! it 

would thus OMR that both the conponent and diffuoion theories 

help to explain thee° phenomena* 

Althoull the damelarity of the gnotrie juice remains 

close to that of plreLa is spite od wide variations int/~}~~

eenelarity of Cul latter, (011nea end Oeweill, 1932, 	 e 



t n3 Lobertsen, 193C), slight variations of this parameter 

with secretion rate do appear, This result is explained 

by the cwonert theory in the folleeing veyi the TI is 

neutralial0 tv the bitarbotate in the none parietal 

scoretion 	reeultitg reduction in osmolarityl 

EC1 	NaECO, • He 4,  Bea. 4* (7, 0 

It is seen from the eenation that the rednction in oseelarity 

will be Ereatest at intermediate secretion rates, a postulate 

which has been verified by experiment (Weft et al, 1941). 

Nirschowits (1561) has proposed that the gastric 

juice is forme by a. primary rrocess whose prodacts are 

consequently 9;oclified by a r,ecovlary preeeme. The primary 

process is the secretion of NaC1 at 'WOW by the peptic 

cells. The secondary process involves the exthatge of e 

for No s hy  the parietal cells. Thie theory is eupporied 

by the existence of a high (14c L) chloride concentration 

in the sestina etomach and the inverse relationship between 

tx)dium and hydrogen ion ooncentration during acid secretion* 

1.cAcidaza .7etn concentration rambled fairly constant at a 

level thme or our times that OS t4o plao, It wale alee 

shown that ho relation: ( 	X4  i Ht ) • Cl—  held. 

rom this, zni the linear ':elstion between Cl" and osmolarity 

of rartric juice 'aseing ttroue suvo, it was also concluded 

t,.'Lnt chloride was the princiral anion in rartric lute. and 



that the amount and sonoontration of bicarbonate present 

wae necligible, a view which has also boon exprecood by 

ehm et al (1950) and Heins and Gbrink (1954)* 

Bohm et al (1959) have studied ionic movements acroso 

the rootinE stomach of the dog, using vallaue solutions on 

the maaocal side. It wan found with 0.05 M Van on that side 

Cl' pa000d into the lumen against its gradient of oloctroa 

chemical potential whilst Tea see!Into the lumen down its 

cradient of electrochemical potential. r1th 0.10 1 mid, on 

the mucosal side there 'Ale no change in the aunt of 	C1 

in the lumen* 711th 0.15 N Neel on the mutosal side there was 

a net decreaoe in amount of Nti!- nnA Cl onthe imacoesi side, Mg.  

movinc aminet its gradient of electrochemical potential and 

Cf moving with ito gradient of electrochemical potential 

,!later movement took pingo down an osmotic gradient, and 

in the absence of such a gradient, gator movement van in the 

direction of net solute movement* The p.d. wa monitored in 

these exporimento and Ito magnitude was of the order of 60ai 

with tho muoosal side negative. 

The authors point out that the results can be explained 

by arsuming the existence of separate anion and cation 'purrs** 

both el` which would be electroaenic and in parallel, with 

their positive poles slimed towards the sereeal side* An 

alternative explanation given mo that them q  be a single 

eloctroonie anion pump with Ito positive pole Womprito 
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mom and in parallel with it a channel through which Nael 

could palm down its gradient of the cal potential by ion 

pair for:ation or by combination with a charged carrier 

4. These remits are particularly pertinent to the present 

thoolo• 

J: at the p.d. originates in the mucosa has boon 

demenstrnted by Eehm (1946) by applying ethyl alcohol to the 

mucosal side and abasing that it rapidly aboliohed the p.d., 

,..Thereas the effect ie much slower if the .1/cohol is applied 

to t, e SOTOMe iNen Iwo conclusive evidence for the mnconal 

origin of the p.d. is shown by stripping the mur;oca off and 

sisowlag that the full p.d. still exists across it (liogben, 

1955). 

The concepts and techniques used as ousemoottilly by 

teasing and his school for the study of motive Na tranoport 

in frog skin have been of constlerable use in studies of 

active transport 'cross other epithelial aambranes. In 

thee* studies the electrical properties of the membrane are 

related to the ion fluxes across it. It wee amen that t:e 

ratio of the 'passives unidirectional fluxes of * particular 

ionic species is equal to the ratio of the electroc1-2eTtical 

potential of the ion on the two rl(es i.e. 

	

LI- 	0 A 2 	exp 

	

-1 	.1 
unidirecti 11141 from side i to -ide 2, 

'42 1 A2 

where .-: 

(-F) 
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where its the unidirectional flux from tide 2 to side 1, 

A1 	
pi 	Iv activity of the ion on side 1 

A2 
a it 	a a 0 a a  a 2 

n electrical potential difference acr000 

the membrane, 

• valency of the ion in quention 

• !a-many (96„ 500 couloumb) 

• Gas conetant (erg./moleAK) 

an 1 T 	• absolute temperature. 

Any deviation from thin relationship is said to indicate 

active trmsport i.e. a Douro° o free energy other thnn 

the kinetic energy of the ions and the potential energy 

due to the electric field ie said to be available. The 

extra source of free mercy it called the *active transport 

potential' and may be written into trio flux ratio epuation 

to enable it to apply to an activol:; transported ion i.e. 

st2...>1  
A
l eFWV4FIT  ) A2  exptrel,PT) 

whero ct, is the active transport potential. Measurement 

was made usine two isotopic variants of the ion under 

consideration, rimultaneoud:i. It vne found (Ueeing, 

1940) that the coA.um ion cr theonly one to be affected 

by an active transport potential* The experiments swore 

carried out in vitro, using a piece of chin of known area, 

and bathing the two sides with oxygenated Timgeft solutions 

m Rate of trans'er of matter across unit area. 
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and modified Pincers. 

I furtlar 	tact advanee mks made eta AD 19,41 
owing sod lercla wag the concert of Shestreieselt serrent 
to meeenre the rats et 	active Los tweeepert• The 
rctisen10 of this le OS leess if the skin le hotbed 

with identical oolutione on the two Sides, rnd at the same 

time active ion tranm-ort in trtkin place, the reeultinc 

movement of the chortle viii act spa red. vhioh viii the?: 

tend to bo shortesircuited 11, ismousot of the resolve for r 
in the wyetem. It the too sides of the 	OIM than 

connected tj  revertible oleeteelee and a cirealt of vary 

low resietanco, ac current viii pass 'shift will be exnctir 

equivalent to the rate of active t7.ano2ort o' ohart:o. In 

practice the short-circuit current emnnot bo meanared in 

this simple eimmer because the reversible olostredos that 

are available have too Mai a resistrIncs to offset sore 
then * partial shunt of the skim. 

This difficulty wee seers awn however. by anplying 

en E.m.P. across the akin of aPPra40,411 alga sad marnitade 

to reOurle tLo oportaseouo p.4. acme* the shin to Imo, 

The current then Haseisc is the esterscl circuit is eincl 

to the thort«eircuit. it was food that the sate of not 

sodium treneport across the eUc vas meetly °qua to tto 
short.saireult current, thus proving that sodium le the 

°sly ion subjected to active transport in this' ayotem. 



This eleetrocbeelle1 410011M146 mode it 'ossiblo to 

describe (but not to emilain) the eetive troncort 7roS000 
to $ esaverient sod eessletaet isemesit  thus in the Sr* WO 
themainmteemeillered to mist a *mese et F en 47*  ogme to 

Us Settee Crezttreakt potential en. in cosies With it a 
restates** as Is asir of 	elsetreehcnteal ash* Across 

OM Source of r071*P. end series iewirtrzwe Mee *ant 

resietance through which the circuit wan 'ietctl 

novacent of Ucepestie Ise. The akaint retictGnse would 

cm,Int the ores etasett Cole ser000 the akin to. be 1000 
than the cotivelmweerert potential. 

It sus found however COseinG, 1954) thnt the chunt 

reactance could. be end very 'Arco by re:lncinc chloride 

tr nalphato in the Stamp, oulution, or by addinc 1C 	Cu 44 

to the "Incer on the nraveal cleiet  thc e_oct of thic beinr 

to xeduce the chloride permc; Wilt: to ract'Icelly eiree 

'odor thane con4itionS the open circuit *C. ir *mg to 

the active transport potential, end no trefter ective 

t 	occur° with the cLin on 0 -,0O ,bit. The native 

trann'ort - ctontial vac found to hare e melee Of about 14004 

and the internal resistance (obtained b7 dividing the aotivo 

traeopert potential t the shortimeircult curront) lose about 

414104 ,̂  

itiny of the scaly results obt-lne4 l the Uoninr W114701 



were confirnod by Linderhoim (1952) who also derived 

exr'reesione for the partial conductanco of an actively 

transported ion. 

::o ben (1955) working in Useing's laboratory used 

the above tochniques to study kydroon ion, chloride and 

sodium ion tlansport acroco the gastric mucosa of the frog. 

o found that the nhort-circuit cuent woo equivalent to 

the rate of not chloride trans?-ort from eeroca to mucosa 

minus the rate of hydrogen ion trrtnoport in the cane direction. 

The flux ratio for sodium ions wao found to deviate cliijitly 

from the value to be oxpectod if sodium transport woe paosive 

in this syotem. This latter result could be accounted for 

if thirty por cent of the sodium flux from mucoca to carom 

vas: 0a(;tivee. 

'loins and Durbin (1959) ohowed that the frog gastric 

,ucosa in vitro, bathod with solution: in whichCl had been 

ruplsood by eulphate, ohowod a roveroed short-circuit current 

which was exactly equivalont to tile rate of hydrogen ion 

secretion. Purthermore, the open circuit p.d. was of 

reversed oign undor this condition. 

n extenoive study of the relationship between the 

electrical properties of the raetric mucosa and ts:]e rate 

of cocrotion of acid have been carried out by Rehm and hin 

school, (flehn et al 1943, 1945, 194e, 1957, 1955). noro 
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recently (Rehm, 1959), it hoc been. :IroTioced that an active 

transport ot chloride from oerosa to ucoca given rice to 

a pal. which cerves to drive a current of hydrogen ions. 

from the carom/ side to the ziucocal ci e. On this V:leory, 

increasing the natural p.d. artificialy would be ex-ected 

to inereane the rate of hydrogen ion necretion, whilst 

docroaoing the p.d. should decrease the rate of hydrogen 

ion secretion. This hypothecis was verified by experiment 

(Pehn et al, 1945), and confirmed by rano, Davies and 

Iononatr(1940). It was also chown that the maximum current 

that c2uld be drawn from the mucosa was clectrocheoAxally 

equivalent to tie rote of hydrogen ion secretion. 

An objection raised against thic theory was that 

the resistance of the mucosa was too high to allow sufficient 

power to be available for the concentration of hydrocen ions 

against their gradient of electrochemical potential. However, 

Rehm analysed te com7lex impedance of the nartrie wall and 

showed that it was analogouc to caracitanco in arellel ith 

a reeistanee, these two components being considered to mnict 

in the cecreting cells. The sere cal and muscular layers 

were considered to act as a higher resistance in seriec 

with the other two comTenente. It we then shown that the 

parallel resistance ww- extremely small in the rooting 

otomach (about 3 ohm.cm2) and fell practically to zero 



in the seerotias stonseti thus shrift: that the INA" 

amid delivar en adopete hydrogio Soo currentr lisle 

ele, *Woo that tbo parallel resistance become greater 

desalt, Ike faro voice of the pasollel reatistatiee wee 

saplisioed um the baa of thei,:' beinc active tromport 

smshasison far hydrogen and chloride lone (T'ehn et n1 10501 

1957)* it is ol inCereot to note that Biobon (1955) focal 

a negative partial oomoductanco far chloride ions lathe 

accreting - roc; etwaoh, ebbe would be oerepatible lath en 

estive transport presses for these ioneo 

21,1o:v vould unser however. to b own, agree of 

biocheoical or upline between the ebleride und ivdrecOn 

ion semvotory Lwocessee, uinco Rohs of al (1963) have 

abash i;hat eU 4yOroomq ion (secretion rats in calphate 

rincers  with tho pild, °leered to the awe level as In 

chloride 'solutions. to about one third the rate with ohleride 

inner butt iac the =cones if the Ovdrecsa ion secreties 

rots depended o;^.4 on tlic 	mares* the saltele (Produced 

bp chloride trnwort) $11 should be tho mais valor the t 

meeditioas• 

Paha et al (1%3) hows ohm that hiotenine prodoee 

a levering of Wle NA' UDO rocirtance of tb metric aueonn 

WA* runs peral7e1 vith the increace in rate c:tc.' acid oecrotiou 

Crams" Davies arms Isogenir (194C) have eutzerst04.4. thnt revenants 

of the lailisaissle Was at histnnaine onsbleo it to net no a 



4ydrogen stow carrior in the electron tronoport cycle. 

The nntlro of the p,. acc,00n the fAnotrV t*leopa renelite 

to be eluoidateel. Mocovoro  theme 	t!,-,ree 7,ecalUlitiee *blob 

CSI nime rior. to p.t109 rior000 lt4noonbegine 11111101MIN Thi 

tire o theft GOMM *hen tte moc:tuntla seta es s sessaiskattea 

0441 with omoot to sans of the ions in the oate*. This type 

of p.d. has boon donametrAnd to exist aemooe oany cell smalleesSO 

and hoe boon studio in :.2rottt dolma in norve and mnoo1o0 In 

them e:enc r netabolie wItmelan ce =odium gtvco r to on 

woo d dintributien of pott.r3k4=, Letootic the inotde an4 outetdo 

of Cle ee3.2 (In order to prom.-ve e2ectreneutrality)1 the coming* 

traftau of potretlun or the inside (71 , et rice to a :iffteitya 

Potential atter! thee boomer the mil/brim peter...tie/ for 

rattans/am lore, ve is dererited ty the rernst ceustlen* be 

memo crevrent t*,pfllies to til,o otter optative tors v:aith cc able 

to POPS tIvrough t* northranr* 

toefoed0Jobuson ard 	(19%) have uned the above 

Omni to doeooibo the pea. aoroOo free ntin. It was Om 

that the tmzeooel old* of the Okla voald tet es a ea** ge alootrodo 

(in sulpha*, Placer) ond the assoosl sift Dotted as a petnoolun 

electrode Ixnflor the nano condition*. Moos moults led to the 

poetuloto that the mucocal eider lato perneable to medium but not 

potacottna, and the seroara olds ono poreeble to rotcoolum but 

met codiu (rolativoly spooking), The tottl pod*  aar000 ttm ctin 

vas then conoitlered to be the sum Of a sodium and a potacoam 

egillibrium potential* This type of theory to usually ttrol 



nonwelectrocenic Lies no ourfont flay ir nvolvon, 

the Nd• across frog akin wee concrielarof, to 

Lavo 	clectroginic on cin (TJesinc  and Zorahn 1951)1 tho 

active transport of oodium sac considered equivalent to a 

c-orrent passing through a resistance. In the a uttlorso 

opinion 	the elootrossite mod non —oisetworsole thoorios 

are avpliccA)lo to iroc Min. Ms poet totemic tpperpolowo 

loatian oboor,04 awk-fgrollosted nerve is also mid to 

be electreconie in nature and Malt fres on inoreapod rate 

of sodium er.trucion(LitcUe and Otranto 19571, Mosta i%3). 

A third P004blo Douro' GSM. in a mite 4,040  

(1nn.. 1947) vbictl mzt simply involve clestrel tranntocation 

(pH indopsneent) or 14ydregoo troanter as s2i as electron 

(011 4Opondomt). VW espy years It woo tboucht 

w> ;t melt *totem eauld not *1St across toll noubranes 

bocanc oiestroon wog* only illows 	flowasor, 

it in no ,z7 well eatablisbod that olootronie esobsetieri can 

occur in non ts1210 media of aufficiontly periodic structure 

(Brillouin 190)4, !AocentU4 OlOctronic conduction hac bees 

daLionstrated in a lure. number of bloThcicaleierelleaecul.s. 

OkOMMstorp 19(A. The oirnifionnoo of ellik peanomocaiUMB 

boon ooneidorod by faent 41yorcii 41940). 

Sown. 	raplon and Ytook 0940 mop domonstratod 

the oniotenoo of a redo* otontial amain thoneibronoo 



4•210. 

the cello of cynomial membone of to doe. The -e authors 

ouceest Viet a auto:IA-ono evota-, anicta in tLece cdl 

aleallfaaalte 

crane, Davieo and Lonomalr (IWO hnvo ourreeted that 
4114 	_ 41.414 a Ire 'oar ay efts 	t 	o 	:Iry be involvia 

the .2rotivationst hydrce.  lone lor the rant:le Aueeems  

to effect of the 'WO, Moe to remove electrons, - ro_ 

hydras* atm= on the moseal Mae of the osyntio cello. 

im their When* the M. wean boat a asatAx3 LI the 

rootin otonach are woad MI amine oseasticas 
fail 

 

co oi-xyan to oecur• 

chn (1966) coneludeo .t,cit the pod, sore the (Trctrie 

mom multi from the eleolarogemie tpumptnr. 01 !Iyaea 

ema oblerlde Sono 'Ivo woes to musses. The 1. , . of 

lb e *UMW Pump tone to make the elemoa pooltivolot 

the 44,1,. of 	grocon ion pump tondo to rrte the 

as 10 positive. In the routine (date the 	.• is at 

a maximum Dime only the chloride pmz lc opct!vc• 

activation 0 tLo 	ion pumn then toado to re4t,,„:2:o the 

total pod. 	eae oho= in the pane Tover that the nnotric 

aux= doe° not Wm* ea a oblortdo eleetirede VIM; 

it difticult to ilarialin the p.4. am a ma,— eleatiogardo 

had*, 



Oman und Witon (109510, 'ieine! eleetrechealeal 

notheio, Oboes* hunt the rootinc caotric acoon lo very 

asorly impeolomblo to hydroglikosii-Ohlorido lane. Jai° 

Fast win maite it difficult k Ialb the pipd• on the 

tools of ogollibrims potentials. 

modern thoariao of thosodbontom of 6040,10 mad 

soorottoo cootre round a re proem involriogili davias 

mow= (rue  P) and a ortoobooloo, Cyt• 

VH2  * 2 t • P f ler • 

thoorlec of this typo Moo beon rrivosod by Cow 

rant Weft (19501  Craw ase /01rolso (19O), NA Rain (1950). 

Dovielo an4 r)coton (1930) slOO oodrootod that thin type of 

mobanion nay be coupled to Phearhato croup tranofer yvooecom 

in 	le 	A.?. P. 

apcbon (19$1) hoz ouggie404 that hydrogen ions my be 

actively' esorotod to o todtroot mow tr the motto* tromosoli 

of bicarbonate from ammo to smosen, rith chloride 	Lie 

far blearbonote or o carrier op Otite4 	p.40 oboorvod 

then sold to bra e!tle to a at 	dittusliso atbloartenato 

ron arms_ to Via. ::000ver, 1t (1954) hoe Sham tbot 

V,to d* is losemottivo to *boos* M the moon& biserbomift 

coneantration• 

mellout raviowe of the roe thoortoo hoveWan ettel 

by iielna and Obriek (1954) and Of Com*,  (1959)* 



MIAs meat rare the sebAjeet of lrrevorattle 

tberusermalioe Io Soot 1911) hoe be applied to 

blegeOesi preeeeeis general (vnonner 1%4, iticoelne 

11131) adW Selintliss waters of interest in blobs' 

(NAM MA Ihateheiedly 1950, 1  %1).  

The theme, to besete tho nrinrItie 	mieroseeT46 

revereibilitr 	ONSIOW (199) chid etatoo that 

fluxeo (os' floze) in MOM Wks in eonorolo  del,-fit 

tr;on all tho thermodynamic Itforcoos in tno otem. Thus 

env 	."low Jimeg be matt en 

Ol 	1.14X3 

Alore the XS is the thenteftammil 01.40 -40ftiucatod to the 

flow of q. eelee $ and LiS is the ammainer mess msofficinct 

reltInc the flew of 1 to g, AO, 000141111411111 of now ai 
forces inv be ohosen as ione ac It rea.lts SA a reatill 

rote of entropy medeetion• In order to outlets Clio 

condition otrair:1 eoefflelentes  sueh as Lit one 143 met 

pecitive • but the ammo coettizionee Z1 s  be remit'," 

Or noc:vt1170. 3=1.11:7* 	Order to satley the ssoon(1 lnw 

Of theroodynorloc, the dollormlnont At the 1s 'ix of the 

wiermommoglemie be eqttal, to or crater than zero 1.0. 

	

& 1 	0 

In an ieethemmal 'Wen (the wool ow in biolecy,o  

the thole() of neve end tom e° nriy be one tbrt clvor 
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pocitivo rote o fro() oroy aestivation* ?hue a typicul 

iwo occur° if the flow to the rate procace of n. nolecular 

crocice (screen umSt nroc. of a momt7:nno and the watts 

C=1....eknomic force in conclIm.vd to bO tho Jiff 	in 

cbenical potential of the aubctrfeo nem= the menbranee 

1f a cocond ootabolic flow to mire pine() bicultanooncly 

in the aenbrano 	electron trnroloontjan or phoortinto 

croup tromcfor) and o *zoom coefficient batman the ft:1-ct 

and mooed Clow =into, thon 	 netivo 

tranc7ert .boo (f,7,7emnor 1J5D, z141 arbccr 195)). 

Tto theury oe irrevereit:Zo t!:!ormodynamico mcm mohoo 

it nocrible to determine *other o cartioulor thomy oe 

14020cical nectrInicra 10 in fact fonnible. In the pact, 

nrcoo overcimrlificationo Wm been Llano, particularly 

with rocnre to the nob of 71che* D20 of difIncion$  which 

*mune° thr-,t tho elum in queotion to denondatt oni' on Ile 

cot:Ncate 'force naC thrnt tbic Cor7o to ulrointod to any 

otboT fluxecto Dovlation from th:lo Inv hno been roadily 

tchen to. indiento t7;at COL mochanicm other tiinn diffuoSon 

lc cr:eratinc, Ciddao 1%1, .O rlowvo 10 48,r112brandt 1730. 

altorntive mochnniom to Wfocion unit* hno 

rollonod tj the above nuthorc to nioarlor theirs. in leach 

the ronetratic47 - lelocalte ore tout to become attached t 

loom) ondt7-: to n chodLenl romolituent of Me nobbram end 



'1r .)1110 

eavoie• Soh to ashes* woo brat jororonsi b 

Violas MN). rho oor:ler *my leek to relations 

Woos ISMa4 motion ilhe types 

a 

ohms I is the uaidliroetteiol Um. C Mhd motion, 

s half eattiatioa Oft sod It a oesollost with the 

diasseiese of a Ma. It la ems that the variable Pert 

eft the right heal alio (in braokote) is dleaanionleao and 

usirelaMai to the atieniaal potential at Ilia eireallaa in 

qaeetion. 

Mari him beam 	of aleolealsto treaollaro 

ammo toseal ersitholla• Om* (195?) atoned alietwArte 

aroesonta same the loolatoe 	enalotto asohraht eel 

vas 'amble to desamersto 	sitive elontrolyte loresopart 

epealmoolee p.4. ass cie at. He aanaluded fir, that 

eition• poteiolos adl ehlfooleio ions eselasse alwaoo the 

arateime at a ranhl rate* - richt (1999. toseibilmhod) was 

unable to 	tmate o loess sod. ammo the Saelated 

=done anahreas 00h ithostioat grebe hioarbeaste ringer 

o code ails) of matte sheep ilag harm. In ease of the 

eiverfaists the oheolkos too ion in contact with WI° annion• 



crowford and neComos (1960) Obeved that the ciboria* 

all trio nembrani of the pig whibited a opontanovno pod, 

in vitro and dococrtrated that tho alortmetmault ourv,talt 

coo oquivf-Laont to tLo rata of not (notivo) °odium trnocort 

which ono in no foetal to natorrra dirootion, Tho rata fls? 

active tr!lloort vas inhibit00- by high 002  tamales ond fc12 

in p11 on tbo foetal oldo, and oonseptently tondo to bo 
inhibited by tho allmotolo fluid Itself, posight7 7rovidinr 
a wattle feed book noohanion, It vac further 'glom t:';.at 

nourohyportlicial extract h..-.c no offoct on theento of activo 

000.1-ac tronaport to tnio ,Dombrano. Thic lattev rocc:it lc 

unAlact unonneetod aim° ttlic overact lo !mom to produce 

A5 enhanced rato of active milt= trowoct L. !Ivor akin 

(,0ogoca.ftgoftenn arc( .0o3.rac, 17jc) and in cic..lbian bladder 

OAP elod leaf. 1961)* A co train mount of °Won o *or 
sodium an Maniac alactsado behaviour vac cIco obtained 
14% Its igiatirent 1.000,06 to aaaiocaaa to ociitbian at 
La this ~moot* PiaaLly, It Om dela that GeV Its acs. 
Wantago ampler bad an active *mortar, fonatlant if the 

chancels° ctriprol o'f thio functIon aae ebalitabod. It 
are not p000ltlo homy= to otidy the Marlon In loolatlon, 

co .n to ito 	notabolic interdependence botmon 

the tvo ocubrance eon ougaottodo. analocouo to that botrioma 

cornool epitholitan and otreca (name= and Flichaczt, 154k:-). 

Ac -or no tibia onthrr La mare, no 1Weiniegieel otuaY 

clootroluto occrotion cad aboorlion hoe tom Oarrial 
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out on Co foetnl ttomaoh. twurt that ol flricht (19(4, 

19C2). tot/1ml., hietoloc-Inal eturlico of the foetal costrie 

clan do have bean made over nuaber of year° nnd WALD 

evidence bac lod to o 	assemptIona no to tho function 

of the tootci ateMeebe 

!ift (1910) ihomel in the pit* ectbryo that tt2O myntie 

0011e aria. of o lery sesolcy otaco 1:ram on undifforentintod 

eTitbolinc, *Mist the peptie eatlo derelop em eh later, 

The ,lootal oat at birth horn =void end egyabio colic 

Amine, cle Gastrin 	Out peobie 041111 spstridnc 

000b later, The bums term* bespiptis Sad ojnttc colic 

fully developed at birth, uhilet et 0 menthe onl:f mcold 

end non mucold della r.7.T.uo proeent (ZAm, 1972). .- ydrooLleelo 

acid ond rennin (Wain 1904) hem° beon °hewn to osiot 

the 5 month atocnah end Hoz)eim (rpom and after 1929) lc 

ale° recent at thiS *taco.) 

xmolee (190) barn studied the adtolocy of the r;:latrio 

oven of tho rabbit footue fron the 19tb deg until tda 

term. De domonotrated the preconco of only one toll trio 

sodifirerestiated °elle 0 up to the 251,4 day when o terelyntio 

cella sere abort to erpesrs C*i the rith do the o tic collo 

seiblage bosom sob mg* ammoremb and pittinc of tr.r) crAtholium 

boom estsaillea, ;At birth Owe ore *till more ozzintle cello 

ks. POW ulna (owes**, of who oduit .type) apperogra to 

be *bast attbasab Core riero a 1?-etS 01130 lit 	bast frit tbc 

pith %bleb appalled to be :zeourt5oro of the peptie oslis. 



Ca tbs bogs #1' the Owe InforiaratSoa it vac thouct;t 

It 	bmolltettlo to modal eloctroluto tiennoforo 

*arm IWO gomileis moll of the mtbit foam owl ettoopt 

to sorwolato Uses ilmdiese vith the cutologISMI ehencon 

Ukase pinoo, 4r IMIANOMOOHMOroosubo7ed to dour .no 

role of tLo foetal °testa M the miter cAntl amt. 'olztto 

se the foot n; md nap° to debeekle lb* estpleste ftnetionc 

fit ISM igoo.1...7.1c 	t 0 preberits in conelsake it a 

Derr" wet esetithe czza (195 ) ) on t it 	t gip Mint °3 

II0414 leto OS lOgnil out **** • that I daitt know in vtleb 

00010 thOMO 84414,11 we l000tod, r.lne I don't WbOW vhethmo 

lb. OM con* tbot 006100 'be iono nloo 	to .t1le• 

Cl' *mai. coo o r you my Wok :i0t1  L.1307,  bat I cr,OrT4-neCK1  

IMO yatt doutt isms vollise pea love crucial (Into that havo 

aet beam publiabaS Mrs set** 



salt- 
a. 

,77 -S 

Pleolo enbool asuntior toots:, alma is ISOM 
ft. IWO 	Li pl-oad 523 a taSIP Imiria bet 
elbsea) el 



Jett Trnnetwee of =,` to; Sodiu, pijories.„01A.100, 

to ate sore solbool ~daft. formlisestas 

omoolog "Ohio s to 	14 to* period. The sipisimsets woo 

oorrioa out is otamohosttootusee of 20 31 son OM 
two) co suodasal NON 

SINSIENUALMNIMMO 
ProrlxInt rabbit' Ni on000lhotioodi with rmessurbiesi• 

sodium (60osfkg bo4y weirAt) mod procaine spinal ssoosthetie, 

The toollooso Iwo 4.00014 by casperimn oction emd Inicay 

detoabad end killed hp a bloom the hood* The aideson 

01Pmei std tr a riming 	0014116 	 s 
modified bicarbeROM,71mcore solution at 200C • The ellenimeh 

vas detached vith 2a.  3nm e: duodenal and °emphasis,. otuapo 

and wee farther cooled with bicarbonate rincar solution, 

&MUM nagOillid 

The oussamma olucr me tie(i off end r fin* On= talc 

was tied into to seasobsectal slump*  tho tin of the oanntar. 

bane on the is aide of the cardiac erftimtero The 

caetrio erg were withdrawn throndl the Gannets and the 

Gastric ham was asked out eia or amp timen with experinental 

gelation emit Milky fialed with this solution at 2o0e41 the 

etmanWhimos them f000rood in 10002 of podailad bastailmatie 

Rinspr's Solutioa et MN for the duration Otte SOSOrilleM2. 

(!1..1.) 



Malino 
The bissrbenste Ringers solution used hnd the following 

eeevemition (0.2)$ 	14544 X" 4.8# ft.+ 3.6; ‘1,4" 132.2# 

WO; 25.3# &mopes 24.0. Mix, oolution had 95- 02 ♦ 0 CO2 

WWII um* it 1 hr. before bcinr used. and daring the 

espedISM** 

The nonerimental soluticht war(' 154 an . ner1 or 154 

sheline 'biocide. There solutims uoun/17 contnined 24 ra' 

stoommie 6110 sake Cleo imi.oamotio vith the b thit.~tr solution. 

The soluticos were ebsben with nir at 20°C before being 

introduced into the stools. I* 00130 ie 	in WAch 

tameable acid was net seseured, the Sincere oclution vas 

used Mss the eXperisental Solution. 

le end It ewe sieemeed 	photo.letry, MI to 12.0 

moonaloroil. It le It 44,b0Siatirdl. Cl woo eiotornined by the 

nandersgn (tip) gasitbed ed r:atentiemetric titration to w 0.5 

mpequival. 

Titcadeble said use dote •:= 	%V potontiomstric titration 

with (.01 R Me011, a canes electrode and Caomn:y nicroburotto 

being used, The indifferent electrode Ise s Pt wire conlca 

into the tip of the burotte, as it the Sanderson chloride 

method. The detection apparntuc 	vibron 33D electrometer. 

of 1013 input impedance (Electronle lostrwlenta Ltd.). The 

Wasik* was towr3ed out by add inc 0.101. of the volution to 

be emsbreed to 210,11. of distilled water. Thin solution use 
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Piess2 • 3‘4111101411111414c titration of caat:;..le cortontr, 
frail 	14101011.11 (A rofl 	onesimmtel 20:11-itten 
and standerti 	(00012Z7 aci in isasein Nac1), 



stirred stth air and CA, nom clowlu run in. 

,..7hon an =perinatal oolution ono titrntod after being 

In is otax:inob thereto= no clomp noint o7 inlortion en the 

potantial •• volume curvo. (rig.2). TA.° ma duo to the proem= 

CUOUD oath pap buttering the acid in those emarloo. In 

them moo° tho imoo•ionic point vao doto::,ninod by dinlyclo of 

ccotric contento win:A 1,An: Von or rlholino ebiorido, ttlrouch 

collopizzo c.t 10C tor 24hrg 	valtac obtainol vac p 7.40 TA.0 
p. vno thou tame ao tho 	point. 

4 
coal vac aotcwmin04 to 	nootlx 1. 

nom nothodo titratoble 

• 

Initiri omitting voltracr vo:a 	by ono 	too 

Llothodo. In the 'trot nothod to might of tLo otonoch, cannula 

mod emporimental oolution ono Cotorninod at tho boginning and 

em4 of to onporinent, after caroful roenovni of or r71110 nautim 

tree the outoiCo of tho otonadh and onmago pith filter nocr. 

Atter the seseetlesid-447, bat been carried crt ex) ctonch vac 

incised. with a 1l gait OS selsooro, and OR contonto coilocte 

in a anal c.-coir3003or obleL t'aci imoodiately ctoppo °O. 2ho 

vtomach oat) than oponocl, the oolttion roimvod froc the inaVo' 

ourface hw blotting, and weighed with tLo onnoolo. Prom those 

setebtace tbe initial and final volume° osreftovninod. 

ID the second ::lot hod, 	(molestA,coo) rap a& o4 to 

tbo nueessi SOluttin to givo a hnoon concentration (about 

%Once/100W. !%t to and of tho orporiment thc inulin conoont?c,ft 

tion in tnito oolution vac mocourod. and the final voles o 



«32* 

a:4WLj blottinc cnn woichinr no in tho first othod, 7te.  

tial voluno t1CD routed from the it volumo and tho 

initial and flna inulin concontrntSono. 

control onporimento in which anulin vino nloced nt hir:h 

caneontntion on the ecroonl aide only Obeyed tht DODO MO 

dotoctcblo in eta c.i000n1 fluid after 6 hr. 

In come mr-orimonto ttlece too mothOMOIMMO tined 

anoOtagloy end the ronultt,  tweed olonoly, ghOlinc tint tit:Aloe 

aniac, ohich would rive 	lono roevitc in the firat nothed4 

wno incimifiennt. 

inulin oc dotorminod by to thod of flacon and 

(194(3) for fructouo. 

'1112241fielholairairiallao 
The olostrieml potemtial iliffelemost etamilea tLc? '.`xxlrloL 

mal ono measured with calomel elteeteodoe *Mob IMO conneotod 

to the oolutionc t 	rel in V agar oentaino< . in pelytLono 

tabinc to farm aa/, bridgou 2ho oloctrodon voro connooteql to 

o Vibron 331.  olootrocotor. A 	ohcckin or: nogametry the 

tip of ono brido ono placod in Um *in' nolution bnt in the 

stomach, the other bridge one lostrIOM down the connuln into 

t. c arcriziontal gelation in the lawn* ?Lin Int7.,or brio 

vr,o loft in contact with to azrartmontra 0010102 047 shift 

TeI* Woe boint- mode. 

orm0102ity0 oolutioto woo monmeel to t 2.0 0.0amc1eihC 

water 41 :71 eryOccorlo mothod, a tantol thOrmietor boinc egad 



mV 22 days 
IS 

16 • • 

14 

12 

10 

8 

6 1m. 

4 

2 

0 4 1, _I 1 I I 1 

10 	20 	30 	40 	50 min. 

Pig.3. 7,:ependence of the potentirl difference across 
the castric mucosa upon the presence of Na in the 
mucosal solution at 22 days. Letween the interrupted 
lines the mucosal solution was 154m:J choline chloride: 
outside the lines it was 154mM Nael. The mucosal side 
was neative with .-respect to the serosal side. 



as the temperature sensitive element. These determinations 

were carried out on the bathing Ringer solution at the 

beginning and end of the experimental period, on the experimental 

slutlarl ',..6:ere it one placed in the ObSsioeh Ond on itc romovnl 

from the etomoth, (ass rice2). 

aitliatiMALAINGUEJEWItiLkil 

killgagaillailtaUALAMMUIS" 
In oll osnoricOSIOS the ennolelity of the mucoeni solution 

and the bathinr volution imeressed &rine the course of the 

imperilment, to latter mss MO due to ovaoration °ocarina 

as a result of ernelinc.Th final ornolaaity of the mucosa 

solution olunuo pperased but never cacoodod the came/silty 

of the bothisc volatile. If the osoclolity of to muconol 

Mantion inure's.. Ai 31r, tLen the net vote:- loos due to osmotic 

podient a1 00'01 is m-  of the initinl vo/une of nueocrl 
solution. 

gagaltala Oilliaitt=1,94o41.  -Z:9,121M4.• 

The ditfOrence /u0  ... /110  of electrocenical potential on 
the aerosol and mucosa/ video of the stomach for a particular 

Ma asa spalsulated tnma the cquetion 

/us.. /um  VT la ;2• (rc  Ri)tr 

hm* Cli me c are the conentrationo (in m.equivili) of the 

ion on the sereen1 end mucosol oidoc roe octivoly, 

F
m 
lo the neenured difference of clotrical ritentlel of 

tbe comma end onoonel Wen 

is te valency Of the inn, 
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141104, Ott ablistast taw a. ellommet at 28 asp. ea eat 164 	lesielmoss ei Uwe dlemtboi usder Pk. 3. ft* fatel 40t the= .1~11.410  la Ow imas tes is ISM at ft 



r le the 'oa day. 
.4 0 -1 

fl lo the gar conctant (CO 1C7  erc mole 	A 

end T is the absolute tee  

The equation amatase ogoolit, of Ocativity coefficients 

on the two sides. 

Alt9A,Pcoq A; cagettlialit" 
A p.a. acros the foetal rratric a:cooa, with identical 

ookotions on the two aides was found at all ccor rt.,11o, the 

muoosal side Wine, n000ttivo With reereet to the cool oldo in 

all *agog. Thlo p.d. one dependeet on the pregame of na in the 

mooed solution. Figure 3 rheum the erfeet on the p444. anrosa 

stomo01i of 22 We  O repiacinr7  154 11.  ra Cl on the mucooal 

Olds OY 154 ol choline chloride. It ir roan that to p.d. 

rapidly fallo to zero, but on replacirw7 the Va the 7,.d. return!, 

to a value elope to the oriciwl one, afto olbibitinr a moll 

ovoreheet. 

Figure 4 taboos the remit of carrying out t!;10 procedure 

on a storanch o 28 diors. In this cove the effect waltrireffrelble 

ac before, but the p.d. fell to nbout 30 of Ito initial value 

inrtead of So Itero when elleaine wooloo04 La. Milo .Lecult wns 

typical of thowe obtained tram Oilopoo0bO Of 23 dayo cootational 

it 	up to full term 

Move r:ms so sigolftsom, diftw000* in pod. with bicarbonate 

Wor solution or 154 ra; 50C14  with or without ;7*-', cluceac or 

the =copal video 



CI 

22 DAYS 

NaCI inside 
9 mV 

45 hr 

ChCI inside 
4 mV 

45hr 

Secreted 

5 _ 

a 

a 

CI 
5 _ 

Absorbed 

patto..n zlot 	electrolytes 
acroso tho centric walls of a pair of etonaehe from 
the same litter at 22 days. The oerooal colution rrao 
bicarbonate Tincpc-1o. Al mueosal eolution 1540:. EaCI; 
moan p.d. 9mV (rococo 0.0 0. 9.0); time 4.5 hr 
Gelation 154m.T cholino chloride; moan p.d. 4A 	co i V (1....) mueo 

- 11); time 4.3 br. 



Secreted 

Na CI 	inside 

25 days 

Cn CI inside 
Eq 

20 

11mV 17 mV 
16 CI 

4.0 hr 3.8 hr 

12 

8 

Na 

4 

H H 

0 I 	I I 	I 

4 

8 CI 

12 

Na 

16 

20 
Eq 

Absorbed 

icAo The pattern of electrolyte trawl** in a Pair 
of 0140181160 sa $5 elvs. Solution* aoro tip OMme 
th go 	 Nidesswe under Ac4154) As Nava insi41$ ass 
p.4. 111! 004 • 16.0): time 44 b'. -1 *hellos 
ob1oido Lucid*: mow p.4. 17GW (15 22) timo 74tAtilk 
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At 2n daye the mace of r.d.o obcorved ins 8 • tarn 

after 92 dove tilt, ran .;e was 9 • 350V. After ovilibretien the 

P.d. would re sairx for 4 • C hr. 

},sit traisastx !if 4loctrolv'es. 

2Ignre 5 shoos the rocults obtained from tee otoonehn at 

92 dArsis in thie emperieent t1.10 ttoandh A, with 1,54m naci 

shooed a me absorption of Ne neainst a gradient of electro• 

ebonies* potential (7.5mvr initially and 9.0mVP finally) during 

the epperimentol period. 

Memo* B, with 1.54.-:1 choline chloride on the wessal 

dieted 1110/10 gein of rla,, w4c1.7v,.seed down its ;; vAlient of 

elsolenehemied potential. Cl paused out of both stomachs 

dein MS gradient of oleotrochenioni potential. The initial. 

end Sea difterennos of eleetreehonioel potential (for 

we're 

 

4.5i for stomach A and 4.4 and 4441mVr roe :votively for 

SUNSPah 

titrrtsble acid sue dotootod in the mutants of 'lithe 

stomPeh at the end of the experiment. Thew results were t4cei 

of those obtainea from atomnche of lose than 23 days. 

icurt C chows the rat:rate alt exporimeate earried out on 

too otos:oohs of 25 dive. The not transfers of No syre euslitativekr 

ciuilor to tone oconrinc in the 22 day otemseht Na woo absorbed 

frorz the muccacAl aide of otomach P. or-ainot initial and final 

Olfo on cc of electrochemical potential of 9.5 and 10,407, 

rospectivoius and paosod into tho lumen of etfx.lach B down a 

gradient of electrochemical potential. In the ccvs of etcoach 



Secreted  
29 DAYS 

yEq A B 

100 _ 	NaCl inside ChClinsid 

20mV 15mV 
80 _ 

5.1 hr. 4.8 hr 
60 _ 

40 

20 _ 
H H CI 

0 I 	I Na r 	i _E-1 

20_ 

40 

60_ 

80_ 

100_ CI 
Na 

1016.7. ..coulto 01.; pulr of otor- , 
g114070. The.  volution o gyro co devoribed ,,J1klor 	. 
50 As Nocl inviemi moon p.4. 2V (t7 • 23)1 timob 
Salvo  BI abolino ehlorld, insidisi mow pod, 1513V 
(13 * 21)s ti= 4.0 hr. Lot, IWO chance of mai 

lbo ordinate. 

yEq.  

Absorbed  



A 00  clo yea  abonsbad do a difference at eleetrocLeAlcal 

7°10Dtiol of Co5mYr initiallY and- 505er at to ono: of the 

eiveriftwl. in the stomach no 1" vac cosrotoil into the lwen 

amine, a differs:oda electrochemical yotentiA. (1205m77 

and 7.7mVP fina14). 

ricur ? the the result°. of G nintUro e iront oarriod 

out on a par of stomachs et 29 days. The Vomits ware 

qualitativall tb0 u.su se those Om in tic.6. although 
gmantitstivarIke sot IramS0ers are about 5 ten creator* 

The resal4S shim in 71crree 6 and 7 are tz;4oal of 

thou* obtained Om Ill Oftmacho of greater then 22 rlaz;n 

covisticas sea (over % pairs). 

The SR of the i:7artrie contonto vino not mecetn-ed•  'onvvor, 

nt the becinnine of all determination° o tit -ctable acid 

caried out on stomaohr .-oo 23 dego omerlbs* the 	of the 

cectric contontve  after beim added to 2.0 M1 of dietilied 

water, wee at Ion 0.5p unit balms the isaiiionle point of 

the butter sartorial. r-Zturio  for net R tafer into the pont 

22 Aar steeelehe to 11avc been pnonive, tho observed p.d. vou24 

have to hove been crectez. than 32.00V. .'1,1dor the conditions 

w time Osperimontr a p•d* of this macnitude ace not unual4 

obessmods It muot be concluded then that 7.  vao nctivolv 

aecreted into the 14104101 of the etc of more than 22 drwe 

rertntion ace,  

In all of the above ax7orimentt n not trmafer of V into 

to lumen occured; the 

 

concentration of F both lees Ai 	v. • ti 

 



2 

O 

Na a + 0 

K 	H 
r--11  

Ck ct 4- K 

N. 	K 

SO 

40  

60  

So Na 
Oscattal 

net can of 7:4*  W, sigeir of otomache at 26 
days with low =caeca r* coneentration• A$ Neel 
inside, ituo  * ,t112  C  534mVirr Initially, 12004ovor 
ina144, 3 choline chloride Inimidel ime  0 m  
it itia117 *re as4 indeterminate A601  • 2C.2 
m1707 finally' 

CL 



CLCL + K 
"Ey. sec,..efeol 

40 	Na CL K 

401- 

20 

I 
Na. K 

2 

_ 
CL  

60 _ 

Eiy. s. rt tre ot 
	

CL 

Pic49. 1%e4 low of ir;*  frou pair of otomooho at 27 

days with blot nuoosol K concentration. At NOM 

losidos /up Pa  0 0 1413aVior 	40 19mV0017 
flost/441 Bs oholims obloride iaal,:!es /um  pm  0 

400cei0 initiallis 40 loacgo,r fin a14* 



than that in the both in8 solution at the on o the ozporloonigl 

pertsd• Pamoshering the Sign of tho electrical p•44, tilts 

ads that lbs not X transfers under these conlitionS woes 

isOn lbs gradient of electrochemical potentials at the tiebisibe 

tees Amportosnt thin cz-adient would be enormos0Shilat the 

diftgronce of electrochemical potential vac usually of 

the order of 10 

Thic information toss Mot toll ut 	It can be actively 

ssocret0d• hy the rputric meow!, In ordiv to clear up thie 

point, exrcrimMtio SIM carried out in the name way ac des cribeil 

previously but with I added to the experimental aolutionn to 

bring the comoentation to about 15m0eqpiva4p the effect of 

t: io bslaj Is produce a cradient of elostroenenteal potential 

ter g In the direction of mucosa to (ATOM* tho difference of 

casetrocAmical POtOotiol boine of the Order of 5o0vr. 

Acure 9 oboes the moats obtained from an cx,  riment 

with a high eoncontmtion in the cx-erimental solution. it 

is OMB that in both exportilents tone with No and one without 

Do on the mucosa aide) thoz.e io a net L-annfer of I tram =mom 

to scroaa, down the cradient o elaptrochomical 7otentials 

ricure 0 Chose the sec ultra 	Prima a pair Of ctomaohs 

of the tame ace but withryt in the espostmemes1 solution. 

It is soon that the not transfer of X is tags /M en to moose, 

isms 

 

is gradient of eloctrceecicel potential. It would appose 

asp tbst X movements sire 'paSSire. under the conditlona of 

sagesslassots• 



yOsinoL  

400 

300 

ChChNswE 

200 

100 

400 	800 	1200 ).11.  1200 	800 	400 

100 

200 

NCO INSIDE  

300 

400 

INCREASE 

ric.1C. flet oolute trnnolor du inc thr miparems04 
period is plotted .acalnet net miter tveneder fOr 
sixteen post 23 do atomecha. 'Ile top right bond 
Varmiti dhow indrease ininnunt of solute and 
isle, As the lumen witt,  1500 *bonne chlsride on 
thionucocal cif .* The botteeileft heed quadrant 
oboes a 4001.00. in amount of solute suit actor rdien 
the aussial solutions nor. Mei SCI ar tdsorbonsts 
Ancor.. solution* The slops of the line Arson b 

is )32 luoimou /be. (ftier trans:Ws,  hove boon 
04wreetod tar ors down osantie (1rsdisnts). 
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Pie,•11• ins Mel 090.01108 1w*D1p-str atimedis 
frac 22 10 30 iiiipe• The 0.314 	fa drew 11010410 
th• sus asivelikas rate $1 each es 



ifitaaftairaniaglip 
igunt 1C4 show the relation baton net solute tv: 

"Aril net tinter treseeMP in 16 post 22 dm strcrohe after c -action 

far orlootic miter *sneerr due to Zoo c of 7;,nto:- . -vin the bathinc 

solution b orpaperstelii in thane ,ozpori:20nte wher:e the moocal 

solution ran chaise chloride there ocetm.-ed ci not ine:f,eace 

=mut of oolute and ientsr es the Ducocal nide, r•ben the 

solution contlined WS there wee n net iieeresce in =cunt of 

solute and water on the weeeeel elate 

It is is* that there is a Meereelat ion bctrroen [volute 

trauma, ead solvent twofer over the ranre of obcoL-vationr!„ 

Mid that the 2.1no peens them& the oricin and bac tn. mope of 

)32 40•011003.0ibil imeter• 

it thus appears that lotto:. 	e to rc.ot Oorm nn 

activity gteildeadi 	thot ooluto c t 	t-;'7,:c:Tedon ioo..,ot14otJx.  

solution. Pince the 1110 peewee thrieuch the 	there 0 .41 

be no active trammel* 041401or Mier these conditleMes 

rikiliajlitarALASIMULAPALAGOWiccliL' 794111231MUR2o 

11,1u. A,  11 Moo the rate* et acid secretion et *6 sto3neh 

There mo no acid oacretion Were the 2 days Ae7,7 which 

the menu y..to of nrid eseeetion wae of the fords_ 	„tbtrt 	hr 

of ♦ up to 	2eth am. The nem rate of sesretion 

then rricod to about 2,0 u•equiv/h. • at fUll to xt. r`onoti1orn,I, 

vn Lotion in the searebsey rate eoeurred et the 'eater nootation 

saps, the ranee bolas 54 to ha iu•equivihr, st 30 dayth, 
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40- 
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021 
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72i ,.12. cto of water aboorrtion in forty stamaoho 

froLl 22 to 30 ciajo. The colution in the lumen 

cont.:4=d 154:11".: - ict3#  in a/I canes,. The colid 
lino io drawn throuch the .:can :,ate of abnorption 

at each ace. The daohed lino is drorn throuch 

pointe reprooentinc the mean rate of water absorption 

at each one had there been no secretion of iLl. 



pt p NOV ilibPqrPPIPN. PR PaiiiiiSLOGAUSiglatientiaala. 
The 'nton 	 te!:' aboOVOMOR of 40 abaseche aro tlont 

tr ricurc 12. it .r cu that the NM art rate of utitur 

nhoorption ,uao rapidl:i voiced fro(' mile of the orde of 

10 m 20 pleihr* befcce the 25th (1.4 u to a more or loco conrtnnt 

value of 130 iulfibe. from the 27th day until full to:. 

aeh past In Plcuro 12 above the alcehrelc aum of thr 

orovelisurg aid abearbthro prooliesise Ineta stommurb• 47 using 

*s 'alai* Opms In Kcal 	eauddering issoismotle He av 

the peke*, 000414,4 Mid the effect° o the abeci -tive and 

aperalow proem-es can be separated*  MOSS ohn in .1..c7.12i 

lb oft absorption role In isolation 11 seen to increase 

oflsr *o 27th day up to a "elm Ott 150 ,tuisih72. at 30 dwelt 
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11.0 ro co 70 $0 40 
Ivan. 

I 0 	20 	30 

fi.(-.1'. -Met 0' reflect:wise  by eboline•  in 
compal and mmommal 'Outlaw at 2e dam'...erogal 
saiuttlase owe Me 1105 (IC risocuiv./th 
Ile a and Ms OEM promo* twd aboartee of 144.  
($9611.04019,J1) respeativay oaths soresal oleos 
111% are ellais  ollowstoo promos and aboarro of R 
iot the IMMOSIMA d. 



gio4('s. 

44:: 142 0122.1EIZAL2.4.4120 • %41.411:=M4,  

lc' iD nLf...) tho recrItc of placine Da 72moo Oolutlono 

on tt-x 7,T..cooal and ocrJoaal cldec of c otemach et M dem. 

'240 coroonl oolutionn veva lot: in bicarbonnte (10r1/10 in 

sods, that :nel could bo rerincod by ehollno chlori00. 

It is men that thormvAmtlp.o. omurrod with 

64/16) on both oldoo and that the clan= p•di ocet:r7od with 

no free oolutiono on both Woo. 2hO incroaco in p.d. cton 

110,10 added to oithor nide in not a difft!elon potentinl of 

Lc. Thuo Mtn na In precont on tLo cororal rode only, the 

diffboion potential of thio Son could 	to obocr:ved .d. 

• not iMN)1100 it no is netually oboevorl. 

inorenoo in 7.4d• ctAr ca is pr000nt on tho Imeocrl. co to 
rob 

not rely a diffuolon potontiol 	a, nine° it leAnbollohod 

(but in feet incronood vtion 	ic .roct..)t at the c:).0 comma,  

t7ntion on the reroonl ado. 

It t.7-o drciflod to invooti-nte noro antenciv44,7 tLo 

•ormeabllity propmtiec of tho =opal and m.'corgi olden of 

tho ractrto oritholluc b, the dotoroinaticc of tho t srci rt 

nucboro of the nrioeiral lone in tho cVotom. '7:4o vno done 

in n cannot' analoccue to that ucod by 'er:7 	and i'nto 

to dote Ano the relativo poonoabilltioc of . the new nombrano 

to T;t.  nnd E.  and by gotoodoot7ohnoon and notqr (19%) to 

0,0t07'mino 	rolativo parmeabilitioo of eh(' ancecal 

co!..etal (lido° of to eriAa ain to Do.  nod 74'4, Tho notLoel 



I gV 

e V, 31110•61411 the 114.1940,  I between glitch 
otossoll aielealuse vie eleapirts See Us* Ow 

dt,:410. 
:;& mall flw* Skim the circuit west far 

pasidas 41,11allit 	i r000rdinc the p•cl. 



#41,0• 

La based on Sheol* of the enamel squatias far theataWarielt 

Pletfintiol (littera,' Sereells*Sobesall 'blob 	uritten 

(iONSOMOMI 1%2)11 

reit 
a 0 

j/ :70c 

111001140001004142) 

'bore th it; to tnnqlort number of the D ionic e7ocise, 
:It  is the voloncy of Vint apooLoc and, 	itr celouleal 

potentials Xi:40c 'atlas Of the *wallet% ove the thickaaav 

of tbo Illakeese mats, in 0:.nocial canes, in exproosions 

of the typo 

    

4046,‘ 

!=i 
4 6 *coo,. 	• -.•* Co 

bia'e Aim  iv ti:x r'CtiVt Q th(7 closioe k on aide o 

A4_, ie the activity of 1: on aide z of the monlx=mes ij 

plot tin 	11 4/1010ast indult  or Lau°•tt  can be obtained 

frac the Aga fitt%o ourve. 

Thch emportmems Imo carried out ucine r !lieeke of 

stomach soli (emOSsa end muscle) eandwirted betreen two 

wipes chamber& of the type uood by 	at-Ad 	(1951), 

Fic.14. The pima of ctommob fornod a ncobmnr of C.293co2  

moaratiac thectItIlbore ehich eere of 1002 ceticity each. 

rukOh chanber to Ypevided with ca swan lift which eayeanated 



Asol stirred the seautions• :lolee were drilled into the 

chambers in order that colt bridge° of the tve previously 

described could be inserted so that their tips were close 

to the seavanc. The other ends of teee bridrec vent* 

connected to calasel electrode* in crew that the electrical 

potential difference could be measured. 'N.n) other holes 

were drilled so that a second pair of Dalt bridges could be 

Inserted with their Ws Woe along the normal to the plane 

of the membrane at itc centre, The othereside of those latter 

bridges were connected to silver w silver chloride electrodes 

ehich were in turn conzlvted to c circuit for pawing a 

current throuch the winos. 141, meow o those tvc nnirc of 

electA3del it was poor able to measure the short circuit 

current slid 	reciatasce of the pre-nrction ac veil as 

the oflon circuit p.d. 

Zbc two chambers ware pieced taabath of liquid paraffin 

containinc an aapartma healer amd thowamOst one a rnpid atirrar, 

The temperature of thin Mayas edjucte no °Lot the solutions 

in the chczbero remained at a Oenetant is mnorature of n°C 

(10•3°C ). 

The composition of the solutions on the rerocal aide was 

the seams ao that used previously except that in cortnin ammo 

methyl eulrhate ras substituted for chloride rte! Ca" was then 

added cr. Catrityr Men Wynn vas cubstituted fOr UMW m on 

the mucosal side oboline chloride was added in place of nodium 

chloride (15 ii). glucose at 2440 also being 7reeente in 



44". 

cLierigle•Seee colutione, medium see reamed by ode/Inn 
pellesoltue setivil Dui quate is PUSS of nodium methyl sulphate, 

°toast= Willi.; regarded ea an goorte ion or tie flucoca./ 

ado. Cosistel seporiraer3to Move tb t in pest 22 dcw otcortebn 

the p ode  ere umaftooted by .rerlacing eLolinc chloride on the 

zoneasal aide bp Itcl• 

rhea the Solutions is tI o charters were chewed ear. 

vas tams to cop that no cliaturbances it teoperatalee arosilltn-itra 

(=erred. 
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WOO. ?ho caotrio 11*(1, no a euncttoa of tho"a*  
concentration c e. aucoma sidc. Oeroonl and 
mmicoorl polutioss um" Cl" tree. 
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11111000.01‘ as sONIMMIALKok  .11c1  
Ibiummostamilia 

rla* 13 three tho effect on tA, 	chancinc the 

enenesi la someentration In the prooence of ohloricle (15400)* 

It is Mee that at the higher Da coneontrationo a linear 

relation ealete between the P.d0 emit ft concentration em4 
the elope of the line ahem on increase In rod. of 94nbv far 

e 10 fold inereopo in fli Offenenientien. If the trannport 

nux:Iber of 	sae unity mew eon eentitiame the pea* 

would chance air  60W1 Sar a 10 told IMMO  In  tis concentration 
(ace tho equation 3)1 helever it arpearn that he ic 0b1 o 

diffuse serene the cell adahreatt on the nuooeal aide, but 

that other lee easements eon also contribute to the current* 

The trompor, mumber for IA' ic then eclual to 94/E( i.e. 

the fracties istement cc ied Ir rle+  Q. ego the cell 

mearsnee on the nacooal °Jae- Ic 0.151 OW& lama C5: 
, 

et the current car. led Da C1'. 
The reluction in elope at the lamer 	enneentrations 

was to be cmpectea °ince other less in the VOSS Meese 

relativolg mere eicaltieent Case dionucolon)4 Theee ate 

MT( typical for all etch experimento• 

'lc.% show,  the rentylte of a aimiler earerimen. 

carAed out with Cl` free media on both olden. The strolsbe 

line erain imAnatea that 	in on to &title° umr000 the 

coil membrane° on the nesoml ei0e of the rnetric eithellun 

but the i,Tootee slope under them conation inflicvtoo a 
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o5  Calinvcos 0-1 	Na on 1,,,,osai sae 

7. Tho metric p.4. a* a lunation et C1 	trel 
a* the ateelat aide in the ammo of rt1+  on the a_l000al 
0640 sad 	am the oeraaal 



UNDOPOrt nufupr for Na of 24/(c lie* 4u! Aof lo etvrent 
pagaiag in oarrio1 ki not  the romnininc 64.r boinc carried 

by the methyl sulphate ion. Cambininc this result with 

the mordent ane the relative dVlueibiLltlop of Cr and 

methyl Sulphate lens in the cell membranon on the sucesal 

SAGS 

 

e be calculated an 05160 lie* the el" ion in 1.41 

rare mobile than the methyl culphate Ion in thin 

erst4111, 

• 

gijailllifienelagat• 
71047 sheep the efoct on the rid* of replacing 

chloride try methri Oulphnto on the imeom 1 r, vc. The 

aneeesi °elution," sere ae r co and the cm-onal solution 

was CC froo, It As leen that a linear relationship is 

obtained at the blaber C1 cosientrationo, the clue of the 

lino in thin rerion Opel a decrease in p.d. of 30mv foar  

a 10 fold chance in Cl` ocleentration, which cor scpend 

to a transport number of C.63 for chloride relative to methyl 

nulphato i.e. the Clw  ion 	li5S time° sem mobile VAN" the 

motkl oulphato ion* Thin vnlue 1-  in reasonable acreement 

vitt the result recorded in the peewees, emperiment* 

In thin experiments  with Cl` tree seresal colution, it 

le to be noted that the pods become mama at the hi he 

mucenal Cl.  cot centratioari 

rig* 16 owes the renultn of eimilsroSperinent 
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.0104M6Wation oft Us Mmasaai *dc. 024  Tom 
Orelleat om Vzo ooroaal addit es 	aboent 
Oa fte cu000al ado. 
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.460. 

otrric out with a normal chloride ooneentration on 

eel-coal Wo. The elope at the hieberCle  concentration° 

le virtually the ogee ae before 07.50 for a 10 told chance 

in Cl." conconstraticca; but no reversal of p.d. ocer:. red this. 

time. 
The roduetion in elope at the lover concentrations in 

both typee of eipariment Lc aoain predicted by the cene-al 

°guinea, (see disoussim)e 

agiaiddiaahLAULtailiiiimaLlia.kaatbonalka  canCSAKUVI  

rgo, 1, abaft Ow moult of a single ezperirJent in which 
the easollal bicarbonate eeeeentration was varied in a 20 day 

eleameho The sereeel collation Me bicarbonate Sneer containinc 

chloride. On tbo mosess1 	► peftridamaitily1 eulnate woo 
oubotituted for RDC03. 

It io coon that a linear relationahip eitleted between 

the r.d• a the loc of tL.o mueosel bicabonete concentration 

and that the elope of tae line co r ecTondod to a iLenc2ort 

number or C/600(7413 for bioarbonnto relative to metbul evlphate. 
7t.0ct previous reeulte the transport number for blearbonnte 

rcIntive to chloride can be colctl/Aed at G.133/1.417- 
nerativo olope of the line helps to co: fira that the chance° 

in rpotAo psd. resulted from changes in the bicarbonate 
diffuooion potential at the cell nontrmec on the mucooal elle. 



114.20* The cputrio 	as e nam1440110 el` 
comoistration op tho cerorml ado* Tho aucese1 
solution me No Vve. 
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effect OrCiaaprAMIVI 	of_the =cosal_o4utiric on 

'Le liptriev.d. 

in several enperinonts the IC of the mucosa oolution 

wee varied in steps between pr 1.0 and pH 7.4 by addition of 
net or '1304. Above en 2.5 the p.d. wee unaffected by chani-or 

in OU within this rant*. Below on 2.$ the p.a. become irreve sibXY 

reduced or even abolished. All ouch esperbsente eere ca ie0 

out On stomachs of about 20 dAyo and the assegai eolutions 

oontained Ita in 00r4 c7pcinente. These reculto indicate. that 

the nobility of e lone in the cell manbranes on te =cowl 

aide is very low relative to them of the othrr ions! in the 

system. 

aiumidigic  p 4p its !tactic= of t c phlorile ecneentratica 

Std' the of 20 to 33 days were used ac previouoly. be 

muuesal solutions mere Cl*  f:ee in all the expert- 4=V: (5) 

and re clime in three of than. ',he Dermal solutiOnO were 

bicarbonate roger with methyl sulpLate substituted felr 

to vavyine extents,. 

in the th,oe esopertsente f. so et Pa en the eneeeet ethile 

a linear elation between the p.d. mad the loc of the seresel 
chloride consent ation use reen and the line had a positive 

clops semis:stout vith to Cr ditftsion potential. The moon 

elope was 1001 nor a 1Cfold chemde in esreoal Cl.  doncentration 

with c ionre of 7 1612v. Pica() shows the recoliv.7 of one of 

these expeAnents. 
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PiC • • Th. Metric Pod. as#t Mica fixt i I.  
ettnr.entration on the 110,01111114 IMMO* 	1111100. 
clam" 17t43 obtained with Me IPPONIS a the 808110111114 
tittle. The lowe:: curve Vet 	vitt re 1141Miall 
on the alc000l 



In tht tvo o=perliJent:.: in which the ma-copal solutions 

eenteteee to the, o appealed to be no relationobir at all 

Worm the p.d. an0 	coosel chloride concont ration. 

Pigott ohm the results of one of twee emperimnntc. 

smsLatiaisukibt(1 emperine0). 

Chat cinc the normal bica:.bonate coolant :reties fyom 1°: 

to 1(X) o.equiv/l in tbo abeam of Cr on beft Woo end the 

SissiOse of Nat on the aucceal vide produced no chance in tbo 

p.d• 

AuseiliaLandahauLamdiat of t.le 	.conc,int:c4tion on  

ALe aavecl 4614.0 experSment). 

ubstitation of cholinet  for ne on the cerocal vide 

Oath a normal Cl~  on the cc oral ci(o an' pctnoolum methyl 

eillgInto on the memeal vide) imoodlatoly itlised the W. from 

400V to 46mV th pale r 	4. 7e* this lova Se bnlf an hour. 

A similar result ii thorn In Pica% 

Orin le& 	funs 	at. ,111*  

asumml.migs0(4 Werimeoto). 
ic.fl ISMPee the melte et owe of thaw esporinente irk 

which sodium methyl sulphate on the dal aide Virll replaeed 

br poteeedup methyl eulphato in remise samento. Doth corona 

na mueocal oolutionn were Cl.  trap. The romalt Ohm in typical 

for all the experiments. It it sees that Weenie bac r no ntivo 

elope v,thich in ;7,...-eater are: conntant at the *Lieber X* Cleccentl?rttione 



56TE—circuit- CUrrilej.  

tIA A :OM 2  

*0 	100 	120 ?oil'. 
Iii e. 

Ple•St3i The rel-tionehin between chort.circuit 
current end the pilteence of tie art the cr•coorl 
aide. SIM sesseb 0.m en2. Tieteeen the 
&labia Uses Us 10010001 eol-tien ran 15471 -
abates 0240111*. Gaislile the: 13 sec t:Ti =cowl. 
matittee 	Mlle Ian. The rwoo-- 3. solution 
van bicarbonate niece,. 

20 	 o 



The maxim= constant cdielt of the cnIrtro °Wined fora tuo 

;apologist, Wileb sere free of ;;tai' es lee smoesel aide Me 

tinif end 1%V ger is 10 gole Owe As aerosol le seeseetrstAsse 

In tee esparhmentitin Shift Be nee piessat a as sows/ add* 

the maximum observe& 04104114 freedift‘e .a.s 940M1 sad 11.000V 

ter a 1C told of 	$5 aarssai iwoomitrimesso in PS ;.22 

both curves were obtained fres Ihe some otommies(!!!"ther 

two curve* Wee obtained-tren-Ileperate-rtocrehs*--: 

mho abertimciroult current of the eastrte ansone vse 

saasurad uoinc the apparatus Amu is Pip 04410  a pleas et 

stosasb emil being eat up as deeeribee prerleuely• CUrent 

sae pewee through the stommmOlime noise the eireult them 

ao as le Wane the• peritivity of lbseseeeel 	umell the 

p.d. goo sm-ot tha cuivent paosin8 under thie condition Jo 

defined as the loshesimiedieult current' and is senivelont to 

net rate of Charge teen port these* the nominal*. (sac  vase 

14). 

This operlesaft fteeribed is this Section were esetled 

out on eleseabe of ET he % days pastatiaa *co. The aorta* 

eslutime used were made up in the ens UV ae esaarlbed in 

the worlose .sedan sod yore used et 30e, 

at jatisxecaliwaliga. 

xi .23 nhoun the result of ropleotime t154m-. I4C1 ss 

await/Gel side 11W 154m2 cholino chlorides the uccosei sobitimm 
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boin 	It tics mon tot no a remit of 
thin replacomont thc inhort.cir 	cuont (Q.c.c.) fells 

bee 133 u A cm.2 to 41 u A as 4, The offset in reveveed 

on vepSeccoent of n on the museima side, with a amen 

towerehootg occu2rinc Aarhus tee revereel• 

4, ems; use of Ste Perak, ro(w96,50C colulambs) With 
1$ the MMOunt of eteLge :myriad tit 000 gm4 ion *wive  the voimp 

of penowlot ober. (current) through the aleb-eao en be 
related to the ion them eeettylvcs thin* 1 ti.  P, Se 410116141016 

to on Mu flux o: 344 neinompaivehr44, 

The aftwe result can be explained on the sic of an 

active trimmer! of 110 fres the amiebeal to the seromal $1d 

accoentinr for a e•cec* of 133 4.41 . 0 A em4"20. Tho 1,:vem ining 
r.c.cs of 41 uA cm'2  een be emplaSeed on the beets of the7v 
being en active tfemport of or from the seretel aide to the 

mossist 01446 mis iriterpretation would be in emolitatier 

agreeing.* with the direet chemical mrcouremente of net ionic 

flume Mimeo the current paerve in the direeticn of MUCDna 

le ime.ion, An alteramtive explanation would he thrt the 

00116.001 eie.e. of 41 41 de would be 2. weaSure f a not 

flux of oho line from =acorn to seroms. ?Lis opt: rction 
io unliLely horevey, c4ner! replacement o 	of the eholine 

on the mnce7e1 ciao 	r has) nO Ofreet on the 0. 4.(74.,-.. (710'24) 

$ 	since direct ohomic1 meaourcadate shows& that MO (Motive 

1.1040:100 Of if  ()cowls 1r thia runts. $* oppiers Vas Attu` 
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.1401441111606NIM ate talielleilmle c amt.-motto 
in C oasseatiatiet. ft* CILICOtra (30701110Z1 
c1 tit* SNOW. Geetation am row: J9 days. 
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lie or choline4. ion eireellint can contribato to tl.c o.c.c. to 

Gay simificant extents thereciduol o.c.c. of 41 u.4 ccsa°2  

in tc c4foro constido:ed to roprcoont anion (Cl) flux ft-ors 

carols to 122cooa. 

To dotormino Ithethos' the ossidual 	reoultinr; from 

a nit anion flux free across to ZUCOCILI vats specific ter er 

(one peotope the othe.:7 1rnlia e s) the c •c oe • was gosouree with 

Ciro media en both sides. LIctivi ot2.1')hoto being oubatituted 

for Cl 

it.70.25 chow° tr e eilt o: an oxperiocat on a otonach 

or 29 Joyv vitt, Cr fee iror on the mmooal aide, It tar 

noon th t the 0.c oiono not x.o3.stod la any direct COMO to 

the Cr concentration on the nerceal oidc although tl,,cro 

oppeoree to be come b{irottr-ecie. Eovovor it ron coon ,%t 

°.o.°. could be ao hirh c7ith thjlaulp:_ato or the cc o 

oleo no it one with C141.  on the perocal rifle, "17,26 thee,  r 

the rmktealt of on identical ezporiallit eaortriod out on e 

giteMetsb of 25 &woe 1t vpon o bon aims rocuato th-t no 

"IrteAskftdaMinePbRelifirtin•MVPittlue 

0 icon opeoifie activo anion t onopart fa poof;a to 

IMMO ea• 



Ilortmciettilt ourrent titi taw:tiles Of Ile.  
oecketArattiorton the avoi)("1 aVo. 
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117,27 dhows the remit of on expelment crr led out on 

a was: of 30 (*rounder el" f-oe eondltimo. 	aeth71 

Sulphate 	cubletituted for potapolun methyl oulmato on the 

sooessl aloe It is poen than that the n.e.c. inevaone from 

02 /uA em with no Ns on the earossl Olds to 212 pi co7 

with 100 c4eluivti Ve on the ammiaal nide. thin being a 

fleymptetic vane. It is ,a/no sift that half the an7imue 

inersspo Su 114(14.0. Ocatioredat # :aY conetutration of *_InsosoiWitl 

on the anco::ol aide: thio value toe obtained in all the 

mpv-tmente of this type (12 esperiment0)0 

=-Attrfilitinfikiix  the .P..e2,4.* 

The effect of eirousila on Wean ctomeche of 27-10 doge 

(7ectative ace vac inyeetioltsi suisr. Cr free eollitionr an 
both dies. In two of the experiments it 	pomible to 

(lotion** Vital' the effect of ad onolin on the trio coy ponontc 

Of the e.c.c* (ti r' one duo to anion transrort. the other due 

to 	t ancpart)i Picae shows the Amite of one of these 

mrile:fLuente on e atomaoh of 28 days. The eic.c, vas neacu eel 

first in the presence of 1;a+  on the mucoral ride then in Ito 

shoemoe and fnOM the teo vnluer the salon and cation test 

sOMPOmmuto rrev opened. A&suelin hyd- schloride (100 1010 

sae side* to both side° in the Oconee of ,:a4.  on the on001101 
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Lfter to 000.c• :cached nev.,  atead7 value !Ia. ran 

added to the mot:peal nide etni 	ineroaee in eie.o• 

obaerved. It Ste SSW thet tto anionic oommont ineriesid 

in ti 7-211aertoe o a •00424,;-, 	17 to 4:: 	• rei ice 

of 25-, galot the open olxoult ,044,ftireamed t 32oV to 

347.1v• es Saareese of 6.V. five 1111$ 011.41111tht Amerereee t. 

54.0.12m72 .AtA 	icewisei iat as Sagrasse 	tt)' *.* ghe (min 

eirolAt 24, afaeociatedi lab 	111.11.11114 62011,41118ed ban 
4C 32c11404V to 7C-74ft3EcV • aft ftsposo of 157 

The revolts of tbe coves elefelftliets ccrammariae in 

Table 14, It to coos Clot alerfinclin ocu otimilato both coraponenta 

of the o.ceo. :t ic Istoroottax; to note that viboross %Le 

*Met of •:,..(t,'onalin (010 grisliest on the re etvirant is Sipe- luent 

7Z# the Grffsot Mit grontifit MU* omega earront es experiment 

40. Ire 0 use In 0.0.o. isolating* (—onto than thft 

In p.dó 

sped to Tx effective whether ndlekt te slaw 

eeoesel ex aueoeal 05.0c. 

11111111111110111111-Mald ( 1ttlitrin)• 
O., 	o 	€.1.1:!xtreiels) IMO NW to no 

reseest seboldis OA* in voliss) Ss elleifsbents  25e 
epos otsiult 	ame moms, ware aelmourin tve of the 

ezTci,rtt 	flrt t tin slim MU 	oPer. cliroutt p.4. 
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( 	liorreei) WO I euntlet7.ntion of rttuitrin is folloree 
W an ine,eara in epee circuit rod. ana c.e.c., the remelt,le 

ineresee iL open circuit pod. boi the member of Ow teal 

there 

 

was tLe afore on increase in moisten. odrtha preparation 

else, 

lathe erra.Ament with ni.  end Cr absont en the mnomal 

aide the e.c.c. and open all-suit p.d. both de—oanod after 

sditittes of rituitrin, the rat -centocc reduction in sococ. 

beim the ;venter of the tent there Qae therefore an inmreano 

in reoictnnoc,  of the preparation. 

In the third agertiamat with :la+  and CI" ea the aseciama 

ride the open ciruit rird. lassesesti OD addiThe of Pal trill 

to the ocLocoa nide* 

; 053athe • 
A.cteraine acid phosphate (04Ing) as added to the co or it 

nolution in 3 mewimentc. the meats we onamoviced 

where it le sesn *bet in the tateeperinent, with :4♦  preoont 

en the mueoes1 side theft rimalleereese is c.c.e. sad an 

inereseeis reedittence fellowinc administration o hintamine 

the erea eimuit psdir laereased la Noe ease and wee 

reduced in the othe. 

In the experiment in whiab t  me ebeent es the =copal 
side theve WOO en inoz-emee in s.a.e. and a fall in .aelstemes 

sad open circuit p.d. follewinfladminist eft= of Mx-to:mine. 
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the previous eestise hoe -hown Uri the stomach of the 

rabbit foctuc mry be studied in vitro c 	a peA.od of oeireAll 

bears with a treater degree et asperbeamtal control t4 an 

meld be possible in vivo. The emly realm ter eeperimente 

set beariag tem eaciied out on otomnehs of loco. V= 20 dove 

g00106Ms as 	that the tea of clineeetion*  mounting 

amd ebeideal mmeareis oisilable at that time acre too eumbors. 

UNA anthems stomachs)*  bon-inc in mine that the 

10300040,  We lama of  a 20 dad stomesh to Iona than C.1 c.a. 

As fa:: an the author lo mere*  the Only ()the; mammalian 
stomach on whiril it bec been illaistipellaible to rar_Lo exnarimentc 

Iniitpo la the mut* Otorzeb  (Crc and Dovion 19414. 

smiler has toad that etemmehe of =Ili n0ult ato, foetal 

laftlia pt  MA rabbits —e than ono Cau poet pa,tum a e 

.42able to aaintsia a ereatammoon p.a. for more than a few 

711inutoo under in vitro oenditiono. Pgrthoraore. the author 

has found that if stirring of the volution In 'Mich ma adult 

moons oeommoh in suopended in otoved*  the opentancoue Pode 

declines ismodiatoly* if Clic procedure is opicql out on 

a foetal rabbit eta :Inch tho onrot of the decline in psd. 

in delayed for 2-3 ainutee. It appeal-o then that it in 

tape bin to provide adequate sivenation for neat mencallen 

stomachs in vftres-altheutti the =woe atomoch is at nritioal 

point uhors adequate saga is $Ust =bloods the 



- G. 
foetal rabbit etomoh 	crarvive unde cliohtly lens 

c. Meal cor,0•!tionos It lc euccented that adequati onytenation 

delPebde on the mocle and connectivo tiocue loycre cm the 

aerosol ride ae$ femeinr a diffuciaa barrier to oxygen 

above a c itioal level a thew Were are certainly thin, 

relaivein As thews* end foetal rabbit stomadhs. 

in the NNW it the foetal etsanoh it lc oleo poseible 

that greeter Gee le =do a seeeretie one (.3,  ommee than 

Oentrt ko the adults se La IOU known vitt,. °t he foetal 

timer Catslisp 1961). 

'mac chemical manta 0: not trrxicfcco of wiser 

and oteet:olyteo have *WM that the abbit oetuc'c eta-inch 

bre so absorptive itmeLion durinc the laot third of .70otatien. 

MOO water sprocent roe Now to foliar esleto mvement 

te0e it MO &eye so °cootie gradient, turd since at ail goes 

otudied theAt woe a net absorptiesed ea.  :allowed bp psaslive 

:lover:Ant of 	ordo to preserve elestrassatrality, it 

is apps xont the active transport of ta+  it: the prime 30v0:- 

in the abcorptivo procene• 

C dim all atocricho contained r:a (MO 8.7"g1Pc 1); 
it therefore 111114110 rewonablo to ouccect that the elearptie, 

pz-acece In eceurrinc in ute.:e. 

Ltir meaourine the loser, tulle the 	c7.'zire in '1..c.1(1 

the volupo of fluid giblets the stomach can abcort troll t is 



21114 dop until full te.:m under in 	condition°, pith 

194011 Mel inside, can be calculated and mac° to 1?y5014, 

moodoum volume of ammletic fluid is about 0.01.31 at 26 

days, fall inc to about 1.001 at full terms Since nil tLie 

stems were filled to va 	de 'refs en dissection, it 

appears that the.70 isle  in utsro, ct continual aboorptien and 

formotion of amniotic fluid, ao hall:often been peadulated, 

but with the otosaah plopios a hirlhly eimificant-vela in 

this 

 

mss. 

As well as a decline in the volume of amniotic fluid 

towards ton it can be peen by a study of the concentration 

of the principal elect.olytos in the fluid (Appendix ii). 

that the =aunt of these pr 	ink print also dnichen. Acain it 

MOM that the ..tomnch may plc  $kooder role in the nbrorption 

of ammo* It moms reasonable to postulate that the ntomach 

plop *major pat in the absorption of them electrolytes 

shish low than be aociailated into the foetal body fluids. 

The saaictie fluid may act es r rossoomtr from which thic 

recimilation may occur at a rapid rate tempts tors with 

the minimum disturbasee to the vate nnd salt basso* of 

the motheE4 

It v4la oho= that trHe foetal rabbit atonach le able to 

secrete 1 during the latter eta:-es of coptationf. The fact 

t: at the coot of acid aecretion occurs on the 23rd day which 



to ths awsottne that the awyntie cello aAver (entice 1950 

to of odasidsrabls aS•Ilificanoe in that it provide" direct 

evident* in Orfour of the clacolcal vim that Ci to aecreted 

by theta cello. It ohould aloe be e:arnaire0 that the 

evidence prooented indicate° that both hydcot and chloride 

ion° are esoc:oted bir the lase cellist this is a mattiin% on shiek, 

with reit" d to the adult stoustehl, SOW doubt had existed *a 

tht me. The reoulte Mowing the relation bstroon net oolute 

tA7msfor sal vats. tranafe: indisato that the owntic cello 

coo etc nel as en icotcede soltItion, te water N49400mt beinc 

paeolve. 

it in doubtful whethcr the nel aeeyetien io of ony 

sieniflosnos in utcuTelo  mince the pr of the coot te content° 

in the footings. ooldom below 5.0 due to buffo inc by the 

melas whit% vs prom". lb* smerne mog be hichly sicpifieant 

in that it Wows the oxyntie cello to develop without thei. 

Produatag a Ice  whieb cs,y be hamftil under the in utfoo 

conditions* 

A continuouo eeeretion of irl in uter:e will of couroc 

in the firot instance produce a metabolic alkalooio in the 

foetus; with cuct Lo eompsasated for. These would appetr- to 

them, principal means by Mail& convent:Action could ooeur. The 

first of those vould be by rsabsseption of the mareted 

lower down in the 1:lut. Bewovor, since most of this Del, to 



buffered t swim it would he noceesery ter the mucous to 

be ly.akon down in this region ee libarstingbirdroaew ions 

f_oe for abeorptioa* AlternatiVeliye blab PU ( 74.4) in 

this ,-egion produced ba s 9Sieretimas of 100D3  we IleNCO 

would liberate lrh,00s &las mid amble the --eac Mon 

V41;cz 	to tab* awe with whops aboorption 

of NOka Collovirc• A eeeretion of naX03  into the intestino. 

would amietairast the metabolic alkalosie caused by to 7aatric 

morellos end the conowent absorption o Neel would elloviate 

rmy. opee . is of electrolyte derinc the proossee 

the intestine of the rabbit toMbei is ecoeble et abeertdela 

:aC1 renaino to be domonetrated• Newever. Mama lead rricht 

(1961) (appendix lit) Wet tilmei thud lie amid Cl" tans 00 

b<: :-apidly absorbed !Lem the intestine of the Sheep foetus 

om 1 C days cootation a47,70 until full to (145 00414041 

A 0000d MOOS o2 componeatinc the metabolic elhalonic 

reoultinc nrom 7:A71 cooratleneer be by a renal exemetion of 

lip.
4. and °once vation of Cl.  with a resultinc alkaline urine. 

Louevor, it in veil 1;nown that the foetal urine of many species 

le acidic in ut4vo (Dixon and Alexander 1961). It thezvfore 

seem that the foetvi kidney is apt beinc cone erne with 

comPOooatiga far 4aatrill asi4 eseraidaus the con ennation must 

have oeseired elsewhere. 

Me third cite at shish co assegssiolcalei ocour is the 



rlw onto. mbar* an ealibillei of Cr from the clothier *lir 

.,.om the foetus egad be effective 	the 

ic evidence that bicarbonate ions are not readily transfeztee 

ac oco the placental bevriertillechne et al 196( ). 73e7tIlernere* 

Alert:At*  ritten A.xon one 'HArbt (1)) hove thorn that the 

cheep foetus can 'main in n ttate of acienemia or cove a1 

hour() (ac a 'Sault of lactic acid concentration produced by 

infucion or br akopizrzio ebile the competition of the maternal 

blood remains nereisl. It thus sec= likely that the Placenta 

e.an only contAtute to the foetal ocid.obasalo balance by tranerer 

of CO2  end also of 1-4+  end Cs.  'which have been shown to cr.:chance 

:pidly bottom sustamal and foetal corrartmente (rlentl 195C). 

The findinc that active aror tion of Iva occurs before 

the 23rd asp Moen the mucosa col:cicte only of non diffetentiated 

00110 (.trnsiee 1950 indiestec that theca cello are concerned. 

vith active tresierert of ne• 'Alen the oxyntic cells appear 

active °In morel/mien to ouperimponed on the abseIption. 

:cvlevo lo  the sbeerptivr proceee. with 150ea fl&l en the m!or.411 

video  is conciderably larce... ,  than the nor etory proccco. 

The only previouc findinc, of active t ant:Tort of :xt in 

MeV deetric nur'ona ic that of ',..ornctein, 14nnic Vic'? ohm (1959) 

the found an active abeception of re 11)13 the ;entine dot_ o 

iftemach, liowevor, in thio case it io not know which cella 

aT.7e reeponcibl3 for this function; sit Dine* there a o no 



61. 

non di:•eraatiated cello in the adult gastric mamma 

(Aonsice, rierommel eameunicatieD). Pom the :vault', pewelmted 

in this thesis it would appear that the osyntie cello are 

unlikely to be ebeertdus 	the-  efore leaving the poesibilite 

the, tbo peptic end or mucous nee: coils a-s associated with 

active ate sbearpftes. 'bleb MOMS quite likely sines the 
capacity for motive l s  t nnoport omioto before differentiation 
it eight well continue etterso do. 2o rcoolvo thin problem 

is the adult it would be nocorca y to otuay ♦ t !nee e 

no.oto moments of the etociach conteininc geater or lower 

proportions of peptic cells relative to mucous  nook cells. 

An eiliohance of 1:e7 for 1;#  by the myntic cello c.o sucented 

ky omits (1961) memo unlikely Leveve4 ideee it hag 

Use owes is Ws thymic that bydrocen secretion contiemee 
is the absence 0 te on the nucooal side. 

The pattern of elect olyto t oncfe c in the pert 23 ft 
foetal etemeeh Gee be wepleinod alone th. owe lineo ae tboce 

used by Doractein et al to explain thei reculto, in the cam 

of their first theory (anion: and cation pmpo in the racoon). 

but riot in the Oise of thei cecond theory (anion IALJI) onlys 

oesca pc6c 114 Thio in becauce the p.d. before the 27,:d day 

le entirel; and revoroibly depondent on the 4, cement atian 

on the racompal citlee tom*"  the • ♦ ic actively aboorbeas thue 

nt th.to stare the a is a cation *punr.. After the w.?".  d day 

the p.d. 10 Greatly inecaped in ree,i7rlitude with 1"41+  on tLe 



42. 

	

i000nl cidel active anion seeretion occur 	concur ently. 

it would appea then that otter the 23 d day the c, a:o both 

mien and cation 'pumps' eni that the undiffe satiated cello 

arc apeociated with the latter and the egyntic cello with 

thc former. The present reaulto do not preeludo the possildlity 

of net t 'maims ett awl down its warned it aboldidea 110411101141 

momme• 

the teulto presented de not yeild any nev informable& 

Meet the meehelies of the well known nec stionorate 

Wiationn in elect olyte eompoeition of gastric juice. 

liewevor, it rimuld be noted that neither the component theory 

of 1-1/-lev (1910) nor the diffusion theory of Teorell (1913) 

taken into account the propene° of a Da, thoorbine mochaniou 

in the !:netfic uueonna Inveotication of the ate dependence 

et footra rantic fluid coupopition chould tow more 1164 

on this problem especially since the peptic collo a o not 

proment until after birth in the rabbit (Mentioc 

It has been kneel fir ISM years the* the concert -ction 

of 	is th.oe or four tingle MAW in oak 	juice then in 

plasma. This fact haa led Pony itea to refer to a 

'oeo_vilen00  of e into the uric lumen*Ac fav ao thic 

estber 

 

1$ SIMIro hileVer, the difference in concont ation of 

Z plasma and uric jutee*  Sr Arttle -  the etio of the 

cement ationso  lies Net been conoidered in relation to the 

ditheence of oleetreehecdoel potential o: thin ion in p—orna 



eat gestrie Juice. The roonItspresonled In thin theols 
!- nye 00111 thst the e comentrallot tondo to rime in the 

o.,tA . 1c juice above the plasma concentration under normal 

conditional 'Jut no not ooyement of e.  can take place acairot 

4141,004410t of electochaalcal potential* It could therefore 

be Incorrect to reef to e osecretioni in the feet**, Otemach 

if the vord gooerotione in neant to ipply the 7artlelpselen 

Of OD active tramper* proecoo* 

en711061 tillatle emoted fen* the coe'ecentr'atieO or e th 
adult 'metric juice and pia aaa in nenifirsMenis are 19* and 

5.0 neequivoike rater reapectiye/y, 	a p.d. rithin the 

umal remfe 40 40600V (carom ye), vii c wallow) velum, in 

the nertat equation it is Min that the rradient of e2octre.,  

chemical retential io dommosrdo ming f:om plaama to Mot-A° 

juice: 	in C.:twofer° no evidence cucceetinc the 446601100 

of E.  emotion' in the adult. 2t would be of value to 

reverse the direotion of the '7J1dient 	electooLomical 

retential in the adult to me if there VO0 &sill a net t- ofe 

Of he  into the ruatric juice. 

direetionc of net active transport of no, cnet 014.  

observed in the foetal etomneh, along with the direction of 7.4' 

active txonsport enable the tnanenort theetleito of the foetal 

cwArie oncost' to be deaerlbod in ter= of thee circuit °boon 

in Fie, 29u before the 23rd deyg and in term of the two 

alternetive clreaStO Moen Su TU. 2% 1=4 2oto Warne of 



(L) 

(c) 

Enla 

R sic 

riga% rip/vale:A circuit* for foot 1  ractrlc mama. 
a) Wore 23rd clev. b) and o) alternative circuits 
ter post 23rd cloy otocaah• In b) there is selettillre4 
to be a le pump preoent ghilet In e) tiro obera Mir 
. 

WalePert derived tror and r 1, with Rn 
SISSUle of providing a ,e"j los mantel*, p 
SSP Witvergen i€ nc. Nee tat. 



the pest 23 day etomaob, Ere  Er  rind En  remote, the 

Earns of the Nee  it and Ce active t:sinepeRt wets= 

veopectivelye  R r NT and  RC1 rel7reeent the internal 

recictnnee of tbe reepective rycitorn and 	represents 	the 

reelstemee of the path ter 'passive' lene• 

If Malt Meer Meelelary SOP le accretion is deviled 

from thit M621, gredeeime mimeo* fl to 	the le Who  

tree circuit in - Ar. 29c le applicable* whether or net t:la 

10 10 Mllemis en the value of the resistanee f1 which cannot 1 
be smeared directly* If 11  is riot vo.7 small then ric. 29b 

will cpp1j, 'ith En  a h.  *OW coupled to metabolic free 

energy sourest.. 

Eticetiese elteepting to demeribc c1octreetemicel 

diffOeSen *Mow* itselawmoe hew teen used by biologists 

to determine the eparaembility, 	te Izemb2orx: to the 

penetretinc Ionic opoolee 	r..1co the t-7-nr:ircol rtJ1Ne 

of the toss present in the cyctet . tntil recently the method 

has been to write down an equation for 'flux' or current flow 
it1, 4 

due to movenent of a plarticulof the form 

(4. 	ti *IC • iiija 	(Toorell 1951) 
de 

chore 1i L to the flux of solecism i throuch unit area of a 

particular Banc, alone a nornal to it, 

u is the mobility of i in the oombame (velocity / force), 

too concentration of i in the amshrcrr, 

and gal the crodlert ot ell**-4.441  ""11141111 Of  i  Is tal. 6.1111.11" 

00000(4) 



The chemical potentialul ie then split into'to, 

ens associated with the electric fladl!. in the membrane 

and the other with the thermal onorrly of the ions in the 

membrane i.e. T in AL 	Ai ic the activity of S. 

aOltipiying both side* of the egnation by thi::? valency a 

of i girls an eapreeeten ler tbo cu ent orsried by i th,r0a11 
unit cvec. of the membance 

Per the equation to be useful It =et be Int l  

over the thickness x of t:le mer2bAmo. .L10 eqpircmcnt 

preaueserattumistleal Olfficultiee *bob ow only be overcallsi 

gaff(;, a constant electric field in the meehreme 0) 

tililmon 1943) or a conetant concentration c7:tdiont or better 

AM eteeleant activity c-adiont, in the membrane i.e. 

liir
il

a O. (eared 1951, „Anderholm 1952). tam are no 

of detelminin vhich folf either, of these aacury-tieno 

is valid and thevefore the irate r.,W eqpntionc a. .e ocly of 

limited value. mover, when there is no culirent flow Lou 

the nembeeme is o: open eireeiti Intearatimen of the flux 

equation Macon to the simple Vernet ociantion in both casco 

1. en 	en mobile ion 	olee is p"even 

When acre than ins le epecica in yeeeente  all of vtich 

have sumerically equal valency, 4.1. or -74  the conatant field 

eeuction inter-ales wove the rur3bmae ttliekneee to 

2 



where
1 is VA poAleabliity coefficient of the mentwane 

to the th ionic cpecies and A1,1  is the activity of the 

ith  'Potion on tide 2 or the ith anion on nido 1. ro.ntion 5 

applies onl$ when the :e is no not current floc? th-outh the 

neuhreme. Hodgkin and liolvelas (1959) point out that this 

equetion le nose general than its derivation .a lice and ic 

not itself subject to the constant`told rent intim,. 

It in to be meted that the mumeldlity coefficients 

e. e related to the Mebili$60. u (diffusion conntnnts) oT the 

ties is the aesitrese is tollefee 

is  

and home the dimingdeme of velocity. 

ii is be Ohms that the treespert Mumblers c-  to ionic 

amiss a end b in a asarnme swam we rebated to t: c 
permeability coefficiente Pa  mod Pa is mss: 

a+ 

1"1"11.164  b 	2 

if a in a eetisa god b an anion (=;odrkin and Borowies 1959). 

enperhmegie in which the pod, egg studied as s 

funetteft of the leoeneentraties oaths awl sift 
showed that the call semilesuss if the .'It op/that:Iva 

if Me gide mere etesificently pornmOMLO left in a 4geglief 
sense* the fall in slope at the ismer Millimeintrattene 
Nn be 446011110ed for b  ethiv,  cations in the mots, eintrittutinc 

t 	 (6) 



to tho p.d. Thu - 02 tho cOnct=t field equation 

i no

*  4  * ‘:. 

IS:s,  - + ,)\ e i 	Hodeun . Vii; 
(1959) 

104141i OOOOO 10(7) 

than t Lc the tramper* OMMber of Na in this irefts• 

4  1.8 the eleatris PO*Ontial of the cell interior* with a 
respect to the anemia aolution, 

C* in the noneentation of a cation addinc s contribution 

to te p,d e  

and 	is equal to 1:.c.* 
1.40,... 

tia 

It la probable that in them oxperiiionto °bonne.  Is 

chief to ref et ate the cell mombraneo of thin ayotom anc d 

therefore this ion oar be equivalort to C.  in equation 7. 

It is InteAmtiag to nets thot there vac no leeline 

in slope at tho lower Na concentration° then thin procodu 0 

rao oa:riod out with methyl sulphate oubotitutod for Cr. 

'"hen the Cr concentration waa chinned en the =coma 

nide it in peen that the morotom bohavoc , at the hirbar Cl 

eemeeedireilen, in the simple manner predietod by equation 3* 

At the lower Cr tho deallsc in clops ear be dose 'Mod by an 

ocuntion almilar to 7 with °ethyl oulnhate cont ibutinc to 

the r.ct. The dotte0 line in ric:.17 °hoer the ,-enult obtained 

ifl;in 

 

in plotted againot In[C11m *014JoS04141 c, 
( 	

. v)hero 

the oubm:ipto m _;cfo': to cvccocl coneentvatienn arA 
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0Ie  
At the hither Ole 	on the ausesal Ride 

the tronstaetrie piad, Weems rimariad in Os aboomee at Cr 

on the cerocal nide' 

-hon the ne Cl eoneentAttiamweere ahem,* ma Os 

010:2-wel 01.0e theca v$ vo y little dbanceth Pipd" sasarvei 

and t1 4rivtoro =Mar of These Ions arposwed to !JEW° a 

oirnifleant role in deblesissinc the P.d. when pTccent on !Ilia 

	

-cmeAsible ieweeet in peas "ben the X eo 	rtion 

vac .alcied or the perocal side it 	s Simple p 

pa,uoubility to K vbidb Ord the Irl!,iation of p.c. to be 

deseribee by (ration 3 et the While Xe  eonecnt ations by 

repaation 7 at the lone oemeemerationa. 

At the teeestiee nee et *Ma 	Ct0a111416 INK* used 

far them explowilents dec,ignodto analyse the p•d#11, the zueele 

ieledo up lartely anis ditto oatiatcd cello and a very 

anall properties of owntis cells Crioneion Mc). cinoo 

laa pod. is &boon% etas le frets aolutionc are procent on 

On =coca aide Owe 21 dey ctonnohr (no avntle cello 

It in tentatively egetMt thrt moot chanee0 In PA* OSIOur 

in the 	stomache #IS Ka, is *beset on the aae•aal Ads 

arc associate, with the mizintie cells' hen re is p  cant 

on tb(,  :Alconal ciao it in portvlated t- ct to ohno;vod chance, 



14 COs 

C l -..  < 

K+.  

Na1-  

H+ 

se,ros.1 silt 	 Vrtvc-os 6.1 sae 

rico3o#  Scheme for t S trotaitirOSSPOoo DOD differont$a 
cello. Jklipv  pump is mesa 411 	MPSa4 sides, 
Dembsd arrows indicate Ism lismsoMMIsimilmmi4 solid 
arrow imilootit Mich t1SMINMAIsmmilimmile Wm, arrows 
Isdiesis mom pOSSerotione 



ire pod. ere associated with the no differentiated cello 

since then form the =Welty in the cell population being 

considered (see appendix iv). 

The rest eta obtain& gees the analyole of the 	in 

terse of relative ionic mohilitioo in n4USSOMOS SSD be fitted 

into a ethane analecouo to that used by 'oefeed.vJahnen and 

2ociac (195e) to dflowibe the '5,4410 ac-oor 	UGC skin 

Page M. 

:1.2 	ah000 thirl when applied to the non diffiventiated 

collo in the limit of the evidasee predated in this theein. 

It ie nag:coed that dna s Ifeiretignal eandpeat these eons 

tea a ebee$ one cell thiek. The mocooml nide Of these cello 

oirtek, 410 be permeable to ne, cr. ITC,54b  and (relatively) 
impermeable to E.  and is*. MO 00A1001 ad° of theme collo 

ap-  care to bo permeable to T *  and imnetvable to Cr. It in 

alto succooted that there io a ne tenarert sembemies annociated 

with the seoeral momb -one vhich tranalierto l.af oft the cell 

intoAor to the Solution on the ooligial ride. 

Pic. 31 Ohms the abeam applied to the foetal ogyntio 

collo. The cell misehmemee SD the mueeeml side ore conolderod 

to be lineable to Cl.  (and pauper fl* mad WO n but 3 
itvelfteable to CI  and e. ebe alerfneleSSWINee are conoillered 

to be pea seablo to 14.41  le, Cr a impassable to c_ 	A 

octaolic Cl` tranoport mechanism lc t. 	3t to ho accoeiated 

with the aili 	aneo on the moaal ado, omd a metnholit 

(Coe 



Strosat 
	

Mucosca Site 

s - - 

C t- 

K *  

CL- 

410,16 :cam 110, ior t7:ansfere ae2o 3 foetal 
empiis cella. A U.  pump is present on the 
S000401 side and a Cr pump lc pecant on the 
60040001 side. limbed a:vaiws indlaaeo les tr=oport 
numbers *list Solid ar,voo Indies*, iddlik transport 
=bore. Bent arrows andiente nen peseltreties. 



f' transport mechanim is thou I to smist aero the wtolo 
*ell la in association with the muoosal cell mosbrame. 

It would mall reasonable to postulate that if an ion war 

net distributed across a movavane in a manner described by 

(tenancies 3 er 5 and yet a net flux of the Son to sneetien tekee 

P1000 ueress the gib -  ono, than tholes would eels, IOW dere Ott 

transport mechanism for that ion, involving force@ ether tb 

the gs 'sdiem. of olootroehenical potential of the ions lb. 

Iseesport asehisism(s) being lactated in association with the 

samireme tmi otodied. 

the P.4. across the two noel typo(' of the foetal metric 

mucosa. =like that across the for; ahin is probably not sicply 

equal to the ewe et two potential &-opap enab of Avhfilaa is 

dose tbod by oquation 5. bs allift sensitivity of the wawa We 
to chances in concent-ation (nativity) of oe to la SOW as 

imaged hit chances in pol. 'w MO that sensation 5 departing; 

the p.4. ac 000 the sell esehrents on the esemeal eido• 

Hassvor, the ltra ocncitivity of I! ;.c oo-taul oi40 to oho cea 

in consent ation of any of the principal iono in the embed 

tadioates that cqu-tion 5 does not deooribc the p. C. amass 

this mentracc. 

It is likely that the -ia+  ana cI` tpuppos silos** 01 

the wee.' aides or the nue diffe-ontiated and anindin SIM 

respostiwely, are alestregsnie tans1 ceponsible ter a potential 

drop wee. this sesagrone (eel/ contents 	with rospoct to tho 



.71. 

wool Selstaset), 

the miedereserdo of abort circuit ccppeftts  *doh vorro 

carried est as otomeho et 27 to 10 (Iwo Isetetice aco are 

CONISSOOM4 vith the Oblideal neaou'.-ortaests Of net trassecc 

securrior at thin arq,. Thuo on the baala of the ellor41  

INIMMOPOMONIO a flart oireuit cursert mai to the cum of 

am*, 1140  Cl" ma le cu. roistering to bo om7ootod. Thc 

6000.6011010 

 

of the c.o.e, Se the Me! concentration on the 

gmemall. 41141,  vac aloes 1.7 MOM% It fie istereotine to coat 

Ste veletas* between nuoossl no*  eeseentrstion est 04o.c. in 

the foetal otemesh with this rclationOhip in roc chin. in 

thio latter cress the transport noehanion b000noo hair ontu atod 

of *NOS*• In tho rootlet otonach tho 	tranoport ream 

Whelaraterstod at 71mn Ile awl 6unt about conraotoly oatu atoll 

114 NOM ie. 

It the trot io by a oa.rio type coehaniam :110mo:tic. 

11.111.1 111111111141.0 OM k ifelled (ileighlw 1955) an(7 vr hnll 

IlltellictaillandIMPO 00,110010% in the egotism rolatinc active 

[:1UR to 1-3cooall Ile concmt:ation Ile rat 

Active flux of r 	= 4> 	• a 	le • 0 . 

*ere t lc the half sattvotion conotant ea7repood in an0. 

10 a oto conotant (nolo/unit a ca unit tioo) and a lo tho 

itiorfoco area of the t c.,:aorort cvater mpoo&I to 17:0+ 	ttL0 

recoaal oido. 
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Was • lisoweemeribeeebe plot Oa eiggieeintillp ert tM 
above *loads* eis be tee** ease the whim at Semi i liessodue• 
tile the liaterfoopt sa the Or 	Weft r".1) ma *pie ilieampoopt 

op the absediess Wyk* ti)4, Pyre 	*. 740aiat at 

this procedure thee applied to the reed.. Moon in 1444274, 

2$ is seen thee the MOM 1060460106.1 sOplioc at Nessassalsrearpo 

above ohm* titan (ea the e010044 0640)0 The 	boo the 

sieve Winistie0 at the low eoneanteattee0 eretehillyds0 Is 

the paiimlie 	nag *es tbe comma to asirese .egas teesmine 

Itylassit is< ciao to the 1146,0 Om* 

lake fatsweettnc: to first OM the osodic • see as Urge 

with nothy2 oulphsto oolutioce on the tvo ciao() ail St riPae with 

01` seletiono. 	amairelo of the cnctvin n•ddi indicated that 

nothpl sulphate pawed sores* She aucoe• M rend1/7 than el., 

there MOW tIctive t0esieler4 Oir Uteri Seiphnto a ::ovo7nel 

of pdlo norm's the Wee* (tb se tree nolotides on the oueoonl 

Side) would be eamected doe $0 eetildt/ oe the n.  puop. It 
memo theesdiro, thclt activo a M r,Crt La the foetal 

geolate 4101001 to sea speeitie end that oesLrevalt et this 

sea. sulphate Can be transported in plow of Cl'. 

It would be intereaUee to dole- .mind he o otaYothir eaionio 

aposiies••• le ostivelr treaspertat In thin m14014 Avehligehellt 

rib bb the enehee ettellestee that OW ey.227:',rte e. mass 

Ca's in the Wt eseesse. 



The tranoftpueoorl p.a. of COc oteeeeb in reversed when 

the on in bathed in CI" tree ( 4*.) menu (anis' end %rift 

1959, r:cha et al 1945) indicrItinc ot-encl,y the elect octric 

nature of the puup. The reversal of the NO. under them 

conditions would ineleate t!lot there ruclittle active t'onor,ot 

of nrtnne, althoueh a mall dere° oI active dor trnnoport 

as:oes free uric =cope hao bem aomonaerated (i00011 1%1). 

The observed ctlaulntion of the s free component of 

tc 0.0.0. %, eamemass is oir3ila' to lb* !Watt of Ibisibssmoms 

e frog dais, fibers it hi boss abase to evoke active C2 

transport *1 She flea* obeyed Omar tiehnsan. Ucv,inc and iambs 

1952). The otimulatorg effect on Cle Na4  commit of the s44.841 

of the festal act-Ac =woo@ appears to U. t12111110 SIMS tar 

es the wthor ic ar,7a e adramain basset bean rtgartnd to 

etioulate active Ve transport in any other times** 

The offset of histsaire en the re free es lPossme West 

coo. is similar to that deco 	tcj obra for the free marls 

m:c000. I* both °apse there ir r frill in ::ooat'ao 	d p.1. 

amd an incease in the p.d.rendotenee 	0. Pimilar romiltc 

bees Um eported for the do c SteMsCh (7:ehr.1 1955). 

The effect of hlotns 	the zoos differentiated cello 

gee to denresne the DoUirssistames ratio. There are es cithe ,  

rOperligidthvbleb to comer* We oboervatiae. 

Me effect of .7 -itultrin on the non differentiatol cc:lc 

c*e Mailer to itc ro vc2/ Inmz, effect on Usc shin C:sein:- 



1059) end toed blad4cr (Leaf and ciseco 1962), The Wimono 

eanoc t& open circuit pod. atV the p.d. t-ecirtone,.7! attco 

arni,.:edo indiontoe thIlt the interinal reciotr'neo of 

1hc notivc t anv:Iert mechaniou boom= lovervd (rub man end 

UMW 195'1) List cod ,buce (10C2) have ohm that vaceprecoin 

alters the p0. fmabiLISS, of the nitab ono en the anoonalAof 

00110 OS the %mod bladder veil. The of f soil of thIc to tc 

MONO X1s on the urceoal cid° owe on:..11.14, sveljabic to tic 

tisospart neebaulap. 

The inhibitory offoct of pttuit Ines the see otion 	t!A--

nvyntic cello ao measured by-  the eduction in rococo  in thr 

abocnoo of 14.  on the riuc000l 'l4e v ac:mociated rlth a Ox117:•caac 

Is the podiavolotance alio. An effoet ethic, nature,  !Inc not -been 

reported Orefetsuoly. 

The Amulto preoente in this neap ludiccite that thr 

non ditto ontiated coils bavr,  cc lain proper:lice in cocoon vlth 
* tictramortinc coils of tor: obin en4 toe blaC,Ior, r!:,12ot 

the ogyntic cells !Ave many properties ha Swoon with those 

attributo4 to tbo asyntit cone in the adult. 

In eamelueloo it appears that no otonach•of the otbit 

l'octuo &v1lbs &set is dos OS cootation 2.chictily active 

in a PL714411.Cleal eno'. the 	funetton i the active 

abccrption of Sodium lope orultinl In a poorivo 	tion of 

map and rot* don is emetic cradles'. Durioc tbo last 
sem doge at coogatioo au active aocetiou of 11C1 to cup° .1z:poced 



smiths absispeive proot, 	oultins In a slight 'evertor 

if pi if 	CSOftwie °entente. The active abeorption of 

ra  0,r..rf,ra 

 

be associated pith the presume of the no 

diffe entisted cells SW the One.etion of fbi iith the oslystie 

cellos thin latter fitdinc elves considerable support to tLe 

classical theory,. It eocme likely in vim of the p °sent findinrs 

that Ilt and C17 are oeoreted by the come cola. 

The assumption that the short-r,irouit cur ort is oqual 

Is tbe net tromefsmO0 Oa it  C1 	1I needs to be tc0,06 by 

eimultemsses meamseasent of these Maxon amt! 141,111 the sheet.. 

eirosit current. TL%* and cl* fluxes ohoull be mea su ed using 

isotopes and the e ion flux aeassred directly by potentioneerie 

titration. The neerepecifto fusion tramper, should be invectirsted 

lams* detail oleos the same lisiece 

The inter-relatioNlaipc otr:eOz a, 	and Cr transport 

should be invecti:nted in as quantitative..7anner. 

The trturo of the pd. or:Doc the two tell types in the 

=soon Should be invonticated in fu:ther detail. uttni; micros. 

elect odes if possible to ,71ve the moot direct masa ements• 

The pot) ibis existenee of :vdor potentials should be consiftred. 

:le action of d to should be inveatirated in furths7 ,  

detail. As veil as the drucs al: oady uooc!, the effects of 



ceetylcr-:oline and tiro eseelee colgeoeldea aioulti be detereinea 
eine° thevo L:avo bemused an ether activo t ororort ogotem0. 

Analycie of the eeeples inredoneo of tho coot lc mecom 

at vnrlout-  coototion ncoo cry holD in dioemylnc fbrther 

roopartleo of to tneelPert =bantam°. 

t ancP0,11 preeissee ebeuld be invooticated in 7..clot.Son 

to the covocition o2 the ant a cellular fluid rit oc7oct to 

Al 10  iCo.  

otudleo 	be carried out in an ottom- t 

to (lotomine the one rz rourceo 'c the Vanovort reocooceo. 

Mort sr-comer, in the ft:.ot inotnnto, ohould be ono' in 

relcitlm to the 02  o tho at aeollular fluid =In on ogycen 

cathode. At a late-  °taco tc neti-,no oe notobelie volcano 

ohou2C be dotorainod. 

Abcoluto peenecity conctoLtc of tho colaner-lancc oT 

the foetal coot is alooco to no2omlec of Imam oleo°, lipid 

aolubilittee Mod ',dation onerrleo dbould be Coto mined in 

Order to elucidato the natu a of the pathvayo nvrilablc 

moot at ion. 

-rporlaonto Mead be Coolcnee, to ato-mino gunntitativeig 

the Ole of the foetal motrie meow in Cetermininc the colt 

an voter balance betvnan nothe • footo or- 1 o=t ofoctal 

comartnento. 



-77. 
CUCOMIre 

4. 	An outline of the history of the electrolyte physiolocy 

of the tomach and other rolovnnt orcnnr ben b 	presented* 

A netted for otudying in vito Vac net t anefe c of 

olect'olytos =roes the metric mucosa o the n. obit foetus 

bar been der(!ribed, 

2. 	A diffe once of elect7leal potential vasorz-onc the 

isolated cart is mucosa at all naps mtedicag too 2( to 71 

dove (ft111 term). The mucoaal side vac necntive vitt copect 

to Cie ao:vcal nide and the potential difference vit.g dependent 

on their-r.aence of lafrin the trinomial solution. 

4. 	There was • mot absorption of 	el-orid water when the 

twleosel Gannon vmMi bio beincttn ice: 00 oolution or 

154elz1 LaCl. La'  meted acainot its radiont of electro-

chemical potential vhilot Cf.  nosed down ito clent of 

eltptrochemleal peter 	Not tranotnre of enter 1.ere 

PUBGiVe and tencr7 to es uaMe osmotic pronou cc. 

1. 	reo the 23 d day or, arde 'ewe ras a net nee etion of 

titatable acid on the 7Axocal side. it if knovn thr:t the 

ozyntic cello appoa on the 23rd day in the - abbit foetus. 

6* 	hen choline replaced Me on the =opal side thole,  vas 

016 128~0 in voi end a 	at 	frog the 27rd day 
moo. if* and Cl'neero traMiparbed ecninct their cradiente 

olootz'ocheacal potential. Under them condition° there 

van elm a net trenpfe of Be dawn its CT'adient of elect - Dm 

Ohnodial potential* 



V. 	estc of teak; tool: place do un it° gradinetted 
abet ethemieni potontial, 1r e:poctive of the seshelaSsi 

direotlas Of the gradient. 

Co 	Amethod bee boss deacribcd for meamrinc the potential 

dif'e.oneo and eberl•eircuit ouzl-mat of 	lraintod Wee 

of the foetal  otoacch• 

0, 	r:alo transport noabsrs of the principal lono croociac the 

toschroneo of exyntic ;zee non diffc:ontiated collo wo- e 

peasir od• 

10. A soCium orm20# 17ao pootulatod to oziot in anf:ociation 

with the :3mb nne on the co:oral outdo of the non diffe ontiatc4 

coils. 

11. A chloride rump wao poot,Aated to aldot on the oe oral rlele 

of tho ajntic ce22o, A hydrocen ion 7:12n 1:. 10 oboe eoneldoreel 

to be p.recent in them eel:c• 

12, 	f2ho chortocirmit au ont of the foetal cant io mucooe woe 

monoued and tho nal= of d.:-taco et it woro determined* 

I 	It to ovbmitted that the work precentod in this thesis hos 

conteibuto4 to hnovlodro of the 7anc-al ptvololow of the 

otocach and to the physic lom of the toetuo• 
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Appendix i. 

Variation of composition of gastric contents with 

,Testation ago. Mean values are shown, with the range in 

brackets. 

Age 
(days) 

Cl 
(m.equv/1) 

Va 	R 	pH 	osmolality 
(m.equivil) (m.equiv//) 	(m.osmolikg.water) 

21 90 135 7.8 

22 122 150 7.4 ND 

23 102 150 Fl,r" 	7.4 336 

24 125 7.6 deb 

26 100 - - 	7.0 - 
(94 - 1( 

27 73 71 6.8 	6.1 4.0 

(29 - 100) (15 - 142) (5.2 - 7.0) 
28 47 47 15.3 	6.5 320 

(22 - 73) (10 - 116) (13.2 - 19.2)(4.0-5.8) (306 -305) 

29 22 20 - 	5.0 - 
(15 - 25) (4.5-5.5) 

30 47 15 9.4 	4.8 347  
(26 - 49) (10 - 26) (3.4 - T5.5)(4.7-5.0) (372 - 363) 

31 39 15 12.3 	5.1 342 
(37 - 41) (10 - 19) (11.7 -12.5)(5.0 .5.2) (327 - 358) 



L=alla.1.120 

l:lot:Lon of conpooltion of =biotic fluld with 

foots l oze 

Ado 
taws) 

Cl 
tp•Oquiv 2) 

:10 	osaaality 
(m.equiv 1) (ildeleaftiomiNgir),  

22 . 145 142 

23 . . 

24 . 125 IP 

25 100 150 • 

26 110 147.5 "60 

27 110 14C 3?3 

20 ico 145 •• 

29 m 125 32, 

30 115 . 4. 



Appendix 

(Reprinted from Nature, Vol. 190, No. 4778, p. 816 only, 
May 27, 1961) 

Absorption of Amniotic Fluid in the Gut of 
Foetal Sheep 

SWALLOWING movements are known to be made 
by the foetus in utero, but the ability of the gut to 
absorb material from the amniotic fluid has received 
little attention. This latter aspect has been investi-
gated in fcetal sheep over the age-range 80-145 days 
(full term). 

Under spinal anaesthesia and sedation with sodium 
thiopentone the foetus was exposed by Cwsarian 
section and its abdomen opened. Electrical potential 
differences were measured between gut contents and 
fcetal extracellular fluid at various levels, using a 
Vibron 33B electrometer, calomel electrodes and 
3 M potassium chloride in agar salt bridges. Repre-
sentative segments of the gut were used to study the 
absorption of amniotic fluid to which polyethylene 
glycol, mol. wt. 3,300-4,000, was added to serve as a 
volume marker'. The segments used were abomasum, 
jejunum, ileum and colon ; approximately 8 cm. 
lengths of these latter three segments were used. 
Each segment, isolated by ligation, with intact blood 
supply, was flushed and filled with the labelled 
amniotic fluid and then left unexposed for 1-3 hr. 
The initial volume was calculated from the final 
weight of the contents and the change in concen-
trations of polyethylene glycol. 

All significant potential differences (greater than 
± 3 my.) showed the gut lumen to be electrically 
negative with respect to the fcetal extracellular fluid 
at all ages studied. The abomasal potential difference 
was 14 mV. at 80 days, 21 mV. at 107 days and 26-30 
mV. after 120 days. The potential difference across 
the small intestine was close to zero prior to 120 days, 
after which values of 4-10 mV. were obtained. The 
potential difference across the colon was close to 
zero at 80 days. From 120 days the transcolon 
potential-difference was 4-24 mV. These values may 
be compared with those obtained in the adult which 
were of the same sign : abomasum 40 mV., small 
intestine 10-14 mV., colon 15 mV. 

Control experiments on single segments showed 
that the recovery of polyethylene glycol using a 
turbidimetric method' was of the order of 60-80 
per cent over the experimental period. Calculations 
based on an assumed recovery of 60 per cent showed 
a net absorption of water, sodium and fructose from 
all segments at all ages studied. The amount of 



water absorbed from any segment was greater than 
could be accounted for by the hypotonicity° of the 
amniotic fluid. Sodium absorption occurred against 
a gradient of concentration and electrical potential. 
Absorption of fructose took place down a concentra-
tion gradient (140-500 mgm./100 ml. in amniotic 
fluid, 80-120 mgm./100 ml. in foetal plasma), the 
fructose concentration in the gut decreasing. The 
results obtained for water absorption were extra-
polated to the whole gut. From this it was computed 
that the 1P0-110 day foetus absorbed fluid at a rate of 
120 ml. per day. At 120 days this was about one 
litre, falling to 500 ml./day at term. The total volume 
of fluid absorbed from 80 days to term is about 32 
litres, which is of the same order of magnitude as the 
volume of urine produced during this time (about 40 
litres4). At 100 days fructose absorption occurred 
such that 6.7-10.7 per cent of the fructose introduced 
into the small intestine was absorbed in 1 hr., 
12.6 per cent/hr. being absorbed from the colon. At 
107 days the rate of fructose absorption was 9.0 per 
cent/hr. from the abomasum, 26-40 per cent/hr. from 
the small intestine and 46-47 per cent/hr. from the 
colon. 

The results suggest that absorptive powers of the 
gut are retained in this species from at least 80 days. 
The gut is capable of absorbing a considerable volume 
of amniotic fluid with active sodium absorption 
probably accounting for much of the water absorp-
tion. Fructose absorption occurs at a high rate, and 

OOP 

	

	this may be of some nutritional significance to the 
foetus. The foetal abomasum appears to bear a 
functional similarity to the stomach of the foetal 
rabbit in its capacity to absorb sodium actively°. 

This work was aided by an M.R.C. grant to Prof. 
A. St. G. Huggett and a grant to one of us (G. H. W.) 
from the Central Research Fund, University of 
London. We thank the Shell Chemical Co., Ltd., 
for donating the polyethylene glycol. 

G. H. WRIGHT 
D. A. NixoN 

Physiology Department, 
St. Mary's Hospital Medical School, 
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Appendix v. 
[From the Proceedings of the Physiological Society, 20-21 February 1959.] 

Journal of Physiology, 146, 24-25P. 

Continuous recording of short-circuit current through frog skin. 
By G. H. WRIGHT. Department of Physiology, St Mary's Hospital Medical 
School, London, W. 2 

Since there is a p.d. across living frog skin (inside positive with respect to 
outside) even when there are identical solutions on each side of the skin, it 
must be possible to draw current from it by connecting the two sides through 
an external circuit (Francis, 1933). If reversible electrodes of very low impe-
dance were available the whole of this current could be tapped off and 
measured. Such a current is defined as the short-circuit current of the skin 
(Ussing & Zerahn, 1951). Since no such electrodes are available the short-
circuit current has been measured by passing a counter current through the 
skin in a direction opposite to that of the active current until the p.d. across 
the skin is equal to zero: the counter current is then equal to the short-circuit 
current (Ussing & Zerahn, 1951). In the past, the counter current has been 
obtained by tapping off current from a high tension source by means of a 
potentiometer which is operated manually or by a servo motor actuated by 
the d.c. output of the d.c. millivoltmeter used to measure the p.d. across the 
skin (Mullins, 1958). However, rapid changes in short-circuit current cannot 
be measured accurately by these means since mechanically moving parts are 
involved. 

This demonstration shows how the short-circuit current may be measured 
continuously without the aid of any mechanically moving parts. 

The p.d. across the skin is measured by means of a Vibron' Model 33B 
millivoltmeter manufactured by Electronic Instruments Ltd. This instrument 
converts the d.c. input into an alternating p.d. which is then amplified by an 
a.c. amplifying circuit, the output being finally fed through a phase-sensitive 
rectifier and meter. By means of two test sockets provided in the back of the 
instrument an alternating p.d. proportional to the d.c. input can be tapped off 
and amplified by a simple error amplifier. The output of the error amplifier is 
isolated by means of a transformer, rectified by a double diode, smoothed and 
fed back through the skin in opposite phase to the active current. 

The skin is mounted in an apparatus similar to that described by Ussing & 
Zerahn (1951), only constructed of glass. Calomel electrodes are used for p.d. 
measurements and Ag-AgC1 electrodes for passage of current. 

It is found that, using this apparatus, a p.d. of 80 mV across 2.5 cm2  of 
frog skin can be reduced to less than 0.5 mV, the output current of the error 
amplifier then being about 200 A. 

This work was assisted by a grant from the Central Research Fund, University of London. 
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Appendix v. 

[From the Proceedings of the Physiological Society, 25-26 September 1959.] 
Journal of Physiology, 149, 37-38 P. 

Hypoxic death in the foetal sheep. By H. G. BRITTON, D. A. NIXON and 
G. H. WRIGHT, Department of Physiology, St Mary's Hospital Medical 
School, London, W.2 

Hypoxia has been induced in foetal sheep of ages 120-140 days by the admini-
stration of 5 % 02  in nitrogen to the mother anaesthetized with sodium 
thiopentone. This procedure differs from that of Dawes, Mott & Shelly (1959), 
who produced hypoxia by umbilical occlusion. Foetal and maternal blood 
pressures were recorded and samples of foetal and maternal blood were taken 
for estimation of glucose, fructose, lactate, pH, plasma potassium and 
bicarbonate. After foetal death tissues were removed, frozen in liquid nitrogen 
and analysed for lactate and glycogen. 

When the hypoxia was maintained until foetal death, which took place in 
about 28 min, a rapid continuous rise in the blood lactate (up to about 
150 mg/100 ml.) occurred and a marked acidosis developed. The plasma 
potassium also increased but did not exceed 5.8 m-equiv/1. in any experiment. 
There was usually a small fall in the p002. The mean ventricular glycogen at 
death was 0.27 g/100 g moist tissue and the mean ventricular lactate concen-
tration was 290 mg/100 ml., compared with control values of 1.3 g/100 g 
and 100 mg/100 ml. respectively. 

When the blood lactate was experimentally elevated to approximately 
100 mg/100 ml. by the administration of L-lactic acid, acute hypoxia produced 
a similar increase in blood lactate to that observed previously and the survival 
time was approximately the same. 

To examine recovery from hypoxia, experiments were carried out on twins 
in which an initial bout of 15 min hypoxia was given followed by a recovery 
period of 51 hr. One foetus was then removed and the other foetus subjected 
to hypoxia to death. The total survival time (i.e. initial + terminal bout) to 
hypoxia was not increased; nor was there any return of the blood lactate or 
pH to normal during the recovery period. However, the cardiac glycogen of 
the foetus removed before the second hypoxia had been restored to normal. 
The second hypoxia killed the remaining foetus without gross depletion of 
cardiac glycogen, but there was a sharp rise in the blood lactate. The terminal 
lactate concentrations in the second foetus were about 230 mg/100 ml. in the 
blood and 400 mg/100 ml. in the heart. 

These experiments confirm Dawes et al. (1959) that a gross depletion of 
cardiac glycogen takes place in acute hypoxia. The experiment in which the 
lactic acid level was artificially raised suggests that the blood lactate is not 
a limiting factor under these conditions. In the recovery experiments, how-
ever, gross cardiac glycogen depletion did not occur, and foetal death must 
have been due to other factors. The blood and cardiac lactate values in the 
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recovery experiments were extremely high and may have been the cause of 
death but the severe acidosis and the rise in the plasma potassium may have 
also contributed. 

We wish to thank J. R. Hancock, Miss Carol Comben, Miss Susan Slade and F. W. Diggins 
for valuable technical assistance. 
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Appendix v. 

[From the Proceedings of the Physiological Society, 25-26 March 1960.] 
Journal of Physiology, 152, 28-29 P. 

Aerobic energy production and the stimulation of active sodium 
transfer across isolated frog skin by neurohypophysial extract. 
By G. H. WRIGHT. Department of Physiology, St Mary's Hospital 
Medical School, London, W.2 

The increase in active sodium transport by isolated frog skin following 
administration of a maximal dose of neurohypophysial extract varies 
considerably among different skins of the same variety. 

Leaf & Renshaw (1957) showed that neurohypophysial extract failed to 
stimulate active sodium transport in anoxic skins. They concluded the 
action of neurohypophysial hormones on ion transport is `somehow 
associated with their ability to increase the availability of aerobic energy 
sources for operation of the ion transport mechanism'. 

It was decided in view of the above finding to investigate the relation 
between the magnitude of the response to a maximal dose of neurohypo-
physial extract (Pituitrin; Parke, Davis and Co. Ltd, Batch no. LY 616A) 
and the aerobiosis of the skin. 

The experiments were carried out during the months of May, June and 
July, using frogs kept in captivity for 3 or 4 months. Active Na+ transport 
was measured on the short-circuit current principle (Ussing & Zerahn, 
1951) by means of a continuous recording technique (Wright, 1959). The 
Ringer's solution used had the following composition (mm) Nan 115, 
Can, 1.4, KHCO3  2.5. The pH of this solution was adjusted to 7.8. 

After a 2 hr period of equilibration the skins were subjected to total 
anoxia for about 30 min, then quickly restored to aerobic conditions. 
About 30 min later the Pituitrin was administered. 

Measurement showed a highly significant positive correlation (r = 0.763, 
P < 0.001) between the magnitude of the response to Pituitrin and the 
magnitude of the aerobic component of the short-circuit current (defined 
here as the difference in values of the steady short-circuit current under 
aerobic and anaerobic conditions). The equation of the regression line is 
y = 0.787x + 4.4. 

From these results it is concluded that the degree of response of the ion-
transport mechanism to a maximal dose of neurohypophysial extract is 
dependent upon the functional state of the aerobic energy source at the 
time of administration of the extract. 

This work was assisted by a grant from the Central Research Fund, University of London. 
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Appendix v. 

[From the Proceedings of the Physiological Society, 4-5 November 1960.] 
Journal of Physiology, 155, 24-25 P. 

Absorption and secretion of electrolytes in the stomach of the 
rabbit foetus 
By G. H. WRIGHT. Department of Physiology, St Mary's Hospital Medical 
School, London, W. 2 

The experiments were carried out in vitro on stomachs from 19 to 31 days 
gestation age. A glass cannula was tied into the oesophageal stump and 
the duodenal stump was tied off. The stomachs were filled with the 
experimental solutions through the cannula. The stomachs were then 
immersed in bicarbonate-Ringer at 35° C and pH 7.4. The experiments 
lasted from 3-6 hr. 

Net changes in volume of gastric contents were measured as well as 
changes in amount of Na, Cl and H, which was measured as titratable 
acid. The electrical potential difference (p.d.) between the gastric contents 
and the bathing solution was also measured. 

When the stomachs were filled with Ringer's solution there was found to 
be a p.d. across the gastric epithelium of 15-30 mV (lumen negative). This 
p.d. was unaltered in sign and magnitude if the internal Ringer's solution 
was replaced by 150 mm-NaCl. When the internal Na was replaced by choline 
the p.d. fell in a manner dependent upon gestation age. Thus up to 23 days 
the p.d. fell to zero when choline replaced Na. However, after 23 days the 
p.d. only fell to about 30 % of its initial value. These effects were quite 
reversible. 

When the internal solution was 150 mM-NaC1 there was a decrease in 
volume of gastric contents and amount of Na and Cl. This occurred at all 
ages studied. When choline replaced Na there was no volume change 
observed in stomachs up to 23 days, although a decrease in amount of 
Cl took place due to passage of this ion down its electrochemical potential 
gradient. From 23 days onwards there was an increase in volume of con-
tents and amount of H and Cl when choline replaced Na inside. With 
150 mM-NaCl inside there was still an increase in amount of titratable 
acid although Na, Cl and volume of contents decreased. 

It was found that all net transfers of Na out of the stomachs occurred 
against the gradient of electrochemical potential for this ion. Similarly, 
all net transfers of Cl into the stomachs under conditions of no Na inside 
took place against the electrochemical potential gradient. 

When net water transfer is plotted against net solute transfer a straight 
line of slope 332 m-osmole/kg water passing through zero is obtained for 
stomachs of all ages studied. 

Thus from 19 to 23 days the foetal stomach is solely absorptive in func- 
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tion, the primary process being active outward transfer of Na at a rate of 
about 0.8 p, equiv/hr at 23 days and 18 ju. equiv/hr at 29 days. After 23 days 
HC1 secretion is superimposed on the absorptive process, active inward 
Cl transfer being involved at a rate of about 1.6 µ equiv/hr (at 29 days), 
All water transfer is accounted for by solute transfer. 

Menzies (1958) has shown that the only cell type present up to 23 days 
is an undifferentiated columnar cell, the oxyntic cells appearing on the 
23rd day onwards. Thus active Na absorption must be associated with the 
former cell type and HC1 secretion with the latter. 

This work was assisted by a grant from the Central Research Final, University of 
London. 
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