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NaCl infusion. 169 
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Fig 1 �2• Urino ' excretion followilag intravonous 1 .5 
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Us 1],. Ur:l.ne vol e and total aolute excretion foll()\'d.ng 
i�vOJ!0\1& 1 .;n 1 in.fuaion. 
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Fie 1lt2• 
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+ 
Urine K exe?etion following intra.ver.oue 1 .�u KCl 
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+ 'Plasma K content .f'ollotdng int• :vt:tnoua 1.e1• KCl 
infU.sior.. 

Urino ·a+ excretion followin8 L-rtn.venous 1.0M KCl 
inf'u�ion. 
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Urine total solute excretion followina intrsv �ua 
1 .0".: KCl in:fuaion. 

F1& 148. lt latitre plasm volume ana Cpla 
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At the preaent time, the...,.,.,. o� New �-ealsad te largely 

clepeadeftt upon the heal. th ana well-Miag � Ule ruminant tm1mal. The 

� to ether di se:a, is � CODBtderabl.e import&D)e. Deficiencies 1D 

our kDowl age or water ana electrolyte etabolia in tile raa1DaDt haft become 

principe.l c tions eoc1i aDd pot&sai • 

h a entailed 80118 

�a in +.he water and electrolyte eoonom,y. In adapting to a d1£t of plaat 

material r1oh iD oellul.ose, the;y hav deftloped a 18l"ge fol"e8tcmach, the 

reticula-rumen. where s,mb1crt1e population of bacteria and protosoa is 

maintaine4 and xploited. ticrobial fe�:aticm breaks down plant cellulose, 

ana eotmtrta csrbohyc1ra.te t.o .-olstlle fatv ida, principally acetic, 

propionic 

aa an eDeJ'D aource. Jliorebial pJ'Gteift 8Dl oertai..D vitami-ns 

Uable fUrther do . the gutft-1nteatiml tnot .  

the llift!ftJftea, 1a tbe 

a1n 500-800 
extracellular f'l. uicl. 4aily cU.&eat1 w c,ycle ot aali 

invol double tbla ..ant r4 •la +. 

ot th18 



a.tpftiw oyole• OOUple4 eith the lDir a+ -high x:+ coateilt � e diet, 

u. 

-..ata that the 2:llml hu ef'tiolent hcaeoat&ti 1I80han1 la operatioa. 

\\'hether w :oot these ar 1t1entioal with thoa aeen in othQr apocies, ar lun'e 

teatwea UD!que to tl1e runina11t, ia not olear. WhUe the eD1arged cllBeati-n 

prestmoe of tll8 fttioul&-: m1gbt OODt'V B dui"1Dg 8 of atnaa, 

when naaen fluid 08.1'1 'be called upon aa na ne of and el.eetJolyte. 

DUI"l..!lc deh7dration, the ECF Od draw upon pt tlutd.e ( ufarlane, MorrU and 

� 196:S; 'ft , uc!t...Ol.Ma am Ostwald, t964); OD! 1"W11m torma 
a Na + eton whieh can be drawft ape c!uriDg reduaec!. Metary int1tke (I>e!rtctn. 

1957; Key aDd Rob , 1963) • The :bill ty to repair :ter aetici t of up 

t.o 1 .. boq wisht (m.ore in ce.l.a) withicllliaatea uoUl.d be 8D dftmta&e 1D 

the :tural zwil'omeut. 

Inwat.taaUcm iD rmr.hvmta ot tb& Oftftll regulaticm of 1mter aD4 

electrolyte Jtetabol1 bAa not been extaai • oat of' our Jmowledge haa been 

CODmo!�Y, tt. lonpr te at!jubtielde to diet_,. det'1c1 noy or aupp1 Dtatilm. 

or to al. sl CODditi baft been followed; leaa ottea, 

abort-tea water aac1 l�l.yW redi.etr1lrutt tmcl macilbe:IU.-IIma ot elia.Uiation 

OOJJtaeJ"9';at1on ln � pb;va1ol ioal ai� been u11ea . • 

s-e �lea fit tlle di&estift 1:irut, p81"tioulerly 

regi ot · t aM1 8111 ebJiellpti • aa the iea of J1lleD · 

epit.belial ·traaaport b 1dantifie4. Howwu, lD aaJV' ·Cfl4e& the 

patioular experill llt$1. . icma 

'rh , net tnuport ia cs!IDD· : my eetimatea uain« a aimpl.e uticm iD 8ll 

'DI'O�me pl'On4ia8 iaolated, eaptte4 clwaahed 



w. 

properties (V&UOI'l Philltpacm;. 1951; rm.stro.ng, Bluter and Grahem, 

oondit1 

1963). �Wdiea iB tm 1ntaot an under pbyaiolo,ioal 

preeent practical d1ft'1cul ties 'beoau.se ot th ooutilluoua 1atlow 

ot 1ft art4 outtl w to the 

of tla coatents 11l c11£fel'Gnt re&tons of the ret1-cu'to-s11lltm. Accurate 

eatimatioD of tbe r'Oiaell vol at ttrfiY particUlar time is not ar1 s7 tallk. 

Direct \ts' -total 1"81DDftl baa a liaitea plication, marker 

tilution is only aoourat d\1riJlg peJ'io4a ot relatiYe OOl!lStrm.oy. In a&lition, 

oortOe:Dtration 1a nquired, al thouah a urd1'oftl electrolyte OODCentration iD 

tbe rtaea iiJ not uaually a �1ological nalitJ'. 

preaeDt tbeais is ocmeei'JKtd nth abort-term transfen, eapeoially 

tv ad eleotzroqte vementa b.etaerl the OODtenta t4 the �icu1o-rt111181l and 

bod.,y fluid ent.s. f!he rua:I8A Water an4 electrol.J'te statwJ traB altere4 

rapidly ill wqs: by once-dail.7 � tiDg ereby there • net saia in the 

l"QD n at tbe npenae of bo� fluids; 8Dtl. b7 irlfuaion of lmown amcnm1� 

eleotrol,W. &&in 02" BOl'Ption from tlle 1"\\lleD 

ob mng ,ohengea 1a 'U'1"1t&a17 aaNt1on anct 1n blooa compoai tion. !he naea 

it 11' hu rt that advant-ages at dlrect 

MdUtib&DOe 
rel :tiw pl 

lli'GW•�nec� by tJie ·tMbtal &111 by the 

II&Ullllli.L aauaea by tile btg. In tla � ebe p, 

est t1o 0811H· ��110. tna tbe PCV CHb.J. 

UI"Ule aooiate4 a ai.Dgle aas.:q � 4 (Chapter 

2) haft OODf'i.ne4 n itiona ot Staq 8lld Brook ( i964.) , antl 

·Amttid with late!' Othl. 110Plmt1cma f'l'om t up. An attempt w 



water. 'l'he relnance of tho• to Tariationa seen in ad 11h1tpm f'•d antJMla 

was .....Sned (Chapter 3). 

Prior to the present expcr�nts only iaol ted tar M.d eleotrolyte 

iatuaiou had been pCJI"fGl"'led 1D rum1118Dt.a {5 llera QDd Roepke. 1951; Lyao-.. 

1·960; ADdvaoa and Piekering. 1962&) althou&b more reports haw appean4 

wb.Ue tbe a wu in progreas (Potter. 1966. 1968; Keynea end Harriaon, 

1967; �. HaJ'I'iaon 81'1!. Jte7Daa, 1968). A eeriea of 1ntrarlaiDal 

iafu•lcu of water, N C1 and KC1 hu been Cal'l'1e4 out (Chapter 4.) • 1Dte8ft.t.d 

with the intraduodenal intuaien of N&Ci (Chapter 5) aDd the intravenoua 

administrat.ion of aocl1un and potaaai• ulu (Chapter 6). It .ultl: appear 

thnt, w1 th +.ha aoeption r::4 aodi•• net ter and electrolyte moftments 

Should thia be ao, then &Mtn80I'y re ptora in the f ma.y be iavolftd 

only i.J1 reaulat1ag the tuactiona o� tbe dipsttw trect itaelt, rm4 not 1D 

the oYeral.l regulatioa � water ana. electrolyt metaboli • Thus, the 

homeostatic meehani tn the rumilmnt may cl.osel:y approa4b tno• in the 

liiODOga.tr.lo than would be likely U' the Jl permitted freer oxchm:sge wt'th 

the 1atenal boc\Y' tlu14 .• 



'!'he outatuai,. aaatadcal feature ot tlle rumlaaut digeetiw tract 

ia the large stomach made up of tolD" oomp&rtmeats - the reticulum,. l"\\DDD• 
oma.8UII am abotlu • The retioulo-rumea. commcmly referred to tor simpliolt.J 

ea the .-..ea. forms a large fermertt&tion ..at. Fenaentation coutimlea ill the 

omuum, whloh also is p"1'0puls1w &md .-ptiw organ. The is the 

only' compartment to have a aeereto17 epitbelie, llhieh to � 8UV1o Juice 

This tbeals ia concerned with the wat r and e1 cbol.yte t� rs 

in sheep ocmeequertt UpOD el ter.t.ng the r1B81l compo81 tie by once-daily feecliftg 
or electrolyte eilmiftiatnttioa. -rhia i!Jt't)lwa tne'MIIlents acrose tbe m'brallea 

separatiJig aeftftl. boq :fl:cd.a compartments 1a the aa1ma1 .  Relft'ant topics 

M'rtewed 1D tbta chapter i.Rolude absorption from the digeftive tract, ptD"tic­

ularly tnm the retioulo-!UieD am omaa • ah.itta ot . ter an4 electrolyte 

between xtraoellular ODlintraeelluler eta, ·eM tbe ham oetatic 

cbam regulating e:&OI'&ti� o£ the prinol.}>&l electrolyte• a bo4\Y' 
ccmpoai tton. Apart ,.,_ lav.mlet1ge of i.U.ucl mus of the l"\11llii1ant 

dige tift tract. st � thla 1 haa obtained ill aoa-rtliDi.Dar* 

apeoiea. 

!a �- foUo'ld.lla the applioaU of preciue itvi • 

oeuideral);le acmm a haw bee de 1l'1 tho s ·· a:r o£ •lectnlyt tr&JliJPOJ't 



lJ:IICJft acroa-a m.edJ!'alles by fift meohtmiama: paaet• d1ft'ua!.on, aolwnt ctnc, 
flacUitat a dittuaicm, o.otive �em -� Mf'tuaic.n. In retro­

apeot, mueh f4 the em!"licr rk cm water eel electrolyte tracaport in th• 
patro-in'teatiDal tract is 00118idend iDeonoluai •• beoauo .o£ incomplete 

data on ion eoti'fity, electrical potential and the effect ot solvent drac· 

'i'hi.e wu the cue with · 

CODOeDtration �ent 
stuatu on the naetl, where monment � a 

s couidend eYideDCe of active tranaport. 

2. 

t �port o£ ter aaa e1 cti'Olytea aorou tbe rtaen aucoaa has 

usually been aetectea by oae ot t¥40 tbocla: �• or ccmcentr tioa 
411'f'eremea 1n arterial naen JI)WS blood; «' meaauremetlt of �a in 

campo81tion of !'UIIIe1l fluid. Both the• ae o .,-t be couidered grus and 

1.nairect; diftct me�nts at the cb.a.racterl ic.:s of the epithelial Jlellbr&e 

itlelf haft not aible in yim. The p:reparationa uae4 haft 1 lude4 

tmimala with ohroDio 

the ieol.atecl, 
aoroaa the membr 

epitbeli • 

1'1 f'latulu, l"\\leD pouchea, am ih aeut8 8� 
shea J'\ID8D. flore recentq, studi of treaaport 

it U' lur9e 'be a"-Pted, uaing sheet& of atripped 1"\aiBD 

1Jhlle . ably aetiM quately tbe aractel'1atica 

auld preel . qtltllltttat.ift ot r\llell eleobol;rte tracaport, the · Pl'O &UNa 

8C0"'"4.f'• The pre-ttoe of tbe anillal or t1aeue appears to be an iaporiant 
4eterm1Mat oE the eubae rate ot abaorption. F :ttq aoid uptake can be 

4epre·aaect camnilatton or tbe 1"188 c1..QP ( ana 

Ph1llipeoa, 1'951), 'by sat 1IUJ:d out, by lea'ritlg thct ea N.llecl \'d.th 



ael.i• � (Aeh tmd Dobaon, 1963) aiJd b7 atarratioft (AI'IIIJtroDg et al., 

1�7). In their a'tudie of isolated r188D epitbeli· • FfJ.l"Mil'a, He.n"iaoa 

and. Keynea { 1966) tolmd that f• a bl.e preparation the tiG . uft be 

epitheli� atreotea the eleotftcal potetial aeroaa !sol� prepaN.tiou. 

Uptake o� Na+ tftlm aol.ut1oas b the 1"118!1 as reponed by udelll, 

Jfitchoock, •anball tmd PhUlipaoa (191.6), on and Phillip (195i), 

Sperber ed ft1den ( 1952) 8D4 Parthaaantb7 an4 Phillipsoa ( 1953) • Dobecm 

( 1959) t!emout ;teA aoti -ve traDJipOJ't ot a+ out of the 1"WMm apiJlst both a 

con eutration 
also bMn ob l"''ed. in 1solm4 sheets ot rgaer& epithelium � sheep (Ferreira, 

Harriaon fUll �ea, 19£4), osW..e a1J4 p.ata (S"tneu. 196ft.). Ferreir& et al. 
(196ft.) toUild tM net Na• ti'8Jl8part aaoae ieel :tea llhe epitbeUum waa 

sreater thaD iJuUoate4 by the abort-oiJ"cult CUI"'J'ent. An explanatioa oft> :red 

by St na (1964), who wol'kel witil aimUar l'J'8P ion frGID cattle aD4 

s ta, is that pan of the N + ia tftn8J101•t84 by eX'ChaDge d1ttusioa or aa 

aod.im obloride. 

been fo to 

be ill aeeoriuoe eel padlent. DepeMtng apcm tbe ill1t1al 

ooaontrati , it oa be ab the � th1• padient 

(P. asaratbl' Pbi111pao , 1953J Do\acm., 1959; � 1961), or uo•ulate 

iD tJ. flut.4 up to QU qutlibrium ftl rtw tiaa the plaaa le 1 
(Sperber &D4 " , 1*). Perreira f' al.• (1964) obaetted net f'lus of 
x• tNIIl l.a aidee 111 the iaolated. epltheli1 ot eheep. 



Chloride oan be absorbed from the 

aeainat 

Phillipacm, 1953; Dobsan � Phillipson, 1958; �. 1961), but by virtue 

of tbe eleotrioel. potential, thie absorption 1a doa the eleetroehemieal 

gradient (t>okon Ph1111peon, 1958). '!'he ctireetioA of �lit ot et-

depends upon the concentration in rtmefl f'l.uid. At low rumen Cct-J, et­

enters the nmm contents (Muson aDlt Phillipscm. 1951; Partbasara't:h7 aDd 

Phillipson, 1953), but when Cc1-J exceeds cme-t"hil'd the pl conoentratiOD, 

C1- is baorbea (P� aDCl PhillipSOD, 1953). Some C1.- uptake may 

be aot1 ... : Dobacm ( 1959) %1!p0Pted small IDO'I' mellt � Ci- against the eleetro­

ohem.toal. ,radieut men {"K+J raised aDd ["Na + J lowered in rumen fluid; 
Steveaa ( 1964.) Mtecl aetift l!l0ftm8D.t of' C1- tnm th& lumen to blood. ait!ea 1n 

1 lstea c ttle g t rumen epithelium. 

Aah end Dobson (1963) haw 8howD tha't the rmea epithelium is 

permeab1e to both co2 am HCO;, vhi.ob diffUse dio1m their electrochemioal 

grad1 rrta iD either 41reotion, but tbe permeability to u• 18 lo • They ob-erved 

that, iD the o£ VFA, {"co2.} s :ter an4 cuco,J lover iD ruaaen 
.. 

tluid the in pl • Duriaa VFA absorption, HCOJ a.ppe diD the IWI8n_ the 

amoUil't 4epen41Jt& on tbe PI ( · aon 8Dil PhUUp.on. 1951 ; Dob a, 195'; Aah 

aD4 ebacm, 1963). A• am Dobaon (1963) beline t at near :neutral pH, 

eorpticm of 

... unioDitll4 htv aoU, aDd aoea DOt repMaent nco3 MC!IN'i� tnto the IWI8D· 

ept li (SCU'i.lbPtok nn4 , , 1951; Parth88al"&thy_. Gertor1 and Phillipeon, 
1�). tM aet tlux 1 .sm.a1l (sc�ok aDd • r, 1951J �end �a, 

1952; �. 1961). 



to be ..U, � (196-t) uae4 PO� as 

of 1"UUDeJl water aorpUon. 

Water mowmeJI't amooas the rumen well eppeara to be infl'GfmiDed 'b7 
osmotic p-a4ieats or coupling to solute movemeat. Water can be o&Oftecl from 

bnotonic or laotouie soluticma placed ill the laol � rumen er I"\ID8B pouch 
(Sperber aDd�- 1952; Pm'tbaaara� aDd PhUlipaon. 1953; DobSOD, 1959), 

1lherea.e !Jnertordo aol.utions gai11 water (Porthaaara� am Phlllipacm. 195}). 

However, in abeep ana goat& the rumen oontenta 0.811 be maintained hypotcm:lc 

to plaama after 8eftl"&l hoUL"s et ta.sting (Eilplhardt., 1963; wam.er and Stacy. 

1965; Tel"BBUth, 1"7). In 1Dtaot sbeep unted for 2-12 hours, �n (1961), 

uaiJW pol�eue glycol (PEG) aa a rumeJl 118l'ker, at1mated the rate ot ter 
absorption !'1"011 the rumen to be ot the order of 0.15 1/hr. Using Vitiated 

11'8ter, Enplhardt ( 1963) f'otmd that, al. though tbt rumen DUCOSa aho-'W8d 

couiderable water pezomeabilit;.y, tbe net flux waa amall . 

An electrical potential tiffereJlce (P .D.) exists across the rumen 

wall. UDllar �e-a 1 ls Gf the or ot 30 , rumen contents 

neptiw relatiw to blood (DobsoD aDil PhUllpaora, i958; Dobscm. 1"959). le 
.!!:fR, the ntial M.tfel'enee can nboU.abea or mer: d 'by filling the 

ranen with tv (nob:aon_ 1959) J 1p !1!ro, both potential the abort-

ci:reuit OWJWtt 801'0 8 iaOlated epitbelila are aboliabe4 in!" +_hee uowu.u:a 

(PeJwift, BarrieoD a Keyne • • 966). '!'he ma&ntt · t:4 the potemial 

dift"8J'en• 1a relate4 tD the relaUYe �ons N.· + aD4 )(+ 1ft the rtBa1l 

tluid. It 1a 1J1C1'188884 1!1Bea Cr:t +J ia ft4uoea fJft4 cx+J inonuecl 

by illatUlect eolutiou ( soa, 195'), ohUgilrs t.be 41et t"ram ba\T to gnaa 

»ob� 1960), lo:a f4 ift ttwoqh a ps.retid rtatul , or adrenel 

llara aon ( i%0) Scott ( 1966) 



to: tbt tba P.». negatt...-eq OOI'ftlat with CN&+J aDd poaitinl,y 

correlate4 with cx•.J. 

Although t!ie naett ['Nat-J aa1 cx•J were themMJ...u �Yel.y 

oorzoelll'ted, yet Sel.lere ana DobaoD (1�) oMaine4 no bet ftt wtth a 
multiple eonelatton than with P.D. . {Na-+J &loDe. ft"l"eira• HarriJJOD• 

ICeyDu aad Nauu ( 1966) � the intenot1on ot rusuen ("l{a + J ad {i +.J 
OD the P .D • by t:lsiftg the oort.oentr&tioa of OM et the tons 8D1 � tile 

otbe,- l �utiou . . Saotoate wJ.th 81aD'OM. !be 1al � 

11Dearly wtth i.DDJ�eaa1ltg {'Na+.J logar1t.hm1cal.ly with (X+j. al.thoU6h the 

eft'� of �· in {K+J wn peater than ob&Dge• iD [*r:la + .J. TheM 

nBken .estea tM neptift CJOJ!'n'laticm ot P_.D.  with {*Ne.+J NpOl"te4 by 

Sellera ana !)ol)an (1960) ea! s�t {1966) oou14 be the reBillt or the 

+ + 
iDteftO'tione ot Na and K • 

2.  

tbe 

not been 

elJ -� AIUiftPI'r!:iaa depcm4a 

tb time. 

tme. but the re.�..B'Q;'Ire PJ'OPU'ti•a 

the r.Gll.CJ.LDgiGaL oblreJ"91lt1.cme ot 

Beaste ad 11UUp ( 1957) • -the 4\wct flow uld appear to be 1 • Open 
aa !ouotr.aari ( 1961 ) ulatea tbl 41Not flow to ( 1na �le 

sl3'co1 .. • ll81"ker) . 
MJ.eular tl\d.4 aaa 

high ae 87% ( coap � of 

al. outflow) • • -s.a tbl. inftDtisatioJl the 



those ocmdlticma , th rate of absorption in the omasum 014\Y deo aee . Fluid 

abaorpticm 1ft the omasum ha beell estimated. to be of the a order aa the 

vol of sutrio 3uioe Mea ia the abomasum (Hyd6n, 1960J Ropll, 1�) 

and aa the volume of oaliva (R&Yfta end Boat, 1957) • sal sorption 

may be relatively loa import nt in p eatine striet 4 unte of h� 
than 1n ep eating ,;reeu fodder or l amounts of hq (Hogu, 1964.) . 

W �er ab"orption t the \Ill 1'18.0 inferred frcm the oompo ition 

of aempl.es t n � aeveral oompertmonts of the foreatomaoh of laughtere4 

sheep. G:rey, Pilgrim and Wellw (1954,) used the Vl18ntn ratio, ud Carton 
{ 1 '51 ) .found higher ('P 1.] en C soluble rigj 1n the cmaaum than in th runen 

� abomaa\.lll. Oyaert and �ucka.eri { 1961 ) found oe:uml outflow had a 

10.2Q't. higher pol.yotbylene glycol concentration than rumen liquor. 'l'h a 

authora tnstUled tlutd into the lig ea., W8Bhe cma.stD, o.nd showed a large 

absorption of t'later, sreater t.rom dilut DOlutions, ana. 1 unta ev n 

tfOIIl 1111 tl� �penOld.c fluta. 

An eleo-brical poteDtiel mat b tw on t;JWta.ucu. 

blood, stm.Uar in �twtc to that oro the t"tlaen wall (Feft"eift, Hvri OD, 

uvnes aDd , 1966) . Vol tu tatty aoida be e))s 4 iD the oma.ana 

oap • of 680l'pt1on ot 11 l.yte� repon ot reowery 

of aco· th 41goata N�o the t10il ot 1 1ft the ; tlu14 ' 
leari.ftg the um bat higher pH. higher ("Cl ... J at'll lO'ftl' ["'mo;,J thall 

.-..n liquor ( 8011 PbUUpBOD.t 1952. o_,a.rt • 1961 ) ;  and 

("e1· .J .t• ("HCo;J lo a tb.nb oom a ot 



a. 

el� oowe (EJ«aaa llD1 SpeJ.1.Mtr. '953) . o,.rt .a B� (''") 
foUilll 'the abaorptioa ot eleotrol.ytea troJa solutions 1n the Ugatea.� -.abed 
omeaum depeDlel oa their lni't.ial COI'I.CefttratiOl'.Lo The ('Na + J deoree.eed if 

initially greater than 100 mg/100 ml, but i.a.cl"eaaec1 11' 1. erJ the {'er .J 
4ec.rease4 it initially above 140 mg/too m1 ,  but � 1f below, {'x.+.J 
end {"coJ �. but al.l f'ov 8bon4 ab�ion ill •at o�a because 

of OODINI"ftt1t wa.tezo Bba.orptiou. 

ab801"ption is ooaaitl reel ..U. 'l'hia ta probably justif'iel ey sueh stutiea 

aa tho b maa by Jleiimloier. ·Code and orris (1957 ,b) , who ebowed that the 

aei4 eeoretin& 1IIUOQllta ottewa o. barrier to a22 or Na-»+ abeorpti� al. though 
some took place in the antrum, ae1 that atoaoh water absorption (1 llecl 
nth n2o) 1188 about one-teuth the small intNtiiJ81 rate .  

'fnrlaportl PI'OPertl• ot' inte tiaal eptt U with .-eapeot to 

water aD4 eleotnl.yt,ea bee eatabl1alle4 1a llfmli'ftt!IJJlftJlt epeciea by 

eanf'ul expe-l"iileatation. 'both *P :BD aDI. lJa !1'D· Stuai • rud.rlanta haw 

• ditf'ereat type.. &lftJd o n11 rqlon of net aorpticm or 

cbaluter1at1ea fd the epii:hel1 italt ue ei•Uu to tboee iD tM peo1ea 

alreaq stuaiecl. 



{Curre.n aDd Solomo1l, 1 957; Coopereteift ar¥1 Bro.ckmaft, 1959; C\ll'T8D• 1 960; 

Curran end Sc!rrmrte., 1 900; Clorkson, Cross 8l'1i Toole, 1961 ; Schultts ead 

• alusky, 196lta) . In tbe Uet11:1, Na + truapozot is gluco�deut {CUI"fttll, 

1 960; Sohults ani �alusk;y, 196lt,b) 1 aDi the transport of Sugar8 arJ4 ot emiDO 

acids iateract ill atimulatiztg Ne+ uptab (Craae, 19()2;  Bur.y, SD\Vth aDd 
+ 

In th colon, Na trtmaport ���V 

be hormoJWll,. inareaae& by pitftUiD (Bllokenatatf, 1 9,._; Ussi.Dg, 1957; 

Aul aebrook, 1961 ) ,  by �1't1eoate-l'OJ'Je (Be�pr, Kansekf and Ste.le , 1960) 

and by al&»ateroae (Levitan O!ld Ingelfitwe, 1965) . 

oat Np01"tB ind1cate pahive mcmtmeat &ml the el�oal 

g.ndieut for x:• (Cooper-stein and Brocla:DaD, 1 959� Cl�son aDt!l Rothatein, 

1 960; Gilman, Koelle end ltltchie, 19,,;  Phillipa md Code, 1966) au:1 for 

C1- (Cooperetein end BrookmaJo1. 1 959; CoopersteiD J Hogben, 1959; Curran 

aM Sohwartz, 1960; Clarkaoa !t M·· 1961 ; Schult2, 7-aluaky ana Gas ·• 196#..) .  

A tt!lfl d.e-Nribe aO'tift tnmaport f4 tt.ee two iona. Edmoa:ls ( 1967) beli 4 

then 
+ K BeOI"etion into the J'&'t colon in b1a experiment&. Aotift 

1957) aad Y, ri'D {CUI'I'&D, 1960) • Ttc!hall. ( 1� )  

88Ciftt1oD 1D the dos tzoca.ted td.th eholiMrgio clruga.. 

-
A.otiw HCo3 . tt. pt l'CD&D 

Rotuteill ana Cn ( 1� ) fouad DO ericlenoe fer aot!: 

Uetlll, but Cooper. ia 

mcn!8m�mt 1Dto iaotomc B&l ine in the 

Broakmlm (1959) ..U• Reo; 
Cnc'O;J in 1nat11lea 

equUibri quiv/1 

in the prodaal Jejunum, and Bl"'tD! 75 quiY/1 in � dlsta.l Ue 



10. 

Watel" a1aawptiOD f'rom ieotonlc or hwotomc sal'lltion.D appe8ft 

eeooDd.aJ.7 to eolute ab1SO:I'P-'tiom it aeased when aet il.ut ttevemerr.t waa cero 

(Cutftll at'J4 Sol.� 1957; Curran &!ld Schwartz1 1960; � 1960) ; 4u:riJJ8 

iuteatiml 1 n. Olld that ab80J'bed &Cft&S tlle &!'! rt;tm i.Jltestine aDl into the 

l,mph nmainecl iaotoaic (Gilmee aJ1il Xoe11e, 1960; tee. 1963) .. 

Water absorp'tion been oba rrea hom �rt.onic solut1ou in the 

dos colon (Go1dachm1dt aD! t>� 1919) aDl from rat small intestine {Paraone 

aat W1apte• 1961 ;  Anmgcn end W�iel.a, 1�) . While the · adVerse oemot1o 

gaMeata euld not normally OOG.tlr .in !1D, tha&e aeewations seem to 

1Jrrel1aate paaai" � ::""cent . Hownrer. CUl"l'811 { t960) poatulated a 
aerial memb1'8De � wbi.ch T101l14 e!mit pass1V1 tar �& against 
adTcrn gratienta. aD! 11nkage to solute • 

Although both .ter pel'l!leabillty 8lld bulk ter fl<m are lower iD 
the Ueum an! colon thnn 111 tbil· duoBu �e.,__$ the £ol"'tler ppear to be 

absei1)1Dg • • tbe latter equililtNtblg gmoat (Vi cher, 1951J 

f!iMl.e eat Code• 1 962; CrirA, 1962; 'Fo:rdtnll, Rector• Ewtcm. Soter aa\ KiJ�aesr, 
1965) . J'lulda iut1lle8 ir.tt.e the a· .te� rap!dl7 equllibrated 
to ieotoal.olt,r wtth little &l>aerpt1 but lD the 11eun cololl liSt 

ab t1ea (Hindl aaa c , 1962) • 

hperiaeata OD nainaata ,_.,. aet1acl rea;iODS ot at: awption or 
eeoretioa ia intact a ft the eft'ti ot patrio: �. bUe, 

p&ftOJ'eat:le Sui. &D4 80DCUS ezmtri.oue · ual7 with 
the SOI'PtioJl ot :tor .a alectnlyte.. G-eodall &w ( 1965a) oolleotea 



large uata o£ + 1 C1-

'l'heee authors (Goodall. afld Iea.y, 1965b) have al. cleacribe4 the cbaDee ill 

[i + J I ex.+ J ratio at sneral. left! ot t11e 1nt ine o£ abeep clurir.-g 
N + depl.Uo aDi Na + or Jfl- �ioD.. tt;yd8'n ( 1 960) iYlt�IHI 

and eleotrolyte t;nnatezo from � or t 11" eontent in VU'ioua prte et 

+ + c - = £.&..- _ __. 1Dtestiae, large upteke of Na , 1: , 1 , POit. ud water 1e \lu;r ceeeta a.uA 

Pft)X1flal eoloD• eDl 1\u"ther ab�ioe ill t . NS't td tbe cOlon. 

the taeeea. 

n. 

tou. s 

+ 
littl.e K 

1Jl Yariftt7 of �-al. abl pathol.OJJ, 

eom• �·�·,..., lJit.ft�LI:ule parttolpett uta or alb'l• durirc 

tbe aaad.Jautrau on of el�ea-. 



waa uob&Dge4 tor intraa&llul.ar Ne+, aDil 1 !f� � It+. Intrav�� 
ma�4 Nam:o3 'btlfrerecl 68c� eztnoellul.arly end 3Z� by cella - 2-

ot tbia beiJ.ts Na + ained by' the oalla 1D embaDge tor n+. ReapiratoJ:7 
aolc1481a and albloai a bu«ezoe4 al..I!Dat ent!rely by cell butfen. 1>uriag 
the idoaia, 37fo was accounted tt# by oell Wa + 1J,% b7 cell x:• ·� 
tor extraeellular H+ • all4 � by pene'b'atiOD at Cl- int-o �·· DuriDg 

reepirat.ory alka'loais, 1$b of 'tnlfrering a cell gain ot � a•, tUid lC+ exchrmge 
for cell H+ • 37'%> we buft"e d by c:t- ad 3 \y lactate. YODbimura, Fujimoto, 

haft 1'&11 

Si r, i951 ) .  

aitdlarl7 ill aa iD the dog ( Sbg , Cluk, JA'Pinn-• Cl'oal9 

1955) . ID rat diaphragm il! UP. acwso 



mueole X"" t 111u'eaee4 Na + at2d et- ooateat to a a!milar extent, aDtl left the 

water conteat UIIDhanged; exte1'rJ81 alkal.oai.a increased l-la •, K+, ct_- aD4 ater 
comeat, but Ci- less than Ne.+ (Aal&r, ltoy en4 Relman 1 965) . 

CODBi4enble attention has bean given to the irlrer8e relationship 

'between b1 pH and plasma er:.• J a . m both intact De.phreotGiaitecl 
aaima1 a (A , tewta 

KeafWts-. ehael ...... -. 

Apparent ...n1ot in 8Gae ob&errntions baa aria&D from tm sourcea: lcmg-ten 

cbe.ngea 1D total '*\v x:+' aDd the ini:tiol trtma1en.t 1.Dcreaae in plasma ex.+ .J 
iD J'eBpirator;r nlka\oais. i'bia latter appears to stem from a d1Yera1ty 

f4 K+ tranaf'&r reapcmaaa to lowered peo2 in ditteHnt Uasuea (J(J3Jl8:r, 

Dane, Youns, C.raise am elt, 1955; Petm 

1965) . + K emretion in obroaio 

2. 

roi4 
+ thel'apy with l K aiet, or t loaa ot . Ml tlul4a, 

reaul t• 1ft low p1 ('K.+J., low mWICl.e x:• �. %tftcelluler bypochl01'81t1'Dio 

alblo 1a., BD1 int:noollular ia. lt+ ia pu14,y rep]. by a• 

c amino ac1 • pf.ll"ti � lptna, aDd the � at rmt/FI:P a+, 



and Betman, 1952; Orl_of'f. K� tmd BerUner, i953J De.rrn !$ !).. , 195l; 

F..okel ,  Pctpe aD4 :orris, 1 9�; Inine. SauadeJ"e, MilD& and c�. 1960J 

HudaoD sad lelman, 1962j Gnmthom aDd Scbloerb, 1965) . Although iller 
et fl• (196.!1) tane4 to fiD4 intmcellular ac1do8U in K+ tletioieat m'fJMle, 

others htmt d<m.e so (GS2"dMr st Al•• 1952; Irvine et 9l•t 1·960; Rubou aDd 

resul ta obtainea: by ti88tle aal,.aia ot depleted uimals. C.ooke et al. 

( 1952) tml Orloft et IJa• ( 1953) toUD1 three x• were replaeed by two N +, 
lthile Irnne ei sl. (1960) oaleulated folJl" x• for three na•. 

DOCA onJ:s produced K + 

depletion when a+ � wo.s e.tequate ( Seltin, Welt and Cort , 1 951  ; ReltDA.J'l 

ODd Scbwart�, 1 952) . Duri.Dg combi.nea ld.trogu aDd K+ detlc:i:ena;y, nerma1 

pl anl1 llWSCle � oompoai tlcm WY maintai.ned, probabl.y "beoaun 

cell ea'taboli released enough K+ to llaiatairl nermal levels (Muntwyler • Griff'in 
8Dl Al"b4s, 1953) . D� K+ dapletion. Na + pal"t1al.l¥ "Pl· K+ not cml7 

ill alr:eletcl. llWSCle but also m CU'41ac muao1e ( ONDt-Kri.le.e eat eCollaa. 

�1 ; •J'U'• Grunert, �eppl.in, G PhUlip • 1950) , 

J.d.c1zMJy (�• . UcCoUa,. 191.1) otber •414la ( Dni�iua, 

Levi'tin, Beck aal �pate in, t960) , 1 a 1ft ap1eeD QDll 1 , mt iD Uftl' 

aal bone (OJ!elft.-KeUea cCoU-. 1 9'.1 ) .  

+ 
a 



prod..t la J"llldnaate by le&s ot parotta aal!.ft (Deft'tcm, 1956) . In all but 

the most. &eftre states, l ose o£ Na + is pritaeipally f'rom t ECF, am is 

acuompaniect by 1 .  of water, some of which enters cells, �iltg their 

voltae a reducing their osmol.Aliv (nenw ana Yarmet , 1935; Laden, 194.9; 

aharro, Spenoer md stoara, 1�; Jteyer t$ ftl., 1950) . A l.arge wa• 
+ 

defieit, pt'O(lll0e4 Oftl' 19 weks in rata, waa aocompam.ea by marked K 
reten:tion (OreDt-KoUca aad MeColl , 19'.0) . x:• intused. into N +-deple'ted 

. + 
dose 8how4 low r ezohonge w1 th lCF Na , pJ"Oclucing greater incsre Glib in 

plasma CK+ J tNm in normal dcga (Laragb ·aDd Capeci, 1'55; Andereoa OD4 

Lanp_, 1958) , probably because cf cel.lul81" r.• aocnaul :tion. 

Jd.atraticm of varte-ty of 1 

at different r tea, and acute ODd llhrord.o experimellts have been pe:rtoned. 
+ 

It might be that larae K lo aeli rea rapidly, partioulazol:r in nephreetom-

ise4 a, woul4 haft at.ftenn\ etteota f'l'oll obronic high K+ inteke� 

aD! lower (Hco;.J iD the la" !t 

(Lan8b 8114 Capeci, i955)� 

Two lt+ ateNd tM oel1a ror one Na + diaplaoe4 

KC1 111 dogs a1m1181"13 pl 
uriae ( rt.e, Pi�.., 't953) • 

Sch11U't· • (1959) ea rats 40 quiY/kg 



Co2 0011teat. KC1. �ected into atD'Ile1 rata lowe d the ECP pU, d 

ICF pH a 11 ttle, am raised mwtele ex• .J, but lees than � ·at the K+ 
erttered oella ccapared with � in x:• depletion (IJ'Yine n al. , 1960) . ltC1 
(or Rl)C1) in nepbreotomi · , normal rat prD4ucecl ECF elknlosis tm4 IC7 

acictoaie (Hudao aDd Re , 1962) • High it"'" intake over 8 in Whit 

rata r&iee4 ex.+ .J 1n all tissues without changing ("Na + J (Meyer et al. . ,  

1950 • IDOJ"e& 4 4iettUy K+ in normal Dl1lD cau.sea little K ... to be retained 

in the <:ells (Tarail en\ El.ldngtcm, 1,._9) . 

Following the intravenous int'u81on f4 b,ypertcmio sa.l.iDe 1n the c1og 
(�n aa:1 Winkler, 1944.).  the inge tion of itry NaC1 in num (Grmabl.e, 1�7) , 
and the a&sinistratt.on ot Jwpertonic wa,solt. in the aog (Elld.ngtor.t and 
Winkler, 19l.4; El.ld.ngton, trinkler am Danowaki, 194-8) , K+ fDOV'ed into the 

ECF ,  preeuma'bly from the !CF. Ueyea- U al• (1950) found h1sb Na+ intake in 
whit. rata 1n . ue& ('N +J {'K+J slightly in all U ssuos. D08s fed a 

b1gb NaCl intak � in  tile \D'1ne illtraoellul.er x:• (Reinbardt eD1 

Behren'beck, 1967) . 

ECP volume. In 1ataot dogs, lnt'uaion ot large 
WJ1 a ot iaotonic aaline (Sbirea Holvmrt, 1�) , or 1n nephrectGid.sea dogs 

ine (Iteatieg et • • 1 953} aal 

�J"' iler .Cl er tctl (lU.ntera, lema , Nabas eDl Verroeq, 1964.) 

'the 

Hol 

a lQI' CHCO;J wbile co2 proauctio cent1 

•mutioa aoictoaia• for th1a p!MIDGIJIIElDCID w oo!m4 by Shifts ani1 

(191+8) ,  who e�JG.aa tbe i4os1a dia !lOt ftdft'IIJP with a aimilar 1 ot 

• 



(Winters d Al•• 196lt.) . 

Wa.te*" mov a between the ICF nd CP whea osmotic gradients are set 

up SCl-oaa th cell membrane . Cells abrink .rum the xtcl'Ml larity 

ter. In addition, tia uea •arr in their apo 

Robinson ( 1950) totmd such difterel'lC s 

+ ... 
olutiOB: the breJ.n lost K , gaiaed Na end showetl 110 change ill �tion, 

the musolo increased their ter content anf"l Bho md re-duoed f:Na + J am 

LK+j, but the akin lost water. o , Iaom and e.bett (1965) incubated 

1801 :ted r bit retina in a 1"azlle of oemo� olitiea. Md over a rang � 50 

moauVJcg h'om isotonic! ty ob VYed water movement prodicteble from the 
+ + mo• ment with the t•a-ter, and recipl'OOal X 

ryt�ee sbow o, lll-rntmiAtrio behaviour, J� 4 from PCV chang a 

III. 

-gul.aticm of ECf OCIIDOISJ.ti ia bro t 

exoretor, i'fity of the ld..cm.n11 . In this ccctilm• 
renal exo t017 proceaaea tor wat el ctrol 

1 die ueaion in ' ction IY of to.otor oontroll 
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Fig 1 .  Arrangemen t  of the nephron and i t s  blood 
supply. The upper diagram shows the parts of an 
individual nephron described in the text. The lower 
d iagram i llustrate s the d ifference in blood supply 
to the parts of the two type s of nephron : cor ti cal 
and juxta-medullary. 



OOIIS1Jrta o'f a glomerulus, prorlmal. omwoluted tubule. par1& recta, loop o� 
Henle, distal OOJrftluted. tubule e.n4 oollactiqJ duct. The. comroluted tubules 

lie in the oortex, the loop ana oollee:tin8 duct in tm mea.u.ua a:nd papUla. 

ost of the loop tJt Henle is thin walled, except r-or the thick sceD4ing 11mb 

in tte outer me4ulla. '1'he � ot the nephron and its blood supply 

ere abown diagr atioally in fig. 1 • '.rwo type.e f/4 ne.pbron oan be 

c'liat!ngui-Bhed., depending on the fOl'll o£ the loop: juxta-D04ullar.y glomeruli 

gift nee to lcmg loops 1'11 th 'rft7 lOBS thin portt�na penetrat� deep 11rto 

the imter medulla; lhort l.oop8 eJ'iM h'om supe.rf'icial glomeruli Md haw 

ft%7 Uttle th1a loop. 

-rhe cwel:til functionh2g of the kidne;r waa deduaed f'rom the eerl;y 

studies ot elearaneaa dt'R'iq; dluresi , antidiureais N!ld solute loading . 1'he 

ne1'fU" teohniquea ot stop-flow, puab-t'low, miOI'OpUDOture, microperfnaiotl of 

aingl.e D8pbroa8 and mea.8UI'Oin81Jt of tranatubular electrical potentials ha.e 

characteri£e4 the octivit,y of regions of the nephron itself. 

1 .  S9!H.w 

Nol'lllall.7 0111.7 e ...U eiiiOUI1t of tU terea a+ 1a lost in the urine. 

A large, fairly cenattmt proportior. 1e � in tbe �11181 OtmVOlutect 

ubul.e, am & variable, regt.tl.ator:,y iD the 4f.at tubule 8Dl oelleatiJss 

c!uct, where at grdJ.eata eq be Ht up. lil aot'ption in the loop of 

Henle m•tu mec1uU.arg J.wpertonioit,' aHe881J17 �· tb1 f tin ot 

�rtom.o • 

So41ta traalport oushout aepbz'O!l to be acti ., aa 

indicated bJ' aewral ntal o'baerfttiou. ID oontre.st to the uaual 

aituaUon. a t1oa srdlot eat4b11 a the pnziul 



'tUbule (WNle tlu14 ["Na+.J lower thm pla.- Cl o.•.]) duril'lg tol 

dl.Qreaia.; thle ea be maintaiDec! 1D 1l:be loop ot Real an4 i 111 the 

Ustel tulJul aaa oollecUDg a.t ( iJilthager aad Ciebisoh, 1%ta) . An 

adYerse electrioal grMc1ient far Na + traaapwt ia pnMDt 'throughout tht 

nephnn, but greatest ln tb& d18ta1 tubul.e ( ol.GDOn, 1957; Gi iaeh, •958, 
1 960, 1961 ; Clepp, R:ectu .ODd Se1tiD, 1 962; KaebBari.an, StOckl , Gott�a..�.&. 

tmd t1llr1oh, 1963J llaln1c, Rloae aDd G1elt1ach, 19!4. 1966&) . Aotiw N + 
taMpori hu · 1n tt. ahon-ot1'W1W4 prox1mo1 tubule ol 

!Mt!£9! ( 8].u, 1961) am of rat ( � Gi.ebt eh, 1 961'bJ 

Giebtech., Klo•. hl.nic, S'UlUV&D eDI iadhager, 1961..) ,  and iD the diatal 

tubule et Netury.� c1uriDg stop 1'1 rd.oroperh8ion ( e.uae, -> BDl 

SolOIDOD, 1966) . '!'here 1D a linear relaticm&bip between retJal � 

cons ion eDd tubular N + l'GtJbSOI'ptioll (Deetlen d • 1960; ftqaen, 

Lusea &Dl � 1961 ; Tburau, 1961 ;  JW.l. AddaDd. !let um. 1961 ) . 

laCl. d water an �l'bscm>ett (Walkor, Itott, OU'¥81' 81W1 ttao'Dcmell. 1 91.1 ;  

iter, Gottaehalk aDt!. 

Ullnoh, dt 1e1 

•96'• Gt. • no 

e, 196-l • 19Q..; Litchti ld m:d Bott, 1962; 

O'DeU, Peb11D8, Gottaobalk, Laasiter aD!. Vylle• 

W�·. 196f.;. hrta. 4':1' Bbi U'UI'ieh. 196ft,) .  

�ion ot 

Okea, Soh&t 1 1959; Giebi -
. • 1961 a; G1eb18Ch, 

ta.oae et al.. 19Q..) • tltd.d 1 td. th p1aaaa 

unfter .-., e:xpvbt&atal aoaditt · (Wt.ra, 1"'; Gottaobalk • 1959; 

Clapp, Wat.oa Belt • 1963 ) o.Dd theft Le Dmiii8J.. 

tubul.ar f'ltd.cl ad pl (Wa.l.kel' tl• • 1941 ;  W Giebi • 1961 a; 

Ull.rich , !Q... 196J) . 



... � tubule N reabsorption d.oea Dot proo ed to oompletioa 

although 6 ot filtered Na+ is reabeoJ'Md DO� 1n t.h4t 6� of the tubul 

a'bl to be eel. '.l'.henfore, the rate of roab orption mu.et 1 � in the 
para reot , po · bly b ause limiting concentrations ma.y be aet up there, or 

else the punp is leaa eftic.ient. Uader noftooodiuretio conditioaa no such 

lilllittne c�tion 1 

diur sis, or micropol'fusion with iaoamotio saline + me.nnitol or retttao , a 

oo!le nt� tion can be reacltod belo which there 1:� Mt nt17 of + Uto the 

tubule (W'indlu!&ltr and Gi biaoh, 196-t a,'b; tJllrich t '-*•• 1963; 

Solomoa, 1 964.). 

h 

n excqptioft to the oosstanoy of the fre.ction ot filtered a + 

re orbea in the prox:i.mQ1 tubule r.s b()an estnbl1 d by recent micropuncture 

studies duriflg esl.J.M loa.diJ:lg. Isosmotic expe.naion of the ECF vol reauc a 

the traotional + reabsorption (Cortney, 1 , Lnssit r en4 c.cttae 1965J 

Cirkae , Dirks and 'Berliner, � 965; Dirka, CirkseM. liDer, ,965J Wateon, 

1 966J Le.ntbv&hr, lO.oee ODd Giebi oh, 1967) , M.d the more mpid the expansion_ 

the gre �er the renal eff ot (tevinsky aDd t o 1 1963) . !ley 

riedler {1 965 ,b) a the ame conclusions o� 

a ara to be h oral ,  but 

ein cone 

of 

H .-er, m� atu41ea inclio ted that the oolloid o io preaaUI"G 

gratU nts will onl3' mUior efteota. Pertu (Wb.ttt ib\117, 

tubut · re eo 

, 1959) and mamuui (Gie'bi 

ite reYersal 1n the ll01'IDa1 oollot4 o 

ft'eote 

c 



or another factor. 

" In the lec;m gt !i(l!J.}.� aotiw a · reab&orption is 1n excess of wnter 

r .ao.rption, since fiuicl entering the tiatal. convoluted tubule ia 1\'vpotonic 

to pl (Gottacbalk o.nd ylle ,  1 959; r':ira-, 1956 ; Gottaebalk, Laaaiter, 
Vylle, Ullrich, Scbmidt ielsen, O 'l)ell &.ad Pehling, 1963) . When Na + 

reabsorption is reduoed in the pJ'Orlmal tubule, loop Na + r&absorpticm usually 

t.noreuea along with medullary blood n. ('l'burau, neetJen and �-r, 1 960; 

Winc1ha&er a.nd Giebi , 1961 ; Cortney tt el . ,  1965) . · 

+ 
The oapaoi 't7 of the diat!l tubule for . a transfer appears to be 

� + 
limit d, but large a gndi t. can be stabliahe4 auring N deficiency • 

... 
The distal nephron is the site where adreiWAl steroids i.ncrease �a reabsorption 

(Vantler, 'ilde antl alvin, 1960, 1 961 ; WUd and Hovard, 19Go) . In the 

colleoting cluota, the Ul":ine can be rendeJ"ed vt.J;otually tree of Na+ (Windh888r 

and Giebiacb, 1 961 a; 14alnic et eJ.. , 1966a) , and althouGh large fllllOUDts are 

not traneported, steep gradients ou b set up .  

the u1 tremi.o:rcaethoda tb t l tt ly m1 

ooliiU.t1one or teohnique re8Ult 1n large eh ea in the results �. 

Clapp et al. (1963&) OODOl that .aeopneaiD 1MN&I'ed 

water re aorption., a+ reabaoTpticm, tram pe ter TF /P C Usoltn J 
141 .u than 

( 1 967) , uainc reoolleotion mlcropuDC't 

when a water cUureaia as interrupted 'b7 a eopreasin 1.nf'wd.o 

n r ( 1964.) reported a coaabnt fractional 
+ 

taebanged 
Gi b1acb, 

aol'ptioa 



during iaotomo and )Vpertom.o ealine leadiag. but Ludwebr, JO.o tma 

Giebisch ( 1 967) to\Uld isotonic saline loading depres ed t.b fractional. 

22. 

+ ro hsorption o� Na • It would ppee.r that the last ward is not yet vrrltten 

even on appaftlltly well ctOCumellted aspects of tubul. f'unetion. 

2. Chloride 

It 1s generally believed th t O'ftftll proximal tubular chloride 

reabsorption is ps.ssive, since both the leo'trieal and chemical gradient-a 

faYOUr C1- reab orption. there 1 pre1'erent.ial absorption of Hcoj, 
or rm3 addition, {"ct-J in proximBl tubule fluid ma.v emeed. that of plasma 

('l"alker �� al . ,  194.1 ; Giebisch, Windhager end Pitts, 1 960; Litobfield enct 

Bott, 1 962; Gottaohalk, 1963; Kaahg.ariaD et al . ,  1 963) . The tubular 

{"Ci-J upends on the degree of acicUfioation (Clapp et al . ,  1 963a) . 'H'hlle 

the poa ibili ty of actiw Ci- tro:naport be.a not been eliminated, so far only 

pe.asin movement has been obsernd. The short-circuit current in the pertu d 
amphibian Jd&ley is not altered by SO� substitution for C�- (Eigler, 1 961 ) ,  

a 1B tbe rat kidne;y the short-circt.d.t current agrees with the rate of Na + 

Giebiach, 1 961 ; G i  bisoh ot . ,  196lt.) . 

In the diatal tubule, usunll.y the steepn eleotrical gradients are 

adequate to � for Ci- re aorption (Kaahgarian et 91. , 1963) , altbo h 

R ·ctor d Cl. pp {1962) f'Otmd lwy n � large � f tbe low Cc1-.7 
c: seen iD rata durilt8 so4 iatua!oa. Aet1w Ci- tnn . · pN 1.1' 1D 

eh · aea. It • certaill 1n the tel'lliDal ooll iJtg due't.a, Ci-
JDOft8 aaaift llll"ge concentration gradients 1 faYOurahle 



lteDal bmc1ll.ng o.f K+ ia ooraplex: tu tration, tubul reabsorption 

. + HONtion all ooour. tJ� urinary K ia leaa than the filtered load• 

indicatift« net rea'bsorpt1oa, but tu'bul.or secretin, i • •  K+ cleonmce ia 

exce-ea of the siault eus imiU.n al. U'UlCe, eaa be demonst � iD particular 

circ\lllstancea. '1'he .first auoh obaert'e.tiona wen aad8 by McCanoe and 

Widdclwecm ( 1937) in patient with alkalosis eat def\'vdn't1cm. tmd by Keith• 

King am OsterMr8 ( 1943) in narma1 aub�ta reoeiftlts KCt , but their ftlitit7 

c1oubte4 by the authors. u1ar cretia was first demonstrau4 

experimentally ill dogs by BerUner an/1 Kermec\Y ( 1948) during l!lel'CUI"ial di'UI"Gaia 

md eypertonic KCj illtuaion, aal by Mudge• Foulka em GllmMI (1948) durizls 

urea atureaia aD4 att.er KC! iafuaion. 

+ 'l'he p.rtioipation ot K aecretion at DOl'llal levels of ezcntion, 
r :ther the flmcticmlDg only u resene for hip rates of excretion, 

suggested in 1950 by udge, A , Foulka rmd Gilman. 'rhe d1aaoc1&t1on of 

excreted K+ trc. the �il tered load ot lt+ after ltaliuretio drug · originally 

to t ltui for the!r �esia that tUtere4 lt+ waG ·t oampletel.7 

reabaorbed prox1aa1l.J' em distall7. eo that � x+ . almoat 

entirely aeoretory origifl. This 1\Ypotbuia •• at1op 

other , 8D! hu euppw•ted. by 1 �er e� eri.atmoe. 

+ 
�eorptlOil o.f K 

in the pJI01tiJial tubule of �!!ll:e. th Jl'at tile d • A Yariety ot 

chemical and pho trio ti · haa re8Ul.ted la a ot at1matea ot '17/P 
["K+ J aow ana below ortt1 leftl foP aotiw reabeorpt1oa. Koat 

stuM.ea ill rata 



reabsorption in the proz1ma1 tubule is an act1 ve proceaa (Wi:r: aDd Bott, 
1 95'.; ti.chtiel4 aDd tt. 1 96·2; !loamel"• Rector and Sel.tU.n, 1963J lal.Dic 

Uld Gleblach, 1"3; Marsh, tll.l.nch and lhartch, 1963.; ltburi, Flud.ga and 

Oba, 1963; Wataoa. Clepp aDl a:erliner, 196f..J llal.aic £1i eJ.. , 196'a} • 

'!'here ts no inaication that proximal nabsorption is actin in 1estvr1a (Bott, 

1962; Olcen and SolGmO� 1963; lhuri n al.,  1963 ;  Wateon s,t At• • 1961..). 

Ho 'f'er, w�taon tt al.• (19€4) believe there IDfiY be aetive x:• reabsorption in 

the dos �  aamd:tol <U.ured..a. Whether p....S.mel tubule x• reabactl"ptioa 

is aetiw or paaain, the extenai fluid reabsorption results 1n a l81"8ft 

traction of fU tere4 tt• being reab�d.. 

Further K+ reabsorption takes place in the loop of ReDle am1 probably 
the early d1stal tubule.. In low K+ states, tbe urine {*K+ .J ml\Y be lowerecl 
bel01f the pl {K4J in 1-ts pu through the distal tubule end. 

collecting ducts (u._., Greermt� Pe'ters, Gem and Danowski, 1 91+9; Low, 1 953 ; 

, ana et al. , 1951+) .  Altbcugh th se more d!.stal areas mq be sites ot net 

reebearptton, it is more wmol for them to be sitea of net secretioll (Keaaler, 

ITi ol aer, Guri tm4 Pitts• 1959; Sullivan, VfUde and J!alvin_ 1960; Jaen1ke 

mul er liner, 1960) . Vandar ( 1961 )  belieftl lt + �tion in the distal 

+ tubule mq occur alaultane&usly with K cretioa. Partie.1p :ti.on of the 

oollectlag auots in X:+ o�Mn by HUger, 10... · and 

Ul.lrieh ( 1957) , J and Berl.iner ( 1960) , Hierbolser ( 1 961 )  • v . ( 1961 ) 

ana !la.l.n1c et t1:. ( 1966o) • 

The pb of tolertmee to K+ loading• f'irat a in the 
rat 'b,y Thatcher and Jladike (1947) , ie ottea oyed to demonstrate x:+ 
elearuoe tn exaeu ·ot ftlterea K+. After oral dministfttion of tr• aalts 

for Mftnl. tla.Je, th renal res ue to a K+ loacl. ia f'o.r gre tar than normal , 



aDd pl 

+ + There are aum,y instances of K exaetion beiug influel10ed by , a 

intake or Na + exoreticm. Bcrlioer, � and Orloff ( 1 951 )  put :f«ward 

the hypotheaia that K+ aecretitm in the diatal tUbule was coupled to Na + 

reabaorption to explaiD these obaert d ilrteractiona of t two catioaa. 

Cation ex:c:htmge was demonsbatecl 1D the pre DCe ot tlJe mn-Teabeorb-able 

anion, terrooyanide {Berliner, Kenne4_y aDd Hilton, 1950) . Inadequate auppl.T 

of + to tbt exoban6e mecha:aism na 1moked for the dimini.s.be4 K+ secretion 

duri.Dg renal arterial eonetriotion flftd :retucea G1?R• and hich ooul4 'be 

restored by a diuretic (Davidson, Levin sky and Berliner, 1 958) , and for 

reduced K+ secJ'etion in the DO<lified stop-tl expel"ill:ent of Walker, Cooke, 

Pqne, Baker aDii Anc!rew ( 1 961 ) • 

.. 
prevent exCJ."ri1on of a K · load ill 

and Laragb, 1958) . 

+ On the other hand. ·� depletion aoes not 

It h b ome .apparont that Na + -z:+ coupling mq not simply be 

�ier mediated cation eahange . '!'he mioropuaoture and oioropel'fu.aion at.udiea 

+ + of dietal tubule It secretion, · a reab30%'pt1on and electrical P .D. o� a 

ra.ng of abol1o x• stat-es o:f alnio tt al. ( 1966 ,b) collfirmed 1l8l\V •�rl1er 

findings of ncluoe4 K+ aretiGD hen Na + �on lcm, ad inoreased 

uoreticm when a+ was. high or hen impermeant ani waB premmt. Hownr, 

+ + in no c!i4 they t1D4 that l imitillg for K ex cm a 1 : 1 baaia, 

normall..T th a+ reabaorbed � exoee + 
4; 

kaliuretio fdf. et of' rai mu. ar C + J was not explicable 111 tel'lll8 
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ahdo et al .  ( 1966&) therefore proposed that :r-ta 
+ + coupling 1788 el otrieal 

rather tban carrier mediated. Raised t.ratustubul.ar P .D . • produced 'by raised 

(-rta +J or imp rmeant anion, would favour increased x-+ �ion. Berliner 

(personal camnunioation to Holnic srt al. , 1 9�.&) reported that the 

substitution of HCoj for Ci"" in the distal tubule fluid. either by 1/v 
-nco3 loading, or by depressed reabsorption at a more proximal site, inoreased 

+ K secretion, perhaps 1n response to the raised transtubular P.D.  obserftd 
dl11"1n8 nco; loacl1ng (Clapp ot al . ,  1962) . 

+ 
'Diatal. tubular P .D . u b-ut one of tb& factors influencing It seorettGn, 

a1Doe at unalterea P.D. x• excretion is rea.e-c cm lo + diets (lilalnic et al .  

1966a) and after adr&nalee� (Rierholzcr, Wie4erholt, Holsgro · , Giebiach, 

noae and Willahager, 1965) . At oomparable intratubular ["Na. + J, leaa K+ is 

excreted during 1aotanic thml in hypertonic HaC1 loa.cling (L-and , nose 

and Gi biaoh , 1 966) . Thin ef'fect colJld be mediated through a change in c 11 

{"K+J, whioh has been Sl18Bested to be regul.ati.Dg factor rethv than pla a 

["x•.J, ai11oe K+ excretion 1 related to pl ["K+J only when this parall 1 

een {"x•.J ( uage !!  M· • 1 950) . 

.A nuaber of ob rvations of an 1nve: relationship between ur1nar:y 
+ + + K exozoetion and ditiontion led to the 1:\vpothesi t t K H compete 

hr ion aloas a pathway (!vliner et el•• 1951 ) .  Carbcmio anhydrase 
inbi})itioa enbauoea 1:+ ex ion (Bwli!ler et &1. , 1951 ; muu,. Wdnorth, 

Yal ud Alonao, 195ft.; Cotmjhan, and llilne, 195'.) . edadntatrati.on 

of lC + me.y ea th ur1rle to 'beo al.kalble, � upon 1'1ld.oh i more 

cl&pres eel, � {'Hco;J or renal tubular n• aeoretio� aiAce balanoe of 
the tw a.t rm1nea the final Ul'iDe pH .  u in the dog the urine 

be alkal.iae ( eb, Atcbley, Rich a, Benediot and Driacoll, 19321 



W1Bkler t\ Smith, �; Un-er et al . ,  1950) , in the rat the rapid drop 

1n pluma {'Reo;.; pt"e9eUU thi.s (Berliner, t961 ) . Grloff and na'9ic1scm 

(1959) infused K+ into one renal portal "Vein in the chicken; the aireot 

effect of raised perltubu:tar ["K+J incl'eaaed K+ excretion end raised the pH 
ot the urine; the 1 general p1 total co2. and sul:t.ing lower 

peritubular ["K+ J oauood tbo other .lddftey to .emrete acid urine and leas K+. 

... + There appeere to be no compulsion tor either K or u to be excreted 

in an tmfaTOurable metabolic state. + 
Duri� K d-epleti.OD combined with acute 

+ 
alkalosis or c.arbcmic � iDhibition. a urine of low K end hi&h pH 

excnted ( ana ! al. , 1 95ft.) . 'l'h e.xoNtion of both ions � be  increased 
... = 

= ( by ilrtwd.cn of f . and the nan-dlttuaible anions S04- and no4- Schnrts, 
Jen80ft and Rel.maa, 1955; 'Malvin and WUde, 1960; 1mDk aDd Sotmanz, 1960) . 

+ -
Regulsti.on ot renal ueretion of H end HCo3 is ea.sentiel in reatori.Dg 

-
the aoid-b baluce of tbe body. Renal aotivi ty ia such �t HC03 

+ 
re BOI"ption ia eonaequent upon H secretion, so that alke.l.i.ne urinea are rich 

!n 1 91.2, ober ini"U8ed CAJl"bb·nlc � 1Dh1bittng su'lpbcmamidea 

into ena;pae 1mo1Yfl4 iD tt:o; :reabsorption. 

A HJ'1e.a of ex.pen.at by Pitta aa4 

Pi"a, 191.5; Plttls aD4 

:.reo; aoretion ill a. 

1D ac14otio doge infuBed wlth 181" 
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e.oid inore aed linearly with the rate of exeretion of buffer, nDl wne greater 

with those of higher pK1 •  Sulpbnnilamid admini tr tion inhibite _nco; 
reabsorption to a large ext nt, and also reduced titrntable acidity. On the 

basis of suoh obse tions, Pitts proposed that H ... generated in the distal 

tubulor cell by the dissociation of cerbonio acid under the encymatic catalysis 

of Cf"-Z'bord.c anhydrase, was socrete into the tubule fluid, perhaps in exohange 

for a+ . The blockQ8e of a le.rge frection of HCo; reabsorption by sulpbtmil ... 

+ -
amide was caused by o. failure of Ii to react \rlth fUte d HCo3, forming 

co2 which back diffused into the ll a. This hypothesis is tho basis of 

prcoerrt concepts of renal soidifict'tion. 

Secreted acid ma,y be dispo d of in throe it mey' result in 

nco; reabsorption. b taken up by urinary bu:N'ere, principally phosphate, or 

react with ru:nmonia produced by the tubule cells .  Pitts et cl.. ( 1 948) 

followed the ohangine acid and !!e o; excretion in subject with metabolic acid­

osis receiving a N9Heo3 infusion when bro\lBht first into noroal. noid-be.se 

balance, then into elknlosis. In the acidotic phase, as plasma CrT£o;J 
rose to ne or 20 /i, the roto of excretion of t1 tratable acid and 9.':1!10ni& 

s maintain d at an elmost constant high level; trom 20-26 r!!/1 tl rate of 

xcr tion of ti tratable acid and 8Dllonin pro ssi vely cline but virtuelly 

no HCo; as xcretea; ebcvo 26 nt!/1 further iDOrGaae in plc.ona ('PCo;.J 
greatly incr'e sea Hco; excretion, mU t1 tratable o.cid o.rxl ozrmon.ia fell to 

e:ry low 1 y ls. It B app nt t only men tltntablc ·acid ana QIIIDOniO. 

excretion were small a there sign:U'ioont HCOj excretion. 
eo nt experimental 110rlc has den the location in tbe nophron 

of acid secretion, HCO; reo.bsorption, and 3 formation. In IDQf!l!'00.1.s, but not 

+ in hiblans , H secretion tak a pl firstly in tb proximBl convoluted 



tubule (Gottaohelk , Lasaiter and ! ylle ,  1960; Bank, 1962; Litohfield and 

Bott , 1962; Clapp 1t pl., 1 963 ,b; Tout�g and !+:dwa.rcls, 1 961..; P,ector, Carter 

and SeldiD, 1965) the lwl.k of' HCo; ma.v be reabsorbecl ep1D€>t a lew 

gradient mi causing only a small drop in pH .  AoidU'ioation in the distal 

tubule, 8DCl p81"ticularly 1n the co.lleotiftg duct, takes place against" steeper 

gredi.ents, end the pli mf\Y fall markodly (Gottschalk et N.. , 1960; Hierholzer, 

1961 ; Hll8er !t M•• 1958; Ullrioh und Eigler, 1'58) . In these mee 

Ustal areas. 'ri.rtual.ly Gll remd.niDg nco; mq be r&abt!tOl'bed. It is 
- + 

dif'ftcul.t w oonolude that al1 HCo3 · bnrption reeults from H aecretion 

8Z!d that no• occurs via ionic !'eabsorption. .Acotazolamt , the moat potent 

-
carbonic &Dl1ydrase inhibitor, doe not OGDpletely block HCo3 reabsorption in 

the doses used; the al.tematives remain that there still 

Dll.rirlg the exox:etion of ec1d urine ,  rm, is formed in the tubule 

cella f'rOil am1no acid preOUI"Bon, principally glut8Jiline (V on Slylm, Phll11ps , 

Homiltcn, Arch1bald, Futoher end P.iller, 191+3 ;  Pitta, Pllkington d. de Hac, 

1 965, aDd othua) .  AliiDcmia produoUOil is iMersely lated to the urine pH, 

but 1n cb.ronie actaosis the NR3 pro uction smt glut.Uil&JI�­

tmhmcea (Pi"a, 1948; Daviea and tudfdn, 1952; 

1 955) . 

n 

Giebiaob, 19631 Clapp, OWn aDd 

inaon, 1966) . 

lDiDan.ta m:o; in t urine t ·1an pl 

peo2 GDd C co;J lnel.a (AM�aon aDil Pi rirJ8, 19621>) . !he theahhold, 

17 at a p1 {"HCo;.J ot �28 /t , vartu wf.tb tile sp i , tbe plasma 
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peo2 ua {*ct-.J, aD4 the boifa' K+ natus. Pnbabl,. the underlyimg pr1ma17 

factor is the oell {"H+ J wh1ch 'lrU'lea 1ftftrsely w1 tb {"K+ .J in me.J\Y 

Smith, 1 960) , bypokalaemia (Fuller, MaoLeod Slid Pitts. 1955) and lowere4 

pla�ma {"et• .J (Bank and A,:vnedjiea, 1965) . 

birect tlltomation oa the nattll"& of the u• - x:• - N + interaction 

u tba distal. nephron ta scarce. 'l'be 1DYerae H+ - K
+ 

relationehip has been 

discussed abOYtt . + 
T.he amomrt of Na naobing the + 

clistal H secretor,y 

area haa been claimed t� be limiting to aoid secretion in a c1reumstances. 

Keeler and Peuson (1966) fotmd that the lo red rate ot n• 88Cl'8tion in rate 

w1 th metabolic aoido ia aM. suprehepatio caval oonstr1ct1on oould be 

+ � by ugmented Na excretion clue to o tic 41ure:ai OP aldoaterone-

'blocki.Dg steroid. 'l!lere ma;y be direct coupling ss proposed by Pitta and 

Alexander ( 191.-5) , or tberc me.y 'be eleotr1oal eou,pl.ing aa auag sted b7 Balnio 

!! al .  ( 1966&) for N + 8l'ld K+ . studies of the ohe.raoteristios of H+ 

tnnaport acroea tbe uriD&l'y bl&Mer of the wa1lu turtle by Steinmetz {1967) 

an4 S 1naet8, Omacb1 and rn.ler { 1967) abowe4 that H+ tr.anapart wu not 

NDa1 u• transport. tblm the relattOllShip wi tb a+ _,. be 

• 1n trannubula:r potential aiff'ereue. 

Uri ot a wide range of o 



ayatem, fumed by the loops of H•nl .ftDd aaeociate4 eollectiltg duota in 

th reftal aedul.la. '!'ho ba.sio prilloiple of oountel"'U.l"T6nt wl ti.plier 

ayatem is that two parallel streau moving iD opposite cll:not1ona mn1 tipl7 

amall :xclumges .of aterlal between tbell, and although only ama1l gradienta 

uist at aJV leYel., considerable l.ongitudtnal gra4iente COfl b established. 

Tb1s ooaaapt of Ul'i.lla17 ooncutraticm originated in the papera t4 

Kubn an4 By'tf 1 (1 942) . &rgitay 8J.'ld Ku!m (1951 ) aD4 Wtrs. Han;itay Jtuhn 

( 1951 ) ,  who a ested the clM'f'in& :force w.a either water movement from the 

4eeeen4i!Jg to aaoending limb of the loop. or sol vte tran ort in tb� reverse 

airect1on. 'rheir hypotheaia haa received strong support from �ic 

studies ot tissue elices. t:is.au BJJal.ys s ad micropul'10ture aDd micropertuaion 

studies, which htwe established the operatiOft ot a oounterouiftnt mul tipli r 

ayat iD the loop of lterde and. o0lleot1n.s dtJcU.- aDd that the ariving force 

is . tiw Na + t� from tl:te aaoendi• limb. 'l'he ftR recta, arising from 

.1uxtamedullary glGIBeruli, fUnction countei'OUI"reat exchangers preventil:tg the 

dissipation � tb · stabli.shed graclient • In 1 ts pas throUGh the loop 

of Jteole the al. rul.ar fUtrate 1 f1rat concentrated, t dilated. ana 

finally ooncentrated 9881n in the coll�ing 41l0te. 

:tn tbe prozimal OOD"ir.oJ.uted uL abo.ut of t glomerular 

1"1ltrate. ia iaoamtio&ll3 (Walker d N..-. t9llo• l  Win• 1 956; 

taaatter at M•• 1961 ; tr.Uricb .rt tl.. '963) . 

lim}) ot the loop ot Henle resul:t ill the � t4 water and · prognsaiw rise 

in 08110lality aa the tubulnr fluid pusea per 1n o th dulla. '!'be 
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hairpin arrangement allon a gradient of oamotio pressure floom tbe cortex 

to the tip of the papUl,a (Win et al .  • 1 951 ; Ullrl.ch, Drenckhabn and 

Jarauaoh, 1 955; tJl.b'ich and Jarausoh, 1 956) , in the loops o� Henle and alao 

i1l the medullary into rstitium aDd in the nsa recta. These �eats are 

ater in antidiureaia than during a ter diurNia: the osmolality at the 

tip Id the loops and .,. recta srouatl 2200 moe/kg H2o in antidiuretic 

rata comparect with 500 JI!OS/Jr& in rata w1 tb diabete-s 1Dsipi&la ( Gett8Chalk, 

Laasiter, �lle , Ul.l.r.l.eh. Scbmt<lt-Nielae, Pehling and O ' Dell, 1960; Wi7s, 

1953) . 

ltnowledp at activities in the uceding 11Jib is limited 'because 
of the co-nsiderable technical M.frioultiea involved in sampling and in 

me88U1'811eJit of electrtcal potential. a. Active Na + transport out of the thick 

aaoending liab, whioh prcgresaively dilutes the flui<l. oausea a hypotoDt.c 

fluid to be deliY&red to the ci1stal convoluted tubul (Wirs, 1 956; Gottacbalk 

and ne, 1959) . Histol.ogically, � the thick ascetXt1ng 11mb woul.d 

appear capable of active transport, ,et the gradient or osmotic pressure 
1nore a to the Up of the loops through the regiaa of thin �a. 'rh 

art YiDg f ce for the gradient 11'1 the nta 1a uncertain. arah and 

Solomon {1963 , 1965) favour aoti..-e + b&Daport � in tbe thick segment, 

Gottachalk • • gn f our both gm a, while Ullri e 1 t ura in 

the tb1 uoeol'll'lS limb em oolleotill8 4Dct. 

In aataa] t� �o • the urine be a 1aotoaio 

cbJr1ng ita pa������g'e through tlle cU.Btal t ul.e 001'ti collect!Dg duet 
(Got · obal.k 1'959; Gerts rt al. . 1'61..) ,  and then 1'\Ypertol'llo after 

losing water it e tranreea �rtom.o meaulla ill the 

cOll 4ucta (Ull.nch, 1960) . is �ra'lll' beliR to Mnier the 



,, . 

epithelium of the distal tubule and colla.cting duct water permeable, tha 

al.lcming osmotic equilibration. lftle solutes traDBported out ot the loop iD 

excess of ter are res.pensible �r tbC" reabsorption of solute-tree water 

(T � 0) in the collecting dueta of autidiuretie atrlJBala durt� equ:Uibration 
2 

of collectiJtg duct fluid tdth 'that in the loop of Henle· and yaaa recta at the 

same lenl (Gottachalk, 1961 ) .  nurtna a water diuresis these .. 

relatiwly water iapermeable, and solute 1 u not aocompanied by water create& 

a ur1!te of low tonicity. A slightly hypertonic urine mev bo e::crete4 iD the 

bsence of ADH d\11'1.� reduced tubtilar f'low after arterial elamp1Dg, au&geating 

sane clitfusion al.cmg the gradient acl"'sa the oollectizlg du.cta mey occur ( d.el 

Greeo and d Wardener, 19.56; Berliner ·aDd DaYit.tsoa, 1 957) • 

. Ul"ing a water diuresis there is madata re.duotiort 1ft tbe medullary 

hypertonio1ty, and a faUure of creatiniM to beCome concentrated at tho tip 

ot the papilla (Ullrich and Jsnmach, 1 956) . The re4uc h;vpertold.city is 

usually explained aa a wa.ahout or solute seoon&u7 to ino:reas·ed. medullar.r blood. 

flow {Cl 
t ie 

et al . ,  1963 ; 'i'hur'au, 1961..) .  Howev r, Sabour, J! cmald, 

Robscm {1961.) examined leotron miorographa ot k1c1Deya ot rata in 

not ln the coll&et1Jl8 ducts. but 1D the basement membrene of 
the d eoen4in8 1 

'l'b • 

equ1librat.10D, in c11uretio ontmal.s, and aa a consequence , bre.akdo1m of U. 

multiplyi� tunotion � the loop. It 

deacemUag liab of the loop to be ter �ble. allOII'irlg the OOUDter­

ClU"!"eDt to f'unoticm and cnate a meaul.lary h7Pertonieity 'C'Jhicb md tberl 



draw :ter � the collecting duets. 

Urea hae an 1mport811t role in the renal countercurrent. sift08 its 

p-resence in tb dull increases the loas ot water from the collecting ducts .  

c 
eonoentration tmd '1' H 0 ere Nduced. at '"71'1' low rates ot urea excretion 

2 
llhich occur when low protein diets are 1ngestecl (Rpstoin,. JO. eman, 1 and 

Urea appears to b excreted by a proeeaa td glomerular filtration 

and paasi•e ftment aorosa tbe tubular epith litlll. Filtration aDd paasift 

absorption weft COJ14luded from arly obaervationa in the dog (Shmmon. 1 936, 

1938) ana in -.. (Cha8i and Smith, 1938) since urea cl arabCe naB independent 

of pl C urea .J, but varied with the urine f'low. The rate ot urea 

eXCl"etion was proporti,oneJ. to the plaama ["urea.]. 

Within the nephron the situation i8 a little more complex. In J'JOD­

tiuret1c rate, ld.oropunctUI'e studies ha.ve abowD that about � ot fll tered 

\11"8&. ia re 

fU tered loaii re es the dletal tubule. Sbloe on'l.y> a small 

to tb loop, 

auua, urea eollCeDtratien � high at ill the colleotin8 duct , next in the 

recta and lowest in tbe loop ( si ter, ' Ue ond Gottachalk, 1966) • 

During �on1c aline ana water diuresis, the loss in the pnxillal 

tubule is similar to that in IIO!l-Cl1uretic imala, but th re is no gain of 



Ul'e& in the loop, and ve17 litt1e loaa from the distal tubul 011d 

collecting ducts. Vasopressin hos b-een described as increasing the 

permeability ot these areas to urea (Jaenike, 1 961 ; G�er end Ma1'fly, 

1963;  tee, Croaa aDd 'l'hornton, 1967) . 

A audden increase ·or decrease in urine flow produces exeltation or 

abatement of the urea clearance . This has been explained (Sobmiat-IUelaen, 

Oaaki, 'Hurda and O ' l1ell, 1 958; ThCIIlaS, 1964.) by a sudden rise in urine 

flow causing decreased ["urea J in papill ry tissue d washout of urea into 

the urine ; and converse]Jr, a sudden fall in flow ra"te causes the ["urea J to 

increase iD p plller,y tissue and urea clearance to drop . 

�e role of tubular regulation of urea excretion in most species is 

still uncerta1n., Tubular reab orption or secretion haa b n demonstrated in 

certain airoumstances in rodeDta, ibiana aDd f1 (KemptoD, 1953 ;  Forater, 

1 951..) ,  end ha been suggested. to occur in other species, particularly 1f'h n the 

diet 1& low in protein. Higher concentrations o£ urea in the vasa recta or 

renal tissue than in collecting a.ucts have been reported in protein deficient 

rata (P-ray and Preston. 1 961 ; Truniger and Sohmidt-r ielsen, 1 964.; Clapp, 

1966; Laaaiter et fl. , 1 966) , and sheep (Scbmidt ielsen snd O'J>ell , 1 959) , 

in c!oga undergoill8 diureai dUI'illa urea loadina (Goldbarg and Ramire£, 1965� 
and iJl :rata on a high p.I"'te1Jl cH.et d.uriD6 ealine loaM.Dg (IUeiman, Racltord 

8114 Torelli, 1965) . '1'he high tiaaw ('u:reaJ is wrua.l.l.3" seen a� the leYel 

of the itmer stripe of the outer edul.la. oorreapcmd.iJl8 with the thick portions 

of' the a oenatng loops, suggesti of, but not ccmoluai evl&mce for, aat1•e 

tn.naport of urea. complicating �ao� is th capabUiV' of the k1dne7 

to produce UN metabolioal.ly (CarliskJr, Brodaky and Huang, 1962) . 



nr. !gulation. of Water encl ectrol7t! Met boli!Jil 

In reguletiftg oft%'ell w ter an4 electrolyte metabolism, aaiJDala 

have to adjust loss through urine, f cea, skin and respiratory tract to 

the intake in food md water. The diet of the ruminant is r1oh in K+ but 

+ 
lo in :: , so that in the natunil. euviroam nt the most l:Ucely problem 110uld 

+ 
be the m&in �tmaaCe of Na bal.ance . In ar.l.4 regions there is the poasibllity 

of de�ion. '1'he large digestiw cyole of fluid and electl"olytea can at 

times atreaa the Oftrall regulatory mechani • 

'F.xoeaa acid or nlkal i ia rapidly neutralized. by B:F and ICF bu1"tera 

( e n . ,  1 above) • Restoration of the nol'lll81 leftl of the ecicl component 

of the butters (peo2) takes place through · djuatmen1i of respiratory elimination 

of co2; the salt component ( JCo;) is restored by variat.ion in the rate of 

renal acid excretion. Raised blood peo2 stimulates respiration through the 

peripheral chemoreceptor& end by direct action 1a the brain ut ; the 
reYerse ia the caae when peo2 falls .  Final adjustmetlt of the altered butter 

content of the ECF is through Yari. tioa in renal. eoid and HCo; excretion 

( see ITI. ,  4. aboft) : dur1.ng al.kal.osia HCo; ri urine ia excreted, aDd d.uJ'1na 

acidoaia the HCo; loas is neg.l.J.gibl • but titrabhle acid. and _ 3 excretion 

1 h1ch (Pitta et al. , 194-8) .. Renal cell ('H+J appearo to be an important 

t or go-.e1'1ling the rat o£ cid aet"ftioa. 

+ 
Since a is th priDcipal extraoellulu oetion, its homeoat tic 

regul tion 1 essential for the maintemanc:e ot normal ECF vol. am tcmioity. 



+ e ocma tion 1 mrually requ1nd to 
+ m inta.iD the normal � Na content .  In eheep, the overall balaaoe c an  be 

+ + 
"a !make, when urb.t8ry N loss la very small , and 

faecal loaa can h reduc d to 1-5 m-equiv/day (Dcmton, 1 957) . Cutaneous 

loaa 1Jl suint 1 ..U ,  about o. 5 - 1 .o gm of suillt beiJ2g prod.uoe4 !ally 

(Daly and Carter, 1955; Stacy, Brook aDd Short, 1 963) 1'11tb a Na.+ content ot 

1 .� (Farnworth, 1 956) . 
+ 

Stresa oe.n be placed OJl the sheep' s  Na regulating 

.. 
mechanism, especially on low Na di ta, when the internal requ1rement.a are 

increaaed by pregnancy, lactation aDd by hot •ather when iDcre d cutaneous 

loaa occur , and the ECF Yoltae me.y nearly double ( aot"e.rlane, orris, Howard 

anct Bwlts-Olaen, 1 959) . 

In rumtna:ats, the internal 41geatiw cycle involves a large vol ·  

of na+-rlob fluid: aalivary • entera the rumeD and ia absorbGcl back into 

the re!' ,  about halt through the r\Den wall , and � from the omass alld small 

intestine (Dob 1 959; Bruce et al.,  1966) . !he stress of expaM1ng this 

digestive cycle is ref'lecte4 in the a+ OOMeft tion oba.ni a: obang o� 

ft volume 1D the sheep, tmcl c uaea 

markett Ul'i.JJuoy a• retention ( ibaon, Scott end e, 1966) • OD tile other 
+ a rei!Mtrft. In oirolDatan a 8QOh u 

at , K+ paftiall.J' ftpl a a+ in aaliw.. 

liquor. '!'he tall {1 a+ .J rlee iD ex.+ J ot parotid, Uler.y anct 

interior lar Mliva ia brought about by 'the acrtion of aldo�Jif:�m��t�ll! (DeDton, 

1 956; Kay, 1960; 

Wright, 1 961 ;  Soott d ibaon, 1965) . 

+ appet1 te of razdnanta h e 
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.... their sheep showed little intere-st in drinkillg 80lutio11B containing Na , but 

during Na • depletion the voluatfll:'Y' Na • intake approximated the de:ficit 

(Denton and Sabi.Ae, 1 961 ; Beilhan , 'Ocmton and Sabine, 1962) , even when the 

concentration of the aol ution 

1d1mti:ty the appetite meobani.sm irrtolv d; it waa not the rosult of low pl ama 

["Na+J (13eUharE et al. , 1962) , the angiotensin or aldo&t6rone eontent of 

the blGOa perfuaiDg the brein (Derrto.n and Sabine, 1 961 ; Bott, DentoD and 

Well er, 1967) ,. the ranen {'Ne -1-J, am. the guatater.y sense 

(Beilharz and � .. 1963) . 

not implicated 

Although loss f¥£' Na + in tbe te.eces i,a ftl"iable ( G-00dall am Key, 
1 965b) , eiumcee in renal xm"'etion of '!'iia• account for the greatest Yariation 

.... + + in a output from the boBy. Faecal Na .may be very low in Na det"iciency, 

... ... when the K :Na ratio � be raised, probably due to the action of aldosterone 

(DaTia, Balm, Ytmkopoulos, Klim.an and � terson, 1959) • 

.... 1tena1 Na czcreticm can be altered by a cha!lge in the fil tel"ed load, 

or in tubular reabsorption, or both. Tl'>.e eval tlon of t role of GFR is 

tulmlar reabaorption, emall , barely teotabl chutgea in GFR can alter the 

b.il;v : a
+ o ltput � Pitta { i963) baa calculated that -_. iDoreUe 1n 

There appe a to 

and in doss on a atet of high Na + c terlt (LaM aDd Rain, 1 949) . Potter 

( 196') reporte4 tlat Merino 8h p intuae4 ritb hypertoDio saline showed DO 



coasiat.ut cha.mge 1D GFR� lto!loftr, in a subsequent p per (Potter, 1908) 

1DCJreued GFR was reported 1D Dorse-t Horn sheep under simile oonditioDs. 

ot parameters aaMC!ated ·:th F.CF vol. e aDd COJBpOSi tion. It ia :aot 

tmrpriai!lg that the principal regulation ot the excreti-on o£ N + should be 

• Nor ia it 

unexpeoted to find that these predominantly originate frc:lm tbe ECF volt��e allll 

+ comp�n tion, f4 whi4h the boc:tr is a maJor cletendDant. A1 though maqy ot 

the factors have been oatabliahe4 to be, or at leaat imp1icated ae ,  regulatwa 

ot tubular Na + reabaorption, it 1 uncertain which are major ODt1 which are 

minor coutrolliaa �. how they iBteract, or in tdlich particular 

circumstances each operates. 

ne plasma ['T·Ta + J has been reporte4 to affect Na + reabsorption, but 

the report� are apparently contradictor,y. 

re eorption inoreu•a in dogs following pl 

file absolute rat of Na + 

aad Levinsll:;y, 196ft.) , yet, whH tbe 

GFR wu recluce4. by clamping, Jurpenatraemia appeand to inbibit the fractiOMl 

a+ reabsorption (!lytbe ani Welt, 1963;  Xalllll 81111 Leflnsky, 1 965) • 

+ + 
an1all t r � • In , bat not all, circansttm Na retention 

acccmpaniea .....a C p1 protei J • aat Datriareaa a.ocampantea a 

f'alliJJB leftl ( 38 a, 195'f.; O'C , 1 955, 1958). Some 1icen d14, and 

d14 not, obeern + retention 
al.bumift solutio ter or o U atureaia ( Good;1er, Pe r 

Rel.meD. 19fe.9; 07lotr' m1 �1 · •  1950J Orlott, lt aa4 Stow, 1950J Welt 



end Orlof1', 1 '51 ; F.lpers and Sellcurt , 1 96') . It ia possible that a 

oorrelation between C plasma protoinJ net f'!a"' retention does not indio te 

a direct cauaal relationship, but that both r: IS • arn ly related to e. 

common factor, the intravascular volume . 

+ 
Renal hae�os also inf'luence tho rate of Na uoretion. 

Stahl (1965) found a correlation between Na+ excretion �1 the cardioo output, 

but not with blood preB&Ul'e unless this parell led th cardiae output. Saline 

.. 
loa41ng 'in hypertensive patient produce a much greater 1n.creaee in Na 

excretion than doee a comparable loe.dinc in normal persons (lHrchnll, 'l'uthill , 

Jacobs, Trautman and Findloy, 1 953 ; Cotti r, 'eller and Ioobler, 1 958; 

Bel.dwin, iggs, Coldrine, Hulet ar.d Chania, 1 958; P pper, Belaley' and leifer, 

1 960) . + 
Increased per:fu.s1on pr ssuro increases the !e. excretion of isolated 

kidneys (Selkurt, 1 951 ; Selkurt, W ck am Dailey, 1 965 ; McDonold an 

de Ward ner, 1 965a) . Tn stop flow experiments on iaolat kidneys, tho 

cr. a+ J in diste.l tubule f1.u1d is rectly related to tho pcrf'usion pressure 

before occlusion ('l'obion, Coffee , F rreira and Meuli, 1 962, 1964.) . 

'T"ft'orts to assess the p role of alc!osterono in the physiolos-

+ 
toAl regulation of !Ita bol&.DOe h e been hampered by the d1 iculty in 

measuring hormo lemtle. In the p t,  th excretion of an oi role a 

ur1D81"y metabolit , repres uti about 5t of tea hormo , h be n 

uo1�"'4• but more rec ntl.y tireot estimation of adrenal nouo aldosterone 

lev l a  in transplant 4 gluda h been undertaken. The most likeJ.sr role of 

+ el4oot< rone is to provi e a suitable baaksro\D'ld for maximlD a retention, 

·• 
particul ly under conditioDS ot deficiency. Perhaps th stZ"oll;eBt 

evid ne in support at thi cont ntion i s  t ob !"ration that naleotcm• 

ized sub�ecta cannot maintain 



c!o ao on moderate intataa. Ald.oatU'ODe increaaea diatal tUbular N + 

realtSOI'pticm (Vander. !t al.. , 1 960,. 1 961 ) , aail as 1JG11 causes a aeareaee 

in Ci- &Bd a maall 1ncrease in K+ or a• ezcxretton {Bartter, 1 956; Milla, 

'l.'homal and W1Uiamson, 1 960, 1961 ; Ytmia, BercoYitoh, Stein. Lfti" aal 

Golaatein, 1 9�) . Renal tubular eft'ecta are tiftioult to detect 1n normal 

&ga, but aft, very endent when el4oatel"'D8 is dm:i.Distentd to 

ized cloga ( arger, Berlin and Tulenko, 1 958) . 

+ Eftll the m. noe for a role for alloaterome in Na depletiort ia 

oontroftraial. Rosa o.nd Winterrd.ts ( 1 96o) fOlmd. that the nnal responae to 

+ 
a low Na diet W88 delayed Yiben alciostel'OD8 aotinty was 1Dhibited by 

spironolactone. -rhorn, Ros.s, Crabh 8Dil 'nll•t Hotf (1957) oluserna an 

+ lmeru relatf.onahip be the ur1M N eZOJ'etion ana acld-releaaed hOl'IIOM 
/ in randan urinea from nol"'llll subJects. Howeftr, Crabbe, Rosa oncl Thon ( 1 958) 

were unabl.e to relate urin8J1'3' Na • output to acid-re� ue4 al.doatercme ctur1JaB 

N + 4eprivat10fl, and Uls {1963) wu une1>le te correlate diurnal Yariatioa 
1Jl a• exontion with alt1Dsterone lnela. 

It would 

b7 t1M ae � the  nD:&l to lte eclaintatrati Be.rpr, Berlin 

'l'ulako (1957) ancl G 8114 ub'ow (1958} b.teot a 4-a.l.c!Daterone c11rectly 

Jlim:rtes, ..t the ....tiPD effect ftalf!n:Jr�!Wl a"�• lt.  hom:'a. Attre:D&l.·eotom11184 or 

AdtilJODlea patietrta me1DtaiDe4 there 



1'eD8l reepoDae to both rapid posture ohaJJge aDl pooling o� blood 1n the 

lega (Bosenba\81 Papper aJil Aehley, 1 955; Epeteia,. 1956) . 

Aldoat•rcme secret1oD ean be latl:uenoed by' a number o:f factors,. 

but the exact physiological importance ot lll&lJ;Y ot tbese ein8 to b deter-

aiDed. 'rhe �et stimu.U are of �o orisin,. but othen identified 

iftclude ACTR, pl electrolytes tma perhaps a pineal f ctor. Althoup 

largel.J' indapenclent of ACTH (-Ieotean, tip et't, Li, est ana · enoa,. 1957) , 

aldoatftoone aec.Tetion i s  st1mulated for abort time by the tl"oph1c bonoDe 

(Dane, Carpenter, yera 8D3. Balm, 1960; Vulrow, Gucmg,. Cera ltulJiaa. 

1%2; Jlait-Weat, Coghl.aa, Denton, fkMUnc, Tl!.n'tom- and Wright, 1963 ) ,  
probably tbJ:oroulh 1Dc1:eued proauctioB or hol'IDOD8 pre� • Low pl 

{"rTa + J, aDd particularly high pl. {"K+ J stimulate the a<lrenal glarJ4 

directly (Dentcm, Goding GDl right, 1 959; Davla, Uzoquhert and Higgina, 1 96.3 ; 

mair-Wttat s el• • 1 963) . Fen-ell (1958, 1 959, a, b) has proaucea n14etlce 

:for rol of the p1neel. gla!Jd in stiaulatiDg aldos'tercme secret1011, but tbia 

haa not en confinJecl by otber3 (nrrta . et al.,. 1959; Wurtman,. Alteohule, 

Greep, aJ.k aD4 Grne, 1 960; BlaiJoo-Weat d al., 1963) • 

c iD ECF VG1 . , but not r4 ICF volume., am particularly cJumge 

in the 1Dtraft80lller vol. rather tbe interstitial oamponent, potent 

atimuU for al. aterane aeore�on (BRJ"ttu>,. Li&!l-. 8114 Del • 

1956; �r. ills, Biglleri. e1 • 1959) . �®atennla of 

carcU. · tallure, Dlphroaia. wh1eh roaulta ill eDJeSalft 
+ ft'teDtlo aD4 experimentallS' 't13 . �o cbanpa 

1ncluoe4 b.r inferlo constr1 OD (Dal'la, G004Ud:l1d, Ball , 

1956; Ball , 1a ana Gooc1khtd. 1957) , 1 (Gol� t.,Mh, 
Hansal and SUIIIDU"rille� t931.) or pul.moDar,y U'te17 atcmoaia (Dan • 1962) . 



acti '1'1 t7 is m.or8l (naatoa et al.. 1'"; Yankopwlos., Daris, lCliman aa4 

Petenon, 1 959; l>a91a. Cazopanter. AyR • Jtol.mon ad Babn. f961);  it has 
been tdeft'tif'i to be reJdn aeoreted by tbe Jux.tegl.omeru1u apparatua (Cook 
aiJ4 Pickeril'l&, 19.59; Hutroft, SutberlaDil aa4 Hlll'tl'Of't• 1961.). 

YOlume . 

rapiatty and map:t.tuae c4 the iDitial upanalon (Levi.Jusll;y aaa Lalou, 196-'J 

Shuster, Alexander, Lalone au4 LerillaJr;v, 1966) • The r1gia o£ the iacreaae4 

+ + Na 8%02'9t:ion haa betm shown not to be a ohaDge in GFR.. BPF, filtered Na , 

plasma ("Na + J, C plasma '{YrOtein J • PCV • adrenal steroids or vaeopres iD (MUl , 

a.e W81"4ener, Rqter ODd Clapham, 1961 J Werde r, J.tills ,  Clnpb and Hqter, 
1 961 ; lUytbe ana Welt, 1963) .  The site ot .Uon in the k10ne.Y 1a the 

n-ee, n" . · h be involvect. but aq pftckeiDAte 1D 8IJl" particular 

llcDcma;Ld aJil 1fardeDU" ( 1 965 a,'b) pRtu.H4 ea leol.ate4 

aa ol  

Vol � haft  
1a turD 1at'l.aa1.- a1, · tuoJJa SMIN1tt.on 



vol uld be .tend by' pnaao;r recepte:ra. perhaps in a. �ular ft81on 

in the interatitial or inbfrt'ancular �· Conclusive erldenee for 

their locaticm haa not yet been produced. Bartter, Uls a1'ld G81Ul (1960) 

de orille reo.ptora at the th:vro-o&nti4 arterial Juaoti.on. A oephalaa site 

wae auggeetea lty Strausa. Duia, Ro•enba and Ro isl (1952) who 

obsene4 inareased Ma + ezareUon 1D noUI!Ibent water 1oruled subJect. by 

hypotcmio expasion o-f ths ECF, but not in atecl aubjects. Senral workera 

haft ponulatea a receptor in the 11 ver or portal circulation. The reduced 

prox:lmal tubule Na + reabsorption after ealille loading cnn be pl"eVellted or 

nyened by partial auprabepntic interior ftD8 oavnl ligation (Ci.rkaena et al • •  

1 965) . � and Lolone (1965) almost abolished the natriuresis by 

chronic thoraoic cawl ligati.on. reduced it by acute ligf.it.ion, but abdominal 

vena caval liption was less etfectiw. 

3 .  Potyew 

+ . + Dtetar,v K &d'ieienoy, in ooatrast to Na defiei&lliey, ia an unlikely 

+ OOCUI'\l"eMSe iD l"UUDiDaDta on natural diet• because of the high K intake. In 

aneral brMda of aheep, e.bout · fd It+ output ts via the urir.le (�iah, 

1'66; Dewhunt 8114 Harrtscm. 1t66; Beal 8DI1 Budts-Ols.m.. 'f967) . A ...U 

It+ loa oaoun ill autnt, of whioh � 1a x:• (Pannrortha 1956) , CNted t the 
rat � o.s-t .o p/�ay (Daly aaa Carter. 195� staq czt !I•• 196.3) . Compared 

+ + 
with tile oomplex re ulnticm f4 Ji balance, t eontftl ot It llGIIIIIBOt�aaia 

+ appean to be aimple. SiDOe the prinoipal route of K a.cretion 1 ln the 

urin • the kia., uld prcm.a tba most ett tive sj.te for regulat1 • 

+ Ur1Dar;y K ucretion ia not aueouy related to GFR., tUt•n4 loa4 



0� x+ , or pl&lllt& er+ J, but does -- to  be influan by cell cx•y, the 

aiatal tubular P.D. ODd the rate of H+ seoretton. It ems likely that oell 

['K+J plqs a central role in detena4niqJ K -+  exoreti<m., but nidenae in 

support of, or �. such a eypoth.eaia ia dittioul.t "to obtain in practice. 

d.m'tDg loa41Dg w1 th Jv'pertonic soluttona has 'been attributed to cheDges in 

cell cx•J with hydration (Seldin tmd Tarail., 1�9; Uudge, Fotil.ks am G Uman, 

1950) . The tl'a.natubulor P .D. and level ot a• oret:icm e.ppeo.r oril.y to proYi&t 

ouea low 

P.D. or hish H+ Rueti.OB 1'3DS' be limiting. Competit.io.n for excretion betw D 

�:• and fl+ DJJJ3' not 'be in a carrier mediated a:yetem (Berliner at al . ,  1951 ) ,  but 

may ret'lect tbe cell ex+ .J and en• J vmtch QJe lmcml to 'be imrenely related 

11'l circl.lmBt&J'JCea (Swe.n aDl Pitta, 1 955; Swan et M•• 1955; Onnt-KeUes 

8Dd Mc£oll , 191..1 ;  Cooko et ti• •  1952; Adl.er et al•• 1 965) . 

It hu n suggeated that th adnnal steroids be inTOl�ed in 

some WBif in x:• hameoatasis beoauae p1 ex.+ J 1ncr 8 stimula-te aldosterone 

ucretion, aDd decreases i.Dh1bit it (Denton t al., 1959; av1 .t al. , 1963; 

�lai e et fl• • 1963J Gmm, Del , C·Ul, 'rhcaa8 and Bartt.er• 196ft.) , aDd 

't960, "'� � Tunis e • •  1961.) . ltiJme ,  actarl.ee · udtz-l)l..sa (1961 )  

tntwsea alc!o ue (10..300 tal' 1 hour) ill .-., ei.thwt eftect on K+ 
exaretion. Oft pruect .n.&mae, itber {'r;,+ J pea:r to be an 

reaut Uoa or x• ezcreUon a ma3Gr 
Keynee aD4 HarrJ.am ( 1967) reportea pre11min-

ary uperimeata ilrveatigatttJg the role ot tha adnma1. a in x:• 
metaboli in ahe • but tbe � euftio1eJltl..y ad'9tmced to reach .. 



Water 1-a ingested in the teed and aa free water, and is loat in 

tract depends on the viroumeutal temperature and h1mlidi ty. 
ti'N ooolina is tm essential temperature regulating oho.n1 

Since evapora-

in moat a, 

there ia a large ob11gatotT tm.'ter loa.a 1n thia d.viJ!B hot we.ather. When 

there is an abundant water supply, the impol'taat factors regulatiag te"J" 

metabolia are the amotmt � water c1runk the urine fl.on. An1mala on da7 
feeds w1 th water freely ava.il&ble ua re wateT in abort-tem ad.Justmenta ot 

boc:\v tluida than do animals on natural t as ot greater water content, but 

ich drink leas. 

'l'he hypothalamus a to coutein the integrating centraa for water 

metaboli • Here are the propoaed re.di� aD4 c1r1Dld.� oentree, the temper­

ature resulatiDC outre eDd the osmoreoepton ccmoemed in ADH creti.on. 

'l'he unt � ter <1runk will depeDd upon 11ater loa , 1.nolu41J18 

that requin4 for teapefttuft regal.at1on. 8.Dd aa well on the quanti1:,y u4 

oompo:a:i tiOD ot th heel, 111 a oa paycbol.ogical f a. erino 

( �arlane, Jlorria oat o ll speotea o a 00118tant 

teed intake ratio (Bruoe mXl , 1'5t ; Ci � 1959; 1 964 )  • 'l'he aotual 

ratio will aepcma. oD the particul.ar t< uaed; 1n the c ot sheep, B.iek, 

R�., Lee aD4 Carter (1950) found an AWJ'88 ratio of 9.1 ml/s;m f'ee4 a 

lO'IJ ple.ne of nutriticm, ant\ 2.8 � OD a hi«h p1 • Grep:nea ( 1932) 



suggeate!l th t the iDCR ea MCI'Gtion ot digeeti.n JuiOes deoreasea. tJle 

ECF vol. , ere Ung thirat ;  C i.l6k ( 1 '61 )  avsgeete4 that thirst s oauaea 
by the osmotic effect o£ the teed dra\'d.ttg wat.r into the gut • In tha 

rtldMnt, both etrect.s n1e;ht be upected., Water restriction r.educu the teed 

intake and eonft!'Sely reduced feecl intake lners th wat tr oonamption. 

Verino sheep stopped eating after bo d.8ya without wate-r (.,�nc.farlane, llorris, 

Howard, YcDoftnld am Bmtz-Olsen. 1961 ) .  

Multiple stimUli are involvea in thir-st. For o. recent discusion 

of the subJect, refer to a sympoai "1'hirst ill the regulation of body water" , 

dited by WayDel' ( 1�) . The thirst created by raised pl , osmolality mq 

procluce mon drillld.ng tbaa de comparabl 81110UDts ot �aoti•e solutes (NaC1 

oompfll'ed with urea) (GilmaD, 19;57; Holmea aDd Gregenen, 1950; Kant r, 1 953 ; 

Adolph, Barker and Hoy, 195tt.; Fitzaimona, 1961a) . Otber ettectift stimuli 
are reduced blood volume (Itolmes am Cink, 1951 ; Ruang, 1 955; Strauss, 

1958; Fit ss u, 1%1b; Stricker, 1966) , aa! dryi� ot the oral mucoaa 
(Adolpb t tl• • 1954.) . Sa�iation of thirst iBVol a oro-p�al metering 

and stomach distension (Rolmes aid Gregeraen, 1950) ; in sheep, the p&a8864' 

ot ter thl'ouah the low&r sophague, aJld the f1l1 Gt- 1"ttll&D (Bott, ntOD 

and Weller, 1965) , comparabl faet.ora. Mmin.t.stntion f4 pitn in 
aeprea a t.Mm 1a � ap i a ( ts ua Greger � 1950; Adolph et at•• 

195'.; Di SalYO• 1955) • 

w :tu 1 in t Ul"iM 1nel • botb ol>l1Batol7 am regulatory 
f'racticma. � h-actio is dependent the miDimum vol. � 

with the ute, 1 .... tbe ma1::imta ooncentratillg ab111ty; the regulatory 
�ioa la in et �hla. ADR ia tor th tol'll8ti.GD 



ol h7Pel'to!d.c ur1a&. The phyaielolioal ·�1 to i�e release ti'Om the 
poatertor pitu1tU'3' appear to be raS. plasma o.F . (Verney, 191+7; r...at aB4 

amby .. 1952a. emd othel'S) and reduoa4 blood velliD8 (Ci.zek tla\ Humtg. 1 9-51 ; 

Leaf' aal amby, 19.52'b; Cort, 1 954-: temai!'e, B&un., Dupoat, De.i a and 

Allegrinl, 1 959) . In �ti a rata.. DJball (19�) obse.ned. �t H't"ee"8 

� wu a at.onger stim.ulus than 1!ltraearotid iDjecticms ot NaCL 

A ari.ea of experlm&uta by Habericb 8lld eo-workers (P.aberich., 1968) hea 

de.monstratea oamoreoeptora in the portal oirOulaticm_ pro'b.alUy 1ft tbe 11 wr. 

Inpatect " ter. o.r nter int'wld into the porb1 ft1n.. lowera portal bloot 

o .v . aD4 inena.ae• the wat r oontent ot the liftr, iD caeoa bu:tler.t.Dc 

!he O't1Z"ft ot the naul t1cg diuresia parallel a the curYe rd 

the water coftte� o.t the ll ver. A role � left ai:riAl stret--ch reeepton 
iD the oonti"Ol o£ ADH has m proposed (Herr.r. Cauer ODd Reeves., 1 956; Gauer 

aiJd Henr,v, 1963} but tiaoountd by otben (O'CeiJ!IOr• 1 962; Lycitin and 

Hamilton. 1961..) .  Although ADH ia \18U8117 eonsidere<l tiE importaat :faotor in 

wa'ter oonsert'at1cm, Maohrlene { 1961;.) bellnea that 1n acute b at atft a tb 

pl'iDaipal. factor 1ft tbe SU<lden �iOD iD uriM ft1 

aD! excretion am td»ula.r reabao�ioD ot solute . 

is not .ADH ltut C.FR 

l'e�on _,.- OCJOUI' tf' ea. te water ia not avaUable·. Conaider-

abl.e �Uoll been diNcte4 the ·� of •tar balance in a hM. dq 

enl.rolamelllt {aee nmne by ana 1952J Hudson. 

1962.; e-.. ""'} ueh aa 
bUI'l'OW1Dg i41na the heat fd the dq; a iticimg �aUo11 to 

1nta111 water bal ; the � ot a � ocmce� Jdc1De7; 



t the exp af o-ther ECF 

tumo'Rr ( actarl&De, 1965) ,  but alao the total bo<\v water cont&nt ( acfarlane 

et al . ,  1 959; Ol"'"is et ro.. , 1�) and in paJti.cul.or tbe BCF 'VOlume 

{ oterlane et al • •  1 959; 8aot'orlaae, 1965) ; plaana eleetrelyto ud pla 

prot in CODCentrationa rtJS3 fall al.ightly ( aafarlane, Hot2ard tmd Morris , 

1 966) . Duria6 �tioa 811!0UBtillg to 2� ot the total � ter, 4� ot 

this loas came from t!e .... CF ,  end 5 tr the gut and cells (Yactarlane et al.,  

we re  both reduced, but large contribution 

v. Concluatcms 

'!'be above review 

n wat r lllld 

Dtutlies h n b n oerried out in rum-ruminant specie • Portieul r peets 

haw proYed uaeful a:n:hnal.e far the stua,. c4 aldoetei'Oilf) :Jecretion erd !! .. 

aetiottmru-, sinDe t.be pa.t"'tia aali'YU'Y + /K + is cenaiti to this hoftlOne ,  

the 

have principally been on � 

tile � of water 

d to the l  

z»Ck. Otbar etadies 

sti oyole. 

to 



so. 

the digest1Ye cycle . The urine is alkaline , am its composition renects 

+ + 
the composition of Ute diet , beil\S low in rta and rich in K • Potasai\lll 

is usually the principal urinar,y solute , in contrast to the situation in 

+ 
oe.rniwres where Na and urea predominate . A s  in non-ruminants ,  the large 

movement of water a nd electrolyte s during feeding is reflected in changes 

in the pattern of urinary excretion. 

The present thesis is concerned v.ith the movement of water o.nd 

electrol3tee within the body and their loss in the urine consequent upon acute 

al teretions in the electrolyte statue of the rumen. Obaenations have b en 

mnde on sheep feeai� for a single 2 or 3 hour period da11y, in which it 

might be expected that aqy effects of' feeding would be magnified by sudden 

fluctuations i n  the digestive cycle. In an attempt to analyse the mechanisms 

involved, the diuretic , acetazolamide , h s been administered nt the time of 

feedinr,, and drinking water has been withheld. The some pe.rameters hav 

also been followed during e.d libittp feeding. In other xperimonts, water, 

_ aCl and KCl haYe been infused into the rumen, NaCl into the duodent.ID, and 

aCl and KCl intravenouely. From thes , patterns of eorption and rerusl 

excretion have been determin d, and their interpretation attempted. 



CHA!G'f::S pt JlRI At Bto@ Cg!POSITtON 

YN.REP. A, i§S!JttCTiiJD WDtm REfm 

During studies of renal f'unotion, feeding or rumination produced 

a merited reduction in urine flo in goats undergoing a water dil.D."esis 

(Andenson, 1 955) , and in polyurio aheep (Sobmldt-NiE:lsen et it•• 1958) . 

The antidiuresis een in sh p fed hay, but not be u or pot toes, by Lysov 

( 1960) was interpreted as a reflex ortgiuting from receptors in the gastro­

intestinal tract . Kinne et ftl• (1961 )  observed acidification of the mrmall;r 

alkallne urine in feeding sheep, aDi considered it retlect1on of the loss 

of extracellular alkali in the profuse aal.iva of high HCo; content. 

· 'l'heee observations prompt d studies of water e.nd electrolyte xcretion 

in sheep trAined to eat for only n short period ee.oh clay. Stacy ana Brook 

( 1964.. 1965) compared a urtm sample collected vtithin 90 minutes of feeding 
with the mean of t�e taken in the 90 minut s before feecling. They' found 

that, after feeding, urine flow decre sed, epeciftc gravity inoreasod, the 

urine e acidified, nd there was deorea ea excretion ef Na +, g+ e.n4 total 

eelutes. A tre.nai nt b,yperproteinaemi s obs rYed, but no consistent 

oru�e 1.Jl 1 the:r or • Using t r-loac!ea eh p U&f\V o.nlmala, 

Stacy cm4 Brook (1965) 4 nabo ant141UNtJ.o aot1vi't7 in the urim of fed, 

but not UDte4, sheep. A ustaiJwd 1 se in pl a o ololl t;r M4 C + .J 
occurred. oft r feec:1.1ng (Stacy and Brook, 1965; Warner 8214 StBey, 1965; 

s oy ana w 91"!.18r' 1 966 ; nouth, 1 967) . 



The reaa1 aDd pl . 

on extracellular water and electrolytes for digesUYG eecretiom dur1ltg 
�eetting. The antidiltt!es.is as a consequence of the increased plasma 

osmolality releaaiJW ezltidi.uretic bol'mone, while the acid urine re.sulted 

from loaa ot extracellular nlkt.ll.i. A 'brlet report of dfJCI'!Cased blooo. pH 
etter feeding bee ppee.red 1n an e.batftct (Staoy, 1 967) . !be mechard.• 

pl"'ODGting Na + conser.ation was not identified, but it susgested that 

reduced Na • exor..ticm., combined with inczoeasea H+ excretion, unconrea 

competitlf)Jl of H+ ana K\ resultln8 1n lowere« K+ excre-tion. 

52. 

R n electrolyte ohaagea have be-en stud! under Similar feetli� 

conditions . In the fasted animal, rtlllen ocmtents were �otoDic to plasma 

(Parthasarathy em Phil.litrson, 1 95,; Eugelhardt, 1963; W8l"l'ler and Staoy, 

1965; Ternouth, 1 967) , but 1ncr Md to near 400 moo/kg upon f ding 

(Warner and Stacy, i 965; Ternouth, 1 967) . When water as withheld, 

hypertonicity pEraiated .for JD81V hours, but en drinking vas permitted., 

after +bree hours t contents returned to hypotonicity (Ternouth, 1 967) . 

uter feetUns, 1"\Bell ['K+ J inoreaae4 markedly, but {"Na +J :fell (Reid, 1 965; 

WU"'leJ" amt Staoy, 1965; Staoy 8111 Wamer, 1 966; emout.h, 1967) , however, 

the absolute amount of both el�a illareasei (Reid, 1 965} . The volume 

of f'luid in the I'UI1eD 1r.tc d a1't J' teediDg 1n cattle (R id• 1965) and in 

eheep {Ternouth, 1967; w and Stacy. 1 96&>) .  Temeuth o aened a 
aeoODJ peak of "tOlume 5-6 hoU1'8 after f ng, but th1 has a 

l'l"'OIl eh 



,, . 

eatimated 

�hat 2<l" ot the 

tranertl!liDal mtls of rter. 

hour ree-pectiwly) . �. both workera m aaaumptiOBD wb1oh an hard 

Juetify; fernouth. 1D part1cu1er, wsed 11118lrbrr dilutioJ1 teo!mlques t 

que&tioDilhle ao.o'Ul"&Cy'. 

At the t 

s acant. and urine aamplee 

reportea 1a this Chapter 

f1rat paper of 

not obta!Ded by catheterization. 

untlertakeD furtber stw\Y ot the post-

prrmdtel changes in urine, plasma 8Dtl. � el ctro13te aa clearly 

�. Partt.aul .· emphaai haa b en  plae a cm wdng qut.et. loosely 

a J'Utr.lotion ot cb'' drf.��g 

AMl�iMliiiDi • 

17 lrloreaae4 �.:&.1[81 

x•, an oppo•i to 



••S..la wre tea te a pntoct � 2-3 hours 1B the � .  aa 

..,a .. ot w.eoct ·8114 ur:t.. wen oo'Ueoted ..._ .... a...as aDil otter :taeaUI• 
'l'hftle wae aix ezper:lllebtel ai-aUoaa, aooorat.Dg to � or DOt the 

••'• reeet...a ... tn.1eot1oa fd eeetuolmae. a 1:1o the antlabUity ot 

artD1d.lts watu ctUI'iJW ana t..at.Jtg. !hue ats ccmBUou ere u.ated 

below: 

A .  No eoetuolamtb 

(a) water enUalil-e e ll)Uw  
(b) •ter aur-1lt£ t"ee41lsl. but aftila'ble be1'on ua after 

( o) • water lletore. c!tJria& or aftd' � 

B .  I� aoetuol.aalde 

(a) water ...Uable M ll)titw 

(b) 110 --- aurt.Da t-..a1 • but an.1lalt.l 1Jefbl"8 aft&r 

( o) ..ate w..-.. aarilra .. after tee4iiW 

tal,.. to •·• etthlr 1 p.a. Ia tt. 

lld.ttal upel'tllellt• 600 ga wa 2 • buil M . f!'ft!llal• (9Ift 

ol W. wae � .p &t ' fte· ep .. ._ 

� the ti.M, tmleaa water we wtthbell. wsuelly 
• Par r11Jt.eAta a aalt 11Gk 

... pJ'Ori.4el 
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Ntne ,.euac Ra11Da7 ._. ea4 eae �hniot uoaa ewe wn Ulle4, 
their beq •18!*• N:Q81ag 0..: 22 to U ka. but 

)5 Jr&• J11 1"11 EiM4 heal t}(r a4 ga1De4 Wisht 
'.rhe7 weN ahCII'Il d appl"OZlilately 6 welt ii'Jternla. 'l'!dabent:adole 1nUI 

adaJ..Diatea.a 1lban tbe eheep •re 1'1rat �t fl'll1oo.re eat at U.a later; 

a.pel'J.aeab. Relatlw bta1dl't17 vaft.ed 1-n. � to  DI8J' 1�. OYesr tM ,. .. , 

the temperatme ta th l!'OCIIl reqe4 m. u0 to 2G"c. ut over � � hours 

tbe n i.oa wu 2° te (fc. '!'he eo. aueot1y iJsto the � t• 

, 

-*in& altzwa tn 
but DOt ait Oil the t'1ow tiE 

Selt-Joetatatrw Pole.y ad:�ara (•1• 1& ) 

ooU..Uo � G&tMt 

i�wa.•.-b.a uepUoall,7 the atte·--!Dil prJ.or to n.r.t up&riMDt 
....,'b" fa.) &tra• I ..t.tb« 



fti!l thrO'Uih a laJ�p boJ'Ie aeeal. • Aftel" witban1ral of the ueecn.. a abort 

pteoe ot rd»lMtr oeamda blocketl b,y a pleat! buns waa fitted O'fttr the other 

atitehect to tilt aid. !be CIFDJP4• were � dDIInal'da 'talrorb tt. 

heart. tJaQ' were t1U.e4 talailll a 111811 a.oua et Mpar1a 
betwiiD ..,U.US, 

aheep . DOt beta. 

0&1�-. a1l.w1lfa -111ft� 

fd • oou.ta 



�-��� tt. IUihu ot • ..,,... to he � 8Dd gooct 
tDa --- ot 1:II'1MI7' � 

.... protMted ,. ..., ..... the tip ., the �· wlt.ll a moot pB 
� OODteat ...,. eatimated t....atatll17• ..pi.. o« PCV aDil 

('Hb,] � The Nat wa tbn o�ea ,_ pl 

VriJrP• 

1r hrr )G ' • • 3500 ..,. 
(n41 ' liiObu). Ita the ewli • • (iatenal 

. .., -

mtenaal a1 t1a l'Ut ill .. -- 1 

�·· • ptll'&t'ft 19M' a 

• .u. 8IJ4 cl 'oat�. la-4 ..,......,... 



were .ad$ from t paoket! eells in th amal.ler tubee, qatng onl7 tbe 1 r 

two-third of the column of cella, 'Whloh re dUutecl. and l;y d in 

41atUl t1 ter. Both plasma and pa keel e� 
the volum.etric fla 11'1th th cliluent. 

rinsed !ato 

(i) Y£1M YtlW• Uauall7 the weight of ur1De u estimate4 

as (sample igbt ... ture ot g) to the near et 0.1 gm, and the vol 

calculated as weight x s .e.. In a very tew ox.perim nta, the volume 
obtsinect directly by oolleo'tion into gra4uate taet?.SUI'irlg o;y11Jl4era. 

(U) Up Weifio mDB• s.G. waa moaoure4 nth small 
hydrometer (Cl� aams Ur111011Gter) , uauall.y on utldilutecl urine, but tor a 

high s .G.,  or very lo ol , a dilution ef 1 in � l'lith dis�iUed water wu 
usecl. s .c:.. oould be eetima'te4 to 0.002, or o.� if dilut 1. 

(111) • t1r1ae aDd blood pH we determi�J&d erobical.ly on 

the mod 1 76 xp acal. pH er With the id.CI'Oblood. pH ea� 
(lt.6850) , slaes electro (3901.5) and retereDC$ electfttle (39070) (As-A{!Cl)•  

mounto4 in 'bhe e-:a�' Tlt1el'IDOII:Mtt1C Conria.r.lt Tempo Ul'G mock. '!be eppsrat 

duplioatea, one fo_ loOt\ �p.IM• aDd rw ur:�.ne. The t.emoe.ra: 

UIIUliJl; . .uea lt ' � 1•e a aai'ble, 

rature ltHI)ft out for part of the &Jt.-miaation. The• 

tl.uctuatiou did appanllt al ratiea J>ft• 'butter WJ&4 

for ataDdarcliu.ttoa wae Slnu a buf't , pH 6.84 ' :S8°C, o1 equa1 
ama�e o' �ltO �PO. HP04• two oluti atorett 1D 

the HMI rator and lJS.1.a ably d.ail¥• 



' 

fir �. � t!Jat ea13' 2 
...-a. out w.t.� aalt•. 

OD cme tnabwllrat, sat betlreea eaoh 2 • 3 UI"1De � aa tile other pH .ter. 

't'Mae aetboa8 al.lo-.4 zoepedlible � or pH to .t om uat-u tor art., 

8114 to .s. 0-<M � l4oo4 ( uatag the u:pmle4 aoale) . • ot aaapl 

� ettur blGod ... ur!J» be4 paaae4 � tbe e1ecrbecte �. the u.e 
takea to Nllh f1Ml na4iap loaprJ tM �a, WttM NI•MI'fd:e4 
. ...... Sa .,.o ..... •'¥1 at-....hl,.. 

(!Y) aetbol ot c .  (1957) .. 

JBDUftcdt . • 

...... ... Be( eH) 2 
.. 

the Olllbe ..u. 1 d " 1 • ar tooa. Ul'.lae. 

ID apite of .. 1Jd.tia1 

11 • 

414 . 1d: • 

ot wct leu  

....aaUGD • co2 .. C02 • 
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the reticulo-endothelial system. 1 0  ml sample of blood was wi tharavm 

prior to thi s  inJection for a bl tmk. For th estimation of the pla.sma 

62. 

volume , a preinjeotion blank wa ceain taken, then 3 or ·4 ml of 0.5� � nn' s 

Blue was injected. S plea of blood ere taken at 1 0, 20, 30 and 4IJ minute • 

Preinjection bl anko, samples end standards were read at 620 m?' on a Unioam 

SP500 spectrophotometer against the original blarllc from tho day before. Samples 

re oo1 �0ted for the preinjoct1on blank, plotted on se��logarithmio p per, 

and the curve obt 1ned wne extrapolated to zero time. From this value , and 

from tho optical oensity of the tandards , the volume of dilution was oalouleted . 

C alculated Pareetera 

(i) Relative ple.mna volume . The plasma volume relative to that 

of the first sample of the day vms calculnted: 

= X 

where PV 2 = plasma volume of somple 

PV1 = pl asma vol of first sample 

{'nb J 2 = CHb J of sample 

CHb .J 1 = CHb .J ot first sample 

PCV2 = PCV of 

PCV 1 = PCV of first aample 

The first pla a vol was taken as 1 .00, and the others a otion of this . 

( ii) 'Emhroort! XOlgn • Thi was eat e4 trom PCV/ £Hb J • 

(ill) nthrocxt lectrol.yte content. The 1 otrolyt concentr tion 

multiplied by the calcula erythrocyte volume. 
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� fee!1q 
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�'= o.at Cornlation oo.n. r- 0-48 I'= 0.'$9 lW 0.50 0.71. 
(a-) t..a & waer (p ( .Ot) ( Uit  (p < .ot) (p < .01) (p <.Ot)  
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Fig 2 .  Effe c t  of no  drinkin g  water d uring a 3 hour feed, 
on the half-hourly feed  intake in 4 sheep.  Note the 
reduced  intake beginning around 90 minutes and becoming 
progressively more prominent ( a - sheep 2 ;  b - sheep 10 ; 
c - sheep  3 ;  d - sheep 1 ;  o A v a water ad libitum ; 
0 V 0 6 X n o  drinking water ) . 
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Fig 3 .  Lack of effe ct · 
of acetazolamide on the 
half-hourly feed  intake ; 
no drinking water . 
(Ace tazolamide  in jected: 
A - s heep 2 ,  12 . 5 . 66 
V - s heep 2 ,  15 . 6 . 66 
0 - s heep 1 ,  22 . 6 . 66 
a - sheep 3 ,  8 . 6 . 66 
no acetazolamide : 

� - s heep 2 ,  3 . 5 . 66 
v - sheep 2 ,  13 . 6 . 66 
o - s heep 1 ,  20 . 6 . 66 
x - s heep 1 ,  3 . 5 . 66 
o - s heep 3 , 7 .  6 .  6 6 
+ s heep 3 , 3 .  5 .  6 6 ) 

c 

ll, 8am 1 0  12 2 pm 
'0-

I acet azol amide ( 350 mg J I 
fig 4 .  Feed intake patterns during a 3 hour fee d . a , b  - Type L ;  
c , d  - Type I I ; e , f - unusual patterns during feeding with no 
water when the intake is reduced in the first 30 minute s ( a  - sheep 
3 ,  21 . 4 . 66 ;  b - sheep 3 ,  22 . 4 . 66 ; c - sheep 1 ,  28. 4 . 66 ;  d - sheep 
1 ,  20 . 4 . 66 ;  e - sheep 1 ,  20. 6 . 66 ;  f - sheep 3 ,  8 . 6 . 66 ) .  



!'he· ot ar.td:l. wt. the fW4 iateke (lfable 1 ,  

P18 2) . ftie n.nt &ppall8llt eftlat ii hours, t'II.W1 � tbe 

41WJp� � pl"'8ftuiftly peat& (ftc 2} . .aoetuo1eia. ba4 - ette.t 

on t..a lJlttb, ....u.r __. aa &fttla)le or aet (� 1 ,  Fig 3) . 

water .. aaSlabk. tqhut t� tatea m rtret 

� at.:e.utea. ID ' out et 1t. tJt �. there -.. a .._.ain leolia (!7Pe I) 

(F1& 4&, 1t) . at m tile reme't:Mier• � ... a ,..s.a or n41tcd 1Dbke ill 

the aate et tee41zts (� n) (ng q., 4) . !)pia II -.a oa 9 a.. 
& t._ la eat•l (abeep 1 ) .  110 ..._. wu � the  iateke 

patte_. � atmlar to tho&e -.... ea 7 fd 1 2  one, but • otlalr 

s tbe J.abke 1D tile f1rat 30 ld.nutANs DOt tbe h18baat. 8Dil � the 

MrJ.M. 

b iaU1Iate NJ.acl.iODaiDIP --.... IM4 

., ... . .u f/1 .... ... ... . 
.,. .. ..... Ml .  

· lh 
... _ __, A..ft1P8111!8 •lta. : t'ee4 .... 

I'MISDI pedo4 
SlleCIUIS perio4 

.. n 2. 



'rpble 3. Frequency ot obsen tion ot the 3 ter intake patternn 

durins teeding. 

Sheep Water intak pattem 
(no. of ob . )  

A B c 

1 1 ; 1 1  

2 5 3 1 0  

' 7 8 2 

' 1 ,. 0 

1 0  0 5 1 

Tpble &• Association of teed and atcr intake patterns. 

Feed intake Water intake pattern 
patt rn ( ·lo . of ob • ) 

A B c 

I 1 1  8 ' 

I! 0 4. 4 
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Feetirtg U.. • • .a � .30 atn  
- - - 901 . <•· of ···> 

'1'ota1 
no. fd 

• 

( 50 111 > 50 ml > 100 e1 > 150 Ill 

10 a • 

After 10 a.a. 

Tabl 6. u.J.aa Y01 

Coalitlona � 
�. 

Water ad 11b. 
No water 

1fllt1tr + 
aoeta amicle 

All no 
aamta�ams.ae 

All ecetar.olamide 

19 41. 21 7 63 

0 8 7 ' 8 

for latter 2!t 

No. ot voluae & 
oba. S .D.  ( } 

16 124.3 .1 23·' 78-0-174.9 

1.5 119.6 � 28.5 n.1-188., 

' 138.3 % 34-.5 100.0..1 67.0 

8 14.9.5 .t ,... 7 100.,..96.7 

1 1  
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Water intake patterns · 
a 3 hour feed.  Type A 
3 ,  17 . 3 . 66 ) ; Type B 
2 ,  10. 3 . 6 6 ) f Type C 
1 ,  23 , 11. 6 5 ) . 

V O L U M E 
b. : fed ; 

:�· I 0 

I I 

d. 
I fed ' 

Fig 6 .  Urine volume re lative to a once-daily 2 or 3 hour feed at 
different times of the day ; water ad libitum. Note the prefe eding 
diuresis and the antidiuresis  during feeding in each case ( sheep 3 
a - 14 . 3 . 66 ;  b - 15 . 3 . 66 ;  c - 16 . 3 . 66 ;  d - 31. 3 . 66 ) . 



Little or no water was drunk cluring the fir t 30 minutes of 

f ding: on 44 of 63 occasions no water at all wo.s consumed, and on a further 

6, 1 00 ml or less was drunk .  !he pattern of intake on most days duri� 

feeding as readily clusified into one of 3 types, d signated , B, C (Fig 

5) . The frequency with which each type occurred in 5 sheep is shown in 

TQble 3 . On 4 days vlh n acetazolamide 1'1&a admini stered these same patterr.us 

ctt at r intake were observed. The association of the 3 wnter intake patt rns 

with 2 fe ding tyoes in shown in Table 4. 

If water was withheld until 1 p.m. ,  within a f minutes the sheep 

drank 1 -2 11 tres . Sheep 2 usu.e.lly consumed enouah in this short tine to 

satisfy its thirst for the day, but sheep 1 and 3 drnnk agn.in duri the 

aftemoon. Tho total intake for sheep 2 nnd 3 was neor that when wnter was 

availnble during feeding, but sheen 1 drank about 1 litre less than usual . 

v;h n the water was not or-for d until 4.30 p .m. , the sheep all drank 

imrnodiotely, but less than if it wer returned at 1 p .m . , on oomo days as 

little a.s half. 

Urine Vol 

A prominent feature of these experiments was the ocourr nee of 

diur sis in the period before th animals r fed. 'l'be magnitule 01 this 

diure is vane (Table 5) . t did not occur t all in some o sas; more 

only, it pronde<l th higl' ost urine flow rates duri� the oxperiment . The 

s prob :bly exoi te Dt ar1 1ng fro the ntioipotion of being fed. If 

fe-eding was postpo d, a profuse diuresb persisted until the food as 6ivon 

(Table 5, Fig 6) . On the ot r hrDd, the diuresia appeared to reduced under 

011"0\IDStances in which 1 t might b cted that exoi t ment Wi less 1!121"kecl . 
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Fig 7 .  Urine volume re lative to a once-daily 2 hour fe e d ; 
water ad libi tum. Note the prefeeding diuresis , le ss  marked 
before the se cond feed ; the antidiuresis during feeding ; a 
c omparable minimal flow 8-12 hours prior to the diure sis  ( sheep 
3 , 22 . 6 . 65 - 23 . 6 . 65 ) � 

F ig 8 .  Urine volume re lative · 

to a once-daily 2 hour fee d ; 
water ad libitum. Note absence 
of prefeeding diure sis and 
thus le e s  prominent antid iure s i s  
during feeding ( sheep 3 ,  12 . 5 . 65 ) .  
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F ig 9 .  Urine volume re lative t o  a 
once-daily 2 hour feed ; water a d  
libitum. Note onset  of antidiuresis 
�first 10 minutes ,  and almos t 
minimal leve ls in the s e cdmd ( sheep 
1,  21. 10. 65 ) .  
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F ig 10 . Urine volume re lative 
to a on ce-daily 3 hour fee d ; 
n o  water all d ay ,  acetazolamide . 
Note particularly high flow rate 
during feeding ( s heep 3 ,  2 . 3 . 66 ) . 
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F i g  11.  Urine volume relative to  a once-dai ly 2 hour feed ; 
water ad libitum , ace tazolamide . Note the less intense prefee d­
ing diure sis  before the second feed  ( sheep 3 ,  3 . 8 . 65 - 4 . 8 . 65 ) . 
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Ccm41tiona ot experimel'lt 

Duri178 t"eedi 1!8 

Wat•r d lib. 
No water 

Ne water 

Water d llb. + 
ocetazol.am1cle 
No 'flUter + 
aoetazolaad4e 

at r + 
acM&solamlde 

After �eecli. 

water !Cl lib. 
ter d lib. 

DO ter 
water a4 lD. 

:ter acl );Jb. 

• water 

No. 0� JleaD ftl 
ob a. &: s .n. (ml) 

13 207 + 59 -

,.. 225 + 50 -

9 197 � "  

' 21, .1 87 

' 197 .! 41+ 

' 218 .1 59 

Footnote: Expertmeata perf'orm.ed bet . n 'N'oTember 1"5 and 
Juaa 196'. 
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F.ig 12 . Urine pH and HC03 excre tion re lative to a 2 or 3 hour 
once-daily feed ; water ad libitum. a - usual observati on of 
urinar¥ acidificati on and reducti on of HC03 excretion almost to  
zer o  during feeding ; b - atypical day on which HCOi, although 
markedly lowered , failed  to reach very low levels and the urine 
remained alkaline ( a  - sheep 4 ,  17 . 8. 6 5 ; b - sheep 5 ,  7 . 12 . 66 ) . 
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·Fig 13 . Urine pH and HC03 excre tion 
re lative to a once-daily ' hour fee d ; 
no  water all d ay .  Usual response of 
urinary acidifi cation and almost 
negligible HC03 e xcretion during feed­
ing ( sheep  1 ,  10 . 2 . 66 ) . 
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-
Fig 14 . Urine pH and HC03 excretion relative to a 
once-daily 2 hour feed ; 
water ad libi tum , ace tazol­
amide . Note high Reo­
excre ti on during feedfng and 
alkaline urine ( sheep 4 ,  
19 . 8 . 65 ) . 
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ELECTROLY T E  EXC RET ION ( 8.30 -9 .30 am ) ( m  - e q u i v  / 3 0 m m ) 

Fig 15 . General diagram showing regre ssion lines of ele ctro­
lyte excretion at a sele c ted  time ( feeding or prefeeding)  on 
that in the first  prefeeding period ( 8 . 30-9 . 30 a . m. ) .  Line s 
shown c orrespond with excre tion of 300%0 200% d own to  20% of 
the prefeeding rate . The lOO% line ( 4 5 s lope for equal 
s cales on the two axes )  represents unchanged excretion. 
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Fig 16 . Effe ct  of the prefee d ing d i uresis , feeding and 
ace tazolamid e  on HC03 excre ti on .  Regre ssi on lines  ha.ve been 
calculated for 3 groups of points ( l ) X - prefeeding 2 ( 9 . 30-
10 a . m . ) vs prefeeding 1 ( 8 . 30-9 . 30 a . m . ) ; ( 2 ) 0 - feed ing 
( 11-11 . 30 a .  m . ) vs prefee d ing 1,  n o  ace tazolamid e ; ( 3 )  .6. -
fee ding  ( 11-11. 30 a . m. ) vs prefee ding 1 ,  ace tazolamide . 
Significant line s : ( 1 )  y = 0 .  601 + 0 .  919x ( p < • 001) , s l ope 
not d i fferent from 45°  ( p >  . 5 ) ; ( 2 )  y = -0 . 007 + 0 . 096x 
( p <  . 01 ) , s lope s ignificantly d ifferen t  from 450 ( p < . 001 ) . 
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F ig 17 . Dis tribution d iagram of 
the minimum urine pH before 
feeding , and d uring feeding 
under the different  experimen tal 
cond i ti ons . The pH in the f irst  
30 minutes of feeding has been 
excluded . Note the smaller 
proporti on of very low pH value s 
wi th n o  water during feeding , 
and the prevention of acidificat­
i on by aceta zolamide . 

d > 1... V (j) .0 0 

pref e e d i n g  

f ee d 1 n g  wate r  

feedi n g  

g 1J-yr-----, n o  wat e r  

� :� � I 
·� 6� 

I 

a. 
f e d  

5 L_ ,__: _l____L___J__j__j_..J........L__J 

b. 

12  2pm 4 6 

f e d  , C. 

, f e d  
d. 

f e e d 1 n g  a c et azolamide 1:.___[ ___.___� I 
5 6 7 8 9 

p H  

6 

m i n imum p H  

Fig 18 . Urine pH 
re lative to a once­
dai ly 3 hour feed ; 
water ad libi tum, 
feeding at varying 
time s .  Note acidif i c­
ati on d urin� the feed­
ing period ( s he ep 1 ,  
a - 14 . 3 . 66 ;  b - 15 . 3 . 
66 ; c - 16 . 3 . 66 ;  d -
17 . 3 . 66 ) . 



group beoau.s of tbe small number of points ;  the group lay half 'f1DiY betwe n 

the prefeeding line ODd the base Une, indicating e. decrease of onl3 �. 

The urine pM before f'eoding rang d from pH 6.98 to 8.1 3, with two­

thirds of the values lying between pH 7.30 aDd 7.80. During fe c:U. q; ,  the 

pH dropped in 40 out of 40 oxperimeDts nth water provided, ODd in 8 out of 

10  without water. The minimta ptJ before feeding, and during f' eding under 

the different condi tiona, is eb<mn in th distribution diagram (Fig 1 7) .  
-

The lowest pR and Hco3 excretion s seen in the third 30 m.1..mltG somple on 
about � of d �' irrespective of l'tater vailability. On almost nl1 the 
other d.e_ys, the minimum oeourre in eith r the preo di� or follorr.i.ng sempl • 

Acetazolamide, even in the lo est dose ( 5  mg/kg) , prevented 

oi ification if given before feeding , or reversed it promptly if feeding 

he.d elready begun. The highest p -l occurred 1!-2 hours after the injection 

in most oases. Hco; excretion was variable. 

I n  2 sheep, on 7 dJws on which they clid not receive aeetazol de, 

the urine failed to become e.oi ( ig 1 2b) . A considerable reduction in 

nco; excretion occurred on 3 of these occasions, oJ. tho not to the very low 

1 ls normally seen in feedi.!JG sheep. These etteota were DOt related to 

the �ail bili ty of t r. 

When t d a otter at different t s of the day, urine 

a.ciatt1cat1on t pl c duril'@ feeding, 1nd1cati• that , like t tmtidiuresi , 

uriDB acidification not a diurnal rf\ytbm ( ig 1 8) . 

en a pre-t'eeM.Dg ature 1 ocourred, t r t of f + oretion 
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Fig 19. Na+ excre ti on re lative to  a once-daily 2 or 3 hour feed ; 
5 gm NaC l on feed , a - water ad libitum , b - no water all day.  
Note high prefeeding Na+ excre tion on bot� days , f ollowed by a 
marked  reduction during feeding ; in b .  Na excre tion increased 
marked ly during the prefeeding diures i s  ( a  - sheep  2 ,  20 . 10 . 65 ;  
b - sheep 2 ,  2 . 2 . 66 ) . 
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0 3 I fed 1 I f e d  I .... 

....._ � 2 � cr Ill 
I E 

•o 
z 
Ill 0 c L: 8a m 10 1 2 2am 4 6 8 10 12 2pm 4 � 

F ig 20 . Na+ excre tion re lative to  a once-daily 2 hour feed ; 
salt lick , water ad libi tum. Note the very low prefeeding Na+ 
ex�re tion wi th resulting lesser effe ct  of feeding ; significant  
Na peak in the post-prandial period ( sheep 3 ,  22 . 6 . 65 -
23 . 6 . 65 ) . 
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6r , fed , 

c: 
E 5 0 ,.., 

I ocetozolomide ( 200 mg ) I 

, fed , 

- F ig 2 1 .  Na+ excretion re lative to a once-dai ly 2 hour feed ; 5 
gm Na¥1 on feed , water ad libi tum , ace tazolamide . Note increas­
ed Na excr�tion during feeding f ollowing ace tazolamide in ject­
ion ; low Na before the se cond feed  and no  drop during feeding 
( sheep  3 ,  3 . 8 . 6 5 - 4 . 8 . 65 ) . 
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b. 
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;.. 1 , f e d  , ·� r E 0 I I I I 

8o m  10 12 

·� {t 

I I r 

2 pm 4 

(; locetozolom1de ( 350mg ) I 
. :J 

' 
6 

Fig 2 2 .  Na+ excre ti on re la tive to  
a once-daily 2 or 3 hour feed ; 5 gm 
NaCl on feed , a ce tazolamide , a -
water ad libi tum ,  b - n o  water all 
day. Note a - natriures i s  after+ the 
ace ta zolamide ,  but decreased  Na 
excre tion during feeding ; b - fa�l­
ure of ace ta zolamide to raise Na + 
excre tion ,  and no  post-prand ial Na 
peak ( a - sheep  2 ,  3 . 11. 6 5 ;  b -
sheep  3 ,  8 . 6 . 66 ) . 
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Fig 2 3 .  Effect  of the prefeed ing d iure sis , feed ing and 
ace tazolamide on Na+ excre tion .  Re �e ssion lines have been 
calculated for 3 groups of  points \. 1 )  .x - prefeeding .2 ( g . 30-
10 a . m . ) vs prefe eding 1 ( 8. 30-9 . 30 a . m . ) ; ( 2 ) 0 - f�� d ing 
( 10 . 30-11 a . m . ) vs prefeeding 1, no ace tazolamide ; ( 3 ) 6 -
feed ing ( 10 . 30-11 a . m. ) vs prefee d ing 1 ,  ace tazolamide . 
Significant line s : ( 1 )  y = -0 . 066  + 2 . 15 2x ( p <.. . 001 ) , slope 
significantly different from 4 50  ( p < • 001) ; ( 2 )  y = 0 .  066  + 
0 . 363x ( p ( . OOl ) , slope s i gnificantly d ifferent from 4 5 0  
( p < . OOl ) • . 
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Fig 24 . K+ excreti on re l�tive to a once-d aily 2 hour fee d ; 
water ad libi tum . Note reduced K+ excretion during feeding , 
maximal excre tion immediately after feeding , decreasing to 
the next feed ( sheep 3 ,  22 . 6 . 65 - 23 . 6 . 65 ) . 
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Fig 25. K+ excretion re lative to a once-dai ly 2 hour feed ; 
water ad libi tum , ace tazolamide� Note prevention by admin­
istration of ace ta zolamide of K retention during feeding , 
c ompensatory lowered  excre tion immediate ly afterwards 
( sheep 3 ,  3 . 8 . 65  - 4 . 8 . 65 ) . 
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Fig 2 6 .  � excre tion r e lative to a once-daily 2 or 3 hour 
feed ; ace tazolamide , a - water ad libitum , b - no water all 
d ay .  a - reversal of the � retention of feeding by the 
administration of ace tazolamide ; b - d e creased � excre tion 
during feedi�g in the pre sence of acetazolamide when the 
prefe ed ing � excre tion was very high ( sheep  3 ,  a - 2 . 9 . 6 5 ; 
b - 8 . 6 . 66 ) . 
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· F ig 27 . Effe ct  of�the prefee d ing diuresis , feeding and 
ace tazolamid e  on K excre ti on .  Re gres sion lines  have been  
calculated f or 3 groups of points ( l ) X - prefeeding 2 ( 9 . 30-
10 a . m . ) vs prefeeding 1 ( 8 . 30-9 . 30 a . m .  ) ; ( 2 )  - feeding 
( 10 . 30-11 a.  m. ) vs prefeed ing 1 ,  no ace tazolamide ; ( 3 ) A ­
feeding ( 10 . 30-11 a . m . ) vs prefeeding 1 ,  ace tazolamide . 
S ignificant line s : ( 1 ) y = 2 . 5 31  + 0 . 778x ( p <  . 001 ) , s lope 
not  significantly different from 45°  ( p < . 10 ) ; ( 2 )  y = 1 .  240 + 
0 . 4 14x  ( p < . 001) , slope signifi cantly different from 4 5 0  
( p  < . 001) . 
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Ezparimental te Sheep A .. 6 1t .. (�l.s1o-� CODtitioM (m-equtv.) (m-equ:lv.) 

Water ad \jb. 16. 7-65 3 ..O.Ot -t0-.7 +771.•9 
20. 7.65 7 -o.12 -10.7 + 56.7 
31 . 8.65 ' ...o. - s.5 + 95·5 
19.10.65 2 -o.&J -14..5 +S1Z..8 
20.10.65 2 -1 .07 -t2.8 +1328·1 
4.11 .65 2 ... . ,2 -1 5.2 +11 72J.  

10. '·" 2 ..0.11 + 1 .8 • o., 
1 7. 5.66 3 -o.10 •15.0 +197.1 
24· 5.66 1 -o.oa - 9.4. . �, 

7.12.66 s +0.73 - '·' + 3.7 

.. . ll lD· .3·1 1 .65 2 +2.96 + 2.5 - 6.2 
+ - -liOla:lcle 2. '·'' 3 +0.25 - 2.8 .. 0.8 

13.10.65 1 ..0.30 +16.2 - IN7 
,,. 8.65 ,. ..0.15 + 5·2 - 5.Z.. 
3·  8.65 ' +1 .38 + 2.4 w 7., 

21 .  7.,, 7 ..0.82 +11  .4. + 3.0 
tz... 7.65 3 ..O.'tO + 6.1 - ., .,. 
1 5. 7.65 3 �.07 + 0.6 + 4.6 

No -- + 8. '·" ' -o.Ot - 8.8 - 0.7 
aoetaBOlallt.a. t5.  '·" 2 ..z..21t. - ,.2 - S.6 

22. '·" 1 +0.10 + 8.2 - 5 • .3 

Bo water '· 3·" 2 -2.88 -.38.6 - 1 .2 
10. 2.66 1 +0.11 - 2.3 +11� ., 
1 .  '·" ' -2.27 - 8.7 + 25.5 
8. 2.66 1 -c.07 -18.7 +1530.4 
4.. 2.66 2 ..., .,, _,, .,.. + 24.5 
2. 2.66 2 -4.09 -t6.9 +259.1 
7. 6.66 ' -o.o5 -1 5.8 + " ·' 

20. 6.66 1 ..0.03 - 2.8 + 52.2 
,,. '·" 2 .0..\1 - 1·3 - 2., 
10.1 1 • .65 1 ..o.Ot - 9.0 +602.5 
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n = 1 1  

n o  w a t e r � K+ � s 6 N a+ 
l:l [H +] 

n = 1 0 

n o  w a t e r ; a c e t a z o l a m i d e + 6 K  + � N a  
6 [H�] 

n = 3  

a l l  n o  w a t e r 

+ il K � 
/:) + "·os l:l N a � [H+] 

n = 1 3 

a l l g r o u p s  + Ll K � 1 t:J , . + - P < . 02 
oo1 6 N a 

� [H+] 
n = 3 1  

F ig 28. S} gn if �cant correlati ons be tween  AK+ , ANa+ and 
A free ['"H� :J during feeding under 7 experimental condi t­
i on s  and f or all groups combined .  The number of observat­
ions in e ach group ( n )  and the level o f  s ignificance of 
e ach re lationship ( p ) are shown . 
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!able 11 • EN'ect o� feeding on Cl- excretion under the ditterent 

experimental conditions. 

Experimental Change in Cl- xcretion (no. of obs. )  
conditions 

Increased. Decreased Unohe.ng d Decreased. 
then 

incrGaaed 

water s 1a. 1 1  1 2  1 2 I 
No . ter 4. 5 0 1 

Total w1 thout 1 5  1 7  1 3 
aceta2olamid.e 

Acetazolamide 0 0 0 1 3  
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Fig 29. C l- excre ti on relative to a once-daily 2 hour feed ; 
water ad libi tum. Initial decline in excreti on at onse t of 
feeding followed by a rapid increase to a post-prandial peak 
( sheep 3 ,  22 . 6 . 65 - 23 . 6 . 6 5 ) . 

Fig 30.  C l- excretion relative to  
a once-dai ly 2 hour feed ; water ad 
libi tum. ( sheep 3 ,  31 . 8 . 65 ) .  

i 6 [ : fed : 

'c g 4 L 
V > I 
c ·s 

-
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I E 

' f e d  • ' ' 

o����� -. ���� 
8a m. 1 0 12 2pm 4 6 

c: 
.E 8 
0 M 
........ 6 

' E 
-
u 

, fed , 

I acetazol amide ( 200mg >I 

L g 2�. ::l I 
E -
� o :���������. 

8a.m. 10 12 2pm 4 6 

Fig 31 .  Cl- excre ti on re lative to  
a once-dai ly 3 hour feed ; no water 
all d ay .  Note Cl- unchanged during 
feeding , and the unusual observat­
i on of no  post-prandial Cl- peak 
( sheep  1 ,  20 . 6 . 66 ) . 

fed 

Fig 32 . C l- excretion re lative to  a once-daily 2 hour feed ; 
wa ter ad libitum , a ce tazolamide . Note depression of Cl­
excre tion by acetazolamide ( sheep 3 ,  3 . 8. 65 - 4 . 8 . 65 ) . 
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C l- EXC R E TION ( 8 . 30 - 9 .30 om ) ( m - equivj 30 min ) 

• 

Fig 3 3 .  Effe c t  of prefeeding diure si s ,  fe ed ing and ace tazol­
amide on C l- excre tion.  Regre ssi on line s have been calculated 
f or 5 groups of �oin ts  a - ( 1) � - �refe eding 2 ( 9 . 30-10 a . m . ) 
v s  prefeeding 1 ( 8 . 30-9 . 30 a . m . ) ; ( 2 ) 0 - feeding ( 10 . 30-11 a . m. ) 
vs prefeeding 1 ,  n o  ace tazolamide ; ( 3 )b - feeding ( 10 . 30-11 
a . m . ) vs prefe e d ing 1 ,  ace tazolamide ; b - ( 4 ) 0 - feed ing ( 11-
11.  30 a. m. ) vs prefeeding 1 ,  no ace tazolamide ; ( 5 )A - feeding 
( 11-11. 30 a . m . ) vs prefeed ing 1 ,  ace tazolamide . Significant  
line s :  ( 1 ) y = 0 . 602 + 0 . 817x (p  < . 001) ; ( 2 ) y = 1 . 133 + 0. 703x 
( p  < . 001) ; ( 4 )  y = 1 . 629  + 0. 589x ( p  < . 001 ) ; ( 5 )  y = 0 . 273 + 
0 . 2 22x ( p (  . 05 ) . 
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Cl- EXCRE TION ( 8.30- 9.30om.l ( m - equiv / 30 mfn ) 

Fig 34 . Effe c t  of prefee d ing d iure sis , feed ing and ace ta zol­
amide on Cl- excre ti on . Points are identi cal with those in 
Fig 33 , but those  provid ing the gre ate st devia tion· from the 
line of best  fit  were identified and omitted from groups ( 2 ) , 
( 3 )  a n d  ( 4 )  ( see  p .  74 ) .  Significan t  lines  after recalculati on : 
( 1 ) y = 0 . 602 + 0 . 817x ( p < . OOl ) , s lope s i gnifi cantly differen t  
from 4 5° ( p  < . 05 ) ; ( 2 )  y = 0 . 4 78 + 0 . 916x ( J? <  . 001 ) , slope not 
significantly d ifferen t  from 45° ( p > .  30) ; ( 3 )  y = 0 .  362 + 
O . l39x ( p < . 05 ) , slope significantly d ifferent from 4 5  ( p  < 
. 001 ) ; ( 4 )  y = 0 . 983 + 0 . 829x ( p <:  . 001 ) , s lope not signifi can tly 
different from 45°  ( p >  . 10 ) ; ( 5 )  y = 0 . 273 + 0 . 222x ( p< . 05 ) , 
slope significan tly differen t  from 45°  ( p<. . 001) . 
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oat int ract1ona were obtained in all group except the a.cete.20lmni de ones 

( 18 28) . 

P£ine Cl- exqntton 

F 41Da had a Tarinble efieet on Cl- excroeUon (Table 1 1 ) .  Most 

�, there ne ei tber an increase trom the start o"f feed.il'lg, or f'ollowiftS 

a 30-60 minute period of dooroas (Fig 29-31 ; }2, cond fee4) . The 
e.vailabili ty of w ter did not llffect this responae .  Wh n acetaaolamide as 

dministered, on all 13 d03'8 Cl- excretion wa.e depJ"eased. during fo d.:lng, 8lld 

usually for some boura aft �s (Fig 32,  40 ) • 

The effect of the prefeeding diuresis, of fMding, and of 

acetssolamide on Cl- exO'l"etion over ell tbe experim nts is sbmm in Fig 33a,b , 

constructed in a similar mBimBl' to Fig 1 6, 23, 27. '1'he prefeed.ing line wa 

caloulete4 as bef'OJ"e; � feeding periods, not one, were used, because ot 

the variable effect of te � on Cl- exm-etion. Signlficant regression linea 

fitted lt. of the 5 rr.roups of data, but for two ot them the line aid not fit 

tho points near the origin. 'l'heo points uld make a smnller relati 

oontl"ibution to the ov 1"011 oaloula.tion than TIOu14 those of higher vel • 

Hence, points proYiding tha atest &m.atlon t the liDS of et fit re 

identified and omitt 4: ( 1) 3 of 33 for ecling 10.3o-11 a.m� v • p fee41rlg 

1 ,  ( 11) 3 ot 35 tor tee41ng 11•11 .30 .m. •a• preteec11ng 1 ,  ( 111) 1 of 12  for 

f 4ill6 10 • .30-11 a • •  ••• af.DG 1 aft r aoetaaol • 1'h calcul.-

t 4 l1ne showed better fit ot th point& Dear th n, although ourve 

� ell haYe fitt� tb data in (1) and (U) . A :s ooDd figure (Fig 34-a,b) 

construct 4 inoorporattna the new liMe . 
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I acetazolamide ( 200mg ) I 

Fig 35 . Ure a  excreti on relative 
to  a once-daily 2 hour feed ; water 
ad libitum. Note d ecreased urea 
excre tion during feeding and a 
post-prandial rise ( sheep 3 ,  16 . 7 . 65 )  •. 

U REA 
fed 1 

• I 

F ig 36 .  Ure a  excre tion relative t o  a once-dai ly 2 hour fee.d ; 
water ad libitum , ace tazolamide . Note decreased excretion 
during first fee d , no significant change during the second 
post-prandi al peaks of excretion ( sheep 3 ,  3 . 8. 65 - 4 . 8 . 65 � .  
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et- UCI'etiou 1Donaae4 � over 1-2 howe �t litter � to a hisb 

rate w!d.eh -.a ma1!Jtat.Md tor tO lJowa befWe 4eonaftn8 up to the .xt t..a. 

In a a:lmU � but aoetasolaafde wa aammt.stefti (Pia 32) . 

the a.prenea et• exweti«l rose aftu � to a rat cmtl" tt. 

per.loct 8-10 wb&re there -.. a plateau the caatrol a.,. after 

wht.el1 tare -.. tbe &MtlJtdng � to  the aut tee41Dg per1o4. 

4fM � pattea .r una .....u-. aen on 21 et 25 &�Qra, 
aa e1tl.aer a v b7 a 

1DciNaee la the at-.r .... per1o4 (F1g ,5., 36) . !be 1oRst ...-.tioll 

--..>J· OIOunt14 late the perie4. No effect Id eeetuol..S.ile 

aCI!IUJ. 1'l:nra.ca or a..t:Mt"S _. - • On 3 dqs tbe 

� lM!e1 ot ..,ftt!GD 

OD a.,- tt i!IORaeed a.U 

!dab. UNa esa!Nti.OB c!e01-eeae4 aU a.. ana 

• ae --a a_,. cU.4 not appear 

Ill aped1aeat� (Pia ).6) • 1 

� � after f. ell!ra. :r.u.a..��!!OiiW'I:J'a b7 1Dcna8e 
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-F;i.g 37 . Total s o lute and � 
excreti on re lative t o  a once­
d ai ly 3 hour f e e d ; water ad 
libi tum. Note no d e crease in 
total s olute s d uring feed ing ; 
fre que n t  observation of 
paralle l change s in ex�re tion 
of total solute s and K except 
during first lt-2 hours of 
fee d ing ( sheep 3 ,  17 . 5 . 66 ) . 
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F ig 38.  Total solute , K+ 
and C l- excre ti on re lative 
to a once-daily 3 hour f e e d ; 
no  water all d ay .  Note only 
tran s i en t  fall in total 
solu te s  during feeding ; t o t­
al s olute change s generally 
paralle l to those in K+ and 
C l- , but the post-prandi a l  
ri se in K+ re lative ly le s s  
than in total s olute s ( shee p  
3 '  7 .  6 .  6 6 ) . 
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F ig 39 . Total s olute and K+ 
e xcretion re lative to a once­
d ai ly 3 hour feed ; no water all 
day , ace tazolamide .  Note fall 
in total s o lute s during feed ing ; 
the fall in � excre ti on during 
feeding after acetazolamide when 
the prefeeding � excre tion was 
very high ; change s in total sol­
ute s and K+ were not parallel 
( sheep 2 ,  15 . 6 . 66 ) . 
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F ig 40 . Total solute and Cl­
excreti on relative to a on ce­
d ai ly 3 hour feed ; no water all 
d ay , ace tazolamide . Note reduced 
t otal s olute excre tion during 
feeding ; change s in total s olut­
e s  and Cl- not parallel ( sheep 3 ,  
8. 6 . 66 ) . 
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the 3-4 hours b�ore the next teed. 

YJ1m %etal Solut@ exqnt&op 

Total solute excretion was measured on only 10 occaaio : 4 

76. 

wat r !4 )J.b. , 3 no water all a.ey, end 3 no n :tar e.ll d.a.Y + ncetcolami 

inJection. Without the diuretic, irrespective of WhethaF or not ater s 

provided, 1 t wa� usual ( 5 of 7) for only transient deoreno in total solute a 

to occur upon f, eding (Fig 38) . On the other 2 days there nsa no arop at 

all (Fig 37) . Yhen aceta£Olamide was injeotetl before tee�, total solute 

excretion was reduced both d.Ul"ing and after the f 41qJ perS.od on 2 

(Fig 39,40) , while on one d.e.y total solutes re olmo:�t uncharlged. I apect­

ive or the experiment 1 conditions , during the earlier pert of feoaill6 total 

solute excretion lq moat commonly n 20 ana 30 moauv'30 minutes. 

Apparent peral.lel ch�es in total solute ana x• excretion 

Men in xperimeats where ter waa provicl.ed, except during the first 1� 2 

hours ot feeding (Fig 37) • Th1 me also true for the group nt. th no 

all aq, xoept th t att r feeding total solute excretion exc d the 

pret' di��g te, areas K+ t1 d near the prefeedi� level 

(Fig 38) .  Wheft oeta2olamid.e a inject , t two not parallel (Fig 

39} . 

Parollel excretion � total solutes and. Cl
-

in 3 of 7 

expe:zoim nt n th diuretic e not r,iven (Fig 38) , but s leoa evident 

on other oooaaiona. .Aa with K+ 1 aftor 

exc tion re not parallel th total 

de, oh 

lute cha a (Fig 40) • 



Facing page 77. 

� 5 0  
c 

E 
0 
M 

......... 

E 4 0  
"' 
0 E 
"' 
I1J 

-
:J 
0 
"' 

-
0 

-
0 
-

I1J 
c 

·-
... 
:J 

9o.m. 1 0 1 1  1 2  1 p.m. 2 3 4 

Fig 4 1. Urinary total and individual s o lute excre ti on each 
half hour re lative to a once-dai ly 3 hour fe�d ;  wate¥ � 
libi tum. Solute excre tion : �  urea ;  Na ; � K  • 
� nco; ; mrrm Cl- ; CJ not e s timated ( sheep 5 ,  7. 12 . G6 ) . 
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F ig 42 . Urine osmolali ty and 
spe cific  gravi ty re lative to  a 
once-dai ly 3 hour fee d ; water � 
libi tum. Note similari ty of overall 
change s , but that spe cific  gravity 
was not an accurate e s timate of 
osmolality ( sheep 5 ,  7 . 12 . 6 6 ) . 
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c. 
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J acetazo lam ide ( 350 mg >I 
F ig 4 3 .  Compar i s on of c hanges  in urine osmolality in a sheep 
re lative to a once-daily 3 hour feed  under 3 different ex-per­
ime n tal cond i t i ons : a - w ater ad libitum ; b - no wa ter all day ;  
c - no  water all d ay ,  ace tazolamid e .  Note low -prefeeding O . P . ; 
s teep rise during feeding , le ss when  acetazolamide was give n ;  

' pos tprandi al further incre ase wi th n o  water ( sheep 1 ,  a - 24 . 5 . 66 ;  
b - 20 . 6 . 66 ;  c - 2 2 . 6 . 6 6 ) . 
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Fig 4 4 .  Graph of s olute-free water reabsorpti on ( T H 0 

) 
2 

against  osmolar clearance ( Cosm ) for all urine s ample s with 
a midpoint blood sample , irre spe ctive of the experimental 
cond i tions or the re lati onship to feeding. • - urine volume 
le s s  than 50 ml/ 30 min ; o - urine volume greater than 50 ml/ 
30 min ; the former �oints close ly fitted a s traight line 
y = 0 . 836x - 9 . 222 { p <: . OOl ; n = 78) . 



appe.Nilt • On 6 dq8 wb ao water waa pi."'ri.d a ( w1 th or \d thout 

aceta ol 4e) • urine all ty contuued iftcrea ibg, &Id cm oae 4� tM 

76. 

11 water wn.a • 1lable 
eA »»tw• on 2 a.,. tlut tee&.ng oonoentration waa maiattdnect, but on 2 

days oSDOlolity began deueuiDg tter feeding emle4 (Via 42, 4.)). 

tJrial apeet.fio. snrrt v waa I!Ot aa a40UI'ate ea t ot oamolali v, 

althoU&h a large ehrmge ia oemolality waa nt'lected tn large obans in 

speoitio �ty (Fig U) . 

P ellOh ur1ns ampl with a midpoint bleod le, o� 

elee:-anee (c ) and olut tree water reab801"pt10ft ('lit20) re calculatea_ 
sad. T�0 aa plqtt a egaiMt c o•. the ur.t.ne voltae exooel d SO ml/30 

miD, the points .� nndoml,y 41atl'i'bute4, but fw v volumoe the po!at 

olo l.7 fitted tredght ltDe (Fig 44) irre oti · of the �al. 

trea Id .  

end 'Hlow � Ut�e 1 1MloaUJt8 leaa thaa the �Uollli.tllll -�­

the ooll otl!l« duot� for tbM C 0 • 

all 1' da,ya - wbiclt blood. 8 

teeU!Js iJ'I'Upeotift ot whether 

after lntzoo4UO'UOD ot the blooA lllto the elfi<Jtl"'a& 7 (aa dll rt'be4 deJ' 

incl u4e 1ft q • 
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p H  Fig 45. Blood pH ( jugular ) re lative 
to a once-d aily 2 hour fee d ; water ad 
libi tum. Note fall in pH d uring feed= 
ing ( sheep 2 ,  4 . 11. 65 ) . 

a . pH 

Fig 4 6 .  B lood pH Ca - jugular , 
b - carotid ) re lative to a once­

~ 
d a i ly 3 hour feed ; a - no  water a 11 � 7. 1 '--'---l..-L___L___J__,.L_J__J____L_.l 
d ay ,  b - n o  water during feed , water � 
ad libi tum after fee d .  ( sheep 1 ,  u 
a - 8.2. 66 ;  b - 10 . 11. 6 5 ) . g b. 

7.4 fed a. 

7.3 

� 7.2 
c 0 :J 

I ocetozolo mide ( 500 mg l I 
I b. Q 

· f ed 
u 7.4 0 
0 
.c 

7.3 

iocetozolomide ( 250 mg ll 

p H  

7.4 .0 

7.3 

, fed 

\ _: 
: � ' ' 

F ig 47 . Blood pH ( a  - carotid , 
b - jugular ) relative t o  a once­
dai ly 2 or 3 hour feed ; ace tazol­
amid e ,  a - water ad libi t um , b - n o  
water during feed , water a d  libi tum 
af ter fee d .  Note in both the drop in 
pH af ter in je c ti on of the diure ti c 
before feeding began (a - sheep 1 ,  
13 . 10 . 65 ; b - s heep 8 ,  11. 11. 6 5 ) . 
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fed 

60 � 
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' f e d  • 
b. Fig 4 8 .  Blood total co2 c ontent 

( jugu lar ) re lative to a once-daily 

C\1 0 
u 50 
0 

� 

"0 

! ::[,� 

2 or 3 hour feed ; a - water ad  libi t­
um , b , c  - n o  water all day .  Note the 
decrease during feed ing in a , b  but not 
in c ;  s e c ond d e crease in the pos t­
prand ial peri od in a ( a  - sheep 3 ,  
31. 8. 6 5 ; b - she e p  1 ,  10 . 2 . 66 ;  c ­
sheep 2 ,  4 . 2 . 66 ) . 

I 
8am. 1 0  1 2  2pm. 4 6 

F ig 4 9 .  Blood total co2 
content ( a  - jugular , b -
car o tid ) re lative to a once­
d a i ly 2 hour f e e d ; water ad 
lib i tum , ace t azolamide .  Note 
large d e crease d uring feeding 
( a  - sheep 4 ,  19 . 8 . 65 ; b -
sheep 1 ,  13 . 10 . 6 5 ) . 
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Fig 5 0 .  Graph of the 
plasma volume calculated 
from the change in 
�plasma protein_? at 
the time of the minimum 
re lative plasma volume 
against the minimum rel­
ative plasma volume . The 
points fit  the s traight 
line y = 0 . 592 + 0 . 358x 
( :p  < . 0 1 ,  n = 2 9 ) ; c orrel-
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<l.l ation coeff . (r ) = 0 . 47 E 
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F ig 51 .  �Plasma protein_7, PCV , �ITh_7 
and re lative plasma volume relative to a 
once-daily 3 hour feed ; water ad libitum. 
Note the maximum ['"prote inJ , PCV and 
�Hb_7 and the minimum volume after 15 
minutes feeding ; the f irst three paramet­
�rs were lower and the volume greater 
than before feeding in the post-prandial 
period ( sheep  1 ,  24 . 5 . 66 ) . 
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Fig 52 . L:Plasma proteinJ and re lative plasma volume r�l ative 
to a once-daily 3 hour fe ed ; no water all day .  Note max1mum �protein_? and minimum volume after 15 minute s feeding , a 
lower minimum v olume in b ,  f ollowed by lower volume s in the 
post-prand ial peri od ( a - sheep 2 ,  13 . 6 . 66 ;  b - sheep 3 ,  
7 . 6 . 66 ) .  
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Fig �3 .  �Plasoa protein� and 
re la ive plasma volume re lative 
to a once-daily 3 hour f e e d ; no  
wa ter all d ay ,  ace tazolamide . 
Note change s simi lar to those  in 
other e xperimental c ondi ti ons 
( s heep 2 ,  15 . 6 . 66 ) . 
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F ig 54 . LPlasma pr ote in_? 
and re lative plasma volul!le 
re lative t o  a once-daily 3 
hour feed ; n o  wa ter all day , 
ace tazolamide .  Note unusual 
observati on of unchanged  
v olume during feeding , but 
the u sual change s in  /Prot­
e in_7 ( she e p  1 ,  22 . 6 . b6) . 
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H b  

F ig 5 5 .  �Hb_7 re lative t o  a once-dai ly 3 hour feed ; water � 
libi tum. Note the maximum value after 15 minutes of feeding , the 
minimum about half way be tween fee d s  ( sheep 3 ,  27 . 6 . 66 ) . 
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F ig 56 . Graph of re lative plasma volume at 1 p . m. against the 
minimum re lative plasma volume during feeding. The points fit 
the s traight line y = o .  378 + o .  733x ( p <  . 001 , n = 33) . 
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aem osmolality aurt� t eaing Ullder the tifterent 

xp rim ntal oollllitions. 

Experimental A., • maximUlll O.P • No. of ( �) condit1oDS dUI'inc feedJ.ng ob a. 
(mo81{kg) 

Water d lil>• 307 8 298-311t. 

No water 306 ' }0()-31 2  

�o water + 305 ,.. 298-309 tazolami4e 
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Fig 5 7 .  Plasma o smolality r e lative to  a once-d ai ly 3 
hour feed ; water ad libi tum. Note the rapid rise in 
O . P. to a maximum late in f e e di ng , f ollowed by a slow 
d e c line t o  the next feed  ( s he e p  3 ,  2 7 . 6 . 66 ) . 
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F ig 5 8 .  Plasma osmola li ty re lat­
ive to a once-daily 3 hour feed ; 
water ad libi tum. Note the 
maximum O . P. late in feeding and 
a s low fall i .n the pos t-prandi al 
peri od ( she e p  3 , 19 . 5 . 66 ) . 

F ig 59 . Plasma osmolality re lative 
to a once-d aily 3 hour f e e d ; n o  
water all d ay. Note the fur ther 
in cre ase in O . P. in  the post­
prandial period ( s he e p  2 ,  13 . 6 . 66 ) . 
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Fig 60 . Plasma osmolality re lative 
to a once-daily 3 hour feed ; no 
water all d ay ,  ace tazolamide . Note 
the further small rise in O . P  • .  after 
feeding ( shee p  2 ,  15 . 6 . 66 ) . 

X 

- 1 0 .._ ___ J___ ___ _l___ __ ____j 
0.7 0.8 0.9 1 .0 

r e l a t i v e  p l o s ma v o l u m e a f t e r  1 5  m i n  
F i g  61 . Graph of the change in plasma osmolality from 9 . 15 
to 10. 15 a . m .  ( 4 5  minutes before t o  15 minutes after the 
s tar t of fe eding)  agains t the re lative plasma volume at 10 . 15 
a . m .  The points fit a straight line y = -47 . 68 + 56 . 28x 
( p  . 0 5 , n = 12 ) .  



A +Jdrd independ&nt method, th t of Even' s Blue dilutton. wns 

u.sec1 to estimate plasma 't0llo11'» t 10 a.m. (bet"O%'e f'eecli�) .. 8Di at a p • 

vtben the plasmB vol. iUld be expected to be greatest and fa.trl.y constant 

(Tabl� 15) .  In 3 sheep, the plasma volume at 8 p.m. 
greater than that be1"ore feeding. 

Plasma Ompol.alitx 

100.1 20  ml 

Preteecling plaana oomol.ality 1m.B in i:he range 280-290 mo� H2o. 

� teedins. pl osmalal1t7 increased rapidly at Nrst, then more slowly 

to maximal value s late in the feeding period (Fig 57-Go) . Table 16  show 

the awerage maximum osmo1415ty clur;o1ng f cl.1q; under the different exp ri.meutal 

oonclitione. rto eff. et Gf either restricted water or uetuolamid.e 

administraticm waa apperent during � eding, although the n�s mre all. 

p.1. sma vol 

(9.1 5 a.m.) on the 1 1  cllqs when DO diuretic as edminlst There appeared 

to be no obe.ege 1ft the avero.ge pl osmolal! tr. that before fcefil@ was 

286;t 1 mo81!V'kg, o are mtb 287.!. 7 mosm,lka att r t'eeatng hod begun. The 

change 1ft o-smolality from 9.1 5 to 10.1 5 a • (hav!.rc regard to the direction 

at cheng ) was plotted against the pl volU��e at 10.1 5  n • (Fig 61 ) '  

A o.P. lin orly related to tbe pla811W& V41 • Although on13' a amaJ.l 

m.JIIber o£ paired natioDs (1 2) • they d appear to be 

repreaentative,. einoe for a pl of o.as. the cmnoall tbe .60 .P. 

+2 � the  

CW'1"e� pflttem in p1 , teJt was avaU.eble, on 6 of 8 
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Fig 62 . Plasma �Na+_7 re lative 
to a once-dai ly 3 hour feed ; water 
ad libitum ( plasma separated under 
paraffin) . Note the rise  during 
feeding , a fall afterwards ( sheep 
1 ,  24 . 5 . 66 ) . 

+ 
N o  

Pi £?: 63 . Plasma LNa+J re lative 
to a once-d ai ly 3 hour feed ; no  
water all  d ay ( plasma separated 
under paraffin ) . Note rise dur­
ing feeding , further increase in  
the pos t-prandial peri od ( sheep 
2 ,  13 . 6 . 66 ) . 
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F ig 64 . Plasma LNa+ J relative t.o 
a once-daily 3 hour feed ; no  water 
all day ,  ace tazolamide ( plasma 
separated under paraff in ) . Note a ­
usual observation of rise during 
feeding and further increase  after 
it ; b - atypical day ( a - sheep 3 ,  
8 . 6 . 66 ;  b - s heep 1 ,  2 2 . 6 . 66 ) . 
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4a.Ya pl oaa.l.allty began a.reut� t the end of heaiqr (Fie 57, 58) , 

'llhUe on 6 t4 7 w1 tb no 1'fatelo further incftaeea oocunea (Pig 59 • 60) . The 

pattern ill sheep whioh had rec:eiw4 aeetuol.amic1e appeare4 DO dift'ezoeut holD 

tba't in the otben denied ter. 

O'beerrati.OD& weft tor '4 houn in 3 sheep w1 th t r ad lib. 
Plasma oamolaUty ohsngea wen a1milar in all J (Pig 57) : the o ;taUty wea 
max1wtal at tbe nd � f diag, 8Dl c1eoNaMc1 ateadU,y UDtU tbe aext teecl. 

evv.v d�Q'. Ill 1 2  ot 35 experlmeDta the plasm wu separated under paraffin. 

camp-area with Ullple exposed to the atmoaphen, aaerobioal.l¥ pnpand aamplea 

cona1.t ntly pve lDcremeDta in plaNDa Cwa• J 4ur1ng and after fee4bs ot 

an order preMctable fJoom the ooncmx�t chaftge in oSDOl &11ty, a cloaer pair 

In �� pl [Na+.J ohangq tol.lowa4 tbo in plaMa o�ity. 
n.... {i a•J � 4UI'J.• he44"8 fm1r9 a.,, iXreapectt ., the 

l"laeatal ooodlti (Pig 62-(4) • n :ter waa pftJ9'1d84 a.ttu �eeatDg. 
the pl 
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Fig 65 . Plasma �Cl-_7 re lative to 
a once-dai ly 3 hour feed ; water §£ 
libitum ( plasma separated under . 
paraffin ) . Note the increase during 
feeding , larger in b than a ,  follow­
e d  by a f all after feeding ( sheep 3 ,  
a - 19 . 5 . 66 ;  b - 17 . 5 . 66 ) . 

C l  
Fig 6 6 .  Plasma �Cl-_7 re lative to  
a once-d aily 3 hour feed ; no  water 
all day ( plasma separated under 
-paraffin ) .  Note ri�e_during feed­
ing ; e levated �C l  _7 until late 
in the post-prand ial per i od ( sheep 
2 ,  13 . 6 . 6 6 ) . 
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Fig 67 . Plasma �C l-
_7 re lativ� 

to a once-d ai ly 3 hour feed ; no  
water all day , a ceta zolamide 
( plasma separated under paraffin ) .  
Note the increased con centration 
during feeding ,  larger in  a ,  
remaining high after feeding and 
even increasing further ( a  - sheep  
2 ,  15 . 6 . 66 ;  b - sheep 1 ,  2 2 . 6 . 66 ) .  



tlaft the firat in 2-' ot '27 expeJ'1meJlla. 'lbe ...a of the two oanplea waa 

ocmatc!aed the preteeat.ng ft1. -. 

1noreaaea durlDg 1 •• wmgll7 to ID8:dll'll late in tead1ns. !he method 

fd plaaa pftp �ion ba4 a ajor enect on the -snttuae of t!le chaapa tm4 

eacb xperilleJital treatment. with 2 the48 of pl 
eD1 1D open tuNa. It can 'be aeen that in.e 

prep:arati.om &IUIU'Oltle 
re twice as great in the 

aeea af'tv aoetall0lam14e eibdnistraticm.. OD the other b&md, 1n the 1 2  

expertJaeat; a 11he:re tbe plaema 1188 separated UDder pe.ratf'Ul, the reage o£ 

A1m11ar with all beatmmta ( 1g 65-67) ; there wu 

.A.tter 1'ee41na. N!ng to the aftilab1Ut;y ot water to the tmime1 , 

rct- 7 either Geo:reaaecl spin or � eleftte4 tor � boars. - -
ID bi� _ p1 

(Fig &5) , it we+-'"' 

, � tu' &ftU-a))le, all am..a a a.onaae 

• Olily 1 ot 7 decll"ee!lhCI. Ia 

«q108111G to t air, ha11' - tbe, upel"1meata showed. 

a decnua inespectift ot tie aw.Uabllity of water. 

+ -A with Na oml C1. • the 
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Fia  70 . Plasma �K+_7 re la tive to a 
once-d aily 3 hour feed ; n o  wa ter all 
d ay ( a - plasma s epara te d  und er para­
ffin , b - open tube s ) . Note in a 
( anaerobi c ) a transien t d rop over the 
first  15 minu tes of fee d ing ,  and  a 
tendency to d e crease over the whole 
fe ed �� b ( aerobic ) a higher prefee d­
ing  L K _7 and an increa se during 
fee d ing (a  - sheep  3 ,  7 . 6 . 6 6 ;  b -

sheep  2 ,  2 . 2 . 6 6 ) . 

0 .  K+ 
4 ' f e d  ' 

F ig 7 1 .  Plasma �K+_7 re lative to  
a once-d a ily 3 hour feed ; no  water 
all d ay ,  ace ta zolamide  ( p lasma 
separated  und er  paraffin ) . Note i n  
both a and b a fall  during  feed ing 
incre a sing aga i n  to  a pe ak just  
af ter the end  of  feed ing (a  - s he e p  
2 ,  15 . 6 . 6 6 ;  b - sheep 1 ,  2 2 . 6 . 66 ) . 
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1<1ig 72 . Plasma LK+ J re la  ti  ve to 
a once-d a i ly 2 hour feed ; w ater ad 
libitum , a cetazolamid e  ( c arotid 
6!ooa , plasma 
tube s ) . Note 

se parated  
d e  creased  

in open 
rK+ 7 after 
- -

a ce ta zolamid e ,  even before 
be gan ( s heep  1 ,  13 . 10 . 65 ) . 

feeding 
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p r e f e e d i n g p l a s m a  [K+J ( m - e q u i  v / I ) 

F ig 68 .  Dis tribution d iagram of prefeed ing �K+_7 
with  two me thod s of plasma separati on , in open 
tubes and  under paraffin . The c once n tration has been 
taken a s  the me an  of the two · prefe e d ing sample s 
( open tubes - 23 observa ti ons ; und er paraffin - 12 
observ a ti ons ) .  

' K 
• f e d  • 

+ 

Fig 6 9 .  Plasma LK+J re la tive to 
a once-d a i ly 3 hour feed ; wa ter � 
libitum ( plasma se parated under 
paraffin ) .  Note li ttle change during 
feed ing , a tendency to  de cre a se 
after feed ing ( shee p  2 ,  9 . 5 . 6 6 ) . 

Q 3 L--'---L--'-----'---'---'----''----'-�� 8am. 1 0  1 2  
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1Df'luanoe GD. tl» lewla o� K+ founL !hie is �Sham by the di.atribut1011 f4 

preteetiDg plaaaa CK+ .J w1tb the two thcM1a at separaUon (Fig 68) : higher 

ooJ!CielltraUon1J re aeen in samples upoaed 'to the air. In general, the 

m8gld. tude et the p {'K+ J tluctuationa waa 1111811er in the e.naerobicall3' 

prepared riea. Sin• the atttezoncea n w1 th the two met. de o� 

p11'8p&rflti01l � retleot �ea OOOtlft"iJ.ts 1n IitJ'pt NSUl:tS GbtaiDed Ul 

8JlafJZ'Ob1cally prep_..4 samples lhoul.d lte oonsictered 'the more reliable. 

in 5 sheep with wa'ter ad lib. , but ex.+ J 4eoreaae4 in 4- er 5 in the poat­

teedbg perlo4 (ng 69) .. In 3 sheep wi thout all aq, plaama ("r.+.J 

.abowed a trana1eDt drop of 0.2 qut-v/t w:tthiD 1 5  miDUtea � toed behg 

of':tered in el.l; ("F:.+.J had ret...a to tbe pret� ftlw - 1ile next hour• 

but 1n 2 then •a a alight � tor ex.+ J to aeareaa � .,. the whole 

teecU.nc perioa (Ftc 708) . In the post-f'eecliDg period tbat � no ot 
the 3 abo'wM tM 4eGreaae4 p1 {"K'*J 8HI1 1n boep with ·:tezo. Where 

open bbea wre uaed tor plaaaa preparation (13 ezperimellta) _ larger pl 

ex· J changes •re seen 41JrtDg 8114 after teec!irc . 1>uriDg atn«. iD sheep 

eepantecl UDCl8r 

IIMU)g bqNl. tbe ll8o1d.Jata 

4Np be� 1.0 .... qui't'/J 1ft Bheep, 0;.5 ... qulT/1 1D 2t 0Dl7 0.1 

qui-v/1 1D to - • 'Fol.1owing thle m!ldlul. cx·J again to 

a pe 3ost atter �. thea: cl8onaaed ega1JI (Pig Jta, b) .  e«ecta � 
the etho4 � pl prep81'8t.lim appe leaa aa 
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VO L U M E  

Fig 73 . Erythrocyte volume re lat- � 

'0' CS ......... 3.0 
> 
u 

a. 

ive to  a once-d aily 3 hour feed ; a 
water ad libi tum , b - n o  water all 
d ay .  Note the usual observation under 
all experimental conditi ons  of an 
incre ase in voluwe over the first 15  
minu te s of feed ing f ollowed by  eryth­
rocyte shrinkage over the next 6 hours ( she ep 2 ,  a - 10 . 3 . 6 6 ,  b - 4 . 2 . 66 ) . 
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VOLUME 
' f e d  • 

Fig 74 . Ery throcyte · volume 
relative to a once-daily 3 hour 
feed ; n o  water all  day .  Note the 
occas i onal  observati on of failure 
of the cells to swell over the 
first 15  minutes of feeding ( sheep  3 ,  7 . 6 . 6 6 ) . 

F i g  7 5 . Erythrocy te volume 
re lative to a once-daily 3 hour 
feed ; n o  water all d ay , ace tazol­
amid e .  Note atypical c hange s in 
erythrocyte volume ( there were also  
unusual  change s in plasma volume , 
O . P . and �Na

+_7 on this d ay ) 
( s heep  1 ,  2 2 . 6 . 66 ) . 

� 
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I '--' 3 2  f e d  

VOL UME 

>- . , ' ' � �[ .-·�A � 2.8 
' �j_ __._1__._1 __,__;I 

u 8om. 1 0  1 2  2Pm. 4 6 � .0 r-1 o-c e--=-t o=-=z--=-o�l o-m.,-,id-e C:-::3-=-so=-m-o--.,.,l J 
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o.s qut:r/1 in most. 'fhe 

ot teec1.1ng. 

aDd the 1Ubl1atB YOl reaobecl averaged 7/o 1 a than that iD tbB pre.teedblg 

�-41� ocmcliti ; theft was ao apparnt ef'teot ei tber of' 1njectiag 

-I"''!C-· .... lami4e or l'tl!DOW.ng the sbaep• s driDk112g ater, 

(Fig 7Jt.) . On 1 dq ot 32 �ely d:lf'hreut pattern Jlhotm. there 

bet.ng almon DO chaDge 1n � '901. (Fig 75) . asaooiated 

with a ntlllber of athel' u:auauol � - pl 0 • aut {i + .J iDaPaue4 

the ratio N + :x• 11.a �.a ot ep fall. into two 

� wtth high a• 1aw Jt+ (11 •,x• 7-Bt1 )  . those with 

ftlatiwl;y hi&h E+ ccmtent (Na+:Jt+ 1 a 2-3) . ·� 01117 i 

p "' of 9 exam:lned in tbe la-tter • 

tten at Ch81l8&8 ln ervthr.�t.e [1 a+ J 
tnaCIJiteut (1'18 76-79) . hotn�. - a_. larp 

dA!IIr.a.-a he� ��� ... 



Facing page 87 . 

� 

.':'} 
� + 

·� ;�:� E � K � 1 70 - 1� 1 I 

Ftg 76 . �rythrocyte LK+ _7, Llra
+ 
J, 

K and Na content re lative to  a 
once-d aily 3 hour feed ; w�ter ad1 libitum. On this d ay ,  Na and K 

-c � -c � 
0 "' 
v -

· o  · �  70 
._A : - : � 

+ 
No 

con tent both increas ed in the first z I 0 

15 minute s of feeding but overall tend- � 
ed  to  d e cline ( s heep  3 ,  17 . 5 . 66 ) . 
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Fig 77 . Erythrocyte LK
+

J, L-Na
+

J, 
K+ and Na+ content relative to  a 
once-daily 3 hour feed ; no  water all 
day. Overall , and in the first  15 
minut�s of feeding Ha+ content fell , 
but K content increased both early 
in feeding and in the post-prandial 
period ( sheep 3 ,  7 . 6 . 66 ) . 
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Jaceto z o l o m 1 d e  ( 300 mg lJ 

F ig �8 . Erythrocyte LK+ _7 , 

z=1�a :7, r- and na+ content 
re lative to  a once-d ai ly 3 
hour feed ; n o  water all day , 
ace tazolamide . Overall ,  and in 
the fir�t 15 m�nutes  of fee d ing , 
both Na and K content fell 
( sheep 2 ,  15 . 6 . 66 ) .  
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F ig 79 . Er¥throcyt� LK+ _7 , 

l" Na J, K and ITa c ontent 
relative to a once�dai ly 3 
hour fee d ; no  water all d ay ,  
acetazolamide . Na+ content 
fell early in  feed�ng , there­
after increased ,  K content 
rose , particularly early in 
fee ding ( sheep 1 ,  2 2 . 6 . 6 6 ) . 



to c1eolt• cmt1' the 7 houN ot obaer'fttion ·UDder all er:pel'!irneateJ. conc11Uou 

(l'.t& 76. 78) al� ezoeptl.oea to thia were 8tMUl (ng 77, 79). 'rftma1eat 

tluctuatloaa ..a. reoogn!Uon f¥1 t:ren4Js ti.tficult. 

Ill oontrast t. the 'ftriabillt;r ot t1e owaU �a,. then appeud 
to be an U.,Oftallt rele:t:iODSbip h'heen ohalgea in Na • K-t ccmteat iD the 

tirSt 1 5  mistea after f'ee4 bed beaD pftlt aa4 the ohmtges in red oe11 ftla.t 

unleu the (Na + + lt+) content � the reel oe1la faUed to ewU. 'JN.a 

relatlomshtp wu m.aent in eaoh of the to'll.old.Dg s1tuatione : 

(1) 1lhere both csttona � (4. ot 5 � with :ter ad l.D.) ,  tbe 
.... oell Yel\118 1DoNase4 ( 1g 76) .  

( U) wbeft both tioas t1ecreued ( i f4 5 � w.l th water f4 lQ•, 1 ot 

. 4. after aoetualamide) the cells sbraDk (Fig 78) • 

(Ui) where aE catlea iDGrease4 aD4 the ot:hezo c1ecrease4 sucb that there 

waa an a1 S't Deg).igible cbalge in tbe total cat!cm8 (3 dq8 with 

no � water, 1 ot 4. after acetaaolamide) , the cell vol 

obaJtce s uegl.igible ( ig nh but re tbe net- n . t aa a 

t nase (2 4. with aoetasolmrd.4e) the cel.la 1noreaae4 a little 

lJl ft1 (Fig 79).• 

'!he priaciplll. e1m of ��BA trlrMlr'lment a was to obt&tB �D1"111illtl.on 

&DCJIIK the abitte f4 WR.'I:.P 

s 

.eotft)].ne be1:n4m tile boib' t1u1d COIIp8l"ttaeDts, 

:teJ1ta 8lld uri • 1llducecl h7 ODO 

be tuBed ·� f..Jldire� 'by experimellt 

u these 'llhere CIJaiDPta � 1D ur1De uel.'l8tlon and ill p1 
s iJ the ICF p;nJ<�t�liO m��a. p110bleme, 
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ainoe tbe ODl.y acoesaibl.e oena, td.t!aout a t.t:un.w ld.opaJr, 81'8 tbe blood 

cella. Lysetl erytbroqytes have been ·xami.neti iD these �·• altbovgh 

thq c&nBDt be reprd.ed u ee1l.a repreeentati ve of tb.e gemmil. oell populat1e 
beoaune ot their Mgbl.)- spec.ia.Uzed. Dature. It is this heterogeneity of 

cella 1'lb1ch ea the coraoept td an ICl' a theoretical one ,  111noo 1Dti'91.4ual 

cell types mq show dU'terl.n« water and electrolyte sbiftB 1n tbe oae 

situation. 

A oonfcn•Mt\8 int'luence 1D exper!meDt or the k1Dd onm.ea out here 

would. be paiD or �. Por tld.a :reaaon there aust be a tn1DiJ18 perio4 
when the a:rdllal.a beceme aocuatomea to their cages, the reea. the experimeatal 

rcmtine 8DI!l to hanctl.tng. '!'he uadesil'able aapect ot tre.inilfg is the 

dnelopnent of orm!11UOD9Cl respcmsea, 8UDb as e'f'idenoe4 in tbe � 

ot the driDldJtg .tar. !he use or .tugular cannulae tor blood 88JIIpliDg, llill4 

the oollapae4 ftcoi• bap t the ad of tbe cleapecl oa'tbeter for collection 

� uriM saaplee, enabled 1'Jle experi.me!Jb to be pert� tbmat apparallt 

paiD err t11 at'IJI"baMe to the sheep. 

F�, 

m:o; Btbattoaa. The irlpartance � 
aaur1 pH Co2 1a Ml'&lly 

"1.'• poaaihle eft"eota pl-. ele� ocmaentntloua 

D le Wl"8 8ei)811!ltllld tllldftr 



It betm poaaible 1n ae erper.t.JaeDts to pro-Yide a 'better 

ia1UOD than hitbtlrio publls!led ot tbe ehifta ot wtw and eleoUol7'U 

aaaootatea Jt1 th heeling in eheep. !be se obMnati . OOBft.ftl 81111. exteD4 

thoae et StaGy aat Bnd: (19Q., 1"5) . St8c7 ana wuuer (1966) am �enoat�a 

(1967) th :t, 4uriJw a dltgle daU.7' teea_ aheep abow ·111"1Dai17 oonoezrtre:ttea 

attempts mea. to obtaiD fur'ther inatght 1J1to the otum.t inl"ol'ftd by 
VU't.· tiOD ot t he  upel"1meeltal conatt10118 haw been dillappo!�. In 

meMbol1 wu leaa D m1ght been a.peotea. !'he pr1nclpal effect ot 
-- rei4U01t1on � f'ee4 tatake (al.ao 

acstarlue et al.• ( 196t))  � ruultsng in sl1ghtl7 amaU ebllJI8!N iD UZ"lDe 

• bl.oo4 eat co.2 �� aftd in a et JC+ ezmoetioB 1D the poat-

teecUDc peaoa. • 1a aaattL• water .. DCJt &wt:uruea �. 

pl 

_, ha4 a rel&U� ..U ef'tect. It la PI'OballlL• 
.neat• WDU14 1umt  beeD olrtabed u, u well, - � 

or .... II011IID1t!lt 1aaa _.._. lu.t features: t�, 

Uhllill� ik!Pbw ,..,,_ t • 
H I  

.......... at 



euggeatiDg lt+ ntention dUriqJ "ec1ltltg ls at ngulatGI'l" Gl'!.gln. Ia 

gaeral, the etteota at tas01 &J were similar to tho&e NpOrte4 in 

the literature for other specie (BerliDer t !.\. ,. 1-,51 ; , Sob.Jioa1ots an4 

Relman, 1'5lt.; lfann � tl•• 1951.; COUDihan et al•• 19Slt-) • ?bus, 1a 

+ + -
flow, total eleotrol,.te, Na , Jt en1 m:o, �r�e:Da-:re ... ti 

t.Dc.re.asea the m• 

1DI:�!L38-4 the urine pH. 

had littl eftect on tbtt C1- emretlo, aDd lowere4 pl cr.+ .J by' up to 

1 .... qut•/1 (Anaar8on end Ploker.lng, 1�) .  fte mmd.mtlll efteot ns at 

30 mJ.Dute:a. In the sheep, 
4turet1o. '.t'hi 111\7 be l'e1 

-
atb8 o dltll'eais tbftt.tsh 1llCft HCO, ezcl'e-tion, whiCh 

-lea eft'eotift the Ul"ine 18 ually rich iD m:o,. Ill OOD'tl'aat to the 

usual obaerfttlOD, C1- excretion ftZ7 low. \Jeinst rill (1968) produDed 

111Ctft888d et- nuaorptioa an d eo r;a• to be J.'e·A'b1!1M"l�d alotJ8 14th ct­

rather than in eaU �. In 

N + uaretioD ft8 1 . , + oxcre:Ucm 

t1o1ec, ea:o, 1• 8XC8'81ted 
uco3 (e et e1., ' 
ot 

� ef t  

the N411Gd CPI UI!Oeiia-ted 

JladMD, i'5lt.; 

1 . r • 110144 be 11tcel:r to • -at�!'eueil 

(�lld., Cldml eDI CJ.utt. 1 951..; 

th preteeaing 

, aa •U ae  

11111�• (Bed.i!ler fl• , 

�. 1961.) the 

l.n �  
�IJ.Miftll... 195S) ,  



(Dil"llbata 8114 1Toll&D4er, 1953;  Rawl , Wietrtmd o.n4 Jl, D.l'lll'l, 196} ) ,  sa11VU7 

gltlllde., oilim'y � ua choroicl plexus • 

A pl'OIIIiDOJlt fe hN of thia atuc\Y 1ftUJ the high c1q to fq variation 

ln tho pnf'eec'l1Ji6 aaetion p tt81'D aD4 the responaea to teeCI1Dg. rua .. 

such that it necesaitat.a t: ualysia of the re tdts not on oontrol .. 

a part f4 tM.a vari �icm :s dUft to van tion tn t:he toe ana tor intake• 

but the origin of t great part ccul not be do:f1nect. The plveiolofJioal 

+ + etatus • The preteet!ing N excretion lf!IV la :tell into tv. greupa • high 
l 

since low exer�tion oceun-ec!. in shoop with eont1nuoua noo a to e&lt lick, 

end in ard.irml t'11 th reea supplemented wt th NaCl , ana pooke ttt 

seen in the po� a.tng perioct. The p148�ec� rete or 

ltho 

time , nei total 

Uld..toa. 'rho 

time M oM • 

tfll"J18 ill Ql" 

+ auretion 

ao nrie4 in 

of th 

to be o£ significam 

iDtake plua third 

?.NI�- ftetl C1'J4 ..m.i� 

naat1 of th:t.ret 

Ctm:8\lrlD't!Qft uld 

1n the 

:tteJ'U 1• 1J.k 1y 
iaticm. Suoh 

van ti in wate ote4 to 



to IM88 o.t the ftl"iation se n in the other responsea. o attempt wu 

to oorrelate theae in tbe present ezperiiDellta si it was t»ound that the 

·ishiDg ..a � exottament . .a aa1 

water intake p :ttema were tberefcn obserYed cm df\?'8 urtm aat blood 

semplea were not 'beUg coU.ected. W iDtake almost nt1re17 OODfind 
to the f'eeding period (!'able 2) . 'l'bia as alao not b3' H an ( 19(;1.) ana 

'l'el'l»llth ( 1 967) • 'l'be f; d aDd ter intakes cm e daq �cantq 

correlatea in 4. of 5 sheep ('!'able 2} • the ezception beizlg the am mal with the 

lowest r: tee4 ratio. 'l'he ten teecl ratio rauged tram 1 .94 to 3.62 

ml/gm, aimUar to that enaent tn the result ot E�sh (1966) tma to 2.8 

� tar a high pl8128 or nutrition reportea by Riek d el• ( 1950) , but 

considerably lowel' tbaa the 9 .1 ml./f!JA for aheep on a lcm p1SDe of DUtriticm. 

When water waa oft'ezoed at 1 p .  • , the ahnp t1nmk ���tarl.y aa mueh aa duriJtg 
DOJ!III8l teedi• period. most b tag COD81Ded iD 1-2 minutes. If the 118ter 

was not ortered untU t.-.30 p.m.,  the iUDt cJrunk was less.. Thirst had 

appat'entl.y been partially tisfied by internal rediatr1bution of f'l uid. 

asi.e pbaaea � tbe � - bet·. • dur1J:ts aJIIl 
after the teecliDs peft.-od - the water lo • iD tbe 1rine appeared to be aetermiDed 

b7 autereat pr1Dc1pal factors. !erore teecttrw there • a a protuse diuresis 
ot apparent payohio origin; t1urlqs t�., the 8!1tid1weaia •••4 

to be NlaW ADH 1'8leaae aibl7 NCtuDe4 GPR; 1n the poat-f'eeclina 
pert Ullder eaz:tMD auticl.iU!Wtlo oonti ti. urine t1 was probably 

a.tumt•d. ., tbe � loatl'i! 

'l'he � 41ureaia obs a in these expel'imeftta a appear 

to he a eeque of reoognition b3' tlW aheep tbJrt teec!b� 1IIWI•nt• 

It c ald pJ"OloDged b;y poet� f • wbeD 8D 



apel"iraeat CODtinuea 1lhnvsb the night .a natt were always presem. � 

pn.teetiag cliunais was also aeen by Dewhurat and Harri80D. ( 1966) ,  am the 

uriDe f'l.owa reOOJ!ded b;r Stacy anA B1'oCIIk ( 19Q..) avgeeted t t nlao ocournd in 

their mdaal.a. 

( 1966) , the preteeal.• dlureaia proYitlea the largeat chaltge 1D u:r:lDB flow 

over th3 21+ hourtJ. 

� produoe4 mn:drAtd. nd.uotiGD in tbe ur1ne now, aa\ ea 1Jlcreaae 

in oemDl&Uty, both or 'llbich appGU'8Cl more praa!met if a pref'eedi%tg c11ure la 

waa eatabliahed. 8Dl 1 · · volUDe• flf dilute urlne ()00-600 molll{kg} '188ft beiJlc 

1fa8 p_.,.._ aa4 tz. � obaenationa in 32 hour expe1":1meelta t7(]Q.ld appear to 

be ccmpanble to those in tM 8-t2 ho\'ll"a �ore tbe prefeediqJ diureaia. 'l'he 

onset ot this a.ntidtureaia 

in 20 abmtes (Fig 9, arld Stao,y BD4 rook, 1�) . 

Stalo7 ana B1'00k {1965) 1'ep01"te4 that release ot ADH was reapcmaible 

tor the anti41una1a of teeaiJls. ai.DOe the7 ooultl cleteot antidiuretic aoti'fity 
1B tbe urSne ot fed, but nrJt UDfe4, lh.-p. !'heir .....,. app d to haft low 

releaae of Al»t. HO'ft'l9t', .oH ia UDliJtely 

•ftl7 cJ.q. 011 � o£ � oaoe&'I.Jor.. the pntee4tJ8 ..ue m 
0 DOt .... a 50 al./ 30 lliaate•.- In a tt. T�0 : c Nl.ationahip 

•• the .._ aa in ..ap1e eolleete4 a.1D8 teea1D6 (Pig �M.) , augge ills that 



An adtitional faotor lllt\V w11 'be a �c �. pro'ba'bl.7 
1'84we4 Gl"l. Staa;y aDd Brook (1961..) , ill their obaet •a.t1ona iJl S sheep, 

e1fd•4 that • eha.Jise in GFR tDek plaoe, howevv, a l'eduoe4 GFR, at leaat 

aUI'ias the ftrst 30-60 mimltea, would no� lMt euluftea. b.'r tbetr J'Ualta. 

Inspeotioa fd t:beu reaulta that. althoush t.bteN great ftriab1Uty 

the laat peteeatns period ot 1S.30 ldwtea to tbe ttra-t �� period. Aa 

they point oat, al.._.. - GSUI"8D8JJta c1ar1Dg aec1.1atng uriJII flow ten4 to 

uaa.trenimaw tbe trDe value. It ffll tld.a fttl"'Ol, aa wll aa that of 

the UD!!ea11'81til1t7 of an i.Df'Ua1al1 � thla periocl, that DO imJUD or PAH 

out. A n4ooe4 CFB. oou14 w1l OGOtD" aa a couequence ot the rapi4 a._..... 

(&ftraaiD& 1 -) 1 plaama vol.a wltbiD 15 ld.atea or begtmdcg to reea. u 

wU, C pl - tlftltemJ owr this perio4 (ng 51 ,  Staq aD4 

Bl'OOk ( 1961.) ) • 

.,.. .. .., �t00111Dl�lll4 &tima\4, tw aa1a N1eue azoe RCJ' 

a.ola11t7 ( • ...,., ,._71 I • �952a) * ECJ' Yol.e 

(teat , 1 9S2b; Ltllaabe d ll•• t959; � t96G) . ID tbl 

pN ape� • 1t Wtil4 • both ..., be 1Jiftl: in tbe initial 

sttiiUlua Jmi � t ita aat.Dte c1t.1e to tile 

ri.U. plaaa o .u-v.- U an ooatl'ibutiou 



ot reauoea ftl ana raiaect toaiotty to th illltial ADR re1 110Ulcl 

...., fi'Gil dq to clq. FittMn ID1nute after t� a.. tbe poeateat 
a.oz.aaea lD p1 · YGlume were aaaooiated with lner oaD01 it7. but oDl,-

...U clnpa 1n YOl"tDe Td:th raised o.P . (Pia 61 } .  

Cb81'JgN iD ft1uDe 8D1 t01l'lo1'tJ' ·ft1"8 DOt inverse·- 1Dticatlqg 

1DiepeDdent .,..._� o� :tar eolute. fte exte � the  1Dit1al plesa! 
vol. OOiltractiOD (aDd � tbftefore !Cl') • whiab appeaftd to be nlatecl 

to tbe ot teed GODmiii.Ek1 111beft it •a ftrat ofl'aea (�ble 14) • 1Dtlueaoe4 

plaama .t.aae· tor th ren o£ the teedlJw per.t.od: the gre the iJd.tial 

drop• the lGIIU' tbe vo1 at 1 J)•�• ID tbe c11a'te poat-f� perioc! the 

iDDI'e&Se 1D pluma -.ol above the pl"deeding ftl dieaociated to a 

large ezteat tl"GG tbe earl,- feetl:ir.ls ahifta of ter. vol.wae 

1Doreue4 atea4f.l.y OYer tbe 6 boura of obaerntiOD after t was oft'ere4. 

OYer tbe tirn 3 ho a ot this �-- the gaiD of eolute exoeecled 

wa"tar gaia 1D the ECF • dlile ill tbe mat 3 boura tt. OOJ.IDI8rltftttion NPJl 

falliqg., 1.�. water gain e2X'eeae4 aolute. 

'rha pla .. YOl.u. ·atimati uae4 .... a.pena: upon tt. ftlicUty 

� t. buio aN111pt1au.: tile total. quaati'\'r ot � er (rea lla 

pl proteia) the l)loo4 la repreMJltatlve 
one. A tact. tN. oout.a hue etreetaea. e.tillatlODa la aplealo 
eodbuticm; thl• be b.1 di.t or the ardmela wou14 

�oi 'tJd., • It m1gbt 
� 1959) . Bwr.r eft'OJ"t 

t ....,. 1DCI'eUI4 PeV 

a be atWtbut&a to thia � 

• !his weuld not appe to be tbe 

tuareuea. a1me .,,._ plasma 



volume using the two mutters was correl ted {Fig 50) . t ge of plea 

prot in into the interstitial fluid or eh e in th total amount could not 

b controlled; movement of plneme prot in b tween the plasma and interstitial 

fluid prob bly expl ins the smaller increa es aDd decrea es in Cplaema proteinJ 
than in PCV and {"ltb J. an' s Bl dilution oon:f'Umed the expansion of the 

plaama. vol af'ter f edi� . !t a attempted to collect representative blood 

aamples by the use of long jugular vein cannulae r a.chi� almost to the 

heart . 

OVer the first 1 5  minutes of fl ding tilere was usually an increase 

PCV in erythrocyte volume ( I {"nbJ> • Thia appeared to be oondo.ry to solute 

+ 
{ + +) movement, principally a ; en the • a + K content of the reel cella 

did not inor a.ae , the inore se in volw small or abs nt .  /l..fter this 

initial. inorearl in volume, the erythrocyte showed osmometric behcviouz- in 

shrinking for some hour as the plasma o • •  rose . Ho er, as inted out 

earlier, other cells mcy or may not &how the same electrolyte a!lt'1 water shirts . 

The reason for the mov m of n into the rythrooytee in the 

first 1 5  minute of feeding as not exam! a, but it is possibly hormonal in 

origin. Shoul d this ahitt also involv other cells, po.rtioularly mW!Ol 

tissue, a ubst ntial part of tbe + lost by tb ECF in early riod may 

b gained by the ICF and not M.lter the gut in cligeatiw OY r 

the nd r of th 8 houra studied , in g neral t erythrocyteo lo t N 
-! 

and shrank. !'his be simil to t t -! mov nt with ter mov nt 

from iaol tea retina as the external o lality increase (Ames �t el• • 1 965) , 

but on th other ha it llloq be ai.UI"D&l trend sine 1ar shift urre 

in eep fed aA libit ( scri 1n the next oh pter; Fig 86-88) . 



+ The � the � a reteatton � re.ting has 

'11· 

not D aatisf'� establiahea. Stacy book (t9&.) f. lt that it 

J»t c1ue to adreDal s-teroid aeeret1Am, � nor reauoea 

GFR . The Npid cmaet of the reduoe4 Na+ excreticm woula oerte1n1.y aeem to 

e11m1mte the particd.patlOD o� aar&JJal atenida in vi t4 the 3o-60 JdmJte 

time ltag obaei'Wd in the ezporimenta d of Berger et !1• ( 1,7) .  

lfWerpi"'teiDBemia ooul.A Gf't'"ect Na + emrvtt.a through tb fU traUon tnction 

or tm.ov the tubular reabsorption, hOWIJY r, the t"�t of an iDCl"ease 1n 

C pl pntteinJ oaDDDt be diatinguiabea iD the" experimoDta traa tbl 

voltat . Ita ett"ect on tbe pi"'XiJJal 

tubule water and Na + reabSOtpt1on has DOt been poai tivel.y established, aiDoe 

reYeraal o� the nol"'lal p1 . proteiD gnclieat alters S"ea'beorption little 

++...-"'ory· et al•• 1959; Giebiaoh et tl•• f9Q..) .  i'he reaucea plaema 

+ 
reabearpttoa of tfa • A peillt out in Chapter 1 , d8orea8e r4 ill GFll 

oou1a p!'Oduae aicniftoent etreot on Wa + ezcretion (Pt�, 1963) ; na.ea 

GFR waa •itter deaoaatm aor exclua.d by tbB experl.meab or Stacy ea\ 

B 

tbe aetirity c4 "YOl:tae reoepto atial by s&l!ne 'Joe4ing 

(CortJ187 et al., 1'651 ., 1_,) am in tJut oppo te au.ction 

by e aDl quiet staDH. ( 19S6; C • Hol•n_ 
Ayen Batm, '961 ) • 1"&pid � of 

t ot � pl'OV1da sbdlel' at1•1lua ot milcl hal.aJt"''bJBP 
+ Nteslti.on. 

+ taxn'!e'W"" ra1ie bet'Oft tee4inB haa & OB Na + 

• Afdmala wtth high pref'eecU.oa rate (O'tV 0.1 
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w.reaa llheep 111 tiM ·� Sftup cli4 ao oDly on oue-tl�U6 oE the oeoaato• 

&tual� an1.. 1D atcU.ticm, tbe peaka ot Na + «mret1oa after f'eedi!ag 
were emaller 1a magrd.tuae iD this group. It lbou14 'be poi.Dted out that 

the �igute fd 6Qt r. the depnuto ot + ezwetum a.� tee41!tc 
( Pig 23) u � a1ghte4 towuU the high ueretory group. The 
abeep of Stae:v ana (i,S..) weare4 to be aaeting more Na+ tbaD the 

abMp ua.a hue. Dr�erthel.eaa. 111 their AJdwals a1ao there -.a w14e variatlOD 

1D the pret..atnc urine + exsetio.a, so that tbe tall iD NA + exoretioa .u 

tn othlln. 

Ia coetrut to the latteJ" attuatioa. tbe �eedJ.Dg urJ.• Jt+ 

acnt101l rate, � was al-.ya high. bad DO p1IGIIiDent e1'tect GD subsequent 

CbaDSe•• After f'eec11ng, uont1oa 1'0 . to a peak 1n the mmetiate poat­

preDC!lal penoa_ than c!eclJ.Jiea &tea4il7 to the DeXt t .a, appeai"1Jw to ntlect 

the K+ aaed. by' an &Ye ot •• The t ob"rioua uae ot 

this x• ntent10D wuld be tition wlth H+ tor IIM..-J�n in the t 

thU 1• not the eole ezpl :t1oD. Hnt ,  tJ» 1 et x:• e:a•ttclll preoeda4 

tM 1 at urine pH. s cw.• .J ti4 auru. 

t11e Jt+ eta by 11111 ...... ae�a e.a�Ntt th1 a �. 
parttoularl.7 .. tbe p1 · !h!r�. pl&JWt .cr:•J t.n 

mai.dhllahl close the prer..aing te by ao.tuolaml • 

.. . 



the celh 1Jlte the ECF (Abnas t$ al., 
1951 ; Da.ftio1r et al., 19S3; S1f8D arad P1 tta. 1955) • ThU 1 f'ta"tller 

8uppcD'hd \ty tbe ob erva"tion tbat th plasma ex+ J £ell 01319 CD 1natpln.o­

aat amount on a a. wbal'l, el� aoetazolemtcle had been edmima-terea. x+ 

ucntion tell duri�tg feeding (Fig 26b) • It 'GDU14 thus appear tlat the 

I ge•nl, total solut excretion pval.leled tbst of x• ezeept 

4uring f'ee41ag. About 30-4Qfb of the Wtal ur1De solutes \'lOre not accouatea 
+ + ... C:l- -• .a.L..t . tor by Na , It , HC03., ead urea, b._ wq,8 f'ractl 011 inc:re 

when total Mlutes 4!4 not 4ecl'ea8e aa much u pretioted . 

indi:ri4tal sol\!t a. 1'he tdlmt1t7 ot the rana.ia1D8 so1utea is neat kDown, 

but they &re unlikel7 to be atl'o� eleotrolytes, ai.Dee pbo&phate ia low iD 

rs ,  1967) , aa are ea++ aaa .... 
• 

both o� wbloh show a tnmaient iiiOI"HBe cbrins the Ul"1Da7 au"ioatio 

(Stac,-, 1967) . '1'hU uneat.1.mat d. fractioa not remain ocmstm't tbe 

d!Ne1"811t experi•utal oomtU.omu when no water was onUable af'tw teeaiDg, 
1 t 1.DI:Ift& to 6q1b J less th �. 

the 1DBI"ke4 f'all 
-

111 orlue pH trom the albltre pret..atng atate. OD a I< , n4uaecl HCo3 
excretion .t et1. by' aa ao14 pH, wgeatiJw 1l!'1naly pH al.o 1a 

oa1y about 1 ot prohe411:18 ra� 

the pH .a oloH to 5 .• 0. 'l!hls 1II"1Dar.r aciditicun::� dut'J.ng tee4i rw 
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to ba:Ye 

onl3 a emall queutite.tiw er.tect 011 aoid-ba bal ce, acetazolami&t bad a 

IIIUked etteot 011 both ur1De and b1ood �aition. Acldifioatioft of the 
urine 1188 preftlltetl, 8Dl HCO; exantiOB i"ell by �. D'Jt �. chr� 
teeM.Dg. · Aa a reaul t of the aupp:ree a o14 ezaroetta, iD both carotid 

more prol.oftged fall in bloocl total 

co2 ocowted• altbo� the eheJ1p 1n bloocl pH wae DO gi'Mtu beoawse of tbe 

butf'er aotinty. 'fb:us &eO'taao1 de admtmatraticm prcn'ed wsetu1. in 

Ac14:i.ticat1cm ond lll.mttst OGIIplete HCo; reabaorpt1oa could be 

broupt about either by iucreaaed a• MOl'etion ar re4uce4 flltered load ot 

HCo;, or pouibl,y both. IDcreaaec1 H+ aeeretion ia � likeJ3 imolwa, 

alao be reduced mtered 'HCO; siDle· bloocl total co2 (plasma CHCo;J ) 

_. oftea re4uee4 late in feeding, aa\ t'tl'R may 4ea:rease early in f'ee41•. 

ObMI""ra� on uri.De aut pl.aaa c1.• eheges in J8ftl ahow4 a 

iffl!f!'.lfiii!Mt of var.t.abUJ. ty � haa 1 ta role in bal.anc.1J8 8 ill total 

caticma, ud bifta wi tA pR. Dur1JlB 1-1! hours of � OD ia11nc1u&l. 

Jt8 at a1 • al'thoush HCo; excntt.oa 

a iD Cl• tl OB t 11hile at the 8 
Cct-J Ml 1D moat c . 3-5 qui'l/1• baaia of +"•�""' 

et• !a not cl • 

• 

time ple'D& 

a iD 



SiDae H+ GOI'eti.on 1a 1:Je11ne4 w be intl.U8b0e<l by both It+ aDC1 

Na + UCN\ioQ (Pitb 8DI! Aleze.nt1er,. 191.5; Berlber tt a).,. ,. t951 tm4 otban) , 

cbalrp in � ot 

ia later n eo2 aDl water; it .-y be uorete4 tl'Wetabl.e &Gi41ty; 

+ or, it ��q be zoretea with aa �. Tbua, t!Je beat aaureJD8Ilt or 

tittJonable ao1clit7• Bolrevez-, 1n pnotloe, � ot t.!e latter poaea 

pl"'bl .. , eapec1ally 1D the selection ot the end-poUt t bloo4 pB ot 

be expecU4 to retl.ect the no1.d oonteat, but how pnoia� u uncertam. The 

nnl.ta or Pitta p al. (1�) avgeat th ["H+J (or pH) might be 

oer.relate4 with H+ aeoretioll, a1aD th8)' t -.a little t1Ve.table aoicU.ty or 

ammOid.a ._. a b1gh uri. pH. aaa •l:v aU mo; _. l"HNot1>e4 

before 111"1De pH 1'8Uilf8• It ia pouible that in tbe p8MDt oaloul­

ati.cma the ot .o£lt+ .J ra.th tbaa L\....tea H+ naulted ill 

wr1at: 

eh1pa 1d. th A + AE+ • 

� relat1 ·� ,.,__ pdra .fl tauJ .... 

tbe7 ... �� A + A x• were poat.tl� ACH+ J 
+ + A a am to A Jt: • In al\'r psrtioul caM• 
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ari.'*ilts 1fllta' waa pro'Vi&Jtl. A Na + 8DI ACu• J ._.. oorrelated, but n 

no •ter wu n.U.able. 'the OOft'elatiaD was between A + aDt AX+. !he 

hilure to f'lDI! a aign11'1ctmt relat:icmsh1p 1D such sma1l 8IOUP8 DOt 

1Dticde that the treatment has diaruptea auoh a relation8ll1p,. but mq be 

cauea by tt. IID81.l :malber&. 

!he oalcn4atea nlatiOIUib.tpa ia crt'W8l.l excret1011 ma.v :ret'leot 

purel.J' NDal interaotions, aD! eo would 'be 11kel7 to be indicat:ive fd aJmtlar 

COZ'ftlatlou 1a tbe ctlstal. tubule, a1110e thi.a latter eegment is iDrelncl 1D 
regulati � .. oaiticm of tiDal ur1De. App1i .on or tbese 

obSft"Atiou to the <llstal tubule, theref' • 4epea!s OD tbe valicU:t;y O't final 

at. On the other herd. the 
OOI'ft.lat1oaa of c!:laa8e at o"feftll. ezozoetio11 of the three ioaa 

the aaaooiat1on fd D8t �s 111 the ECP content of tbe 10118 a renlt 

'!'he p.tive correlation ot D.CH+ J 8Dtl 6 lt4 is not uaexpecrtea, 
aiMe * trauport theM be 1 la illnrsely rel�d eorosa oe1l a 

ill «81118Nl· em tho of the diB'bl tdnile 1D particul.ur. If the 001'J!'el t1oD 

is O't renal o:riaf.D. it ooul4 tbe reatil• flf eith&r e tioa tor a 

C&Jrier ayatea. 1ft oornlattcm of JUa1 oel1 cu· J ex• J 

u.. Ill n.R, tiB oorn1at10D ot Alfa+ with Alt+ &Id A(H4j appeara 

to be ot ori&'in rather thatl equa'1.lT lib� a � tra. a reml 

or eztrueDa1 intencrttea. I� the oorrel&t-1 of abtal tubule origin, 

t.heD. &OOOitiJis to both 1oD eleotnoal cou.pl� )Opotheaea, 

6 Na + abould be Mptlftly relatea 'to both A{R+ J 8'ftl1 AK4 � 

18 npl b7 atata1 t.eul aorptt poaitt.ve� �ated to both 1t 



the ..,uat of + naaN � the tista1 t\6u1e is a1 te%"84 more �. 
aucb u lly GFR. '!'he negati OO!I":l"elation ot ANa+ with OD& tmil positiw 

with the other probabl,y reneots their auooiaticm in diaastt aeeretiou. 

Cbaapa lD urtmr.r emretion ea!l blood CCIIpOtJi 1d.oD ueooiatecl with 

t.,.a1ng �d ret'lect :re41atributiOD of W&Wr aad lectl'ol3te-a betften ECP' 

8124 IC7 oa tt» om hazad, aDl ECF aa1 gut coatea\a cm tbe ether. 'ftd.le, 

0.8 poiJlted out aboft, tJ:Je ext-ant of tbe ftret of the • that bet .. D m' and 

BUt. ta well reoogniaa oocu:rNDOe ot jor �ioms. F� tor ODly 

a limitea tiM or tbe i1sJlf liiOUld be expected to aooentuate these ahlfta. 

After a 21 hour tut, the Bet e:N'ect fd � Oil tbe rate ot tigesti-.. 

aecretiona, BD! on passage t.l.u!ough the clige&tift tract, expoaing the oontel'lta 

to regiou of aitferirlg abaorptive properti a aD4 rates of tftUfer direotl;y 

pbaee, aad later in an abaorptin phase. IDdi.Yidual. aspects ot this '\'lbol 

prooe-aa haft been examined by dinereat groupa ot 1IDl'k rs, ho\mYer, all 

p8l"81118ters haft mt been meaeured in the u:pel'lmtmt. so that tbe relatiYe 

importanoe of ODe to Bll)ther bas DOt D exam1118d cU.Joeotly. 

the t the tnDaf'ep the a4 ECP, it a appear that ot all 

the pu4ular Ucme t.heft 1 a � 1nf1 or the lnareaae4 

aau. ftl'7 a t1 'l'bia to bec&llae., DOt OD1::f 1.a th tlM 

that loaaea 

1D &alift appunt� out1re!gh a lD tbe otber s].aDd:ular • 

gaetrie .!utoe, p81'10l"Mt1o 3utoe or bU '1t Ih cont:.raat to si'tu&UoD 1D 

�o. ,.._ tba ECP aoa1 dUring feeaing, gaatr1o cm would 



4l8ta1 u oltuea �. 
OCII'ft1 tloll ot c. . • With fiiJr! poa1Uw u by GFR. !he Jllepti 

the . � S"'tl,i the!.' auootat:iOD ill � ....UO.. 

ltloo4 --� ea:Jia!lii!UA.W. 11lth 

el.ec =tn�l8 blt'-ID ECP tee!Sns 1IOU14 � ftCllatalJ.uti of --

ICP oa  • 

Be po1ftte4 eat 
ICP at _..._... tJe £GtgMI.. 

• le a wU NC108JdJit4 GIIM'IUftlliMI 

a u.t •.t.e or tt. 

After • � taaar tl • ....... """. Olt sU• 

stlw treet. GZJ•t.rte tbe lteat.e 

ret::IOl• � cUf''fa'lM abeOI'p!U 

..,.,.. thD aut • 1044 - � 1a a pnlibldll�ll a_..a-.r..or 
pbaae.. later 1a an &MIG'ft�,,. 111-.. laUYia.t &a�l801� ol '��bale 

• 

the tn..r-.. bet�ID tile 
�ar t.a a «ea��a-.w• 

-- Oli:IQpoBl�-· tdl1 .. 
an 

1DIIrltaM4 

J.a odift lillll181'11111tl� .... ttsb lCJI- la t1Je OU!Illlllfr 5i ...... J.'\I&.I:IF • .-.lrt10JI8 -

bUe. 



marlaa 1-1! hours latw (HUl. 1960; cLeay, 1967) . It wul.a 

uriltbl.Y t!ltt 'bUe aDd panc.reatio 3ut-oe would coatrs.ln:lte a1gnttieaDtly to 

the abangea aeen .amoe both are secre'te4 oollt!DDo� in tbe sheep tea 

ODOe 4eily, aD! although the ocmpold.ttOD altere auring toeaing• little chan&e 
iD wl,.. OCCUPB (Tqlor, 1962; Harriaoa. 1962) . 

va 

OGmpoalttcm, bating {1 +J ot 160-180 m-equtv/1, ex• .J ot 1-10 m-equiv/t. 
aDi ('HCo;.J ot 10C>-14D m-equtv/1 (Deutcm. 1957; S ra.- 1957; K!o'. 1960; 1 

BaU97 alii Balch. 1961 a.b) . Duri»s rapid 88C1'8tion, the ooDCBntratio of 

Ra + aD4 RCo; nee, and tho ot PO�, �e• et- taU .  \iith a limited f'eect 

intake, the rat f4 aalifttion is h1&h 1D the tirat hour 8DCl deoltata 'b7 

half' over the •oona hour ( UaeD. 1963) ,  aDd is low 

sell vation c1uri.J:lg fee41.ng vould result tn + - + 
, m:o3, K 

+ -
, HCo3 

'1'he MOCJDd r, ot � aeroaa the gut .u. that cU.rectl.7 

�os• tM ep1 
a1ld � 'tftlllSlE'er 1IOlil.d !Id DDt ODly 

but alao oo t de d 'nln''ft!Atlblllt,' ot s 

41f'rennt rate of paaaeg,e ot CODterlt1t &:>Wil the eat \IUl affeot 



ranen (Bal , 1958) md abc:lmu1D (PbUUpson. 1952) dur!.Dg :feeting would 

tJmoeue tbe taoWlt of atgeat pNeeDte4 to the omaawa aDd 

tar abaorpti 

total gut atell'b. -rrautera b n the  retio� 

pot ntial17 import • but tbe map1 tuae ia at pre nt UD1i:rJnn tmder ptq1ltol­
ogioal ooDIUUona. It ia kDo1m tlat + la aot1ftl8 -t :en up fr r11181l 

+ - -a1 attuatf.oaa K • mo,. et ua 

ill \'i8ter aDC1 ele� i.D n liquor hue been toll d in abeep and 

er reatri.o teeai- OCD11 u.c.a. DuriDg feec1118, CNa + J tal.la 

aD4 ex+.} rtaea lD 11 {Reia_ 1"5; Warmtr StaCJ7• 1965; 

TenDuth• 1967) • although tta total emo of both t.noreaees ( icl. 1965) . 

In the arly poat-teecU.ug period. (X+ .J bepm to fall bet CNa + .J 
rt.•a (Wener md S uth, 1967) . WBI'MI' (1966) 

, 'lllUe Soott (1967) claOJWtn*-4 iaoftue4 + � flrom the 

PUI!IIIIll't renl.tl fa. ftlaecl cx·.J .are �- A1l oamotio patieJ'Jt 

(lleut. 1965; waraer 

!'ermuth ( 1967) t 
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similar increase seen in a cow (Raid, 1965) . A oom peak of rumen 

vol s observed 5-6 hours after f cling by Temouth ( 1 967) , but may 

be an artefact (Warner and Stacy, 1 ) • 

\Vater gained by the runen, other than that i�¥Sestec1, edtors in the 

salive., nd across the rumen wall to tall Ul'llmown extent. Wamer and Staoy 

(1965) and Ternouth ( 1 967) have attertq)t d to partition ECF t'l.uid tranofer 
during restricted feed1� into tranBr\IDinnl. flow and sal1VtUY !'low. TcrDOuth 

( 1 967) ooncludecl that osmotic ooter mov m nt duri� feetlinr, aientficant, 

while Werner and r.taoy (1965) concluded it as not. However, in both sea 

the ass'tiD'ptions uaed in making their calculations w re not entirely justified. 

The present experiments suggest that tra.n8r\lll1nal now may not be 

lo.rge from a comparison of the estimated 'F'.CF tluid loss and dieted salivary 

loss. The relative importance af the two fluid eon:tributions � very f'rom 

df\Y to dey even with the se.me experimental condition&. In Fie 61 , A plasma 

o .P .  linearly related to the minimum plasma vol • For amall deore ea 

in volume the plasma o .P . increased; for large decreases in volume the 

O .P . tell. Such a relationship would require th simul ous loa in 

varying proportions of at least one eypertontc and o 1\ypotord.o fluid.; 

isotonic tr nsfers would have no ffect . 'l'hese three 

respeotiv 13 with 1 aliva, fluid enteri tbe naen 

fiuid plus solute ntering the red o lls (e.nd perh p 

ul.d correspond 
u the wall , c.ll4 

lla) . 'l'he 

e s ntial nAr�flmA'ter is not tb absolute vol , but th amount of aol.ute involv-

ed in the deY1 tion from isotomo1ty. At lower feedtng r t s, n the loss 

from t ECF wna ler, the Jwpotonio loss made r 1 tivel.y sl!llllor 

contribution than the hyporton:S.o loss. his ould eet that wat r entry 
a.orose the r n 1 s o!' greater importanc at 1 rates of t di 



thaD at ld.cber •• 

hper:f.llllllta such aa theee whleh atteapt to enl.unte t r 8DI 

eleotrel,.te ahitte ,_taeen boe\Y :f1md oG&part.nte 1V' exud YJRtioa of oba��gea 
in the plaiD&. uriDe Ml1 erythrocytes are l1m1 ted. by their indinct ature . 

In part1eular. &Yellta 1n tbe gut an aetect.a. only by their systemic etfeota. 

RowYer. there appean to be still e pl.aoe tor iDI11reOt. ezperJ.J:aenta beoaue 

ot the dift:loult7 iJl M� aueotq aat mcnoemar.rt between the ECP aaa 

Z'1IDM1 0011teDta UDl!eP �ologioal OODd1 tf.cma. The pi �alla can aeen 

traD auoh �a ot S'teoy aDl lfara&r (19Ei6) aDd 'l'emoutb (1967) 1lben the 

uaumptiou used llU1.l.1fY the OODOlualcma NaOtled. The maJor �eot i.n 

1at11not stuM.ea is tbe UDlmmm mc:JI'i Dta &GI'Oaa the cell mm��!Lftllt. aiDOe 

the ICF makes up o.er balf ot tbe total boc\Y water. 

The eft ota � taec11� have b n ezaggerate4 in theM experlmeDta 
b.1 teed1J18 tor cmly a abort period each aq. Poutbl.e conf'OIJDliD8 
iDflueacea c11umal aDd m1ro atal faotore, which. if prard.•nt• would 

either re1Df'GI"'e or reduce the fee4i.Ds eft'eota.. An attempt been made 

to gain rs in short 

aeries ot prelild.JBI"7 � !a  wh1 8l3eep ba4 ccmtiuuo ecoeae to 

teed. deaar!.Md 1n Chapter '· 



Ia tile pl'eYioua chaptat* pl'Otouad �ea in ur:bJ& ezcretJ.on 

in blood compoaition ·were alKmD to ocour 1n eheep tea tar one 2-3 hour period 

a aq. 'ftd.e feed1118 pattem 1a DOt the uaua1 cme; 1 t JDWJt bo 1mpose4 on 

th eheep b.Y trainiag. A aingle, ahort daiJ3' I< liOUl.d be expeotec1 to 

aooefltuate the olwlgea aoo1 � with tee41ns. ocapresaing thee 1nto a 

short pel'locl, fJDC1 � iDOftaa1� their Jll88D:ltude. By contraat, tbe 

c a would be expected to b lue maJ'ke4 the ehorter the intervals between 

:teeda tmd the more COI'l8t8Rt tbe �. !hta u oorfin'Jed by the finMDg 

ot JJiJUIOJl 811!. Cowper ( 1966) ,  that YC'iatioD iD t aca1 4ry matter, uriDe 'VOlume, 
S .G . 8D1 D1 bogen ac:retion waa almost elim1Dated whe sheep kept in a 

coutaDt etJYiroDmeat wue rea 1 I 24 ot their daily ration wery hour, each meal 

bel� eut.iJ'el.y oon&'UIDed betOl"e the next waa gf. ftD• An il:rte1."meC11ate s1 tuation 

between the extremes is Ukely to exist in tbe animn\ with continuous 

d lil!itw aoceee to f'l 4. 

tJZ"iM ftal'eticm BDl blool. oa��poa.itioa are al.ao afteoted by Cbcadian 

1'1\vtbma uil. e�WinDDIIbtlll st1mult .U a b7 t..atng . P..UtiOJd.� of the 

8 18 DOt • L;&.ug� Bill�, GN&LWillif � lting, Pias 

nick ( 1965) eftluatea. tbe colltril>uUou ot tM C1ftaai on �. of tiD& 
ancl ot eD'di!ODDelltal stimuli (alteration of bcM\v poait!on) tl) the da1l.7 



1Dterral..a. aa wll ea "Dibb�" 8114 • b�· ,. to cletfm:d.ne the afl'eot 

10'3· 

of a m.eat . Such a � inftatisetioa in sheep ua.a J»t feaaible 

here. IDStea4,. a abort series of a:pert.mta wns carriett out 1ft anSmala 

given contimoua sa lib4p acoe • to feed w estabUsh tbe pattern � 

cbugea OOCU1TiJ:Ig UDilar the e  feed:i!tg conditions. s mdence was cbtaine4 

for the exleteme cd diUI'I'IIBl chenpa as 11 aa f, � oompoJ»J.�ta. 

UriD8 am b1ood exam md in 4. sbeep, ' Roalne7 8 am 1 

R.orzmay-Cheviot OI'Oaa , dUri� a4 llbltJa teecU.rc. ObserYaticma were 

on 6 dqa. The ep bed lJeen accuato to tia f� regime aDd had 

not at 8JV been � fer the restricted feeding regime uee4 in 

Chapter 2 .  

Other thaD the dif'ferent teedizw rest- .  the sheep wen heused.• 

hrmcllect and sampled in M ide!ltical II8J!IIell' to tbo 1n tbe otJCe-da.U7 fee4inc 

experiaellta. OCOU1"'Nme of t•at aDI raminatioD waa determined from 

reooris of jaw moYII!1GBts ( below) . 

l!!d apt tn4iW 

The 1U081'1» ha 1D thue axperimeata w a cU.ft'GNJJt b tcm. 

eaa aa ofl'trri4 1a tbl tom or luv' 1� UUUS.tab1e �or obaft'1.Jtg. OD 

no� , q i't.Y � 1:a excess ot their da1ly 1Dtake 

ottenc1 to tile abeep at 10 • On the 6 apei'J.mellta1. days , at 6 ba � 

intenals utn teea was ................. to tbat slY< n at 10 a • to ure palatabl.e 

feed was alW878 naUa'ble-. Water wae tfteq anilable nt all �.. J. 
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t e e d 1 n g f 1r u m i no t i o n  
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Fig so . 1\ ymograph tracing of jaw movements  showing the 
characteristi c  patterns of feed ing and ruminati on . A one­
minute time marker tracing is be low .  

" 30 
E -- c 
- E 20 c 0 0 M 
;:o ...._, g � 1 0  

� � 
L 

� �eA�. f1l\oD bOO��. 
rum1notion 

f ' " El� ' " " ' 
8a.m. 1 0  1 2  2cm. 4 6 8 1 0  1 2  

c . 
• - 30 � n n n .. ., . .  , 

H :: rfln�.� .o .� . .  
! ( i f .J. �0 , ,  nO. .���:�·.·· 

8om 10 1 2  2cm 4 6 8 1 0 1 2  2om 4 6 

? ig 81. Feeding and ruminating activi ty in 3 s heep 
with ad  libi tum access  to feed  and  water . ( a - s heep 
12 , 6 . 2 . 67 ;  b - s heep  11 , 2 9 . 11. 6 6 ; c - sheep  5 ,  
2 5 . 10 . 6 6 ) .  
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auppl...t f4 5 p of Naet waa 8i'Nll Yllth the teed at 10 a • ea aU ...,.. 

experiaelltal dqa and Otl 3 or the 6 experiaental aap,. 

881!!1!11¥ and aefMd! 

Sempli� atJd aaalytioaJ. prooectures 1'left. id&Dtical with �hose iD 

the prnioua 1"ee4img a:perl.meats, eaept PCV eattmati.o-na. tJrl.rle was oolleoted 

1a 30 al.nute Mllplea ( 60 miJJUt 8811plea oa OBe dev) , blood each hour. 

All bloo4 seplea ea� aaerobioally. 

PCV !fti!at1• 11� was <lralfn up 1n'to capillary �•• ttbich W«N beat 

aeel.etl d oae eat, �n ce,�a tor 10 m!Jlute$ 1n m IateJ."'la'lioaal 

GJ"'O&pill..ary oe�, Jlo&ll Jf6.. The PCV wu determ1ned With tbe aicl 

ot an ta'terllatioDal circular oap1l..1.ar,r naa ... 

law JI!!D!!!!Ita: '.l'be appuatua used to recent lmr marements ccmaiatea of a 

balleoD beld wader the w.ep• a  lne.r jaw by a head tar an! 0011M0ted by 

tming to a tambour ana ttri t1Da lever. Peetifta an4 1"1Dinntion n S.deat1tie4 

hem the ohanctviaUc p�eru tnoe4 out on a eaked papeJ" on a �pll 
(Fig 80) . !he tt. rtB1Dat.i , teeaJag reatiag Gach ha11" boar 

--·" ta n et .  pattera or aot1nt.v aa JJOt . . • v tt. ,. aheep, 
ab.-p 11 atrunt 1ft laftlls OBl.y 088 periocl ot 
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Sheep .u .  of •rt;a ._.�� lestdrC 
�- ( %  ) ( � ) 

(bows) 

5 21 37·0 25.7 31·3 

s 15  ., 27.0 28.7 -

11 15 37., 10.0 52., 

11 1 5  37.3 4..7 sa.o 

1 2  13 37·1 .... 3 ,a.o 

13 13 ,.. .. . , a..o ;s;.o 
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Fig 82 . Urine volume , total s olute , pH, Na
+

, 
K+ , C l-and HC03 �xcretion in a sheep with ad 
libitum acce s s  to feed  and water. ( Shee p  11,  
8 . 11 . 6 6 ) . 
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P ig 83 . 
and HC03 
fee d  an a 

Urine volume , total  s olute , pH, Na+ , 
excre tion i n  a s heep  with ad libitum 
water . ( Shee p  5 ,  2 5 . 10 . 6 6 ) .  
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F ig 84 . Urine volume , total s olute , pH , Na+ , 
K+ , C l- and HCO-= e xcre tion in  a sheep with � 
lib i tum acce s s  �o feed and water . ( Sheep  13 , 
8 . 2 . 67) . 



I 

1 1 1 . 

bet.weea 1"eelizw an4 rumiDatiJls thro·ush tfle period of obaern:tion. The 

preport10B of time spent tee41ng. rumi•t1JW aDd reatiJW by the Z... eheep OD 

the 6 dqa ia aho• ill Table 1 8. It wU1 be aen that sheep 1 1  apellt 

three. 

f'eedbg. 1 ·5 - 2.0 t' 8 that 1D the 

(1) Copatanqg gt S'S!!'!t\!P· UP!.• excre1:1oa 'GaB mt coutaat trom 

ho to bow. a.D! except �or pH. ahon4 quite large ftuc1matioDB (Fig 82-t?q.) . 
At DO t1ae wa tll urt }it 7.5. 

(11) Diurpal Wiati.O!t• Patt.ma nggeatiw of a diunal � 

obeerred. 'ftlese : 

M!'Dmllll 10 .. • ( s ut 6 &wa) ; 

'-1Willr.!H.ISH ewer the foll.-.l!IS 1 2  houre (ell asqa) (Pi« 82 ) J 

( ) in lt+ t:raa to clniBht (5 &p) ; 

aa 3 of tbe  1t wu a ateat\Y {Fig 82) . Oil 2 tb 

... cl (Pia 

a,) ; 
( ) * a lup p ot + 1 p.a. 

(all �) ; ier 8Dd lat peels 
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F ig 85 . Re lative plasma volume , �plasma 
protein_?, O . P . ,  {""Na+

_7, {""K
+

_7 and {""Cl-_7 
· a.nd blood total C02 con tent  in a sheep  with a d  

libitum acce s s  to feed and water . ( S heep 11 , 
8 . 11 .66) . 
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? ig 86 . R�lative �lasma volum� , �plasma protein_7, plasma 
O . P . , Z Na _7, f:K _7 and f:Cl _Tand blood total co2 
content in a sheep  wi th ad libitum access  to feed and water . 
( She ep 5 ,  25 . 10 . 6 6 ) . 
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Fig 87 . Re lative plasma volume , �plasma + + 
prote in_?, plasma O . P. , LNa _7 , LK _7 and LC l-_7 and blood total co2 content in a sheep  
wi th ad  libitum acce ss  to  feed and water .  
( Sheep 13 , 8 . 2 . 67 ) . 



(a) the OOOUl"..'eD8e ot a peak ot et• aoret!.O'A at 1 .30 p.a. 

(5 asp) . 

{ iii) meet S!f' ftd.n&• fteN a.ppeare4 to be a 6 hour cyel.e in 

the uoretor.v pattem of ariae vollae, total aolutea, so; aDd to a leaser 

+ f4 Na uoret1on 

c.,...a with 8beep OD the 3 hour �  � aohedule, in abeep tett 

a4 libitJp p1&81a o.P. , {"N +J 8114 cr.•J were hisfl r at  9-'tO a.m. b;y 
appnzimatel.;y 10  JIIHDV'kg, 5 · quiY/1 IIDCl 0.5 m-eqtd.v/1 reapeott.,.q. 

'!'he plaama ft.1 , O.P., el�a aa1 bleoa total C02 c1ud.ag 3 

� tbe 6 aqa aN aboa 1ft Pig 85-87. '!'he mepU:ude of the tlt»tua'tioDB 1a 

in nera1. nthia the llmit ot 

ftll88 1ft in t 1181!11DBl.8 ( S'OGO!tGI', 1956) • A 6 bDur � patten waa 

oel1 oh e n 

el.� . 

9 a.m. to a 

upet.l'il"fGIIelll oa tbia, tnu1 
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1 13 .  

peaka ooeurs.a at cU.ffvem t:imea ot the dtrr· 

wee D tor � vol. aM c +J, ud for cr.+J OD half of tbi 

c!lq1J. 

t�. clriDkilt8 aDl �atal atimuli to tbe � p "eru aDd 

blood ccmpoaiUon. Onl,y the proe at Nletiouhips 1d11 be appenat. 

COl'ftlaUcma ot ..Uer megrdtude WDUld requlre a 1.azo8e aer:l s ot detailed 

experlmeata toll.owe4 1G' uto-oornl.atlon eD1 po 

aa uae<l by LiudaD U ef• ( 1 965) • 

'!'be p.a.ca- velues o.M ezcretca-.r rates in laep l.tng om 2-3 

hour t e4 a da,y . lOliV tel,y be1"0N � e4iq! than iD the ad Ub&t• 

fed ammal • aa1 tnqu&Dtly hislm' attenazo48. The lower lewel.a were 

'OD&loubten;r reflection of the 21-22 hour tut e1.r.'De the previo. meal. The 

higher Vi lues after f"eetling pJ"Obabl,y reflect a gre.atv r :t of intake l'lf'orced 

by tbla 

aeea in the &:a..o:a�G�Ww:a tee4i!Js exper!MDta. 

praadlal. CbNaiP 
tzooughe 1J1 11htch 88&1 QaiiK'IIWJnt 

iD a.o.-trat:!eg 

� ... taaa tar gl'IGteJI!' 
Qftllabl1!1t IU�J!l8 to f 

cllallgea 1rftU8ht b;y � f'eetil8 

PJ'O�M 1'3' periocl1o 1Jl aheep 



Ul"lDe pa� ill tbe a4 lihlt!p fed abeep .... 

svcgeat1ve of: a t..a«,_ exoretloa t water, 

Na +, HCO; 8lld p� K+, atJd 1Jm'eA8ed pl · O.P. 4ur.lng per1o4e ot 

intsdw fee4ir@• HoweYer, tbe pla el� peaka WOl'e out f4 p,base 
with the perioda � t.eeM�Js. D1UI'!l81 CCIIlpG -'• 

+ -
augsestea in , C1 

Jt+ ezcreti rm! ill Ul'lJte pH, am in er,ot� 

,,. 

a re 

meals. ll'r111D7 +, IC+,. Cl­

hourly meal.a. Leu water atd 

Dl tngea hlf!IKtat 10  !aJze after 19 

+ a.Jd more It+ altt1111 

&red with tbe aup1m poaitioB. Dlumal perio41o1ty 

K+ aftd et- tt.oa. � low at lll6bt, r1� traa 7 

+ 
p1"8HHIt 1n Na , 

+ 
r tor K , 

!'be exper.l.merlta scribea in tbS.a tU pre91oua ohapter, to bel" 

th tbe obaena.ticma et I! (196&) ,. ba\te iDI� tM 

iD abeep. It 4 &:PDiBW that b. ..., 
t..at to the eDft'tD'l'Y 'DA't�� le � wltb ODCI8-<ta1Jl'9 ... .. � 

exteDt: with -.as�• 1'eecl;1.J8, • a. ..:u meala. 

(1966) eUmine.te4 e'D· rUI��m��mtld •�141 lD· tbdr • 



ot tie time oho8eft tor th � fee� ( 10 a. to 1 ) tU 

� .. 111 urire e=rettan with feetiaa, pariioularl.J' t.be pos� 
nee tn el�e �tton, VJOUl.a probabl.Y be reJ;nfonea by cU.urrml 

�a. Clearq, precise eftlooti ot tha oontributi.ODS ot feetUqr, 
eari� aDl Cl.1t1nJal CGmpQDeDta to tbe umoetory pa-ttern Ul.lder cliff' nat 

ezperimesal oo!dittou iB neeaea, ar.d must be taken into aocouat 

dealp!-..s exper;lallb oa water sad el-eetro17te aetabol.1aal aai rediatributiona. 



'!'he changes in reD8l mccreticn and pl-asma eanposi ti�n observed in 
Chapt.er 2 in 

0. pba of diversion or extracelluler water and el.eotmlytes into the rumen. 

foUoneil by a. pha of not absorption. Further in:ro.rmation on tbe 1nteractioa 

of U. 1'188D water eDl e1ectrolyte colltmt 1'11 th that ot the ECF might be 

ob'tatned by follcmir@ the absorptlOD am eXCJ"Otion of solutions infused into 

t l"'&Deel. 

Ia maB end no�, large nunber of studies of the eft"ecta 

.., + 
of onl admin:lstnrtton of 'fla'tel', Na aDd K sal'ta haft been raade over III8J\1 

years. The reapoDHo ha: boon d1 verse, at'ld 110uld appear to ind1cate that 

apeciea dit'terenoe•, tm dose t , peya1ological status, pGsture aDll dlurral 

f'aotore mq influeMe tbe effect o£ the infuaion. 

ia !lU!Iber. s Uers amd Roepke ( 1 951 )  OOIDpBZ'ed 

pla 

lea before ticm owr 45-50 mi!BJtes into 

ater &lODe , or oon ining 0. 5 of 1 or KCl lb � igllt . Th 

water alo il1c1"ea8ed tbe urino vol , reduced 1 ta s .G. ,  the 

+ + = -
excretion of , It , Po4 alld o.t'ten t4 Cl • ticm of 

either of the NaCl or lCCl solutlcms, the excretio of both .. tmd x+ 



t'ftD t ICP • 'l'here 

or to a tar ezteut. 'l'he l 1 

pl eoace:atntlon of • .. x+ • Cl- imr 

lDanaee i_tl cr.• J was greeter after the KCl. 

ezpel"1meeltal res�ta ls diffioul't • t!le 

0 spbarus; CDl.y the 

InterprotaUon (4 

the 

ter ot 5l UU.a aDl 7-8 litree reaulted tn a 41 

goata. doees r4 

is of n!mil time 

oourae. In both cs.ees t 

!llfw4011 w-v.a.- \l7 1 3  hauls.. Aftd 80'11 

a 6tecl that the oonatant urine n. re ted after 

hr iarwtion, b to . p:rolo 4 taat • In tbe 
• 41ftereDt. • 2-5 l:ltna 

re 1ntWied, uri 1.D 1«>-1 5  ld.Dutu. the 

D! of the hour. fell ua111'• f4 the 

11l t  - - 5-7 • 

s 1"8 1D 3.uly, t966, 

(1 • (1�7) at, 

tt.,... ( 1968) Raulta f4 a • 

l .... o • i 11 

D:l, 2 JC 8Dl. 1 25  • 



re made just att�r the sheep re otr d their teed; heace, ohlmcea due 

�o the inf'uaion were superimposed upon changes due to feed.i�, leacU.nc t'o 

ditt"ioul tie in interpretation. Urir.e flow was higher after KC1 than 

after water or NaCl . In 24 bo-vs, � of aministered It+ am1 of 

admlld.at re4 Na + 'lftl8 excreted 1n the Ul'il'le. K+ acetate gave amaller K+ 

reapoue than dicl KCl, but both 80].utj.o + oauaed an earlier rise 1R K 
excretion after the teei1J16 d preMion; Ne.+ coretion alao hisher, the 

+ � -Na peak precdt� the K peak with aoetate, am followlA'! 1 t w1 th Cl • 

+ 
Following Na illturions, there a slower aad lea intense increa8 in the 

rate of ex01"etion of + • K+ Dd Cl- than attar the g+ iuf'uaiona. 

In the seri. a of experiment s de cribecl here, the infusioaa were 

1 5  hours atter a 3 hour 

parameters were relati vel;r 

d, at a time when oha in Ul"'i.De and pla 

aJd COMiRent frcD dq to dq. Compari80118 

wen made 'between 1Dfuaions of 3 11 tree of ter - equal to the large at 

ter coasumption duri� f eding - aDd tlle Y01Uil8 of NaCl or KCl almost 

ieotold.c w1 th blood p1 ( 0.1 5 !.�) . A fUrther eo ariaon 

theM salt &olutioDB am solutions �Dtaini.Dg the ea amount of aolut in 

of wat� • 1 .e .  ha'ri.lf8 an o • ta 

NTflUALS AND 

licate 

a t :t of pla a. 

• The 

th oae 

«nimo.J depe: d upon 

as a result, not all trea uta re aae 



Facing p , 1 1 9. 

IDf'Uaioa Vel & Sheep Date 
ooiiDDtr«tloa 

Conbol .. a.- 8.66 
2 .. .  8.66 
' 20. 7.66 

12 1 7. 4.67 
13 1 .  5.67 
,,. 1 8.10.66 

---"'" 3 Utna 1 22. 8.6' "� 
2 1 .  9.66 
2 22.1"1 .66 
' 18. 7.66 

1 3 Utfta 1 25· 7.66 
0.1 5 . 2 3(). 8.66 

2 �.11 .66 
' ,,. 8.66 

0.3 UU.e 1 26. 1·" 
1 .5 . 1 14. '·" 

2 2. 8.66 
2 21 .  '·" 

El 3 11bn 1 t2. '·" 
0.1 5 . 2 19. '·" 

12 27. 2.67 
13 20. 2.67 

KCl o.:s 11 ... 2 30. ,.67 
1 .5 . 12 19. 4,.67 

13 ..... 67 



11'1 aoh 8Jl1 • !he detana cl th iDtl'8niD1Dal intusicms f'or eh sheep 

are aho 1ft '!'able 19. aDl the ccmpl.ete infusion history in �.ppendix 1 .  

All intuaioms were made at 1 0  a . , am during the experimental 

periocl ( 8.30 a.m. • 4..30 p.m.) neither water DOr feed 1mB avail ble. F d 

was laat offered at lv-7 p • •  on the day prior to an exper'....ment, aJJd ter 

up to 8.30 • • on the dq of the experiment. 

" with weighta of 32-40 lf8· Each had a 

permanerrt tiatul in the �arsal. nmaen, aDd tw e.nimals ( 1 2. 1 3) had alao 

duo mU. oamnl ae . 

The animal were hou a.a deacribed in Cbapter 2. T y were fed 

chaff d lucerne hay for 3 hours in the afternoon, be n 2-5 p.m • • except 

on the dsy preceding e.n experiment. On the experimental da.Y itself, the 

feed waa offered between 5-8 p.m. \'he emotmt offered each dey ne a 11 ttle 

more than the d li bS.tprl intake ( arcund 1000.1 200 p) , and. included 5 of 
NaCl. bat s of lucerne are u 

Infusion Seclmig 

On the enDing prior to 

replaced by a :rubber stopper through which 

tbe out itle but not 1ntD tile r'UIIIInfta 

aarew clamp waa attaorleO. 

rumen cannula. 

A abo rt  le 

tube. and tbe 

Dml'mll� rumen stopper was 

tube pro.14tcted to 

with a 

e tied securely to the 

aolution as ....... -4, to near boq tempe t18'e in glaaa aspirator 



1 20. 

bottle fitted with a :p flDd o l qJth of :rthe tubirlg. At the time � 

the infuaio thla � tuhe was ooaneoted to the rubber t1me 011 tba 

cumrmla, am the solution run i1'lto the D b;y graTity in 2-3 mimztea. 

Care w a taken iD pu1ating the tap, cl tuh1� DOt to 1o gas or 

n at.nta aid to giw 1Df'U8tcm. The ammo' a not upaet 
by the proce4uft 

pulled. 

Sgmple oollea;tiop 

lo as the ak.1n 

Bl.oo4 aamplea taken through a Jugular c a. ml urine aaplea 

through �f-retaiai. orothral cr-tbeter u previously ascribed. Both 

re iJWertea prior to the zpel'imental dq. 

Uri waa colleoted aa 30 mimlte sample a ( oooa.aional.ly 60 minute a) 

into collap cl ncci bags. Blooci lea were collected nt 45 am 1 5  

mi.DUtea n.n th 1nf'uaion, 1 5  m1rmte altere and at hourly intenala otter 

that. 

'l'be thod of balll!l.� a lea 

with tboae descr1 d in Chapters 2 anll '• 

8 

mioal 

¥Vj,i ... --a 'b7 tba latter f a.'bout baU ot th 

u1 ts obtaJmct r,. the two tboc'la · olo �. 

The aew calcul.at1oM 



121 . 

Rllatt obtai: by multiplication of the 

relat.t.w p1 

% ohapp in !?5!!'!tiom the o all ctumge in exoretioa o I' the experimental 

period ( 8 houre) tor each tl"ee. ent. iacl uc11ns coutrol.a _,for each ur1 ry 

usillg a precU.ction of the excretion baaed. on the 

E c 1 6  X &ftJ'884t 30 miD preintuaion 

The actual excretion (A) was obtaiDed b7 adding the total 8 hour excreti011 

?'- cbuge ia excretion = A - 'F. x 100 F. 

% !'!oo JX: tor administered ter aDd leotrol.ytej tbe % o£ t load excreted. 

11'88 caloul tea takiJ¥ into account the ohaD8e oa the eo!Jtrol daya: 
% re� =  A • I + Ad - C x 100 

( 1 )  

Ad 

This aa not 

tor + 8114 lt+ the aftJ'&88 OOJrtN.l aa ued 

line. 

OD 5 t tlle 6 CO!IItJio.l 
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8om 1 0  1 2  2 o m  4 

{t 
�Cl 3_' . 0.1 5 M j  

6 

b. 

jwoter 3 1j 
e . 

'\} 
jNoCI 3 1 , 0.15Mj 

h .  

�� 
8am 1 0  1 2  2om 4 6 8 

{t jKCI 0 . 3 1 , 1 . 5 M j 
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I water 3 lj 
f. 

� jNoCI 3 1. 0.1 5 Mj 
i .  

J 
8am 1 0  1 2  2om 4 

0 
jNoCI 0. 3 1. 1.5 Mj 

6 

Fig 9 1 .. T.Trine volume following intraruminal infusions : a -
control ; b , c - 3 1 water ; d - KCl ( 3  1 ,  O . l5M) ; e , f , g - NaCl 
( 3  1 ,  O . l5M) ;. h - KCl ( 0 . 3 1 ,  1 . 5M) ; i - NaCl ( 0 . 3  1 ,  1 . 5M ) . 
Note particularly type ( a )  water diure sis  in b and type ( b ) 
d iure sis in c ;  d - after KCl ( 3  1 ,  O . l5M) a pattern similar to  
type ( b )  vvater diure si s ; va.riable effe ct  of NaCl (3  1 ,  0 . 15M) 
in e-g .  (a  - sheep  1 ,  24 . 8 . 66 ;  b - sheep 1 ,  22 . 8. 66 ;  c -
she ep 2 ,  2 2 . 11. 66 ; d - she ep 1 ,  12 . 9 . 66 ;  e - sheep 2 ,  24 . 11. 66 ; 
f - sheep  1 ,  2 5 . 7 . 66 ;  g - sheep 2 ,  30 . 8. 66 ;  h - sheep 12 , 
19 . 4 . 67 ;  i - she ep 1 ,  14 . 9 . 66 ) . 



weft laraer. Overall , for the S hom-e, the YOl 

predictetl UDt on 5 , but 1 � le on one. 

1 22. 

excdfted + 1 of t -

On 4- ot the 6 days, urine 

total solutes oh� a similar BIDOllllt to that of the -volume . For purpo.sea 

of pre41ctio� the bue line waa taken aa tbe �erage f'lcm/30 mill obMl"ft4 

o�r the t'irot 90 mi.Dutes. 

Two types of reapcmse to the ter iftfuaion wen seen. each twice. 

Type (a) urine tlow app:rox1Jnatel3 doubled in the r1rot 30 mimlt&a, npidl7 

reached a IIU\ldJmn ot near 350 ml/30 ndJl be n 1! and 2� hour� then cleclined 

slowly (Fig 91b) ; in type (b) there waa a delq of 30 minutes before the uriae 

flow also reaobed a peak 1!-2} houn, 't llcnrJ.JII which flcnr uaual.l7 
eined betlleen 1oo-200 ml/30 m1n (Fig 91 c) .  'l'he form of the resporus waa 

DOt an individual eh acteristio, o sheep s d both ld.ncls ot respoMe .  
There appeared to 'be no difference iD the ef'flcieac.y of the diure ia: the 

pe tlon were oomp bl , while the fraction et the load excreted 8Slb 
and � for the former, an4 8t� aDd 5 . for the latter (Table 20) . Type (a) 

diuresis assooiated with lower preinfuaion urilw oamolel.ity them 1'188 type 
(b) - 600-1000 � OCIDp8l'ed wi�b 1350-1950 mosm/k:s. 

tter ltCl {} 1., 0.1 ) , the patten of urine flow qualitat1Ye}7 

re led type (b) ter 111lfts1 (Fig 91 d) .  'the rup quaatitatiwly 

le a: the p ak now bed 250-300 ml/30 mill. tlien ocmtlDled nt arouna 

1 00  fliJ./50 min. lfh f'racU..on of -.ter excreted waa al. 1 r., iag 
5 (! le 20) . 'i'h onset of d.iuzoeaia ooourred in leaa than 30 ld.Dut a on 

2 clqa with 1 r preiafuBi uri• oaaol.alit7, ill gJ'ell tban 30 • 

01l the other two. appe to DO re1 :tioDabip \)e, ft the tractions 



After NaC1 (3 1.  0.1 !;?:) , the pattern of urine f1 more 

TS.J"iable. On 2 days, urine fl..ow naohed oD13' a low peak 1D tbe N.rst 

1 . 2 hours, then increase4 progressively (Fig 91 e) .  On the other 2 &we, 
the urine voltees were much grea'tv in the first hours after the 1D1'usion­

remaining high cm one d.tq (Fig 91f) • and decreaab8 on the other (Fig 91g) .  
'1'he fracticm of the water load e�ted a much lonr than after either water 

or KCl , uer&gil'JI � (Table 20) . The or.a&et of the diuresis occurred in 

1mder 30 miautes on one dq, e.Dil in o r 30 m1mrt&8 on three. As in the 

case of K+ after KCl, the t'/.. excretion of the loadB of mrter and 
+ were 

independent. 

Foll01Jin8 ltCl (0.3 1 ,  1 .5M) , urine flow did !SOt exceed 60 ml./30 min 

(Fig 91 h) ,  am appeared to be deteminetl by total solute �a. On all 

three da,ys, the ater excretion was less than the basel. excretion + 300 m1 

(Table 20) . 

When NaCl (0.3 1,  1 .s;.!) 
+ a infuaet1 , urine flow pnralleled Na 

+ 
exct"etion. over the experimental period approximating 5 ml per m-equi v tJa • 

Over the 1 1  2� hours before the developmellt of the natriuresis, the urine 

vo1 ume remained unc.hanged, or, if initially high, decreased (Fig 91 i) ; 

there fter 1 t inc:re sed rapidly. On one day, the urine volume wa s  greater 
the the basal rate + 300 ml ,  on the remaiBing three &\vs, it was 1 s than 

that (Table 20) . 

( 2) 
+ 

-

On t11e 6 oODtroJ days, 3 different patt :ma ot ".a+ ezcretion 

occ\IJ'red: ( a) 011 3 � Na + excretion was illitially 0.1 -o.2 m-ttqui'f/30 min, 

and remained low (Fig 92a) , varying less than 1 m-equiv from oollStmrt 



Fa cing page 124 . 

a. b. c. 

2pm 4 6 

2 t� . .  
6 8om. 1 0  12 2P.m. 4 

10  d.  e. 
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E 
0 M 
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0 
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., 
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L 
" 

0 a�o�.m�1�0�172�2�P�m-4��6 8om 1 0  1 2  2 p.m. 4 6 
{f {} [water 3 1 [ [wa t er 31j 

I 6 

Fig 92 . Urine na+ excre ti on following intraruminal infusions : 
a , b , c  - control ; d , e - 3 1 water . Note 3 type s of control 
re spon se , a - commonly seen  when the preinfusion Ha+ was  low ,  
c - when  i t  was higher ; two type s of . natriure si s during a 
water d iuresi s ,  d - single peak ,  e - two peaks . ( a  - sheep 1 ,  
24 . 8 . 6 6 ; b - she e p  14 , 18. 10 . 66 ;  c - sheep 2 ,  1 . 8 . 66 ; d 
sheep 2 ,  1 . 9 . 66 ;  e - sheep 2 ,  2 2 . 11 . 6 6 ) . 

-
---

_, 4 0  
" ., E 

" c 
L :> 

a. 

[water 3 1[ 

I 
b. 

I 
r-

I 
I I I I I I I I t 
8am 1 0  1 2  2Pm 4 6 

.0 [water 3 1[ 

C. 

8am 1 0  " 1 2  6 
0 [water 3 1 [ 

F ig 93 . Urine �Na+_7 following intrarumi�al infusion of 3 1 of 
water . Note a - unusual pattern where �Na _7 remained high + during pe ak diure sis  then fell ; b , c - more common fall in �Na -7 
d uring peak d iure si s  followed by an increase for a variable time . ( a - sheep 3 ,  18. 7 . 66 ;  b - sheep  2 ,  2 2 . 11. 66 ; c - sheep 2 ,  1 . 9 . 6 6 ) . 



«&CC"8tiOD; (b) OD 1 aa.y vt-th the 8 1D1 tial e.mretlon, a peak ocour:red 

&I'OUDd DOOD (F18 92b) reftlt1ag in an eztn 8 m-equiv of N + bei- 101ft; 

( c) on 2 &qs, the initial ezcretioa w a 1 •2 qutv/30 min. began 4eoreu1DS 

:t 10.30-11 • •• • •  Oft%" the 8 houn deelined � (Pig 92c) .. Ia 

to � low, but higher rates to aecre 

not possible to take peaks into accouat. 

the «reeter the + 
loaa. bigh OD all 4. dqa, 

8ll extra 
+ 

lose of 34,. 49, 52 4 5:5 m-equi v of • natriureais a .single 

peak at about 2 hour on 2 dt\Y8 (Pig 92d) , but biphasio �a with peaks 

8I"OUJld 1 and Z.. hours 011 tbe oth 2 days (F'ig 92e ) • Oll8 sheep sbollied both 

kind.e of natrila'esia on different day • Na + excretion a nds cm factors 

DOt aaaooiated 

with the two patterns o£ r exention & 8Crlbed above .  Further, ur1D8 

['Na + J clittere! IDDJ'kedly OD oae dq 1'1'011 the patten aecn oa tbe other :5 
dqa, ( OCJIIlpal'e Fig 93& with Fig 9.:51>, ) • On ' out or tbe 1t a, urine 

Cna + J tbopped to ursd 10  v/1 duri� diureaia; 2-3 houra 

93b,c) , 

naul tillS lD ailt81• peak 1 , two peaka 2 On tbe foUI'th, 

....,...IJI.._ C +J h18b (20-1+0 m-equtv/1) tor 4- hours, than fell to 

5-10 uiv/1 for 1 taoura (Pig 93&) . 

Por both 1 solutions the � 

of 

ae a for 1- boars after the intuatcm. .lt the g1Jm1 of the 

8 
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jKC I  3 1 , 0.1 5 Mj jKC I  0.3 1 ,  1 . 5 M  I /KC I 0.3 I. 15M] 

P i g  94 . Urine Na+ excretion following intrarumina l 
infu sion s :  a - NaCl ( 3  1 ,  O . l5M) ; b - NaCl ( 0 . 3  1 ,  
1 . 5I.1 ) ; c , d - KCl ( 3  1 ,  O . l5M ) ; e , f - KCl ( 0 . 3 1 ,  1 . 5!.1 ) . 
Note d e lay in onse t of the natriure sis after both NaCl 
s olution s  ( a , b )  but n ot  in all case s after KCl ( c , e ) ; 
after 0 . 15M KCl ,  the large st na triure sis  i s  shown in c ,  
the smalle st  in d ;  after 1 .  51� KCl ,  the natriure sis was 
small and at a variable time after the infusion ( e , f ) . 
( a  - she ep 2 ,  24 . 11. 6 6 ; b - sheep  2 ,  2 1 . 9 . 6 6 ;  c - sheep  
13 , 2 0 . 2 . 67 ;  d - shee� 2 ,  19 . 9 . 6 6 ;  e - sheep  13 , 2 4 . 4 . 67 ;  
f - sheep 12 , 19 . 4 . 67 ) . 



... 
mtriuresia, Na excntte 1nc ed rapidly, uauall.y Nached peak ia the 

(Fig 94a) . 
+ 

On oocaaioo&, how�, a excretion continued to iacrease for 

up to 4 hova (Fig 9l.b) , partitrularly nth the 1 .5U NaCl . Table Z1 shows 

+ mtriureaia, the preinfuaio.n No. excretion rate, the or of preyiou:s NaCl 

intuaiona aDCl the t · r ot 

s miglrt be expected, tho fraction excreted 

clelq in onset aDl tbe higher the level of + exc:ret1ot1. It m1ght ;ppeer 

that Na + 
8Jt0l"etion wu h1gber after tbe ore conceut:rnt a 1nf'Usion; it 

might also appe that prior 1nfuaiol18 h d prlm1ng ertect. 

Infusion of KCl (.3 1 ,  0.1 ) iDcreaae4 Na + excretio.n: by 1 1 ,  25, 38 

d 108 m-equ1Y O'ft'r the follo 1Jg 6!- hours (Fig 94-c,d) • OD ODD d , tbe 

natriuresis precea · the 1Dcre&se iD t11."1D8 flow. The temporal relationabip 

between tbe ns.triUAaia alii the ka1iureaia variect. On two �. tt. ODlMR 

+ + 
and peak of the a esoretion preoea.a that for K , and cm 

coillcttea. In all s,  

gsoeater tbaD that oCCUI'Ti 

nth that pl'Oduoect by the dilute KCl, 

natriuresis after ta:l (0.3 1, 1 .  ) cm1.y alight. Oftr the 

'tf&ft quauti tati ftl.y aimila.r to thoee o.o 
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F i g  g5 . Urine Jcr excre tion f o llowing in trarumi n a l  infu s i on s :  
a , b - c on trol ; c - 3 1 water ; d , e - KC l ( 3  1 ,  0 . 15M ) ;  f , g - KCl 
( 0 . 3  1 ,  1 . 5r.J ) ; · h - NaC l (3  1 ,  O . l5IrT ) ; i - NaC l ( 0 . 3 1 ,  1 . 5TIT ) . 
Note the u sual  c on tr o l  pattern in a ,  a ty pi c a l  d a y  in b ;  small 
ke li ure s i s  d uring  the water d iure si s in  c ;  d e lay in onse t ,  b u t  
marke d  kaliure s i s  a f ter O . l5E K C l  ( d , e ) ; earlier onse t b u t  
le sser i n cre a se in � e xcre t i on af ter 1 . 5M KC l ( f , g ) ; variable  
pa ttern after NaC l infu s i on s .  ( a  - she e p  12 , 17 . 4 . 67 ;  b -
she e p  13 , 1 . 5 . 67 ;  c - she e p  1 ,  22 . 8 . 66 ;  d - sheep  13 , 2 0 . 2 . 67 ;  
e - she e p  1 ,  12 . 9 . 6 6 ;  f - she e p  12 , 19 . 4 . 67 ;  g - she e p  13 , 
24 . 4 . 67 ;  h - sheep  2 ,  3 0 . 8 . 6 6 ; i - she e p  2 ,  2 1 . 9 . 6 6 ) . 



1 26. 

ease, the 

(3) 

On 5 c4 the 6 coJ1'tnl 4eT , K+ ucretion deoreased continuoualy 

over the 8 hours ot ob·servaticm, m:th oal.y .small peaks am tftugha (Fig 95a} ; 
+ On the sixth day, K enrotion increued tor 

3 houra be� decli!d.ng (Fig 95b) , ao that overall �� more tbaD the preticted 

amotmt. wu excreted. Fer the i.l1f'Uaioas, the basal K+ emretion was predictq 
on the aaaumpt!on that the initial rate would G�M�INJtae by 1�, the av r&84t 

tor the 6 control dqa. 

+ m teF waa admintstered., 1: excretion increased a 8111811 

_dUI'i• the peak water diuresis, then 4eareaaed (Fi& 95G) . Over the 

expertmelltal period, 'total K+ emretion ppeared 11 ttle different f'l'an that on 

the ccmtrol daye: 4eelines 

and 21%, a�ng 1.�. 

initial excntor,r rates re �. 1 , 19% 

Iuf'uaion of KC1 (3  1 ,  0.15P!) 

bepD af'ter a delq f4 30 millut a on 2 clays, and of 90 s:d.mltes on 2 dqa. The 

taliunats reached maximum in the third hour in all experiments, coinciding 

th tbe highest pl lowly (Fig 95d,e) . '!'he 

fraction of the in:fu d K• load excr tea in the urin avereg d 30 · ( 21' · , 2 . · , 

31'1 . ) , allowing for a basal r te of 1 � decline. 

Aft r the concentrated KCl (0.3 1 ,  1 .5Y) , t knliureaia commenoed 

earlier; + thus some increa.M in K excretion was evide-nt in the first 30 
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F i g  96 . Urine C l- excre ti on f ollowing intrarumin a l  infu s i ons : 
a , b - c on tr o l ; c , d - 3 1 water ; e - KC l ( 3  1 ,  O . l 5M) ; f - KCl 
( 0 . 3  1 ,  1 . 5M ) ; g - NaCl ( 3  1 ,  O . l5M ) ; h - NaCl ( 0 . 3 1 ,  1 . 5M ) . 
Note the variable control  change s in a and b ;  a sma ll or large 
i n crease in C l- e xcre ti on d uring a water d i uresi s ( c � d ) ; a f ter 
KCl and NaC l  infu s i on s  a marke d incr e a s e  in Cl- excre ti on , 
u sually w i th little d e lay in ons e t  ( e-h) . ( a - s he e p  2 ,  
1 . 8 . 66 ;  b - she e p  12 , 17 . 4 . 67 ;  c - she e p  2 ,  2 2 . 11 . 6 6 ; d - s heep  
1 ,  22 . 8 . 6 6 ; e - she e p  13 , 20 . 2 . 67 ;  f - she e p  2 ,  30 . 3 . 67 ;  g -
she e p  2 ,  30 . 8 . 6 6 ;  h - sheep 2 ,  2 . 8 . 6 6 ) . 



1 27. 

minutes in all . Over the esrly poat-infu.aion period, rc+ 8XOI'&'t1on increa d 

to 1 2-14 m-equiv/30 minutes., tb reatter, in two cues excretion rete 

continued to inorea to the end of the experimental period (Fig 951') whil 

in the third, excretion fell and was maintained et a lower • almost constant 

rate. The preinf'Uaion level was lower on this day (Fig 95g) . The 

fraction ot the K+ load exc:ret d was 1 �, 1 � and 21;�, averaging 1 � • 

.. 
.After each of the T aCl infusions, on 2 of the 4 di\Y5 K excretiOD 

decreased oTer the experiment.ol period (Fig 95b) , while on the other 2 days, 

a K+ peak lastiDg 3-4 hours preceded the Na + p ak (Fig 951) . '!'he overall 

+ oh �s in K excretion for tbo 8 days are shown in 'l'ablo 22. Quantitatively, 

+ + 
the amouut of Na and of K excreted did not appear to be related. 

(4) 

On the control day , Cl- xeretion was variable, both quantitatively 

and qualitatively (Fig 96a,b) . On two ooeasicma there , a progressive 

fall , amounting to 1 7,!, and 3 .·' • On 4 oceaaions there were successi-nt peeks 

aDd troughs, the overall cha!Jges being decreases of 1 .r� am 19,<; on 2 daya, 

no ohange on one, and an inoreaae of 3 . ' on one. 

When water was administered, a ama1l. or lU"ge increaae in Cl-

Over the whole experimental pe!"iotl, tbe uoretecl not obvioual.y 

different from on contl'Dl d(\ySt 3 4ecreaaed 1 1-2z1. and one incre d 8? 

(Fig '6c.a) . 

After the 8Cl and KCl illf'u iou, ia general , Cl- excretion 

parallel d that of tbe cation (comp Fig 96e-h with Fig 94, 95) .. Increased 
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F ig 9 7 .  Urine HC03 e xcre ti on f ollowing intraruminal 
infu s i on s : a - c on trol ; b - 3 1 water ; c - NaC l ( 3  1 ,  
O . l5M) ; d - NaC l ( 0 . 3 1 ,  1 . 5M) ; e - KCl ( 3  1 ,  O . l5M) ;  
f - KC l ( 0 . 3  1 ,  1 . 5lif ) . Note the u sual  c ontrol 
pattern of an overall d e c line , par ti cu larly during 
the latter 3-4 hour s ;  incre a se d  HC03 excre tion after 
all type s of infu s i on .  ( a - she e p  14 , 18. 10 . 66 ;  b -
she e p  2 ,  1 . 9 . 66 ;  c - she e p  3 ,  16 . 8 . 66 ; d - s heep 1 ,  
14 . 9 . 6 6 ;  e - she e p  13 , 20 . 2 . 67 ;  f - she e p  13 , 24 . 4 . 67 ) . 



Cl• excretion be81Jl oon e1'ter the intusion Glthou,eb crotion oi' the 

a&nin.tat.,red etl'ticn na dela.,vad: where a
+ preco d. K+ orte JI:Cl (3 1, 0.1511) , 

• + Cl wae excreted. with the N'a J turthe�, a 
+ 

excreted. before th Na aft r both Ne.Cl 1Dtwl1ons. 

1 
-. ount of Cl we.a 

when the dilute aolutiona were intuPtl. Fol" the two moJ'e coao ntrate4 

... solutiorus, Cl losa wu littl 1 aa tb.art the e :tion fraction. 

(5) 

-
DOt estimated on �  day. On 3 oolrlirol 

dqa, H.Co; exoret1cm oreaae4 over the experimental p r.tod by 1 5-�J the 

change re not unifcma, the main a.cre M ooOUI"l'ing duril18 the lut � 
houra (Fig 97 ) • On one day of low HCo; e.mretioll, ovvall th tn waa no trend. 

All t;ypea of int"uaion 1nareaased o; exoret1011 (:Pis 97b-f) , but 

not on every occasion (T le 23 ) .  HCo; xoretion acoampam. d that of N& + 
+ trequently aa it did. th t of K • 

When 

attw the peo.k of w teJo c!i ei 
than to ater ezoret1on. Wore flCo; 
0 n.trol � ( le 2,3) . 

(' 1, o.,,.) , 

d to  

Poll 

the Na + excrett - aueh l&ra excretioo aeo 

(lie 97c) . 

-0, output 000\JI'ft 

stet\ te + rathet' 

-nt.atere4, HCo, 
-

lut1 , HCo, 
('!'able 23). 
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Fig 98.  Urine ure a  excre t� 
i on following intraruminal 
infusions : a - control ; b -
KCl ( 3  1 ,  O . l5M) ; c - 3 1 
water ; d - NaCl ( 3  1 ,  O . l5M) . 
Note abrupt incre ase  in urea 
excre tion in controls and 
after infusions.  ( a  - sheep  
3 ,  20 . 7 . 6 6 ; b - sheep  2 ,  
19 . 9 . 6 6 ;  c - sheep  2 t 1 . 9 . 6 6 ; 
d - sheep 3 ,  16 . 8 . 6 6 ; . 
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8o.m. 1 0  1 2  2pm. 4 8a.m. 1 0  1 2  2Pm 4 6 

{t 0 
lwoter  3 11 INoCI 3 1 .  0.1 5 MI 

9

L 
r b. 

c.  p H  

8
� t� tY, -

" 7 
c 
, 

- 6 
.I 0 {t Cl 

., 
lwo : e r  J •l [KC. J t ,  o.1 5 MI 

c 

9 � d. c r= f. , 

[�I : -� I I I 
8am 1 0  1 2  2�m. 4 6 8am 1 0  1 2  2p.m 4 6 Bom. 1 0  1 2  2P.rn 4 6 0 '\} {t [rJ��J 1 ,  oT�?J jKC J  0. 3 1 ,  1 .5 MI INoCI  0.3  I ,  1 .5 MI 

F ig 99 o  Urine pH follovving intraruminal infusions : 
a - c ontrol ; b - 3 1 water ; c - KCl ( 3  1 ,  O . l5M ) ;  
d - NaC l  ( 3  1 ,  0 . 15�.1 ) ; e - KCl ( 0 . 3  1 ,  1 . 5M) ; f -
NaCl ( 0 . 3  1 ,  1 . 5M) . Note small de cline in pH on 
control days ; more marked fall d uring the diure sis 
f ollowing water or O . l5hl NaCl or KCl ( b-d ) ; slight 
increase in pH after the 1 . 5Wt infusion s  ( e , f ) . 
( a - sheep 12 , 17 . 4 . 67 ;  b - sheep 3 ,  18. 7 . 66 ;  c -
sheep  12 , 2 7 . 2 . 67 ;  d - sheep 1 ,  2 5 . 7 . 66 ;  e - sheep  
2 ,  3 0 . 3 . 67 ;  f - sheep 1 ,  2 6 . 7 . 6 6 ) . 



Oa oae day after each of the KCl iDt'Ual.ou, RCo; excreticm d ozoeaaed 

pl"Ogre ssi vel7 oyer the poatinf'uaion periotl, but on the other ocoaaioaa 

HCo; excretion wee ra1 d (Table 23) .  Who the 411\lte KCl aolution 

wu inf'ueecl, HCOi reached an early peak, then retut"DCd to tbe preiufUeiou 

leyel (Pig 97e) . QuatrUtatively. tbe extra ��:o; related to tba o.f 

'the extra Na+ !ld K+ lOS't, rnther tball to K+ alone. fter the KCl (0.3 l ,  

1 e5J«) 1 the iDC - + se in HCo3 am in K exCl"ettou occurrod � nearly the a 

time (Fig 971") • 

( 6) l!!D 

Urea • not estimated on all day • On each ot the q. ooatrol 

days on whioh it wae meaaqrea, urea was 1'0UDd to increase, frequently 

diacontinuouely, ewe r  the ez.perimelltal perietl {J'ig 98a) • In oae caee the 

increase OYer the initial rate w �. in the others it waa 75-1� . 
er the i.Jlf'u.a1oM (Fig 98b) • '1'he greatest 

loaaes wer obeerre4 after tbe water load and the mute NaCl (up to �) 
{Fig 98o, d) • 

( 7) 

pH pu'8l.lel thou of {"t:�;o;J. Oil t!Je 4. coatrol � 

e ureci. it cU.4 not e� UDtil Ue laat 3-4 houzoe of 

a steaq d onase occuned. OD noae of these a.,.. M4 

7.0 (Fig 99a) . 

water (1  dq) , dilute I'Cl (2 �·) 4Uute NeCl ( 1 

pH tall low 

D 

t that 1 r pH acept oft the ICl, 

when there a later small rl (Ft 99b-cl) • After or the KCl 
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Fig 100 .. Re lative - plasma volume following intra­
ruminal infu sion s :  a , b - c ontr o l ; c , d  - 3 1 water ; 
e - NaCl ( 3  1 ,  0 . 151-1) ; f - NaC l  ( 0 . 3 1 ,  1 . 5M ) ; 
g - KCl ( 3  1 ,  O . l5M ) ; h - KC l ( 0 . 3 1 ,  1 . 51.1 ) . Note 
t he variab le change s in c on tr o l s  and af ter water 
infu sion ,  slightly gre ater in d than on c on trol 
d ay s ;  consid erable incre ase in plasma v o lume after 
b oth NaCl s olution s ,  r e ac hing a peak around 3 
hour s ( e , f ) ; d e crease d v olume f or 2-3 hours after 

. O . l5lli KCl ( g ) but no c hange after 1 . 5H KCl ( h ) , 
f ollowed by an incr e a se in volume with b oth. 
( a - she e p  12 , 17 . 4 . 67 ;  b - she e p  14 , 18 . 10 . 6 6 ;  
c - sheep  2 ,  2 2 . 11 . 6 6 ; d - she e p  2 ,  1 . 9 . 6 6 ; e -
she e p  2 ,  24 . 11 . 6 6 ;  f - sheep  1 ,  2 6 . 7 . 66 ;  g - she e p  
1 ,  12 . 9 . 6 6 ;  h - she e p  12 , 19 . 4 . 67 ) . 



The uri pH increased allg.btq after tbe ooacent:.rated NaCl aJid 

KC1 (o., 1 ,  1 .5M) (Pia 99e,t) . 

(8) 3'flal Solute 

On all 6 coi'Jtrol �� total solut excretion fluctuated little 

ever the experimental peried, decreaaiag by 2-1 � on 5, rmd by 1 on oae. 

The qtezo divreaia iDcrea8ed. aolute excretiO!l, particu1ar13' durbg the early 

periocl; the iDCrease cwor the whole experimental period 1'188 1o-3Q.t. All 

iDtuaio of ele�s inareued the total solute excretion, usually in 
parallel w1 th tbe excreti.OD ot the 1Dfuae4 eleotrolyte , 'the average % 
reco-vered compared with the 900 moam Di tered was 3 �or- the dilute 

Jtel , 1 tor the �ted KC1, 2� tor the a.nut NaCl, aD! 3Qt tor the 

conoentratea NaCl. '1'he baaal exontiOD was aot corncted �or the ..U. 

coatrol de01"8&ae. 

Pl !!M CMpo!itiop 

{ 1 )  Volw. o.P, ap4 'l'9t!l !91qte ocmt!at 

!'be rel tiw pl.aama YOl eoatnl da7a tma ftl"'1 �e, with no 

nalate!lt trends as group, (Fig 100a,b) . Changes whioh oo.cUI'ft4 often 
... 111114 abrupt, but n11 tftnaa IU'ely uceede4 .;t or tiMt 9 .. 1, a.m. 

ftl-.. '!'be £pl proteln.J NaaiD!tl nearly ooDftent; tbe aaall 

cbaftpa that did occur 

celcul.at relatift pl 

� pa:rall.el to those ooeurri.ng in the 

Pl little OYer 

each 4q, to . poe 1111.t1al 0 ,P . h1gber, OD 5 of 

6 a.a, t the em cl tbe peri tbe o .P, la.y be . 283-286 moaav\:a 
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2 9 0 � 
2 7J ' '  ' ' ' ' ' ' ' 

2 9 0  d.  

i 2J'� ' '  � earn0 1 2  2pm 4 6 

0.: ci 
0 
E "' 0 
a 

jwo ter 3 1/ 

g.  
2 9 0  

jNoCI 3 1 , 0.1 5 tv:/ 

b. h:\�. 
O. P. [��� 

/wa t e r  3 1/ 

t,�.-� t,� 
8a.m. 1 0  1 2  2P.m. 4 8a.m. 1 0  1 2  2P.m. 4  

{t {t 
/wa t e r  31j jwa te r  3 1/ 

h .  

/Na<: l  0.3 1 , 1 .5M/ 

300t
.0 

28 0 t,2 
Ba m 1 0  1 2  2Pm 4 8am 1 0  1 2  2Pm. 4 

{} {} 
jKC I  3 1 ,  0.1 5 M/ jKC I 0.3 1 . 1 .5 M/ 

F ig 101 .  Plasma o smolali ty f ollowing i ntraruminal infusi on s : 
a , b - con trol ; c-f - 3 1 water ; g - NaC l ( 3  1 ,  O . l5M) ; h - NaCl 
( 0 . 3 1 ,  1 . 5M ) ; i - KC l ( 3  1 ,  0 . 15M) ; j - KC l ( 0 . 3 1 ,  1 . 5M) . 
Note the overall d e c lining  O . P . on c on tr o l  d ays  and af ter water 
infus i on ; no fall in O . P. over the fir s t  li hour s af ter water 
infu sion in c , d  but a prominent  drop in e ;  a gre ater ri se in 
O . P . after 1 . 5M NaC l than after O . l5M NaC l ( g , h) ; one of the 
v ariable e ffe c t s  of O . l5rfL KC l ( i ) ; a s te ady incre a se in 0 .  P .  
af ter the 1 . 51'/i KC l ( j ) .  ( a - s he e p  2 ,  1 . 8 . 66 ;  b - she e p  3 ,  
20 . 7 . 6 6 ; c - shee p  2 ,  2 2 . 1 1 . 6 6 ; d - she e p  2 ,  1 . 9 . 6 6 ;  e - she e p  
1 ,  2 2 . 8 . 6 6 ; f - she e p  3 ,  18 . 7 . 66 ;  g - she e p  2 ,  24 . 11 . 6 6 ; h ­
she ep 1 ,  2 6 . 7 . 6 6 ; i - she e p  12 , 2 7 . 2 . 67 ;  j - she ep  13 , 24 . 4 . 67 ) . 
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T O TA L  
SO L U TES 

3 6 0  a .  b. c.  

� - 3 2 0  ·-
c , -
-
c 2 8 0  0 -
c 
0 
v 

2 4 0  - � � , - lwo te r  3 I I jN o C I  3 1 ,  0.1 5 Mj 0 � 

- 3 8 0  d. e .  f. 
0 -
0 -
0 3 4 0  E 
� 
0 0. 

300 

2 6 0 �-:-'::-.L....:'.::-'-:!:-'---' 
8 o m. 1 0  1 2  2o m  4 8am. 1 0  1 2  2o.m. 4 8 o.m 1 0  1 2  2om 4 

'I} 0 0 
!N O C l  0.3 1 , 1 5 Mj 1 KC 1 3,---1 .-=-o.-=-, s ......,,.., J jKC I 0.3 1 , 1 . 5 Mj 

F ig 102 . Plasma 
a - control ; b -
( 0 .  3 .1 '  1 .  5!.n ; e 
( a  - o - s he e p  

total s olute s f ollowin g intraruroinal  infus i on s : 
3 1 water ; c - NaCl ( 3  1 ,  O . l5hl ) ; d - NaCl 

c -

e -

o - s he e p  
x s he e p  
1::::. she e p  
A she ep 
v she e p  

0 - she e p  
0 - s he e p  
X - she e p  

0 - s he e p  
0 - s he e p  
X - s he e p  
A sheep  

- KC l ( 3  1 ,  O . l5M) ; f - KCl ( 0 . 3 1 ,  1 . 5M) • . 
1 ,  2 4 . 8. 6 6  b - o - sheep 2 ,  1 .  9 . 6 6  
3 ,  2 0 .  7 . 66  o - sheep  1 ,  2 2 .  8 . 6 6  
2 ,  1 .  8. 66  x - sheep 3 ,  18 .  7 . 6 6  

14 , 1 8 . 10 . 66  A - sheep 2 ,  2 2 . 11 . 6 6  
13 , 1 .  5 . 67 
12 ' 17 . 4 .  67 

2 ,  24 . 11. 6 6  d - 0 - sheep 1 ,  14 . 9 . 6 6  
2 ,  3 0 .  8. 6 6  0 - sheep 1 , . 2 6 .  7 . 6 6  
1 ,  2 5 .  7 . 66  )( - sheep 2 ,  2 1 .  9 . 6 6  

.6 - sheep 2 ,  2 • 8. 6 6  

2 ,  19 . 9 . 6 6 f - 0 - sheep  2 ,  3 0 . 3 . 67 
12 , 2 7 .  2 . 67 0 - s heep 13 ' 2 4 . 4 . 67 

1 ,  12 . 9 . 66 � - sheep  12 , 19 . 4 . 67 
13 , 2 0 .  2 . 67 ). 



t1a.y to day; 1;o 'be related to chaD&& in plasma vol , aal 

of a eimUar magnitwls (Fig t02a) .  

Dul"ing a water diureaia, pl 'folt�De, o .P. and total solute 

eh ea did not a.ppeer 4ift&l'ellt traa ttlo oa eOJJbool days. !be chaages iD 

O .P .  OD all l., -.va are Bhom iD Fig 1oto-t. OD 2 tl.,.a, the O.P. bad not 

dropped below the preiatuaf.oa value after 1{ hours (Pig 101e.a) at a time 

ben the uriM now bad inc:reased to O'nr 300 ml/JO min. On the ot r 2 

days <lropa did occur, boueYer, in only cm& oaH waa it promimnt. OD DDJJIIt 

ot the 4- daya dii the plallme. volume inonase 1mmecliately after tb& infUsion; 

on 2 it decreased . The chaDge in volume 6 hour after the infuaicm had 

been giwn waa Oft 2 occe.aions s!mUar to that oocurring on co-ntrol dsya, 

i .e .  within � of the 9.1 ; a • •  vol • (Fig 100o) . On the other 2 4qa 

there wu a allghtly greater increa.se, � 1 {Fia 100d) .  C ea in 

toftl solute coatent (FiB 102b) cUd not app er to c11ffer f'ftlm those seen in 

the oonti'Gla, w1 tb tbe poaaible exception of oM •m mal .  

Both NaCl ibfusiGM re ultea iD OODaid&ra'bl expAD&iOD t4 the 

pl wl\De IIIDll. iDOI'e&So iD ita total solute coateD\. Hcmeftr• tbl 

chaDgea ill o.P. were CODSi� greater atter tbo coDCeDtrated 1 th&D 

after the 0.1 RCl. Pl. obaapa were imtlor for both eolutlo , 
... 

re � 3 hour when Na ucretio.n was ing rapial.y, 

tileD a.olild.!t8 ( 1g 1 , f"; le '4.) . After the mute NaCl , pl 
litt:t. �- the t.t.rst 2-3 houra1 then tell (Pig 1otg) . The 

1Dareue tar greater aft the eo ntrat d NaCl: in ' of the 4. it reached 

a pl :5 hoUI'8 iDf'usi01l (1'18 101 h) , aol.utea ret'J...u..., • .u. 



X�e filt. Pl.a 'f'Ol artd total BOlute oontent relative to the 

IDtueion 

1 
0 • .3 litre 
1 ·  

9·15 a • •  ftlue after 1ntl'8l"UBl1Da1 1 iou of N.Cl aolut1cma. 

P1a vel relative to !otal solute oonteat 
the 9.1 S a.a. 'f'01 relat1Ye to 9.1 5  a.m. 

Atter 6 a.x:.lllum Aft 6 
hours (after 3• hours 

1t. hours) 

1 1�1l<fb 1 13-1 107-11 (a�:;r ( rage (� 11-) 

1 14-1 1  1 08-1 1 �  1 1 8-1 � 11o-123iG 

( ";r <a::;r (a�e (av ;r 11- 1 1  1 �  1 1 $ 
. 



aolutea rctacbed a ma;dmun, tileD d:eoliacl (Fig 102c.d) • r,. the 

chanps were quantitatively greater after N.Cl (0.3 1, 1 .5ll) than after the 

dllute iDf'uaion, particularly after 6 hours (Table �4) . For both eollltioae 

there wa.a an apparent im'erse relaticmsbip bet:wen tl � in plasma 
on th oae haad, and the rate of 

increase in pl vol e ana total solutes .  

in pla 
vol.\88 to aa low a 9'5'.> o£ the 9.15 .m. value duriDg the first 2-3 hours; 

then followed a rapid i!ICft se to 1 1o-1� on 3 ae,ya, abl to 1� on the 

fourth (Pig 1 00g) . o .P. a t'I9Z"e variable: on 2 there .aa an 
increa.se for J hours �ter tho i.n.fuaicm r-ollowed by a return to tbe preinfusion 

lnel (Fig 1011) ; Ofl ou dqr the O.P. rema1nltd elevated; OD tbe fourth day 
the . waa &ll 1Di tiel &eore before the increase. Total aolutes did not 

change over the f'J.rat 2-3 hours on 2 �. but deoreased a little OD t.be 
+ other � daya when Na XCJ'etion waa high. After this 1ni tial period, all 

4 increaa a to 1os-1 20%  (Fig 1 02e) • 

Alter il'ltua1on at K.C1 ( 0.3 1,  1 .5!&) , pl 

uacha..a far the first �3 hour8, and then to 105�, 1 1 �  am 1 2Cf'  

r 6 lloura (Pig 100h) • the 1d&ole penoa, O.P. · . cl stnclily 

'by 7-10 uVq (Pig 101 3) • Total f. 2-J 
bo� • then to 10 a• 11- 1 o 6 howa illtuB1.i (Fig 102f) • 

the oaloul relati 

protein .J cbe:DgEIB perollele4 tho of 
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- + 7 F i g  103 . Plasma L Na _ 
f ollowing i ntrarumin a l  
infu s i on s :  a - c on tr o l ; b 
3 1 water ; c - NaC l ( 0 . 3  1 ,  
1 . 5�) ; d - KCl ( 3  1 ,  O . l5M ) . 
( a - she e p  2 ,  1 . 8 . 6 6 ; b -
she ep 3 ,  18 . 7 . 6 6 ;  c - sheep  
2 ,  2 . 8 . 66 ;  d - she e p  2 ,  
19 . 9 . 66 ) . 

C l  
b. 

100 

9 0  

-
....._ > 

' 80 
t7 
" 
E lw o t e r  3 11 -

1 2 0  c. d. 
� 

0 

E 1 1 0  
� 
0 

n 

100 

9 0�-'-::-....___,_.....J...._.L_l._J 
8o.m. 1 0  1 2  2Pm 4 8 o m. 1 0  1 2  2pm. 4 

{} � r:-1 K C�l --=-o .-=--3 1:-:, 1-=-. 5 M--,1 jN oC I 0.3 1 , 1 . 5 MI 

-
....._ 

> 
' 

t7 

1 2 0  a. b. 

1 1 0  

� 1 00 '----L.......J...._.L_l.--L__.L_l____J 

o;-"' 
0 .3_, 
0 

E 
� 
0 

Q 

c. 

1 30 

1 20 

8om. 1 0  1 2  2P.m. 4 
JNoCI  0.3 1 , 1.5 MJ � JKC I  3 1 ,  0.1 5 MI 

F i g  104 . Plasma �Cl-_7 
f ollowing intrarurr.in a l  infu s i on s : 
a - control ; b - 3 1 water ; c 
NaCl ( 0 . 3  1 ,  1 . 5M ) ; d - KC l 
( 0 .  3 1 , 1 .  5M) • ( a - sheep  2 , 
1 . 8 . 66 ; b - she e p  2 ,  1 . 9 . 6 6 ; c -
sheep l t 2 6 . ? . 66 ;  d - sheep  13 , 
24 . 4 . 67 ) . 
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-
.. 

7 �  

6 -

I 5 L  

c 3 
0 V 

0 .  

l_L I I I L J  

3 8;;--a--Lm--:-"1 0:;:-'----:-'::1 2:-'-2-:--o....Lm-'4 
'\} 

b. 

e. 

�--'--� J L_l _l____l 8a m. 1 0  1 2  2am 4 

'\} 
§c�0 3 t .1.5MJ 

c: .  

jKC I  3 1 , 0 1 5 Mj 

f. 

I I I I I I I I I 8o m. 10  1 2 2am. 4 

0 

F i g  105 .  Plasma I('- c on tent f o 1lovv ing intrarumina1 infu si on s : 
a - c ontrol ; b - 3 1 water ; c - KC1 ( 3  1 ,  O . l5M) ; d - KC1 ( 0 . 3 1 ,  
1 . 5M ) ; e - NaC l ( 0 . 3  1 ,  1 . 5hl ) ; f - NaC1 ( 3  1 ,  0 . 15M ) . 
( a - o - she e p  1 ,  2 4 . 8 .  6 6  b - o - she e p  2 ,  1 .  9 .  6 6  

c -

e -

o - sheep  3 ,  20 . 7 . 6 6  o - she e p  1 ,  2 2 .  8 . 6 6  
;<. - she e p  2 ,  1 .  8 .  6 6  x - she e p  3 ,  18.  7 .  6 6  
A - she e p  14 , 18. 10 . 6 6  D. - she e p  2 ,  22 . 11. 6 6  
A - she e p  13 , 1 .  5 • 6 7 
v - she e p  12 , 17 . 4 . 6 7 

0 - she ep 2 ,  19 . 9 . 66 
0 - she ep  12 , 2 7 .  2 . 67 
X - she e p  1 ,  12 . 9 . 6 6  
A - she e p  13 , 20 . 2 . 67 

0 - she e p  1 ,  14 . 9 . 6 6  
0 - she e p  1 ,  2 6 .  7 . 6 6 
><. - she e p  2 ,  2 1 .  9 . 6 6  

A - she e p  2 ,  2 .  8 . 6 6  

d - 0 - she ep 2 '  30 .  3 . 67 
0 - she e p  13 , 24 . 4 . 67 
)( - che e p  12 , 19 . 4 . 67 

f - 0 - sheep  2 ,  24 . 11 . 6 6  
0 - she e p  2 ,  3 0 .  8 . 6 6  
X - she e p  1 ,  2 5 .  7 . 6 6  

6. - she e p  3 ,  16 . 8 . 6 6 ) .  



(2) 

Pla C s•.J duqe (Fig 103) aiel not alft7& peral.lel. those 

ot o .P. aDd at ttmea re consiae bly peater, particularl,y after water 

illtueio iD the contt'Olo, ill both of wbich a the cle� ill o.P. 
weft aaalle Ho , after the eleotrolyte iut"u:J10118• L +.} O.P. iD 

ge.D&ral showed a:1m:UQ> trenr.t. ol though tben were greater a.Dd mat"e abrupt 

challpa in the C a•] {FiB 103c) . Yl1th XCl (' 1, 0.1 5ll) there 1'lU al r 

increue of C a•J with o .P. ewer the ftnt 2 hours, When [X+J 
1Mnue4 1181'kedl.7 ( ig 1034) ; howner, the ditteftl»e .a g� r tha!l 

the imcn iD {"K+ J • 

Pla.ama Cct•J (Fig 104.) remaiDed almoat � on  co=l'Ol aqa, 

but after a •ter 1nf'u81on, &lo:reased aUgbtl.y. PollOIJiDg ird'utl:lon of the 

eleotrolyt e ,  in piJIU'Gl {"cl-J 8D4 o.P. were atanar, but not preciseq so. 

AD eneptiOD 11a.1 atter KCl (0.3 1, 1 .  ) , (Pig 101.4) , where £Cl-J increaa&4 

to a peak, then ctecreasecl whUe O.P . kept increaailtge 

OD contro-l days atter water iatuaioa. tl8 tzoentla in pl 

('K+ J u4 lt+ CODteat were ari.able. FOJ" the eonti'Gla, 011 2 4qa tbue wu 

all i M iD ex+ J (Pis 106a) ,  OM there De 4eeft 41'1:1 3 there 

110 oh (Pt, 1()Q)) , whUe t the � illf'uaicm. 2 bmeased aDCl 2 

4eoftue4 (Fts 106c) . a atmtlar 1 � tor  K+ content 

(Fig 10,a,b) . 

'!'he two El iDt'uaio oha 

of quite 41ft' at time course and 1Dat5'·latude. After KCl (3 1, 0.1 ) , the 
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8 -

] 
4 

I 
I i 
I 

I 

d. 

jKC I  3 1 . 0. 1 5 Mj 
g .  

3 B�o...l....rr-.:"1 o=-'"--:-'-:1 2:-'--:-2 o-,"m__J4 
{f 

+ K ' b. r c.  

� � � � 
0 

e. f. 

IKC I  0.3 1 . 1. 5 Mj I KC I 0.3 1 , 1 .5M I 
h. i .  

r '\__.r r � ( , , , ,  ( , , , ,  8om 1 0  1 2  2om 4 8 o m  1 0  1 2  2o.m 4 

{t rc-'{t==-=---=-=---iNO C I  0.3 1 . 1B jNoC I 3 1 . 0 1 5 M j 

F i !r  106 . Plasma {""K+_7 f ollowing intrarumi n a l  infus i on s : 
a , b - e on trol ; c - 3 1 water ; d - KCl ( 3  1 ,  0 . 15!1 ) ; e -g - KC1 
( 0 . 3  1 ,  1 . 5!-:I ) ; h - NaC1 ( 0 . 3  1 ,  1 . 5LI ) ; i - NaCl ( 3  1 ,  0 . 151.1) . 
Note variab le change s iu c ontrols  and after water inf u s i on ( a-c ) ; 
a large incre ase in {""K-r_7 af ter 0 . 151.; KCl ( d ) , le s s  af ter 1 . 5!.1 
KC l ie+gl and with a variab le time c our se in the latter ; a fall 
in � _7 af ter both HaC l infusi on s . ( a  - s heep  13 , 1 . 5 . 67 ;  
b - she e p  1 ,  24 . 8 . 6 6 ;  c - s he e p  2 ,  22 . 1 1 . 6 6 ; d - s he e p  13 , .  
20 . 2 . 67 ;  e - she e p  12 , 19 . 4 . 67 ;  f - she e p  2 ,  30 . 3 . 6 7 ;  g - s he e p  
13 , 24 . 4 . 67 ;  h - she e p  2 ,  2 . 8 . 66 ;  i - s he e p  2 ,  24 . 11 . 6 6 ) . 



pl cx·J wu uncharlget\ for 1- 5  miJ'lutea, but increased ate�y OY&r the 

next 2 houre to a mart mum et 5.5--7 e4 m-equiv/1, corre8p0Jldina to n inorea e 

of 1 .1 ,  1 .5, 2.2 am 3·1 m-equiv-/1. Subeequentl,-, the comentrat1on deoftued 

at a variable rate, b\lt not to tbe original lnel (Fig t06d) . + 
C�s in 1t 

content wre a1mllar, DiDg oonstaut tar 1 5  minuto.s, but inoreasing to 

+ 
on 2 dqa when K excretion was lower am the ple.amo total solut content 

ihCII"eaae4., Jt+ colltent tell to 1 2  ; but OD the other 2 there WU further 

AMier KCl ( 0.3 1,  1 .su) , the cbeDges in plaama ["K.+ .J a1Jd x• content 

started earller aa sho1m l!y ri a, although 8llla1l on 2 4&7a, during th$ tir8t 

1 5  minutes. The p ttern of ex+ .J changes ditfered OD the 3 days. On ome 
clay, {"x+ .J ahowed no aubstaDtial. c�e all cta:v (Fig 1o6e) , on a secoDd, a 

sec�d 1IIGI"e&8e occunoea. atter 3 houre (Fig 106£) ;  11hile on the third day, 
there wa.e a mu1JD\ID inoreaae of 1 .8 qut.Y/1 t 1 5  minutea, followed 'by a 

aeoline (Pis 106g) • X+ cont nt tollow.4 ex+} cmtr the tirat 2 hour after 

the 1ntualon, but tor the 1 tter 4- boura there a a ro u:rd.f'orm slow 

1norea (Pig 1 054) • 

the ild. tial vel , t 

+ At 6 hours, the 1t oorrtent 

ill pl total utoa. 

11a'6, 12  1 aJld 1 . � 

oth tel 1Dtua1ou o e4 aarb4 ctrop ln p1 Ctt' J. NaCl 

<o., 1 ,  1 .,.) loend ex· 1 - , ot t 4- aq. f up to ,.. hours ,. o.s-1 .0 

quiY/l (lig 106h} J  011 fourth it d c1l • SiDC pl 

all , the  

Yariable, ( ig 105e) . OD tbe 

r ned e1eft.'ted all day; Oft 2 · 



the perioL 

On all 4- aa,ys, Nael (3 1, 0.1 ) ft4uoe4 the ex+ J onr the first 

helt of the post-1Df'ua1on pert.ocl. by up to o.a m-equ!Y/1 (Pig 1o6i) • With 

about 1 , but OD the tourth, a 4q Oft which urtnar.r K+ e:mretloa <leol1 

u in the oont%'01. , there an 1ac.nase iD K+ content ot 't� (Fig 10St) . 

Over the lest 3 boura of the experiment, c� J 1 � tbe 

origiDa]. preinf'uat.cm lo 1. 

D,tSCUSSIOW 

limit tlona ot the teobDl s .  An eDIIIpl.e of thla t• the lack tit panllelia 

ill ohal2@ a iD plaama o.P. and C +y l�Ntre theM an rel.&tlvely aaan. o.P. 

fletend.Mt10DI W:l'e Yf¥17 8CCDI'8te1 to 1 --..'tg, whena& tbe leat 

ult · are to be 

1Dl tial rate. 

In 



two. 1 ��  ohe.. 'being the ownll a.•�· or the NaCl ifttualou, 

the eft'H't on the Ul"1.naa'y It+ aoret1011 ia emeae 0'1 the ocmt.l'Ol& of ua.ing a 

bue line ot 1 decline and DDt ot � is abo in tf&l»l 22. 

b01'D8 in mim in tbe t'ollowirc tliaouuion 

(1 ) Coptrpl 

All the exper.i.t!lellta reported in tb1a ch&}'ter were pertorl*\ 4Ur1ns 
tbe last 8 houra ot a 21.- how dq which atarHa with a 3 hour £.a betwen 

with a hat ot 1 � _ Jtoura .  'lhe o� teetUng experiments had abon 

plasma 

aompeaitioll tor the day, 8114 that illtu8icma pertcmaed 8I'CNDd feetil!8 "'"• 

auoh aa ae t4 Keyae and arriaon (1967) • woul4 b 4t.f't1cult to intftpret . 

f'ol.l DO tnDil eaept tor o. P . 

nnatioa ftZ'1ecl lea• 

ezozoetioll ua twa tor low acfttloL Total aolut.. 8boQd a1m:Uer GDI!UW88 

to •• ia ,., fd the a.J x• JtC ; 48Ct.UJII!Jtl 'Dft·�eaa:i •el7 
1 5- 1�. 1ri'H i 75-t . .• 

litUe t.da the eD4 o� pert • 'DDU&Il aa�nt·Ucm waa DOt 

-- ot'8p8N4 with the 

not u...:U, at.moul • 

interpntatio 



(2) Watt£ i"')WG 

r aa1. of e1e�a af'ter water loaclin& is 

intlwmoecl 'by apeoiea dittereDCea, tbe .etat:e of hydration, diU'l"Ml f'actora, 

t perature am bJ' the lllB8J'4 tude et the loa4. B1oo4 auutioa occurs with 

tbe dower euretioa o1' moderate loeda giv D at D1ght (Bl.odlert, Gerbr&l'.lt\Y, 

l ollnv"Ma. Dnriea aat BOZ'st• 1951 ) ,  atter 181'88 loada (Chanutin, Smith aftd 

llem.l, 192lt.; Grou, 1,.a} ,  after inhibitioa of the diuresis with 
pitneaia (Sat.rk, 1933o) . SpecJ.oa dift'erenoea aft apparel& 1D the height 

aDd spna4 ot the ter exczretion oun:e in expeftmeab of' Sndrk (Hel1v 

aat s.tdt, 1''2-a,b; Smirft, 1'32J Smi.rk, t933a,b,c) , aD4 tbe d1Uft81a was 

1DIIl"'eaae4 by oold, re&toe4 � wal'llth ana prtWious t r depletion. A 

r cliureata caa 1Db1bi by ieotord.o nauction ot the ECF vol 

(cort. 1951.) . 'rhe eftec't on uriD8 excreUcm o£ 811 � iDf'uaion of 

3 liUo!a ot ter 1 8  hours aft feecttag ooutraat.e abarply with that of 

C:OUQDptian of a a1JaU. vol. during f. diJtg, wbe no 1 diureaia r aul ta. 
!:�· aat Harr1 (1967) iatuaec1 1 llU. d teedin6 time ill sheep without 

prod1101Dg a diunaia, r, tbe aatmale had acoe a to dr!Dkl water, ab:l 

the DOl1l8l praM1&l intake 1laB depreaaed. 

• 
1 

ID the pre � all :Yerag8 ot 7116 ot tbe load 

tea in 6l houra.. 'rhe f:ractiOD ear..t.a "'- W. relatiftl.:r 1 

(79-8' 111/kc) OCIII!ped wttll t reportea. bT fl't.bara 

(2 lit:re 50 1111/ka 

tec'1 1Jl Z., MuM n�...,._ the 

balli\JHil et tl • •  1� lliai , Pi I'd, tbechUd .... .,, 19,3; 

v ... ,.. ' • 1 7; Bl.Oiraball"'t .a;w;..=.• , 19St) .. 1IMl 1 • 4VUI.I.IIJ ( 100 ml/Jra 
1 the ) Wft • 



hour with 7·8 litres ·� :ter. am a f1• of 400 Ill/hour- With � litna. 

In tbe preaellt expertmeats, .5 litns pro4uoed a di\R'eld.a ot up to 600-700 
ml/hour. Lysoy (1960) intus d 2•5 litres ot water ia Bheep, .a recovered 

� iJl 5-7 hours. 

'Jibe time course or tbe diureaia �ollond ODe of two pattena, 
lMrth ot which ba-n been described by other workers: t;ype (a) ill llbioh there 

wu ate� deoliDe after the peak, 

ta:f.r13' CODaturt flow at't&zo the peak. 
8bowed type (a) 1 while A!Jden . • a 

type (b) la ltld.cb there a 
aheep 1ft L� o exper.tments 

ta showed a patten similar to type 

not eatabli.ahed, 

but wu not an incU:ridual obaraoteristio. It be related to t state 

ot �tion stDOe type {a) Mureaia wu aaociated with lO'WOr preinf'uaicm 

uriae O.P. 

+ + -
extra Na , Jt aa4 Cl exoretec1 (Chaautie et al•• 1924; nteiecld. et f!. , 

HUla, 1965) • In the cow, Seller ani lloep ( 1951 ) 

+ - • 
a amall r1M in K , Cl tmd POq, t'ol" 2 

AJXlianMD (1955) c!eacribed a fall ill K+ Cl-

ter diuresis. but .. ....,,,...,..r_. could 

oouat for ._ Id the :n.aerwati.ou. In 

solute u: tie 1DDre d 10. 

&P3a· Urea acntloa about do led 

DftlMtlt &:rDaftl!IBJlta., tatal 



+ -
a in tbJ excretieta of K aDd Cl occunoed 4ur1Dg 

the max1Jaum d:iureaia, but Oftrall ditfere4 11 ttle f tbe contzoola .  It la 

+ 
not clear wb;.y AnderNOn taUed to obsene the trana181'lt i.Dcrease in K 

Cl- e=retion eince there s a similar ownll dec.J"'&Ue 1n both as in these 

sheep. He elM tailed to note au,y 1JJDNaSe iJl Na + ucretion, which 

+ -
contraata w.t. th the prom1.n&nt cbaqJea ill N aa well o.s in nco3 uere"tion 

aeen in thttae experlmeats:: an extn .34--53 m-equiv, &Terag!J'6 4-7 mo-equiY., 8lllll 

30 m-equ.iv nspeoti.vel7. 

the two . 

excretion toptber. 'l'hta oou1a 

aDil CCI!!pO&i tiOD of n.utd l.UEaW'.LIMol the ruaen aDd that entertll8 the duoclenum. 

In tbe initial phase. duri-ng tho peek d.iureala, the natr:lur&sis ..w.a aptMtar 

to be ot rellal orisln since on 3 ot the 4- clap ur1fte {"Ne.+ J toll aa the flow 

1nonaaea. ut ownll rate of Ha+ u:oretion inoreued. On the fourth 

4q there e a f'ailuro to ]., r {" a+ .J at tbie time, bawre'ft�r• it did fall 

• it 

ot the nal tUbulea to 
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water aal Ra + peaa iDee this alao oeoura after int'UiOD of o. 'tSM IfiiCl .  

The reuou tor the ditfenllt C• + J pattem oa tbe fourth day is no-t kDo1m. 

auri J¥r  a ter diuresis is pndomiiW'Jtly Cl-. In tbe sheep, howeYer, the ri 
- + in HCo
3 

wu llUoh greater ana. appean4 to follow the excr..,.�. ·-... �tion rather 

than the ter ezcretton. iDitial.ly excreti.ng HCo;-n.ch 

urine, R.eitt Rille (1965) noted ino:Naaed enretion of HCo; along t-h 
+ • aad K ctariDB ma:dma1 tar 41oreld.S. They augg&st the lower luminal 

CHCO;.J mtpt J'duolt u• aeoret1oll. ar paaatw HCo; sorption, hnce 

lower + aat x• reabeorptifi.D in the atstal nephron. aDl 1Dal'eue 

ucretioD of ell three lOB&. On the other haaa, HCo; 1lt\Y passiftl.y follow 

the iDCrease in oation excretion, so that tbe cwerall rat · O't H+ secretion 
+ -mq not be al terect, part o£ the H preYioualy reacti� w1 th n.co3 beiJ"Jg 

excreted ea iDCreaae<l titratab-le acidity om.a. Ur:lne pH fell dlJr1ltg 

the water d.iUNsia (al.Ao after NaCl aDt1 ltCl (3 1, 0.1!)ll) } ,  n observatioD 

191.-&; Barolq, c 
HUla, 1965) . 

• 

The tiaulws to the cliUN 1& ia U8Wlll,y b lt cl to be the 

4ecNuea pl O.P. (Vera�J7, 191.£; 191.7) • Up to 2l litrea of water WN 

uoretea without - OD&IlP 1 pl. 
ob'f1oual7 a.ttteftDt ha tho 

ran 

the d1 

at an. 414 

the atimu1. tor 

in O.P.  

wear to 
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tor the tiureaia. others have reportea oaly a ..U cbaDge in plaaaa 

YOlt118 aM. O.P. after modorate watezo 1084 (Chanutin st gl.. , 1 92!  .. ; lcahert 

9 al. , 1'51 ) ..  .'oreoYOJ", Cordova am Loooco ('961..) repart a cliuresi.s in 

man after 1 ll tre of tar, beg1DDiJl8 after 1 5-20 mialtes, and n.eching peak 

flows or 21 .1.- aa1 1 1 .9 ml/mi!l ot 40-60 minutes, with ftO detectable cbaJJS• 

in PCV, C pla a vrotein J, pla o . P . ,  + + -
, K and Cl ; tbe onl.7 decrease 

was in the albumift : globulin ratio. !hue the present exp.arimenta are not 

alcme in 1'aili 'to c1emonstnte cl arly that reduced pl. aUt,- 18 

ertheleaa, reports that Ot�m�:�I!"AC•ptora 

0 

the stillulua tor ADH 1Dhib1tion. 

in the portal flY may play a part in trig� the diure 1.8 otter water 

loading {Haberich, A si a  aDd N- 1, 1961.., 1965, 1966; As1z, No\1ack1 aD4 

R rich, 1,66; Raberloll, A:d.a aDil Oha, 1967; Haberich, 1968) !IU\Y expla1D 

the Mureeia in spite of lack of detect le ayatemj.o ef'fect.a. 

Little o por.leon 1a poaaible with other repo:rta of th eftect of 

• 
K l.atuaion a1noe th se are l.arg 17 re rioted to intnmmoua intuaion in 

mo�JQgUtrics, aDd to 1nt.ra..nminal inf'usioll whcm the sheep e being f'e4. In 

the 1 � uperiaeata (lt&yaea Harriaon. 1967; Del9burat, Harriaon d 

the tt• wu elbdnate4 with llW.. iaa"eue in Ul'iDe \'01. 

oaae fd XCl (3 1 ,  0.1 "'' the water exorete4 &ft1'8ge4 

• emm in the 

wb1eh 18 1 I' th 



pool ratiler than be1te excreted.. Th cUft'ereiiC in water reccmtl"J" f'1'oll 

M.lute K.Cl eaapared with water i!lf'uaioa ie in the range Oe5-1 .0 Utre. 

Ho er, after the KCl there waa a 10.. 

the Dll of the experimeatal period. It the B:!F ia exp&Dled to the s 

xtent, this aco �a for most of the ebon ditterence in water excretion. 

The time eouree ot the diureata 1IIU aiaUer to type (b) r cliureaia - tbat 

with a peak � lowed by fairly ooutant flelr - but iD both pbaaea tbe tlow 

rate waa lower. 

It water re. absorbed Urectl7 fi"''OIl the I'UIII&D, Ollle might expe t 

absorption followmg water load uld be gnater am earlier tbaa followiag 

dUute JC.Cl illtuaion aince the water would upeote4 to lower the n o.P. 

by ahout 1 20-140 111081V'Jrg, wbile the 0.1511 !:Cl would raiae it a 'YtJ%7 emall 

BIIIIOUJJ.t. Io tact, the obsenea pattema ot t r abaorptlon aDd excretion 

the ..,_ion of tbe EGF vo1.e by KC1 1Dfu1oa. COI.Uie fltl3', U •t.r 1e 

a1plftcantly ebaen.d i o, the rate awst be iailepmdeat ot 1:be 

oaotlc gatieat. lt nld appear e likely that the l'\Dell la relat1Yel7 

lapemeal»le to n  r, that aorpttoe 1 � 41geatift tract 

ur eitber by modlflcatiaa ot oa.poa1·Uoll t4 the M&eata 

pon_ er 'bJ' abRrpti ill 1'\B 11 'be� reacbtDS the aha!ID2'1Mil� 
the 8Mll inteati.De to1101'11Dc equllJ.bration to leo•Dlctt7 1a a ma 

(Hide aDl C • 1962; C , 1"962; J'orttzou et al•• 1"5) .  · silld.lU'lV 

ill water �OD tlJe aolut1 W0111.4 OD thair at1Jm1atio 



ot li'Qii6Jl oattl te ccaparable utent. aa ul4 be 1� lllbm the 

vol1.1De i:nfused 1B the same {Aah• 1962) . Purther eri me ot the ln J"\IDeD 

penaeabillty 1• the lack o£ shritllrage or the plaama volfDe � tb 

+ 1D1tial 2•' boura atter the coacentrated. KCl" eYeD though K absorption wu 

low, eugeeti%:8 water camot readily paaa illto the lWIGile 

Ot part1ouler interest 18 the dU'terellt abaorpUe 8lll!l excretion 

ot It+ after the two KCl 1raf"ua1oue ID tbe periOd 1DDediatfil3 �allowiJW 

inf'uaio.n. abaorpt1: e and the oaset of ucretion were rapid th the 

the oase of the 1 .511 . K.'Cl,  but 

ng steadiq 1n 

deolird.��g in 

iD pl x• oolltent about om-th1ra lesa ill the group reoe.i't'iJJg the 

co11Cefttrate4 KCl and the average It+ exoretiora ns a!milarl.y lower ( 1� 

OODp8ftCl with ,a;; � the i ea 1 ) • 

s 

that cl1reot K+ absorption 

l'UMD wall le 1 u than that floal otbn- Aft.a o£ the gut, beinc 

_.. 1 a oonsi 

r 

further in Chapter 7. tbe ge 1"81 d1Hua81o • 



is iftl!epeD&leat o� p {"x+J, iaoe ii.ICI'eUea 1n th .fomv traqueutly 

000\lr with 110 a.tectable in cx· J, or eYeD decreas.e. '1'he role 

,.. K ezeretion 

after both KCl 1Df'us1-ems., but espeoially after the dUute Ktl . Ild the 

�ureai after KCl (0.3 1. 1 .511) was simUar iD maemtuae to poab on 

ccmt.ro1 aqs, b-ut the ooincd.& ., with the x• peak at tt ms an efte� 

total aolute 

oonteat increased to 105-1 , heDOe 

!hen are 5 posaibl.e 

follcnr.i.D8 KCl infUsion: 

(a) 

(b) 

(o) 

(a) 

by K+ (Sellers aD! R.oepk , 1'51 ; I.14dle, Be:mett and Forsham, 

1953; taragh ani Capooi, 1955) . 

+ abtlorption 

• 1967). 

J"eault ffta 1tmeaaed outt"lDW of nmd.Dal fl.u:lcl 

+ mt.ght be abaozob , pert1oul.arl.J' 

for t  

( ) The a• might the result ot x•-tD4ucecl i.Jfllb1tt o� the 
n •-a• uo� ( rl1118%" •• 19Si ; Liddle . , 1953; 

rUB am P1Gkerf.D8, 1962) . 



In the pft&ellt experime!lta, 1-t wou14 a tmlikeq thut the 

Dfltri.ureata waa purel.:r ot reml ozoigin (d,•) kca or the aimultaaeoua 

i.ncreue in the ECF + ocmteat. 'fheloe 7, howe'I'Ol', be some loss duriDg 

the maximuzD uriue f'low, aiDce on 2 dqa o£ large early utr:iureais the 

pl.a.a total solute ocmterl't <l ere aea fiar 2-3 boura. On tbe other hand. 
there la a c1:1 oiation between Na • lo e the uriM f'l.ow: the ['Na + J 

in t uri d14 not fall to the low lewls aetm during the peak ter 

cliureale; cm o dq, tM + exm"e'UG roae be1'or:e the ur1Dt f'lcnr. Mrect 
+ + + eritlnoe that. K -H OGilpeti t1.o11 oaa reduce Na reabso11JUon 1a aot &Y&ilable, 

aDC'l Liclale f! al. (1953) sbo� tiUoatabl ao1dity aDd aaaonia iDcl"ea8e4 

ta111JI'eaia followi.D8 K phosphate ac:1mint.s-tration. 

or ie 1 t l.ikely that all the fa+ orig ted in the gut (b, c) • 

111tuaioa { Chapter 6) 

natriare ie ia proclwJed, oo� reports ill a l'ltlllber of speoiea, 1Dolu41118 

aheep elld cattle (A!ldsnon Dl Pickerifti, 1962; Ke,ynes a:nd Harri•n, 1967) . 

'l'b poaaibillty f4 ·nhatloet\ �Oil GUm0t be lJ.m1DAted 1n tbe dJ.lut 

ird\Jalona, but _. delqed coDdden.bl7, 11' it oocurred, after K&l (0.3 1 ,  

1 .�) , ailloe the .,..__ tetal solute oontet remaiDed. &lJIIOR �ed tor 

2-3 houra. 

+ 
A large contribution of ICF appear.a to be OCCUZI'i!JS• In 

geMJ"al., tH lusw th !.Dare 1D plaaa lt+ oonteat. the lerg r the 1 ee 

+ -
Cl 1Mrea , 

'l'bls would be oaal()tltible with pe.ri of the abaorbec1 

+ + 
• 

other ape tea (ElkiJlgtoa 



1948; Larqh Capeoi• 1955; Il'Yiae Q IJ.•• 1960; Rei.nbardto 

Behrobeck, 1967) . 

0.1 511 !Cl n.a ' ('the 88ZIIt 

tor the 

tM K+ 1lb Na + 1fa8 high. Aftat KCl ( 0.3 1, 1 . ) , Cl- excretioJl ae a 
+ 

l1 ttle lower thtm JC Q11 2 del'.a.. aDi COD8i rably 1 r on 0 c'll\V Gr 101r 

pret.nfuaion Cl- e 

Ur!rle pB appeared to depen4 the {"Hco;J. Dur1nB tbe c11 ala 

folloriDg the 3 11 tn ot anute KCl , beth (nco;J ua tit � the ur1ae 

aecrea. 4, the latter beoomiftg aci4 cm c 4. wheJ'l the creo;.J �all to 

2-10 a-equiY/1. .Aft r the ooDCentn.tea U:l, both urine pH ana {"P£o;.J 
inc:reaae4 a 11 tti.e. 

IrrespeotlY of the c 

K'Cl (0.3 1,  1 . ) , but the other two aqa it 

ooatrola. '!'he 1�"1HU- could nau1 tna 11M:a.ueltl 
- + -eo,. reauoea _ • on. exoretion ot HCo3 1n c wHh the extra 

oaUo wt. Oftnl.l �· in the ....uoa � a•. c tton betwe 

x• eat w• 1a b'equ.uu..y 1md:lt4 .. the 

afte• x• ( liner .......... .  195i J 

-of the l,tJCJ:"ealsed HCo3 uont1on 

Rallltl1'1:& .............. 1 '" J ADtlei'Mil 

p aut upeJ''illleate til!IMA obJI....,ratlcma 

: 1DDNaHI Reo; as. lDnr.l-abl.Y ooeur; 

th r1ae in aco; a ton M. aot parallel ot lt+, but rather the u:tn 



rt · iD K+ . It would. appeQ-. thesoefo"• that t1» Reo; ezaretion le 
c!epelldeat OD tt. ucret1oa of e1 ther cation ratha' tlan the secretion rate 

bel p to diatillJUlah be 

+ � 1n H __..tlOD �ete at'ter i!ltua1on woul 

n the relati'ftl impo1"tance r4 the t\10 i'aotora. 

'l'h ODl,y etudies o� inb�nal eal.1Be infusion in r\IDinanta 

imrolnns sequezrldal a J.ing carried out �� teeding ( ant 

Hani.eon, 1967; Dewhunrt et al., 1�) *> that the tlft of the sali:ne 
iDtueion al. c&DDDt be viaWil.ieed. Oral aalim 1o 1n aetric 

amma] a wen excreted mere slowly thaa atmUar VO-ll88ll f4 water (Adol.ph, 

1923; &roaa, 19lt!J lll.Gmhen t! !l•• 1951 J Kellogg• Burack am Iaaelhuhel', 

19�; cCaace am W1Moweon, 1 963) , ao � pl vobiDe u:ptUJ810D waa 

the OODStituonts diluted. e (H&lclaDe and Pri.eatley, 

1916; ChaDUtiD !t !l., 1924; L3Dfl8., J eon Avery, 191Jf.; Blaahert 

d 1 . ,  1951 ; Maridq• Bocanegra, .oral a aDl Chiappor1, 1 957) . The 1 
... aa:l rat excrete« moat � the  a a del.qr ot about 

(G aa, 1948; logs et tl•• 1951.) . but h a  a ...table 

p �m � t.\ according d11lPDal aD1 poetural f'aotora. t>ur1q tbe 

lay. • h:rPo 'OI'lDa ..a;·..., ..... tor the fun 1i ,. t'o1lGire4 'b7 • 

m:Ua, n Disbt t � a bl'iet 

�v dl ala {Blf!BIII� .o;.;,..������a-• 1951)  • Mertcle7 • ( 1951) alao aotd 

tiUJ'181 ftri.ati ln ... ,.,.. .. . 

lest. 

lV'Pertonic 

water 



148. 

N.Cl 1n1\laiou was arkedl7 different. After the N8Cl (0.3 1 ,  1 . ) then 

waa an osmatic diuresis of about 5 m1 ot ur:lmt for &aoh m-equiv ot + .  IJ.'b 
+ 

die! not 1Dcrease until Na eze:retiol1 begaft. On tbe other harxl, 

solute all4 water the aCl (3 1 ,  0.1 ) ;  

either could bow 1 

dilute urille fcxr 2-3 boUI'B, f'ol.l.cJRd by a llil.d aal1ne diuresi , aa seen in 

th il'Jt � 1nfusioDS of 1sotomo t .Cl , ia a1milar to the reaponae 

:f'ollowi� a.n orol saline 1 1n maD during tbe day ( lambert e g. , 1951 ) • 

'i'he time course of the diuresis waa yery ft11.able - 3 tterns on 4 dqa -

but in eaeh case the oDSet delayed arouDi!. 30 minutes, tor the oth r 

two 3 litre infusiona. 

ter excreted f the dllute NaCl was consi� lea than 

ot � oompa.rod 1li th 74%, 

coDfil'IDiftg +.M ob�tiou 1D se ral specie (Adolph, 1923; t;roaa, 191.8; 

:81-.bert et al• t 1951 J K llosg srt al•• 1951..; �tmCG ond Widdono11, 1963) . 

3 

thia 

the t r exa:r 

1ll the ECF, rause4 

al.ao le a from the 

, aal 900 at o the f'oUl"th. HmroYer, this 

r tbi  

, pl a the ter acctDUlate4 



the same tim . 1'rom a water diuresis ( 1<>00-1 750 ml) . Over the whole 6k 
hour post-infusion period, the water excreted together with the increase 

in ECF volume also were in the same range ( 1 500-2500 ml) as the water 

excreted from a 3 litre water load. It seems, there.fore , that the 

clifference in the extent o£ the diuresis a1'ter dilute NaCl compared. w1 th 

149.  

water or dilute KC l  is due to a difference in  renal response rather than in 

absorption from the gut . The above evidence :turther supports the 
concl.usion made earlier from the KCl infusion that water absorption from the 

gut after the 3 litre infusions seems independent of the osmotio gradient .  

+ 
Although the pattern of Na excretion was very similar from dq 

to day, and with both NaCl infusions, the number of variables possibly 

involved made difficult accurate quantitative comparison of the effects of 

the two concentrations of NaCl (Table 21 ) .  Two variables in particular -

the preinfusion Na+ exoretion rate and adaptation after repeated infusions 

+ + of Na - mq be of importance in influencing the excretion of infused Na • 

The importance of each of the se need8 to be  examined so that it can be taken 

into account in comparing the re sponse to the two NaCl inf'usion.s . In tbe 

present experiments,. the picture is oomplioated by there being in the group 

receirlng NaCl (0.3 1, 1 .5M) three days when the sheep had previously been 

+ 
exposed to a Na load compared with two such days in the other group, however, 

one of the three was only one day atter the previous infusion, probably 

too soon for 8.1\Y adaptive changes to have oocurred. Overall , it appeared 

that the NaCl (0.3 1 ,  1 e5H) re sulted in slightly greater elim1nation of Na•.  

+ Ovel" the first 3 hours, before Na excretion had reached its 

maximum, the plasma total solute content i:ncreased to a peak; it then 

declined after excretion had reached its height . The NaCl (0.3 1 ,  1 .5)() 
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caWHt4 a JIW'ked increase in plasma 0 .P • , but oal.y the OD of 
the vollllle u the other NaCl intuaion; the pl. · total solute .cont Dt waa 
greater tollowi�tg the CODOeDtreted NaCl both tlurirrg the pre-natriuresia 

perio4 am el at the nd et the ezperlmeatal perioct. Ytith this more 

oonoeatrated tntuaion. both abeorptton D1 emretlon appeared to be 

greater than with the NaCl (3 1,  0.1 SV) . This is in contrast with the 

itu tioa onr the 1 0  hour& after NaCl mstration in dogs (Gross, 1948) . 

+ 
r�a ezcretion can b increased by an increase in GFR, or a 

c1ecrea e ill tubular reabsorption. or both. There is a species ilifterence 

in the lebUity at the GFR, aD1 Potter (1966, 1968) haa inclice:ted that 

there ma,y eYeD be a breed difrerenoe in sheep dUI"ing intro:t'enous NaCl. 

infusion. Th GPR haft lnorease4 ith such a large iaoreaso iD the 

pl volume; howe-wer, the size or 'the aatriure is 1 such that a decrease 

ill frootioDal tubular reabsorption probably alao is 1nvolve4. 

The stimul · tor the decreased tubular reabsorption could be 

related either to the QpNlSion of the pl 

rat ot aldoatero aecNUon. Ieoamotio ezpana1on of the ECF has 'been 

shown to i.Dduce Da'triur&ei.a vie. a h1.DOJ'al eubstauce which decna&ea the 

p2I'OXlmal tubular + reabaorpti ( ille st el., 1961 ; 

1961 ; LeY1Jurk7 aD4 Lalcme• 1963; Cortii&J' et !\•• 1965; C11bua et al., 
aoa.. 1966; L DCbrahr pt el. • i967) • Al tbollgh 

a4Justmenta to el teNd + statu (a  C hapter  1 ) ,  � in ita 

et:lmuli to ita aeontion 



f'aotora haa not been clearly establiebect. but they appeal" rel.a'ted to the 

aaa to vary w1 th 

the physiologioel. status. 

alter the uitiri.V of the reoeptora to ch8Dg1� ECF voltae. since 

Eapiaer• Twact, Jaaer, Pa.uk tm4 Lauler ( 1967) ob8erre4 a smaller iDcrease 

1ft aldoaterom aeoretion in peraona oa 
+ low Na diet compared With thoa on 

h18h a+ cU.et after contraction of the pl 
voltae is the 

up to 2r, befor exaretlon of absorbecl a+ • 

alt raati.e tor tb receptor oould be a parameter of flow. posaibl,y iD the 

central .eaous pool ( see Cb.ept r 7) . 

tbe 8 clqa, It+ excretion ever the expe 

ooJitrol days, b,y 9-40 m-equt •• Aa 11, l"1ae iD p.l 

obsefte4 OD all but + Extra JC ot e1 ther o 11 o.r gut origiD ust 

b 81XCI'e'tecl or aoo ulated in the ECF, or both. Oral NaCl-iftlluced 

(G le, 1�7) , the (Sel181'8 aD4 

195ft.) atll the fJ.'bue. at le t part 

f4 the extra K+ il l1b17 to be of 11 or1gin. 
�:• cta11111Dt be sauiPd ln these eaperimenta but la 

' u  intu.l . 



1 52. 

quiv/1 over the ·nrat 

4. houre, coinoideat with tbe increase in plasma vol.tBDe. Ptlrthermore, the 

81ll0Uilt ot z+ excreted did not appear to related to the · + excretion. ID 

addition. if i.Dtraeellul.ar d:i.splscemem of lt.., is oocurring. the stimulus 

cannat be rat IC {K+ J UDl sa large oemotic water ahifta al.Bo take 

place, which ia unlilt&ly siDH plasma O.P. chaDge4 Uttle after 0.1 5\f NaCl. 

Excretion of the 

+ -that or Na • however. aco3 a tioa alau 1 a by 'tbe Nael 

inl'usiou aat afteoted tbe reoot&ry of Cl- in the uri!'le. A aiacwtse4 fa� 
- + 

the RCl intuaiou above, 1mrea8ed t1Co3 excretion ac.canpard.ea tbat of Na 

+ 
readily aa it does It • ead aoea not appear to specific&l.lJr rel tea to 

Oue ot the more mal'ka'ble tea'tures of tbe NaCl i.!lf'u81os the 

thi.s is not the 

usual obsenatiOD in �rio ard.mala, it was decided to CODd'uct f'urther 

NaCl. loa4lrw expertments � tt.e naD&D enttre17. It was bopo4 tbaae 

1.,.10M 1IOU1.a cut further light OD the � renal reapcmse to the 



INfUSION OF lf!Cl Dn'O THE DUOllE 

Iatracluod.enal infusion of NaCl 'SS undertaken to determine whether 

iJrtestinal absorption of Ne"" resulted in more rapid aDd oamplete renal 

elimination than that follcnd.ng 1�nal aiministration. For this 

reason, the experimeatal CODdi tions were maintail'J8d ss tor the intre.ruminel. 

1ntwsioms. but the stt.lt\v was restricted to the examiDBtion of the effect. � 

a• l.oodl.Dg at two � levels. These were ir.afused in small aD1 

oomparab1e volumes siace it 8 reared the odministration or large vol. 

could c gut distention or rapid t'low artefacts. 

Short-teftl �a in urine and blood ccmpoaition art-er 1ntraduoclenal 

saline loacl1J¥ do mt appear to be reported in the literature. HolWJ'hr, 

more direct stuaies ot ab.scrptioD from the all and large intestine in 

nogastrio aDI.mals hav been m f'Hquelltly am bav demon.stroted ecti ve 

+ 
abSOZ'ptio11 (CU!'1"8D and Solomon. 1957; Cooperstein am llrockman, 1959; 

Curraa, 1 960; ClazbJon 2t M•• 1961 ; Scbul.tm am OO:aluslc\V, 19E'4a,b) . Bruce 

et al.• ( 1966) collected d:i.geBt& at variows lenle or the � of sheep to 

� altea ot Bet a dition 8Dd abeo,rption of ter and electrol3't on 

+ -
dally baaia. 'l'he.y OODClui that net tion ot lt , Cl. :teJ" 

occune4 prl.Jaolpalq 1D the aul1 inteatu., aft4 o� a+ � in the large 

intesti • together with er. 

N + loe4ing w1 th 1 • 

ot 0.1 51 NaCl ot the vo1 • 

1 Mlected tor 8tiui\Y 

cause the N + load 1'Jbl 

D8t a control 

could be 



Facing pqe 1 51+. 

tot Close. 

Sheep n te Cone. te ot iatua- '.rotal load 
( ) ion (ml/mln) 

N +  Water 
(ml) (m-equtv) 

1 5 .31 . 1 .67 1 .5 .50 .:500 t.50 

2. 2.67 0.1 5 .30 300 4..5 

13 22. , .67 1 .5 20 200 )00 
20. 3.67 0.1 5 20 200 30 

1 2 5· 4,.67 1 .5 20 200 .500 
'· 4..67 0.1 5 20 200 .30 

1lt. , .10.66 1 .5 1 1 .50  225 
20.10.645 1 .5 50 ml tbea 50 +  .500 

1 ml/min 1 50  

3.1 1 .66 1 .5 20 200 300 
1 6 .11 .66 0.1 5  20 200 30 



tolel'dea by t ahaep ld.thout eauld.DS ft&I'Tboea bacl to !)e l'lll.lue4, 

tbere ne a Y81'1atton in tbe rate ant! ftlaM ot the illf'usioa, u abOWD 1n 

'l'able 25. ID t'act, Oftly lnt'uaioD of }()() al. cl 1 .5R NaC1 (eheep 15) 

appean4 to oa the animal 81\V diatftaa or pJ'04uce dg:Dtf1cmlt ft81Thoea. 

!be exper1meD.tal ooa!iti.om Wl"8 ea aimllar aa po&alble to tlaoae 

for tbe iDtJoer\Binal. illtttd.oaa { Chapter 4.): tee4 was 1 o1Ten4 at 

'41-7 p.m., the 1JJtudODB WOJ'!e at 1 0  a.a. aDd ·ao dr.lddDg ter na 

amtUable duriag the ezperimelltal. pel'le4. 

AMple 

The it. a-.:v wea ('ftisht 29-32 kg) weft Muaect aa1 fo4 aa 

deaoribecl iD Chapter ,._ abeep ba4 a pe-J.!III&JIRJt pe.I'BpeX duocleaal oammla 

ineertett about 1 0  below tbe P7loru 11114 bft� to tbe exterior tllroush a 

stab iDDlaioa la the akl• AlthDusb the iJd.a 81"0 the eaiiiiU'Ia wu kept 
tree � wool regularly, after 1110ftthe tlle camml wnaall7 

bega 1ea1d.J:tg. at wb1oh time as uaouaea. t-wo ant male { 12, 13) 

J pl'iar to lntudcm_ till 

the IIIJ'II1a ..t. aft tbe l�ton ot' a &].&ea 

�at.. w.e qulck17 np1 b7 a 1'UDte4 take eDDIWO'U 

ft1l with -� iDillYSUQl 

ezte1'Da1 pol�- Oftl" the eiJ4 ot & ..._r.&.DI� -·�-.,._,,__ 

crl 'ld.tb • lnl11 CIUp; • lJlte.nal abort, 80ft � 

.. 

waa 

ol at tt. but ba4 a lateal 11 t wtdoh aa a B.tJD1left Yalw. tfhe 



ohll'llp09H ot the two cap atd �et M.aba-b tM AJd-ma1 urileea the skiD 

touched. 

iatualomt 20-30 ml/11111. ., laJp 8Jriage operated 

maanally with �enDD& to stop toll. F iDf'Wilolla o£ 1 ml/lld.a. 

1 5S. 

Sap iJatwdoD p1Bp 1188 . to 1111m1 the pl. of iJJe � .at oeutallt 

apeea. At ..a or the 1lltudoa, the � was aot 

ncappecl U tbe eat o£ the nt. 

(1 )  

s Chap-. • 

(2} 9,18 J¥1 

aboU 

ot Pfttiall'U:loa la+ -�Y:�,.,_ On 

1lbn lt .. 1• .. 0.13 qulY/30 llf.D - all the a&liii.Jd.�nd 

+ ... atataact, 



Facing page 1 5 6 .  

F ig 107 . Ur ine Ha+ 
excre tion , r e lative 
plasma volume and total 
s o lute c ontent  f ollow­
ing intrad u odenal O . l5M 
NaC l infu s i on .  Note low 
pre infu s i on Na+ excr e t­
i on ,  c omple te Na+ 
re tention and raised 
plasma volume in a , c ;+ higher pre infusion Na 
e x cre tion , a b iphs s i c  
natriure si s and litt le 
c hange i n  plasma volume 
in b , d ; ra i s e d  total 
solu te s a f ter low Ha+ 
( A  , o )  bu t n ot higher 
( o , X ) • ( a ,  c - s he e p  
15 , 2 . 2 . 6 7 ;  b , d - she e p  
12 , 3 .  4 .  67 ; e - A - s he e p  
14 , 16 . 11 . 6 6 ; 0 - she e p  
1 5 , 2 . 2 . 6 7 ; 0 - sheep  12 , 
3 .  4 .  67 ; X - s he e p  13 , 
2 0 . 3 . 67 ) . 
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VO L U M E  d .  
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~ 0 1 .1 
E 
"' 
0 1 .0 Q 
..., [,� 

8 o m  1 0  1 2  2 o m  4 � 0. 9 '---l__L::--'-_j_-'-J_'--J.__L__J 
"' 8om 1 0  1 2 2om 4 6 
� - 0 lr--,,-=ac=-1-=o=-=. 3-, -=. o:-:-. 1 5=-M�I 

3 � s � 300 

e. 

Lif 
I NoC 1 0.2 1 .  oiii:iJ 

T O TA L 

S O L U T E S  

F ig 1 0 8 .  Re la tive pla sma v olume and  ZUpla sma prote in_7 f ollowing intra­
duodenal O . l5k NaC l infu s i on .  Note 
the fall in L�plasma prote in_7 over 
the f inal 3-4 hour s n o t  a c c omnani e d  
by a fall i n  re lative pla sma �olume . 
( S he e p  13 , 2 0 . 3 . 67 ) . 

I 6 
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c -
E 

0 (") 
.......... 
E - -
"' E 
::J 

0 > 
"' 
c -
L 
::J 

4 0  

2 0  

V O L U M E  

2 pm 4 6 

JNo C I  0.2 1 ,  0 1 5 MJ 

F i �  109 . Urine volume f ol l owing 
intr a d u od en a l  O . l5M NaC l inf u s i on .  
Note the bipha sic  diure s i s .  
( She e p  13 , 20 . 3 . 67 ) . 

8 

-
c -

F ig 110 . Urine C l- e xcre tion 
f ollowing in trad uodenal  O . l 5M 
NaC l infu s i on .  ( She e p  15 , 2 . 2 . 67 ) . 

E 6 0 (") 
.......... 

> 
::J 
0 
"' 

-
c 

� 5 (") -
� 4 
a '\' E 3 

' (") 
8 2 I 

"' 
c -
L 
::J 

JN o C I  0.2 1 ,  0.1 5 MJ 

f: 4 
-
u 

� 2 -
L 
::J 

0
8
�

o
�
m
-

. 1
�

0
��
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JNoC I 0.3 1 .  o.; 5 M  J 

F ig 111 . Urine  HC03 e xcre tion 
f ollowing intr ad u od en a l  O . l5M NaCl 
infu s i on .  Note the marke d d r op f or 
1* hours after infu sion and the 
overall falling excre t i on .  ( She e p  
14 , 16 . 11 . 6 6 ) . 



h18ber - o.�t. 

aD4 the pl 
+ 8'.DII'etlon PD in tiJe tint 30 II1Dutea aD4 f'ol.l.ow4 bipbaa1 00\li"H 

with tile f'1rft 

.la la tht ooatrola. the pl ... o • a.oneaea. was 

panllele4 b7 c + J eel-J. UD1.1b preftoaa ' clap 

c pl- proW.aj taUe4 to tba oaloo1.atea t'elatift p1 

"'--� owr tM ftDa1. 3-4 11oura. tbe C p1-. pnU�m.J 11bU• 

the eal-oulate4 p1 u (Ma 108) . 

pattera: � �......,,_ 

peab (PJ« t09) • HOI'.lii!J99P. 

a aatri ·  

1Da:rease4 after )'0-60 13Ullft4!dl 

. t.ball tile lftftu-.1 

ill 

�� -...t1oD ... UIINlatel-. Total aol 

ur.£.-IQ x• ·a:c1Nt:1o1s-

ot .. 

I'C..a_ at 1 ftHt 2 hoan afte illl'llRCID 

--.!§V.r (Pta m>) .. Jt:Oj _. eatt..taa 

• 
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� 6 
c 
� 
c - 5 0 u � . "' c 
0 ::J 4 
E 
V1 
0 

3 Q 

b. K +  - +J ? ig 112 � Plasma L K and 

2om. 4 

INo C I  0.2 1 ,  0.1 5 MI 

K� c on tent foll owing intra­
d uod e n al 0 . 15M NaC l infu�i on .  
Note the incre a s e  in [""K _7 
in a and b but the d iffering 
time c our se ; maximum � c on­
tent  af ter 1-2 hour s ,  but 
higher 1a 1ues  af ter 6 hour s 
when Na was re tained ( 0 , 
0 ) . ( a  - she e p  13 , 2 0 . 3 . 67 ;  
b - s he e p  14 , 16 . 11 . 6 6 ; c -
0 - s he e p  14 , 1 6 . 11 . 66 ;  C .  

~ 
0 - she e p  15 , 2 . 2 . 67 ;  
x - s he e p  12 , 3 . 4 . 67 ;  
A - s he e p  13 , 20 . 3 . 67 ) . 

8 o m  1 0  1 2  2om. 4 

1 6  b. 

c 
E 1 2  

0 (") 
......_ 

> 
·-
::J 
()" 

8 <lJ 
f: 

"' 
4 

<lJ 
c 

·-
... 
::J 

0 
Som. 1 0  1 2  2om 4 6 8om. 1 0  1 2  2om. 4 6 

0 9 
!No C l  0.2 1 .  0.1 5 M  I INoC I  0 . 3 1 , 0.1 5 MI 

F ig 113 . Urine K+ e xcre tion f ollowing 
intraduodenal  0 . 15M NaCl infu s i on .  Note 
the two patterns of e xcre tion in  a ,  b .  
( a - she e p  12 , 3 . 4 . 67 ;  b - s he ep 15 , 
2 . 2 . 67 ) . 



N•"-hM4 elwatel (Pis 112) ,.. el.thorlgh the ttm. 00 Be �able. 'l'he 

to 11 at 4- hours in the otbar. 
1� 1n x• OODteDt t 6 botr wss gre tar, to 11� 8Dl 1 � COII'P&lroed 
1d. th 1 07}& aat 11 a natriunai.. tc• UCI'e'tion faU.cnred 

eat td the �. ar 1Dimtald!tg � a ftriable time after btua!oa. 
On tbe 2 � wbeD i.Jif'usea + elUIII'etea, x• exaretlarl · a 

little bet1reea the two 
+ 

{Fig 1 13&) ,  !he total K"' GZI)'ZetiOD 

appeared �nt ot total + aDll 1lbetber a mtriUI'efda 00011l"N4J 
+ Oft 2 ctqa, 1: 

a:a:reUon decliDecl b7 29!' am • ithia the CODtro1 r • &Dl 011 2 clqa 

there was a ot 71b am 8D iJitnaae ot • repre-eentU!g 1:+ l.oaa. 

(3) ,,,. 1!£1 

It ia � 1mJ�G&:81ble to �JI!la 

iD rip UD\er ooDM ti 

I"UUIJ&D d 

these 8ft Ultpftttlctabl.e, the a1mp1 at epp1"'8Ch 

total + loe4. Bo r • thiS tahle 

einGe Bte17 CH.alft'IIIOM oamme��oed appruima� 
iataai D 

c ,. • the 1oal tDtusea 

p o4 ot eztft tMO 1o 

c11anboea Gfti!!IUPI!'afl. 

to be ..Uer, &Ill enn 2 a.,. • uu.t 

In 13. OD 22,3,67 • 

12.30 to 2 p 

3 to 3..30 p 



F cing paae 1 58.  

ht. Ra+ load % eXCI'et- Excl'etlca Pre� Dele.? in �ou.e 
( quty) toa above iOD Na Olleet lJltUa;1cm 

" ( .... qUi•/ (boUPS) (�) 
(m-equt.-y) � Ilia) 

,.10.66 225 61 14la.e2 2.0 -

20.10.66 )CO 51 152.2 o.� 2 i7 

).11 .66 300 ,.., 1t.5.8 0.1 8  2 t,. 

-
22. ).,67 300 � 1 .9 0.31. � 2 

5J...,7 300 42 ia6.1 0.01 2 

, .. .  1 .67 ,.50 27 1 21 .8 ,.20 0 -
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a .  

c 
·-

E 
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C'1 
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·- 1 6  ::> 
cr 
4> I E -

1 2 
0 
z 

4> 
c 8 ·-
L 
::> 

4 

jNoC I  0. 3 1 . 1 . 5 M J 
Bom 1 0  

0 

b. 

2pm 4 6 

jNoC I  0.2 1 . 1 . 5 M J 

+ 
N o  

c. 

F ig 1 14 . Urine  Na+ excre ti on f o l,towing intradu od enal 4: ·  5M 
NaCl infu sion : a -.�-4 50 m-e q u iv Na , b - 300 m-e r_miv Na , 
c - 2 2 5  m-e q u iv Na ' . Note 1-2 hours d e ley  in+ onse t of the 
natriure s i s  in b , c  but not  in a ;  a single Na pe ak w i th le s se r  
load s ( b , c )  b u t  b ipha s i c  e xcre ti on w i th the J .arge st l o a d  ( a ) ; 
e arlier pe ak e xcre tion with the shorter infus i on s  ( b  c ompared 
with c ) . ( a - s he e p  15 , 3 1 . 1 . 67 ;  b - sheep  14 , 3 . 11 . 6 6 ; c ­
she e p  14 , 3 . 10 . 6 6 ) . 
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0 E "' 
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Q 2 6 0  

8 o.m . 1 0  1 2  

T O T A L  

S O L U T E S  

2 p. m  4 

F ig 115 . Plasma t otal solute c onte n t  f ollowing intrad u od enal 
1 . 511 NaC l infu s i on : �2 5  m_;e a uiv Na+ ( A ) ,  300 m-e q uiv Na+ ( + ,  
o , 0 ,  X ) , 4 50 m-e qulv Na ( A ) .  ( L:l - she e p  14 , 3 . 10 . 6 6 ; 

+ - s he e p  14 , 2 0 . 10 . 6 6 ;  0 - sheep  14 , 3 . 11 . 66 ; 0 - she e p  13 , 
2 2 . 3 . 67 ; � - she e p  12 , 5 . 4 . 67 ;  A - s he e p  15 , 3 1 . 1 . 67 ) . 

b.  

8om 1 0  12  2pm 4 

0 0 ��o C I  ( 0.0_? · 0.1 5� 

V O L U M E  
c. 

t.� 
8 o  m 1 0 1 2  2pm 4 

0 

F ig 1 1 6 . Re lative plasma v olume ! allowing in trad uodenal 1 . 5M 
NaC l infus i on :  a - 4 50 m-e q uiv Na , b - 300 m-e q uiv Na+ , c -
300 m-e quiv Na+ . Note the 3 hour d e cre a se in volume b e f ore the 
e xpan si on after the large st  load ( a ) ; in creasing volume over the 
whole observat i on period  with the longer infusions ( b ) ; a peak 
v olume with the shor ter infus i on s  ( c ) . ( a - sheep  15 , 3 1 . 1 . 6 7 ; 
b - s he ep 14 , 2 0 . 10 . 6 6 ; c - she ep 13 , 2 2 . 3 . 67 ) . 
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1 60� a. 

c -
E 1 2 0  
0 
M 

-......._ 

E 

V E 
:J -
0 4 0  > 

V 

V O L U M E 
b. 

Fig 117 . Urine 
volume f ollowing 
intrad uodenal 1 . 5M 
NaCl infusion . Note 
the high pre infu s i on 
volume 2nd fall f or 4 
hour s with the large st  
load  ( a ) vnd  the  u sual 
single peak of water 
excre t i on ( b )  a t  the 
time of natriure si s .  
( a - s he ep 1 5 , 3 1 . 1 . 67 ;  
b - she e p  14 , 3 . 11 . 6 6 ) . 
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0 [ I I I I I I I I I 
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!No C I  0.3 1 , 1 . 5 M  I 

F ig 11 8 .  Plasma O . P. 
f o llowing in trad u od enal  ()I 

1 .  5M NaC l infus i on .  Note -} 
the later pe ak of O . P. 
w i th slower rate of 
inf u s i on ( a ) . ( a  - s he e p  a.. 

14 , 20 . 10 . 6 6 ;  b - s he e p  0 
13 , 22 . 3 . 67 ) . E 

-
-

> 
; 1 3 5 0 
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+ N o  

<fl 
0 E 

<fl 
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0 
jNoC I 0.2 I ,  1 . 5 Mj 

320 a. 

300 

28 0�---'-:--'-��J_...J.__J 
8a.m. 1 0  1 2  2p.m. 4 

0 {} 
!NoC I  ( 0.05 • 0.1 5 )  1 , 1 .5 Mj 

O. P. 
b. 

8a.m. 1 0 1 2  2Pm 4 
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!No C I  0.2 1 , 1 . 5 Mj 

E I + -F ig 119 . Pla sma L Na _! f ollowing 
r,---1 

0 
� 1 2 5  

0 E 
"' 
0 
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1 1  5 �---'-:--'--'---'---'----...J.__J 
8am. 1 0 1 2  2P.m 4 

0 
!NoC I  0.2 1 , 1 . 5 Mj 

intradu od enal 1 .  51:1 NaC l �nfu sion . Note 
the greater fall  in ;-Na 7 than in 
O . P. (Fig 118b ) over- the later per i od . 
( S he e p  13 , 2 2 . 3 . 67 ) . 



On the � wbea dlarrhoea was persiatent, Ne+ end water 
metaboli OYer th tirBt 4 boura after iDt'uaion aitfered oon&iderably f1'Gil 

that 011 the other 5 dqa. In bri&t, tbia sheep pre-atmted a pieture of 

early moderate Datriuroata 111th little + retention in the ECF, followe4 
+ 

pl 
The pl a.eanaSM to 9lZ O'fV 73 minute , but expanded back to 

over turtber 3 boun (Fig 116a) • '!'be urine f'low 

hJ.gh be1'ore 1nfuatoa. and decreaaed f"er 4. hour (Fig 1 1 7a) . After thia 

Ud.tial period there 

pl volume (to 1 2�) a!kt total solute ooartent (to i3lt�) . 

+ 
After the other 5 iDruaiona, Na e:xoa:etioa i.JJcrtEt&Be4 tatter 1-2 hours, 

usmu13' reaohing aa eorl.ier peak with the horieP intuatoas (Fig 1 14-b) th&D 

vi th the prolo 

1JW-1 52 m-equi.Y f"or 

'fh1s aotat appeazoe4 11Ji�IDC!Imt ot the pre� 1 � 'the do or 

the IDIIIbel' prm 

the e.xofttton of 

• 
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F i a  120 . Urine C l- e xcre tion 
f ollowing intrad u od enal  1 . 5M NaCl 
infus ion . Note the e arly peak of 
C l- excre t i on .  (She e p  13 , 2 0 . 3 . 67 ) . 
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JN aC I  0.2 1 . 15 M J 

F ig 12 1 .  Urine HC03 e xcre t i on 
f ollowing i n trad u od enal 1 . 5U 
NaC l infusi on .  Note the fall in 
rrco5 imme d iate ly after the infu s-
i on and  pe ak excre ti on at the time 
of the natr iure si s .  ( Shee p  14 , 
3 . 11 . 6 6 ) . 
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F i �r  122 . Pla sma f:K+_7 and K+ conte n t  
f ollowing intrad u o d e nal 1 . 5� NaC l infu s i on .  
Note the fall i n  plasma ;-K 7 in b o th 

- -

c a se s ,  but  the un c ommon re turn to the 
initial value in b ;  fall in K� c ontent on 
all  day s .  ( a  - she e p  14 , 3 . 11 . 6 6 ; b - she e p  
13 , 22 . 3 . 67 ;  c - A - she e p  14 , 3 . 10 . 66 ; 
D. - she e p  14 , 2 0 . 10 . 6 6 ; + - s he e p  14 , 
3 . 11 . 66 ; 0 - sheep  13 , 2 2 . 3 . 67 ;  x - she e p  
12 , 5 . 4 . 6 7 ;  0 - she e p  15 , 3 1 . 1 . 67 ) . 



� tbe �. period (to i2� ani 1�) (Pie 116b) 81111 thua alao a 

ateeMl:r i�.�C�Ne.Sf.D8 total aolute 0011\ent (to 1 aDI1 13)1) (Fts H5) • 

After 1IMt 10 miii1IM i�Jt\lslona. t!le IIID1JD1D plUII& o.P. ooc\JI'ftd earlier. at 

1* hove in 2 ea•• � houn lD t tbircl (Fig 118b) .  These 1Jil'ua1ou 

wen n.rther atatiaguS.ahecl b7 peelt iD ple.ama vol� whloh ocCUI".NCl at }k 

houra OD 2 c1ays, anc1 1:1- houn 1D the th.t.rcl oaa. preoecU.� a short 

per1o4 ot diarrhoea. Oft this latter aq. 'the pl. vol.U1118 was below tbe 

pntlltuaton lnel ti"GGD the 8'tU't ot the pel"lo4 f4 4l8Htloea (Pig 116o) aa 

wea the total solute OOilteJit fer the last 2 hcmra � the okermtion periocl. 
I general, total aolute contellt agea wre in tbe diNctiOD. aa 

ftl_., but ot grea�v m.ogni;tuda (Plg 11 5) , cnriD8 to tbe iD o.P. 
Pl ["Na + J Ul4 CCl-.J to1lond o.P. 111 th the .-pU.on that C a+ J 

ntumea to tbe palnttJaion lenl llbUe tbt O.P. wu stU1 rat (Pie 1 19) . 

OYer the entift obSU'WatioD period. the traotiona ot + aD! Cl-

' houra than 1� the ..u-1 d.a (Pla 1 21 )  J onn11 u extN 

1 

� ,... BC�•W. Ob UJDther 2 ch\'r8 11rta pH r.u .,. 0.14. and 1 .2 

• 

Plaaa er J 48CII�ad iJl all 
(Pig 1 22&} la all b 

a 1111.1.&-- at 2-' houn ( 

(Fig 1 22!») . n .... K+ content t.U rapt.� 
l.ower) . retuml to tile prelnfuai.Oil ft1 

6 oases (Pig 122e) • .. ....,1_ tJ. ' tbe total eolut 
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8 o m 1 0  1 2  2o.m 4 6 8o.m. 1 0  1 2  2 om 4 
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_
2] !NoC I 0. 2 1 , 1 . 5 M I 

c. 

6 8 o m  1 0  1 2  

Q !NoC I  0.2 1 , 1 . 5 Mj 

F i e:  12 3 .  Urine K+ excre t i on f ollowing intra d uod e n a l  1 .  51'1 
NaC"'"l'i1Iu s i on .  !'Tote the three ua tterns of y:+ excre tion . 
( a  - she e p  15 , 3 1 . 1 . 67 ; b - sheep  14 , 3 . 11 . 6 6 ; c - she e p  1 2 , 
5 . 4 . 67 ) . 



excnt1on tor moat of tbe dq, O'f'erall decliDing by ,34'6 and 2 , (J'ig 1238) . 
On 2 dqa then waa aD- ialtial a.oreaae t'ollowea • a peak, O'f'eJ'8ll inareaaiJ�S 

by ad (Pia 123b) • On 2 claya• lt+ 1Dcreaaecl immediate� etter the 

iafu81cm. onrall 1mreaa1rJ8 lq � ad 5 · (Ftg 12}c) . Only the aecoDil o1' 

AlthoU@h the a1m at tld.a pal't td the stal\v a to CGllp8ft the 

foUDCl tbat the 

at to obtaiD a 

ot the ezperiaellt• a 

!be t!M 

1Df'lue.a tbl u.. aM.JII"'IIt ot + 
• llh D  

+ 
the irlf'utoe wu prol.cmgea owr '50 • the a uoretum_ p ft1 

aft&l total aolute aoateut still 1DDNU!Bg at tile eDit of tbe 6! hour post-



� earlier. 

on all 6 dap.. 'l'b1s oould be a ooinc1aeJ»e• and ha-ve llO pb;yaio1ogical 

Si&n1f1oaace, or, oa the otbar hfmd. 1t 111&7 be C&Wled by OOD:3te.Dt absorption 

aJ!J13/. reaal UCNtion. A aat� real ezc:retGJ:y macllanism appeara 

,., Sbq ia Ylew 9f the vv.vlftl time course of emnttion. tbe � ot peak 

ezaretlor.a � an4 the eh of mairrta1lle4 peak ratea. Coutaat absol'pt10Jl 

BCC111ulattor.a 

it the abSO!'ptien rate is 1imiti�, it 1a 1'1808S88J'Y to postulate a greater 
puetratJ.or.a of Na + 1Dto the ICF OD the 2 daJ'a• 

ot the t.atraduodeDal experi.meah reaul te4 lD aa exactly CQIIpU'8ble Ulle course 

or th8 aatriuren•, the 8ft ter autere!'JIDe .. ahowr.a .., chaDsea 1D pl 

os:poai t.loe. In putlculq tbe aborter 1l'Jtnduo4eMl tnrua1oDa reaulted in 

el:Ud. :tlon � tbe 3 hour plateau 1n total . bte OOI!hllt � the !Id-

'"""'·-..-...• attar intrarald.al. 1rJfualon. The tJ. mmnar tiM las 

VU1lDMIV. wl th 1auoMSifts IM&'­ solute 

COilteat wl th both n . a ef au�����.JD· atNUoa ' fJIV U  iD 

gat. 

in aldltl'l'lrtJ!.G. a m. the 

er NIIC1 load after l!JfUl ot 0.1511 



• 

aoretion waa initially low. the Na+ load 1188 a.pletel,y retaimd aDd the 

pla81116 YOl._ aad total aolute oontent ill0nue4. On tm othcr hand, whore 

the preintuaiorl Na + ns higher, the oDSet of tbe natritll"UiS was rapid 

tm4 the plaaa Yol\18 .ana toW alutea •n Yirtuel.l3" uacho.nged. It thue 

appears that a aatriureais can OCCU1' without aqr 1DDrea8e in plaama volume, 

clrop ift pl 

+ 
therefore suggest that the P'rimaJ7 stimulus to the natriuresis of Na loading 

ia .!!21 pl orener, 1 t is Uftlik iy t the �timulus 

for natriuresis nrins from aey receptora iD tbe arterial ciJoculation air.ace 

the rate of absorption of auah a small loa4 ulcl pNduee inBignificant 

oh&n,gea at thi s site. It would em more likely that the receptors 

trigsering the aatriuresis are l.ooated betweeft th e  at.te of' absorption aDd 

the hem. llore will be said abo• this in Chapter 7 in relation to other 

experiment • The cliureai fol.lo'fd.ng 0.1!J( NaCl ay share the receptor 

meohani aince there a Bimiler biphaaic reaponse in both urine M.01r and 
+ 

a UCI'etion. Although the natriuresis wu completely &Uppresaed when 

+ the preinf'uaion excretion of Na was low, the cliuresis \W1S rely reduced. 

Cl- excretion after· either NaCl infuaion s DOt e.rkabl e • 'l'.he 
+ 

a blaependent of th :t for Na , 

+ - + lt excnticm. !'or tbe b.,ypertOid.c 8Cl the � all Cl 8lld r a 8%01"8tion 

but le e thtUl a+ 111 the later per1ocl. Thie Cl- � fits in vd.th 



001DD1de With the peak of' rTa + axcretiOJl. ne iDitial arop in aco; 
ex-cretion a1'ter intraduoaenel int'usioa i s  in contrast with the obsei"Yationa 

after illtraJ'UIIlift81 infusion. Thie may 1Mt accounted for by the dittustcm 
of HCo; into the iutestt.M. Since the equilibrium {"P£o;J ia higher 

111 diatal parte of tb 111'testine (Swllow aut Code, 1967) , it ma.y be that 

tba illtraduodenal infuaions progreas further clown tb digestive tract aDd 

hence dre.w ID01"'e :nco; into the gut tbaft c1D the 1ntrarum1Ml infuaiou. On 

-
the other hand, iJ'JCl'Meed reabaorption ot HCo3 could be of reraal origin• 

ali:hough it is unlikely tha't this mould oocur With the intraduodtmal but 

not the intnrunine.l 1Drua1.cm.s . Urine pfl also d.ecreased dtJriDg the 1Ditial 

period, probably related to the lower £HCo;J of the urine. 'rbe e.eaociation 

of HCo; excretion with the natriuresis 1'1&.1 al ao  aeen atter int1'8.l'Ul'Dinal 

1nfusiom. 

+ 
Af'ter the �10 types o£ in:f'usicm, K. excretion sb.owod one of 

aeveral different patterns, all of which re see-11 with the intnruminal 

1Dfuaioll8. In oontrast to this variability of the UZ"iDal7 �e , all 4. 

c:lay8 ahowed 1ncreued plaama x• CODtent with the 0.1 !i! rleCl, ODd cm all 6 

+ ctqs ot 1 .5U Neel infuaion, the p1 lC content dropped sharply ewer the 

fi.rri 2-3 houra. In the f'omer case, the extra It+ would appear to be of 

ICF or�n, • tbe iDOreUe was gl"aater n Na + completely retainea. 

+ tt'he net lose of pluma 1£ with the 1\YpertoDlc 1dua1ona could not 1D welY 

+ + ce11s since it t s mare 11kel.y that Na woultl dlaplaoe 1t , o probably has 

c1iN'wted into the gut CGDteat • 



nrr!AVE.NOUS INFUSION OF !Cl AND NaCl 

eD the iDtua1ona wore IIWide into the �D or duoci81UD, the 

rate ot abaorption into the ECP uld mt of neoe.ssi\Y be constant, 80 

that the excesa water am el.ectrol.)"tes would mt be preaented to th e  ICP 

tor �e, 1'101' to the Jd.dDe,ye for axoretioa, at S'te4t\Y rate. By 

1Jifuaing similar aoluttCDa intftlvenoualy at a conatant rate, the role of 

reMl xc:reticm oan be ra mare cl �· 

16l.. 

Intravenous illfueioraa of Na + and K ... salts haYi been reported 
frequeutly in man. dog end rodent a ,  al tbough f"ew aimUsr experime.nta have 

been perfor.d ill ruad.Dal&s. Howrf'er, it might be expected that the 

respoue to irztraYeD0\18 1Jlfus1cm ul.d very leas l>et\1eell the ditf'ereftt 

speoiea, 

+ - + , Cl , water and K • decre s the tract101181 tUbular reebsorptioa ot 

+, &114 rra:r illClZ'HSe plasma � • CN•+J aD4 Cet-.J, am decrease pl 

, LawJ'UOD 4 ateiD.· t9SO; 

e4 tentt, 1964.; Dizks .,.�· •  1965) • H01'18ftr, Lta118Dmal:1 Ab! Salminea 
I 

( 1961..) ob el'ftd in IIIBD an 1DaNaa ift pl 

c1ecreue in aeraD &1111 uri pfl. GFa waa raise4 in 

.ith ama1l 
/ 

aDI t, 1 950J Balchd.n et al. , 1950) but not ill other (Green aDd Fa.rah, 



\ 
·,· 

'.l'he response ellcitea by 1eotopic N!Cl iDfuaton a man 

ftl"iable, be� affected by f� 1noludi.Dg state of bytlnticm, poat.ure 

aeparated 

+ 
excretion of a 8Dll wat � in the form t4 a � cU.UJ"eaia, aometime 

folloaed 'by a saU 41nre-als, nported by Thcmpaon ( 1�) • urpl\y 
(1950) , lGIIIhert et al.• (1951 ) ,  B-13 hours after pnbadration by La4d 

( 1951a,b) , aDd iD I"8C'UUIlbent but not sJ:tti.Dg d)Jecb by Stra.uaa, ris, 

RoeeDbauD ad Roa.-ial ( 1 !J51 ) • SaUre c!iunsia hae been deacr1bed in 

tmd dog by Chautin et el. (t9?4) ,  Gl'oaa ( 1948) , awtn et &l• (1 950) , 

Crawford aJlC1 LudeMNIIl (1951 ) , am by Blomhert pt al• ( 1951) onl.,- with higher 

rate a ot 1ntuaicm, aDl oal.y during the da,y. Recent micropuncture studies 

duriDg aliM 1� mU'omly describe a aelim diure 1a with reduced 

proximal tubular traotiorml Na + reabsorption (Cortney et al., 1965; Dirka 

et el•• 1965: Cirksem et al•• 1965: W tson. 1966; Lan4webl" srt al•• 1967) ; 

tbe untfond.v in tbese a:porlmen't8 DlffiY' b partly -ce.us a by tbe similarit7 

ot condi tlon.e demanded . b7 this tecbn1 q • hp cm f4 the pl vol 

may ooov ( Crawf -. 1951 ; Strauaa et it• • 1'5') , as ftll aa 

red pta.rl CE+J erld iSraao"'""·cl K+ emreti.oD (Bel ft st fl• • 1950; 

L·Udei!U11Dl ( 1951) • 

Inti'8Yeno ·� lt aa1 ta produce tacreas 
+ - -

, Cl and RCo3, ana an alkaline 1lZ"1•· 

. + .  
ezcretlon of It , ter, 

C a•J la UDOtJa-ect, aDd plasaa pH aat Caeo},J tall (lW.l.&r• 192},. 1926 ,b; 

1nkler and Smtb. 191.2; Schwarts., mith BD4 1'11Dkler, 191.2; Bal41dn et al., 



<t950J 'BerliDer st !!l.,19S't J RoMrta st al., 19S3) . After lml 

iatuaton iD doge, there were i!ICreaeea in pl o.P. ana Cc'l·J. PCV 

ana. CHb J. althol.P t12e plaaaa mume e.a unohaDgett, aa eatim«tea 1»7 

Eftn' a 'Blue clilutton (ltuwell, 1965) . 

1 66. 

ml/m1n. 

ADderaoa rmd Pickeriag ( 1 962) iDfuaed 1 .OK KCl into con at 7-9 

.., __ ("r.+J arid K+ uoretion re both raised, the latter 

eqwall.ing the rete of admil'llstratton by tbe eac1 '* 2 hours.. GFR aDC1 la 

("Na + J were uncbanaed, but Na + excretion 1tulreaae4 2-50 told, w1 th t!Je 

peak at 1-2 houra, paralle1ed b7 water excretion. In prel1mtaat7 

expert ats. lte;yDes and Harriaon ( 1967) Pftduoed almilar reBUl.ts Vlith K.Cl 

or K acetne in sheep,. but a depreaaed natri aia when adnDBl Yein 

effluent colleote4, aD1 reduced kaliunsts when the drenal circul.at101l 

was oeoluc!J a. 'Further reaul.ts ot their exper.t.menta ill defi.n111g the 

poaaible rol of the aclre.:ts in K+ taboli U3' be at grea't value. 

Potter (1966) atud1 d intraveaoua Nael l dil8 in erino sheep, 

and recent.l;y (Potter, 1968) compaftd the NspoaM to NaC1 loating in 

Doraet HOJ'!l eh which clridd.l28 &1tber ter or 1 .  · al.1JJ8 ter. 

8 iD:tUB. 1 hour, i · aaliD tor 1 hour 

• 

eriDOa, dul'iDg hJpel"tont aali then as t soreti.on o:t 

Cl- wet 1 ft1 O.P. , ("Na+J ('Cl-J, 

In the 

+ , 



buriJig the iaiUal isotold.c NaCl, pla- {'E+.J bepn f'elllqJ. ai'J4 Jt+ 
uueti reache4 a peak then also begaa falliJII, both a.ol.J.nea conttmdD& 

duriltg the 1 'rh! quanti teti•e relatlonahlp betwMn ob�ea 1D 

K+ raetaboli hJpertobio NaCl iDfualcm caJmOt 1:»8 aaed beceuae ot 

the cas: ty-orer ot the etteota � the iaotcnd.c sali• iDfu.aioD. '!'he sa.. 

experiments OD raet HCJJ'DS proauoea a11111ar raaul.t.a, vltb the exceptioa 

+ that GFl na clearl7 raised.. K ezcrett iaereu a, a the drop in 

plaama {"K+ J uaea cl.Ud.cal a1au sat af'tea death eDBlreu· in 2-3 c1qe 
tmleu �· waa lntued. MaCl wa.e iDtwled iDto Dorset Horna dri� 
1 .)% eall.De water, GFR 1Dclreased to a greater n:t , + Cl• wra more 

rapidly Um1 tea, the a1e.at.a plaema le'Nl.a rriUl"Ded e quickly, leae 

K+ ua loet in tll urtne arkl no distress na oauaea. '!'he blood '9'01 

xpud.ec1 in both groupe of Dorset noma, more in tho Brldd.ng water. 

sai ft. F the preaeat ezperimeDta, 

a do e rate of 1 al./miD t 1 .se N8C1 as a leotea. aa be1Jag low enoup to 

preYellt exceaaiw riae in p C + J DOl' to caue ai6aifioaat expaDSiOD 

of the ECP per •• 0.1 511 

vol. !he KCl 

1 

lectecl 

against M'ftft �aemia, 

lllsterea to ocnra by AD!lmiOil 

1 .e11, an 1 .511. ea 

'n. expertmeatal OODtiti u dmilar aa poaalble to those 

for the 1ntr81'\W1.nal aftl1 i� laf'Uai (see Chapter It.) 1 ted 



p ing peg 168. 

hblt 27• Sbeep UHd . 1Jltft.Ye230 bstuUona si• at 1 al/111 
tor • 20 ld.mltea 

Intua1cm s ep bate qui• ot atiOD iftfuae4 

12.12.66 
... 

l 2 19 
o.1 

1 12 .  1 ·67 1 8  

, , 6. ,.67 't8  
• 

11 . 4.67 10.8 .,, 

8C1 1 10. 1 .67 1 80  
1 .  

1 S ,,.  2.67 1 80  

2 1lt-. 3.67 1 80  
•• 

,,.  4,.67 108 13  

El .. ,. 5.12.66 1 20  
1 .  

1 5  16. 2.67 1 20  

2 16. , .67 1 20  

• o.osu 

•• 0.911 

••• 1217 m1 



as last offered at 4.-7 p.m.,. tbe inf'Uiona were OCIIDilletiCed t 10 .m .  ana 

m drillking water was availe.hle durl. ng  the experi.mefttal ped.od.. 

Three soluticms were illt'usea, eaoh at 1 ml/mi.n t'or 1 :20  minutes. 

aa ummarized in �fable 27: 

(1) 0.1 NaCl 

( 11) 1 .9M NaCl 

( iii) 1 .  KCl 

The 5 IOIIIDBY eliU (weight 27-34 kg) were housed and fed aa 

described 1n Chapter 4.. Sheep 1 ,  2 arsd 13 had a rumen fistula, aDd sheep 

13, 14. and 1 5  had a duodenal caiD'lUl.a. 

Iptuaiop 

Both Jugular veins mre oemml.atec!, one carmul.a be!JlS a for 

88UJP].i� am the other for infusion or the warmed aolutdon at conatant 

rate from a Luerlock qri.Dge c!riftD by Sage pump. 'l'he C9D'Rtl.a 

extaae4 by an adM.ticmal leztgth of oammla-tubblg to a aa'WJlowClf1' needle on 

tbe ayrtnge U81 ..U pi oea or rubber tab!Dg u ootmeOtora.. !'he 

heparim•d aal.1m lett in th o,aamla 1rate4 Wore oormect1ng up 

the tubillg • eJI4 af'ta' the illf'lud.OD the c a was rehepari.D1sed after 

a routill blood aapl • 

S!!IIQe !!llas1;iop 
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h:erettoa of + -
, Cl 8DCl • r atter intrllftDOua 

Sheep & 
!)ate 

1 
1 2.1 .67 

1 5  
6.3.67 

1.3 
1 1 .,...67 

2 
12.1 2.66 

1Dtua1oa ot 0.1 aCl . 

Amo\Wit 1JJtuae4 
+ , Cl- water 

( qu.iv) (al) 

1 8 120 

1 8  1 20  

1 0.8 1 20  

"' 1 27 

� Excretion abcmt baaol 

�Uoa + Cl- ter 
( qulv/ 
so miD) 

(m-equi•) (m-equ:l'l) (ml) 

0.06 0.1 a., -1.3 

0.07 2.9 :s.s 1 22  

Oe97 ,.o "'·' 3SO 

1 .60 ,,.o 20.1 � 
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S o m. 10  1 2  2 pm. 4 6 

[__j I � I  I 
6 8 o.m. 1 0  1 2  2o m .  4 

'if 'if {} {} 
INoC t  0.1 2 7 1 , 0.1 5 M I INoC I  0.1 2 I ,  0.1 5 MI 

F ig 124 . Ur ine Na
+ 

e xcre t i on f o llowing 
i n tr av e n ou s O . l 5M NaC l inf u s i on .  Note the 
bipha s i c  n a triure si s in b ot h  a and b ,  a lthough 
small in magn i tud e  i n  the la t te r ; d e la y  in 
onse t i n  b ,  n o t  in a .  ( a - she e p  2 ,  12 . 12 . 66 ;  
b - she e p  15 , 6 . 3 . 67 ) . 

1 60 

� 1 2 0  
c 

0 (") ----
E - 8 0  () 
" 
:J 
0 
> 

4 0  V 
c -
'-
:J 

a .  

I N  o C  1 0.1 2 I . 0.1 5 M I 

V O L U M E  
b. 

8 o.m. 1 0 1 2 2 pm 4 6 

0 0 
INoC I  0.1 2 7 1 , 0.1 5 M I 

F ig 12 5 .  Ur ine v olume f o llowing intraven ou s  
O . l5M NaC l infu s i on .  No te the bipha s i c  d iure s i s  
a t  the t ime of n a triure s i s .  ( a - sheep 1 5 , 
6 . 3 . 67 ;  b - s he e p  2 ,  12 . 12 . 6 6 ) . 
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F i� 126� Urine C l- e xcre tion 
f ollowing intravenous  O . l5M NaCl 
infu sion .  Hate t he gre ate st  
in cre ase in e xcre t i on d uring the 
infusion .  ( She ep 15 , 6 . 3 . 67 ) . 
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INoC I  0.1 2 1 , 0.1 5 M  I 
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a .  

8 o m  1 0  1 2  2P.m. 4 

0 0 
[NO C I 0.1 2 !_._9l�:fil 

b. 
K+ 

J01\r-
6 8o m 1 0  1 2  2pm 4 6 

{t 0 
JNoC I 0.1 2 1 , 0.0 9 MJ 

F ig )27 .  Urine K+ e xcre ljlOn f ollowing in travenou s 
O . l5H or 0 . 09111 NaC l infusion.  Note some kaliure s i s  
dur ing the infu sion i n  both case s .  ( a  - she e p  1 ,  
12 . 1 . 67 ;  b - she ep 13 , 11 . 4 . 6 7 ) . 



As aeacri.bed in Chapters 2 am 3 • 

Ca}tulatiop of reeults 

Aa deacrlbecl 1ft Chapters 2 artt1 z... 

( 1 )  Coptrpl 

See Chapter z... 

( 2) 0115! N«Cl 

JtF.S!lL'l'S 

+ -
Ezcm tion of the e.dministerecl a • Cl aD4 water in the urine 

appeare4 to be less when the preinfuai.on 

Exoretioft ot water aoeampanied that ot 
+ excretion. 2 peaks of both 

+ 
excretion low (Table 28) . 

+ . 
: OD the 3 day8 of signiticently 

+ (Fig 1 ?4) am wnter excretion 

(ll'ig 1 25) were appareat; turthermare, OD the dq whea Nn excreti01l a 

only YeJ7 Bli&btl.y ra.tset4 tb urine fl.cnr barely ifterease4 (by 5-10 ml./30 

aiD) . Ho r, uriae f'lcm 

60 - 90 ldDUtea (Yf8 1�) • 

indepeDCleDt ot total eolute 

-Cl ezaett. waa ia 

'!'he OYerall ezcntioa of K+ HCO; CID 3 � DO dif'f'ereJtt 

tr. tlult o coatJool dqs (tleolima ot 13-371' 22-5$& respectiftl.y) . 
+ On th fourth clq, both were a little greater, more perticulerq K 
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a .  

:J 0 �----'-::-'--"-::---'----:-----'--'-----'-----:' 
8o.m. 1 0  1 2  2 pm 4 6 � � 

b. 

8om 1 0  1 2  

'i} 0 
2p.m. 4 

Fig 128.  Frine HC03 
excre t i on and urine pH 
f ollowing intravenous  
0 . 15� NaC l infusi on . 
Note the overall f al l  
i n  both parame ter s ;  the 

1 acid  urine and very low 
6 HC0'3 on the day shovm 

(!Joc l  0.1 2 7 1 .ii8 [NOe l 0.1 2 I ,  0.1 5 MI in  b , c . ( a  - sheep 2 ,  
12 . 12 . 66 ;  b , c  - shee p  
15 , 6 . 3 . 6 7 ) . 
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0.9 �---L::-'--:-'--"----'------L--' 

Bo m  1 0  1 2  2pm. 4 
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n: � O. P. 
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� �  :::r �� a B o m. 1 0  1 2  2pm 4 
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c 320 
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C .  
T O TA L  

SOL U T E S  

0 240 �--'-��--"----'-----� a 8o.m. 1 0 1 2 2p.m 4 

F ig 129 .  CPlasme. pro te in_7, re lative plasma volume , plasma 
O . P . and t o tal s olute c ontent f ol l owing intravenou s O . l5hl or 
0 . 09M TiaC l infusion.  Note the small incre ase in volume , O . P . 
and t o tal s olute s ,  but overall fall in  O . P. ; pr ote i n  chenge s 
c on s i s tent with those in volume . ( a , b - she e p  13 , 11. 4 . 67 ;  c -
0 - she e p  2 ,  12 . 12 . 6 6 ;  0 - she e p  13 , 11. 4 . 67 ;  X - she e p  15 , 
6 . 3 . 67 ;  A - she ep 1 ,  12 . 1 . 67 ) . 
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F ig 130 .  Plasma fr.ra + J 
and fcl-_7 f ollowing 
intravenou s O .  091:1 NaC l 
infusion.  Note t.be over-
all fall in f:na ' _7 ; the 
small incre ase in f:C l

-
_7 

d uring the infusion .  
( She ep 13 , 1 1 . 4 . 67 ) . 
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c K 
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u � 
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N o  C l  - a.  ';- 1 4 0  b.  

; :J 0 0 Ill Ill E E - -

� 1 3 0 
� ._':!_, 

0 0 E E "' "' 0 0 
0. 1 2 0  Q 

8o.m 1 0  1 2  2pm. 4 

0 0 
!NoC I  0.1 2 1 , 0.0 9 Mj !NoC I  01 2 1 . 0 09 Mj 

�ig 131 .  Plasma K+ content f ollow­
l.ng intraven ou s  O . l5T:I or 0 .  09!:1 NaCl 
infusion. Note the lack of consi s t­
ent change . ( � - sheep  2 ,  12 . 12 . 6 6 ;  

X - sheep 13 , 11.  4 .  6 7 ; 0 - shee lJ 
15 , 6 . 3 . 67 ;  0 - sheep 1 ,  12 . 1 . 67 ) . 

+ 

b. 
N o  

8 am. 1 0  1 2  2p.m. 4 6 

0 {t 
!NoC I 0 1 2 1 , 1 5 Mj 

F ig 132 . Urine Na+ e xcre tion f ollowing intravenous 1 .  51:I HaCl 
infusion . Note the e arlier on s e t  and the hi2'her and e arlier 
peak excre tion when the preinfusion Ha+ was higher ( a ) c ompared  
w i th low leve l s  ( b ) . ( a - sheep 15 , 13 . 2 . 67 ;  b - she e p  2 ,  
14 . 3 . 67 ) . 



(Pig 1 27a) Which increaaed by 1�. ac�med by a zt iDcfta iD flCo; • 

.. In all, howner, there waa i.DOreas in K excretion duJ'J..ng the 

infualoD (Pig 127a,b) . HCoj exaret10D tended to decline (FiB <t28a) ,  

1 70. 

-
eye men the initial nco3 cw low (Ftg 1 28'b) . which included both 

dt\7e ot low Na • exczoetioL On tbeae occa.aiona Ul"'iDe ('HCo;,J lcw 

aad urine pH f'ell 11101'8 thaD usue1. to b low pH 7.0 (Fig 128c) . 

0 all 4ap tJ1e pla8J!J8 'VOlulle 1norease4. but remained vitbill 

the � at tbe CODtrols emept f'or th largest irJcrease or 1� whiah 

OOGUJ"l'e4 oD a a.. wbeft I!JOl'e than the 1Df'uae4 tfa + wae ex:ct"ete4 (Pis 129&) .  

Simllarly, pluma o.P .. .  (Fig 1m) &M total solute conttmt (Fig 1 29c) sho a 

a slisht iacreue t 80t!8 stage in al1 Z.. ea.  Th1a increas -.a of tb 

aam� order or 1188Jlitude as in the controls, but contrasts 't'dth the variability 

of the direction of cbmJge 11'1 th latter. CPlasna protein.} chaDg s were 

1 8ltA oouiatst \Yith the calculated ftl.atln pl volume. (Fig 1 29&) .  

Pl CNa • J decreased ever the ezperimeDta1 period (Fig 130a) , but the 

drop large compared v4. th that 1n 0 • ; OD 2 da.18, the c + J dropped 

(') 

• excret1 \71.18 high (9.5 ana 



Facing -page 171 .  

a. 

c 8 0  E 
VO L U M E 

0 
M 

-
E 
E 4 0  
" ; J , , ,  " 

8o m 1 0  1 2  
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'E 8 o  

T O T A L  

SOLU T E S  
"' 
0 E 
"' 
"' 
" 4 0  
0 "' 

0 
0 

� 

"' 
c 0 :-------'-----'-:-'---'---'---.l..__j--L_l__j 

8 o.m 1 0  1 2  2om. 4 6 '­
" 0 0 

jNoC I  0.1 2 1 ,  1 . 5 Mj 
F i f?  133 . Urine  volume and total s o lute excre ti on f ollowing 
intravenous  1. 51\I NaC l in£u sion .  Note the simi lar effe c t  on both 
par ame ter s of the infu sion .  ( S heep  2 ,  14 . 3 . 67 ) . 

a.  b. 

�N 

"' 
VOLUME E 1 .3 " 

0 > 
0 � E 

N 
"' 
0 

1 .1 a. 
"' � 
c; 

0.9 [ I I I [ � '- I I I I I I I I I I I I I 
8om 1 0  1 2  2 pm. 4 8o.m 1 0  1 2  2om 4 

{f 0 0 0 
jN oC I  0.1 2 1 , 1 .5 M j jNoC I 0.1 2 1 , 1 .5 M j 

F i g  134 . ['"Plasma pr ote inJ and re lative plasma volume f ollow­
ing intravenous 1 .  51\:T NaC l infusion .  Note the typical re spon se 
in a ;  the unu sual d ay in b when a large fall in plasma v olume 
o c curred ( a t  11 . 15 a . m. ) a.lthough change s in protein vvere not  
unu sual . ( a - s he e p  2 ,  14 . 3 . 67 ;  b - sheep  1 ,  10 . 1 . 67 ) . 
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T O TA L 

S O L U T E S  

a .  

F i P- 13 5 .  Pla sm a  t o t a l  s o l u te 
c on te n t  f o llowi n g  intr av e n ou s 1 . 5M 
or 0 . 9M NaO l infu s i on .  Note the 
in cre a s e  d ur in g  the inf u s i on . 
( A - she e p  1 ,  10 . 1 . 67 ;  

x - she e p  2 ,  14 . 3 . 67 ;  
o - s he e p  13 , 13 . 4 . 67 ;  
o - s he e p  1 5 , 13 . 2 . 67 ) . 

b. 
O. P. 

� 2 8 0 '---1-----L__L----'--_j_--'--...J.__J 
8a.m. 1 0 1 2  2pm 4 o. 8 a m. 1 0  1 2  2 p m. 4 

L\} L\} 
JNoC I  0.1 2 1 , 1 . 5 Mj 

L\} L\} 
JNoC I  0.1 2GS"M] 

F ig 13 6 .  Plasma O . P .  f ol l ow i n g  i n tr ave n ou s  1. 5M NaC l infu s i on .  
N o te the pe ak O . P. in b o th ; f a i lure t o  re turn t o  the pr e - in f u s­
i on v al u e  only in a.  ( a she e n  1 ,  10 . 1 . 67 ;  b - she e p  1 5 , 
13 . 2 . 67 ) . 

a.  b.  
C l  

6 1 2 5 

~ t , L � � 1 00 ':--'----'---'---'-----'---'--..J._j � 8a.m. 1 0  1 2  2 pm 4 E 8am. 1 0  1 2  2 P.m. 4 

� � o ·  � o o 
JNoC I  0.1 2 1 , 0.9 MJ JNoC I  0.1 2 1 , 1. 5 MJ 

F i g  137 . P l a sma LHa + _7 and LC l
-_7 f o l l ov1 ing i n trav e n o u s  o .  9M 

or 1 . 5M NaC l  infu s i on .  N o te the incr e a se in b o t h  parame ter s 
during the infu s i on .  ( a - s he e p  13 , 13 . 4 . 67 ;  b - she e p  15 , 
13 . 2 . 67 ) . 



m&.1d.mum iD the second hour of 30 and 42 m-equiv/30 miD. then e.tt:.. 

the 1Dtuaioa dropped npidly to near the initial rate (F18 1 32a) or below. 

Overall 1 1 0  and 9 m-equiv re retaiDad from the 180 m-equiv lood. When 

the preiatuaion Na + was lo ( o. 1 2  am 0.1 8 m-equi v/30 min) , the onset 

ODd bulk of the uatriUI"eSiS re l ater  8lld the peak excr tion \788 lower. 

Atter a aelay of 60 mimtes + 
excretion rose to o ma.Umu:m ot 7 amd 1 3  

m-equi v/.30 miD in the po�uaioa period in which the g!'enter part of the 

natriunaia oceurre4 (Fig 132b) • The oYerall retention on the-se dqa waa 

57 of 108 and 1 24  ot 1 80  m-equt.v. 

t1rine f'low end total solute ucretion changed . together, sat 

reflectea peaks of both n + and K+ {Fig 1 33a,b) . Overall, t18 uriDe 
... 

vol\lllle was 1 1 2  m1 110ft am 99 m1 leas than the iDtoaed volume for low Na , 
+ and 8 Jl1 more 8Dil 295 ml less _ for high Na • 

'!'he pl-. volune am total solute oofttent increased during the 

intuaion (Fig 134., 135) 1 aDd OD oaly oft! � failed to return to the 

pre1Jd\laion value (Fig 1'"• 135) . The largeat increase 1D valaDe (2-'") 

BD! total eolatea (3(rt) oocurna Oft t.he d.f\T wh Na. + eu:retiOD aelaye4 

for 60 mlDDtea at'ter the lerger + load (Pia 1 31t-a) • On tle cma dq when 
the two 1ll8r& stUl elevated: at the eDC1 ot the ob rYd1cm period, the extra 

iD the ECF 
UMXCretea + ot 1 10  qui•• o:n this aq pl.a o.P. also rema.ined high 

(Fig 1" ) although on tbe other 3 it ret\11'M4 to th imtial o.P. after 

(Fie 136'b)-. ('na.a '{'Jftltem.] aupporte4 the caloulatea relatift 

pl Y011118 (Fie 1 3lla) With o• exoepUoa where a large r1 1n {'Hb .J 

an4 PCV s DDt md.ed by a rise 1ft C pla p-rotein.} (see Pta 13'tb) • 
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F ig 13 8 .  Ur ine C l- e xcre t i on f o l l owing intreve n ou s  1 .  51'.1 NaC l 
infu s i o n .  Note the pe ak d ur ing or j u s t  af ter the infu s i on .  
( a . - s he e p  2 ,  14 . 3 . 67 ;  b - she e p  15 , 13 . 2 . 67 ) . 

-
� g a.  ! :[� 
L. 
:J 

8o.m. 1 0  1 2  2pm 4 

0 0 
jNo C I  0.1 2 1 , 1 5 Mj 

I 
6 

b. 
p H  

[�1 1 
8 o m. 1 0  1 2  2pm 4 6 

{f {f 
jN o C I  0.1 2 1 , 1 . 5 Mj 

F ig 1 3 9 . Ur ine pH f ollowing intravenous 1. 5Ivi l'Ja C l  infu s i on .  
Note the fall i n  pH in b o n  a d ay o f  larger d iure si s .  
( a - she e p  2 ,  14 . 3 . 67 ;  b - she e p  1 ,  10 . 1 . 67 ) . 



F a c i n g  p a ge 1 7 2 . 
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F i ll  1 4 0 .  Ur ine K+ e xcre t i on f ol J. owi n g  i n trs ve n ou s  1 .  51.: :NaC l 
lni u s i on .  N o te t he i n cr e a s e d  excre t i on d ur i n g  the infu s i on 
and t h e  se c ond pe ak later ; the d e lay i n  on se t of the kB l i ure s i s 
whe n  the n atr i ur e s i s  was imme d i ate ( a ) , b u t  n o  d e l a y  w he n  the 
n a tr i ure s i s  w a s  d e lay e d  ( b ) . ( a - s he e p  15 , 13 . 2 . 6 7 ;  b - she e p  
2 ,  14 . 3 . 6 7 ) . 
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....:s 3 
0 

a.  � 
� 2 ������� 
o 8o.m. 1 0  1 2  2pm. 4 
Cl � 0 INoC I  0.1 2 1 , 1 . 5 MI 
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� :; 4 
u · ­
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·, " 3 

0 E 

b. 

8o.m. 1 0  1 2  2p.m. 4 

� � 
INoC I  0.1 2 1 . 15 Mj 

"' 
0 2 �'----L---'---'--'----'--__j__j 
Cl 8a.m. 1 0  1 2  2o.m 4 

F ig 14 1 .  Pla sma �K+_7 and K+ c on te n t f o l l ow i n g  in tr av e n ou s + 1 . 5M or 0 . 9M .NaC l infu s i on . Note t he VBriab le c hange s i n  I:K _7 
i n  a , b : a d r op o c curr i n g  d ur i n g  the infu s i on i n  a ,  i n  the p o s t­
infu s i on per i o d  i n  b ;  n o  tre n d  in K+ c on te n t .  ( a  - she e p  2 ,  
14 . 3 . 6 7 ;  b - s he e p  1 ,  10 . 1 . 6 7 ;  c - 0 - she e p  1 ,  10 . 1 . 6 7 ; 
>< - s he ep 2 ,  14 . 3 . 6 7 ;  6. - s he e p  1 3 , 13 . 4 . 6 7 ;  0 - s he e p  15 , 
13 . 2 . 6 7 ) . 



1 72. 

aDd Pftb bly atemmea from sudc!en r:l.ae in c1roulating nd cell maaa. 

Pl asma  CNa+J 8DCl ("Cl-.J �oll.cmea the _. tNJI4a as O.P. (Fig 137a.b) . 

- + tt1le fl"aotional Cl and Na excretioU were ver.y close on all but 
- + 

one c!a,;r when about 50 m-equiv uta Cl wu lost, bo\18ftr1 tl:ls extra It 

lon waa eroun4 50 m-equlv greater than 011 the other �. Gild a peak ot Cl­

coinoided wtth one tor x:"' (compe.re Fig 13& 11!th Fig 1.32b. 140b) . On all 

Urine pH wu estimated o:n 3 oceaaiou; 2 ot these, t.b urlae flow 

incl"eaaed little, were like oontro1a (Fig 1 39a) , but on one de.y of large 

cliureaia the pH dropped �  tJle iatoaion aDl later iDGreasecl asaiD (Fie 

139b) . HCo; excretion was exem:l.ned cm ouly cme aa.y men small mtriureaia 
-

associated with a little iMnase in Jteo3• 

(Fig 140) •. There was a 30-60 mf.Dite a.l.aJ' men tile Datrtureds commenced 

1mmecU. tel7 (F!« 140a) , taODe it waa &tl� (Fig 140b) . CCIIIJ'8ft4 with 

81'1 anrage OODtrol d8Cftaae of 1$, 68 1 6  quiv o£ extra x:+ e lost 
+ + with low H , 8lld 1 7  aa1 3 m-equt.., extra 1d. th hi8h Na • 

Change a in pla'll& [T.+ J were ftl'lable: in se p1. 
cc·.J altered little; 1D 0Dl7 ·OS. .. there a ozke4 dNp dtD!!rl8 tU 1nfuaiOD 

( 18 1418) ,  oa the di.V of largest YOlae 1Jxlrease. Ia the post-iatua1orl 

perlocl, two were higher than betore iJitaaion (P� 14.1 ) , one e lower 

( is 141b) . 011 all z. + 
ttJe pla8118 Jt contnt 
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F i g:  14 2 .  Urine 1C" e xcre tion f ollow­
ing in traven ou s  l . Ol .. 'l KC l infu s i on .  
N o te the rapid ons e t of raised re+ 
e xcre ti on ; marked kaliure s i s  dur ing 
the infus i on and r apid d e c line after . 
( Sheep 14 , 5 . 12 . 6 6 ) .  
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F ig 143 .  Plasma Lit _7 f ollowing 
intravenou s l.  m:T KCl infusion . Hote 
the+ stmilar .#ime cour se of plasma 
�K _7 and K excre t ion . ( S he e p  14 , 
5 . 12 . 6 6 ) . 
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"' 

Plasma I(!- c 7 K+ 
F ig 144 . c on te n t  following :J 

� 

i n traven ou s  l . Ol':T KC l infu sion .  � 
( 0 - she e p  2 ,  16 . 3 . 67 ;  � 

c 
o - she e p  14 , 5 . 12 . 6 6 ;  0 V 5 
)< - she e p  15 , 16 . 2 . 67 )  •. !£ 
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3 a. 8o.m 1 0  1 2  2p m 4 
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F i a  14 5 .  Urine Na+ excre tion following intraven ou s  1 .  Ol'E KCl 
Iilfu sion . Note the pe ak natriuresi s , · e arlier and higher when 
the pre infu si on na+ was higher ( a ) than w he n  it was low ( b ) . 
( a - she e p  15 , 16 . 2 . 67 ;  b - she ep  2 ,  16 . 3 . 67 ) . 
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F ig 14 6 .  Urine volume foJ. lowing 
intraven ou s  1. OM KCl infu s i on • 

Note the d iure s i s  during the 
infus i on .  ( Sheep  15 ,  16 . 2 . 67 ) . 



1Dtuaian, but ettenrara8 · nd tral'lsiellt 1DON&88 in 2, an4 aeoreea. 

in om (Fia 1t..1o) .  

A m&lb4 kalt.ureaia OGIIID8mD w:t tbia 30 millltes oa all .3 ae_,., 

reached a mu:l��na 1D tbe secon4 hour ot .32-,S · qulv/30 mia. approxima'UJ28 
tbe rate ot 1.Dtutoll plus the basal excretiOD. \Jbe.a the iDf'uslon ende4, 

the cleoUne waa �a. ntum1Jts to tt1e pretm'U81oa �ton 1ft a. hour 

ln 2, 1D 2 hours 1i'Je11 the caap1ete 1084 wu e:antea (PiS 142) • 

.AllowS.Dg 1$6 a.u .• 1n 'banl excret1oa. &t 6!r Mm-a 29 eu1. 30 m-equl• len 

a!Jl 16  m-equlv more th load appeared iJl the unn.. 

F.zoreticm f4 K+ parel.lele4 plaara {X+J (Ftg ilt-.3) aD.\ lt+ ecmtet 

( 18 144) . '1'be ex· .J. after 1i houn, of 6.8-7.5 m-equt.v/1 

repna«mtea increaeu of 2.2. 2.6 emd '•' m-ecpd.v/1, while x:• CODteat at tbe 

t rose to 11 • 14: " -.1 1 · • All boul" after iJltua1oa •na..a.. 

ex+ J aJJd K:+ ecmt..t al!Ptl7 belCIIIF tbe ialti.al Yal. e, but haa 

ret...a to tbem b7 the d ot tbe ob U"YaUoll perlo&. At nocm_ 32, 40 
tmd J9 ID-4tCJll1• ot x• ._.. eUll Nta1De4. the pl._ � ooat ralHI 

to 11  , 1� t t  spect1.�t,o, ao t1aat appi'OZ1matet.y 28, 3ft. ana .31 

m-equlY ol r:• hea le-ft tte ECP. 

x.c1 as-s.� 1a the fln't JO ���.�.a..-, •• 

2 a.va wb lfa + ._,htlOll .... h1sb the 1BI�LOD 

qulv/30 Id. ) • it reaahed a ---

MODDI 30 , tben fell 001!18lC��F 0 

bllureeu <ne tt.5a) . 0a the ot low + (0.17 D4QU1•/30 ) , the 

D8trtUNaie WU cml3" 8. 7 · qul"Y/30 miD iD thUc1 • (P18 1 ;5b) • 
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F i �  14 8.  Re lative 
pJasma v olume and 
L plasma  prote in_7 
f ollO\\'ing intraven ou s 
1 . 0},1 KC l infu sion.  
N o t e  the f a l l  in 
volume d uring the 
infusion .  ( a  - she e p  
2 ,  16 . 3 . 67 ;  b -
she e p  14 , 5 . 12 . 66 ) . 
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F ig 14 7 .  Urine total s olute 
e xcre tion f ollowing intravenou s 
1 . 0M KCl inf u s i on .  Note the peak 
e xcre tion d uring the infusion .  
( S he e p  14· , 5 . 12 . 66 ) . 

a. b.  

V O L U M E  
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P R OT E I N  
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L---' 8 a.m. 1 0 1 2  

{t {( 
8 a.m. 1 0 1 2  

0 0 
2P.m. 4 2 p m 4 

/KC I  0.1 2 1 . 1 .0 M/ /KC I  0.1 2 1 . 1 . 0 M/ 

F ig 149 .  Plasma total s olute con te n t  
f ollowing intraven ou s  l . OM KCl infu s­
i on .  Note the d e cre a se d uring the 
inf u s i on in all . ( 0 - she e p  2 ,  16 . 3 . 67 ; 
0 - she ep  14 , 5 . 12 . 66 ;  )( - she e p  15 , 
16 . 2 . 67 ) . 
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a: � 300 
0 .X 

o 'E  
� � 
o E 
Q 

a.  

1 2  

{t I KC !  0.1 2 I . 1 .0 M I 

O. P. 
b. 

[ I�  
8o.m. 1 0 12  2P.m. 4 

']} {t jKC t  0.1 2 t . 1 .0 M I 
F ig 150 . 1' 1 a. srr:a 0 .  P .  f o 1 l ow i n g  i n trave n ou s  1 .  01',: 1CC 1  i n! m :  j_ on . 
N o te the i n cr e a se d  O . P.  in a ,  b u t  t he fall in b w he n Na e xcr e t­
i on w a s  gr e a te s t .  ( a - s he e p  15 , 16 . 2 . 67 ;  b - s he e p  14 , 5 . 12 . 6 6 ) .  

a.  b. 
'? 140  

N a  + 

'? 1 1  0 
C l  

" " 0' 0' <!J <!J 

A 
� E -

" � 100 0 1 30 � � 
0 0 
E E 
"' "' 0 0 
a. 1 2 0  

-
9 0  Q 

8om. 1 0  1 2  2pm. 4 8o.m. 1 0 1 2  2pm. 4 
� ']} ']} ']} 

jKC t 0. 1 2  t , l .O Mj jKC t  0.1 2 1 , 1 .0 Mj 

- + 7 r - -F ig 1 5 1 .  Pla sma !. Na _ a n d  L C l  _/ f oJ l ow i n g: i n tra v e n o u s l . 0r.�  
KCl i nfu s i on .  N o te t h e  d e cre 2 se i n  LNB _7 d ur i n g  t h e  i n f u s i on 
B n d  t h e  m a gn i tu d e  Of t he f 1u c tu e t i on s ;  t he pe a k  Of LC1-_7 a f t e r  
t h e  inf u s i on .  ( a  - s he e p  15 , 16 . 2 . 67 ;  b - she e p  2 ,  16 . 3 . 67 ) . 
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C l  

2P.m 4 6 

F i �  1 5 2 . Ur i n e  C l- e xcre t i on 
f o 1 J  ow i n g  in trave n o u s  1 .  OF K C l  
i nf u s i on . N o t e  the p e a k  e xc r e t i on 
d ur i n g  t he i n fu s i on . ( S he e p  2 ,  
16 . 3 . 67 ) . 



1ni Uel l'8t a) qui v • 'llbile d the end ot tbe 2 boar 

ur1 n aDl total aolute exorett• both J..n&:IZ'Ia'l!UNIICl 

mazb417 at the t.1ae ot DMsri.Ql!Oais and kaliureat. (?lg 146, 147) • In 

+ :aad N excretion late 

as lt45, 41>7 aDl 555 at, the 1 ttor With the 

greatest 
+ 

loea. 

ne p.a.ac��­ (Fig 148) total solute ocmtent. (Fig 149) 

cJ:roppea to a at.UI.II._. e.tter 1 J hour a. On the n + 1oaa • least, 

�er after the im"wd.on tbaD Htare it (Fig 1Z.SS) ;  

• At 

depreaMCl to 8P1Jftll�l'te'li.Y 
tal + 1 • ooul.cl be aotlOUir.lte'd 

ten 

, .. , , . . 

abr.I�P <ns 148) . 

(718 1!50&1 . 

1 ) .. 

2 

t 

1 -
recllUOtiCl (FiB 151a) .  The ftuotuaUo• ill 

t1M tile cU..tterace la llld1ftcltal clujaU te 



F a c i n g  p a ge 17 5 .  
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jKC I 0.1 2 1 ,  1 .0 Mj 

F iF 15 3 . Uri n e  HC03 e xcr e t i o n  

f o l l ow i n g  i n tr av e n o u s 1 . 0M KC1  
i n f u s i on . N o t e  the large in cre a s e  
in e x cre t i on d ur i n g  the infu s i on .  
( S he e p  14 , 5 . 12 . 6 6 ) . 

p H  

� 9 �� � 1 " " ' " "  
b. 

8 o m. 1 0  12 2pm. 4 6 8om. 1 0  1 2  

0 0 0 0 jKC I  0.1 2 1 , 1 . 0 M  I jK C I  0.1 2 1 , 1 . 0 Mj 
F ig 1 5 4 . Ur i n e  pH f o l l ow i n g  in trav e n ou s 
l . Oi':f X C l  i n f u s i on .  Note i n  a urine pH wa s 
e im i l a r  t o  c on tr o l s , i n  b t h e r e  w a s a 
marke d f a ll i n  pH in the p o s t- infu s i on 
pe r i od . ( a - s he e p  2 ,  16 . 3 . 67 ;  b - she e p  
15 , 16 . 2 . 67 ) . 



termi iou. Nor did p1 
a peak Just after th end of the il'JfWiOD (Ftg 1 51b) . 

Cl- excretion 1� considerably in the first 30 lli.stea and 

reached a maxialD in the aeoODd hour (Fig 1 52) . The overall excntiOD was 

53 a1lCi 19 qu1-. lesa and 1 1  

equinlet to that tor 
+ + 

cretec1 K only when Na was low. 

HCo; ezczoetlon ar:ld ur1De pH were each estimated on 2 aap. 
HCo; 1noreaaea duri��g the iD:tualon but c1roppect rapi� a.fteJoward8 (Fis 153) . 

'!'he extra HCO; loaa ot 48 ana 27 qul'Y 41.11'1� tt. 2 hour infaion w s 

-
rec!uced to 20 and 24 m-equiv cmrral.l by lateJ" HCo3 con aticm. On one cla,y, 
the pH c1eoreaee4 atead1ly as in tbe OOI'Iti'Ob (Fig 1 511&) .  On the other. it 

was DO hi&her t1uJ"1Dg the 1Df'usion. but droppe4 precipi 'towdy afterwards 

(Fig 1St.b) whea HCOj &JLONtiOD 1RUI 'Yirtually Ee!'O •  

DJSCUSSION 

9.15! N!Cl 

'l'he intwlion fit 1 20  Ill ot 0•15M 1 repre nta cml.y a 8ID8l.l loa4 

f4 a• and ter. ea! was 1Dteniled to ael'ft aiDIJr aa comparison tor the 

loa4 c4 1 . tfaCl aDd 1 !  KCl. NeftJ"theleaa, tbe auut NaCl 1IJt'ue1 

content cU.d reaul.t 

+ 
sie with a Uttle extra X antion 

total aolute 

the 1:afualo a111D.e belt 

new· • a 



+ Cl-� , 

i.Jrtl"ad.uDdanal illtwd.OD t:l 0.1 51 NaCl. Aa tor the latter, 1 prei.Dtwd.OD 

+ + - + Na red.uce4 the ezcretioll o£ , Cl ea1 water, particula:rl;r Na , but the 

nell• a hiphaaio d 

were 1D pa4eut. On the clf9'8 of low excretion, 
- ... - OODtrol &\vS, ,et their 

on there was DO dela7 hi8b pre1ntuaion Ra 
+ 

+ tm4 water ezoretton, sigDiftcant, 

• 

Aa well aa the �. tbeft 4 appear to be  

+ reebaol'ptl 

cn:.Dara) • It 1a poetulatect 

rate 



the preseat atriUI'eaia, it is aeoee&al'y to poatulate a ftl'7 semd.t:lft 

volwae receptor system. 'l'h locaU of' the receptora 1a le a Ut:ely 

ainoe cm1y the latter 1'IIDU1d appear capabl. of respcmcliJJ& to $UCh a low 

infuaicm rate. Tbe sl'te of the receptora would he betwee:11 tbe 3agular 

atm.tlar bipbaato natriureaa 41 uta atter ll*ro4uocl.enal 

im'Uaioa, � that either the a diaaoete receptorn were im'olYe4, 

or elM ooDBiderable length ot tbe large nlrl8 ie aeultive to the 

atimul • Pemapa idlib1UoD ot the Na-retai.Diag aD1 anti. <U.u:retic 

primlplea reee!Jtly demor:vstntea in heart tiuue (Lockett. 1966, 1967; 

nett eat Locntt, 1968) er secretion ot Datriuretic 8l1d diuretic subatanc 8 

coulcl be imol'fd. 

,,, l 

The int'uaiODS at 1 s  HaCl oaa be OCIDp8%'94 with those ot Potter 

( 1966, 1968) iD two breeds of abeep. Altbcqh bia preiutul1on ocmditio 

wn attterer&t aD1 the 1oda greater, � ettecta cm uriae exen'tlon 

a1il pl qua.Utati.ely a1m.Uar to those obsenea. here, 

with the ucepUcm of x:+. 

reclDoe4 fNc1i 
J'e8baoloption in nonet • but OD1.:r t'ralll 

!'he nat.z1.unais 1 the BCI.IIDIIYS in the preaeat fl'ln'llftPillmAI� 

1tber 

+ 



both test r omret aal 3-4 timu tbe III8Zblum exoNtion,. with smaller 

iucreaaea iB plaaa vol.1Be 8D4 total 801 ute oorrteat . fJ.'he effl.cieaoy r4 

elimiaatiOB t4 tl • loact irJcreasd iD Potter• a cperiaJJts by 

preeoa41 tioning the sheep to Wa • loel1 ng with 1 .,.S NaCl. iD tbe di':1Dd.ag 
ntv. ID his adapted sheep. the GFR was higher ini tia1l3 aDd 1Jtoreue4 

to .a greater extet duri• the 1Df'UsiGD• ,. m adaptat1oa flbich oold appear 

to be adequate vitbout Pot� s suggested 1J190l Dt of' ADH or cm u.akDo1m 

mechaDiam. 

Intra•noua Jvpertotd.c sal.1aB iDf"uioll M.tfered fftlm intra­

rumiDBl or illtra4uo&mal m!ministraticm 1• that where the premt"Ua1on 

... 
ezoretion was high there wu 120 de1q iD ODSet of raiae4 Na exereti� 

campared with a 1-2 hour c1elt:V f'or iDhatma into the aut (ezcept oa the 

aay OD whiah dilll"fh OCOU1'ft4) • 

!he biphaatc DBV1uftala UeD after tbe SDa1l Lntrawnoua lo 4 

ot Na • waa replaced b-7 a ccma1derably' greater sltJgl.e peg oe Na + after tbe 

likel.y 

Bt1lu1 tor the tri au since the YOl.ae ot iDtuB. te pgr H la 

N1rdWcea �7 the le ot pl. 'f'Ol.e by Tlder d:nwn from the cells 

or the gut by the ra1.se4 plaaa o.P. Hon.er, the �DGl .aa · 

� tlltu8tcaa tli.G tile �er the mtri.ln'eaia tbe 

..Uer the � or phaac Y01 

aimple ftlaUGDSblp 'beii1RMm the two.. 

• that there f.lPPMl"8 to be no 

iatraY...,.ly thaD b7 other zwte • .� all clqa, eztn K+ .a lest in the 

ur1ae oompa.NCl 1d. th CO!ltNls; this was alao MGD in Dorset lfornB (P�r, 



+ qulv of extra lt 

1 • a.tDoe 

+ reflect aD early rel se f1f ICF K in 

azch8118• tor retainecl r�a +. !'hie corat:ruta vith ttJe later ka.l.iureoia 

ob8eJona a the trivesia beg8ll at oaoe, in wbich it m1gbt be 

ezpeotet! that the 811laller retai!led load � Na + wuld take loD8er • 

diaplaoe a1gnltioant amount ot 1nt.racelluler K+. In adapted to 

aa.Une loacttea• the url.Dal7 !:+ loaa was lower (Potter, 1968) • 111doh 

Potter .. gened mlPt indicate BD adaptiv. K+ CO rvaticm. It JDS¥ also 

reflect the a._.. � + -x• excb eoro.u oel1 8 <1rJdDg IIJ01"8 

rapid ft + eliJIS.JJdloJI. '1'be p lt+ eonteat c!ld JlOt alter atgaifioantl,. 

cm 810' da;r. aD! OD Oll1y om &J:{f dicl the pl88118 ('K+J drop duri.Dg tb 

iJJtuaioa. Potter ( 1966. 't968) , uaiq larger IICl. � pro4ucecl 

� cx•J tn both f4 ep. !he extel'lt ot pl vo1 

Chqgea in mo; �cm (measured OD oae �Jsg oD1.y) aD1 Ul"iDe 

pH toll.on4 the pattem ob wl t.b the other iDf'uld.GrJB. lalely 
-t:bat a ...u 1n HCo3 GDNtton OOOUI'ftC1 OCilteu�I'Nr:rtl� 

�ia. d Ul'trJe pH 4eol1N4 •• l'iabg 

tPDil dr'all.:l 

1� the rea ce1.1 

t1a prenaue •· mp�). ta7t 

�,_t.aJ. fbla wou14 81)1)_. to result 

ODIIba4:J'tiOD (lfvaer aDd H� • t'59) 

aa HiEII'ker. ish ( 1966) DOtea 



dai1M" r.lan ot uouall t 
oft 1D £'1111U1lH> 20 -.ten. 

to be vaUa • 

.. pi'WioaBlJ' J.I"JJftlftitJ.IIIIl ill -ID8fliatl:'l08 (W'il*ler 
kl&tJ.a 1 t\•• t9!iOJ Ber....a:....- -.....-•• t95i • ) • 111 GOD 

f'tcJoarl1-· t962) .ntNID (� ..a  t967) .  

ea:xr:vWil cl x.• • 

• 
-HCO, ----· -.�� .a aleo R:&.-ct. 

a• e1Sataat1-. 

an -

2t .,_.ICIUlY). AIJIDI'a:d··�� �.-tiii.PCIS 



t81 . 

total sol 

+ of N DB exCNtecl. 

+ . . 
'!'be stimulus tor -tbe K -tnaucea mtr1ureaia ia D8t ni4eat; it 

is ob'f'iooaly DOt expdod plasma voluaaa elnce bl this case it is �ea. 
It auggestea by Berl:Jner tt al. (1"' ) am AndePacm ana Pick.er:llts 
( 1962) that in the at8ta1 tubule Na + mq Mt ezcbaage aa effl.ciently fo-r 

I+ aa 1t cloea tor H\ so tbd t.be:a a load fd Jt+ is to be ccretea extra 

Wa • wU1 be lost iD the ur1ae. 1'he pntSeDt oltael"Yat1olts. however, 4o DOt 
+ . � S\4)'POi't tb1.s zplamtlon al11Ce tb Na peak pftOeile4 th&t far K except e 

the 8q at 1 

interaetion, theD the ld.a_,. 1 respcmdh!g to a etimUl Vlboae aature 8hC1 

� cm oal.7 be apeculatift• 'rhue _, be  of a.teoti• the 

passage at + tnm the ICP ·to D:F • but it. 1a JI808S.Bnry to exp1.a1D 
• 

the lup OYenhoot in ·excret1ca abae the total was tbrM 

ti11ea the intnceUular 1oaa. Altemati'ftl,., it ·aq be tbat 81\1 iJltJ'aYeDGUB 

iatwd.OD ta atillnQ.us rer mtrlunata. u •vuostea ft1r tbe Nael iDf'wsioca 

+ !a  

ezt�r.!l attu the KC1 after tbe 1aotcmlc lfaCl, that it is -.aaar.Y 

to poatulate • eenaitis · eft< ot tt. iDtwsect x• ea • ucret!.OD. 



PiakeriDs (1962) fowad DD �  wlf;h a Aienar i.Df'Ualon 111 cowa. It 

oou1a be aeoonc1aly to oolute losa- howewr the ldd!Jey 1ln& DOt opera:tu.g at 

cbtet � uta) • A third pou1M.Ut7 1a l"8dueed AM i • 

ROWftr. the generally aoeepte4 · 1maU to� thlB. � deo:reaaed pl 

1JICII8IUI84 2 of 3 
not perta.ill iD tbte ea : 0 • 

HCo; excnt1o � tbe infaat. �· 27 4-8 m--equiY on 2 

dqs. perUouluq When the 5a + exoretia was ft1'7 h1gb.. WhUe thia 
-

be the result of a iJJcreased fUterecl o£ aco1• tt 1s mare llkel7 

u+ -
a- - lther ftc1-.N1 n CINtioft.. ar ucntlaD of RCo3 1D t1oD 

�� (dth a 

-HCo3 em:ret:lcm obf!I8J'IINNI. 1Jt 'Pft 

COIIIIDD13' rwD!ll'flf'Aitl! 

ot 

• • wll aa 



oanMqUellt upon teecUag or e1� aclm1ntatratlGft m a1.reel't:f lMtell 
t\11CU8ae4 tor eech � attuatlCJD in Chaptel's 2-6. ID this 

aeoticm_ the OOJ'ltl"1bue1cma t:4 tbaee ob.8ft'Yat1fta to kDI:IIB1 ot ftiBl 

- + + 
eand.wne. kbJg albl'•· rich l1l !EO, &Id Jt 8Dl low iD • ne 

OCI:tftitutioa of the diet app 'be largel..y reBpODIIible � tbeae 

tnca by table aaipulation fl1f the diet. 'I or ext�DD1e. 801d viDe ia 

,......,�._ Featuoa hav ot 1 aiiirogen, &lkall 
OODti'Utin« with Ul'liJea at pH 8J iD ala 

n � 

eatJrel;r a atet. tJJe poaatbUtv .a.ne 
�bU-.. � naua�  .t !ltical with 

OC.IOB1.7 ..a tu 

ootlte!lt (Brouwr t 

atknl ire eerth coat• , 

• 



rau.a to rat .. x• � 1a ttae sheep a1 tbouab + ret.ent1.oJl 11 

ocour. '!'he radmmt bu been aor1W aa ha� an atJp:l.oal Nna1 

rupoue to A»R ill that ill �pcmio •""'-'• 1 t proc1Doea an u..reau 1D 

ur!M flow aDl .teotl'Ol.yte aoreUoe_ particularly �e• (lt:t..mJIJ et al•• 
1961 J C1"08� '1'horatcm aDd TwcJal l • '196.3t CftU 8114 � 1"6; 

aofarlae. l'::!JIM• Yalmale.J'7 Siebert &Dt1 Peter. 19&7) • Sinolt tbe sheep 
are puUftlarly :tiw to AIJR (l'ut'arlue d •• 1,c;7) . it DI8J' 

be that injectioB ot eftD &IIIBl.l doaes into azrlwal proclUDing MP 

action of ADH ill pb;piol.osioal amouats 1D tbe &beep 18 DO auTerent 

tll lB atber apeciee. 

ID tJuoee tDs.taJicea 1a the preaeat 

ot t11a ahHp &VDI .... Ml 

limt, the 

the poor e11Jd.Datt.oB by oam:lwre un1eaa subjeoted to a period ot 

s4aptaUon to x+ 'load11J8 (Thatcber an1 Redttra. 19lt-7) . l't S.s reaaanable 

this 

i.oa ot al. .... Air 

caat OD tbe llliOde f4 

ebO'Bd the em111011Ml 

obmrd.i) h,yperaecret­
be 

81noe 8Adtla111DI.Ilst:nti1GD ot 8 ld the x• 

lMf't'eott • 

.... - � ... 0.1 

1ll"iDe pH tell ihmSfta the 4t at• 

1 .. ICl. with 

iac'reu1fts 1JI'i t1 1:n csml • • tbe \1P1 re 1D 

alletP la also lD nlJmletio b · (Barcl.q et 11 • • 1"'-7; Beta 



o.15t. KC1 1ato tbe rm.-. 

� water 1084Dg lD (Curdota aa1 

is ob'f1oual3 clo� �. altliough 11ttl.e la 

mteeiba221•118 1ntolftel. Ur1Dary "+ has bean 81114 

to "- 1Df"l • oa11 ex· J < • •  ,m, " al·· ,,66) • 

b7 Ha"' � ( d al.• 19St J  DM14aoa d 11•• 1958; Wallter 

et al•• 1� ; 

ape a pouD1e aa.•mm.a ot the bllureaia 11tel.WWrc «U����ttea m 
p.&allllllll er: J. pl r eoat*lt, 

ar IO ta 

f'DGiUI"'ad 1D 

.�1111 lD tt. PNS-' h]•tmellh 



aa kaUUNtio taot81" after K+ lMMng. The uperimeD.t:a 111Vo1Yi 

aubnaat1&1 ad41tion of K+ intO ._  D:.F support the �si& the• either 

�ID ex+ 1 OJ" 1(" COJitet ia the a ftlthMd of the lr:alJ.uaoeeU aince, 

:tollowiltg 1Dbaraa1DBl o.1 5r«  m:1, ana &:artng ., • xc1 � iDtueiou. 
+ /"'1 + 7 + lt excrettoa paralleled both plaane , K J aDt 1t coater*. On the other 

h8Dl, tollowtns all � 1.rlfuatoM, there wu DO oonaietct relati.ODBbip 

be'tweea p1.- CK+.J 8bd �r• exorette, ana, 1a tan. when lerge loacls o� 
NaCl wen intJoed.uced into tbe gut, the re.ultult kaliureals aaaociatea 

vtth a ooD81at.t deol'eaae la plaaa ex+ .J • fte !Jspotheala �t ECF It+ 

ooat.eut af.Abt be ti» kaU.urelle f'acte noeiYed mon support atooe the 

kal.iveld.a after :llltraruatillal illtwdon 114 both NaCl eolutiODB aDd the 

with iDGre8ae4 pl 

+ illfernd f\'om � iD ECP 1t coa�-.t uriDe louea.. Follow!J:t8 tile 
laban_. ltCl �-. wbea oal.ou1atioD ot x• on ULto oaUa 

lt 4 ot thlt pt  

.. hftt_)l oe11 [T.. J a1.eo 

ret�.a to the 1ld tt.a1 leftl atte w.ter 1IOftll8lt mto the ICP 



+ 
in the ECF 1: content and tbe increase in plaaa o.P. Similarq, a1'ter 

tbe �D81 inf'usicm of 1 .� KCl ,  although tbe ECF X+ eoatent rise 

was cml7 eaa11 iDiti.al.l.y� the rise 1a plasma o .P .  wu stealtY an d  ir& itself 

would tend to raise cell CK+ .J by dehydration. In tbe cas of' infusicma 

other the KCl , it is hal'der to predict what would happen te cell {'I+ J, 

since on one hand tb K+ i s  npperetltly displacecl from the cell, cmd. or& the 

�her water may he draml out of the oells, particu181"1y after bnertonio 

infualons. After iaotontc NaCl iDfueiou, it a s UftlU:ely that the 

kaliuresis could be ascribed to e ither inoreaaed cell x• content or 

It 120\ilcl certainly se + 
that cell K conterlt CaD be ruled 

out u a determiDant of kaliuresia after these other 1Dtuaions since 

+ 1DO'ftm8Jlt o't It would. seem to be out of cells. The posaibllity remaills, 

howeftr, that it ia not the ["K+ J of boa)- oells in general t'Jhlch cleterminea 

x• excretion, but the ex• 1 of apecialihd oella such s those of the 

reMl c11at&l tubule , a possibU1 ty whioh tJOUld be ditficul t to de'temine 

expei"1Mutall7. 

fl'OII· tb ab(ne d1acuasioa i-t wo�d appear that the-e is no single 

obYioua oonti'Oller of x• ucret1on 1n all a1 t tion.a. Then is DO aacm, 

The eneota � tbe major � ot x:• ezmoeuoa ...., be 

modulated by illteracti.olll th tnaaport t4 otller 10DS acroaa the 1"8D8l 



188. 

+ lt excretion uaooiat 
+ exaretion, or I'9C1.uce4 cicl loaa 

ma.y DOt always reftlt tram such a reml tubular iuterection, ea1 1a two 

instance& in the preaent experiments such 110Uld appear to b the eaae .  In 

moat iutance after izlhalon of either Neel or !Cl , there vu both a 

natriureaia aDd a keliunaia, • froequ&ntly the p 

4eclim� 1'8pial.7 clur!ng the latter.. Such obaenatio nd:e it cllfficult 

+ 
to COIIClude that the inc.reasect a excretion as rel ted to tbe kaliureeia 

at the renal level . 

+ fla retention. 

Stac.r and Brook ( 1 961..) aupportect rumr• a h,ypotbeei8 that oompeti tion w1 th 

tition 1� the solo factor, aiDCe there was aeparattcm iD time of 

+ 
the m1Dl.DnD K exOftt!.on aDd Ul"iiJB pH, aDtl. kel.lurtud.a fol'Ced b.y 

acetuolamide OOCNI'J"ed at the a.pense of pl K+ . 

+ H aeoret1GD by tie Jd.aney resulta in 8CII"ptioa t4 the l..tral 

HCo;, f. J.l.Cnred by eUmiBaUoD titratabl.e acicll V ana m(. In rumiDlJlta, 

the ecid ioea la emall, o; 1• l� the a:&a�E"'!J·tion ot 

tiu.tabl.e 

- . the -.o1� o� ac:o, beu.g exoret.a 

urine la 

4 

a11JS].e datl3 teed, a · tlcm 

unally lncre aea to an A'rl:Jam that (Hce;.J t.U to 1 lewla 



ODd the uriDe },eoa��e ao14; cm a tn 4aya, howe?er, the url · remaiDed 

a1 kaltne w1 th Jd.«her Cm;o;J. 
'lld.le it ia generally belinecl that HCOj reabA!'pU.oB tJs ia the 

torm ot co2, 14 and HUla ( 1965) aloW. tea that HCo; nabaerption 
aa must ocour in alkalotic llll!t.ll. Purtller. they p� that the 

extent ot dinot Hco; reabaorpti was · aependet* upcm the lmdnel CHCo;.J. 
81'11 thus decreued with rtatng urJ.ne now. It th«lr Jv'potheaia is 

-relate abaapa in HCO, 3tCl"etion to that ot ezarete4 caUoae. In carni'f'ONa, 

the Yirtual e or uriDsJ:'y' HCo; leuea fixed &Jiion such a Cl- to 

+ + -� a eat K • In sheep. howftr• HCo3 not on1.;r �a 88 all absorber 

ol H+ but alao aa an D1on aoci atecl with + ani K+. After · - ral 
-

electrolyte iDt'Ualona in the sheep. raiaed HC03 uoretlou &CCCI!Ipant.ea mt 

+ + + oaly iDOreaaed K u tioD, wtd.eh ld.gbt be expected 011 the buia ot 1: -H 

oompeti tloa. but alao ac 
-

ezcretea HCo3 is aaaooiated with cetio• in thia ,..., ebould available 

HCo; be limitiJ2«, it toroe ezoretion ot acta iD oth _ toftaa (titratable 

acd.a aDd �. 'ftd.a could dete:ral•a u:per;�aDtall.T• The ooanr1se 

al�o JRt\7' be 1arol"f'84 iD �  nl ea GC��Ntlo .r R • lt+ at with 
. -1:bat td _BCo3 a.urtng watw atunata lD a.p. 

HUla ( 1 965) tbat part tJ:- I.JIGNIIMCI o ttcm 

l.e-14 

� be 

aeoolll!ar, to re4\lee4 nabaarptt when HCO; I'Mia•IJ'Pt:t'oa la N4uce4 by the 

1 1-s..1 ('Mco;.J;. 
the t 



eft'eot ot glomerular ftltnUon 8Dil tubular � In the present 

eerJ.ea ot electrolyte i.utuaicea, . .atDee GFI. 1r11:a DOt measured, it ia 

impossible to determine how IIRICh or · a tiUI"Pia or -.tritll"eSi.a ma due to 

iDa:l"8aaecl til tration or to decnaaed reabsorption. '1'o acbteYe tba higher 

increases 1a exvetory rate, it like17 that both cbaniams wen 

contributing. 

In . the oaee o£ water, deozoeaaecl rea))aorpt1on ia elanloall,y 
attributed to reduce4 ADH aecretion, which in tum reaulta f!.raa a fall in 

plaama oSIIIOlality or 1Doreaae4 p1 "f011.11e. Neither of tbe st1mu11 

was obaerncl De1"oft or dur1 the at.ureai.a tollowl &CIIIle �. Por 

BD4 o.P .  

chmw a were 110 anater tbaa in the ooatrola; thU baa al. been report 4 

with water loa41Jts in (CortloYa 8Dl Locooo, 1961..) .  Fuft.bezmore, an 

iDteaae diureais followed ifttrar••Jml aclmiD1stJoatioD of 0.1 KCl, although 

aa tbe ae  augpst that OCIIIlpOD&at ot tbe c!l\Jfttio · ia 

&Mmatti•• to a atiaul other tbaD raliaed � iD YOl. 

ar all V• ot a reoeptar oloae to the alU ot 

ioa (ad to the Site ot adml atftticm 1B 110118 expe�llta) be 

t ot aeD&IJtg aaal1 o!8Dge iD 0 .P • 01" iDareaaeS ECP or pl.aama 

GiWriJUII.a1iiill,.giD baa ll 'ftl • I'D tact, 1n 

•965r 196'; Ad•, ""'; Kowaald., A a ·  

•966; Habericb, Ads ut! 1967; HUerl.oh. 1968) • They itmt that 

tM taseaU ot er 8tiaulatea this receptO:r. 8ftd that tbe �atl011 ot 



In the o 
. + d Na , decrease! rea'NorptioD hu been attributed 

to a na'triuretic factor aoti.ng in t.h proximal tubule (Cortney et el•• 1965J 
Cirkaaa et al . ,  1965J Ml'b et al•• 1'65; atac:e. 1966; Landwehr et ftl• •  

1967} , or ewer a lcmger perio4 ar tu., to- s-eauoea al� aecret1oa 

leacli� tO 4eoreaM4 distal tubular reabsorption. The proximal •cbafti• 

the inoreaae in P�­ extent of the 

natriureaiaJ after amall + lOGCla (O.i!ll .Cl ..__.,..ft!JDU:8q or intraduodea-

a larpr increase ln YOl.aae 1d. th OGDplete lfa + retent101l. Stnoe the 

natril.ll'etio atbnilua does DOt appear to be the qatemlc iDereaae in ECF 

YOl,.., 1 t � U'iae f'rom a local r.-ptor .echAJd tmal.SSOWJ to that for 

ADH la the portal o11"01llat10L 

S.a properties or tlte triuntio mechaDlam a.re apparut tJ'CIIl 

the prneJlt �- it appe to be aeuiti.Ye to • initial Na + 

) + + 
low al. to the aouroe or n.te ot aoqula1t101l ot Ita • a lup loada 

+ 
wn iatWiea into gUt, ezaNUcm. but DOt aorpti_on, clel._,ed; 

+ w1 llltraYeBDUS , tbe a.l.q depeDilent Oil tb preintuatcm �tlon 

� 1 ; 1lh El waa siwe. __..tlon ot tta + ataplaoe4 f'lml the 

..Ue .a without 4ell\f• 



The time oouzo of the t1110 wu similar, &ad lcm preint on I + exCJ"'8tion 

•e..a aaaooi :ted \'d. th 1Dhil>1 tion ol both. si a • the 

inten th 4i.Wte:d.s, tho 1 wu the pla 

ate et 

ter, nazt otter Irel. ,  ad 1 at f'ter 1 ,  but t plaana YOl ob&Dge 
wn in the reverse Ol'!er. !hu, the �l'iureata and th cliu:resia &hare 

the e l"eeeptor ai te ,  or the one e:tterent eyst.em 
ef'hcrb. The c a reoeptor � one el.Nat\Y' hou to be aaaociat.ed W1th 

ADH ooutrol, the porlal eyat reoeptor, or pel'hapa t.be 1 tt tnal. 

reeept of G (Remy et, B.±• r 1 9.s6; end P • 196)) • 

Altern&Uftq, an iD pn4erst aatidluretio subat e11rd.lar to or iclontioal 

with tt. a=ttiure'tto-antinatrluret:l.o aUbsta · isolate by n tt 8D4 

Lockett ( 1968) tl'Olft hevt ties..- b tmol. na. 

iDee it 

1'ho site or nature of a.tw" auoh re ptor 1& purely conjeotur • It 

likely 1 tea 1n m low naaure ·tae o� the ci.Jooul. tion 

'be Mt'lllit1ve nough to reaponii to an �  0.1 5 NaCl 
infusion o1' as little u 1 cl/m1Jh 1' th aim.U response to 
tnfusiGll iDto the duodemln or illto the � vein; it u e &tea that 

the nceptor would be olo to the beuot, or el. rel. ed to the tots ot 

the wolla ot' t r a ooui� le 1�. 

veftl upeota of the oorrtrol f lllll 

eleotrol • ha be Mao 4 'beeauae OftiMin ad•L•I• tail to exp1aln 
att. Vurt.het;t ezperimentatiOD 

ould tJiltlttlWtr or not td.tb o UbClleStb'llbet\ 00111p0 • do plq a 

role in th " ngulator,v proo •• tn pU"ti uJ.o, 

to Ie o· az:t�tulft 1r1 ' 



+ + 1la and lt excreti on. GD.i if 60, ia then a ndiatr:f.'but1oll el the tGNS 

1n wbi.ch H+ ia eareted in � to maiDta1D ac1a-Mae balance? What 

+ 

+ then MYeral detend.mnt a£ Jt a:oretion. aad how 1mporto.nt is the 

iutraoellular tc• in thia nspeot� 

-

with a aimple eolv.tlon, or 1p Btp acroaa stftppe4 abeet:a 1:4 1'\Deft epith 11111. 

+ 
S.h experiMnta haft eatabl1ahe4 that 1a aot1Yel7 abecrbetl t.l"ooll rtJDen 

+ - -
coutenta, that lC • Cl tmil JJ:o3 am-e aocor� to tbe electrochel1cal gretie!lt, 

aD4 that the ZWI8Il mocoaa ia .-r � . Altho h tbeae oboerYatiou 

pl'V q qualitati� ooaMt, there haa DCJt ea aoourate quaatitati.e 

Rimatioa of ..t tnnaf'en in �olostoal ocmctt ti0fl8,. 

Extnpolati.OD flail the mmM'illlll!li'll'ta deHJ'! 4 above to a real 

phyaioloeleal ait.Ucm haa DDt 

t951). � .. waJI!ai1- 0 • 

n eible a1DDe 

4e)ll'e8ee4 'tJ7 atu9atiOD 

PbUllpeon, 

rm��m t111ea with saliM 

Oftl'll:laht (J.IIh &Dil DOIJlBCm. 1963} . Al::tbo-.11 •ter atil � tftDat81'8 

.. athcted 



es:hibitiOJl ot- the normal tre.1'18part properti a. ftd.a 1a iDdioated. by the 

need for the she p to be rea before a aample ot l'UIIIJl epithelltlll 1 takea 

for atue\'r 1e !1tro• end for the ti ssues to be bathed by VPA- CODtaiDi�tC 

solution to obtaill a stable p.roparation (Ferreira et iL• � 1966} . 

Est tea 

81111 the dUutiOD rat , Bl1d 
/ 

� the wtth the saliTQ1'1' flow, either mea��d ar e.ssmed (Hyden, 

1961 ; Engelhardt, 1963; Stac7 .a wemer. 1966; 'temouth. 1 967) . In 

pro.otio•. I'Uilel1 wlllllle eatimatioas ueillg aaaer motion tecl'mtquea oontaiD 

iDaocuraei a beoauae ezper.Lmeat ore trequotl7 perf'OJIIIIDd UDder ocmcli tioD8 

a reaul t • there is ooDSidere.bl variation in the reaul ta obtained by different 

1DCreaa s; Stacy and W8l"'HHI' ( t966} believed 

that mted al.Jiaost entirely for extN fluid, but 

Temouth ( 1967) e imoted that 2(fb Jlten4 8CI"'8a the r n tmll.. 

s 
+ of Na , little 

aet tnaa1'er of wa1�er 81'14 el� oooun ao:roaa th • This 

Ulaa1�ted 

total .-,m�t; ot K+ AMIOrl� 

ot 0.1 51« 1 .  Eel. 

· · taken pl • 

� aJ.fterenae 1D th U.. ooarae aal 

buUt up in the 



ot abaorptio was de'la.red. but over lij- how oltaer. tion period � 
more K+ waa excreted. -rbts be e:xplaille4 by increaae4 rettculo-rud 1)8.1 

outf'low to liON c11atal l'e8iODB of the gut cauaect by tlae lal'ger increase 1D 

raaen Yol e ( ab. 1962) . '1'he OTerall greater It+ absorption TJOUl.ct suggest 

+ that the ruaeD K peraeabW ty is DOt high, ar at 1 aat ocMi rably lower 

than that t:4 the amel.l iftteati.ne. 

+ tn ccmtrast... the rate of Na .,take fi'Om tM l'\ID&D appeared to be 

appreci lble,  and to dit�er very little wtth the two OODCentJoaticm:s of 1 

infuse ' perbapa beift8 a 1i ttle sreater ha the 1 ·511 solution. + 

abaorption ia atmilar :1n the tw cues altbo�h reticul.ar outflcnr would be 

Cpeotod to be iaoreased far JDCm�t by the larger Yol (0.15!11) thaD by the 

ama.Uer wltae ( 1 • ) • lDfwsion � 1 .SM NaC1 iuto the rui!8D aDd iDto the 

d'UOClemlll reatil.ted in a qualitati.ely sim:Uar picture, oal a slightly greater 

uptake after the in� infuaicma thaD :f'rom the � of iDte tiDal 

intuaiou. It would th-el"8f'ore 
+ likely' that the rate o1' na abaorption 

net wat r transfv. '1'he prolo 

antmal.a (E l.harat, 1963; Warner a Stacy, 1965; Tensouth, t967) ooul.d 

arise fro• ocmt1Bui- a+ orpti in aces of wa: r. The depre.aaecl 

n o .P .  toll 111f'.t of ter r.lHB alowq aDd at 

e s�. •�> . WM�� 

O.P • woul4 be ezpee to 

the riae iD 
sreti•nt 

ln'.allllft' 1Doreue ulct be the ..,...,..., ........ t et tm 



1\Ypertold.o or ieotom.o aallva. FU'I'ther support tor the rel.ativel¥ l.cnr 

:ter peraeabUity of tb rumen is the f'ailure at Staos' aa1 arnar {1966) 

to detect traDarurd.JuU :ter inf'luz 1lbea tv"Perie!d.c aoluticms lJeft inf'ue4 

into the I"1Dim• In th pNBellt uperime1rta, tbere waa no e vidence that 

•ter ntere4 the l"UIIen an-er the �oJd.o 1Df'u81ona: in DO cue c1itl 

the relat1Ye pl wl after the infua:l.on M 1t ed.ght be expected 

to clo 11' the nae were Jd.gbly water permeUle, particularl;v after the 1 .  

KCl. which was oal.y slowl;v absorbecl. 

!he abeorptioD 8lld ezcret1on of water after the 3 li tn UrtrU'UIIlinal 

int'Uaiou 1• tible with ODly a ..U diOUilt f4 at.rect ab801'pt1e across 

the n wall aDd a large traction fr. the i.JltestiDa. The total tlu14 

absorbed t'l'all the 3 types of inha1cm abd.lar (around -,& of the vol 

aclministere4) al. though tbe p1'Gp01"tiOD appear1Jt8 1n th ur1Da vsrled with the 

inhsecl aolute. I� the vol. raiaea the cJI!Wutal outflow in 

proportiOil to the YOl aMea (.uh� 1962) • although tbe · t1on of thia 

digeata would ftr3' after the tlift'erent 1nf'Uaian8. The time oomoae of fluid 

abao.J'ptiOD appeue to similGI" after water 0.1 511 KCl. the t'IJO lll08t 

euUy ter iJitu81oD 11110Ul4 halw tbe 0 • whU.e the 

0.1 511 iafu81ou would ratae it all �· Theae o augeat that, 

rather tal pl wate la 

a aorbe4 relatt..aly tnaepeaa.ntl.T o' tbeae gra41eat 1 tbl.e to. of water 
lllDY · 1• &t reac11ly ftauaU in tile lJlte..U. Oft follows 

17 ,..., r'UMft al.· hJper-
ran��m flul.d � ilmeaaea � ( a.. 1�5J 

W81Mr• 1966; 'l'eftloutll. •967) • !'be 



1 ·tter two authon haft lttempted to partiU.oa this gain ot fluid into 

tba� eDter!ns iD aa11 eDd � tr. clift� tranar.a.inal now, but use 

metho4a ass� which preclude ecouracy. '1!te presEmt feecling 
ezperimeata avggeat tb it the relativ contributions of saliva:17 � and 

cUreot diffuaioa mq vary Td.� the rat. of eau.g . In all ea , the p1 8m8 

volume abrade O'ftl' the first 1 5  m111Utes of f"eediJW ;  \'ihezre the fall waa 

g:reate-at. the 0 .P. also dec but where it tm.e lea , the 0 • increue4 

(Fig 6i) • se obaervattons· \Vel'e interpreted aa tnYol Virlg fhe s1mul tan-

• secretion of a h;vpotollic ( tittua1cm) am a b;vpertonlc Jlt ( aali v ) , 

the fOftlel!' 1ll8k1Dg a relative� peater ccmtr1but1on mea the pl voltae 

falls least. SiDoe the aaliv its � slightl;y 1\Ypertomc to pl 

water. 

'1'he a.pee � pumeabU1 v or the l'1Jila1 to substances micb move 

pa at-rely al.� their eleotrocb oa1 padieat coul.d be o£ major sigrd.fioame 

in pn� almost oonstaftt 1ntenta1 811Viro1D811t in the I"JI!fhwut. If 
the a were highly re.pi4 equtUbratitOft ot rumen COJJ.teftts 

with the ECF, theD rapid teed 1Dt e, . tb'tDld.ns larg vol. e ot wat r, or, 

r experi.melltal ccmditi • nt.BtnUon iDto the :runen oE l.aa-ge 

1Dtuai.o. , '110\114 quickly pl"'duee extenaive abtmses 1D tbe ECP canpo&itioa. 

Furot:ht!!'r, the pemeaMlt v cbanot rlnioa the 1DI6' haw 
lOIII!Jellt or st of oeptor 0J88111S iD the iteel.f". It 

ia t e ptara ilwo1'M4 a:rt o� in the �ti011 

ot ta, •llf'T no. secretion, i.e. regu1 1Dg 

dige.U fUaottcma, but at 1D ocmtrolliDg overel1 � caapositlon. Such 

organa ooul.c! be imol'lrecl tn h • tiat1ee, thirst, snlt ite ana 

pabape in the ate of �ion or salt npletioa. The billty 



f4 thlb be� a reality 1 114 by obeeJ'Htiou such as the cornl �ion 

of tee4 aD4 water iutoke, bath 1 quantity aDd patten_ and the 4 

rlrag of tb tv drunk by tbiraty rsDt uuta ( Sc!D14t-Nl�•n. 

Solaiat-Ni leea. Houpt ana Jamt��, 1956; Bott et tl•• 1965) . Should the 

n be high1,y pqmeable • tt might be adY611tegeoua to haft aenaor,y receptora 
in the ..--en. tt. OD the other baat, the naaen wall were relattveq 

iJD.pumeable, chaJises in :n caupeaitton woul4 pru at DO 1Dned.iate thre t 
to homeoatuia iD the boc\Y 1 tself' • abiSR'ption from the gut ooul.4 be Yer.Y 

aim1lar to that 1ft � apeoie.a. 

It ia clear that fUrther expel'imellt4tioD ia decl 11'1 .aeftl'8l 

areas. !be ezteat or r.et trusport a the naea 11811 1D the intaot orgm 

fUle4 w:ltlt <lipsta � � campoaition '' P'Ju to detem1ned c1lreotly 

tm4 Nllal47• A atep in thta cli�tion woull be to � intestiB&l 

stua,y the 

nlatiw CODtributicm 

!he �UI'lifoaD.t.V of oaapoaitioll 1 a1ft'81'8Jlt 1'8810128 of the 

:reti� the l"a&ult ot 1Da&tquate llllxiag, 1111\V plq a aigft.tt1oant role . 

Oa • Det llli1 t1uua fJI wate el.eotnl a V87:7 

1D 411'hftnt both 1n nt. 8114 au-u oa the other buc1, 
1t1Ye · tile ·� or ute ticm 

m · �  ��� 
ocmtat.. a raft ot iJ7:7 • 'llldl•, � _eoDtnat. 
OCIIIIlud.oatloa) hu 1D tas ater tm.Ual.lJ' a 

sneter 41lutioa et ftfltN1 a tJiaa tbo 1D � ...-. The 

ellYiNiae&lt la th&ee that m18ht be n 

au1 tabl• for 1 f1f 8p4IOU1c type ot nC�tptor. ftlu&bl.e 



1n:f'in'atlon 1a loat by attmpti��g to obUln an .._... rtlllfml coaoeDtraUon 

of lute by a� valuee ar pool1Jl8 aamplee tlwa �erent regiODB. 

HDfi't!ftr • tt there 81'0 no euah "'-.............. 

fUnotioral.l.,- very pe able, then the mrd.Dte-... or the en1.arge4 water 

and eleotJ!olyte ooateut ot the digeatift tract _,.  not present ea gr t a 

load OD onrell bameoatui as mq be auppoaect, the regulatory eecbam. 

o£ the llOJ»ga&trio would also be adequate ia the J"'_, mat. 



The relat1oub1p in sheep between water aD4 eleotro:l3t s iD gut 

been 

et.U.ea 'b7' f'ol.low1Jta the chaagea 1ft uriM ezuetion 4 blooa 001Qp08i tlon 

uaootat.a nth a atng1 c1a1l.;f teea of 2•.3 hour , 4uri.DB a4 1ibUlla f: ecliJC 

8ll4 tol.l.owtq water, NICl 8fS4 KCl 1�11 into the reen, cluo&Jmlll tmt1 3ugu1ar 

'fein. fte tollowiJW oonolueione h.M'e b a reachea: 

sa S"etl otllts u 1n1 tial net seoret017 phase, � ot saliva, follow 4 

by a net a aorptift ph • Duli.Dg the toi"Mr, there was an anUd1UI"8si , 

+ + -
ur1DaJo.Y ao141toaticm, 1'8tuttioa ot a , 1C , HC0.3 &ad ure , reduc 4 ploena 
volt.ae ana raiaecl to� During the abeorpt1'fe phase, th wae raisecl 

excretian ot ter all el �s, a retUI'Il ot th UJ'iDe to an nlJra] t De 

pH, an ezpau1on of pl 

Sheep � e4i 14 l1Utw arur�•· 4 atrUer n.�···· 
attloa thu ata 8he 

appe 4 t be f.Dnl....a. 

ep 

ption o� a 

fte de�• illfwdou UM�tc� that th zwen eo:rpttoa It+ 
1 10ftl' than r... the iDteatw, b that a+ uptake tile 
1• efJdlar. 

water 



1oa4a of water eat eleo� 11.1 meoballi8U OGIIIOil � peo1 •• 

Hcrmrter. nspona e to o rtaln infWJiona euppori {me US.ate Of a natrlUNUc 

tlD4 cU.u:nt1o 1180han1• eSmSle.r to that propoaea � Lookett, ae aa the 

opent1oa ot reoeptora HDiiti to 1ooa1 ohaagee nther than to systemic 

bnotold.cd. v flll4 bnert'Olaemla. Nib u haft D l4ei'Jt1t1ecl 1n ilhe portal 
oiroul tion by HabeJ'ioh end COIWOI'ke:n. 



AUU!U' 1 . Biat � of iDtuaicma r 

1n Cha� ,. - 6. 

• 
Sheep Date tntwd.on 1toute 

1 2S· 7.66 NeC1 • 
26. 7.66 lWJl R 
22. 8.66 -- Jt 
w... 8.66 eoatrol 
12 .  9·" I.Cl 
14· '·" 1 1t 
10. 1 .67 ICl V 
1 2. 1 .67 8Cl V 

2 1 .  8.66 oontlol 
2.  8.66 Nael I 

.30· 8.66 NICl 
1 . 9·" te!' R 

19. 9 .66 KCl Jt 
21 .  '·" 1 a 
22.11 .66 wat Jt 
24.1i .66 NaCl a 
12.12.66 Nael V 
,,.  2.67 (Na+X)Cl I 
,,.. ,.67 Jf8C1 V 
16. '·'7 KCl V 
30. '·'7 KCl 

' 18. 1·" -- R 
20. 7.66 -· 

- -
16. 8.66 Nael 

1 2  27. 2.67 � I 
'· �t-.67 1 I) 
'· ,..67 1 J) 

17. ,..,7 . .. 
---··--

19. '"'' 1:1 

1) • 2.67 ICl • 
10. '·'7 leCl D 
22. '·'7 NeCl J) 
11 . ,...,7 . .cl V 
13.  �t..67 �1 

• �t-.67 !Cl I 
1 ·  ,.67 ooatftl 

Tol\111 c fttftttcm 
(11U.a) ( ) 

,.o o.1s 
o., 1 ·5 
, .o  
,.o Oe1 5 
o., 1 .5 
0.12  , ., 
0.1 2  0.1,; 

o., , ., 
,.o 0.15 
, .o 
,.o o.15 
o., 1 .5 
,.o 
3.0 0.1, 
0.127 0.15 
,.o o., 
0.12 .. . , 
0.12 1 .0 
0.3 1 .5 

,.o 

,.o 0.15 

).0 o.ts 
0,2 0.15 
0.2 , ., 

o • .3 1 .S 

,.o 0.1S 
o.t 0.19 
0.2 1 .S 
0.12  O.QIJ 
0.12 0.9 
o., 1 .5 

' 



s Date 

14 ).10.66 
i8.10·" 
20.10.6G 
'·1 1 ·" 

16.1 1 ·" 
5·1 2.66 

1 5  31 . 1 .,7 
2. 1.67 

.. ,. 2.67 
16. 2.67 

6. '·'7 

• 
IDtullcm Route Vol. • 

(lit.ea) 

1 D .... ..• 

1 D 
1 D 

J) 
Bl V 

MeC1 b 
Rael J) 
.Cl V 

rn V 
Raft V 

· · = �  
D o � 
V o 

o •• , 
0.2 
0.2 
0.2 
0.1 2 

o., 
o.J 
0.12 
0.12 
0.12 

2()3 • 

c · ti<m 
( ) 

.. . , 
1 .5 
1 .5 
0.15 
t .o 

1 .5 
0.15 
1 .5 
1 .0 
0.15 
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