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CH.ANGES IN DI;ÏÎARY LE\IELS CF SODIUI,I AND POTASSIUM

by

STGURBERG ORMAR THORLACIUS

Some aspects of sodiun, potassium, calcium and,

magnesium metabollsm of four elghteen-month-old Hereford

steers r¡rere studled foLlowlng changes in dietary lntake

of sodlum and potassium, One month prior to and during

the first eight days of the study eaeh steer recelved

?A6.L nEq dally of sod.lun and 1108,1+ nEq dally of potasslum.

Sodium intake was then decreased to 21.6 nEq dally and

potassiun intake was increased to 4427"8 mEq d,a1ly. The

study was continued. for eÍght days inmedlately after the

change and 16 days after the ehange a further eight day

study was carri-ed. out, At the end of this latter perlod,

of study the stoers again received the orlginal level of

sod.iun and potassium and. the study was continued for a

further eight days.

The change from the nod.erate lntake of sodlun

and potassiun to the high potassiüm low scdlum lntalce eaused

a transitory lncrease Ín the weight of r,¡ater 1n the reticulo-

rumen. The change back to the moderate lntake of sodlum and

potassirun caused a transltory d.ecrease ln the weÍght of

r,rater 1n the reticulo-runen" ldelght of dr¡r natter in the



reticulo-rumen did not appear to be altered by the chanEe

1n sr:diun and potassiun intake.
The high potassiun low sodlum intake caused. an

lnmedlate and signlfleant d.ecrease in sodlum concentration
and lncrease in potasslura eoncentration of the retlculo_
rumen fluld" There was a signifieant decrease 1n sodlum
concentration and. increase in potasstun coneentration of
the rnixed saliva but thls dld not oeeur untir the steers
had been receiving the hlgh potassiun low sodlum intake fcr
more than eight days. There was a rapid and complete
reversal of the sodiun and potassir¡m coneentratfon changes
1n the reticur.o-rumen fruid and mlxed saliva when the steers
agaln reeelved. the mod.erate sodlum and potasslun intake.

The suas of sodir¡m and potasslum concentrati.ons
ln the mixed saLfva and fn the retieuLo-runen fluid did not
appear to be al-tered by changes ln sod,lum and potasslun
lntake.

ïnltially, after the change to the high potasslrrun

low sodium Lntake the steers were in negative sod.ium balance
but this vras more than conpensated fcr by a deerease ln the
amount of sodlun in the retieulo-runen,

rnitlarly, after the change to the hfgh potassii'rc
lor'r sodLun intake a constderabl-e amount of potassfuun was

retained by the anlmals but 4z/, of thls was retafned. ln the
retleulo-rumen.

The hlgh potassirua low sodiu¡n lntaice caused. an

immed.late and significant decrease in the urlnary ealelum



and magnesium excretlon. There was no significant change

in feeal calclun exereti.on. Feeal nagneslum excretion
during the last eight days during whlch the steers reeelved
the high potasslr:m row sod.ium lntake rías signlflcantly
lnereased but 1n general d,urlng the flrst elght d,ays there
was no lnerease in feeal magnesium excretlon.

The high potassÍr'n low sod.lun lntake cau-sed an

1¡amed.iate and signlflcant lncrease in water consu.nption and,

volume of urine excreted. Fecar water excretlon and water
balanee qrere not slgnlficantly aLtered, Fecal dry matter
excretlon dld not appear to be altered. d.uring the first
elght d.ays after the change to the hÍgh potasslum low
sodÍl¡u lntake, but r*as slightly þ¿¡ sf gnifieantl¡r rorrrer

durlng the last elght days" However, the latter lras not
consi.stently reversed. when the steers again recelved. the
moderate intake of sodlr¡m and, potasslum.

Prasrna levels of sodfun, potasslurno magneslum

and carcium were not altered by the high potassiurn Iow

sodium intake. The high potasslu.n low sodfu¡n intahe caused

a consÍstent but non-sÍgnlfleant lncrease fn potasslum

concentration of muscle samples, but there was no conslstent
change 1n the sod.lum concentration of the muscle sampJ-es"
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lNTROÐU'CTION

Norma1 metabolÍc processes take place 1n tlssues

only lf tho external envlronment of tb¡e celts is constant.

Thls extennal environment has been termed the milieu lnten-

lor by Claude Bernard. Its relaüive stability was tenmod

homeostasis by Cannon. The sÍmplest animals llving today

are small organisms whose cells ano bathed in sea waüern

From tho sea uiater they take their food and oxygenr and

return to it theln waste products. Irr more complex anlmals

tlle cells are bathed fn blood or somo other extracellular

fLuido Due to the need ùo maintain homeostasis many complex

systems have developed to regulate the compositlon of body

flu-lds. These negulatory processes lncludo resplrationt

digestlon and osmonegulaÈlon" Osmoregulatlon ls performed

not only by the oxcnetony organs but also by the body sur-

face and ühe gut llnlng, both of which may transpont salt

and water betweon the envlnonnent and the interior of the

bodyo Excretory organs can play only a negatlve pant ln

malntalnlng body fluid concentrationsr conserving or ex-

cneting substances already present ln Èhe body" The activ-

Ity of the gu'b, however, can play a positlve as well as a

negative role,

In the fiold of digestive physiology artd nutrltlon
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of tho ruminant, most invostigations are concerned wlth

steady stafe eondltlons. However, the period of dietary

change ls worthy of investlgaùion in its oivn right fol: two

maln reasons. The period of dietary change ls often assoc-

iated wlth metabollc dlsorders such as h¡rpomagneseruia and

bloatn Socondly, periods of dtotary change a1lov¡ ühe phys-

lologist to observe how ttre horneosùatlc mochanisms cope with

natural dlsturbances.

Several intorestlng obsenvatlons havo been made on

tho period of change from an indoor regimon to the grazlng

of sprlng pastures " Such pasüures are generally Iow in sodfum

and high ln potasslum, partÍcularly if they have been treated

r¡vith potasslum fertllizers o Following such a change ln diet

lt has beon observed that sodlum ion concentratlon in the

rumen fluid dnops mankedly with a concomltant incnease ln
potassium ion concentration. Simllar changes occur in saliva

concentnatlon but are generally noro enrati-c and not neces-

sarlly concomitant with changes in the rumen fluid. It h.as

not been establlshod whethon these changes in sodium and

potassium concentnation ln the rumen fluid ane associated

with depletlon of the total soditrtï of the body or are due

to redistribution of sodlum botweon the gut and exüracolLu-

1an f1uid"
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HSrpomagnesemic tetany is a conditlon which occurs ln

cattle and shoep most frequently wlthln tho first weok aften

the cattle or sheop are turned out to spring pastures. Ntmer-

ous workers have attempted to shoïv that hypomagnosemla is

causod by the high potassium content of the grasses. These

experiments have generally conslsted of comparing plasma or

serum magnesium leveIs ln anlmals fed a high level of potas-

slum wlth those found when the lntake of potassiu¡t was not

high, The nesults of those experlments have beon contradic-

tory. F?om ln vit:ro studles thene 1s some reason to believe

that a hlgh level of alkaline salts 1n tho dief may cause a

decnease in magnesitim and calclum absorptlon f::om the gut"

However¡ there is l-ittle ovidence to show that this occurs

in vlvo.

Slnce "tetany prone pasturestl are low ln sodíum con-

tent and since saliva sodiu¡r lon concentratlon has been found

to be lowenod ln anlmals grAzlng those pasüuresr some attempts

have recently been made to assess the role of aldostorone ln

the aetiology of krypomagnesemiao Howevor¡ the resulüs wore

inconcluslve o

The ch.ange ln diet from dry feed to sprÍng pastunes

lnvoLves much more than the clranges 1n sodium and potasslum

Ievelsr o.S. the quanÙlties and compositlon of protelnst
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canbohydrates end Iip1ds are probably considerably different

1n tho two dietary reglmens, Tho present experimenf was con-

ducted to determlne the effscts of marked changes in sodium

and potassiun levels 1n the natlon, witkr other dletary fac-

tors held constant. The concentration of sodlum and potassium

ln sallva, blood and rumen Íluld were determinod while steers

rvere consumlng a ratlon contalning either moderate levels of

sodium and potassium or low sodlum high potasslum levels, both

in steady state condition and during the adaptlon peniod whon

the steers were swltched from one treatment to the ofher.

Balances for sodlumr potassium, calcÍum and magnoslu¡r were

also penformed¡ as woIl as measurements of vumen volume artd

concentrations of calclum arrd magnoslum in bloodo



LITERAfUNE REVIE1U

.L

DIST1TIBUTI0N AND BIoLOGICAL FUNCTToN 0F SODIUM,

POTASSIU]vI, CALCIUUI AND MAGNESIUM

l'he body contalns approximately ffi.? pen eent so.dlu&"

About one-quarüer of this amount ls localízed.1n the skoleton

and most of the remalnde:r ls found 1n the extraeellulan fluld
where lt nepnesents approximaÈe1y 90 pen cent of all extna-

cellulan cations. Thus sodlum ls lmportant ln maintenanee

of acld base eqtillbnlum and osmotlc pressure" In addÍ.ülon,

an Ímportant functlon of sodlum Ís 1n malntenance of membrane

potentfals, Cellular membranos actlvely oxtrude sodlum from

the lntenlor of the cel1s and this causes concentnation grad-

lents of sodlum and potasslum to develop across the cell
mombnane. These concentnatlon gradlenùs 1n tunn cause ñem-

brane potentlals that are necessål3y for norver musclo and

other. f\rnctions of the body (42 , 57 ) .

Sodlum depletion lnltlally causes a decrease ln total
osmotlc pressure of the extnacollular fluid. Thls causes atr

outward movoment of water fr.om the extnacelluLar to intna-
csllular spaee. The kidneys üend to excrete mo¡re waton. Tho

voli.me of the extraceLlular spa.co ls theref one dec:reasod.
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Blood changes l-nclude a fall 1n tbe plasma concentratlon of

sodlum and a rlse 1n blood urea, There 1s a decr:ease in

plasma volu.me leadlng to haemoconcentration. The blood

pressure falls, whlch CâIte 1n severe casosr load to clncu-

latory fal]ure (+2, 57 ).
The effects of sodlum loss have been studied by fo}-

lowlng the alteratlons in total body conüentr by balance

technlques and correlating these with altenatlons ln senum

sodium Lovelsn }lrom timo to tlme discrepancles havo beon

rovealed ln such experlments whiclr wero greater than could

be accounted for by errors ln neasurement" For example¡ Ren-

wlck et af (69) dld not observe a dnop ln serum sodium levelt

'even after thirty days of severely restrlcted sodlum lntaks

ln man, It is now hrown that bono sodlum content fa1Is after

loss of sodlum fnom the body (0e1. Bone 1s the only tlssue

ln which the sodium concentna.tlon ls gneater than in the

extnacellular fluÍd (62). In chronic 6xperlments by Munro

et al (62)r rats $/ere kept on a nice dlet for some rfleeks.

The total bone sodlum content fell steadily on tho restricted

dfet, but the serum sòdium only doclinod slightly after several

weokg 
"

P0T4ÊqrriM

Potasslum ls the rnajor lon of the intracellular fluid
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and it has more or less the saTne lmportance ln those fluids

as sodlum Ín the extnacellulan fluid. In additlon, potassium

soems to be lnvolved 1n carbohydrate metabollsm¡ facilltating

canbohydrate syrrthesls and translocation. Thls ls evidenced

by the fact that lnsulin and glucose adminlstration cause

shifts ln potassium (58). Speeiflcallyr potasslum has been

found to be lmportant in the following enzJrme sysÈems: ptros-

photransacetylase, acetyl CoA syntheüaser Pantothenate syn-

thetase, pyruvate phosphokinase and myosln A T P ase (1õ).

In view of a cel'tain constancy of K:N (gmEq/gN) in

tissue there appears to be a relatlonshíp of potassium to

proteln metabolism (58) 
"

The concentnation of potassium 1n the exÙnacollular

fluids ls 1ow, but slight variaÈions of this can change nâny

body functlons. Excess potassium can cause dilation of the

heai:t, and when the ext¡-acellular concentration of potassiwn

reaches approximately three times normal, the heart stops in

diastole (42) " Conversely, when the 1evel of potassium falls

to a Jov¡ r¡alue in the extracellulan flulds, transmlssion of

nerve impulsos becornes lmpaired and muscular paralysis may

result , (42) 
"

EXTFACELLULAR HEGULATTON OF MUSCLE COMPOSITION

Muscl-e electrolyte compositlon ls usually exprossod
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!n terms of fat free solids nather than concentration per

l-ltre of lntracellular or extracell-ular f1uld. Slnce the

quantity of mr.lscle solld per kilognam body vueight ís rela-

tivety constanü and not affected by changes in extracellular

volurne¡ analysis of muscle exprossed in these terms perælts

valid. comparison of d.ata obtalnod 1n varlous dLsturbances

(19).

Metabollc acidosis of the extracellular fluid prod.ucod

either: by admlnfstnation of HCI or NH4CI or loss of sodlum

Ln excess of chtoride leads to an elevaülon of potassiuÌl

content of muscle and loworlng of intracellu-]ar sodlum (2f )"

Thero is probably a fa1l in concenüration of undeter'mlned

anion in the serum (19). Cooko and Segan (19) suggest that

ln extnacellular acidosis the r"ise ln hydrogen lon concolr-

tration outside the colI decreases the gradient betv¡een c eLl

and extracellular f1uid. This results 1n a doceleration of
+---+the Hr. for $ o excnange, thus reduclng the magnltude of
tÏ"z++

the extnacellular acldosls' Deceleration of the H', for K'"

lncroases Na+, fon K+u because of cornpetition between these

roactions, Slnce NaJ- for Ke ls of groater magnitude than

H+, for K*", the net result ls that more potassium ls trans-

ported into the coll and high lntracellula:: potasslurn results"

Low lntnacellular sodlum 1s the rosult of increased sodlum

tnansfer outward.

l-ntnacellul-ar

oxtracollulan

1.
a

2u
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Largo loads of potassiurn usually lead_ to a decroase

in oxtraceLlular bicarbonate concentration (19). The muscJo

potassiurn is hlgh and the inüracollular sod5.li$l of muscle is
decroased (21). The mechanism by which this occurs as sugges-

ter by Cooke and Segar (14) is as follows. The concentration

of extracellular potasslum rlses and there is lncreased

exchange of both N**i and H+, for K+". As a result, K*l
rlses and. Na+1 faIls. Due to increasod transfer of hydr"ogen

out of the cell, extnacell-ular bicarbonaöe faIls,

-gåtqlüivr

iúore than 99 per cent of ùhe totaL body calcium is
contained in the skeleton and in the teeth, The remalnder

of the body ca1-cLuro is predomlnantly extra-cellular. å,lthough

it makes up a verlr small part of thè total body calciirm, the

cal-cium in the extracellular fl-uid is critical for (a) nor-
mal- neuromuscul-ar excitability, (b) capl}lary and cell- mem-

brane pe:meabillty, (c) normal muscle contractlon, (d) normal.

transmisslon of nerve impulses, and (e) norrnal blood coagu-

lation (20 ).
The quantity of calcium ln the plasma is approximately

1O rng per cent, normally varying between 9 and 11 mg per cent,

The calcLum ln the plasma is present ln ttrree forrns! (1)

approxlmaùeIy 5O per cent of tho calclum ls bound Èo plasma

proteins and is consequently non-diffuslble through the
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cêpillary membrane; (2) approximately 5 per cent of the
calcium is complexed with other substances in the brood

in such a manner that it. is not ionized although it is
diffusible through the capillary membrane; and (3) the

remaining 45 per cent of the calcium in the prasma is both
diffusible through the capilrary membrance and also ionized.
rt is this ionic carcium which is import,ant, ín most of the
functions of calcium ín the body (42).

Galcium is found in the bones partry as tricalcium
phosphate and part.ly as calcium carbonate, and it is berieved

t'hat the formula for the major crystarline salt, knovøn as

hydroxyapat,ite, is the following: 3ca3(po¿) 2.caco3 @21 .

The crystals apparent,ly admit and absorb various ionic

groups without, change in the geomet,ry of the crystar rat-
tice. Hence bone cont,ains, besides carcium and phosphorous,

variable proportions of carbonate, fluorides, citrate,
sodium, potassium and magnesium. The precipitation of
insoluble carcium salts at the site of bone format,ion is
favoured by secretion of alkaline phosphatase which con-

verts organic esters of phosphoric acid into inorganic

phosphate (7 6) .

Bone minerar is readily mobilized to maintain the

l-evel of serum calcium. rt is in the cancellous bone with
its extensive surface exposed Èo interstitial fluid that
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most of the bone turnove¡'of carcium and phosphate takes
place (zø).

changlng the pH of extnaeellular flulds alters the
depositlon and absorption of bone sarts, pnlncipally by

changing the netative quantiüies of Hpor= and H.'pO,- 1n theiia+
flulds (+z¡, since it is the dibasic phosphate lons (Hpo4=)

that are important for depositJ.on of bone salts and since

these are decreased by acldosis, there is a tendeney fon the

bone sarts to be neabsorbed ín acidosis. conversely¡ in
alkalosis there 1s a tendency for lncneased depositlon of
bono salts,

MAGNESTI]M

l4agneslum 1s the founth most aburrdant catj.on present
1n the body, belng surpassed only by sodium, potassium and.

calclum" rn catùIe the magneslum content of the body in
relatlon to body weight is glven by tho followfng oquatÍ.on
(B1axter and MeGiI1, 1a):

Mg (em) = 0.655 weight (te) - õo5,

about 7o percent of the total body magnosium ls in
the skeleton. The magnoslum of ühe skeleton acts as a
labile source of magneslum (t+1.

Apant fnom bono, magneslum occurs prfnctparly intre-
ceI1u1anly. The concentration of magneslum in cells ls about
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3o nrl,q./I comparod with a plasma concent¡:atlon of about 2.4
nüq,h (?6 ) .

Infracellular magnesium acts as an acttvator of
numerous enzJrmos catalyzing reactlons lnvolvlng adenosj.ne

tnlphosphate. since A T p ls roquired 1n such diverse

functlons as muscle contnaction, proteln, fat, nuclelc acid,
and coenzyn'e synthesls, glucose synthesis and utítizatlon,
mothyl group transfen, sulfate, acetate ¡ and for¡arate actlva-
tlon, and oxldative phosptrorylatlon, lü seems 1ikely that
the acüion of magnesium extends to all- majon anabollc and

catabolic processes (52) 
"

Plasma magnesÍum can be divided lnto ult¡rafiltrable
and protein bound magnesiumo present evidence suggests

that the urtraffltrable magneslum is arl iontc, unlike
plasma carcium where there is a non-ionlc ultraflltrable
fr.action . (+21.

Wllson (94') suggests that the concentration of mag-

nesium or calcium in the lnte¡:stitlal fluid will be very
close to the ultnaflltrable magnesium or carcium in plasma

and that thls w111 be the physlologically active concentra-

tion. Al-though it is generally agreed that about 5o per

cent of plasma calcium is ionic, there is no such general

agreement negarding plasma magneslum, and values botween

20 and 50 pen cent have been glven as the fnactlon of bound
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magneslurrr 1n plasma (94) 
"

ÐeI Castl1lo and Engback (26,) shov¡ed that magneslurn

ln the extracellular fluid plays an Í.mportant role in the

production and dest¡tictlon of acetylchollnc rthe substance

necessary for the transmi.sslon of impulses aü the neuno-

muscuLar junctlon. A low concentratlon of magnesium and

probably of nrore importancer a low magnoslum to calelum

ratio potentiates fhe release of acetyl-choline. It has

thenefore been suggested that a low concentration of mag-

noslum in the extracellular fluid surroundlng the muscle

and plates may produce tetany tkr.nough thls mechanism (20 ) .

It ls knor,rn that the activity of chollne esterase is nof

affectod during magnesium defici"ency (76) 
"
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fiENAL CONTROL OF BODY UTATEN ANÐ ET,ECTAOLYTES

Catlon Excreflon

In a quanüitative sense the flltratlon and reabsorp-

üion of ions and water are by fan the most signiflcant

operations of the mammalian kidney (66). From four-fifths

to seven-eighths of the glomerular filtraùe is normally

neabsorbed in the proximal tubule while the dlstal tubule

neabsorbs one-fifth to one-eighth. of the total catlon excrê-

tlon ln a highly variable manner suited to the needs of the

moment (66). All evldencÊ (66, 9? ) polnts to the fact that

sodlum neabsorpÈion 1n the proximal tubule is active and

that ùhe actlve reabsorption creates an osmotlc fonce which

causes reabsonptlon of waten. The colloid osmotÍc force

exerted by the plasma proteÍns and tho crystalloi-d forces

developed by reabsonption of glucose and amino aclds also

contrlbute r but thelr contribution is believed to be smal-l

in comparlson wlth the osmotlc force developed by the actlve

transport of sodlum. In the dfstal- tubule, sodium reabsorp-

tlon occurs in exchange for potassium or hydrogen secreted"

Thene is also some ovldence (e0 ¡ that sodium reabsorptlon

may occur in conjunctlon wlth chloride absorpti-on in the

distal tubul-e "
14
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Tho neciproclüy beËwoen potassi-um and hydnogen ion

exeretions has been lntenpreted as evidence of competition

between tkre two lons for exchange with sodium (tS¡. This

phenomenon is most marked Ln potasslum loading and deple-

tionr but is not inclusive sÍnce bot]: hydrogen and poËassium

excretlon may increase simultaneously as during orthostasis

ln humans recoiving sodlum sulfate (15). Alth.ough it has

been shoq¡n that potassium excnetlon parallels incneases and

decroases ln plasma concentnations, it does not follow that

tho flltered potassiun is responslble for observed changes

1n excreöion; much evidence indicates that intnacellular
potassium concontr.ations of tubulan cells are more llkely
rosponsible (e6)" Potassium excretion 1s augmented by in-
creases of blood pE (15). Since it 1s well larown (15) that

migratlon of potasslum lnto colls of the body lncreases

markedly fnom acidosis to aIkalosls, this has been inüer-

p:reted as implying thaö potassi.urn secretion 1s dependent upon

lntnacellular potassfu.un concentratj.on in the tubu-lar cel1s.

,Slmllarly (15), lnfusion of NHo+ salts can lnhibit potassium

seenetlon, fhat NHo* can neplace fntnacel]uIan potassium

has been shov¡l in i.iOrr"y slices and onythrocytes (15),

Anderson and Picker"ing (2) and Sellens et aI ('73)

have shorrun that potasslum loadlng causes an increase in

sodium excnetion In cows. The experiment by Anderson and
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Pickorlng involved lntravenous infusion of 1.O NKC1 at rates

ol ?.O to 9.O mI. per mf.nute for up to foun hours. Plasma

potasslum concentnations roso 1 to 2 nE,q/l as a result of

infuslonr but prognessi-ve lncr"ease ln plasma potasslum did

not occur. The animals showed some variation but 1n genenal

the increase in plasmâ concentratfon occurred wlthin two

hours of tho onset of infusion. At the sa¡ne time the rate

of excretion of potassium increased and within two trours of

the onset of infusion approximated the rate of administra-

tlon, Potassium cleanancos rose to exceed , ilnulin cLearanco

values, giving ratlos of potassium clearance to inulln clear-

ance ranging as hlgh as 2"0 towards the end of the lnfuslon

perlod, thus cleanly indicating potassium secretion. Urine

flow increased 31:2 to 7L7 per cent over the pre-infuslon rate

roachlng a maximum wlthin one to two hours after the onset of

infuslon and then decllnlng gradually. Sodlum excretion

increased two to fifty times the pre-infuslon figune. Like

ùhe concomitant diureslsr ùhis reached a peak one to two

hours after lnfuslon, then fell progresslvely but persisted

aþove pre-lnfusion level duning the four-Lrour lnfusion. No

changes were noted in plasma sodlum concentrations"

Andenson and Pickerlng (2) suggested that during

potassium loadlng a greater suppresslon of hydrogen-lon

excretÍon occurs than incnease in potassium" Thls givos

rise to a not reductlon in sodlum-ion reabsorptlonr wlfh
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consequont lncreasod restnlcÈion of the tubular reabsorp-

tion of rvater. In the oxperimont conducËed by Sellers et

at OA¡r 0.5 g. of potasslum chloride pen Ib. of body welght¡

in approxlmately 10 gallons of tap r¡/ater was introduced into

the termlna] part of ühe esophagus over a perlod of approxl-

matoly 45 to 5O mlnutes. A two-hour quantitative collectj.on

of urlne was made, Plasma potasslum showed a prompt rlse in

four. of five anfunals gi-ven poÙassium chlori-de. Twenty-four

houns aftor the lnltlatfon of the experlment plasma potassS-um

1evo1s had reüurned to the pre-experimental levels. Siml-

larly, plasma sodium lovels rose promptly and twenty-four

hours later they had rstunned to control levels" Potassium

excretion lncreased from 1.2 to 6"6 ülmes the contnol leveLo,-

The authons noted that the nise sras not as great as they had

expocted" Absolute excretion of sodium showed an increase

in a1t anÍmals nanging trom 3.7 to L?50,0 timos the eontrol

value. In three of the anlmals the increase was comparable

ùo that attained in an experlment in whlcb sodlum was ad-

ministered and greater than would be expecüed fnom a rrwash-

ing outrr effect of water admlnlstration. Sellers g! a] (7õ)

concluded that increase in uninary sodÍun was due to an

increase ln plasma sodlum. They suggested that the j.ncrease

in plasma sodium was due to an inwand movement of potassium

lnto the ceLls in exchange for cellular sodlum. Thus 1t
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appears that Sellers et al for:nd similar results to those of

Andorson et aI (2') ln regard to the effect of potasslum on

urinary sodium. However, their results were dissimilar ln

regard to p3-asma sodlulïl which 1ed to different suggestlons

wlth respect to the mechanism responsÍble for the effect of

potassLum on renal excretion of sodium.

It seems posslble¡ however¡ that the failure of Ander-

son et a1 (2) to flnd an increase i-n plasma sodlum may have

been due to an increase in plasma volume resulting from the

infuslon. AIso lt is posslble in the câse of the exporj'nent

by Pickering et aI that the increase in urlne sodium was due

to artwashing outtt effect since this factor was not assesserd

by their experiment.

In an exporiment by sellers et al (75¡ 1n whleh sodium

was adminlstered to coïus, thore was a rj-se ln plasma potassium

but the Lncrease in urlnany potassium was not marked. They

concludod that the bovino kidney may distinguish befween

theso two catio tso Thls |s in agreement with the vier¡c (86)

that potassium excretion is much more dependent on cellular

concentration than on plasma concentratlonô

ñitIler (59, 60, 61) for:nd that admlnistratlon of

potassium salts caused an increase in the excnetion of sodlum

in swino and rats,

In Studles on swlne, IlIiller (59) found that hlgh potas-
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slum intake lncreased sodium excretlon duning the flnst

twenty-four hours but then sodium excretion fell to levels

less than rÂrere found prlor to givlng the potasslum salt.

Simllarly, studles on rats (60' 61) showed that an lncrease

1n potassium intake lncreased urinany excretlon of sodiu¡n.

Howeverr in the case of rats, tho urinary sod.ium remained

hlgtr durlng the four-day poriod of high poùassium lntake.

There appears to be litt1e available infonmatlon on

the mechanism of calcium excretion, Thls in part is due to

the complexity of th.e physical-chemlcal state of this sub-

stance ln the plasma (?B). The total calcfu.m content of

normal hr:man plasma rallgos fnom I to 11.5 mg, per cont (78).

Approxímately fifty per cent of the plasma calclum is bound

to protei-n (76)" This proteinate is poonly ionlzed and its

dissociatlon is affectod by many factons (protein and cal-

cium concentnation, ÞHr temper:atuï'er albumin-globulin ratio,

etc.) (Ze). fn additlon, diffuslble caLcium comploxds (car-

bonate e cltrate, ptrosphate, tanti:ate ) are poorly lonized ( ?8 ) .

Approxlmately 1"5 mg of calciurn per 100 mI of plasma are

bound by cltnate or other orgariic acids (Zg)' lhus lt

appears unlikoly ùhat tlre excnetlon of calcium will be

rolated in any slmple manner to the total plasrna cal-cLum"

The portlon bound to protein ls unavailable for filtration,

as is perhaps some of the phosphate complex, and lt ls
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possibre that filtrabre complexes formed with carbonate,

cit,rat,e and phosphate are not handred by the tubules as is
t,he calcium j-on (78) .

williamson and Freeman (93) found that the filterabre
fraction of plasrna calcium increases in metabolic acidosis, but

tends to remain within normal limit,s in other acid-base d.isturb-
ances associated with hlzpercaluria. The tubular reabsorpt,ion of
carcium appears to be inversely relat,ed to brood pH, prasma bi-
carbonate content, and sodium excretion (93).

Shohl (751 , in a review of mineral met,abolism, stated
that, alkalosis in small laboratory animals causes a shift of
calcium and phosphorous from the urine to feces. Dehydration
and acidosis causes an increase in the excreti-on of mineral

cations and this excess is found almost entirely in j-ncreased

amounts in the urine. This víew is supported by the work of
Hart 4 ar (46). They found that dairy ingestion of r15 or
230 ml of 40 per cent hydrochloric acid increased the car-
cium excretion in the urine of dairy cows. The acid feeding
caused a reduction in urinary pH from 9.8 to 6.8. vüilliam-
son and Freeman (93) found that infusion of sodium bj-carbon-

ate solution increased carcium excretion. They interpreted
this as an effect of alkarization of the urine. Recent r,vork

b¡r inlalser (so¡ has shown, however, that, the results found by

T¡üilliamson and Freeman r,trere probabry due to sodium. T{alser
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(Bg) concluded that during conditions of sarine dluresis in
dogsr sodium excretlon is the majon detenninant of carclum

excretlon. Furthermore, the renal clearance of freo ionic
calclum approximately oqualled the renal cleanance of sodium.

walsor (99) suggested that tho nenal tuìrules attempt to maln-

tain a constant ratio of sodium ion to calcium ion in the

tubular fluldr and that calcium shanes a common reabsorptÍ-ve

transport mochanism llnked to sodium tnansporü, lIúalsen (Bg)

emphaslzed that all hls observations Tuere conflned to anlmals

with urlne flows exceeding 2.5 mI per minute. At lower urine
fl-ows, anothen ma jor" determinant of calcium excr.etion bocornes

important. This factor Ís tho uninary concentratlon of
complexing anions. At lower flovr rates the urlnary concen-

tnatlons of comploxing anions, êugo citrate, phosphate and

sulphate¡ rlrây be krlgh enougÌ: to cause consldenable complex-

ing of ealcium. Undor these condttlons the free calcium

ion concentratl-on can no longer be considered equal to ùotal

uninary calcium. However, when unf.ne flow rates are hi-gh

and plasma concontnation of the complexlng lons ano normal,

the concontrations of the anions is too low to complex a

slgniflcant amount of ur-1nany calclum"

Walser (89 ) attempted to detennlne whethen calcium

excretion was more closely correlated with sodlum plus

potassium excr:etion, or with sodium excretlon alono. The
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rÍse in cafcium clearance resulting fr^om KCl lnfusion was

smaller than would bo anticipated from the riso in sodium

clearance despite tho excrotion of thnee times as much

potassium as sodil:rn. Although Walsor did not suggest thist

lt would appear fnom examinatlon of the data pnesented that

potassium appeared to decreasê calcium oxcretion. In the

absence of KCl infusion the mean ratlo of sodlum to calcium

cleanance vJas I.29. In the presence of KGl infuslon th.e mean

ratlo of sodlum ùo calcium cleanance ïrras 3.5. It is not

lnoourn, however', whethen this trend was as marked 1n the

othen thnee experlments conducted.

Stop flov¡ experiments (91) ln whlch both sodlruti and

calclum have been measuned slrow a slmilar relation to that

found by llfalsen. Sodlum concentration changes coincide

with changes in calcium coneentra.tion, and ùhe ratio of ùhe

two lons is simllan to the ratio which 1s found in normal

plasma ultraflltrate. fhat calcium excretion and clearance

are dlrectly related to sodium excretion has been conflñ¡red

in humans by Kleeman et at (5õ). These wonkers found that

although uninary excretlon of sodlum and calclum varied

consid-erably from subject to subJectr it was appanent in
each that these two parametons paralleled each other. Ad-

ministnatlon of 9-alpha fluorhydrocortisone caused a dis-

tlnct neduction ln sodium excretlon (5õ) and an sbvious
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positive balance. DespÍ-te Ùhe positive sodium balance,

calclum excnetion decreased in both subiects. Definite

Ìr¡rper"calurla was caused by the high salt ingostion ln four

of the six subjects studied. Kleoman (55) concludod that

the proper interpretation of urinary oxcretion of caLcium

ln any clinj-ca] or experimental lnvestlgatlon ca¡1not be

mado without a }aeowledge of slmultaneous oxcretion of sod-

ium.

llalser (e9) also exÐnlned the relationsh.ip beüweon

urins flow and calcium excretion" The conrelatlon between

these two vaniables was much lowen (r,'= 0.6l-) than gon

sodium aißd calcium (r = 0.95)" The nelatlonship between

urinary sodium and calctum excretlon was found to bo only

slighÈIy modlfled by urinary pH. Urlnary pH measured in

eighty-three of the 106 collection periods ranged from 5"4

to ?n8. Although the ratio of calciu.m clearance to sodj-um

cleara"nce appeared to be slightly higher in the presence

of acld- urÍne tkran fn the presence of a1ka15.ne urino, the

dlfference was not marked. In an expeninent (89 ) on a

sodium-depleted dog, hydrocLrloric acld (0.õõ N) was lnfused

at 5 ml per minute ror 22 minutes, resulting in severe

acidosls. Both Sodi-um excretlon and calcium oxcretlon

remained normal, Walser concluded that in acute experi-

ments acldosis augments calcium excretfon chiefly by vlntue



24

of lts effect on sodlum excretlon.

Sellers et al (73) found that absolute urinary cal-

clum excretíon incroased as a resu.lt of KCI adminlstnation

in cows. However, the lncr:ease in urlnary calcium excretlon

was not greater than would be expected with the concomitant

water dl.uresis (?4). fn both the case of water (74) and

KCI (73) admlnistratlon, urlnary sodium excretion lncreased.

In vlew of ttrese results it appears possible that the

same relatlonshlp betwoen sodium and calclum oxcretion exlsts

ln the kidney of the coTr as has been found in the dog (89 )

and human (5õ) kidney, ïlov¡ever¡ in the experlment fn which

KCl (7?)) was adnlnistered to cows, sodlum excrotlon ïuas

greater than in the case of water diuresis (7+). Assumlng

a direct relationshlp exists botween urlnary sodium and

calcl-um excretion, one might expect that urinary calcium

excretlon should Ïrave been gneater wlth KCl administration

than with water diuresls since this was the pattern followed

by sodtumn However, this was not the caso.

These facts consldered alone tend to suggest that a

dlnect relationshlp between calclum and sodium does nof

exlst in the bovlne kidney. It should be polnted oute how-

ever', thet contnol values in both the KCl (73) and waten

dluresis (74) were carrled out under non-dluretlc condltions.

The situation is thus complicated. (91) by the fact that a
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large pnoportion of t}.e urinary cal-cium in the controL ex-

periments was pnobably not ionie. The explanation cou-l-d-

also be that potassium suppressos urinary calcium excr€-

tlon (91).

Little ls }c:own about renal excnetion of magnesil:m

fon much the same reasons as for calclum. A considenable

fracùion of the plasma magnesium is knovtn to be bound to

plasma protein and magneslum excretlon is j.nfluenced by com-

ploxing agents in tTre ur1ne. Vúilson (94), ln 1960, revlowed

existlng }arowledge of renal magnesium excretl-on" He con-

cluded that ttre urlnar;r output of magnesium can best be

described by a filtration reabsorption mechanlsmr and that

magneslum is a threshold substance and only appears 1n the

unine if the flltered. load. ls groater than the maxfumrm tubu-

lan reabsorption rate. Experlments by l,'iltlson (94) showed

that 1n ewes wlth a fíltration rato of 1OO mL/minute, the

thneshold concentraÈion in thepJ-asmais 2 mg per cent. Rook

et al_ (?O) found a corrslation betv¡een seÌ"um concentration

and urinary output of magnosium in cov¡s and. estlmatod that

the renal threshold in covrs was not greater than 2.I5 mg per

cent. TVilson (94) pointod out that the amourtt of rnagnesium

flLtered and reabsorbed 1n twenty-four hours is more than

ten tlmes 'bhe total amounü of magnesium in the extraceLlu-

1ar fle1d. Experiments with 24Mg revlewed by Ulrlch (86)
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support Èhe view that most of the magnesiurn enters the tubul-e

at the glomonulus and not thnough the tu_bular cello
Both Bradley (fS¡ and Wllson (O+7 noted that a numben

of workers havo shown that aglomerulan tel-eost fishes ac-

tively excreüe magnesium through thein tubules. Jabin et al
(5o) and Barker (8) found that intravenous rnfuslon of mag-

nesiu:n salts ln humans decreased the urlnary excretlon rate
of potasslum. llüilson (194) found a similar effect in ewes.

rt has been suggested (94) that observed decreases in urinary
excretlon of potasslum may be a result of a competition be-

twoen magnesium and potassium for a transport mechanism"

sellers e! al (74) found in cond{tions of wate¡r diuresis a

eonstancy of absolute magnesium and potasslum excretlon
despife approximately thnee to sevon-fold changes in urino

volume" They suggested that magnesium and potassium aro

handled in like manner by the bovine kidney. However, undor

condlti.ons of high poÈassiu-ro lntake (7s) the absolute excre-

tlon of magneslum did not appear to be mankedly different
from the control varues whereas the absolute excretion of

potassium, as would be expected, was much higher- than the

control vafues,

Bicarboqele Excr'.eti gn

Blcarbonate excnetion appears to be largely a func-
tion of acÍd-baso balance' (t+). The buLk of fÍltered bicar-
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bonate 1s neabsonbed in the promimal tubule (66). The

mechanism hone involves an exchange of cell-ular hydrogen

fon fittered sodlu¡n (66). Hydnogen comblnes wlth bicar-

bonate in the uri-ne ùo form carbon dioxide and water. The

canbon dioxlde diffuses into the ceII, where lt undergoes

hydration to form carbonlc acld, a reactíon which ls catal-

yzed by carbonic anhydrase. Subsequent dissocLation pro-

vides the hydrogen lonsr which are exchanged for sodium

lons across the lumlnal meml:rane, and the blcarbonate lons,

which diffuse down a potential gradient into the penitubu-

lar f1uld.

Potasslum and hydrogen competitively occttpy in parü

a common transport mechanismr so that cincumstances whlch

favour potassfum excr.etion reduce hydrogen excretion and

vlce vorsa (?8). Bhls l-s well illustrated 1n experlments

wlth dogs (66). In these experÍ.ments it was found that when

plasma eoncentratlons of potasslum fall below the normal

value of 4 mïq,h, bicarbonato neabsorption is enhanced"

Conversely, when potasslum salts are lnfused and plasma

poüassium concentration excseds + n.Bq/!, bica¡rbonate re-

absonption ls reduced below the normal vaLue, Pitts (66)

suggesÈs the significant factor controlllng bicarbonate

reabsorption in these cases is not the plasma concentration

of potasslum but rather the intracellular concentratlon.
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Thls is based on the fact that infused potasslum rapldly

enters all ce1ls ln exchange for hydrogen' The hydrogen

lons leaving the cells are buffered by ext::acellular bicar-

bonato, thus decneasing plasma concentratlon of bicarbonate.

The renal tubular cells would respond in a slmllar mannert

accumulatlng potassi-u,m lons fnom, and oxtrudíng hydrogen

ions lnto the perltubular fluid. As & result of reduced

hydrogen lon concentration and inc::eased potassium lon CoD-

centratlon of collectlng duct cells r potasslum lons displace

hydrogen ions from the lumlnal exchange mechanism. Bicarbon-

ate neabsorptlon would be reduced and potassium secretion

onhanced. The urine contalns lange amounts of poùasslum

bicarbonate and is theref oi:e highly alkali-no " In conclusion

Pitts suggests that loading with potassium salts v¡ould Lead

t,o a hyperkalaemic metabolic acldosj-s. The acldosis ls oxtra-

cellular¡ the cell contents being relatively alkaline.

Bj.carbonate reabsorption appears to be relaüod to

plasma chloride. In hypochloremla plasma bicarbonate ln-

creases. Conversely, ln hyperchloremla, plasma blcarbonafe

decreasos. ( 66 )

Water Excretion

Renal water reabsorption is belÍeved to occur by

passi-ve diffuston of water along an osmotic Sradlent cneated

by active reabsorption of ions (66). Tn water dluresls when
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the tlter of cireulating antl-dluretlc hormono ls low' the

epithelium of the distal tubule is impermeablo to waten"

The hypotonÍclty of tho tubular urlne leaving the loops of

Henle ls maj.ntainod th:roughout the nemainder of the nophron

and the flnal urine is dÍlute. Osmotic dfuresis occurs due

to r"educed absorptlon of filtored solutos (24). This may be

due to presontÍng tho proximal tubulos wfth material that

cannoü be absonbed (mannitol). Hlgh lntakes of sodium

chloride cause osmotic dluresis and this is believed to be

due to diminlshed isosmotic absorption of flltrate in the

proximal tubulo, leadlng to an lncreased load on the distal

tubule (24). Admtnistration of potassium chlorldo to cows

has been shown to cau.se osmotlc dluresis (2 , 73). Anderson

et al (2) suggosted that the osmotic dj-uresls was 1n pant

duo to an increased solute load in the gomerular filtrate.

They also suggested that during potassium loading a greafer

suppresslon of hydrogon lon excrotion occurs than incnease in

potassium, giving rise to a not reductlon in sodiu¡n ion

reabsorption, ïuith eonsequerìt increased restrictlon of the

tubular reabsorption of water. liVater diuresis has also been

shown to occu-r in cattle (74) '
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Honmonàl Regulation of Renal
Electrolyte Excretion

The adrenal contox is a wo}l-necognized source of

Ïronmonal agents that exert a powerful lnfluenee LtpoÌl renal

tubular function. The most recently diseovered of these,

aldosterone, dominates the steroids reloased in ter:ms of its

effect upon electrolyte excreti-on (fS¡ and is approximately

thirÈy times more effective than deoxycortlcosterorl€.

Aldosterone appears to pnomoto tubular sodium reabsorption

and potasslum secretlon (15) " There are two main hypothoses

regar"ding the control of aldostorone secrotlon (86)" The

flrst states that perl-phe::al nervoÌts receptors r posslbly

located ln the upper arterial treee sorvo as the afferent

llrnb of a reflex arc vrhose effector is a neurohormone or a

pineal hormone" The second bypothesis states that a per-

lpheral receptor effects the release of renln from tho juxta-

glomerrrlar apparatus in the kldney. RenLn leads to the

liberation of angiotensln which ln tunn stimulates aldo-

sterone secrotlon, Avall-a-bl-e evldence appoars to favour

the latter: of these tvio Ïrypotheses (46 ) . Increased aldo-

sterone secretlon has been shourn to be caused by potassi-um

admlnistratlon as well as sod.ium dopletion (86).

Âdrenal cortlcal hor.mones appear to affect bics-rbon-

ate roabsonption, although the mechanism is not entlrely
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clear. Hlper secretion of gluco- and mineral corticoids

induces met,abolic alkalosis associat,ed with increased bi-

carbonate reabsorption. Tn contrast, a deficiency of adrenal

cortical hormones induces metabolic acidosis associat.ed with
reduced bicarbonate reabsorption (65). There have been some

a-ttempts in recent years to assess the role of adrenal

cortical hormones in renal excretion of calcium and mag-

nesium. Care et al (17) found that when normal sheep r^/ere

injected intramuscularly with DocA, urinary, excretion of cal-
cium íncreased but maginesium excretion remained unchanged.

rn adrenalectonized sheep the same workers (r7) found that
neither ÐOCA nor D-aldosterone-trimethyl acetat,e had a sig-
nifj-cant effect on renal excretion of magnesium. similarly,
Scott and Dobson found that, D-aldosterone injected intra-
uruscularly (66) had no effect on urine excretion of magnesium

but in contrast t,o care and Ross they also found no effect on

the urinary excret,ion of carcium. scott and Dobson (zt, found,
however, that the injection procedure, i.e. intramuscular

injection of an isotonic solution of saline alone, caused a

significant increase in urínary excrelion of magnesium.

Scot,t and Ðobson (7Ll found the intravenous infusion of
aldosterone appeared to cause an increase in urínary mag-

nesium excretion althoui¡h sufficient dat,a were not cortected
for statistical analysis. rn sodium-depret,ed sheep wtrere
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aldosier"one secretion would be expected to lncnease, Dobson

and Scott (71) found a decnoase in urj-nary excretion of cal-

cium and magnesium. They suggested that this may have been

due to a reduction of the extracellu-lar conpartment duo to

depletion of sodlum.
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ffiGULATION OF THE VOLU\IE AND MINEIIAL COMPOSITION
OF RUME]S FLUTD

The volume of rumen flulcì. ls normally malntained by the

consumption of water and salts and the secretlon of saliva,
Consumption of water and salts togethen with absorptive mech-

anisms counterbalance tLre effocts of mlcroblal metabollsm so

as to maintain pHt solute concentraù1on and osmotic pressure

of the rumen fluid, within the range favourabl-e to norznal

rumen functlon.

ïVater Intake

V,laton lntake of cattle dopends on a large nurnbor of

factors but only those related to mineral- intake will be

dlscussed here. Beilhaaz and Kay (11) reponted that the

osmotj"c pressure of the blood appears to be important. Tho¡r

fou-nd. that sheep became ver1f thlnsty when they were given

inùravenous lnjections of hypertonic sodium chlorj.do solu-

tionsn However, Beilhar-z and Kay (ff ¡ also found that intna-

venous lnjections of hypertonic glueose did not have the satne

effect as sodlum chlorlde and they concluded that tho sheepts

osmoreceptors respond selectively to solutes which do not

penotnaüe the coll membnane readily" The osmotic pressure

of the rumen contents does not appear to be lnvolved sj.nce

33
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Befllhas"z and Kay (11) found that sheop showed no slgn of

thlrst when hypertonic sodirim blcarbonate solutions were

intnoduced lnto the rumen" That lov¡ blood osmotic pressure

does not fu11y inhlblt thinst was shown by Bellheres ot a!
(10) who found that sheop depleted of sodium by loss of

sal-1va conti-nue to drink water alùhough the concentratlon

of sodium in the plasma is falllng"

Salfvary Secreü.þn

'R¡minants secrete large volumes of alkaline well
buffered saliva which stablllzes the ru:nen pH and suppli-es

most of the water and salts of tho rumen fluid" Bailey (5)

has shovun that cattle secrete as much as 98 to 190 litres

of sallva daily and sheep ( 5) have been estimated to socnete

6 to 16 llünes daily.

Sa1fva is made up of socnetlons of a number of glands.

Kay (51) divlded the salivary glands of sheep j.nto three

groups. Flrste the parotid and inferior molar glands which

are purely serous. TLrey secrete conùinuously and may be

stimulated fnom the mouth, the oesophagus and the rumen.

These glands ane particu-larly active during eatlng and rumLn-

ation. The saliva secnetlon is isotonic with plasma, alka-

llne and well buffered. Kay (51) placed ühe small glands

lying beneath the epithe}ium of tho cheeks, palate and

phar¡mx in the second group, They ane largely composed of
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mucou.s cells and secrete 1itt1e when not stimulated. Like

the serous glands they respond well to stimulation of the

moutho oesophagus and rumen. Although the palatine saIlva

ls extremely mucous 1t does resenble parotid sallva 1n lts

inorganic constituents and a]kallnlty. The thlrd groupt

which is both serous and mucous, consj-sts of t'he submaxlllary,

subLlngual and lablal glands. The submaxlllary is llttle

affected by stimulatlon of the oesopbagus and ruÍlen. It

secretes rapidly durlng feeding but only sligÏrtly during

ruminatlon. The saliva of the third group ls mucous, hypo-

tonic and poor1Y buffered.

Parotid saliva from normal sheop contains on the

average the followfng: (nøq/t) sodium, l7'l; potassium' B;

blcarbonate, 1o4; monohydrogen phosphate, 5? ; chlorlde, l7i.

and less than one nrpqf each of calcfum and magneslum (52)'

Mixed saliva ln sheep 1s similar 1n composltlon, accordf'ng

to Kay (51). In cattlo 1t has been found that mixed and

parotlo saliva are also slmlla-r in composltlon (5, 6, õ1).

The most lmportant factor that affeets the composl-

tlon of parotid saliva 1s sodiurn depletion. The remarkable

inver"sion of the relative concentnations of sodium and

potassium 1n parotid saliva vukren sheep are depleted of

sodlum ïuas first described by Denton (27 ) " Denton fou:td

th.at when sodium supplemenü was withdrawn from a sheep with
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a parotld fistula that ühe sodium ion concentratlon of the

saliva decreased fnom 18O to 6A nEq/L. There was an almost

equivalent increase in potassj.um j-on concentration; it rose

from 1O to J:?O nBqft. Thus the saliva appeared to retaln its

hypertonicity. Apart from a smal1 increase of monohydrogen

phosphate with an equivalent docrease in bicarbonate, the

anion patteffÌ was unehanged. There was a gradual decrease

in the saliva volume. The avorage volume per da)r duning the

contnol period uias 2,68 lltres whereas the average over the

oleven days of sodiue depletion was 1.?L litres. Tho rlse

in monohydrogen phosphate was corruîensurate with Èhe decrease

of secretion volume so that the total phosphate secretod was

uncha¡ged. Within forty-elght houns of sodium wlti.drawalt

the sodium excretion by the kidney was reduced to virtually

ni]. At the Sane time, the renal potassiu-m excretion was

greatly reduced. Denton concluded that in the face of gross

sodlum depletion, the aninral had ceased excroting sodium ln

the urlner greatly neduced it in the saliva, and transferred

the large urinary potasslum excretion characüerlstic of

henbivora to the parotid secretion. Dobson (¡g) showed that

the concontration changes of sodium and potassir:m lons of

mixed saliva of sheep during sodium depletion followed those

of the parotid saliva to a highly significanü degree' but

were not as marked" The potassium concentration of mixod
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Sal-iva was slightly more effective tLran lts sodir:m concen-

tration as a basls fon predicting the potassium concentration

of parotid saliva. Ball-ey and Balch (5, 6) and Dobson (õ1)

have shown that the changes that occur in tbe concentratlon

of sodium ancl potassium of both parotid and mlxed saliva of

cattle dui:ing sodium deplotlon are stmilar to those found in

sheep. Dobson (õ1) Ïras suggested that mlxed saliva of cattle

obtained by sponge sampling may be more closely related to

parotid sa]lva than is the case for sheep "

A nrjx1ber of workers have shov¡n that there is a rela-

tlonshlp between tho rate of secretion of parotid saliva and

its composition. Coats and \i'',rrlght (18) var"ied tkre rate of

secretion j-n sheep by electrically stlmulating tl.e motor

nerve at varlous f requencies. fhey foi:nct that as the rate of

Sal-lva secrotion incneased, there occured a rise |n sodium

concentration and a fa]l in potasslum concentration. Siml-

larJ.y, Bailey and- Baleh (5) found in a smalJ steer that the

concentnatLon of sodium increased and potassium decreased

as tho rate of parotid sa11va secnetlon lner:eased. Thls

appeared to be the case whether or not sodium intake was

adequate. Dobson (õ1) found sfmilar nesults with respecf

to sodium and potassium concentration in the parotid saliva

of a covy receiving an i-nadoquate lntake of sodiumo Hou'revert

whon the coïy ïvas receivlng an adequate i-ntake of sodlumt
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Dobson (50) found that potassium concentration rose slightly

with an lncrease in fl-ow rate v,¡ith a corresponding fall in

sodium concentration. Dobson (õ1) suggested that the appar-

ent discrepancy botweon hls work and that of Bailey and Balch

could have arisen from differences beÈween animal-s or from

small dlfferences in sodium status.

Osmotic Pressu.re and Electnolyte Concentrations
in the Runren F1uid

The r,r¡ork of Panthasarathy and Philllpson (64) suggests

that the numen fluirl tends towards isotonlcity wtth the blood"

They found that soluüions which were hypotonic or isotonic to

serum l-ost water when put in the isolated rumen of anaes-

thotized sheep whil-e hypertonic solutions galned water. The

movement of water with Lrypertonlc and hypotonic solutions

lndicated that water moved across the rumen epithelium as a

result of osmotic gradlents. The absorption of water from

the isotonic solution was probably duo to net upÈake of

lons. Kay (5?.) suggests that three mechanisms may account

for the near ísotoniclty of rumen contents ¡ the permea-

bility of the nlnen epithelium to water, the absorption of

salts by the rumen eplthelium, and the secretion of large

volumes of nearly isotonic saliva"

If runan côntents are to remaln isotonic any solutes

absorbed rrust be accompanied by an appropriaùe volume of
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waüep. Kay (52) has polnted out that llydents estimate of

tl.e rate of absorption of water from the rumen contents of

a slroep 2 3.6 litres daily, is enough to render roughly iso-

tonic the 60O mEq of sodium (plus anion) tfrat' Dobson(Z9)

estimated is absorbed frorn the numen. Kay (SZ¡ suggested

that volatile fatty aclds and other fermentatlon products

which are contlnuously foirnd in the rumen and absorbed from

it would be expectod to krave littl-e long term effect on the

osmoüic pressure and water balance of the rumen; intermittent

Surges of fermentatlon may have more substantial effects "

Fatty acids wilL only lncrease the number of osmotically

actlve partlcles in solution to the extont that they ane not

neutralized or" are neutral-Ízed by monohydrogon phosphate to

give dihydrogen phosphate plus acid radical since neutrali-

zation by bicarbonate is accompanied by the evolution of

gaseous carbon dloxlde"

Elan (36) foqnd that rate of passage of digesta through

the ru3nen is accelerated by lncluding large a:moirnts of sodium

chlorlde in the diet, and Lloyd Davles (SS¡ found that the

addltlon of four on elght litres of nrator to the rumen daily

caused only very slight increases in food lntake. Simllarlyr

Murray et aI (65) found that provislon of a salt llck during

an experlment when a sheep was feeding continuously 1ed üo

an increased rumen outflow. Hovúgver, they also found that
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regular additlon of three grams of sodj.um chLorÍde to eactr

meal when the animal was fed twice dal}y gave no increase

in the daily rumon outflow over that of a control period

with no salt addition, but ther"e was a sltght decrease in

ühe weight of the rLlmen contents (6õ) " ff the isotonicity

of the rumen contents is mainllr due to tho permeabllity of

tho rumen epithelium to watern thon the rate at which rulnen

fluid passes on to the omasunr will depend more on the amount

of salts that enter the ruxien than on Ùhe water lntake. The

experiments repo¡-ted above suggest that this ls the câs€ o

The concentnation of individual electrolytos in the

rumen fluld depend largely on the a¡rounts of salts and water

that are ingestedo the amoirnts absorbed by the rumen epithe-

lÍum and the amounts secreted in the saliva (52). Experl-

ments by Sellens ot a} (72) and Dobson et a} (36) j"n sheep¡

and by Bailey (4) in cattle have shown that sodium and potas-

sium account for most of the catfons present in the nurnen

fluid and their concentratlons show a strong lnvorse coffe1a-

tLon. The pnlnclpal anlons are chlorider monohydrogen pkros-

phate, blcarbonate and the anions of volatile fatty acids

(4,85)"

The rolatlonship between tkre concentratlons of sodium,

potasslum, chloride and inorgani.c phosphate in mlxed saliva

and rumen fluld of cattl-ê .was studied by Bailey (+). The
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studies were carriod out on four dry shorthorn cows, glven

flve different dlets supplying from four to sixteen gralils of

sodium daily. The sod.i-um concentration in the rumen fluid-

ranged from 160 to 60 5,Eq/I, and in the sa¡.va from 168 to 28

vtüq,/I" The observations ln which sodium concentration ln

rumen fluid oxceeded M5 n$qh were mainly on cows receiving

sodium chloride ad lib. Tho concentration of sodlum ln the

rumen fluid v\'as parallol to, but lower than, the concentration

in saliva. The mean value for runen fluid was I7 per cent

lower than the mean valuo of saliva for alL pairs of observa-

tlons. The consistenc¡r of the relationshlp between the con-

centration of sodium in th.e rumen fluid and sal-iva was high'

Bailey suggested that when food was eatenr ârrd sallvary flow

increased, absorptlon of sodium and the voluni,ary vuater intake

during the meal was sufflcient to prevent any rlse in sodlum

concentratlon ín the rumen. The resuJts showed that at any

one titne the concentnation of sodium in the sal-iva was

clearly the dominant factor determining the concentration

found ln tho rumen flu1cì. The concentration of sodium in

the saliva and ln the rumen fluicl tended to be lower when the

couis rrrrere consuming the d,ieùs containing the lorir¡er amounts of

sod.ium. Bailey suggested that over a long period with a

sod.tum-d.eficlent diet the amount of sodíum supplled could

have an effect on sodium concentration in rumen fluld owing

ds uNtvtÊsz}
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to a progres sive depletlon of body socllum and a consequenü

decl-lne 1n salivary sodium concentratj.ono Thore was con-

slderable difference i-n the sodÍum concentration in saliva

and rumen fluid between covrs consuming the same dfet.
Bailey suggested that this probably refl-ected the varying

length. of time the cor¡rs had been consuming tho diets.
Both chloride and potassil.¡.m concentnatlon in rumen

fluid were highest shorùly after eating, and declíned stead-

ily thereafter to low values fourteen hours after eating.

Like sodlum, the concentration of potassium in rumen fluid
reflected d.ifferences in the amounts of potasslum supplled

by the salj-va. Hovrieven, the concentratfons of potassium

Ín ru¡nen fluid were invaniably higher than the concentra-

tions in salj.va o whlch suggested that df-etary potassium

r¡/as a more important fractlon of the potassium ln the rumen

than was the dietary sodÍum of tho sodir¡m in the rumerl.

The concentnation of chlori-de in the rumen fluici rryas invan-

lably gneater than the concentratlon in the sal-iva. This

fact as well as the unifolmity in the concentration of

chlonide in the rumen fl"uld in dlffer"ent cor¡rs consurning a

gÍven dlet confirmed that the dleüary chlorÍde was lmportant

in establishing these concentrations.

Sellors and Dobson (72), and Dobson and McDonald- (34),

have studled the changes which occun in the composition of



43

sallva of sheep feeding on grass grorrfil on fields heavily
fertlllzed with potassium salts. Those grassos are char-
actenlstlcally hlgh in potasslum content and lovr¡ in sodium.

sellors and Dobson (72) found that when two sheep accustomed

to hay on hay and meals were fod cut grass hreavily fertillzed
vr¡lth potassium chlorid.e and ammonium sulphate, sodium corr-

centrations in the rumen fluid fe].1 and potasslum rose. con-

centnatlon of about 25 nfuqft for sodium and l0o nnq/L,fo¡-
potassium were reachod after a week, a reversal- of the con-

centnations found when sheep were on hay díeùs. changes in
concent¡:ation of sodium and potassium in the mixod saliva were

much more erratic. Hovrever, the lovver natios of sodlum to
potassium tended to be assocÍated vrith the grass dlets, and

sellors and Dobson corlcl-uded that the changes in the sodium

and potassium coneentration in the rumen fluid were due at
least in part to changes j.n concentnations of these lons in
the sali-va. Elecùr1cal potentials between plasma and rumen

contents were also measured by sellens and Ðobson (72). They

found that the potential was correlated negatlvely witir the

sodium concentnation and posltlvel;,r wiüh the pot,assium con-

centnatlon in the rumen " The effects of the two ions could

not be sepanated because of the close negativo correlation
beüween sodlum and potasslum concontrations, sellors and

Dobson concluded, howeverr that alth.ough changes ln concen-
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tratlon of sodlum and potassiurn in the rumon account for
part of the changes in potentlal encounùered, other unid-en-

tlf led factors riust play a ro1e, especially in the grass

regimen 
"

Dobson and lVlcDonald (54') studied changes in the rumen

fluid and saliva concentraü1on of sodj-um and potasslum whon

eight sheep accustomed to a diet of hay and meaLs were fed a

dlet of grass hoavlly fentilized wlth potassium chlorlde and

amrnoníum sulphate n In general they found Lowered concontra-

fion of sodium and incneased concenti:atlon of potasslum ln
the sal-iva and rumen f lu1ds, thus confirmlng earller obsonva-

tlons of sellors and Dobson ('72) " the change in saliva sodium

and potasslum concentration varied greatly between animals

1n both extent and- tlmfng. Howeven, Sellons and Dobson (ZZ¡

observed changes ln salivary potassium during the flr:st week

at grass, whereas Dobson and iVicÐonald (34) observed no change

ln sali.vany potassium during the first week at grass. Dob-

son and lVicDonald ß4) suggested that the dlfference was due

to the fact fhat in the previous work the sheep consumed

less sodium. Dobson and lVrcDonald (34) found thaù the fall
fn sodium and rise f.n potassium concentnation in the rrumen

f}uid wero nearly completed by the end of the first week at
grass. They thus concluded that changes in rumen concen-

fratlon do not necessarily imply changes 1n saIlva compo-
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sitlon as had been implied earlier by Sellors and Dobson

(72). Dobson and McDonald (S+) suggested that the changes

ln rumen concentra-t1on of sodlum and potasslum may have been

due to changos in rate of flow lnto oT out of the rumen or

ln absorptlon of water and sodium, togeüher wl th the lncreased

intake of potassium. Dobson (32) studied changes in rumen

and. sallva sodium and potassium wþen mature ewos which had

prevlously been receivlng a steady intake of grass cubos

were subjected to three dietary changes ' The first change

ïvas to frash rrozen grass, then onto tray and meals and

finally back to the frozen grass. The dietary intake of

sodlum was about 6O;nEq per day on the grass cubesr 1O mEq

per da;r on frozen grass and 55 mEq per day on the hay and

meals. The saliva potasslum concentration was low on Èhe

dlets of grass cubes and grass dlets but was high vub'en the

ratlon was changed to hay and meals" The hlgh level of

potassium 1n sallva was malntainod though it showed some

slgns of fall1ng just bef ore the final dÍ-etary change.

Dobson suggested that since ln other experimonts a lot¡it cofl-

centr:atlon of sal-iva potassium ÏYaS found with a diei of hay

and mealsr the sallvary response was associated with the

clletar¡, change rathon thar¡ with the diet itself . The change

in sodium lntake from gT'ass cubes to frozen gra'Ss was âCColR-

panied by an apÞroximately equivalent fall in the amount of

sodlum excreted ln the urinon In contrast¡ â s soon as feed-
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ing of the hay and meals ration was bogun' sodium almost

disappeared from tho unine. This was follov¡ed by an enor-

mous i.ncrease in urinany sodium during the first few days

of the socond pe::1od on frozen grass. The urinary output of

potasslum rapidly and consistently reflected those changes

ln lntake. Tho loss of sodium on clrange from hay and meals

to ftozen grass was accompanied by a loss of water. The

l-oss of water was shown to occun by changes in both llve

weight and apparent water balance. Dobson suggested that

this probably reflected a decrease in rumen volume. Sodiutl

concentration in the rumen fluid decroased from 90 mEq/l to

55 mnq/l. Dobson concluded that the sodium which appeared

ln the urlne thus appeared to oniglnaÙe from the rumen con-

tents c

The change from hay and meals to trozen grass was

marked by a retentlon of water and an lncnoase ln the con-

centratlon of sodlum 1n the rumen.from 55 mEq to 90 rnqh.

The changes of potasslum concontnatl-on ln the rumon fluid

were rougirly equivalent to those of sodlum but in the oppo-

site dinection.

Dobson suggested that the raised concentratlon of

potassium in mixed saliva together with the reabsorption of

sodlum from the urine which followed the change to hay and

meals indlcated an incroase in the level of aldosterone ln
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the blood, Dobson also suggosted that since the stimulus

to ùhe aclnenal gland accompanied an increase in the a¡rount

of sodium in the raüionr âny explanatlon in terms of a socllum

depletion of the wtrole animal may be ruled out. Dobson

hypothesized that the ehange to hay and moal-s gave rj-se bo

an lrnmediate retontion of sodium in the rumen whlch coul-d

happen only by depletlng tbe extnaeellular space outside the

Sut¡ thereby stirnulating tho secreüion of aldosterone. Denton

(Zl¡ and Kay (52) have suggested that the rumen acts as a

store for sodium which can be draw"n upon at times whon d.ietary

intake is Low. lhls suggesilon appears to be based malnly

on the observod decrease in saliva sodium concentrations

which occurs when sheep are depleted of sodium. Dobson

pointed out that in the change from hay and meals to trozen

grass a largo fraction of the sodium ln the numen was rapidly

transfefred to the urine at a time rn¡Ïren the diotary intake

of sodlum was neduced. Dobson therefore concluded that in

this case the sodium 1n rumen contents was by no means

secured for the use of the animal.

An electrical potentlal gradient exists across the

rumen eplthellum of a sheep (0S¡. The blood has been shown

to be appnoxfmately õ0 mv positive with respect to the rumen

contents (gS). Thls fact has been observed in both conge,lous

sheon with normal rumen contents and in anaesthetizod sireep
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ïuith arfifÍclal so}ution in the numon. In considening

absorption of electrolytes from the rumen contents one

must thus consider both the electrical and the chemÍcal

gradient existf.ng. Dobson (29) shov¡ed tlnat sodlum movement

takes place against its electrochemical gradlent and the¡re-

fore the absorption of sodlum is acÈive. Dobson (29) con-

cluded that about one-ha1f the salivary sodium of a sheep

ls absorbed in the reticulo-rumen and that thenofore the

absonptlon of sodium from the neticulo-rumen 1s of con-

siderabl-e impontanco to the sodium economy of the animal.

Dobson (29) also suggested that sj-nce water moves passively

down its osmotic gradient, the sodlum uptake takes place

wlthout greatly affocting the concentration of sodium, as

was found by Sperber and IIyden (?8)" Dobson (29) also

polnted out that since the sodium puüp will tend to make

fhe rumen contonts elecürlcal1y negatÍve to the plasma,

thís will decroase the forces drivlng potassium into the

plasma. Thls, Dobson (29) suggesüed, may be of importance

to rumlnants whoso diet is rlch 1n potassium and poor in

sodlum, whereas thelr plasma has high sodlum and Low

potas sium concentnatlon.

Little ls hrown about the absorptlon of potassium

fnom the rumen contents (29). The epithelfum eontains a

high concentration of potassium and thls hampers the in-



49

vestigation of potassium movements in acute experiments,

since changes in a soLutlon in the rumen may arise in part

fnom changes in amounts j-n the epithelium (50). sperber

and Hyden (?g) obsenved that potassium aecumulated in a

rumen pouch to a concentration of 27 rnEq per litro. Dobson

(õO) pointed out that this eould be accounted for by an

electrlcal potentlal which made the blood 45 mv posltive

to rumen contents. A potentlal of this size and sign is

well within the observed range.

Storry (BZ ) determined the concentratlon of calcium

and magnssj-um ln the ultraflltrate of rumen fluid of shoepo

Basod on the electrical potentlals betweon bl-ood and rumen

determined by Dobson and Phillfpson (35), Storry calculated

that the concentratlon of calclum and magnosium ions in the

rumen fl-uid was too low for theso elements to be absorbed

as freely diffusing ions.
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ABSORPTTON AND SECNETION OF SOME MINERAL ELHVI'EI\TTS IN
THE GASTRO-INTESTINAL TAACT

Dobson (29) suggested that duo to the sustained acldity

of the abomasum of the sheep (56) lt appears l1ke1y that litt1e

sodius is absorbed from this organ.

DoBeor (25) et al- showed that lar"ge quantitles of sodium

are pourod j-nto the upper part of the sma]} intestinaf lumen

of dogs together with the digesùive juices. Similarly, Dob-

son (2g) calculatod that in sheep, sodium added by the pan-

creatic and bile secretions amounts to about 2OO mEq per day.

Ðobson (29) suggested that sodium added to ttre small intesüine

!s absorbed there. Dobson (29) aLso suggested that normal]y

about 5OO mEq per day of sodium ls absorbod ln the caocum and

colon of the sheep. Simllarly, Van Weerden (B?) showed 1n

cattle that sodlum absonptlon takes place agalnst a concen-

tratlon gradient in the lowen part of the small- lntestlne and

in the large lntestine. Van l/Ueerden (8?) suggested thaf nor-

mally only about 15 per cent of the dlssolved sodj-um entering

the large intestine from the caecum is excreted in tho faeees "

He (BZ) calculated that about 64 g of sodium per day ïuere

absorbod from the large intestine of the eows under experiment'

van weerden (B?) pointed ouü that, since a co1l/ of 5oo kgr

50
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glving 2O kg of mllk per day has a requlnement of 23 g of

sodium da1Iy, the lmportance of sodium absorptÍon from the

large intestj-ne ls qulte evldent.

Although 1itt1e lnformation is available on the

behavloun of potassium, there are no indications that this

mineral is actively absonbed as is the case with sodlum

(87). Van lleerden (87) showed in cattle that the concen-

tratlon of potassium along the whole lntestinal tract ls
greater than in the blood ser3um, so that the absorption is

not hindered by a concentratlon gradlent. In catùl-o, about

50 per cent of the potassium that entens the large lntesùine

frorn the ca-ecum has been shown to be absorbed (87)"

Hormonal facÈors have been shown to lnfluence fecal

excretion of sodiu:n and potassium. Borgen (12) showed that

after administratlon of deoxycorticosterone to the rat,

fecal sodium excretlon decreased, Poutsiaka (67) et al

showed that administration of rather largo doses ( 1 ng/Lrg/Aay)

of 9-alpha-fluorohydrocontisone to the dog decroased fecal

excretlon of sodlum and increased fecal excretlon of potas-

slum. Similarly, Care and Ross (17) found that intramuscu-

lan injectlons of either aldosterone or DOCA promoted sodium

absorption from the digestlve tract and lnhlbited potassium

absorption. In contrast, Scott and Ðobson (71) for-rrd that

intramuscular lnjectlon of aldosterone in sheep produced no
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significant effect on feca] excretlon of sodium and potas-
sium. However, mean value forn,sodium and potassium excretion L

was srighfly lorver with aldostor.ono administration than in
the control.

rt has beon shorr¡n that ruminants can decrease fecal
excretlon of sodium when the amount of sodiurn in the dlet
is decreased. Devlln and Roberts (zB) found in sheep that
when the amount of sodium consumed deereased there was a

concomitant decrease ln fecal excretion of sodium, Devli-n
(ze¡ also found that lov,¡ intakes of sodium appeared to
lncnease fecal excretlon of potassium. scott and Dobson

(?1) found decreased fecal excretlon of sodium in shoep

depleted of sodium via parotid fistula" However, dr-rrlng

sodium d.epletlon fecal excretlon of potassium appeared to
remain unchangod. Remltlna et al (69) have reported that
fecal excretion of sodlum deer,eased and fecal potassium éx-
cnetion increased in cows if sodium intake was Iow. camp-

bell (16) reponted that the levet of potassium in the dlet
of sheep appeared to affect fecar excreüion of sodlum. He

found that fecal excretlon of sodium was significantly
gneaten when the sheep consumed 3.7 g of potassium per day

than when they consumed ei-ther 2,2 or on? g of potå.ssium

per dayo

Fecal calcium may be partltioned into oxogenous and
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endogenous calcium. Endogenous calcj.rxr reaches the intes-

tlnal content ttrrough all parts of the intestlnal tract but

45c* studies have indlcated that the snrall lnbestine is by

far ttre most lmportant sito (++). Hansard. et ?1 (45) found

that the fecal endogenous loss was closely correlated vuith

body woight, although the endogenous loss tended to lncrease

slightly vriith age" calcium ls apparently abso¡.bed prlmariJ-y

ln the onaL part of the small intostlne (?6)' In the covu'

Visek of al (88) found that the delay betv¡een oral admlnis-

tration of 45Ca and. the time of maxiriurn specific activity in

bf ood calcium was thirty hours, j-ndicating that ca'lciu'm ab-

sorption occurred mairrly in tkre intestino. The formation of

rather j-nsoluble compounds may reduce calcium absorption'

It has ,oeen shown that oxalate may reduce calclum absorption

in rats due to forniation of lnsolubl-e calcium oxal-ate, which

is lost in t}.e feces (õ?). Talapatra (e4) e! a} found that

feed.ingpotassiumorsodlumoxalatestosheepresultedinan

increase in fecal excretlon of calciuu. They concluded, Ïrow-

everr that this vüas not d.ue to formation of insoluble calclum

oxalates in the intestine. Their rosults suggested that the

ingested oxalates were broken dov,¡:n in the rulnen to form

blearbonates and. carbonates, and that ttrus as far as numin-

anbs are concerned, the lngestlon of oxalates actually means

the ingestion of blcarbonate sal-ts of sod-ium and potasslum'
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They suggested that these alkali saltsr âs they gain entrance

to the true stomach¡ not only partially neutralize the gastft'c

hydroehloric acid but also lnd-uce alkal-osis as a rosult of

which secretion of gast!"Lc hydrochlcrlc acid is signiflcantly

reduced. This in turn reduces the solubility of calciutn'

salts ln tTre lntestino. Talapatra (84) also found that a

wide sodium to potassiunr ratio of one to thirteen introd"uced

ln the diet by the supplementation of potasslu-¡n chl-orid-e had

no effect on cal-cir¡m a.bsonptlon'

Calcium (?6) containod in the dlet por 30 will d-eten*

rnine the amoun.bs of calciu:n absorbed from the gastro-ln'ües-

tinal tract and ln most species the blood calcj-u¡r Level-

tends to rise or falf with the dietary calclum level' ca1-

cium salts are easily soluble in acid and relatively insol-u-

ble in alkaline solutlon. Thus it ls suggested (?6) that

factors increasing intestlnal acidlty will favor absorption

of calcium. There is some evidence ('''46) tfrat ora] admln-

lstr,atl.on of hydrochloric acid to dairy coürs may improve

calcium absorPtion'

Wi}son(94)Suggestedthatendogenousmagneslumenter-

ing the gastro-lntestlna] tract Ln 24 hours 1s not less than

the tota] extracellular magnesium. In sheep, Fleld (fa1

found that maín sites of secretion of rnagneslum from tkre

body into the lumen of the gastro-intestinal tract are the
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abomasum and the first part of the smaLl intestine. In

cattle, Horrocks and Philllps (48) suggested that magneslum

is secz,eted into the smal] intestine" fn sheep, Field (58)

found that the maln site of magnesium absorption appeared fo

be the middle third of the small- lntestine.

Storr.y (82) caffled out studies on the distribution

of calclum and magnesium ln the contents taken froro varlous

parts of the alimentary tract of tho sheep. 4.11 samples

except abomasum samples vlero obtained after slaughter" fn

the abomasum where the pH ranged between two arrd three there

\ñIas virtually no bound calclum or magnesium but jJÌ the

romalnder of the tract consj-d.erable proportÍons of calcium

and magneslum exÍsted ln non-ultrafil-trable form" Suppos-

edly the fractlon in the non;ultrafiltrable form is not

directl¡r avaÍlablo for absorptlon. There was a negative

conrelation between concentration of calcium 1n the ultra-

filtrate from tho lntostine and the pH of the digesta. lilith

magneslum this correlation was less obvious a:rd appeared to

be offset by unlcnown factors in the grass diet the sbeep

had been consuming prLor to slaughter. Storry calculated

that the concentra-tlon of ultrafiltrable magnesj-um and cal-

cium ln tho abomasum and duodenum IJYas hlgh enough for those

elements ùo be absonbed as freely diffusing lons 
"

Storry (8õ) also studied the offect of redu.cing the
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aclclity of abomasal digosta in vitro on the distribution of

ca]ciumarrdmagneslum"ItwasfoundthatincreaslngthepH

of abomasa] contents reduced tkre concentr'ations of ultra-

filtrablecalclumarrdmagneslum'l'Irlsdecreaseappoaredto

bedueprimarilytotbeblndingoft}reseionstothosus-

ponded matsrj-al ln the digesta' Storry found that tkrere

appearedtobeatleasttwobindingsitesprosent'oneof

which ls avallable to both ions but which binds calcium pre-

ferentially.Thesecondsitoappearstobeavai}ableonly

to calcium ions' Due to this binding tkrero was no precipt-

tationofca]cíumphosphatewhic}rwou}dotherwiseoccurata

pHofabout6.o"Calclumandmagnesiumsoapforroationwas

e].lmlnatodasapossib}efactorcontributingtothereduced
concentration.
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EYTOMEGNESM{IA

A]Èhough there are soveral- types of hypomagnesemia

only the rapidly developing type generally }crov¡n as grass

staggers or grass tetany will- be discussed here. It gen-

erally appears within tho flrst two woeks after cattle havo

been put out to graze |n the springo Sjollema and. Seekles

(??) were the flrst to describe the disease in dairy cov'Iso

Grass tetany has callsed considorable economic losses to

d_airymen, especially in Australia¡ ]dow Zealand, EnglaJld and

HolJand (14). Blaxter (14) bas pointed out that silce the

dlsease was firet reported, the incidence and geographical

dlstrlbutlon of the disease kras lncroased, and that these

increases are closely linked with 1n'rprovement of cropt

pasture and anima] husbandry' Grass Èetany is suddon 1n

onset and affecüed cattfe often die before any syrnpfoms

have been noticed.. The disease !s characterized by nervous-

ness, muscular twltchÍngs, unsteady galü, anorexia, lncroased L

sallvatlon and tetany of the muscles of the ta1l' The devel--

opment of tonlc-clonic convulslons is followed by coma and

frequently death (41). The serum calclum Lovels are Soner-

ally below normal and tho serum magnesium concentration is

markedly reduced¡ being as low as 0.21 to 1.01 mg per cont"(1)

57
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The fall ín serum magnesium concentration is freguently

very rapid and may drop to less than 0.7 mg per 100 ml of

serum within two days after the animals begin grazing in

the pasture. Cunningham (22) attempted to determine wl..ether

the disease \À/as caused by a dietary deficiency of magnesium.

Ile found that the grasses contained what would be normally

considered a sufficient quantity of magnesium. Furthermore,

Cunningham (22') found that mitk from affected animals con-

ta-j-ned normal amounts of magnesium, and no magnesium deficit

was found j-n the bone or in soft tissues. The magnesium

content of the urine, however, was markedly reduced. These

findings suggest that' grass staggers is not caused by a

dietary deficiency. Hoü/ever, it can apparently be cured or

prevented by additional supplies of magnesium. Cunningham

suggested the possibility of temporary impairment in mag-

nesium absorption, or the presence of a toxic principle,

elaborated by plants or animals, which has a specific effect

on blood magnesium and is inhibited by the administration of

addit,ional magnesium. Sr:bnormal magnesium levels may be found

in clinically normal animals in herds where hypomagnesemic tetany

is present, (761. In cases of non-clinica] hlpomagnesemia, oo

consistent alterations have been found in serum calcium, sodium

potassium, chloride or in carbon dioxide combining power

(e).
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A number of workers have emphasized the lmportance

of potassium in the development of the disease while othens

do not agree, Kunkel et aL, (54) reported lowered serum

nagnesiuln levels rnesulting fi:om feeding à ratlon high ln

potassium contont. However, Daniel et al- (23) 1n a Sofilo-

what similar experiment found no effect on serum magnesium"

Kirnkel added potasSium aS potassium carbonate, whereas Daniel

used potassium ch.loride. Wonk by Storry (8õ) suggosts that

alkaline salts may redu-ce absorption of magnesium by increas-

ing the pH of the lnùestinal contents and hence the availabi]-

ity of magnesium" Fontenot et a} (¿O) reported an increase

in fecal excretion of magnesium assocÍated with feeding a

ration high in protein and potassium content to l-ambs. The

potassigm was added as potassfum bicarbonate. Hov'¡ever, the

balance study was not begun until after the ariimals had boen

consuming the hlgh protein and high potassium ration for

thnee weeks. The incneased fecal excretlon of magnesium

ïvas accompanied by a decroase in urinarlr excretion of mag-

nesium. Hence, magnesium retention was only significantly

decreased in only one of the two trials conducted. The

sheep fed the high proteín, high potassium ration had

slightly lower plasma magnesium leveLs than the sheep fed

the control- ration. lloviever, there was no statlstically

signlficant change in plasma magnosium between inltlal and
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final levels. F'ontenot et al (40) suggestod that the high

proteln or h.lgh potasslum content of thls ratlon elther

lnterfo¡ed wtth magnesiurn absorption or promoted excretlon

of thls 1on j-nto the gut' Howevern fecal calcium excretion

was significantly decreased in one of the trials and re-

malned unchanged ln the other. Thus, if magneslu4 avall-

abl11t¡, was decreased by j-ncreased bindlng of magnesirrm, it

is difficult to see why fecal- calcium excrebion was not

also increased since increased pH increases binding of cal-

cium as wel-I as magneslum (85).

Head and Rook (47) have drawn attention to the high

ammonia concentration in the rumen of cows during th-e first

days of feedirfg grasso To assess tbe importance of this

they addod ammonlum acetate or antmoni-trm carbonate to the

rumeït of co\rvs fed a diet of hay and concentrates' This

producod ruminal ammonia levels comparable to those observed

on grass" The urinary magnesium excretlon was reduced and

this was interpreted as belng ovidence of decreased absorp-

tion of magnesium from the gutu A moderate reductj-on ln

Serum magneslum Ievels v,ras observed" Hovrever, Field' (39)

condu.cted balance experiments using two streep and found no

differenco 1n availabillty of magnesium in grasses from

fields rvhere cases oÍ tetany had occurred several times

as com'oared with that from fields where tetany had not
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occurred, Since rttetany gråssosrr are low in sodium and

high in potasslum, there have been some attempts to assess

the role of mineralo-corticolds in hypomagnesomia' Care

and Ross (1?) concluded that since the hypomagnesemic

response observed- ln sheep on changing the diet fbom dry

foodtolush'grasswassimil-arinintactandadrenalectomized

sheep,theresponse'wasnotcausedbyanincreasedsecretion
of aldosterone-like compound.s. Scott and Dobson (?1) found

that infuslon of al-dosterone lnbo the jugular vein of a

skreep caused a mean faIl oî 20 per cent or more in the corì-

centrationofmagnesium,potasslumandinorganicphosphorous

ln tkre plasma. 'l-'l'hen aldosterone was infused in srr'eep vrith

ahighpotasslumintakotheconcentrationofpotassiumin

the plasma remained within the normal rangeo but rose to

highleve]swhenthe}rormonoljvaswithdrawn"Scottand

Dobson(?1)suggestedthatinconsidoringwhetheraldosterone

ma¡rbelnvo]-vedlntheaetio}ogyofgrasstetany,twooppos-

ing reactions must be borne in mind' On one hand' aldoster-

oneledtoasmallreductioninplasrnamagnesiumconcentra-

tlonr so that undor grazing conditions lncreased secnetion

of this hormone ]Ïiay combine with othor effects to potentiaüo

totany.]hlowever¡w}renpotassiumintakewashigh¡a}dosterone

appoaredtolimitt}reriseofpotassiumintheb}ood.In

thisrespecta}dosteronecou}dprotecttheanimalfromtef-
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any slnce a raised

cellular fluid ma¡r

more excitablo and

tetany.

eoncentration of potassium in the extra-

tend to nender tho neuromuscular juncÈions

so perhaps make the animaL more prone to
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E4ESRIt€-s!.aLJRo-cEpEE

Four Hereford steers approximately ei_ghteea
nonths of age were used and they ranged in weight from
373 to 391 kg at the beglnnlng of the experlment" The

steers had been fitted with rumen cannurae two months
prlor to the experiment. one month prlor to and. during
the course of the experinent the steers were fed 2 .5 kg of
corn and O.l kg of chopped hay at gllO a.m" and g:lO p,m,
daily" The ani¡qars were arlowed access to water at arl
tines and, during the netabollsrn study the amount consumed

was recorded.

The roetaborlsn study eonsisted of four eight-day
perlods' These will be referred to as perl-ods r, rr, rrr
and ïv" Perlod r r¡¡as immedlatery fotroi,ved by period rr,
Period fff began eight days after the end of period If and
Perlod. rv fotLo¡,¡ed fnnedlately after perlod. rrr. One nonth
prior to the beglnning of the netabolism study and. during
Period's r and rv the daily lntake of s,:dir¡n was z06.o nEq

and of potasslum, rro8,r+ mEq. Durlng periods ïr and rrr
and the elght days between perlods rr and rrr the dairy
intake of sodium was zr.T mEq and of potassium, 4427.g mEq"

one raonth prlor to and throughout the course of the experi-
ment the dally lntake of caleium was 39r"6 nEq and of
magneslum 629.2 mEq. The amount of each of the above

mlneral elements present 1n the basal ratlon and the amounts

and the chemicar forns of supplements added are shown ln
63
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table l-, the mlneraL supplements were added to the basal

ratfon at the tlme of feed,lng.

lotal col-leetlons of urlne and. feces r¡rere nad.e

d.urlng Perlods r to rv. the urine was eollected fn glass

bottres by applylng a continuous suction to a rubber funnel
fitted beneath the anlnalsf penls. The urlne colleetlon
bottLes contalned lo mt of acetic acld. an ammonia trap
contatnlng L, mL of coneentrated surfuric acid was praeed

between the urine bottre and the suetion punp. The feces

rdere collected. 1n polyethylene bags whlch r¡Jere supported,

by heavy gauge rubber bags, Leather harness held the

rubber bags in plaee beneath the animarst anus, collections
of urine and feces were mad.e at 9:3o a.m. dai-ly. The welght

of the feces and vorune of urlne were recorded, and a sample

of eaeh fron eaeh animal was retalned. for anarysis, lhe

total dally feces from each anlmal v¡as mixed in a Hobart

mlxer prlor to sampllng. 0n the day of lts correctlon a

portion of the fecal sanple was used. for dry natter deter-
mlnation and, the remainder was stored at -l8o c. The uri.ne

sanples were stored at l+o C.

A sanpl-e of mixed. sallva was obtalned fron each

anlmal at 3a00 p.n. dafly during Periods I to IV. Samples

of salf.va were taken with a 2 x 2 x $ lnch celrulose sponge.

Prlor to its use for sampling, the sponge had been soaked

in delonlzed. water for a 2tr hour perlod and then d.rled..

The sponge l¡ras gripped fn forceps and. placed between the

fnside of the left cheek and. the molar teeth 1n the region
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TABLE 1

A:_ILINETIåt_Ç!r:iP-QS_UJçlt__44_e.ss,AI,_nêTIolv

Basal Bation Total Total Total Total
ConStitl¿ent SodÍuqr Potass_lum*. Caþ.ium i'laEngçigg*

5 ke corn 7 .o \I9,5 26.6 )56,5

1 icg chopped.
hay Ll+"6 286 "6 L59,, ¡.72.6

E ¡-- C LNÐ '.ô"! [WprÆ{q{Iå_:__Çffi MIÇéL__ F 0Bi'i9 *J[LoInvTë é}iD PEF. I oDs

u-un Iit_L:HI_.Ç s - r ffi v . @BE" IsÐ

þiineral Araount Perlods Du-ri,nE l¡lhich
- Supgl,ggient Waã Fed

Sodiutn

NaCl 68tl.4 mEq Na+ Periods f and IV, and. one
month prior to Period f.

Potassium

KC1 402.4 mEq K+ One nonth prlor to and
. throughout the experiment,

fGfC0t 11106,1 mEq K*) Perlods II and IIT and the
K citra.te 11106.5 mEq f+) interval betv¡een Periods IT
K acetate 11106,1 mEq K+) and IfI.

Calciu¡n

CaCO3 L99"6 mEq Ca++ One month prlor to and
throughout the experiment.
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of the left parotld d.uct. The sponge vras held !n place

for approximately one mlnute, removed and squeezed lnto a

collectlon tube, then replaced 1n the nouth for a second

one nlnute collectlon. The sallva Sanples were stored at

l+o c.

The weight of retieul-o-rumen contents of the four

steers was deternined. at 3:3O p.m. on the odd numbered d.ays

of Perlods I, fI and IV. Durlng Perlod III determlnatlons

lrere d.one on the ffrst and the seventh days of Èhe perlod'

Deterninatlon of the welght of the reticulo-ru¡nen contents

was done by unloading lnto large contalners via the rumen

fistula aLl of the digesta present, wetghing and returning

the digesta to the reticulo-ruÌnen. Prior to returnlng tbe

dlgesta and after the digesta had been thoroughly nlxed,r a

55O nt sample rdas obtalned. 0n the day of col-lectÍont

approxlnately one-half of the sample Idas used for dry matter

determinatlon" The remalnder was strained through four

l,ayers of gauze and the resultLng f]uld was retalned and

stored. at -L8o C.

At3;3Op.m"onevennr¡mbered.d.aysdurlngPerlods

I to IV a LOQ mI Sample of retlcul-o-rt¡nen digesta kras

obtalned. The 100 nl sample was obtalned fro¡a a well nLxed

l0o ml conpound sample made up of flve 100 mL sanples

obtalned from the retieulum, ventral runen Sacr dorsal

rumen sec, posterlor dorsaL rumen sac and posterlor ventral

saen The renalnlng 4OO ml was returned to the retlculo-

rumen. 0n days threo and five of Perlod. fIï a 55O nL
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sample r'ras taken in order to make the amount of digesta
removed from the retieul0-runen equar to that removed.

durÍng the other odd numbered. days of peri_ods r to rv.
All of the above sampres of dlgesta were strai.ned through
four layers of gauze and. the resulting fluld stored at -Lgo c.

Á't 2:lo p.m" on the last day of períods r and rrr
blood sauples rÂrere obtalned from the jugular veln of each
anlnaL" Approximately Lo mL of blood was eorlected in a
heparíntzed test tube. The plasna was separated by centrl_
fugatlon and stored, at .l8o C.

At 1¡30 p-m, on the last day of perlods r and rrr
a muscl-e sanple was obtalned from the semitend.onosu.s muscle
of each anfmal. The musel-e sample r,vas brotted roith filter
paper to remove blood and stored at _1go C.

Floisture content of feces samples hras d.etermlned
by dryfng to a constant weight fn a lyophi'lzere tulofsture
eont'ent of feed. and. retieulo-rumen digesta samples $¡ere

determÍned by drying to a constant weight in an oven set
at 1o0o c- Dried. feed and feces samples were ground and
allowed' to equiribrate r¿ith the air prior to ana.lysis.

lhe feed, feces, urine, musele tlssue? rumen

fruid, sal1va and plasma samples were analyzed for sodium
and potassiun by a d.ireet intensity frame photcmeter" The

method used was that descrÍbed. by the nnanufacturers of the
flame photometer (\gl. Sodium ehloride was added. to all
potassÍum r¡¡orkfng standards so that the sodium coneentration
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1n the stand.ards v¡as simÍlar to that found. in the sample

d.ilutions" rn the ease of plasma, artlflcial plasma was

used to nake up the working standards for potassium analysis"
The artlfieial plasma eontained the forlovring, in g/Ll Nacl,

80"72; KCl , O.2O9; ffi2P04, O.LT6; CaC12'2H2O, O"3TO\ and

MgS04.7TIZA' O"2rO in deionlzed water (t+:1" Feed and feees

sampres were prepared for analysls by digestion in micro-

Kjerdahl flasks. coneentrated nitrie aeid and To per cent
perchlorle aeid were used to digest the organic matter.
After d.igestion the sampres were filtered through "udhatnan

#ho rirter paper and made to known volumes with d.elonized

water" The musele samples rdere extracted r'lith ether for
four hours and the drled fat free sampres i/üere d.igested.

wlth nitric aci-d. by heating the samples on a water bath,

After d.igestion the samples r{ere filtered through whatman

#t+o ri.rter paper and mad.e to known volumes with dei.onized

water" Rumen flu1d sanpres \¡rere eentrifuged for lo mlnutes

at 3r1O0 rpm and the supernatant fluid. was dlluted wlth
deionized water to a eoneentratÍon approprlate for analysis.
cheek anaryses showed that thls method of eentrífugatlon
gâve the same results as those found b)'filtering through
'fdhatrcan ;É1 filter paper. The l-atte¡: method h¿.ls beelr

cieserl-bed i:¡r SelLers and Dobson (72). Preparaticn of
urÍne, ËIRsnna and sal1va samples for sodium and potasslrrn

ânalysis lnvolved only dilution with dei,rnized. water to

a coneentratlon appropriate for anal¡'s1s.
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The feed, feces, urine and' plasna samples were

analyzed for calelulrr and magnesiu.m by the method' described

by 'ufalser (90). The method. r¿as ¡nod.if ied. in that Eriehrcme

Blaek T and Calcein were used as indicators.

In the case of feed and feces the sample

preparation was that used for sodium and potassium analysis.

The urine was analyzed. directly. Check anal-yses shcwed

that this gave the same results as found by ashing the

urine prior to analYsis.

Plasma chlorlde was deternined by electrcmetric

titra-ulon using a Cotlove chloridoÍneter'

statistlcal_ method.s used, rder€ llnear correlation

and analysls of varj-anee as described by Steel and Torrie

(BO). ,Ana-l-ysis of varianc€ was re.stricted to comparing

Period I with Period IIT, l,{here there l'/as mor€ than one

obse::vation per experimental unitu anínal or block effects

were eonsidered to be flxed. Due to sanple losses some

classes had rnissi-ng values. In eases þrhere only one c}asS

had a missing value mean values for the class $tere used'

aS ealeulated misslng Values" Tn cases where inore than one

clâSs had a missing value, or there \¡ras more than one

nlssing value per elass, Ln order to e<trualize the nu.::tber

of values per class values from each of the renaining

classes were randomly chosen and onitted from the caleula-

tlon of analysis of variance. This was d.one 1n orfl'er to

simpl-ify analysis of varlance calculâticn slnce an uneqiral
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number of samples per class gives rise to nonorthogonaL

sums of squares" The values omitted are bracketed 1n the

Appendix tables. F values \ÂIere eonsid.ered signifieant Íf

they exceeded the taþulated valqe for the five per cent

level of probabllltY"
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Body !üelsht

The four steers were weighed Just prlor to and at
end of the metabolisn study. The average dairy gains for
steers A to D respectively $rere 0.28, 0.16, o.Lo and 0,28

the

kg"

reÀgþ!-_ggJa.te_r an¿ prv-. yattef
lhe d.ata on weight of water and, dry matter in the

reticulo-rumen are presented. in table 2 and irrustrated in
figure I, The weight of water fn the rumen d,uring peri.od r
vari.ed llttl-e for any particuJ.ar steer" However, there were

conslderable d.ifferenees among animals, This did not appear

to be related to size of the steers nor to the volumo of water
consurned." The weight of dry natter in the rumen varied,

consid.erabry both for a partlcurar animaL and among animals.
The rueight of vlater in the reticuLo-ruaen appeared to

lnerease on the first day durfng v¡hich the high potassir:.n low
sodl'¿n ration was fed (Perlod II). ThÍs was most marked for
Steer A and teast for Steer D for rqlrlch l1ttle or no Ínerease
occurred.. Tho i.ncrease ercpressed. as a per eent of the mean

varue fcr Perlod r was Ll"z fcr steer A, rt¡,O for steer Br

9'B for steer c and 3"5 for steer D" This was in general

folrowed by a d.ecrease so that the weight of water ln the

reticulo-ru¡nen on the seventh day of perlod rr was similar to

7L
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that found during Perlod ï.
Except 1n the case of Steer C the welght of water ln

the retleulo-rr:men d.urlng Period fII was slnllar to that

found. fn Perlod I, The welght of water in reticulo-ru¡nen of

$teer C appeared. to be lower during Period IfI than durlng

Perlod. I (table 2).

0n the flrst day during which the sodiu.m and. potassium

content of the ration was again equal to that fed during

Perlod I (i.e" on the flrst day of Perlod W) the velght of

rrrater in the retieulo-rumen of Steers Ar B and, D appeared to

d.ecrease" The d.eerease expressed. as a per cent of the mean

varue for Period rÏr was zL"o for steer Ar 27"o for steer B

and. 12.6 for Steel D. Thls t¡as followed. by a gradual lncrease

so that the values found. at the end, of the period r,¡ere slnll-ar

to those fcund. d.uring Period.s I and IIf. Unllke the other

steers, Steer C showed no deerease 1n the weight of water ln

the retfculo-rumen on the flrst day of Period IVr but as 1n

the other steers, by the end. of the perlod the weight of

water had increased. to a Level si"milar to Perlod f.
Tbere appeared. to be no differenees between perlods

nor trends during the transition period.s (II and IV) with

respect to the amount of dry matter present in the rumen

(figure 1, table 2)" Ihere was no correlation bet'¡een weighÈs

of water and dry matter present 1n the rumen, The correlatlon

eoefficient calculated for the pairs of observations for all
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aninals d.uring Periods IT, III and IV was r ã O.LO?.

Sallva _quê_&unen C_9 anÊ þtassiun,
a nd Am qun t s _s{"-Ëq d l_rm _UÊ_ P_o t q_q sj:m lB_!,Þ __Bgpe!

During Perlod T the mean sodium concentratlon 1n the

saliva was 143.9 nEq/L (te.O)l and the mean coneentratlon of
potassium was 12.4 aüq/t (93.1+). There appeared to be some

d.lfference between anlnals with respect to saliva sodlun

concentfatfons. The mean values for sallva sod.lum coneentra-

tion ranged betr¡¡een 131+,6 mEq,/L for Steer A to LrB.l n&q/t

for Steer D. Balley (Lr) found that wlth sodiu¡a chlorldd fed

gÈ_l$!@ i'¡1th a diet of hay the mean concentration of

sodlum in the saliva of dry cows r,úas L6L nBq/L and dlfferenees

between anlmals were snall. He therefore suggested that a

coneentration of about 160 mEq,/I uoight be taken as charaeter-

lstle of that 1n saliva of covrs recelving adequate sodlum and.

usÍng tlrls method. set the level of ad.equate lntake between

16.0 and 1þ.2 g/day of sodiurn"

ït 1s not known, of course, whether the same crÍteria
would. apply to growing animals. If 1t did, however, it would

suggest that the sodir¡m lntake of the steers (about L6.0 g)

durlng Period I was slightly less than adequate. Horareveru

lstandard error.
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the results for the steers were fairly simiLar to those found

b)r Dobson (31) for lactating dairy co\^Is reeeivlng salt ad

Llbitun. This 1n tu.rn suggests that the criterÍa suggested

by Bailey may not be appl-1eable to growing or lactating

aninal-s.

During Perlod IT, the first period. durÍng trhlch the

htgh potassium Lou sodium ration was fedr the eoncentration

of sodlum and potassl-u,m lons 1n the sallva was generally

similar to that found durlng Perlod I (figure 2). However,

in the ease of Steer B there v¡as a falrly marked d.ecrease fn

sallva sodlum concentratlon and. an increase in potassium

concentratlon in the Latter part of Perlod II (Appendlx,

table 1)"

Cn the first day of Period IIIr after the steers had

been consuming the hlgh potassium low sodium ratÍon for L6

d.ays, it was obvlous tha.t fairly large ehanges had occu-rred

in sal-|va sodium and pOtasslum concentratlons. The mean

concentrat,ion of sod.ir:¡n fn the saliva during Perlod. IIf was

85.1+ nEq/L (tZ"O) as compared wlth 143,9 nEq/L (&z"O) for

Perlod I, The nean concentration of potassÍur¡ 1n the sallva

during Perlod III was 69,6 mEq/t (93,h) as compared wfth L2"4

nEq/L (33.1+) for Perlod f. These values were signÍfieantly

different. There rltas a slgnificant dlfference among animal-s

with respect to both saliva sodium and potasslum concentra-

tlons. Also, wÍth respeet to both salfva sodium and potassium
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concentra.tlons there was a slgniflcant interaction between

anlmals and treatments thus lndieating that the size of the

response to treatment change varled among anlmal-s"

A reversal of the sallva concentration changes noted

aþove occurred. fairly rapidly in all anj-nals during Period IVt

when the sodium and potasslun content of the ration i{as again

equal- to that d.urlng Period Ir so that by about the middle

of Perlod IV the concentrations were sinllar to those found

1n Perlod I (flgure 2).

The sum of sodium plus potassiun concentrations was

falrly constant for any parti.cul-ar animal- throughout the

course of the experimentr and, was sinilar ln size to the

values reported. by Dobson for cobls (31). Conparison of

period IIT wlth Period I shor¿ed that there was no significant

d.lfference betv¡een the two periods stith respect to the sua of

sodluru pLus potassium concentratlons in the sal-fva. The nean

value for the sums of sodlun plus potasslun concentrati-ons

for perlod I v¡as Lr6,4 nEq,/L (E2.O) and L55,0 nEq,/L (fe.O)

for Perlod. III. Hor¿ever, there was a sfgnificant dlff€rence

among ahlmals irittr respect to the sum of sodiu¡r plus potassfu.n

concentrations.

The ehanges in sallva composltion during the change

fro¡n the noderate level of sodium and. potassiua lntake ttere

siniLar to those reported for sheep and for cows ehanged' from

a stal-l dtet to grazing of pastures heavlly fertil-fzed rçlth
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anmoniì.rm sulfate and. potassium ehloride (31)" However,

Dobson (31) noted. tha.t when cons on pasture trere glven salt
there was a varlable decrease 1n salÍva potasslum concentratlon,
but this was not sufflcfently pronounced to be defÍnitery an

effeet of the salt ingosted.. This contrasts with the results
in the present experlnent where a change back to the rnoderate

sodfum and potassir¡m intake was acconpanled by a rapid. fncrease
1n sallvary sodium and. d,ecreese in salivary potassium concen-

tratlons. rn the case of our anlmals, however, the inerease
ln sodium i.ntake was aeeompanled by a deerease in potasslun

intake" Also, Dobson (31) has suggested that some faetor 1n

the grass other than low sodium nay pray a part in causing

salfva concentration ehanges,

The coneentration of sodium and potassium in the rumen

fluid varied little for any particular aninal ln period. r and

the concentratlons were sinlLar for arl anlmals, The ratter
fs shown by the fact that the highest and rowest mean vaLues

for a glven an1nal lrere L29,4 nEq,/I and 126.h rnEq/l for
sodlum, and 31 .6 mEq/L and l0"O mEq,/} for potasslum" Thus

the rumen flufd d1d not appear to refleet the d.ifferences

anong anlmals observed in saliva sodlum concentrations.
Hor.¡ever, the work by Ba1ley (+) has left little doubt that
under eondltions of adequate sodium lntake, sallva sodium

concentra.tion fs the predomfnant factor ln d.e.terminlng rumen

sodlum coneentratÍon" Possibl-y, Less sodlun absorption oceurred
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fron the rumen of the aninals with the Lower sal1va sodium

concentrations than from the rumen of those anj-nals havlng

hlgher sallva sodium concentrations. It Ís, of courseo aLso

possible that the apparent dlfferences between anlmaLs ln
sallva sodlun eoneentratlons reflected differing responses

of the anlnals to the sampllng procedure used and therefore

do not reflect true differenees.

fn all aninals a marked deerease occurred. fn the

concentration of sodiun 1n the rumen fluid on the first day

of eonsuming the high potasslun, low sodlu-m ratlon (PerÍod

II) (flgure J)" fn general the sodir:m concentratlon eontinued

to decllne until the third dayr after which further concen-

tration changes r{ere relatlvei-y small. 0n the third d.a}¡r the

mean runen fluid sodil.ln eoncentration was 8,"+ mBq,/l conpared

rplth L27"6 nEq/L (33.8) during Period I. The coneentratlon

changes for potassiu¡'r were f.n general equal to and, opposJ.te

to the sodium changesr so that the sum of sodium plus potassJ.um

concentrations renained fairly constant. As was noted earller
there was no apparent d.ecrease in sodfu:¡n concentration in the

saliva durlng the first three to four d.ays on Peri.od IÏ.

Thus is appears that the decrease 1n rumen fluid sod.Íum con-

centratlon was not due to a decrease in the sod.lum concentra-

tion ln the saJ-lva.

Before considerfng this nnatter further some theoretical

considerations would probably be he1pful" BalJ-ey (3) found'
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that the total dally secretion of mixed saLiva 1n four cows

varled fron g8 I to Lgo I wÍth five d.ffferent dlets. fn the
present experfuaent the mean sallva sodlun eoncentration for
the four anÍmals for perlod r was rl+3.9 n1q/y. a,ssu¡rlng a

total dally sallva secretion of go r, lr¡500 mEq of sodium
would enter the rumen d.ally vla the saliva. Based. on thls
calcuLatÍon, the daily dietary sodlum intake durlng perLod, r
wouLd represent only about 6 per cent of the total sodiun
entering the runen dally. Thus the d.eerease in dletary
intake of sodium would have little dlreet effeet on the
coneentratl0n or amount of sodlunr in the rumen.

rn three of the steers the amount of sodium in the
rumen on the flrst day of period II (seven hours after
feedlng) was approxf.natery equar to the mean value found
durlng Períod f (table 3). However, 1n the fourth steer
the amount present was about Zlo mEq Less than that found.

during Period r. Thus for three of the steers the inltlal
eoncentration ehange could be almost entirely accounted, for
by inereased rumen volume. This, of course, lras not true
for Steer D.

Total dal1y changes in the amount of rumen sod.Lum

or potassiun were calculated for each day of perlod rl. The

tdayt began and ended one hour after the mornlng feed.ing.

This was done 1n order to make the daily rumen ehanges

comparable with the daily urinary and fecal exeretlon of
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sodiun and potassium.

The ehange 1n the arnount of runen sod"ium or potasslum

was calculated. as follows: ehange j-n amount equalleö the

difference between the anount present at the end. of thetdayt

1n questlon and the amount present at the end. of the previous

I dayt . The amount present was equal to the rumen volumel

times the eoncentration" The concentration used was the

concentratlon found s1x hours after the end of the tdayt 
r

plus 6/24 of the decrease or mlnus 6/24 of the lncrease fron

the prevlous tdayt. This eorrectj.on factor, L"eo 6/2+, was

used because the samples of rumen fluid were obtained. six

hours after the colleetion of urine and feees,

Decreases ln the amount of r'¡¡nen sodiun a.re shown

in figure l+" At the enil of the t dayt a1l animals showed a

loss of rumen sodium ranging fron 281.5 mEq to 887" 5 mBq,

Further losses oceurred 1n alL animals during the remainder

of Period fI" .At the end of Period IT the cumulative losses

for Steers A to D respeetively were L77+.2? 1993.1r L]-?L.,

and, L6?-8.O mEq. ExeepË for possibLy a short lnterval at the

beginning of the perÍod1 the concentration deereases ln

sodlun were accompanied by decreases 1n the amount of sod.iun

1n the ruroen.

Tf the saliva seeretory rate d.eereased and the rumen

I On d,ays on whieh
of the day prlor
was used.

rwnen vol-ume r+as not
to and the day after

determlned the mean
ihe day in questlon
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vo1lme remalned cons*r,ant or increased, thisr of courset

would resuLt 1n a d.ecrease in the rumen sodium concentratlon.

Sallva secretion rate was not measured in the present experi-

ment. Hor,rev€r, 1t has been shown that a decrease ln secretory

rate 1s aceompanied. by a decrease 1n salfva sod.iun concen-

tration (t8, 6, 31). Since there Ìras no marlced. d.ecrease ln

sodLum concentratlon of the saliva during the tlne when most

of the change in rumen ,sod.Í:¡n concentration took plaee r there

1s reason to belleve that the volume of salfva secreted was

not decreased. Also, in general, to attain tho coneentration

of sodl'¿n found 1n the rurnen on the thj.rd day would. have

required about a 25 per cent deerease 1n the sallva seeretory

rate. AssunÍ.ng a saliva secretory rate of 80 L/d.ay, this

would mean that the volume of water enteríng the runen via

the saliva would have deereased by 20 L. Hoi,qever, in general-,

the Íncrease in daily water eonsumption was at most only about

10 L and wouLd thus not be large enough to malnÈain rumen

volurne, Thus these observations also suggest that the

concentration ehanges noted 1n ru¡nen sodlum were not due to

a deereased rate of saliva secretÍon. However, this latter
argunent may be eritielzetl by polnting out that the adrlltional

water required. nay have come from dehydratlon of the anÍnal

lnto the rumen. Á,lso, if the salfva secretcry rate during

Period I was conslderably lower than the rate assumedr thls

r+rou1d lnval-ldate the argu.menf"



87

Al-though an increased. outflow fron the rumen could.

deerease the amount of sodium in the rumen, lt is nof elear

that it could cause a decrease in concentratlon" Also, there

was no change apparent ln the amount of dry matter 1n the

rumen (table 2) figure 1).

In sunmary, ft appears that most of the deerease ln
sodiun concentratlon occurred prlor to any d.ecrease 1n

sallvary sodfum coneentration and that there is some reason

to beLieve that the volume of saliva secreted dÍd not decrease.

In addltion, although in three of the steers part of the inf-
tlal deerease 1n sodium eoneentration was aceompanåed by an

increase in rumen voLume, there htere consid.erable apparent

losses of sodl¡n from the rumen fn all anfmaLs (flgure l+).

In view of the above considerati.ons, 1t appears reasonabJ-e

to suggest that the decreased concentration and a¡nount of

sodium in the rllnen was due lnitfall-y to a greater fractlon

of saLivary sodium belng absorbed. fron the rumen than was ühe

case durlng Period. I and that this appeared. to be the easo

for all of Period. II for Steers A, t and, D, However, in the

case of Steer B there rrtas a falrl-y marked. d.ecrease in saliva

sodirim concantratlon during the l-atter part of Perlod. IÏ
which eould have been responsible.

The concentratioh of sod.lum and potassiu¡n fn the

rumen fluld durlng Period ïII is lllustrated ln figure 3"

The sodium concentration during Period ffI was signlficantly



88

lower than during Period I. Conversely, the potassiu'n concen-

tration d.uring Period III was signlfieantly higher than during

Period I. The mean sodium concentratlon for Period f was

L27.6 nEq/L (33.8) and for Period. IIf was 53.3 mEq/t (33.8).

The mean potassfum concentration during Period. I was 30.8 ffiq,/t
(31,2) and for Perlod III was 1Olr"8 nEqrzl (3I,e). There was a

signlficant difference among animals in both sod,iun and.

potasslu.m eoncentratlons. Also, there was a slgnlficant
treatment-animaL interaetlon with respect to both sodÍr¡m and

potass iuro eoneentrations,

ïn spÍ.te of the lowered concentratlon of sallva

sod.lum fn all steers in Period. III, the mean per eent differ-

"o*"1 
between saliva and rumen sod.ir¡¡a concentrations was

conslderably greater 1n Period. IIf than in Perlod f. The

mean per cent dlfferenees for Steers A to D respectlveLy

d,uring Perlod f were 6.L, 9.L, 13"¡+ and 18"8 v¡h1le during

Perlod fII the mean per cent d,i.fferences were 30.3, 45.9,

36.6 and. Ì+1.6. In additlon, the actuaL mean d.lfferences

between saliva sodit:m eoncentration and rumen sodir¡m coneen-

tratlon ïtere greater d.uring Perlod III than during Period. I.
The values for Steers A to D respectively were 8.2, 13.Or

19.3 and 29"8 mEq for Feriod I and. 28.1, 18.3, 39,0 and

1 Mean p"r cent dlfference equals mean sallva sodiun
mean saliva

lrln eoncenEra
rumen fluld fuun coneentra x 10O.eoneen an

on
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l+2,O mEq for Perlod IfI. These observatj.ons suggest that in
Period ïIf a greater fraetion of the sallva sodlun was belng

absorbed from the rumen than was the case 1n Period I" An

alternative suggestlon mlght be that in Perlod IfI a greater

fractfon of the water present 1n the rumen may have come from

r¡ater consumed than was the case 1n Perlod f, The data 1n

the present experlnent dlffer sonewhat from results reported

by Balley (l+) for cows. Bailey found that although the

sallva sodium concentratlon dropped as Low as 28 nEq/L, the

sodlu¡s concentraüion of the rumen fluid rarely fell beLow

60 mEq/L "

At the beginnfng of Perlod IV there hlas a rapld fn-
erease 1n sodium concentration 1n the rumen (figure 3) 1n

all animalsu whlch as noted earller was aceompanied by an

increase 1n sallva sodfum coneentration (flgure 2)" By the

middLe of the fourth perlod the eoneentration of rumen sodium

fn Steers A, C and D was about equal to that found ln Perlotl I.
In the ease of Steer B the rumen sodiur¿ eoncentratlon increased

to LO| nÛq/I by the sixth day, after whlch the concentratlon

dropped. The latter vtas associated wlth Steer Brs refusal

to eat on the Last two days. Thls drop in runen sodium

coneentration was also accompanled by a drop in salÍva sodlum

concentratlon. It ls possible that the refusal of the anfnal-

to eat was due to the transitlon. However, other than that

they oecurred togetherr Do reason could, þe found for drawlng
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this eoncluslon.

The mean per eent di.fference between rumen and

saLiva scdi.um concentrations durlng Perlod rv was l-ower than

during Perlod, rrr and sirnilar to that found durÍng period, r
r¡¡hen the dletary treatment was the same as durlng perlod rV
(moderate intake of sodlun and potassiun), The mean per cent

differences for Steers A to D respectively lrere -3.41, 16.+,

8"6 and 18"8" Steer A seemed sonewhat pecuJ.lar Ín that in
the eight palrs of observatlons made on saliva and rumen

sodiu¡n concentrations, flve of the rllmen sod.lur¿ concentratlons

were greater than the saLlva coneentratlon. ThÍs resulted.

in the m€an rrlnen coneentration of sodiun belng slightly
hlgher than the sarLva coneentratl.on, since this phenomenon

occurred. 1n only one animal, any suggestLon of a physlol-oglcat

basis for the phenonenon 1s probably nct justfftable. However,

1t may be worth notlng that in a similar transition perlod in
sheep, Dobson (32) suggested that sod.fr¡n appeared to be

retalned in the ruinen at the expense of body sodlum. fn
srunuary, ln all anlmals lt appeared that the lncrease fn

sodlua concentration observed during Perlod ïV in the nunen

was due malnly to the lncreased sodiun concentration in the

sa1lva"

As was noted earller, ehanges in potassiu.m concen-

1
! Indicates greater mean rumên sod.lum coneentratlon than

saliva concentratlon.
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tratlon in the ru:ren rdere in general equal Ín slze and

opposite to sod,lum concentratlon changes so that the sun of

the two fluctuated. withln fairly small limlts, The same

held true for Period.s IfI and ïV. ThÍs is lLlustrated by

flgure l. Statistlcal analysls of the sums of sod.Íun plus

potassium coneentratlons for Perlods I and III showed that

there was no signiflcant dlfference between perlods. the

nean value for Period I was 158.1+ mEq,/L (3f"3) and for
Perlod IIT was L58.1 mEq,/l (31-,3). Hoi¿ever, there was a

statistleally slgniflcant dlfference aaong anlnals" Although

statistically slgniflcant, this dlfference llas not larger as

shov¡n by the fact that mean values for the steers for Periods

I and. rII ranged fron L*"6 to 161, "7 mE'q/L" Sinilarly, for

the entlre experiment (Perlods I to IV) the mean values for
the steers ranged from L14"6 mEq,/J- to 163.2 mBq/!" The mean

of the sum of the sodium plus potassiun concentrations for all
anlmal-s and period.s was L59"3 wEq/L" The sum of the concen-

tratfons of the two eatlons plus thelr assoclated anions

suggests a value falrly close to being fsosmotLc wfth blood.

The relative eonstancy of thls value durlng and followlng

period.s of change tn sodlum and potasslum lntake may thus

refleet the tendency of the rumen to malntaÍn isotonicity

wlth the bLood" Sel-lers and. Dobson Q2) found that in sheep

the sum of sodlum plus potassium concentratlon ln the rumen

fluid was approxÍnately 130 mEq,/l both on a diet of grass
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and on hay and. meal-s. Recalculatlon of Campbel-lts (L6)

d.ata for nornal sheep eonsuming varying levels of potasslu¡a

gives a mean value of 136 nEq'/L for the sum of sodium plus

potasslrrmconcentratlonintheri]nenfluid"Recalculation
of Balleyt s (h) data for cor,¡s shows that values of the s1¡¡n

of sodiu:¡ plus potassium were simllar to the present d'ata

for stoers. From Baileyrs data the mean value of the sum

of sodium plus potassÍum concentrations in the rurûen fl-uid'

eight hours after feeding for four colrs on five dlets wa's

L62 mEq/L, wh'lch 1s falrly close to the nean value noted'

above" Recaleul-ation of St" Omerrs (81) d'ata for norrnal'

heifers consumlng varying levels of sodlun and' potassiu-n

glves 146"1 mEq/J. as the mean value for the sum of sodium

pluspotassluuintheruü¡enfluld"Theseobservations
suggest a specÍes d.lfferenee between sheep and cattLe v¡ith

respeet to the sum of sodlum plus potasslum concentratlons

found 1n the rumen fluid. This is sonewhat surprlsing Ín

vj.ev¡ of thre observatlons by Dobson (31) that the sum of

sodlum plus potassium concentration 1n the salíva appeared

to be higher 1n sheep than in cattle'

Fromexaminationofthesalivaandrumendataitls

apparentthatthej.ncreaseinrumenpotasslugconeentratlon

in Period. II was due to the increased lntake of dietary

potasslum.Ithasbeensuggestedfromthedatathatthere
wasprobablÏnochangelnthetonicityoftherunenfluf.d'
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which renained relatively constant throughout the course of

the experiment. Theoretically, two possible l¡tays of pre-

venting a rise in rumen toniclty in spite of the ingestion

of large loads of potassium would be to increase the volune

of water 1n the rumen, and to d.ecrease the arnount and hence

the eoncentration of sodiun in the rumello The lncreases in

the amount of potassiu-sr in the rtl.Inen seven hours after t'he

flrst feeding during Period II were 1,1Li", 650¡ 9l+o and

LrO6l mF:q for Steers A to D respeetlvely* The lncrease in

the amount of potassiìm ingested per feed.lng was about

Lr65O mEq. As shol,In by the fact that there had been vfrtually

no decrease 1n the anount of sodium in the rumen of Steers

A to C seven hours after the first feeding of Period- fI, as

eonpared røith Perlod I, lsotonicfty appeared to be nain-

tained 1nttially by an increase ln the rumen volume" Ïn

Steer D, however, the Lncreased amount of potassiun 1n the

rumen appeared to be aecommodated. by a decrease ln the amount

of sodiun in the rumen, The largest lncrease ln the arnount

of potassium 1n the rumen occurred. during the first day of

Period. II" At the end of the flrst day the increase was Le2L6,

9)7s L¡L37 an¿ l_ rZL7 n6q for Steers A to D respeetively.

Hov¡ever, consÍderable further increases did occur so that the

lncrease .by the end of the second period wa.s 2t1-5}1 L7966t

11360 and 2rIB4 mEq for Steers .A to D respectively" Slnce

there was no apparent lncrease {n ¡¡nen volume after the
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ffrst seven hours, the tonielty of the rumen fluld was able

to remaln constant due to the decrease in the anount of

rumen sodium (flgure l+).

From the increased anounts of potassfun !n the rumen

observed 1n Period II it nlght be suggested that the rumen

acted. as a buffer agalnst the large load of potassium lngested'.

thls mlght be advantageous to the animal si.nce it r¿ould give

the mechanisns of the bod.y a sllghtly longer perlod to adJu-st

to the lncreased load and. excretlon requirement, ft 1s ianol¡n

that lnereases in blood potassiun level above the normal

range can be toxic" AIso, dogs are better able to wlthstand

large loads of potassi.um if they have prevlously been accus-

tomed to progressively increased. lntakes of potasslun (66).

Fron consideratlon of figure S it is apparent that decreases

in ru¡en sodium \Atere mainly responslble for the fact that a

eonsíderable quantity of potassiun r,ras retained in the runen

r^rithout an increase in the apparent tonÍcity of the rlmen

fluld. It would be of interest to study runen concentra.tions

and. the ehanges in anount of rumen sodlum and potassium

during potassi.um 3-oading and. a steady but adequate sodlum

intake.
The changes in coneentratlon of sodlum and potassium

which oceurred during Perlod, IV were accompanÍed by ehanges

in the total amounts of these two ions 1n the rumeno The

changes in the amounts of sodir.u and potassium Ín the runen
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are lllustrated by flgure ,. Inltlally, the deerease 1n the

amount of potasslum exeeeded the increase in the amount of

sodfi¡m in the rumen, which may have been responsible for the

decrease ln the weight of water 1n the rumen cluring the first

part of Period rv. In Steer c, in which no decrease in ru'men

volurce occurred on the flrst day of Perlod Ïv, there was no

d.ecrease in the amount of potassium in the rumenn

and Fecal Excret

urlne and feeal sodium exeretion during the coul'se

of the experiment are i-llustrated by flgure 6' The mean

sodium balanee for Perlod I was gC,"g per cent2" The mean

apparent digestlbitltles of sodiun duri-ng Period I were 4l "' ,^

63,3, 82,4 ancl 7g.g per eent for Steers A to D rBspeetfvely"

Possf.bly the l-ower apparent dlgestibilf.ty of steer Ä was

assoelated wlth the faet that the rnean amount of sodium fn

the rumen of this animal was considerably hlgher than for

the other three animals'

Allsteerswerelnanapparentnegativesod'ium

balance during Perlod fI, the flrst period' during i¿hieh the

Incalcl¡lationofsod.iumbalancetheamountofsodlum
removed. due to sampllng was subtracted from the sodiun
intake" Duriág-ifru-ffist aay of Period II Steer B lost
ä;ù-i;s"or-rumäå ðäñt.ñtã tr.lätt was not replaced and the
ãå¿iüñ trrus foãt wãs subtracted from the sodii¡m Lntake '
ÞãiãJri,* natÃnces ïrere slmilarly ealeulated "

Balanee expressed' as a per cent equals t9t+IreTq{gþ+on x LOO"
total lntake
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steers reeelved. the higlt potassiun low sodium ratlon. In

general, most of the losses occurred. d.uring the f,irst three

d.ays. The apparent cumulati"ve balanees at the end of the

third day were -11608 ¡ *906r -91+O anð, -5?6 rnEql, and by the

end of the pertod. were -lr8ft, -11043, -I ¡295 and -8ll mEq1.

Consideration of figure 7 shous that ln general

deereases in the amount of sodiu¡a in the runen parallelled

apparent net losses. ïn the ease of Steers A and C, decreases

1n rumen sod,lum were almost as great, and ln the ease of
Steers B and D were considerably greater than the apparent

net losses" If one subtracts d.eereases in rumen sodlu¡a from

the apparent sodium losses the values nlght be consld.ered as

rtruer sodlum balanees for the body. fn other word,s, this
Ínvolves conslderi.ng the rumen as being routsider the animalrs

body. The ttrue! cumulative sodlum balances at the end of
Period II were -76.í¡ g5O.3, -1O2"/ and 830,9 nEqI. Thus

net l-osses of sodiu¡n from the rbodyr durlng Period If were

at nost snallo and. Steers B and n appeared. to be 1n conslder-

able rtruer positlve cu¡nulatlve sodiun balance. The m€an

dally sodi.um baLances during Period. I wore -12"1+, 60.0, L2).6

and 69.6 mEqI and. during Period, II the t truee daily sodlun

balances nere *9,6, 118"8, -L2"9 and 103,8 nEqX. The reason

for making this comparison was that 1t was thought that

1 St"u"" A to D respectlvely.
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d.ifferences j.n ttruer sodiun barances betrseen animaLs might

be slmiLar to the differences in sodirrm barance betr¿¡een

animals in Period. I. They appeared. to be comparable for
Steers A, B and. D but thÍs was not the case for Steer C.

The apparent cr¡.nulative balance for Steer C in
Perlod. If was only sllghtly hlgher than for Steers B and D

so that the differ€nce in ttruet sodium balance was 1argely

d.ue to the greater decrease 1n ru¡nen sodirrn for Steers B

and D than for steer c. 0n the other hand, when one conpares

steer A with steers B and. D one finds that the difference in
t trues eumulative balance was d.ue to the greater urine and

feeaL excreti.on of sodium by Steer A (Appendlx, tables 5
and 6)"

liith respeet to the deereases in urine and feeal

sodium which occurred in Period. II there was no apparent

tendeney for the urlne or fecal excretion of sodiun to

deerease at unequal rates (flgure 6), The mean daily feeaL

losses of sodlum durlng Period fI were 132.0, 45.1¡ 58"9

anð. 22.O nEq and the mean daily urlne losses of sodfun

d.uring Period II ¡sere 93.3, 40.9, 79"3 and 7L.6 mEq for
Steers A to D respectively" There was thus no tendency for
eÍther urine or fecal losses to be the higher.

Durlng Period. fII, iohich began after the aninals

had been consurai-ng the hlgh potassium low sodir.¡¡n ratlon for
L6 days, urinary and, fecal losses of sodir.Lm were quite smaLL.
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Statistieal analyses shor¡red. that both the d.aily fecal and

uri-nary excretion of scdium 1n Perlod. fII were significantly

Lov¡er than in Períod. I. The mean dally fecal excretion of

sod,ir¡n in Perlod TII rsas 15'5 mEq (!9'1) conpared with

2L6.2 mpq (39.f) m Period I. The mean dally urlnary excre-

tlon of sodLum d,urlng Period III was LO"l mEq (12.9) cornpared

rulth 387.5 wIlq, (37,8) durlng Perlod. I. There was a signifi-

cant dlfferenee ancng animals with respect to both fecaL and

urlnary exeretj.on of sodium during Periods f and IIT. There

was also a signifieant animal-treatrnent interactlon with

respect to both urinary and fecal excreti.on of sodlum" lhe

mean daily value for totaL sodfu¡a excreted durÍng Period. ÏII

hras 26,0 mEq. The amount of sodium removed via ÐUmen sanples

approximately equalted the dietary intake so that the sactual¡

intake durlng this period was virtually ,u"ol"

In the interval between Perlods If and IÏI no samples

were taken and urlne and. feces were not colleeted. However,

1n general, the sodir:¡n excretlon at the end of Perlod IÏ

almost equalled. the dietary lntake of sodiun and' exeept for

Steer C in Perlod I1I, approxlnately equaÏed the dietary intake.

Also, there was a variable deerease in rumen sodfu:¡n d'urlng

this interval ranglng from 23"8 ngq for Steer A to ,7r'7 mtrq

for Steer D, On this basis it would seem that the net losses

1 Mean daily lntaker
-2.L, and Steer D

Steer A - 1.1, Steer B - 1+'8r Steer C

0"9 mEq"
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of sodium from the body durlng the Ínterval between perlod.s

rï and rrr r¿ere qulte smalI. Ho.wever, by the beginning of
Perlod rrr a considerabl-e deerease in saLiva sodlr:-m coneen-

tratlon had occurred in all ariimals. These eonsid,erations
suggest that at most a smarl deficlt of sod.fi:m from the body

was requlred to brÍng about consid.erable changes in sodlum

and. potassi.r¡m eoncentration in the saliva.
During the first fcur days of period. rv, when sodiun

and potasslun content of the ratlon was agaln equar to that
fed durlng Perlod r, sodlum excretion re¡nained. at a level
slmllar to that found during perlod rrr (figure 6). The

mean value of the flrst four days was z3"T nEq conpared. rrith
a nean value of 2/o"0 mEq/day d.urf.ng period rrr, Thls was

followed. by an lncrease so that by the end of perlod rv the
sod.ium excretion lras similar to that found. d.uring period r;
lhe rates of lncrease of fecal- and. urinary sod.íum excretlon
were Í.n general- simlLar (ffgure 6 ), Durlng the flrst four
to flve days of Perlod. TV virtuatry aLl of the sod.lun intake
was retained" this gave rise to rarge apparent eumulative

scd.ium balances, lhe cunul-ative balances at the end, of
Period IV were 3116911 3149721 3e2203 and 5rogl3 mEq for
steers A to D respectlvely. rncreases in the amount of

I sevun d.ays.
2 Slo, days.
3 eient days.
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sodium Ín the rumen paralleled but vtere less than the increases

1n apparent balance (figure B) so that by the end' of the

period the amount of sodfum in the rumen of Steers Ar C and

Ð wes sinllar to that found ln Perlod I. Ïncreases 1n rumen

sodlum were subtracted from the apparent balance to obtain
ttruer sodium baLance. The rtruer eumulative balances at the

1

end of PerLod IV for Steers.nr' to O respectively stere 1r283r,

i*r53l2, L?Ogû and 311613 mEq. Thus, partleularly Ín the

ease of Steer D, there was a considerable amount of sodlun

which could not be accounted for as retentlon by the rumen.

A,gaf.n, particul-arly in the ease of Steer D, thís might be

considered as indicatlng that there had been eonsiderable

d.eflcit of sodium from the anlnal,sr bodles by the end' of

Period IfI, Horsever, solne of the sodÍun retafned may have

gone to replete the sodlr¡m content of the remalnder of the

gut. Also, only 1n the ease of Steer D was the retentlon

greater than what mlght be reasonably expected ln a slmlLar

perlod with no prlor sodÍun depletion. It ts aLso posslbLe

that part of this ttruer retentlon may have been an over-

eompensatlon after t p""toa of low lntake.

It was noted earLier that sal1va sodiun ccncentratfon

I seven days.
2 s1* d.ays,

3 ntgnt days"
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lncreased from the beginning of Perlod IV and. by about the

fourth day the sodiu¡n and potassiun concentration r¿as

slmilar to that fcund. 1n Period I (figure 2). It r.ras alsc

noted that the urlne excretion of sodlum remai-ned as low as

tha.t founcl d.uring Perlod TII for about the flrst four days

of Perfod IV (figure 6) " It, 1s interesting to note that if
the urÍnary sodium exeretion and saliva concentration are

controlled by aldosterone, the level of aldosterone d.urÍng

the first four days was high enough to maintain urlne sodium

excretlon at a low level and yet Low enough to permit sodíu¡n

concentration in the sallva to increase.

Ur lEa_rv. and Fe_qel-__E>rqre-tjon q f Po ta s siun . and Pg _t a s s :LU¡B_Bal@Fçg

Urlnary and fecal potassiun excretlon during the course

of the experiment are lllustrated by flgure p. Potassium

bal-ance expressed as a per cent was 98"7 durl-ng Pertod ï,
0n the first day duríng whieh the steers eonsumed. the high

potassiun low sodium ratlon (Period II) there was a marked

increase 1n urlnary elrcret,ion of potassj-u¡t. The anounts of
potassium excreted vla the urine on the first d.ay were 21690,

2r8OB I 2?L74 and 2165O mEq for Steers A to D respectively,

conpared wlth a mean dally value of 8h9"7 mEq (3fe,f) during

Period ï. The amount of potasslu-m exereted. vla the urlne

gradually increased as the period progressed and the mean

value for the four animals was 3 ¡9\2"3 mEq on the last day
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of Perlod ÏI.
There appeared to be no marked. increases in fecal-

excretion of potasslum d.uring Period' II. In fact the mean

valu-e for the d.aily fecal excretion of the four animals ln

period II was 248,6 n6q of potassium, whleh was approxi.mateLy

equal to the overall mean for Period T (e34"1 npq,/day).

Desplte the increased urinary exeretion of potasslumt

balanee figures showed a considerable retention of potasslum.

The apparent eumulatfve re.tentj-on for steers A to D respectlvely

at the end of Perlod II ro¡as 4r7OBr 4r7g3r 3rBO5 and tr064 nEq.

as r¡¡as noted. earl-ler, a conslderable amount of potassiun T¡tas

retaj-ned 1n the rumell. A'pparent eumuLative retention of

potassium and. cumulatlve retention of potassium 1n the rumen

are lllustrated by flgure l-O, The s truet potassluu cumula-

tlve balances for steers A to D respectiveLy at the end' of

Perlod Ir were 2rr58, 2??37, 2?446 and 2rBB0 mEq' Thus, of

the apparent, potassiunr retention, )1.7, hl"8, 35"8 and l+3.L

per eent for Steers A to D respectively was retained ln the

rumen (figure Lo). The per eent potasslr:m apparent balances

durlng Perlod IIT for Steers A to D were 96.9e 96"Ie 96.1

and 90,4 per cent"

During Perlod III the mean d'aii-y potassiun excretion

vLa the feces was 414.2 mpq (:18.8) and I t776'9 mEq {jfZ'f)

v1a the urine" These were signlficantly hlgher than the

mean daily excretj.ons of 234.1 mgq (tf8.8) and 849"7 mqq
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(:12"1) via the feces and urine respectlvely durlng Perlod I.
From these flgures 1t is apparent that nost of the lncrease

1n potassium excretion occurred in the urine" There were no

slgnificant dlfferenees anong animals vith respect to either
fecal or urlnary exeretlon of potasslu¡n d.urfng PerÍods f and.

III" Thisr âs well as the fact that there was no animal-

treatnent lnteraction, contrasts with the case for urínary

and fecal excretion of sodlum noted. earl-ier"

There r¡ras a marked drop 1n urinary excretlon of
potassium on the first day of Perlod IV (figure 9)" The

amounts of potassium excreted vla the urine on the first day

of Perlod IV were 1?91h, 1r832e 11038 and 1r2l+7 nEq for
Steers A to D respeetivelyo r,rhereas the mean daily value for
PerLod. IIf was 3776.9 mEq (jte.L), The amounts of potassium

excreted in the urino d.eereased further as ttre perlod pro-

gressed, There appeared in generaL to be some decrease in
fecal excretlon of potasslun durlng Perlod fV as conpared.

I'lith Perlod. ÏfI.
All steers were 1n apparent negative er¡mul-atlve

potassiu¡ balance during Period IV (figure 11)" The cumula-

tlve potasslum balance at the end of the period for Steers A

to D respectively was -2e57oL¡ *I ,B6Lz e -212&3 and ^9573 mEq.'

I Seven d.ays.

)- fil"x days.

3 giskrt days,
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The apparent losses brere in generar para]-lered by a d,ecrease

1n the arnount of potasslun in the rumen (figure ll_). The
ttru-et eumurative potassium balanee at the end. of the perlod

-1 2r)was -r73'r -31-, -I.J6ZJ and 1r6B1J mEq for Steers A to D

respectlvely. Falrly large posÍtlve ttruei cumulative balanees
for potassiun Írere noted. tn period. rr. rt might therefor€,be
reasonable to expect negatlve rtruer cumuratlve potassiun
balances in Perlod rv as was the ease for steers A to c,
due to the aeeumulation of potasslu¡r in areas of the body

other than the rurnen d.uring potassiu¡r loadlng" There appears

to be no ready explanation for the falrly large posltlve !truer

eu¡rul-at1ve potassium baLance observed. in õteer D" steer D

dlffered from the other three in that 1t appeared. to lose
more potassfu:.rn fron the rumen and. excreted consfderably Less
potassium fn the urlne and. feces,

it¡m Ba

The mean calelum balanee expressed, as a per cent for
Perlod f was 96"8. the apparent dlgestibllitles
Period I for Steers A to D respectlvely were 6.lc
and 26.9 per eent. FecaL ealcium exeretion as a

during

L7 "22 25.4

per cent of

I
2

3

Seven d.ays.

Sfx days.

Eight days.
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the total excretLon for steers A to D respectively was TB.T,

86.0, 89.3 and 82.9. Thu.s most of the excretlon occurred

via the feces.

There was a marked decrease 1n the amount of calci.uur

exereted vla the urine on the first day that the steers
consumed. the high potassium lor¡¡ sodfum ration (perlod rI)
(figure 12)" The amounts exereted. in the urine on the flrst
day of Perlod, rr for steers A to D respectivery r¡rere 3"8,
2.2, Lz.o and 1,4 mEq compared with nean daily excretlon of
59"2 mnq (33"8) durlng Period Io Durlng the remaind.er of
Period rr, the amount of ealcium excreted via the urlne was

sinilar to that found, for the flrst day of period. rf"
The d.ecreaseC excretion of ealclum vla the urine

dÍd not appear to be the rosult of decreased, absorption.
fhere was no apparent lnerease 1n the amount of fecal caleiun
du.ring Perlod fr as compared with Period r. Apparent digesti-
bllitles for 6teers A to D respeetfvely durlng Perlod fI r,¡ere

9.6, 29.Ot 2r.6 and )+2"3 per eent, whlch are al1 somel¿hat

hfgher than those noted, for Perlod f. Thus the reduced.

urlnary excretlon of ealelum durlng Perlod Tf was not a

result of lncreased fecal calcÍum excretion.

During Period IfI urlnary exeretion of calciun
remai-ned at the redueed level noted during Period, rr and was

signfficantly lower than the urinary exeretlon d.uring perlod.

J. the mean daily urlnary excretÍon of calclurn d,uring
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Perlod III was L.5 nEq (13.8) compared with a mean daily

excretion of 19.2 mE,q (93'8) during Perlod In Howevert the

mean daily fecal excretion of ealei1ru during Period' fIÏ
(Zg8.l+ n6q (3fO.e)) was not signifieantly dlfferent from the

mean daily value of Perlod I (31tr.4 mnq (*tO' 2)). Thus there

uras no evidence to lndlcate that the narked decrease i-n

urlnary exeretlon of calcium observed duri.ng Perlod' IÏI was

due to decreased absorption or increased end.ogenous secretlon

of caleiun. TotaL calc1r:m exeretion (urlnary plus fecaL) was

signJ.fieantJ-y Lower during Period fII as compared wlth Period I"

There was a signÍficant dlfference among animaLs with

respect to both urlnary and. feeal excretlon of caleium d'uring

Periods I and TfI" In addition, there was a slgniflcant

aninal-treatment lnteractlon with respect to urlnary calclun

excretlon"

There was a narked lncrease in urlnary excretion of

calcium on the first day of Period IV (flgure L2) " The

urlnary excretion of calelum appeared to lncrease to a

maximun at about the middle of the perlod and then d'ecreased

(figure 12). The tmaximunt was |n generat higher than the

values found for Period I. Agaln there i'¡as no ma::ked change

in feeal calelila exeretlon. The ¡nean vaLue for Period W

\.^¡as 334"5 mEq,/day compa.red with 298"1+ mFìq (3fO.e) for

PerÍoc1 rrr or r+ith 311r"4 mEq (3lo"z) for Period r"

r¡falser (8g) has shown that the renal tubulas operate
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to naintaln a constant ratio of sodiu¡n to lonized calclun
ln the tubular ftuid" Tn the present experiment, the l-ow

values for calcium exeretion r¡rere 1n general assoeiated wlth
low values for sodium excretj.on. Horseveru fn period rr the

d.ecrease 1n ealeium exere'bion occurred prior to the d.ecrease

in sodlum excreti.on and eonversely in Feriod IV the increase

in ealcíum exeretion oeeurred prior to the lncrease in sodlun

exeretlon" But the urine volume during Periods fT and III
was in general two to three times hlgher than durÍ"ng Period I
and it increased almost to this level on the first day of
Perlod rr" Also, the urine volume d,uring Period rv was akacst

equal to that during Perj-oct I and most of the decrease oecurred

on the flrst or second day of Period fV" Thus ft seems pro-

bable that during Pe::iods I and IV a considerable amount of
calcíum would. be 1n the form of coraplex ions (cltrateu

phosphate, tartrate, etc.). Due to the fact that the urine

was mueh more dilute during Perlods II and III there would be

a much larger amount of fonie calcirrm present. Thus lf the

amount of lonic ealciu.m in the urine hrere greatly increased

on the first day of Period Iï and if the renal reabsorption

of ionle cal-efum $rere directly related. to sodiun reabsorptÍon,

we worrld expect a greater reabsorption of calcium even though

sodlum reabsor.otion were not inereased" For the same reason

we mlght expect, due to the deerease in urine volume on the

flrst day of Period fV, that there uould be an lncrease 1n
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calciura excretion even though sod.iunr excreticn remained,

unchanged. That is, the d.ecrease in urine volume would

decrease the lonlc calcir¡¡n d.ue to increased complex ion

formations. Hoivever, in about the niddLe of Pericd. TI

urinary sodiurn eoncentration decreased without any further
decrease in urinary calcfum coneentratlon (flgure 13).

Also, in about the middle of Perlod IV sodlun coneentraticn

inereased. markedly without any concomitant lncrease in calclun

eoneentratlcn (figure 13). Both of the above oecurred und.er

eonditions of virtually constant urine vo3-ume. The above

observatlons do not appear to be compatlble with the view

that changes fn urlnary sodiu.m exeretion directly alter
urinary ealclu¡n excretion.

t¡ialser (8gl found that with ad.ministratlon of

potassir¡¡n chlorid.e to dogs thè increase in calci.um excretion

Ì¡as less than what would be expected fron the lncreased

sodium excretion, Thus posslbly large loads of potassium

exereted. in our experlment pJ-ayed a part 1n deereasfng

eaLcÍum exeretÍon.

AIso, durlng Peri.ods fI and IIï the urine excreted

was probably highly alkallne and. this nay have been a faetor

in decreasing renal excretion of calcium" Although no urlne

pH or carbon dioxide values $tere obtained,, subsequent work

(61) with two heifers under s1n1lar experinental eond.ítions

ind.icated that the urlne'pH and carbon dloxide coneentratlon
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would have been high d,uring the peri.ods of high potassium and

low sodlun intake. Data from these helfers also indicated.

that during the perfod of rhoderate potassiu.n and. sodlwn lntake

urine pH and carbon dioxÍde concentratlon Ítere probably quite

1old.

It is, of course, also possible that endogenous

factors were involved 1n d.ecreaslng calcium exeretlon.

Pltts rc6) had suggested that loadfng with potassium salts

leads to a hyperkalenlc extracellular metabollc acidosÍs and.

an intracellular alkalosls" Despite red,uction in extracellular

biearbonate the urine r¡ras atkallne " 
.{'dilliamson and Freeman

(93) found that renal tubular reabsorptlon of calcium appears

to be inverssly related to blood pi{ and plasna bicarbonate

eontent,

Tn stunmary, probably the most inportant concluslon to

be drawn from thfs data is that und.er conditions of constant

calclum lntake, alteratlon of sodiurn and. potassiun intake can

exert a marked influence on urinary ealciurn excretion without

any apparent effeet on feeal caLelun excretlon"

IIfi ¡¿agLesiurn-'--en{Ja.qnesiq8 Baleece

During Period. I all animals were virtually 1n magnesium

balance, The per eent balance for Period I rvas 98"8. The

apparent digestibilities during Period I were 31"6 e 28.2e 3t"O

and.2J,9/ærr Steers A to D respeetively and thus, l1ke calcium,
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most of the magnesium was excreted via the feces.

As with calcii:m, there '¿as a decrease 1n urinary

excreti.on of magnesium on the first day of Period lI (flgure

l4). The decrease, however, was not as great (in terms of

fraction of former leve1) as that for calcium. In generalt

during the remainder of Period If urinary nagneslum excretion

remalned, at a leve1 simllar to that found on the flrst day of

Period II. Ilowever, there were d.ays when threel of the

steers exereted. virtually no magnesium. There was no large

eonslstent increase 1n fecal excretion of magnesium d.uring

Perlod II (figure 14). The apparent digestibilities for

Steers A to D respectively during Period II were 25.6r 26"7,

I8,l and 27,3 per cent" The mean daily values for feeal

exeretion of magnesiu¡n for Steers À to D were 430"5r +52.O,

408,8 and +66.0 mEq for Period I and tt49.5t +6L.2, 541.6 and

417.4 mEq for PerÍod II. The mean daily values for urinary

exeretion of magnesiuu for Steers ¡i. to D respectively were

2OL.Tì 168"3, 235.9 and L52,9 mEq for Period I and L29"8t

6!.Lr /L"B and 73.3 mEq for Period II" It nay, of courset

he argued that though the deerease in urinary nagnesium excre-

tion was due to reduced absorptlon from the gut the inere¿ise

1n fecal magneslum would occur somer'¡hat later than the

deCrease in urinary excretion" However, lt has been shown

lsteerB-sixth
days; Steer D -

dayi Steer C second, thlrd and flfth
second day.
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that most magnesfum absorption occurs in the intestines (38) 
"

Also, 1t was noted that the d.ecrease in urj-nary magnesiun

excretlon appeared. to occur on the fir.st day of Period II.
Thus, sÍnce magnesium is absorbed 1n the lntestlnes, the lag

between the decrease in urinary exeretion and the lnerease

in feeal excretion should not have been more than about 2l+ hours

and thus should, have been apparent on the seeond or certalnly
the thi:rd day of Perlod fI. Mean dally values for Period IT,

not including the first two days, ïrere 1160.8, )69.9, 529"1

and 450.0 mEq for Steers A to D re.spectively. Thus the increases

r/úere not as large nor as consistent as mlght be reasonably

expected 1f the decreased urinary excretion of magnesfum was

d.ue to d.ecreased absorptíon from the gut. The j.ncrease

observed 1n fecal excretion for Steer C eould. well have been

due to the decreased urinary excretion of magnesiun.

lüilson (9h) observed a decreased output of urinary

potassium in e\¡¡es when magnesium salts were lnjected lntra-
venously" It thus appears posslble that part of the magneslum

exeretlon is handled by the same mechanism as potassíun. ït
ls therefore possible in the present experiment that t,he

urinary magnesium exeretion may have been reduced. due to the

large loads of potasslum being excreted. Also, due to the

lnerease in urÍne volume a larger fraction of the urine

magnesium was probably in the Íonic form" Possibly ionic

aagnesiu¡r is more readily reabsorbed by the renal tubules
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thanlscomplexed'magnesfum.SlncethealkalÍnityofthe
urinewasprobablygreatlyincreased'thismayhavebeena
factor as rsell.

DurfngPeriodlllurinaTymagnesiumexcretlonwas

sinilar to that noted. during Period IT (figure tl+) ' Statis-

tical analysls showed that the raean daily urlna'ry magnesium

excretlon during perLod rrr (1].g,6 mEq (!6"Ð) was slgnifi-

cantly}owerthanthemeandailyurinaryexcretlondurlng
PerlodI(t85.6mEq(*6.5)).Converselythemeandailyfecal
excretion of magneslum during Period TII (562'7 mgq (If$"\))

wassÍgnlficantlyhigherthanthemeandaí].yfecalexcretlon
during period I (436"6 mEq (3r¿.4)). The mean daily total

exeretion of magnesium during Period III (6BL'3 mEq (3f0'8))

wassÍgnificantlyhigherthanthemeandailytota}magnesiu.n
excretion du.rÍng Period I (622"2 ripc¡ (Ífe 'Bì)' There \ÂIas no

significantdlfferenceamonganima].snortreatment-an1mal

lnteractionrvlthrespecttourfnary(]rfecalexcretlonof
magneslum durlng Perlods T and III"

Althoughincreasedfecalexcretionofmagnesiumand

deereased'magneslumretentionoccu.rredd'urlngPeriodflf'it

seems posslble that this may have been due to lncrea'sed

retentlon of magneslum that appeared to occur during Period IÏ"

It seems possible, however, that the gastrÍ.c acidity cou].d' be

red'u.ced'duetothea].kalinena.tureofthepota.ssfumsalts

ingested'.Thislnturnmayhaveincreasedtheblndingof
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nagnesíum to the digesta as has been su.ggested by Storry (83).

However, there did not appear to be any increase in feeal
exeretion of calcium during Period III as conpared r¡rith

Period r. storry has shown that calciun appears to be bound

more readily than magneslum. Thus if magnesium absorption

ldere d.ecreased. due to an increase in lntestlnat pH and hence

decreased. ava1lab1l1ty of magnesium, 1t 1s not clear why the

sane did not oecur for ealcium.

ïn summary, if there lvas any relationshlp betr,¡een the

decreased urinary exeretion and the increased fecal excretion

of magnesÍurn observed during Feriod IfI, there appears to be

at least as good. reason to think that the latter was caused

by the former rather than the other way around.

ïn genera.l there was an inerease in urlnary excretion

of roagneslum on the first d.ay of Period fV as compared. wittl
Period III (flgure 14). As with caleiuroo the urÍnary exere-

tion appeared to lnerease to a maxímum at about the middle of
Period, IV and then decreased. (figure 1l+). The rmaximumt

appeared 1n general to be sllghtly higher than the levels of
exeretion hoted. 1n Period I.

Fecal excretion of magnesium as eompared vith Period

Iïf appeared to decrease on about the second or third day of

Period fV (figure llr.)" The levels of fecal excretlon found

thereafter were slnllar to those noted. d.uring Period I. All
steers appeared. to be 1n negative cumulative balance d.uring
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the first part of Period IV. The magnesium balance for

Perlod ïV was 108.6 per cent eompared with 108"3 per cent

for Period III. Thus although the effects on feeal and

urinary excretlon noted during Period. ITI appeared to be

reversed durfng Period TV, there uÍas no marked increase in

nagnesiun retention. Thls 1s further evidence for the view

that the decrease in urinary magnesir¡m exeretlon T¡ras not d.ue

to deereased absorption from the gut and. that the inereased'

fecal excretion of magneslum d.urlng Period IfÏ may have been

due to the lowered urina.ry excretlon of magneslum.

In sumrnary, probably the most significant observatlon

regarding magnesfum excretj-on was tha.t large decreases in

urinary excretlon of magnesi.um occurred wlthout concomitant

lncreases in fecat uagnesium exeretlon" Thus a decrease in

urinary excretlon of naagneslum need not imply decreased

absorptlon from the gut as has been assumed. by some workers (\7) 
"

PlaEjqa ELectrgtlle-s

Venous blood sampl-es i¡tere obtained from each animal

on the last day of Perlods I ancl fII, The concentratlons

of the electrolytes studied are presented in table 4' There

was no significant d.lfference nor any eonsistent trend. with

respect to plasma eoncentration of sodlum, potasslumr mag-

nesium or caleium at the end of Perlod III as compared' with

Period I" However, there was a signifieant difference among
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aninals wlth respect to cal-elun and. magnesium plasma eoneen-

trations. Plasma chlorlde concentratÍons l,tere slgnlfleantly

lower at the end of Period. III as compared wtth the end of

Period I. This may be related to the faet that the ehlorlde

intake was lower during the perlods r^¡hen the high potassium

and. low sodiwr mineral supplement was fed (Perlods ff and III)

as compared. with the period. when the moderate potassium and

sodlum supplement was fed (Period I). The potassium chlorlde

content of the supplement was kept constant d.uring Perlod's IÏ

and III as compared to Period I whereas no sodium chlorlde

suppl-ement was fed. during Perlods II and. IIT (table l) 
"

I'trs cte_ El ec tr qlYte g

lrluscle biopsy saraples r¿¡ere obtained from each anj'mal

at the end of Periods I and IIT. The nuscle Samples \'{ere

analyzed for sodirr¡n and potasslum and the resu.lts are

presented in table 5" The sodlurn content of the muscle

sanples obtalned at the end of Period TII was not signifi-

cantly different from that of those obtained at the end of

Period I. In addlt1on, there was no consj-stent trend t'¡1th

respect to sodium content of the musele samples. The

potasslum content of the musele samples obtained' at the end'

of Perlod fIT was consistently higher for each steer than

at the end of Period I, Also, although thÍs was not signifi-

cant at the flve per cent level of probability, lt was
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signifieant at the ten per cent Level. High lntake of potas-

sium has been shown to increase the intracellular muscle

concentration of potassium (19)" Balance studles showed'

that in the present case there was considerable retÊnt1on

of potasslum during the perlods üfhen potassium lntake was

high" This was partlcularly true d.urlng Period II. Since

the plasma concentration was at most only slightly increasedt

the present data suggest that the potassium retaineô may have

been aeconmodated by an fnerease ln the lntracellular concen-

tratfon of Potasslum.

TABLE 5

¡4rrs c_LE_ E LEC Til 0 tl:rE s

(expressed. as mnq,/too g of fat free d'ry matter)

SteerA SteerB SteerC SteerD it{ean

Sgdium

Period T L1,90 12.+O 13"59 1O'OZ LL"9,7
period rrr ll.ió 8.58 10.9h 9.73 LO.69

PotasSiuq

period. r 38.37 36 ,Lg 36 "81 39. L3 37 .63
period rrr 5g.öò ig,iz \2,26 40" 50 )+o"32
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and Dr.r¡_i'{aþt-er, and l'.later l3alaqce

lriater consumption d.uring the experiment is illustrated

1n flgure Lr. Mean daily water consumptlon during Period Ï

uras ll.9 I (30.3¡. There appeared to be a fairly marked

lncrease in water consumption on the first and second day of

period TI. During the remaj.nder of Perfod TT water cons'.lmption

either rose further or remai.ned at the level noted on the

flrst day" The mean values for Period Ir Were L7"\, L7"9t

19.0 and 17"4 I for Steers .A to D respectÍvely. During

Period IfI mean da1ly water consumption was 16.+ I (t0"3)

and was significantJ-y higher than that for Period' I. There

was no signlflcant dlfference among aninals nor animal-

treatmen'b interaetlon d.uring Periods I and IfI. Water

consumption appeared to decrease on the first d'ay of Period'

IV as corn;oared. with Period fII. The mean valu€s for daily

water consumption during Period IV were L},Or L2"6, 12"5 and'

13.3 1 for Steers A to D respeetivel¡'"

There was a marked increase in urine volume on the

first day of Period TT (figure 16). In general there appeared

to be a further increase on the second and thÍrd d'ays affer

which urine volume remained relatively constant (figure 16).

The urlne volume in general was tr¿o to three tiiles higher

during Feriod II than was the case in Period I and. the same

held true for Period. III. The mean dail¡' uri"ne volume durlng

etion
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Period III was 9.01 1 (30.)+3) r'¡lrich was significantLy higher

than the mean daily urine volume d.uring Period I (3'7)+ I

(1o,43)). There r¡as a signlficant difference among animals

with respect to urine volume during Periods r and IÏI'

There was no signlfieant anlnal-treatment interactlcn trith

respect to urlne volume. In general the volume of urine

excreted. decreased. on the first and second day of Period' Ïv

to a leve1 slmilar to Period Ï'

Feeal water exeretÍon dld not appear to be affected

by the period.s of change (figure L7) " The da1ly value for

fecal water excreti-on T¡Ias l.OO kg (3O"13) during Period' f

l,¡hich was not signlficantly different from the roean value

for Period III (5.10 kg (t0.13))" However, there r+as a

signlfieant dlfferenee among animals wlth respect to fecal

water excretj-on durlng Periods I and III"

Therewa.snoobvloustrendwlthrespecttoapparent

water balance durlng Perlod. fI. Dail,y apparent water

balance during Period III was not signlficantly dlfferent

fromdallywaterbalanceduringPeriodl.Also,therewas
nosigniflcantdifferenceamonganlmalswlthrespectto
apparent water balance durÍng Perlods I and III. Apparent

water retention tend.ed. to be low on the flrst day of Period

Ïv.Howeverootherthanthls,thereI.'asnoobvfoustrend
with respect to v¡ater balanee d'uring Period fV'

Ïnsunnary,theonlyol¡vloustrend.s}'ereahlgher
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water consuraption and urinary water excretion during Periods

ff and ïff as conpared with Perlods I and lV, It seems

likely that the renar excretion of rarge loads of potasslum

would Ínerease urine volume slnee movement of water in the

kidney tubules is believed to be passive. Horarever, slnee

increased water excretion oecurred together with lncreased

potassiurn lntake, nothlng can be saj.d as to whieh was the

prinelpal cause of the increase Ín urine volune" The lncreased

water consumptlon, lrowever, was probably d.ue to the hlgh

intake of potassiun.

The rnean values for d.aily fecal dry natter e)ccretlon

during each perÍod. are presented ln figure L7, There was no

consistent trend among anfmals with respect to fecal dry

matter excretlon durlng Peri-od II (tfre first period after
the ehange to the hlgh potassium 1orø sodiun lntake) as

cornpared v¡lth Period ï. However, durlng Period. IfI which

began after the anlmals had been reeelving the high potassium

low sodium intake for sixteen daysn there was a small but

statistieally signifieant d.ecrease in fecal dry matter

excretion as compared with Perlod I. The mean value fcr
da1ly fecal exeretion d.uring Period IIf was 1"55 ke (3O"Oh)

compared with L.65 kg (3O.Ol+) during Peri.od f . This effect

noted durÍng Period III díd not appear to be reversed when

the sodium and potasslum lntake was the same as d.urlng

Period T"
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SUI"O4ARY AIIID CONCLUSIONS

Some aspects of sodium, potassium, calcium and

magnesium metabolism of four l8-roonth-old Hereford. steers

were studied following changes in dletary intake of sodiun

and potassium. One month prÍor to and during the first
elght days of the study eaeh steer recelved 706,1 mEq dally
of sodium and 11108.4 nEq dally of potassium. The leveL of

sodium intake was then decreased to 2J-.6 mEq daÍly and the

leve1 of potassium intake was increased to 4r4Z7"B mEq

daily. Thls part of the stud.y was carried on for eight days

inrmed.lately after the change, and L6 days after the change a

further eight-day study was earried out. At the end of this

latter period the steers agaln recelved. the original level

of sod.lun and potassiu,n and the stud.y was continued for a

further eight d.ays.

Data eolleetod lndieate the following:

1. Inltially the htgh potassium low sodiu.n intake appeared

to cause a transitory increase ln the weight of vlater ln

the retlculo-runen" The change baei< to the moderate

Level of sod-lirm and. potassÍum Íniake wa.s aeconpanied by

a. transiiory decrease ln the welght of water in the

reticulo-ru¡ten.

2. The vreight of dry natter in the reticulo-ru:nen did not

appear to be affected by the changes in íntake of sodíum

13t+
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and potasslum.

3. The hlgh level of potasslum and lot¡ level of sodiun

intake caused- a marked. deerease ln the eoneentration

of sodlum and a eoncomitant increa.se in potasslun concen-

tration of the runen fluid. i{ost of the change 1n sodiur¡

and potasslum coneentratlon occurred during the first
elght days after the change in sodium and potassium

lntake.

+. In general, there vrere llttle 1f any ehanges in sodium

and potassir:.nn coneentration in the saliva during the

flrst eight days after the change in sodinm and potasslun

intake. Horlever, by the slxteenth day of feeding the

hlgh potassium low sodlum ratlon a narked decrease 1n

saliva socllum coneentration and increase in sallva
potassium concentra.tlon had oecu?red,

l. In general, the decrease in sodj-um coneentratlon 1n rusen

fluid r,rhich occurred during the first eight d.ays after the

change to the high potassium Low sodium ratÍon d1d not

appear to be d.ue to a decrease 1n the saliva sodiun concen-

tration. Part of the decrease in sodlu:n eoncentration 1n

the runen fluld appeared. to be du-e, lnitlallyr in pa.rt to

an increase in the volume of water in the rutnenc llowever,

this aecounted for only a rel-atÍvely small part of the

decrease. ït appeared that the initial d.ecrease fn rumen

sodium coneentration may have been largely du-e to a
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greater fraction of the saliva sodiun belng absorbed in
the rumen than was the case prior to change in dietary
lntake of sodium and potassi.us.

During the Last eight days during which the high potassÍ_um

Low sodium ratlon was fed, the decrease Ín sallva sodl_um

concentration did not appear to be large enough to account

completely for the deereased rumen fluid sodlum eoncen-

tration.
l¡Ihen the sodlu.n and potassiun intake was agaln equal to
the intake prior to the change to hlgh potassiun low

sodlum intake, there was a rapid lncrease in sodiwn

concentra.tion and. a concomltant decrease in potasslum

concentration 1n the runen fluid and in the salÍva"
The sums of sodium plus potassium concentrations in the

rumen fluÍd remained fairly constant throughout the course

of the experiment and the mean value for the entire
experíment was L59"3 mEq/1" The size and relative con-

staney of this value durlng and foLlowing period.s of

ehange ln sodiun and potassiun 1n'Lake may reflect the

tendency of the rumen to naintain lsotonicity with the

blood.

The mean value of sums of sod.lum plus potassium concen-

tration in the rumen fluid was consld.erably higher than

values found by other workers Ín rumen fluid of sheep but

T¡ras si¡o1lar to values reported in the runen fluid of dry

o/ø
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corÀIs and heifers.

10. The surns of sodium plus potasslum coneentrations of the

saliva did not appear to be affeeted by changes 1n

sodiun and potassi-um intake.

Ll" The steers were in negative cumulative sodium balance

du-ring the first eight days after the ehange to the htgh

potasslum low sodium ratÍon. Apparent net losses of

sodium from the body, however, appeared to be balanced

by decreases in the amount of sod.lum in the rumen.

L2. .A considerable quantity of potasslum was retained. by t'he

animals during the first eight d.ays after the ehange to

high potasslum low sodium intake. The runen appeared. to

aet as a rbuffert against the large loads of potassium

inge sted,

13. The high potassius lor¿ sodium intake caused an lmmed.late

and significant decrease in urinary calciun elccretíon.

There i¡ras no apparent change fn feeal ealeÍum excretion,

IL¡. The high potassfu.m low sodium intake caused an lmmediate

and slgnificant decrease 1n urinary nagnesium excretion.

DurÍng the first eight d.ays after the change to the hlgh

potassium low sod.irim intake, there was no consistent

lncrease in fecal magnesium excretlon but durlng the last
eÍ-ght days during which the stee::s recelved the hlgh

potassium low sodium ratlon fecal magnesfum excretion was

slgnlflcantlY increased.'
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J.5" The high potassium 1ow sodÍum fntake caused an fmmedlate

and significant lncrease in the volume of water consuned

and urine excreted.

L6. Feeal water excretion and ro¡ater balance did not appear to

be affeeted by the changes 1n sodlum and. potasslum intake.

Fecal dry matter excretlon did not appear to be altered.

durlng the flrst eight d.ays after the change, to the high

potasslum low sodium lntake, but was slightly but signifi-
cantly lower during the last eight days. Hotrevern the

latter was not consistently reversed. when the steers again

received the moderate intake of sodlum and potassíum.

L7. Plasma levels of sod.ium, potassiun, magnesíum or calcium

did not appear to be affeeted by the high potassium Low

sodium intake. Plasma chloride levels were signlficantly
lov¡er when the steers were fed the high potassÍum low

sodlu-m ration as eompared with the moderate sodlum and

potasslum ration.

18, The potassi.um eoncentra.tLon of musele biopsy samples

obtained on the last day during whlch the hlgh potasslum

Iow sodfum ratlon was fed appeared to be higher than that

of musele samples obtai.ned on the last day prior to the

ehange ln sodium and potasslum intake" ThÍs T¡Ias statis-
tically signifieant at the ten per eent Level" There was

no consÍstent change in the sodirrm concentration of the

muscle saruples "
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7
ö

90" 0
BB. O

37"0
¿)")
31.0
IL) 4

Period ïV
v6J r

2
3
ì'T
)
n

B

TII

L2 "O
L2 "O
11" 0
10. o
ll. o
13"0
11. O

12.0

1? )
1? )
1(^ r7

rÊ, ?!vôJ

LJ")
20.9

40" 0
¿rh h

tB"o
50 "5
21" ))¿l 4
¿L¿t tî

)U")

o¿")

20, o
16,0
1¡!^ n
1r- 

^I2"U
L2 "520"5

11.0
LO "7
10" o
IO. O

L5.7
13. o
13"o
12, O

T3 "2
23 "3
26 "O
32 "3
i0" o
?U' U

50" 0

LQL. )
104.0
ro5 "51^r, 

^
1 rlry r:

1-ìO {
107.0
LO7 "i

9.2
10.0
IB"3
LL "7
L5 "O
L3 "2
15" O
TL "7

13.2
1( R

t)+. i
LL "7Ll..7
L5 "O13.2
LI.7

16"0
15. )
L) "V22 

"O26,O
30. o
28 "5
Z'/ "2

82"5
73.O
22. )
77 "5
?U" u
o?'U
60.0

Bo. o
i0" 0
3i"0
37 "520.0
IUu ?
10,0
l+" 0

+, "\)45.0
60. 0
'7L.O
io,0
OO"U
60. o

?\Jô\,'
32,5
20 "o14,0
14"0
L) ")



TABLE 3

soDIU-U -ËNCEi!EåIæN-0-1T r.qn lìEW
(nEc1 per litre )

Steer .A Steer B Steer C Steer D

LIL

Period I
ll: rr l

2
3
4

ry

(J

Period II
Day I

2
3
4
I

O
n

B

9

rII

rrR o
12q Õ

12/ñ ?
1)4 ?
1t^ ?
tc4 c
12!< 

^Ll) ov

111"3
R< ar

,lA (
nf) .¿

Bo;o
Bo" o
ry<n
7L"O

Bo" o
Rn-s-n

30; o

^q, ^

^oô60" o
)? "l)

7'7.O
100. o
102"0
LO7 "O
L27 "51)7
17.1 (
1)n 4

L25 "O'rrR o
1t) (
L25 "O
t<l

LJ¿"2
IJ?"U
L32 "v

110"0
naô
Õo"u

naô
/a\ aì

o2"u
63"8
)) "'J

)1 ?

2L "3
¿¿n)

20" o
¿¿")
)1 ?
))

a-) "v65.o
Q17

107" O
103"5

90" 0

't 2( rl
L¿)eV
L25 "O
LZ) 'u't)6 ?

L26 "3L22.5'tçR o

1r1.3
1ã) q
RR^
QRn

a,R r\
Õ/ooo\J
83. i
83. i
rr1 -l

;: -:
Ê\{ |l

7l "o
7L.3
70 "o(RR
./vav

65 "7

O)'U
R.7 aì

110" 0
L1) nv
133 ,0
140"o
L3'1 " )1ar7 x

130" 0
].2B.g
130" o
L27.i
130, O

L25.3
130,0
130. o

100"0
94" 0a,^ rt
85.0
R(n
'75 "O
7L,O
67 "O
70. o

72.O

2/"v

)) 'v
59 "o
59 "o
5g.o

)ó")
6L|.. o
96 "5.l t ) !\

116. o
131.0
L37 "5l3l"o

Pericd
I tâ'tt I

2
3
L-'r
a

O
rÌ
ô

Fericd IV
u.áJ r

¿

),T
f.

O
,7

ó



TABTE t! L52

PCT.-ISöTUiçÍ CONCF}NTRATICN OF TTTE RETICUTC-RUÌ'IIII\I FLU]D

(ntrq per litre)

Steer A Steer B Steer C Steer D

Period l
Day I

2
3
4

o
7I

O(J"U

72"i
Bo" o
72 "5aY.)
73.8

9.r rt

Rnn

70ñ

Period. II
TìõI' 'I
ucal -L

l
4

6

I
9

128"8
L25.O
131.3
131"3
128"8

131.3
131.3rrÊ, C

a\/
OOnJ
OI"J

13r"3
q(l.l

8i. o
106. o
100.0

95 "o

Period
vral I

¿-

J
),-T

ñ
n

75 "O
70 "o(R rì
43 "o
39,0
30 "5
l/")
)r7 (

Peri-od IV
Day I

¿
3
),T

5
6
7
B

III

?ôô
<t I h

32"0
30" 0
5t.)
3i.O
33"O

8T "o
84" 0
83"o

/ ('trf,o"u
(Rô

)+0. O
LL) q
1?
JJø/
.l17 

^)/øw
</ { |

)n(
33. O

¿) ov)o4
30" 0
32.0
31.3
32. O

.l-? 
" 

t)
)o "vf.R n
79 "o
85" o

ut 4
./LøJ

3+")
33"0
1-Y")
27 "5¿o.J
30, o
32 "O
31.3

06?

Ql:^

95 "o
YO"3
91.3
o1 1

87 "i

32. O

30,5
30.5
?ñn
?l 1

30" i
32.5
J¿. )

o2"u
70. o
73 "O
75 "OBi. o
84. o
B+" o
go" o
93. O

103"0
103,0

g5 "o
101. o
rol. o
IUUo ?
1lo" 5
1rl. 0

ll0. 0
¡t")
69 "o
55 "oJ5')
31. 5
¿Y êV
30 "5

106.0
100"0

70,o
^LL 

(

?o. u

^aô



t53¿
.LAöLU 

'
URI}I.ARY SODIUIVI

(mEq/{ay)

Steer.A. Steer B Steer G Steer D

zij "L
385.0
332.1
zig "8
391.3
2\8.6
390"O

264 "r
374 "5
J+"O
L2.8
2+,2
lg. o
6.8

lo"3

Lgo.2
L5.3
20.5
20.0
l)"J
LL "7,(- R

L7 "2

(+29. o )
282.L
313.8

f
3 ¡v,)
442. o
279.5
rJî^ n)Jz. I
733. O

+57 "7
hLL ¿I
./ to I

65.L
n/ l.l) "+)+0" I
L5 "L̂
¿¿ "y1/^'r,LUo.L

I+.1
L2"L
6"4

+2"2
Ò'/ ">20\-.0

280"5
OOJ O \J

398.8<)^ 1

+LÈ7.0
468"8
466 "L
3+g "v<lt? O

205,3
1+3 .2

LrO )+

61" 3
36.1
2I"O
48,2
hh I

Period I
I lâ\t I

¿

L-l'
í

17

Period II
t¡â\r I

a
?

+

(6.o)

2L.5
L6,7
LL")
10,3
29 "+6"4

L7 .O
(g.B)
2L "3
2? "3
18. g
7"4
7.3
4.7

5.L
3"5
)'+n)
)"5
+.7
5"9
9"L

Pericd
uúy r

2
3
+
2
13

n
ô

Period fV
Day 1

2
{
)+

.l

n

ö

(+to" o)
3iB.I
480.7
312"8
210.0
258,8
360" 0
+7, "O

rïr
3,2

(11"2)
5.3
l¿O
2"O

15 "4
9"L

+"r
+.1
2,3
L|.,1

^1h¡1
l¡l¿ lt

B.B

L3 "7
L2 "L
L7 "2(o

116. o
364"0
25' "O
l_68. o

3"))1
2.2
2"6

IOo?
¿r\ ¡1

"Ìi.ô 
ô

533. O



TABTE 6

FECAL SCDT-Üii{

Ll+

Steer A

(mEq/¿*u1

Steer B Steer C Steer D

Pericd I
Dar¡ l

¿

),T
")

n
a

e5 3)
LOg,9

o17

95.+
116"1
rol" 2
181.0
143"0

ôa /oYoo
25.)-IR A

L5 "Ouñ

o)
nt\

Period Iï
Tlq¡¡ 'l

¿

),"r

O

LJ

439.7
397.5
)^9, 

^
lvvov

3 58,1
273.8
34f . )+

378,5
(+22,6)

(L27 "5)101"8
278 ")
279 "3¿)Y"L
278,O
?-9+.3
369 "5

)<1 )+

30,6
L2 "6
31. g
nn

10.3
13 .0

^17

7"7
(8.7)
L2 "2+"7
^o(r\
./ øv

2"8
12"0

L3 "712.1
L7 "2at^

hLl
./e./

116"0
36+" o
255,O
168.0

L\5 "21t6 .3
?1l-L )
120,4
85.3
í7 "L
-)1n V

Period.
il^-, 1UúJ .L

¿
?

4

o
n

ó

27"
2L"
2+,
)t\
6'

IIb "
L7g.
368 "

Period IV
Tìs r¡ 1

2
IJ
),-1-

n

x

III

266 "O
366.7
252-"3

L+"'/
LLR )
ì, Q rr

32"7
27 "O

?6.L
?_?_.7
29 "6rg.2
16.l
13"6

(L2,6)
20" 0

L).2
25.+
20.4
20 "287"3
gB.7

311, 9
32O.6

I70"4
A¡I
16.7
4) l+

97.5
J-)o)

24, B-t^

26 "B
33"9
22 "3
30.7
24.7
23,2
IO ,I
L4,5

LLr
9"2
g"o

ll. o
'/ .2
ot

11.6
't^ (

10" I
II"O
L? "6TI"2
L2.O
22"9
íRr.l
70 "7

1
9
9
I

\J

I



TÀBLE 7

UtsIS,BL-BPW
(mEq/day)

Steer .A Steer B Steer C Steer D

L55

Period Ï
I)err l

¿

5
+

o
7
B

?il? 1( vJ.*

n':i o
I ./14,/

770 "O
842 "5

1092" B

lol7. o
1080 " 0

oÁì-¡- R
,/v I a v

g+o "5
1063 . B

ß77,5)
930" 0

r012 " 
6

816. O

109tr" Lf

2BoB, o
34BB, O
eaQ-¡ ?
JJ"! CJ

3273 ",
3913 . B
3978 "o
3912,5
3B+r" 5

32+B, o
(3931"3 )
37+O. O

4173 " r
^ ô^r
JÕJI. J
3822. O
^ô-^JÕTU" J
L+e84 

" 
o

tB32 " 
o

LoZ+ "7
r23O. O

,7 4'7 0( /t./

l+21. O
650 "o)J-A) ô
430" 5

830. o
õ/a ¿,ahu hvv / o ./

846 "6
877 ",.-¿ õo'1r.ó
785.A
^rlÕ)+"J

(874.3 )

2L7+.+
39ri" 0
2238 

" 
O

396t.6
+L7L.5
ILl <) CtL,/-ê./

+3 51 ,0
3672.O

(3+io. o )
3g64. B
+ / Õ/ r'
JÐOO " ?
3ro0i,0
+275.O
3613 " 

B

379'0,3
3+7L "5

LO37 "5tol4,3
1120.0

BLr3.8
968"B
793,o
726.8
682.5

n)x 
^

722 "B
726.4

Bg9 "7

"Tr^Q R

26+9 ,6
3412, B

3627 "r</\ - /

JO+) . O

3687 "2
3gg5 "o
32Bo "5\ 

^ 
Ja+3r'/ " 2

Period-
udy r

.l
l_

),-t

fl

f7

36+5 , O
3l7o.o
3897.9
3838.4
4075 "O
351ïí "+
3716 "L

( 361t.4)

II
26)0 't¡
3877.5
35í2 "o
3L62-"O
3883 . Lf

4056. o
3902 " O4oi3 " 

B

III
3í67 "O(3t+3.8)
33 78.4
3720 "2
3 718. B

3965 "C4ol8 " o
3736 "6

IV
19Il+,0
12+E " o
L27t+ "o
LL5?-"O
100+ " 9
1088.8
LL55.o

Period
Day I

l
),.t

)
6
7
B

Pericd
iì^-- 1Uø,Y J-

¿

J
+
)
il

n

a

L246 "9
^/^ 

¿^t

ÕoÕ"Õ
1200. 0
1^nA 1
LV(voL

998 " 
I+

1082. B
(Q^ 

^)JVev

60ó.0



TABTE 8

b-EC"éL_BS_,,LS_sjtr-{

(mBq,/daY)

L56

Steer A Steer ,3 Steer C Steer D

odI
I
z-

?
Lf

n
nt
(t

Period II
v&J -L

;Jì.+
)
6
q
ô

Period.
ugy -L

¿
{
)+

1
n
7
Y\

Peri-
vdJ L62 "5

27+ "9
333"0
310. 7
168,8
L95,L
)I+) O

(tgz"g)

748. B
hõ¿ h
¿,eJ 6v

372-.3
3óB, g
r(R 17

2í6 "Brzo )+
- ^/I')O. ?

(669,2)
706.O
¿1¿/)2O.V
537.9
h31"9
\-66 "o\ A- a¿l-Ll I rl

| /L6v

301"1

/\. ^ -o+u")
607.3
4+4" 7
370.1
402,8
435 "7
4zT "7)¿Á)+ (

tv tø/

360 "5
392.L
262.3
258 "3
LBg "9
L65 "7
L7,o.o

327 "L
276 "O
274 "5
L97 "2
22O "5IIÕ. )
th8. o
141. +

aîc c
ar( R
JJ./.v

316. O

32],3
nlQ a\.)JoY
262 "4
345, l
26+.6

310"4
227 "7
295 "9
225 "B
-LVT o v

24o. B

324"3
lL).)

ITÏ

?o".9
3)3 "+
L67 "P(L79,5)
139.1
228.O
l2B. o
L72.\

)rn( R
^r^ ¿
JOÕ. ?
r)¿o )¿

L29 "L
1l+8.4
164"8
r(? q
L)Jav

(111,8)

pLrL"9
L76 "+22+.L
231,4
253 "BCtt'7 ?

27L.L
257 "5

BT "7ll2. I
L6O "7rEr,+
20+ "6
L76 "7
2+2 "7
J+O"Õ

311"3
433,5
286 "2184.3

O?R
'/'o 

"O
Lw)5 "+lLB"I

Aaç Lt

$85.+)
<4,7 

^,tJ t 6v

537 "7
+6L "7
372"7
302 "4
238. I

¿.ôr î¿¿-O5 .2
(396. r )
+35 "7
360,7
393.4
268.2
^(1 / /¿^^
-Jvv.v

526 "8

Period
udy ¿

¿
J
I

A
n

3?-O "6
326 "8
200 "2132.1
1?7 0
L27,O
't )2. O

a^)

w



TABTE 9

iiR IIIT.LRY -C.ALC IUi-{

(nEq/oaY)

Steer A Steer B Steer C Steer D

2"2

1n
L"6
2"L
117
') |.'ì

2.O

(1 ? I
2.O
1.O
1"1'1 q
t¿1

2.9
?l¿

,L- )r
1nô
o+ "y

120.1
lo1. 5

YJ"L
36.6

L¿"V
1"0
nilôì¿"L
2"2
¿")
L"9rR

L"2

1"1
L. ')

L"2
l1 ), \
\ I o'1'.,1
cto

q)' A

1ô7 0

Jl , a)+"L

ë)"c.

?2:T

r ì,Ic-1.
1?
t<

1)
th

Lø )'i?
'ì^
I o \.,f

0.9

+o"u

10+. B

112"1
Ir7,3

Or-l al
/vo v

'1 
^ 

r't
L9o (
l'-\ I I

Ô)"l
101"1

Ora 1

ì,n L'fJ øA
+ö "'1

L57

Period
udJ r

¿

3
4
')

n

Ò

Peri
lJcty

26 "O
31" 0
+2.3

(33.4)
36.6l+f O

Jf.o

Rol

?o.I
\).L. / )

l_Lh 
^)¿O 1

?" R

¿) ø+

111 .3
IJ)"Õ
11c| 0
LL' "9g+. r

35 "3
30" o

?Ê
20
tx

1"U
L.2
o"7
1?
IX

Peri.od II
Daw -l

j
),-t

)
n
f')

o"9
L.2
r"o
1?

(0. 7)
rlRv0'

1.1
^rì

(2"O)
1l
t¿+
t-1

l"J

)al
lr)

cd
I!

¿
J
),'-r
-I
n

Õ

33"8
47 .6
37.7()+ '7

70.2rln

89.9
77 "B

Per'íod. IV
udy r

j
),T

\J
17

ôñ

rrI



TABLE 10

',rïi.r'T ¡,\TrrTTlvÍ
åÈv-'l!-vë:g

(mEq/day )

Steer "A Steer B Steer C Steer D

L58

Pericd.
fl.e r¡ 'ì

¿
{

J
)'T
')
6
n
ô
.)

\33,8
315. B

387,4
^a 

A l"Jl-u. ?

313"1l-lr^ l+

?ro t+

(318.6 )

2-53 "B/ì/l-t 
^aaJ-o\J

r r\, 'ì
-1J'+. J
237 "í
327 "o
323 ,1
342.4
373 "3

(4r+4" o)
191"1a.2r ô3'/o.o
1/i ì,5)3"+
¡a1 /3V)")
-álL'/+ " ¿
276 "7)rL-o q

| | )/ øv

\-3 7 "4\ /^ ¿t+rQ 
" )

330.7
2go "3
3r+. B

^^î ^¿YJçW
?"o 17
J¡- 2/ o I^^/ -'¿vo . >

IAâ 2

31r"5
^..'r a4,L.v

(326.8 )
'rnQ 1é'1v ",s-^^¿ ¿39)")
2_\7 "3^- / /
3 L2 "')

^^/JXh hJ¿v ø ./
^1 ^ 

Illl"J
2+7 "7
-JJ2.U
268 "L2++"1rR( o¿e /t a /

I.'LL.5

2+8 "22E0"3
304"3
283"O

(29+.1)
32-3 "2
328. O

270 "9

299.6
29+.o
Lr29.8
23\+.L
248.'.o
2L6 "6
¿)L"¿

Peri-od. II
I ìqar I

;J
t-
)
6

(J

Period
ñrrr -l

2
?
,lT

)
6
r7

Period IV
Ðay r

¿
?
+

b
n

285 "3
3+0.3
283 "9/ì ô'r l,aa) o-f
2_i8.6
zBL "544e"8
131. I

346 "7
39L "7
323,7
?-83 "9
283 "9
^^^ 

f-3¿3")

"r?'r""î'

'l . ar ')
*/LcJ
LÐA 6

372.3
^r'¡ ¿3r5"2
ì.nn a+U¿.J
376.3
432 "5
5L2"6

26L "3
?_oo,7
^a4 O// J..\)r QQ ),I'JU ô'T
2+7 "O
LT'" "7
206 "+
2+8 "7

216.+
238.L
¿)L"O
26T,3

(er9"3;
25í "2238.1
L70"7

238"3
30+" 7
^^^ 1¿Y,oL
303. o
308"5
320"+
32L"5
2-65 "7

5u"foJ
2OO l+

1-/J 
" J

345"+
30ó"3
287 "2
ZOO"U
266.O

I]I ?'ì ( ?
JLJ.J

318.3
362_"+
293 "9
316. B

" )>t .+
¿._y o"f
263 "3



TABTE 11

IXì IN4RY i''i4.qlTgs LLry

(nB'q/6aY¡

Steer A Steer B Steer O Steer D

L59

l/)ol
278.2
2-43.7
206 "B1 r-1-l

111"8
l)ll 

^

Pericd I
uúJ l-

2
3
),T

6
I
ô

õ¿ ¿

lô7 0
I ?cl 7
l{¡a I+vt/oL

L))"L
Ll)"5
l¡-rl ll
ILÊ

.1/ r'

r ¡fl 4
LJv. ./
1^-7 at¡vl.v

(183.4)
1?O 

^
¿J r/ 6 v

I++"+
L77 "4a/ñ ¿

193"8
)r7a rì
-I /øv
tOô )¿

¡Q), ô

306 "7),71 )¿t*ø¿
f Lr-o L¡-

r/^¿L?J")

'r Ro a\¿v / . v

(L55.8)
1a/
I f'lñ L,

1A^ n
L3) "91n^L(v.)
r nì. 

^L¿+.V
1^^ ALY¿OV

n1

69 "L
ó'1"L
i),+ "'1-^t'îV5/,'o/
nil

ñ1 ,1vJø!

oy"J

g¡1 í1

ra(*,l '/

/(',/ -\too")/
i 

^ì.L9*ø/
LOz "2Ron

91" 3
103.8

rJ+. Õ

LL) "o1ì. n 
^L\/ "Y12^ OLJVE /)o^ ?

)LL^: te o 2,-t9a R
¿( /èv

n4v ¡ oJ

231"0
)r71 Â1l ùav

/rar r \\513"5)
TILLL 

^zLL,O
112 R¿J-Ov

210" 0
^/^¿oJ "v

ni1
nil

Y)'L
nil^/ ¿

\.jK\ FI
,/e ø 

-/

108.7
77 "9

. a\L3+"2
(t4+. e )
L2+ "5̂
L-) / "óL28.2
ool
/ / oJ

11ry 
^LLI øv

LO6.2

200.2
Inâ oLtvÐ /

Lr'¿ "ornô ¿LYO"2
1 Êo )-r

t?)¿ R
LJ tOv

295 "O
151.3

L7+ "gL90.9
1<7 ?

LLg.7
180.6
L22 "3L25.7

L26 "4ru).+
zLL.2
224 "B
287 "5292.2
LL6 "7110,6

ryr7 2

0"L
6)

)-rO 17
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