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ABSTRACT
PHYSIOLOGICAL RESPONSES OF CATTLE
TO CHANGES IN DIETARY LEVELS OF SODIUM AND POTASSIUM

by
SIGURBERG ORMAR THORLACIUS

Some aspects of sodium, potassium, calcium and
magnesium metabolism of four eighteen-month-o0ld Hereford
steers were studied following changes in dietary intake
of sodium and potassium. One month prior to and during
the first eight days of the study each steér received
706,1 mEq daily of sodium and 1108.% mEq daily of potassium.
Sodium intake was then decreased to 21.6 mEq daily and
potassium intake was increased to 427,.8 mEq daily. The
study was continued for eight days immediately after the
change and 16 days after the change a further eight day
study ﬁas carried out, At the end of this latter period
of study the steers again received the original level of
sodium and potassium and the study was continued for a
further eight days.

The change from the moderate intake of sodium
4and potassium to the high potassium low sodium intake caused
a transitory increase in the weight of water in the reticulo-
rumen. The change back to the moderate intake of sodium and

potassium caused a transitory decrease in the weight of

water in the reticulo-rumen, Weight of dry matter in the



reticulo=-rumen did not appear to be altered by the change
in sodium and potassium intake.

The high potassium low sodium intake caused an
immediate and significant decrease in sodium concentration
and increase in potassium concentration of the reticulo-
rumen fluid. There was a significant decrease in sodium
concentration and increase in potassium concentration of
the mixed saliva but this did not occur until the steers
had been receiving the high potassium low sodium intake for
more than eight days, There was a rapid and complete
reversal of the sodium and potassium concentration changes
in the reticulo-rumen fluid and mixed saliva when the steers
again received the moderate sodium and potassium intake,

The sums of sodium and potassium concentrations
in the mixed saliva and in the reticulo-rumen fluid did not
appear to be altered by changes in sodium and potassium
intake,

Initially, after the change to the high potassium
low sodium intake the steers were in negative sodium balance
but this was more than compensated for by a decrease in the
amount of sodium in the reticulo-rumen.

Initially, after the change to the high potassium
lov sodium intake a considerable amount of potassium was
retained by the animals but 42% of thils was retained in the
reticulo-rumen,

The high potassium low sodium intake caused an

immediate and significant decrease in the urinary calecium




and magnesium excretion. There was no significant change
in fecal calcium exeretion. Feeal magnesium excretion
during the last eight days during which the steers received
the high potassium low sodium intake was significantly
increased but in general during the first eight days there
was no increase in fecal magnesium excretion,

The high potassium low sodium intake caused an
immediate and significant increase in water consumption and
volume of urine excreted., Fecal water excretion and water
balance were not significantly altered. Feecal dry matter
excretion did not appear to be altered during the first
eight days after the change to the high potassium low
sodium intake, but was slightly but significantly lower
during the last eight days, However, the latter was not
consistently reversed when the steers again received the
moderate intake of sodium and potassium.

Plasma levels of sodium, potassium, magnesium
and calcium were not altered by the high potassium low
sodium intake. The high potassium low sodium intake caused
a consistent but non-significant increase in potassiﬁm
concentration of muscle samples, but there was no consistent

change in the sodium concentration of the muscle samples,
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INTRODUCTION

Normal metaboliéiprocesses take place in tissues
only if the external environment of the cells is constant.
This external environment has been termed the milieu inter-
ior by Claude Bernard. 1Its relative stability was termed
homeostasis by Cannon. The simplest animals living today
are small organisms whose cells are bathed in sea water.
From the sea water they take their food and oxygen, and
return to it thelir waste products. In more complex animals
the cells are bathed in blocod or some other extracellular
fluid. Due to the need to maintain homeostasis many complex
systems have developed to regulate the composition of body
fluids. These regulatory processes include respiration,
digestion and osmoregulation. Osmoregulatlon is performed
not only by the excretory organs but also by the body sur-
face and the gut lining, both of which may transport salt
and water between the environment and the interior of the
body. Excretory organs can play only a negative part in
maintaining body fluid concentrations, conserving or ex-
creting substances already present in the body. The activ=-
ity of the gut;, however, can play a positive as well as a
negative role.

In the field of digestive physiology and nutrition




of the ruminant, most investigations are concerned with
steady state conditions. However, the period of dietary
change 1s worthy of investigation in its own right for two
main reasons. The period of dietary change is often assoc-
iated with metabolic disorders such as hypomagnesemia and
bloat. Secondly, periodé of dietary change allow the phys-
lologist to observe how the homeostatic mechanisms cope with
natural disturbances.

Several interesting observations have been made on
the period of change from an indoor regimen to the grazing
of spring pastures. Such pastures are generally low in sodium
and high in potassium, particularly if they have been treated
with potassium fertilizers. Following such a change in diet
it has been observed that sodium ion concentration in the
rumen fluid drops markedly with a concomitant increase in
potassium ion concentration. Similar changes occur in saliva
concentration but are generally more erratic and not neces-
sarily concomitant with changes in the rumen fluld. It has
not been established whether these changes in sodium and
potassium concentration in the rumen fluid are associated
with depletion of the total sodium of the body or are due
to redistribution of sodlum between the gut and extracellu-

lar fluid,




Hypomagnesemic tetany is a condition which occurs in
cattle and sheep most frequently within the first week after
the cattle or sheep are turned out to spring pastures. Numer-
;us workers have abtempted to show that hypomagnesemia is
caused by the high potassium content of the grasses. These
experiments have generally consisted of comparing plasma or
serum magnesium levels in animals fed a high level of potas-
sium with those found when the intake of potassium was not
high. The results of these experiments have been contradic-
tory. From in vitro studies there is some reason to belleve
that a high level of alkaline salts in the diet may cause a
decrease in magnesium and calcium absorption from the gut.
However, there is little svidence to show that this occurs
in vivo.

Since "tetany prone pastures" are low in sodium con-
tent and since saliva sodium lon concentration has been found
to be lowered in animals grazing these pastures, some attempts
have recently been made to assess the role of aldosterone in
the aetiology of hypomagnesemia, However, the results were
inconclusive.

The change in diet from dry feed to spring pastures
involves much more than the changes in sodium and potassium

levels, e.g. the quantities and composition of proteins,




carbohydrates and lipids are probably considerably different
in the two dietary regimens. The present experiment was con-
ducted to determine the effects of marked changes in sodium
and potassium levels in the ration, with other dletary fac-
tors held conétant. The concentration of sodium and potassium
in saliva, blood and rumen fluld were determined while steers
were consuming a ration containing either moderate levels of
sodium and potassium or low sodium high potassium levels, both
in steady state condition and during the adaption period when
the steers were switched from one treatment to the other.
BPalances for sodium, potassium, calcium and magnesium were
also performed, as well as measurements of rumen volume and

concentrations of calcium and magnesium in blood.




LITERATURE REVIEW

DISTRIBUTION AND BIOLOGICAL FUNCTION OF SODIUM,
POTASSIUM, CALCIUM AND MAGNESIUM

The body contains approximately @.2 per cent sodium,
About one-quarter of this amount is localized in the skeleton
and most of the remainder is found in the extracellular fluid
where it represents approximately 90 per cent of all extra-
cellular cations. Thus sodium is important in maintenance
of acid base equilibrium and osmotic pressure. In addition,
an important function of sodium is in maintenance of membrane
potentials. Cellular membranes actively extrude sodium from
-the Interior of the cells and this causes concentration grad-
ients of sodium and potassium to develop across the cell
membrane. These concentration gradients in turn cause mem-
brans potentials that are necessary for nerve, muscle and
other functions of the body (42, 57).

Sodium depletion initially causes a decrease in total
osmotic pressure of the extracellular fluid. This causes an
outward movement of water from the extracellular to intra-
collular space. The kidneys tend to excrete more water. The

volume of the extracellular space is therefore decreased.

5



Blood changes include a fall in the plasma concentration of
sodium and a rise in blood urea, There is a decrease in
plasma volume leading to haemoconcentration. The blood
pressure falls, which can, in severe cases, lead to circu-
latory failure (42, 57).

The effects of sodium loss have been studied by fol-
lowing the alterations in total body content, by balance
techniques and correlating these with alterations in serum
sodium levels. TFrom time to time discrepancies have been
revealed in such experiments which were greater than could
be accounted for by errors in measurement. For example, Ren=

wick et al (69) did not observe a drop in gerum ‘sodium level,

even after thirty days of severely restricted sodium intake

in man. It is now known that bone sodium content falls after
loss of sodium from the body (62). Bone is the only tissue

in which the sodium concentration is greater than in the
extracellular fluid (62). In chronic experiments by Munro

et al (62), rats were kept on a rice diet for some weeks.

The total bone sodium content fell steadily on the restricted
diet, but the serum sodium only declined slightly after several

weeaks,

POTASSIUM

Potassium is the major ion of the intracellular fluid



and it has more or less the same importance in these fluids
as sodium in the extracellular fluid. In addition, potassium
seems to be involved in carbohydrate metabolism, facilitating
carbohydrate synthesis and translocation. This is evidenced
by the fact that insulin and glucose administration cause
shifts in potassium (58). Specifically, potassium has been
found to be important in the following enzyme systems: phos-
photransacetylase, acetyl CoA synthetase, pantothenate syn-
thetase, pyruvate phosphokinase and myosin A T P ase (13).

Tn view of a certain constancy of K:N (3mEq/gN) in
tissue there appears to be a relationship of potassium to
protein metabolism (58).

The concentration of potassium in.the extracellular
fluids is low, but slight variations of this can change many
body functions. Excess potassium can cause dilation of the
heart, and when the extracellular concentration of potassium
reaches approximately three times normal, the heart stops in
diastole (42). Conversely, when the level of potassium falls
to a low value in the exbtracellular fluids, transmission of
nerve impulses becomes impaired and muscular paralysis may

result. (42).

EXTRACELLULAR REGULATION OF MUSCLE COMPOSITION

Muscle electrolyte composition is usually expressed




in terms of fat free solids rather than concentration per
litre of intracellular or extracellular fluid. Since the
'quantity of muscle solid per kilogram body weight is rela-
tively constant and not affected by changes in extracellular
volume, analysis of muscle expressed in these terms permits
valid comparison of data obtained in various disturbances
(19).

Metabolic acidosis of the extracellular fluid produced
either by administration of HC1l or NH,Cl or loss of sodium
in excess of chloride leads to an elevation of potassium
content of muscle and lowering of intracellular sodium (21).
There is probably a fall in concentration of undetermined
anion in the serum (19). Cooke and Segar (19) suggest that
in extracellular acidosis the rise in hydrogen ion concen-
tration outside the c¢ell decreases the gradient between cell
and extracellular fluid. This results in a deceleration of
the Hfil for K+e2 exchange, thus reducing the magnitude of
the extracellular acidosis. Deceleration of the H+i for K+e
increases Na+i for K+e because of competition between these
reactions. Since Nai for Ke is of greater magnitude than
H+i for K+e, the net result is that more potassium ls trans-
ported into the cell and high intracellular potassium results.

Low intracellular sodium is the result of increased sodium

transfer outward.

intrecellular

 ad
it

extracellular

[¢]
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Large loads of potassium usually lead to a decrease
in extracellular bicarbonate concentration (19¢). The muscle
potassium is high and the intracellular sodium of muscle is
decreased (21). The mechanism by which this occurs as sugges-
ter by Cooke and Segar (18) is as follows. The concentration
of extracellular potassium rises and there is increased
exchange of both Na™, and H+i for K'y. As a result, Ky
rises and Na+i félls. Due to increased transfer of hydrogen

out of the cell;, extracellular bicarbonate falls.

CALCIUM

More than 99 per cent of the total body calcium is
contained in the skeleton and in the teeth. The remainder
of the body calcium is predominantly extracellular. Although
if makes up a very small part of the total body calcium, the
calcium in the extracellular fluid is critical for (a) nor-
mal neuromuscular excitabllity, (b) capillary and cell mem=-
- brene permeability, (c¢) normal muscle contraction, (d) normal
trensmission of nerve impulses, and (e) normal blood coagu-
lation (76).

The quantity of calcium in the plasma is approximately
10 mg per cent, normally varying between 9 and 11 mg per cent.
The calcium in the plasma is present in three forms: (1)
approximately 50 per cent of the calcium is bound to plasma

proteins and is consequently non-diffusible through the
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capillary membrane; (2) approximately 5 per cent of the
calcium is complexed with other substances in the blood
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 plasma is both
diffusible through the capillary membrance and also ionized.
It is this ionic calcium which is important in most of the

functions of calcium in the body (42).

phosphate and partly as calcium carbonate, and it is believed
that the formula for the major crystalline salt, known as
‘hydroxyapatite, is the following: 3Ca3(P0Oyg),.Ccaco3 (42).
The crystals apparently admit and absorb various ionic
groups without change in the geometry of the crystal lat-
tice. Hence bone contains, besides calcium and phosphorous,
variable proportions of carbonate, fluorides, citrate,
sodium, potassium and magnesium. The precipitation of
insoluble calcium salts at the site of bone formation is
favoured by secretion of alkaline phosphatase which con-
verts organic esters of phosphoric acid into inorganic
phosphate (76).

Bone mineral is readily mobilized to maintain the
level of serum calcium. It is in the cancellous bone with

its extensive surface exposed to interstitial fluid that
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most of the bone turnover of calcium and phosphate takes
place (76).

Changing the pH of extracellular fluids alters the
deposition and absorption of bone salts, principally by
changing the relative quantities of HPO4= and HéPO4- in the
fluids (42). Since it is the dibasic phosphate ions (HPO, )
that are important for deposition of bone salts and since
- these are decreased by acidosis, there is a tendency for the
bone salts to be reabsorbed in acidosis. Conversely, in

alkalosis there is a tendency for increased deposition of

bone salts.

MAGNESTIUM

Magnesium is the fourth most abundent cation present
in the body, being surpassed only bj sodium, potassium and
calcium, In cattle the magnesium content of the body in
relation to body weight is given by the following equation
(Blaxter and McGill, 14):

Mg (gm) = 0.655 weight (kg) - 3.5.

About 70 percent of the total body magnesium is in
the skeleton. The magnesium of the skeleton acts as a
labile source of magnesium (14).

Apart from bone, magnesium occurs principally intra-

cellularly. The concentration of magnesium in cells is about
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30 mEq/1 compared with a plasma concentration of about 2.4
mEq/1 (76).

Intracellular magnesium acts as an activator of
numerous enzymes catalyzing reactions involving adenosine
triphosphate. Since A T P is required in such diverse
functions as muscle contraction, protein, fat, nucleic acid,
and coenzyme synthesis, glucose synthesis and utilization,
methyl group transfer, sulfate, acetate, and formate activa-
tion, and oxidative phosphorylation, it seems likely that
the action of magnesium extends to all major anabolic and
catabolic processes (57). |

Plasma magnesium can be divided into ultrafiltrable
- and protein bound magnesium. Present evidence suggests
that the ultrafiltrable magnesium is all ionic, unlike
plasma calcium where there is a non-ionic ultrafiltrable
fraction3{¢%)» |

Wilson (94) suggests that the concentration of mag-
nesium or calcium in the interstitial fluid will be very
close to the ultrafiltrable magnesium or calcium in plasma
and that this will be the physiologically active concentra-
tion. Although it is generally agreed that about 50 per
cent of plasma calcium is ionic, there is no such general
agreement regarding plasma magnesium, and values between

20 and 50 per cent have been given as the fraction of bound
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magnesium in plasma (94).

Del Castillo and Engback (26) showed that magnesium
in the extracellular fluid plays an important role in the
production and destruction of acetylcholine,the substance
necessary for the transmission of impulses at the neuro-
mascular junction. A low concentration of magnesium and
probably of more importance, a low magnesium to calcium
ratio potentiates the release of acetylcholine. It has
therefore been suggested that a low concentration of mag-
nesium in the extracellular fluid surrounding the muscle
and plates may produce tetany through this mechanism (76).
It is known that the activity of choline esterase is not

affected during magnesium deficiency (76).
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RENAL CONTROL OF BODY WATER AND ELECTROLYTES

Cation Excretion

In a quantitative sense the filtration and reabsorp-
tion of ions and water are by far the most significant
operations of the mammalian kidney (66). From four-fifths
to seven-eighths of the glomerular filtrate is normally
reabsorbed in the proximal tubule while the distal tubule
reabsorbs one-fifth to one-eighth of the total cation eXcreo-
tion in a highly variable manner suited to the needs of the
moment (66). All evidence (66, 92) points to the fact that
sodium reabsorption in the proximal tubule is active and
that the active reabsorption creates an osmotic force which
causes reabsorption of water. The colloid osmotic force
exerted by the plasma proteins and the crystalloid forces
developed by reabsorption of glucose and amino acids also
contribute, but their contribution is believed to be small
in comparison with the osmotic force developed by the active
transport of sodium. In the distal tubule, sodium reabsorp-
tion occurs in exchange for potassium or hydrogen secreted.
There is also some evidence (86) that sodium reabsorption
may occur in conjunction with chloride absorption in the

distal tubule.
14
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The reciprocity between potassium and hydrogen ion
excretions has been interpreted as evidence of competition
between the two lons for exchange with sodium (15). This
phenomenon is most marked in potassium loading and deple=-
tion, but is not inclusive since both hydrogen and potassium
excretion may increase simultaneously as during orthostasis
in humans receiving sodium sulfate (15). Although it has
been shown that potassium excretion parallels increases and
decreases in plasma concentrations, it does not follow that
the filtered potassium is responsible for observed changes
in excretion; much evidence indicates that intrécellular
potassium concentrations of tubular cells are more likely
responsible (86). Potassium excretion is augmented by in-
creases of blood pH (15). Since it is well known (15) that
migration of potassium into cells of the body increases
markedly from acidosis to alkalosis, this has been inter-
preted as implying that potassium secretion 1s dependent upon
intracellular potassium concentration in the tubular cells,
Similarly (15), infusion of NH4+ salts can inhibit potassium
secretion. That NH4+ can replace intracellular potassium
has been shown in kidney slices and erythrocytes (15).

Anderson and Pickering (2) and Sellers et al (73)

have shown that potassium loading causes an increase in

sodium excretion in cows. The experiment by Anderson and
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Pickering involved intravenous infusion of 1.0 NKC1l at rates
of 7.0 to 9.0 ml. per minute for up to four hours. Plasma
potassium concentrations rose 1 to 2 mEq/l as a result of
infusion, but progressive increase in plasma potassium did
not occur. The animals showed some variation but in general
the increase in plasma concentration occurred within two
hours of the onset of infusion. At the same time the rate
of excretion of potassium increased and within two hours of
the onset of infusion approximated the rate of administra-
tion. Potassium clearances rose to exceed . inulin clsarance
values, giving ratios of potassium clearance to inulin clear-
ance ranging as high as 2.0 towards the end of the infusion
period, thus clearly indicating potassium secretion. Urine
flow increased 312 to 717 per cent over the pre-infusion rate
reaching a maximum within one to two hours after the onset of
infusion and then declining gradually. Sodlum excretion
increased two to fifty times the pre-infusion figure. Like
the concomitant diuresis, this reached a peak one to two
hours after infusion, then fell progressively but persisted
above pre-infusion level during the four-hour infusion. No
changes were noted in plasma sodium concentrations.

Anderson and Pickering (2) suggested that during
potassium loading a greater suppression of hydrogen-ion
excretion occurs than increase in potassium. This gives

rise to a net reduction in sodium-ion reabsorption, with
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consequent increased restriction of the tubular reabsorp-
tion of water. In the experiment conducted by Sellers gt

al (73), 0.5 g. of potassium chloride per 1lb. of body weight,
in approximately 10 gallons of tap water was introduced into
the terminal part of the esophagus over a period of approxi-
mately 45 to 50 minutes. A two-hour quantitative collection
of urine was made. Plasma potassium showed a prompt rise in
four of five animals given potassium chloride., Twenty-four
hours after the initiation of the éxperiment plasma potassium
levels had returned to the pre-experimental levels. Simi-
larly, plasma sodium levels rose promptly and twenty-four
hours later they had returned to control levels. Potassium
excretion increased from l.2 to 6.6 times the control level..
The authors noted that the rise was not as great as they had
expected., Absolute excretion of sodium showed an increase
in all animals ranging from 3.7 to 1230.0 times the control
value. In three of the animals the increase wés comparable jﬁfgﬁ
to that attained in an experiment in which sodium was ad-
ministered and greater than would be expected from a “"wash-
ing out" effect of water administration. Sellers et gl (73)
concludéd that increase in urinary sodium was due To an
increase in plasma sodium. They suggested that the increase
in plasma sodium was due to an inward movement of potassium

into the cells in exchange for cellular sodium. Thus it
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appears that Sellers et al found similar results to those of
Anderson et al (2) in regard to the effect of potassium on
urinary sodium. However, their results were dissimilar in
regard to plasma sodium which led to different suggestions
with respect to the mechanism responsible for the effect of
potassium on renal excretion of sodium.

It seems possible, however, that the fallure of Ander-
son et al (2) to find an increase in plasma sodium may have
been due to an increase in plasma volume resulting from the
infusion. Also it is possible in the case of the experiment
by Pickering et al that the increaée in urine sodium was due
to a "washing out" effect since fhis factor was not assessed
by their experiment.

'In an experiment by Sellers et al (73) in which sodium
was sdministered to cows, there was a rise in plasma potassium
but the increase in urinary potassium was not marked. They
concluded that the bovine kidney may distinguish between
these two cations. This is in agreement with the view (86)
that potassium excretion is much more dependent on cellular
concentration than on plasma concentration.

Niller (59, 60, 61) found that administration of
potassium salts caused an increase in the excretion of sodium
in swine and rats.

In studies on swine, Miller (59) found that high potas-
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sium intake increased sodium excretion during the first
twenty-four hours but then sodium excretion fell to levels
less than were found prior to giving the potassium salt.
Similarly, studies on rats (860, 61) showed that an increase
in potassium intake increased urinary excretion of sodium.
However, in the case of rats, the urinary sodium remained
high during the four-day period of high potassium intake.
There appears to be 1little available information on
the mechanism of calcium excretion. This in part 1s due to
the complexity of the physical-chemical state of this sub-
stance in the plasma (78). The total calcium content of
normal human plasma ranges from 9 to 11.5 mg. per cent (78).
Approximately fifty per cent of the plasma calclum is bound
to protein (76). This proteinate is poorly ionized and its
dissociation is affected by many factors (protein and cal-
cium concentration, pH, temperature, albumin-globulin'ratio,
etc.) (78). In addition, diffusible calcium complexés (car-
bonate, citrate, phosphate, tartrate) are poorly ionized (78).
Approximately 1.5 mg of calcium per 100 ml of plasma are
bound by citrate or other orgenic acids (78). Thus it
appears unlikely that the excretion of calcium will be
related in any simple manner to the total plasma calcium.
The portion bound to protein is unavailable for filtration,

as is perhaps some of the phosphate complex, and it 1is
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possible that filtrable complexes formed with carbonate,

citrate and phosphate are not handled by the tubules as is

the calcium ion (78).

Williamson and Freeman (93) found that the filterable
fraction of plasma calcium increases in metabolic acidosis, but
tends to remain within normal limits in other acid-base disturb-
ances associated with hypercaluria. The tubulaf reabsorption of
calcium appears to be inversely related to blood pH, plasma bi-
carbonate content, and sodium excretion (93).

Shohl (75), in a review of mineral metabolism, 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 excretion of mineral
cations and this excess is found almost entirely in increased
amounts in the urine. This view is supported by the work of
Hart et al (46). They found that daily ingestion of 115 or
230 ml of 40 per cent hydrochloric acid increased the cal-
cium excretion in the urine of dairy cows. The acid feeding
caused a reduction in urinary pH from 9.8 to 6.8. William-
son and Freeman (93) found that infusion of sodium bicarbon-
ate solution increased calcium excretion. They interpreted
this as an effect of alkalization of the urine. Recent work

by Walser (89) has shown, however, that the results found by

Williamson and Freeman were probably due to sodium. Walser -
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(89) concluded that during conditions of saline diuresis in
dogs, sodium excretion is the major determinant of calcium
excretion. Furthermore, the renal clearance of free ionic
calcium approximately equalled the renal clearance of sodium.
Walser (89) suggested that the renal tubules attempt to main-
tain a constant ratio of sodium ion to calcium ion in the
tubular fluild, and that calcium shares a common reabsorptive
transport mechanism linked to sodium transport, Walser (89)
emphasized that all his observations were confined toc animals
with urine flows exceeding 2.5 ml per minute. At lower urine
flows, another major determinant of calcium excretion becomes
important. This factor is the urinary concentration of
complexing anions. At lower flow rates the urinary concen-
trations of complexing anions, e.g. citrate, phosphate and
sulphate, may be high enough to cause considerable complex-
ing of calcium. Under these conditions the free calcium
ion concentration can no longer be considered equal to total
urinary calcium. However, when urine fiow rates are high
and plasma concentration of the complexing ions are normal,
the concentrations of the anions is too low to complex a
significant amount of urinary calcium.

Walser (89) attempted to determine whether calcium
excretion was more closely correlated with sodium plus

potassium excretion, or with sodium excretion alone. The
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rise in calcium clearance resulting from KCl infusion was
smaller than would be anticipated'from the rise in sodium
clearance despite the excretion of three times as much
potassium as sodium. Althpugh Walser did not suggest this,
it would appear from examination of the data presented that
potassium appeared to decrease calcium excretion. In the
absence of KCl infusion the mean ratio of sodium to calcium
clearance was 1l.29. In the presence of KCl infusion the mean
ratio of sodium to calcium clearance was 3.5. It 1is not
known, however, whether this trend was as marked in the
other three experiments conducted.

Stop flow experiments (91) in which both sodium and
calcium have been measured show a similar relation to that
found by Walser. Sodium concentration changes coincide
with changes in calcium concentration, and the ratio of the
two ions is similar to the ratio which is found in normal
plasma ultrafiltrate. That calcium excretion and clearance
are directly related to sodium excretion has been confirmed
in humans by Kleeman et al (53). These workers found that
although urinary excretion of sodium and calcium varied
considerably from subject to subject, it was apparent in
gach that these two parameters paralleled each other. Ad-
ministration of 9-alpha fluorhydrocortisone caused a dis-

tinct reduction in sodium excretion (53) and an ebvious
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positive balance. Despite the positive sodium balance,

" calcium excretion decreased in both subjects. Definite
hypercaluria was caused by the high salt ingestion in four
of the six subjects studied. KXleeman (53) concluded that
the proper interpretation of urinary excretion of calcium
in any clinical or experimental investigation cannot be
made without a knowledge of simultaneous excretion of sod-
ium.

Walser (89) also examined the relationship between
urine flow and calcium excretion. The correlation between
these two variables was much lower (r-= 0.61) than for
sodium and calecium (r = 0.95). The relationship between
urinary sodium and calcium excretion was found to be only
slightly modified by urinary pH. Urinary pH measured in
eighty-three of the 106 collection periods ranged from 5.4
to 7.8. Although the ratio of calcium clearance to sodium
clearance appeared to be slightly higher in the presence
of acid urine than in the presence of alkaline urine, the
difference was not marked. In an experiment (89) on a
sodium-depleted dog, hydrochloric acid (033 N) was infused
at 5 ml per minute for 22 minutes, resulting in severe
acidosis. Both sodium excretion and calcium excretion
remained normal. Walser concluded that in acute experi-

ments acidosis augments calcium excretion chiefly by virtue
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of its effect on sodium excretion.

Sellers et al (73) found that absolute urinary cal-
cium excretion increased as a result of KC1 administration
in cows. However, the increase in urinary calcium excretion
was not greater than would be expected with the concomitant
water diuresis (74). In both the case of water (74) and
KCl (73) administratioﬁ, urinary sodium excretion lincreased.

In view of these results it appears possible that the
same relationship between sodium and calcium excretion exists
in the kidney of the cow as has been found in the dog (89)
and human (53) kidney.» However, in the experiment in which
KC1 (75) was administered to cows, sodium excretion was
greater than in the case of water diuresis (74). Assuming
a direct relationship exists between urinary sodium and
calcium excretion, one might expect that urinary calcium
excretion should have been greater with KC1l administration
than with water diuresis since this was the pattern followed
by sodium. However, this was not the case.

These facts considered alone tend to suggest that a
direct relationship between calclum and sodium does not
exist in the bovine kidney. It should be pointed out, how-
. ever, thet control values in both the KC1 (73) and water
diuresis (74) were carried out under non-diuretic conditions.

The situation is thus complicated (91) by the fact that a
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large proportion of the urinary calcium in the control ex-
periments was probably not ionic. The explanation could
also be that potassium suppresses urinary calcium excre-

| tion (91).

Little is known about renal eXcretion of magnesium
for much the same reasons as for calcium. A considerable
fraction of the plasma magnesium is known to be bound to
plasma protein and magnesium excretion is influenced by com-
plexing agents in the urine. Wilson (94), in 1960, reviewed
existing knowledge of renal magnesium excretion. He con-
cluded that the urinary output'of magnesium can best be
described by a filtration reabsorption mechanism, and that
magnesium is a threshold substance and only appears in the
urine if the filtered load is greater than the maximum tubu-
lar reabsorption rate. Experiments by Wilson (94) showed
that in ewes with a filtration rate of 100 ml/minute, the
threshold concentration in the plasmais 2 mg per cent. Rook
et al (70) found a correlation between serum concentration
and urinary output of magnesium in cows and estimated that
the renal threshold in cows was not greater than 2.15 mg per
cent. Wilson (94) pointed out that the amount of magnesium
filtered and reabsorbed in twenty-four hours is more than
ten times the total amount of magnesium in the extracellu-

lar field. Experiments with ©4Mg reviewed by Ulrich (86)
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support the view that most of the magnesium enters the tubule
at the glomerulus and not through the tubular cell.

Both Bradley (15) and Wilson (94) noted that a number
of workers have shown that aglomerular teleost fishes.ac—
tlvely excrete magnesium through their tubules. Jabir et al
(50) and Barker (8) found that intravenous infusion of mag-
nesium salts in humans decreased the urinary excretion rate
of potassium. Wilson (194) found a similar effect in ewes.
It has been suggested (94) that observed decreases in urinary
excretion of potassium may be a result of a competition be-
tween magnesium and potassium for a transport mechanism.,
Sellers et al (74) found in conditions of water diuresis a
constancy of absolute magnesium and potassium excretion
despite approximately three to seven-fold changes in urine
volume. They suggested that magnesium and potassium arse
handled in like manner by the bovine kidney. However, under
conditions of high potassium intake (73) the absolute excre-
tion of magnesium did not appear to be markedly different
from the control values whereas the absolute excretion of

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

control values,

Bicarbonate Excretion

Bicarbonate excretion appears to be largely a func-

tion of acid-base balance'(lé). The bulk of filtered bicar-
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bonate is reabsorbed in the proximal tubule (66). The
mechanism here involves an exchange of cellular hydrogen
for filtered sodium (66). Hydrogen combines with bicar-
bonate in the urine to form carbon dioxide and water. The
carbon dioxide diffuses into the cell, where it undergoés
hydration to form carbonic acid, a reaction which is catal-
yzed by carbonic anhydrase. Subsequent dissociation pro-
vides the hydrogen ilons, which are exchanged for sodium
ions across the luminal membrane, and the bicarbonate ions,
which diffuse down a potential gradient into the peritubu-
lar fluid.

Potassium and hydrogen cémpetitively occupy in part
a common transport mechanism, so that circumstances which
favour potassium excretion reduce hydrogen excretion and
vice versa (78). This is well illustrated in experiments
with dogs (66). In these experiments it was found that when
plasma concentrations of potassium fall below the normal
value of 4 mEq/l, bicarbonate reabsorption is enhanced.
Conversely, when potassium salts are infused and plasma
potassium concentration éxceeds 4 mEq/l, bicarbonate re-
absorption is reduced below the normal value. Pitts (66)
suggests the significant factor controlling bicarbonate
reabsorption in these cases is not the plasma concentration

of potassium but rather the intracellular concentration.
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This is based on the fact that infused potassium rapidly
enters all cells in exchange for hydrogen. The hydrogen
ions leaving the cells are buffered by extracellular bicar-
bonate, thus decreasing plasma concentration of bicarbonate.
The renal tubular cells would respond in a similar manner,
accumulating potassium ions from, and extruding hydrogen
ions into the peritubular fluid. As a result of reduced
hydrogen ion concentration and increased potassium ion con-
centration of collecting duct cells, potassium ions displace
hydrogen ions from the luminal exchange mechanism. Bicarbon-
ate reabsorption would be reduced and potassium secretion
enhanced. The urine contains large amounts of potassium
bicarbonate and is therefore highly élkaline. In conclusion
Pitts suggests that loading with potassium salts would lead
to a hyperkalaemic metabolic acidosis. The acidosis is extra-
cellular; the cell contents being relatively alkaline.
Bicarbonate reabsorption appears to be related to
plasma chloride. In hypochloremia plasma bicarbonate in-
creases. . Conversely, in hyperchloremia, plasma bicarbonate

decreases.(66)

Water Excretion

Renal water reabsorption is believed to occur by
passive diffusion of water along an osmotic gradient created

by active reabsorption of ions (66). In water diuresis when
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the titef of circulating anti-diuretic hormone is low, the
epithelium of the distal tubule is impermeable to water.

The hypotoniclty of the tubular urine leaving the loops of
Henle 1is maintained throughout the remainder of the nephron
and the final urine is dilute. Osmotic diuresis occurs due
to reduced absorption of filtered solutes (24). This may be
due to presenting the proximal tubules with material that
cannot be absorbed (mannitol). High intakes of sodium
chloride cause osmotic diuresis and this is believed to be
due to diminished isosmotic absorption of filtrate in the
proximal tubule, leading to an increased load on the distal
tubule (24). Administration of potassium chloride to cows
has been shown to cause osmotic diuresis (2, 73). Anderson
et al (2) suggested that the osmotic diuresis was in part
due to an increased solute load in the gomerular flltrate.
They also suggested that during potassium loading a greater
suppression of hydrogen ion excretion occurs than increase in
potassium, giving rise to a net reduction in sodium ion
reabsorption, with conséquent increased restriction of the
tubular reabsorption of water. Water diuresis has also been

shown to occur in cattle (74).
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Hbﬁmbnal Regulation of Renal
Electrolyte Excretion

The adrenal cortex is a well-recognized source of
hormonal agents that exert a powerful influence upon renal
tubular function. The most recently discovered of these,
aldosterone, dominates the steroids released in terms of its
effect upon electrolyte excretion (15) and is approximately
thirty times more effective than deoxycorticosterone.
Aldosterone appears to promote tubular sodium reabsorption
and potassium gsecretion (18). There are two main hypotheses
regarding the control of aldosterone secretion (86). The
first states that peripheral nervous receptors, possibly
located in the upper arterial tree, serve as the afferent
limb of a reflex arc whose effector 1s a neurohormone or a
pineal hormone. The second hypothesis states that a per-
ipheral receptor aeffects the release of renin from the juxta-
glomerular apparatus in the kidney. Renin leads to the
liberation of angiotensin which in turn stimulates aldo-
sterone secrstion. Availasble evidence appears to favour
the latter of these two hypotheses (86). Increased aldo-
sterone secretion has been shown to be caused by potassium
administration as well as sodium depletion (86).

Adrenal cortical hormones appear to affect bicarbon-

ate reabsorption, although the mechanism is not entirely
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clear. Hyper secretion of gluco- and mineral corticoids
induces metabolic alkalosis associated with increased bi-
carbonate reabsorption. 1In contrast, a deficiency of adrenal
cortical hormones induces metabolic acidosis associated with
reduced bicarbonate reabsorption (65). There have been some
attempts 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 were
injected intramuscularly with DOCA, urinary, excretion of cal-
cium increased but magnesium excretion remained unchanged.

In adrenalectonized sheep the same workers (17) found that
neither DOCA nor D-aldosterone-trimethyl acetate had a sig-
nificant effect on renal excretion of magnesium. Similarly,
Scott and Dobson found that D-aldosterone injected intra-
muscularly (66) had no effect on urine excretion of magnesium
but in contrast to Care and Ross they also found no effect on

the urinary excretion of calcium. Scott and Dobson (71) found,

however, that the injection procedure, i.e. intramuscular
injection of an isotonic solution of saline alone, caused a

significant increase in urinary excretion of magnesium.
Scott and Dobson (71) found the intravenous infusion of
aldosterone appeared to cause an increase in urinary mag-
nesium excretion although sufficient data were not collected

for statistical analysis. In sodium~-depleted sheep where
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aldosterone secretion would be expected to increase, Dobson

and Scott (71) found a decrease in urinary excretion of cal-
cium and magnesium. They suggested that this may have been

due to a reduction of the extracellular compartment due to

depletion of sodium,
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REGULATION OF THE VOLUME AND MINERAL COMPOSITION
OF RUMEN FLUID

The volume of rumen fluid is normally maintained by the
consumption of water and salts and the secretion of saliva.
Consumption of water and salts together with absorptive mech-~
anisms counterbalance the effects of microbial metabolism so
as to maintain pH, solute concentration and osmotic pressure
of the rumen fluid within the range favourable to normal

rumen function.

Water Intake

Water intake of cattle depends on a large number of
factors but only those related to mineral intake will be
discussed here. Beilhamnz and Kay (1l1l) reported that the
osmotic pressure of the blood appears tc be important. They
found that sheep became very thirsty when they were given
intravenous injections of hypertonic sodium chloride solu-
tions. However, Beilharz and Kay (11) also found that intra-
venous Injectionsof hypertonic glucose did not have the same
effect as sodium chloride and they concluded that the sheep's
osmoreceptors respond selectively to solutes which do not
penetrate the cell membrane readily. The osmotic pressure

of the rumen contents does not appear to be involved since

33
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Beilharz and Kay (11) found that sheep showed no sign of
thirst when hypertonic'sodium.bicarbonate sblutions were
introduced into the rumen. That low blood osmotic pressure
does not fully inhibit thirst was shown by Beilharz et al
(10) who found that sheep depleted of sodium by loss of
saliva continue to drink water although the concentration

of sodium in the plasma is falling.

Salivary Secretion

Ruminants secrete large volumes of alkaline well
buffered saliva which stabilizes the rumen pH and supplies
most of the water and salts of the rumen fluid. Bailey (5)
has shown that cattle secrete as much as 98 to 190 litres
of saliva daily and sheep (5) have been estimated to secrete
6 to 16 litres daily.,

4 Saliva is made up of secretions of a'nﬁmber of glands.
Key (51) divided the salivary glands of sheep into three
groups. First, the parotid and inferior molar glands which
are purely serous. They secrete continuously and may be
stimulated from the mouth, the oesophagus and the rumen.
These glands are particularly active during eating and rumin-
ation., The saliva secretion is isotonic with plasma, alka-
line and well buffered. Kay (51) placed the small glands
lying beneath the epithelium of thé cheeks, palate and

pharynx in the second group. They are largely composed of
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mucous cells and secrete little when not stimulated. ILike
the serous glands they respond well to stimulation of the
mouth, oesophagus and rumen. Although the palatine saliva
is extremely mucous it does resemble parotld saliva in 1its
inorganic constituents and alkalinity. The third group,
which is both serous and muéous, consists of the submaxillary,
sublingual and labial glands. The submaxillary is little
affected by stimulation of the oesophagus and rumen. 1t
secretes rapidly during feeding but only slightly during
rumination. The saliva of the third group is mucous, hypo-
tonic and poorly buffered.

Parotid saliva from normal sheep contains on the
average the following: (mEq/l) sodium, 177; potassium, 8;
'bicarbonéte, 104 ; monohydrogen phosphate, 52; chloride, 17;
and less than one mEq/l each of calcium and magnesium (52);
Mixed saliva in sheep is similar in composition, according
to Kay'(5l). In cattle it has been found that mixed and
parotid saliva are also similar in composition (5, 6, 31).

The most important factor that affects the composi-~
tion of parotid saliva 1s sodium depletion. The remarkable
inversion of the relative concentrations of sodium and
potassium in parotid'saliva when sheep are depleted of
sodium was first described by Denton (27). Denton found

that when sodium supplement was withdrawn from a sheep with
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a parotid fistula that the sodium lon concentration of the
saliva decreased from 180 to 60 mEq/l. There was an almost
equivalent increase in potassium ion concentration; it rose
from 10 to 120 mEq/l. Thus the saliva appeared to retain its
hypertonicity. Apart from a small increase of monohydrogen
phosphate with an equivalent decrease in bicarbonate, the
anion pattern wasbunchanged. There was a gradual decrease
in the saliva volume. The average volume per day during the
control period was 2.68 litres whereas the average over the
eleven days of sodium depletion was 1.71 litres. The rise
in monohydrogen phosphate was commensurate with the decrease
of secretion volume éo that the total phosphate secreted was
unchanged. Within forty-eight hours of sodium withdrawal,
the sodium excretion by the kidney was reduced to virtually
nil. At the same time, the renal potassium excretion was
greatly reduced. Denton concluded that in the face of gross
sodium depletion, the animal had ceased excreting sodium in
the urine, greatly reduced it in the saliva, and transferred
the large urinary potassium excretion characteristic of
herbivora to the parotid secretion. Dobson (33) shoWed that
the concentration changes of sodium and potassium lons of
mixed saliva of sheep during sodium depletion followed those
of the parotid saliva to a highly significant degree, but

were not as marked. The potassium concentration of mixed




87

saliva was slightly more effective than its sodium concen-
tration as a basis for predicting the potassium concentration
of parotid saliva. Balley and Balch (6, 6) and Dobson (31)
have shown that the changes that occur in the concentration
of sodium and potassium of both parotid and mixed saliva of
cattle during sodium depletion are similar to those found in
sheep. Dobson (31) has suggested that mixed saliva of cattle
obtained by sponge sampling may be more closely related to
parotid saliva than is the case for sheep.

A number of workers have shown that there is a rela-
tionship between the rate of secretion of parotid saliva and
its composition. Coats and Wiright (18) varied the rate of
secretion in sheep by electrically stimulating the motor
nerve at various frequencies. They found that as the rate of
saliva secretion increased, there occured a rise in sodium
concentration and a fall in potassium concentration. Simi-
larly, Bailey and Balch (5) found in a small steer that the
concentration of sodium increased and potassium decreased
as the rate of parotid saliva secretion increased. This
appeared to be the case whether or not sodium intake was
adequate. Dobson (31) found similar results with respect
to sodium and potassium concentration in the parotid saliva
of a cow receiving an inadequate intake of sodium. However,

when the cow was receiving an adequate intake of sodium,
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Dobson (30) found that potassium concentration rose slightly
with an increase in flow rate with a corresponding fall in
sodium concentration. Dobson (31l) suggested that the appar-
ent discrepancy between his work and that of Bailey and Balch
could have arisen from differences between animals or from
small differences in sodium status.,

Osmotic Pressure and Electrolyte Concentrations
in the Rumen Fluid

The work of Parthasarathy and Phillipson (64) suggests
that the rumen fluid tends towards isotonicity with the blood.
They found that solutions which were hypotonic or isotonic to
serum lost water when put in the isolated rumen of anaes-
thetized sheep while hypertonic solutions gained water. The
movement of water with hypertonic and hypotonic solutions
indicated that water moved across the rumen epithelium as a
result of osmotic gradients. The ébsorption of water from
the isotonic solution was probably dus to net uptake of
ions. Kay (52) suggests that three mechanisms may account
for the near isotonicity of rumen contents: the permea-
bility of the rumen epithelium to water, the absorption of
salts by the rumen epithelium, and the secretion of large
volumes of nearly isotonic saliva.

If ruman cbntents.are to remain isotonic any solutes

absorbed must be accompanied by an appropriate volume of
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water. Kay (52) has pointed out that Hyden's estimate of

the rate of absorption of water from the rumen contents of
a sheep, 3.6 litres daily, is enough to render roughly iso-
tonic the 600 mEq of sodium (plus anion) that Dobson(29)
estimated is absorbed from the rumen. Kay (52) suggested
that volatile fatty acids and other fermentation products
which are continuously found in the rumen and absorbed from
it would be expected to have 1little long term effect on the
osmotic pressure and water balancé of the rumen; intermittent
surges of fermentation may have more substantial effects.
Fatty acids will only increase the number of osmotically
active particles in solution to the extent that they are not
neutralized or are neutralized by monohydrogen phosphate to
give dihydrogen phosphate plus acid radical since neutrali-
zation by bicarbonate is accompanied by the evolution of
gaseous carbon dioxide.

Elem (36) found that rate of passage of digesta through
the rumen is accelerated by including large amounts of sodium |
chloride in the diet, and Lloyd Davies (55) found that the
addition of four or eight litres of water to the rumen daily
caused only very slight increases in food intake. Similarly,
Murray et al (63) found that provision of a salt lick during
an experiment when a sheep was feeding continuously led to

an increased rumen outflow. However, they also found that
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regular addition of three grams of sodium chloride to each
meal when the animal was fed twice daily gave no increase
in the daily rumen outflow over that of a control period
with no salt addition, but there was a slight decrease in
the weight of the rumen contents (63). If the isotonicity
of the rumen contents is mainly due to the permeability of
the rumen epithelium to water, then the rate at whilch rumen
fluid passes on to the omasum will depend more on the amount
of salts that enter the rumen than on the water intake. The |
experiments reported above suggest that this is the case.A
The concentration of individual electrolytes in the
rumen fluld depend largely on the amounts of salts and water
that are ingested, the amounts absorbed by the rumen epithe-
lium and the amounts secreted in the saliva (52). Experi-
ments by Sellers et al (72) and Dobson et al (33) in sheep,
and by Bailey (4) in cattle have shown that sodium and potas-
sivm account for most of the catlions present in the rumen
fluid and their concentrations show a strong inverse correla-
tion,. The.principal anions are chloride, monohydrogen phos=-
phate, bicarbonate and the anions of volatile fatty acids
(4, 85).
The relationship between the concentrations of sodium,

potassiﬁm, chloride and inorganic phosphate in mixed saliva

and rumen fluid of .cattlée was studied by Bailey (4). The
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studies were carried out on four dry shorthorn cows, given
five different dlets supplying from four to sixteen grams of
sodium daily. The sodium concentration in the rumen fluic
ranged from 160 to 60 mEq/l, and in the saliva from 168 to 28
mEq/1. The observations in which sodium concentration in
rumen fluid exceeded 145 mEq/l were mainly on cows recelving
sodium chloride ad 1lib. The concentration of sodium in the
rumen fluid was parallel to, but lower than, the concentration
in saliva. The mean value for rumen fluid was 17 per cent
lower than the mean value of saliva for all pairs of observe-
tions. The consistency of the relationship between the con-
centration of sodium in the rumen fluid and saliva was high.
Bailey suggested that when food was eaten, and salivary flow
increased, absorption of sodium and the voluntary water intake
during the meal was sufficient to prevent any rise in sodium
concentration in the rumen. The results showed that at any
one time the concentration of sodium in the saliva was
clearly the dominant factor determining thé concentration
found in the rumen fluid. ‘The concentration of sodium in

the saliva and in the rumen fluid tended to be lower when the
cows were consuming the diets conbtaining the lower amounts of
sodium. Bailey suggested that over a long period with a
sodium-deficient diet the amount of sodium supplied could

have an effect on sodium concentration in rumen fluld owing
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to a progressive depletion of body sodium and a consequent
decline in salivary sodium concentration. There was con-
siderable difference in the sodium concentration in saliva
and rumen fluid between cows consuming the same diet.
Bailey suggested that this probably reflected the varying
length of time the cows had been consuming the diets.

Both chloride and potassium concentration in rumen
fluid were highest shortly after eating, and declined stead-
ily thereafter to low values fourteen hours after eating.
Like sodium, the concentration of potassium in rumen fluid
reflected differences in the amounts of potassium supplied
by the saliva. However, the concentrations of potassium
in rumen fluid were invariably higher than the concentra-
tions in saliva, which suggested that dietary potassium
was a more important fraction of the potassium in the rumen
than was the dietary sodium of the sodium in the rumen.

The concentration of chloride in the rumen fluid was invar-
iably greater than the concentration in the saliva. This
fact as well as the uniformity in the concentration of
chloride in the rumen fluid in different cows consuming a
given diet confirmed that the dietary chloride was important
in establishing these concentrations.

Sellers and Dobson (72), and Dobson and McDonald (34),

have studised the changes which occur in the composition of
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saliva of sheep feeding on grass grown on fields heavily
fertilized with potassium salts. These grasses are char-
acteristically high in potassium content and low in sodium.
Sellers and Dobson (72) found that when two sheep accustomed
to hay or hay and meals were fed cut grass heavily fertilized
with potassium chloride and ammonium sulphate, sodium cone
centrations in the rumen fluid fell and potassium rose. Con-
. centration of about 25 mEq/1 for sodium and 100 mEq/l for
potassium were reached after a week, a reversal of the con-
centrations found when sheep were on hay diets. Changes in
concentration of sodium and potassium in the mixed saliva were
much more erratic. However, the lower ratiocs of sodium to
potassium tended to be associated with the grass diets, and
Sellers and Dobson concluded that the changes in the sodium
and potassium concentration in the rumen fluid were due at
least in part to changes in concentrations of these ions in
the saliva. Electrical potentials between plasma and rumen
contents were also measured by Sellers-and Dobson (72). They
found that the potential was correlated negatively with the
sodium concentration and positively with the potassium con-
centration in the rumen. The effects of the two ions could
not be separated because of the close negative correlation
between sodium and potassium concentrations. Sellors ahd

Dobson concluded, however, that although changes in concen-
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tration of sodium and potassium in the rumen account for
part of the changes in potential éncountered, other uniden-
tified factors must play a role, especially in the grass
regimen.

Dobson and McDonald (34) studied changes in the rumen
fluid and saliva concentration of sodium and potassium when
eight sheep accustomed to a diet of hay and meals were fed a
diet of grass heavily fertilized With potassium chloride and
ammonium sulphate. In general they found lowered concentra-
tion of sodium and increased concentration of potassium in
the saliva and rumen fluids, thus confirming earlier observa-
tions of Sellers and Dobson (72). The change iﬁ saliva sodium
and potassium concentration varied greatly between animals
in both extent and timing. However, Sellers and Dobson (72)
observed changes in salivary potassium during the first wesk
at grass, whereas Dobson and McDonald (34) observed no change
in salivary potassium during the first week at grass. Dob-
son and McDonald (34) suggested that the difference was due
to the fact that in the previous work the sheep consumed
less sodium. Dobson and McDonald (34) found that the fall
in sodium and rise in potassium concentration in the rumen
fluid were nearly completed by the end of the first week at
grass. They thus concluded that changes in rumen concen-

tration do not necessarily imply changes in saliva compo-
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sition as had been implied earlier by Sellers and Dobson
(72). Dobson and McDonald (34) suggested that the changes

in rumen concentration of sodium and potassium may have been

due to changes in rate of flow into or out of the rumen or
in absorption of water and sodium, together with the increased
intake of potassium. Dobson (32) studied changes in rumen
and saliva sodium and potassium when mature ewes which had
previously been receiving a steady intake of grass cubes
were subjected to three dietary changes. The first change
was to fresh frozen grass, then onto hay and meals and
finally back to the frozen grass. The dietary intake of
sodium was sbout 30 mEq per day on the grass cubes, 10 mEg
per day on frozen grass and 55 mEq per day on the hay and
mealse. The saliva potassium concentration was low on the
diets of grass cubes and grass diets but was high when the
ration was changed to hay and meals. The high level of
potassium in saliva was maintained though it showed some
signs of falling just before the final dietary change.
Dobson suggested that since in other experiments a low con-
centration of saliva potassium was found with a diet of hay
and meals, the salivary response was associated with the
dietary change rather then with the dieﬁ itself. The change
in sodium intake from grass cubes to frozen grass was acconm-
panied by an approximately equivalent fall in the amount of

sodium excreted in the urine. In contrast, as soon as feed~
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ing of the hay and meals ration was begun, sodium almost
disappeared from the urine. This was followed by an enor-
mous increase in urinary sodium during the first few days
of the second period on frozen grass. The urinary output of
potassium rapidly and consistently reflected these changes
in intake. The loss of sodium on change from hay and meals
to frozen grass was accompanied by a loss of water. The
loss of water was shown to occur by changes in both live
weight and apparent water balance. Dobson suggested that
this probably reflected a decrease in rumen volume. Sodium
concentration in the rumen fluid decreased from 90 mEq/l- to
55 mEq/1l. Dobson concluded that the sodium which appeared
in the urine thus appeared to originate from the rumen con-
tents.

The change from hay and meals to frozen grass was
marked by a retention of water and an increase in the con-
centration of sodium in the rumen' from 55 mEq to 90 mEq /1.
The changes of potassium concentration in the rumen fluid
were roughly equivalent to those of sodium but in the oppo-
site dirsction.

Dobson suggested that the raised concentration of
potassium in mixed saliva together with the reabsorption of
sodium from the urine which followed the change to hay and

meals indicated an increase in the level of aldosterone in
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the blood. Dobson also suggested that since the stimulus
to the adrenal gland accompanied an increase in the amount
of sodium in the ration, any explanation in terms of a sodium
depletion of the whole animal may be ruled out. Dobson
hypothesized that the change to hay and meals gave rise to
an immediate retention of sodium in the rumen which could
happen only by depleting the extracellular space outside the
gut, thereby stimulating the secretion of aldosterone. Denton
(27) and Kay (52) have suggested that the rumen acts as a
store for sodium which can be drawn upon at times when dietary
intake is low., This suggestion appears to be based mainly

on the observed 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 frozen
grass a large fraction of the sodium in the rumen was rapidly
transferred to the urine ét a time when the dietary intake

of sodium was reduced. Dobson therefore concluded that in
this case the sodium in rumen contents was by no means
secured for the use ofﬂthe animal.

An electrical potential gradient exists across the
rumen epithelium of a sheep (35). The blood has been shown
to be approximately 30 mv positive with respect to the rumen
contents (35). This fact has been observed in both conselous

sheep with normal rumen contents and in anaesthetized sheep
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with artificial solution in the rumen. In considering
absorption of electrolytes from the rumen contents one
must thus consider both the electrical and the chemical
gradient existing. Dobson (29) showed that sodium movement
takes place égainst its electrochemical gradient and there-
fore the absorption of sodium is active. Dobson (29) con-
cluded that about one-half the salivary sodium 6f a sheep
is absorbed in the reticuio-rumen and that therefore the
absorptlon of sodium from the reticulo-rumen is of con-
siderable importance to the sodium economy of the animal.
Dobson (29) also suggested that since water moves passively
down 1ts osmotlic gradient, the sodium uptake takes place
without greatly affecting the concentration of sodium, as
was found by Sperber and Hyden (78). Dobson (29) also
pointed out that since the sodium pump will tend to make
the rumen contents electrically negative to the plasma,
this will decrease the forces driving potassium into the
plasma. This, Dobson (29) suggested, may be of importance
to ruminants whose diet is rich in potassium and poor in
sodium, whereas thelr plasma has high sodium and low
potassium concentration.

Little is known about the absorption of potassium
from the rumen contents (29). The epithelium contains a

high concentration of potassium and this hampers the in-
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vestigation of potassium movements in acute experiments,
since changes in a solution in the rumen may arise in part
from changes in amounts in the epithelium (30). Sperber
and Hyden (79) observed that potassium accumulated in a
rumen pouch to a concentration of 27 mEq per litre. Dobson
(30) pointed out that this could be accounted for by an
electrical potential which made the blood 45 mv posiltive

to rumen contents.: A potential of this size and sign is

ar o™ b gapd 4V Ban b Al s asTraA wmanvicea

He (87) calculated that about 64 g of sodium per day were
absorbed from the large intestine of the cows under experiment.

Van Weerden (87) pointed out that, since a cow of 500 kg,
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ABSORPTION AND SECRETION OF SOME MINERAL ELEMENTS IN
THE GASTRO-INTESTINAL TRACT

Dobson (29) suggested that due to the sustained acldity
of the abomasum of the sheep (56) it appears likely that little
sodjum is absorbed from this organ.

DeBeer (25) et al showed that large quantities of sodium o
are poured into the upper part of the small intestinal lumen o
of dogs together with the digestive juices. Similarly, Dob-
son (29) calcuiated that in sheep, sodium added by the pan-
creatic and bile secretions amounts to about 200 mEq per day.
Dobson (29) suggested that sodium added to ithe small intestine
is absorbed there. Dobson (29) also suggested that normally
about 500 mEq per day of sodium is absorbed in the caecum and
colon of the sheep. Similarly, Van Weerden (87) showed in
cattle that sodium absorption takes place against a concen-
tration gradient in the lower paft of the small intestine and
in the large intestine. Van Weerden (87) suggested that nor-

mally only about 15 per cent of the dissolved sodium entering

the 1ar§e intestine from the caecum is excreted in the faeces.

_
. e
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giving 20 kg of milk per day has a requirement of 23 g of
sodium dally, the importance of sodium absorption from the

large intestine is quite evident.

Although little information is available on the
behaviour of potassium, there are no indications that this
mineral is actively absorbed as is the case with sodium
(87)., Van Weerden (87) showed in cattle that the concen-
tration of potassium along the whole intestinal tract is
greater than in the blood serum, so that the absorption 1is
not hindered by a concentration gradient. In cattle, about
50 per cent of the potassium that enters the large intestine
from the caecum has been shown to be absorbed (87).

Hormonal factors have been shown to influence fecal
excretion of sodium and potassium. Berger (12) showed that
after administration of deoxycorticosterone to the rat,
fecal sodium excretion decreased. Poutsiaka (67) et al
showed that administration of rather large doses (1 mg/kg/day)
of 9-alpha-fluorohydrocortisone to the dog decreased fecal |
excretion of sodium and increased fecal excretion of potas-
sium. Similarly, Care and Ross (17) found that intramuscu-
lar injections of either aldosterone or DOCA promoted sodium
absorption from the digestive tract and inhibited potassium
absorption. In contrast, Scott and Dobson (71) found that

intramuscular injection of aldosterone in sheep produced no
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significant effect on fecal excretion of sodium and potas-
sium. However, mean value forsodium and potassium excretion ¢
was slightly lower with aldosterone administration than in

the control.

It has been shown that ruminants can decrease fecal
excreﬁion of sodium when the amount of sodium in the diet
is decreased. Devlin and Roberts (28) found in sheep that
when the amount of sodium consumed decreased there was a
concomitant decreasé in fecal excretion of sodium. Devlin
(28) also found that low intakes of sodium appeared to
increase fecal excretion of potassium. Scott and Dobson
(71) found decreased fecal excretion of sodium in sheep
depleted of sodium via parotid fistula. However, during
sodium depletion fecal excretion of potassium appeared to
remain unchanged. Remkina et al (68) have reported that
fecal excretion of sodium decreased and fecal potassium éx-
cretion increased in cows if sodium intake was low. Camp-
bell (16) reported that the level of potassium in the diet
of sheep appeared to affect fecal excretion of sodium. He
found that fecal excretion of sodium was significantly
greater when the sheep consumed 3.7 g of potassium per day
than when they consumed either 2.2 or 0.7 g of potassium
per daye.

Fecal calcium may be partitioned into exogenous and
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endogenous calcium. Endogenous calcium reaches the intes-

tinal content through all parts of the intestinal tract but

450a studies have indicated that the small intestine is by
far the most important site (44). Hansard et al (45) found
that the fecal endogenous loss was closely correlated with
body weight, although the endogenous loss tended to increase
slightly with age. Calcium is apparently absorbed primarily
in the oral part of the small intestine (76). In the cow,
Visek et al (88) found that the delay between oral adminis-
tration of 49Ca and the time of maximum specific activity in
blood calcium was thirty hours, indicating that calcium ab-
sorption occurred mainly in the intestine, The formation of
rather insoluble compounds may reduce calcium absorption.

It has been shown that oxalate may reduce calcium absorption
in rats due to formation ofyinsoluble calcium oxalate, which
is lost in the feces (37). Talapatra (84) et al found that
feeding potassium or sodlum oxalates to sheep resulted in an
inerease in fecal excretion of calcium. They concluded, how-
ever, that this was not due to formation of insoluble calcium
oxslates in the intestine. Their results suggested that the
ingested oxalates were broken down in the rumen to form
bicarbonates and carbonates, and that thus as far as rumin-
ants are concerned, the ingestion of oxalates actually means

the ingestion of bicarbonate salts of sodium and potassium.
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They suggested that these alkali salts, as they galn entrance
to the true stomach, not only partially neutralize the gastiic
hydrochloric acid but also induce alkalosis as a result of
which secretion of gastiic hydrochloric acid is significantly
reduced. This in turn reduces the solubility of calcium
salts in the intestine. Talapatra (84) also found that a
wide sodium to potassium ratio of one to thirteen introduced
in the diet by the supplementation of potassium chloride had
no effect on calcium absorption.

GCalcium (76) contained in the diet per se will deter-
mine the amounts of calcium absorbed from the gastro-intes-
tinal tract and in most species the blood calcium level
tends to rise or fall with the dietary calcium level. Cal-
cium salts are easily soluble in acid and relatively insolu-
ble in alkaline solution. Thus it is suggested (76) that
factors increasing intestinal acidity will favor absorption
of calcium. There is some evidence (.46) that oral admin-
jstration of hydrochloric acid to dairy cows may improve
calcium absorption.

Wilson (94) suggested that endogenous magnesium enter-
ing the gastro-intestinal tract in 24 hours is not less than
the total extracellular magnesium. In sheep, Field (38)
found that main sites of secretion of magnesium from the

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 Phillips (48) suggested that magnesium
is secreted into the small intestine. In sheep, Field (38)
found that the main site of magnesium absorption appeared to
be the middle third of the small intestine.

Storry (82) carried out studies on the distribution
of calcium and magnesium in the contents taken from various
parts of the alimentary tract of the sheep.' All samples
except abomasum samples were obtained after slaughter. In
the abomasum where the pH ranged between two and three there
was virtually no bound calcium or magnesium but in the
remainder of the tract considerable proportions of calcium
and magnesium existed in non-ultrafiltrable form. Suppos-
edly the fraction in the non-ultrafiltrable form is not
jirectly available for absorption. There was a negative
correlation between concentration of calcium in the ultra-
filtrate from the intestine and the pH of the digesta. With
magnesium this correlation was less obvious‘and appegred to
be offset by unknown factors in the grass diet the sheep
had been consuming prior to slaughter. Storry calculated
that the concentration of ultrafiltrable magnésium and cal-
cium in the abomasum and duodenum was high enough for these
elements to be absorbed as freely diffusing lons.

Storry (83) also studied the effect of reducing the
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acidity of abomasal digesta in vitro on the distribution of
calcium and magnesium. Tt was found that increasing the pH
of abomasal contents reduced the concentrations of ultra-
filtrable calcium and magnesium. This decrease appeared to
be due primarily to the binding of these ions to the sus-
pended material in the digesta. Storry found that there
appeared to be at least two binding sites present, one of
which 1s available to both ions but which binds calcium pre-
ferentially. The second site appears to be available only
to calcium ions. Due to this binding there was no precipli-
tation of calcium phosphate which would otherwise occur at a
pH of about 6.0. Calcium and magnesium soap formation was
eliminated as a possible factor contributing to the reduced

concenbration.
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HYPOMAGNESEMIA

Although there are several types of hypomagnesemia
only the rapidly developing type generally known as grass
staggers or grass tetany will be discussed here. 1t gen-
erally appears within the first two weeks after cattle have
been put out to graze in the spring. Sjollema and Seekles
(77) were the first to describe the disease in dairy cows.
Grass tetany has caused considerable economic losses to
dairymen, especially in Australia, New Zealand, England and
Holland (14). Blaxter (14) has pointed out that since the
disease was first reported, the.inclidence and geographical
distribution of the disease has increased, and that these
increases aré closely linked with improvement of crop,
pasture and animal husbandry. Grass tetany is sudden in
onset and affected cattle often die before any symptoms
have been noticed. The disease is characterized by nervous- .
ness, muscular twitchings, unsteady galt, anorexia, increased ¢
salivation and tetany of the muscles of the tail. The devel-
opment of tonic-clonic convulsions i1s followed by coma and
frequently death (41). The serum calclum levels are gener-
ally below normal and the serum magnesium concentration is

markedly reduced, being as low as 0.21 to 1,01 mg per cent.(1l)
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The fall in serum magnesium concentration is frequently

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 whether
the disease was caused by a dietary deficiency of magnesium.
He found that the grasses contained what wou;d be normally
considered a sufficient quantity of magnesium. Furthermore,
Cunningham (22).found that milk from affected animals con-
tained normal amounts of magnesium, and no magnesium deficit
was found in 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. However, 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 aﬁimals, which has a specific effect
on blood magnesium and is inhibited by the adminiétration of
additional magnesium. Subnormal magnesium levels may be found
in clinically normal animals in herds where hypomagnesemic tetany
is present (76). In cases of non-clinical hypomagnesemia, no
consistent alterations have been found in serum calcium, sodium

potassium, chloride or in carbon dioxide combining power

{9).
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A number of workers have emphasized the importance
of potassium in the development of the disease while others:

do not agree. Kunkel et al (54) reported lowered serum

magnesium levels resulting from feeding a ration high in
potassium content. However, Daniel et al (23) in a some=-
what similar experiment found no effect on serum magnesium.
Kunkel added potassium as potassium carbonate, whereas Deniel
used potassium chloride. Work by Storry (83) suggests that
alkaline salts may reduce absorption of ﬁagnesium by increas-
ing the pH of the intestinal contents and hence the availabil-
ity of magnesium. Fontenot et al (40) reported an increase
in fecal excretion of magnesium associated with feeding a
ration high in protein and potassium content to lambs. The
potassium was added as potassium bicarbonate. However, the
balance study was not begun until after the animals had been
consuming the high protein and high potassium ration for
three weeks. The increased fecal excretion of magnesium

was accompanied By a decrease in urinary excretion of mag-
nesium. Hence, magnesium retention was only significantly
decreased in only one of the two trials conducted. The

sheep fed the high protein, high potassium ration had
slightly lower plasma magnesium levels than the sheep fed

_ the control ration. However, there was no statistically

significant change in plasma magnesium between initial and
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final levels. Fontenot et al (40) suggested that the high
protein or high potassium content of this ration either
interfered with magnesium absorption or promoted excretion
of this ion into the gut. However, fecal calcium excretion
was significantly decreased in one of the trials and re-
mained unchanged in the other. Thus, if magnesium avail-
abllity was decreased by increased binding of magnesium, it
is difficult to see why fecal calcium excretion was not
also increased since increased pH increases binding of cal-
civm as well as magnesium (83).

Head and Rook (47) have drawn attention to the high
ammonia concentration in the rumen of cows during the first
days of feeding grass. To assess the importance of this
they added ammonium acetate or ammonium carbonate to the
rumen of cows fed a diet of hay and concentrates. This
produced ruminal ammonia levels comparable to‘those observed
on grass. The urinary magnesium excretion was reduced and
this was interpreted as being evidence of decreased absorp-
tion of magnesium from the gut. A moderate reduction in
serum magnesium levels was observed. However, Field (39)
conducted balance experiments using two sheep and found no
difference in availability of magnesium in grasses from
fields where cases of tetany had occurred several times

as compared with that from fields where tetany had not
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occurred. Since “tetany grasses" are low in sodium and

high in potassium; there have beén some attempts To assess
the role of mineralo-corticoids in hypomagnesemia. Care

and Ross (17) concluded that since the hypomagnesemic
response observed in sheep on changing the diet from dry

food to lush grass was similar in intact and adrenalectomized
sheep, the response was not caused by an increased secretion
of aldosterone-like compounds. Scott and Dobson (71) found
that infusion of aldosterone into the jugular vein of a

sheep caused a mean £a11 of 20 per cent or more in the con=-
centration of magnesium, potassium and inorganic phosphorous
in the plasma. When aldosterone was infused in sheep with

a high potassium intake the concentration of potassium in

the plasma remained within the normal range, but rose to
high levels when the hormone Was withdrawn. Scott and
Dobson (71) suggested that in considering whether aldosterone
may be involved in the aetiology of grass tetany, two OpposS-
ing reactions must be borne in mind. On one hand, aldoster-
one led to a small reduction in plasma magnesium concentra-
tion, so that under grazing conditions increased secretion

of this hormone may combine with other effects to potentiate
tetany. However, when potassium intake was high, aldosterone
appeared to 1imit the rise of potassium in the blood. In

this respect aldosterone could protect the animal from tet-
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any since a raised concentration of potassium in the extra-
cellular fluid may tend to render the neuromuscular junctions
more excitable and so perhaps make the animal more prone to

tetany.




EXPERIMENTAL PROCEDURE

Four Hereford steers approximately eighteen
months of age were used and they ranged in weight from
373 to 395 kg at the beginning of the experiment, The
steers had been fitted with rumen cannulae two months
prior to the experiment. One month prior to and during
the course of the experiment the steers were fed 2.5 kg of
corn and 0.5 kg of chopped hay at 8:30 a.m. and 8:30 p.m,
daily. The animals were allowed access to water at all
times and during the metabolism study the amount consumed
was recorded,

The metabolism study consisted of four eight-day
periods. These will be referred to as Periods I, II, I1I
and IV, Period I was immediately followed by Period IT.,
Period III began eight days after the end of Period II and
Period IV followed immediately after Period III. One month
prior to the beginning of the metabolism study and during
Periods I and IV the daily intake of sodium was 706.0 mEq
and of pbtassium, 1108.4 mEq. During Periods II and III
and the eight days between Periods II and III the daily
intake of sodium was 21.7 mEq and of potassium, 4427.8 nmEq,
One month prior to and throughout the course of the experi-
ment the daily intake of calecium was 385.6 mEq and of
magnesium 629,2 mEq. The amount of each of the above
mineral elements present in the basal ration and the amounts

and the chemical forms of supplements added are shown in
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table 1. The mineral supplements were added to the basal
ration at the time of feeding.

Total collections of urine and feces were made
during Periods I to IV, The urine was collected in glass
bottles by applying a continuous suction to a rubber funnel
fitted beneath the animals' penis. The urine collection
bottles contained 50 ml of”acetic acid. An ammonia trap
containing 15 ml of concentrated sulfuric acid was placed
between the urine bottle and the suction pump. The feces
were collected in polyethylene bags which were supported
by heavy gauge rubber bags. Leather harness held the
rubber bags in place beneath the animals' anus. Collections
of uriﬁe and feces were made at 9:30 a.m; daily. The weight
of the feces and volume of urine were recorded and a sample
of each from each animal was retained for analysis. The
total daily feces from each animal was mixed in a Hobart
mixer prior to sampling. On the day of its collection a
portion of the fecal sample was used for dry matter deter-
mination and the remainder was stored at -18° C. The urine
samples were stored at 4° C,

A sample of mixed saliva was obtained from each
animal at 3:00 p.m. daily during Periods I to IV. Samples
of saliva were taken with a 2 x 2 x % inch cellulose sponge.
Prior to its use for sampling, the sponge had been soaked
in deionized water for a 24 hour period and then dried.

The sponge was gripped in forceps and placed between the

inside of the left cheesk and the molar teeth in the Tregion
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TABLE 1

A: MINERAL COMPOSITION OF BASAL RATION (mEq)

Basal Ration Total Total Total Total
Constituent Sodium Potassium Calcium Magnesium
5 kg corn 7.0 419.5 26,6 456.5

1 kg chopped

hay 14,6 286.6 159.5 172.6

Bs MINERAL SUPPLEMENTS - CHEMICAL FORMS, AMOUNTS AND PERIODS

DURING WHICH THEY WERE FED

Periods During Which
Supplement Was Fed

Mineral Amount
Sodium
NaCl 684.4+ mEq Na®*
Potassium
KC1l 402 .4 mEq K+
KHCO 1,106.5 mEq XK*¥)
K citrate 1,106.5 mEq K*)
X acetate 1,106.5 mEq K#)
Calcium
CaCo0q 199.6 mBEg Cat®

Periods I and IV, and one
month prior to Period I.

One month prior to and
throughout the experiment,
Periods II and III and the
interval between Periods II
and ITI,

One month prior to and
throughout the experiment.
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of the left parotid duct. The sponge was held in place
for approximately one minute, removed and squeezed into a
collection tube, then replaced in the mouth for a second
one minute collection., The saliva samples were stored at
40 ¢,

The weight of reticulo-rumen contents of the four
steers was determined at 3:30 p.m. on the odd numbered days
of Periods I, II and IV. During Period III determinations
were done on the first and the seventh days of the period.
Determination of the weight of the reticulo-rumen contents
was done by unloading into large containers via the rumen
fistula all of the digesta present, weighing and returning
the digesta to the reticulo-rumen. Prior to returning the
digesta and after the digesta had been thoroughly mixed, a
550 ml sample was obtained. On the day of collection,
approximately one-half of the sample was used for dry matter
determination. The remainder was strained through four
layers of gauze and the resulting fluid was retained and
stored at -18° C.

At 3:30 p.m. on even numbered days during Periods
T to IV a 100 ml sample of reticulo-rumen digesta was
obtained. The 100 ml sample was obtained from a well mixed
500 ml compound sample made up of five 100 ml samples
obtained from the reticulum, ventral rumen sac, dorsal
rumen sac, posterior dorsal rumen sac and posterior ventral
sac., The remaining 400 ml was returned to the reticulo-

rumen., On days three and five of Period III a 550 ml
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sample was taken in order to make the amount of digesta
removed from the reticulo-rumen equal to that removed

during the other odd numbered days of Periods I to IV,

All of the above'samples of digesta were strained through
four layers of gauze and the resulting fluid stored at -18°¢,

At 2:30 p.m. on the last day of Periods I and III
blood samples were obtained from the Jugular vein of each
animal. Approximately 10 ml of blood was collected in a
heparinized test tube., The plasma was separated by centri-
fugation and stored at -18° C,

At 1:30 p.m. on the last day of Periods I and IIT
a muscle sample was obtained from the semitendonosus muscle
of each animal., The muscle sample was blotted with filter
paper to remove blood and stored at -18° C,

Moisture content of feces samples was determined
by drying to a constant weight in a lyophilizer. Moisture
content of feed and reticulo-rumen digesta samples were
determined by drying to a constant weight in an oven set
at 100° C. Dried feed and feces samples were ground and
allowed to equilibrate with the air prior to analysis,

The feed, feces, urine, muscle tissue, rumen
fluid, saliva and plasma samples were analyzed for sodium
and potassium by a direct intensity flame photometer., The
method used was that deseribed by the manufacturers of the
flame photometer (49). Sodium chloride was added to all

potassium working standards so that the sodium concentration
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in the standards was similar to that found in the sample
dilutions. In the case of plasma, artificial plasma was
used to make up the working standards for potassium analysis.
The artificial plasma contained the following, in g/l: NaCl,
80.72; KC1, 0.209; KH5POy, 0.1765 CaClse2H50, 0,.370; and
MgS0y «7H50, 0.250 in deionized water (43). Feed and feces
samples were prepared for analysis by digestion in miero-
Kjeldahl flasks., Concentrated nitric acid and 70 per cent
perchloric acid were used to digest the organic matter.
After digestion the samples were filtered through Whatman
#40 filter paper and made to known volumes with deionized
water. The muscle samples were extracted with ether for
four hours and the dried fat free samples were digested
with nitric acid by heating the samples on a water bath,
After digestion the samples were filtered through Whatman
#4+0 filter paper and made to known volumes with deionized
water. Rumen fluid samples were centrifuged for 30 minutes
at 3,100 rpm and the supernatant fluid was diluted with
deionized water to a concentration appropriate for analysis.
Check analyses showed that this method of centrifugation
gave the same results as those found by filtering through
Whatman #1 filter paper. The latter method hac been
described by Sellers and Dobson (72). Preparation of
urine, plasma and saliva samples for sodium and potassium
analysis involved only dilution with deionized water to

a concentration appropriate for analysis,
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The feed, feces, urine and plasma samples were
analyzed for calecium and magnesium by the method described
by Walser (90). The method was modified in that Erichrome
Black T and Calcein were used as indicators.

In the case of feed and feces the sample
preparation was that used for sodium and potassiuﬁ analysis,
The urine was analyzed directly. Check analyses showed
that this gave the same results as found by ashing the
urine prior to analysis.

Plasma chloride was determined by electrometric
titration using a Cotlove chloridometer.

Statistical methods used were linear correlation
and analvsis of variance as described by Steel and Torrie
(80). Analysis of variance was restricted to comparing
Period I with Period III, Where there was more than one
observation per experimental unit, animal or block effects
were considered to be fixed., Due to sample losses some
classes had missing values, In cases where only one class
had a missing value mean values for the class were used
as calculated missing values. In cases where more than one
class had a missing value, or there was more than one
missing value per class, in order to equalize the number
of values per class values from each of the remaining
classes were randomly chosen and omitted from the calcula-
tion of analysis of variance, This was done in order to

simplify analysis of variance ecalculation since an unequal
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number of samples per class gives rise to nonorthogonal
sums of squares. The values omitted are bracketed in the
Appendix tables. F values were considered significant if
they exceeded the tabulated value for the five per cent

level of probability.




ESULTS AND DISCUSSION

Body Weight

The four steers were weighed Just prior to and at the
end of the metabolism study., The average daily gains for
Steers A to D respectively were 0.28, 0,16, 0.10 and 0,28 kg.

Weight of Water and Dry Matter in the Reticulo-Rumen

The data on weight of water and dry matter in the
reticulo-rumen are presented in table 2 and illustrated in
figure 1, The weight of water in the rumen during Period I
varied little for any particular steer. However, there were
considerable differences among animals. This did not appear
to be related to size of the steers nor to the volume of water
consumed. The weight of dry matter in the rumen varied
considerably both for a particular animal and among animals,

The weight of water in the reticulo-rumen appeared to
inerease on the first day during which the high potassium low
sodium ration was fed (Period II). This was most marked for
Steer A and least for Steer D for which 1little or no increase
occurred., The increase expressed as a per cent of the mean |
value for Period I was 15,2 for Steer A4, 14,0 for Steer B,

9.8 for Steer C and 3,5 for Steer D. This was in general
followed by a decrease so that the weight of water in the

reticulo-rumen on the seventh day of Period II was similar to
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that found during Period I.

Except in the case of Steer C the weight of water in
the reticulo-rumen during Period III was similar to that
found in Period I, The weight of water in reticulo-rumen of
Steer C appeared to be lower during Period III than during
Period I (table 2).

On the first day during which the sodium and potassium
content of the ration was again equal to that fed during
Period I (i.e. on the first day of Period IV) the weight of
water in the reticulo-rumen of Steers A, B and D appeared to
decrease., The decrease expressed as a per cent of the mean
value for Period IIT was 21.0 for Steer A, 27.0 for Steer B
and 12.6 for Steer D, This was followed by a gradual increase
so that the values found at the end of the period were similar
to those found during Periods I and III. Unlike the other
steers, Steer C showed no decrease in the weight of water in
the reticulo-rumen on the first day of Period IV, but as in
the other steers, by the end of the period the weight of
water had increased to a level similar to Period I.

There appeared to be no differences between periods
nor trends during the transition periods (II and IV) with
respect to the amount of dry matter present in the rumen
(figure 1, table 2), There was no correlation between weights
of water and dry matter present in the rumen. The correlation

coefficient calculated for the pairs of observations for all




75

animals during Periods II, III and IV was r = 0,102,

Saliva and Rumen Concentrations of Sodium and Potassium,

and Amounts of Sodium and Potassium in the Rumen

During Period I the mean sodium concentration in the
saliva was 143.9 mEq/1 (£2,0)1 and the mean concentration of
potassium was 12.% mEq/1 (%3.%). There appeared to be some
difference between animals with respect to saliva sodium
concentrations., The mean values for saliva sodium concentra-
tion ranged between 13%.6 mEq/l for Steer A to 158.5 mEq/l
for Steer D. Bailey (4) found that with sodium chloridé fed
ad libitum with a diet of hay the mean concentration of
sodium in the saliva of dry cows was 161 mEg/l and differences
between animals were small., He therefore suggested that a
concentration of about 160 mEq/1 might be taken as character-
istic of that in saliva of cows receiving adequate sodium and
using this method set the level of adequate intake between
16.0 and 14,2 g/day of sodium.

It is not known, of course, whether the same criteria
would apply to growing animals, If it did, however, it would
suggest that the sodium intake of the steers (about 16.0 g)

during Period I was slightly less than adequate. However,

1Standard error.
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the results for the steers were fairly similar to those found
by Dobson (31) for lactating dairy cows receiving salt ad
libitum., This in turn suggests that the criteria suggested
by Bailey may not be applicable to growing or lactating
animals,

During Period II, the first period during which the
high potéssium low sodium ration was fed, the concentration
of sodium and potassium ions in the saliva was generally
similar to that found during Period I (figure 2). However,
in the case of Steer B there was a fairly marked decrease in
saliva sodium concentration and an increase in potassium
concentration in the latter part of Perlod II (Appendix,
table 1).

On the first day of Period III, after the steers had
been consuming the high potaésium 1ow~sodiﬁm ration for 16
days, it was obvious that fairly large changes had occurred
in saliva sodium and potassium concentrations. The mean
concentration of sodium in the saliva during Period III was
85.% mEq/1 (32.0) as compared with 143.9 mEq/l (£2,0) for
Period I. The mean concentration of potassium in the saliva
during Period III was 69.6 mEq/1 (*3.4) as compared with 12.%
mEq/1 (%3.4) for Period I. These values were significantly
different. There was a éignificant difference among animals
with respect‘to both saliva sodium and potassium concentra-

tions. Also, with respect to both saliva sodium and potassium
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concentrations there was a significant‘interaction between
animals and treatments thus indicating that the size of the
response to treatment change varied among animals.

A reversal of the saliva concentration changes noted
above occurred fairly rapidly in all animals during Periéd Iv,
when the sodium and potassium content of the ration was again
equal to that during Period I, so that by about the middle
of Period IV the concentrations were similar to those found
in Period I (figure 2).

The sum of sodium plus potassium concentrations was
fairly constant for any particular animal throughout the
course of the experiment, and was similar in size to the
values reported by Dobson for cows (31). Comparison of
Period III with Period I showed that there was no significant
difference between the two periods with respect to the sum of
sodium plus potassium concentrations in the saliva. The mean
value for the sums of sodium plus potassium concentrations
for Period I was 156.% mEq/1 (%¥2.0) and 155.0 mEé/l (¥2,0)
for Period III, However, there was a significant difference
among ahimals with respect to the sum of sodium plus potassium
concentrations.

The changes in saliva composition during the change
from the moderate level of sodium and potassium intake were
similar to those reported for sheep and for cows changed from

a stall diet to grazing of pastures heavily fertilized with
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ammonium sulfate and potassium chloride (31). However,

Dobson (31) noted that when cows on pasture were given salt
there was a variable decrease in saliva potassium concentration,
but this was not sufficiently pronounced to be definitely an
effect of the salt ingested. This contrasts with the results
in the present experiment where a change back to the moderate
sodium and potassium intake was accompanied by a rapid increase
in salivary sodium and decrease in salivary potassium concen-
trations. In the case of our animals, however, the increase

in sodium intake was accompanied by a decrease in potassium
intake. Also, Dobson (31) has suggested that some factor in
the grass other than low sodium may play a part in causing
saliva concentration changes.

The concentration of sodium and potassium in the rumen
fluid varied little for any particular animal in Period I and
the concentrations were similar for all animals. The latter
is shown by the fact that the highest and lowest mean values
for a given animal were 129.4 mEq/1 and 126.4 mEq/1 for
sodium, and 31,6 mEq/1 and 30.0 mEq/l for potassium. Thus
the rumen fluid did not appear to reflect the differences
among animals observed in saliva sodium concentrations.
However, the work by Bailey (4) has left little doubt that
under conditions of adequate sodium intake, saliva sodium
concentration is the predominant factor in determining rumen

sodium concentration. Possibly, less sodium absorption occurred
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from the rumen of the animals with the lower saliva sodium
concentrations than from the rumen of those animals having
higher saliva sodium concentrations. It is, of course, also
possible that the apparent differences between animals in
saliva sodium concentrations reflected differing responses
of the animals to the sampling procedure used and therefore
do not reflect true differences.

In all animals a marked decrease occurred in the
concentration of sodium in the rumen fluid on the first day
of consuming the high potassium, low sodium ration (Period
IT) (figure 3). In general the sodium concentration continued
to decline until the third day, after which further concen-
tration changes were relatively small, On the third day, the
mean rumen fluid sodium concentration was 85.% mEq/1l compared
with 127.6 mEq/1 (%3.8) during Period I. The concentration
changes for potassium were in general equal to and opposite
to the sodium changes, so that the sum of sodium plus potassium
concentrations remained fairly constant. As was noted earlier
there was no apparent decrease in sodium concentration'in the
saliva during the first three to four days on Period II.

Thus is appears that the decrease in rumen fluid sodium con-
centration was not due to a decrease in the sodium concentra-
tion in the saliva,

Before considering this matter further some theoretical

considerations would probably be helpful. Bailey (3) found
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that the total daily secretion of mixed saliva in four cows
varied from 98 1 to 190 1 with five different diets. In the
present experiment the mean saliva sodium concentration for
the four animals for Period I was 143.9 mEq/1. Assuming a
total daily saliva secretion of 80 1, 11,500 mEq of sodium
would enter the rumen daily via the saliva, Based on this
calculation, the daily dietary sodium intake during Period I
would represent only about 6 per cent of the total sodium
entering the rumen daily. Thus’the decrease in dietary
intake of sodium would have little direect effect on the
concentration or amount of sodium in the rumen.

In three of the steers the amount of sodium in the
rumen on the first day of Period II (seven hours after
feeding) was approximately equal to the mean value found
during Period I (table 3), However, in the fourth steer
the amount present was about 750 mEq less than that found
during Period I. Thus for three of the steers the initial
concentration change could be almost entirely accounted for
by inereased rumen volume., This, of course, was not true
for Steer D,

Total daily changes in the amount of rumen sodium
or potassium were calculated for each day of Period II. The
'day' began and ended one hour after the morning feeding.
This‘was done in order to make the daily rumen changes

comparable with the daily urinary and fecal excretion of
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sodium and potassium.

The change in the amount of rumen sodium or potassium
was calculated as follows: change in amount equalled the
difference between the amount present at the end of the 'day'
in question and the amount present at the end of the previous
'day'. The amount present was equal to the rumen volumel
times the concentration., The concentration used was the
concentration found six hours after the end of the ‘day’,
plus 6/2% of the decrease or minus 6/24 of the increase from
the previous 'day'. This correction factor, i.e. 6/24, was
used because éhe samples of rumen fluid were obtained six
hours after the collection of urine and feces.

Decreases in the amount of rumen sodium are shown
in figure 4. At the end of the 'day' all animals showed a
loss of rumen sodium ranging from 281.5 mEq to 887.5 mEq.
Further losses occurred in all animals during the remainder
of Period II. At the end of Period II the cumulative losses
for Steers A to D respectively were 1774.2, 1993.1, 1191.5
and 1628,0 mEq. Except for possibly a short interval at the
beginning of the period, the concentration decreases in
sodium were accompanied by decreases in the amount of sodium
in the rumen,

If the saliva secretory rate decreased and the rumen

1 On days on which rumen volume was not determined the mean
of the day prior to and the day after the day in question
was used.
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volume remained constant or increased, this, of course,

would result in a decrease in the rumen sodium concentration.
Saliva secretion rate was not measured in the present experi-
ment, However, it has been shown that a decrease in secretory
rate is accompanied by a decrease in saliva sodium concen-
tration (18, 6, 31). Since there was no marked decrease in
sodium concentration of the saliva during the time when most
of the change in rumen sodium concentration took place, there
is reason to believe that the volume of saliva secreted was
not decreased., Also, in general, to attain the concentration
of sodium found in the rumen on the third day would have
required about a 25 per cent decrease in the saliva secretory
rate, Assuming a saliva secretory rate of 80 l/day, this
would mean that the volume of water entering the rumen via

the saliva would have decreased by 20 1., However, in general,
the increase in daily water consumption was at most only abouﬁ
10 1 and would thus not be large enough to maintain rumen
volume, Thus these observations also suggest that the
concentration changes noted in rumen sodium were not due to

a decreased rate of saliva secretion., However, this latter
argument may be criticized by pointing out that the additional
water requlred may have come from dehydration of the animal
into the rumen. Also, if the saliva secretory rate during
Period I was considerably lower than fhe rate assumed, this

would invalidate the argument.
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Although an increased outilow from the rumen could
decrease the amount of sodium in the rumen, it is not clear
that it could cause a decrease in concentration. Also, there
was no change apparent in the amount of dry matter‘in the
rumen (table 2, figure 1),

In summary, it appears that most of the decréase in
sodium concentration occurred prior to any decrease in
salivary sodium concentration and that there is some reason
to believe that the volume of saliva secreted did not decrease,
In addition, although in three of the steers part of the ini-
tial decrease in sodium concentration was accompanied by an
increase in rumen volume, there were considerable apparent
losses of sodium from the rumen in all animals (figure 4&).

In view of the above considerations, it appears reasonable

to suggest that the decreased concentration and amount of
sodium in the rumen was due initially to a greater fraction
of salivary sodium being absorbed from the rumen than was the
case during Period I and that this appeared to be the case
for all of Period II for Steers A, C and D, However, in the
case of Steer B there was a fairly marked decrease in saliva
sodium concentration during the latter part of Period II
which could have been responsible.

The concentratioh of sodium and potassium in the
rumen fluid during Period III is illustrated in figure 3.

The sodium concentration during Period III was significantly
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lower than during Period I. Conversely, the potassium concen=-
tration during Period III was significantly higher than during
Period I. The mean sodium concentration for Period I was

127.6 mEq/1 (¥3.8) and for Period III was 53.3 mEq/1 (%3.8).
The mean potassium concentration during Period I was 30.8 mBEq/1
(#1.2) and for Period III was 10%,8 mEq/1 (%1.2). There was a
significant difference among animals in both sodium and
potassium concentrations, Also, there was a significant
treatment-animal interaction with respect to both sodium and
potassium concentrations.

In spite of the lowered concentration of saliva
sodium in all steers in Period III, the mean per cent differ-
encel between saliva and rumen sodium concentrations was
considerably greater in Period III than in Period I. The
mean per cent differences for Steers A to D respectively
during Period I were 6.1, 9.1, 13.% and 18.8 while during
Period IIl the mean per cent differences were 30.3, 45.9,

36,6 and 41.6, In addition, the actual mean differences
between saliva sodium concentration and rumen sodium concen-
tration were greater during Period III than during Period I.
The values for Steers A to D respectively were 8.2, 13.0,

19.3 and 29.8 mEq for Period I and 28.1, 18.3, 39.0 and

1 Mean per cent difference equals mean saliva sodium
mean saliva
concentration - mean rumen fluid sodium concentration x 100.
godium concentration
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42,0 mEq for Period III. These observations suggest that in
Period III a greater fraction of the saliva sodium was being
absorbed from the rumen than was the case in Period I. An
alternative suggestion might be that in Period III a greater
fraction of the water present in the rumen may have come from
water consumed than was the case in Period I. The data in |
the present experiment differ somewhat from results reported
by Bailey (&) for cows. Bailey found that although the
saliva sodium concentration dropped as low as 28 mEq/1l, the
sodium concentration of the rumen fluid rarely fell below
60 mEq/1.

At the beginning of Period IV there was a rapid in-
crease in sodium concentration in the rumen (figure 3) in
all animals, which as noted earlier was accompanied by an
increase in saliva sodium concentration (figure 2). By the
middle of the fourth period the concentration of rumen sodium

in Steers A, C and D was about equal to that found in Period I.

In the case of Steer B the rumen sodium concentration increased

to 107 mEg/1l by the sixth day,after which the concentration
dropped. The latter was associated with Steer B's refusal

to eat on the last two days. This drop in rumen sodium
concentration was also accompanied by a drop in saliva sodium
concentration., It is possible that the refusal of the animal
to eat was due to the transition. However, other than that

they occurred together, no reason could be found for drawing
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this conclusion.

The mean per cent difference between rumen znd
saliva sodium concentrations during Period IV was lower than
during Period III and similar to that found during Period I
when the dietary treatment was the same as during Period IV
(moderate intake of sodium and potassium). The mean per cent
differences for Steers A to D respectively were -3,%1, 16.k%,
8.6 and 18.8, Steer A seemed somewhat peculiar in that in
the eight pairs of observations made on saliva and rumen
sodium concentrations, five of the rumen sodium concentrations
were greater than the saliva concentration. This resulted
in the mean rumen concentration of sodium being slightly
higher than the saliva concentration., Since this phenomenon
occurred in only one animal, any suggestion of a physiological
basis for the phenomenon is probably not justifiable. However,
it may be worth noting that in a simiiar transition period in
sheep, Dobson (32) suggested that sodium appeared to be
retained in the rumen at the expense of body sodium. In
summary, in all animals it appeared that the increase in
sodium concentration observed during Period IV in the rumen
was due mainly to the increased sodium concentration in the
saliva,

As was noted earlier, changes in potassium concen-

1 Indicates greater mean rumen sodium concentration than
saliva concentration.
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tration in the rumen were in general equal in size and
opposite to sodium concentration changes so that the sum of
the two fluctuated within fairly small limits. The same

held true for Periods III and IV, This is illustrated by
figure 3. Statistical analysis of the sums of sodium plus
potassium concentrations for Periods I and ITI showed that
there was no significant difference between periods., The
mean value for Period I was 158.% mEq/l (%1,3) and for

Period IIT was 158.1 mEq/l (31.3). However, there was a
statistically significant difference among animals. Although
statistically significant, this difference was not large, as
shown by the fact that mean values for the steers for Periods
I and III ranged from 154.6 to 161.7 mEq/l. Similarly, for
the entire experiment (Periods I to IV) the mean values for
the steers ranged from 154.6 mEq/1l to 163.2 mEq/l. The mean
of the sum of the sodium plus potassium concentrations for all
animals and periods was 159.3 mEg/l. The sum of the concen-
trations of the two cations plus their associated anions
suggests a value fairly close to being isosmotic with blood.
The relative constancy of this value during and following
periods of change in sodium and potassium intake may thus
reflect the tendency of the rumen to maintain isotonicity
with the blood. Sellers and Dobson (72) found that in sheepv
the sum of sodium plus potassium concentration in the runmen

fluid was approximately 130 mEq/1 both on a diet of grass
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and on hay and meals. Recalculation of Campbell's (16)
data for normal sheep consuming varying levels of potassium
gives a mean value of 136 mEq/1 for the sum of sodium plus
potassium concentration in the rumen fluid. Recalculation
of Bailey's (4) data for cows shows that values of the sum
of sodium plus potassium were similar to the present data
for steers. From Bailey's data the mean value of the sum
of sodium plus potassiumrconcentrations in the rumen fluid
eight hours after feeding for four cows on five diets was
162 mEq/1l, which is fairly close to the mean value noted
above., Recalculation of St, Omer's (81) data for normal
heifers consuming varying levels bf sodium and potassium
gives 146.3 mEq/1 as the mean value for the sum of sodium
plus potassium in the rumen fluid. These observations
suggest a species difference between sheep and cattle with
respect to the sum of sodium plus potassium concentrations

found in the rumen fluid, This is somewhat surprising in
view of the observations by Dobson (31) that the sum of
sodium plus potassium concentration in the saliva appeared
to be higher in sheep than in cattle,

From examination of the saliva and rumen data it is
apparent that the increase in rumen potassium concentration
in Period II was due to the increased intake of dietafy
potassium., It has been suggested from the data that there

was probably no change in the tonicity of the rumen fluid,
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which remained relatively constant throughout the course of
the experiment. Theoretically, two possible ways of pre-
venting a rise in rumen toniclity in spite of the ingestion

of large loads of potassium would be to increase the volume
of water in the rumen, and to decrease the amount and hence
the concentration of sodium in the rumen., The increases in
the amount of potassium in the rumen seven hours after the
first feeding during Period II were 1,111, 650, 940 and

1,067 mEq for Steers A to D respectively. The increase in
the amount of potassiﬁm ingested per feeding was about

1,650 mEq. As shown by the fact that there had been virtually
no decrease in the amount of sodium in the rumen of Steers '
A to C seven hours éfter the first feeding of Period II, as
compared with Period I, isotonicity appeared to be main-
tained initially by an increase in the rumen volume. In
Steer D, however, the increased amount of potassium in the
 rumen appeared to be accommodated by a decrease in the amount
of sodium in the rumen. The largest increase in the amount
of potassium in the rumen occurred during the first day of
Period II. At the end of the first day the increase was 1,216,
947, 1,137 and 1,217 mEq for Steers A4 to D respectively.
However, considerable further increases did occur so that the
increase by the end of the second period was 2,150, 1,966,
1,360 and 2,184 mEq for Steers 4 to D respectively. Since

there was no apparent increase in rumen volume after the
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first seven hours, the tonicity of the rumen fluid was able
to remain constant due to the decrease in the amount of
rumen sodium (figure 4).

From the increased amounts of potassium in the rumen

observed in Period II it might be suggested that the rumen

acted as a buffer against the large load of potassium ingested.

This might be advantageous to the animal since it would give
the mechanisms of the body a slightly longer period to adjust
to the increased load and excretion requirement. It is known
that increases in blood potassium level above the normal
range can be toxic. Also, dogs are better able to withstand
large loads of potassium if they have previously been accus-
tomed to progressively increased intakes of potassium (66).
From consideration of figured it is apparent that decreases
in rumen sodium were mainly responsible for the fact that a
considerable quantity of potassium was retained in the rumen
without an increase in’the apparent tonicity of the rumen
fluid. It would be of interest to study rumen concentrations
and the changes in amount of rumen sodium and potassium
during potassium loading and a steady but adequate sodium
intake.

The changes in concentration of sodium and potassium
which occurred during Period IV were accompanied by changes
in the total amounts of these two ions in the rumen., The

changes in the amounts of sodium and potassium in the rumen
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are illustrated by figure 5. Initially, the decrease 1in the
amount of potassium exceeded the inerease in the amount of
sodium in the rumen, which may have been responsible for the
decrease in the weight of water in the rumen during the first
part of Period IV. In Steer C, in which no decrease 1ln rumen
volume occurred on the first day of Period IV, there was no
decrease in the amount of potassium in the rumen,

Urine and Fecal Excretion of Sodium and Sodium Bg;ancel

Urine and fecal sodium excretion during the course
of the experiment are illustrated by figure 6., The mean
sodium balance for Period I ﬁas 90.9 per centz. The mean
apparent digestibilities of sodium during Period I were 45,5,
63.3, 82.% and 79.9 per cent for Steers A to D raspectively.
Possibly the lower apparent digestibility of Steer A was
associated with the fact that the mean amount of sodium in
the rumen of this animal was considerably higher than for
the other three animals,

All steers were in an apparent negative sodiunm

balance during Period II, the first period during which the

1 1n calculation of sodium balance the amount of sodium
removed due to sampling was subtracted from the sodium
intake, During the first day of Period II Steer B lost
2.4 kg of rumen contents which was not replaced and the
sodium thus lost was subtracted from the sodium intake.
Potassium balances were similarly calculated.

2 Balance expressed as a per cent equals total excretion x 100,
total intake
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steers received the high potassium low sodium ration, 1In
general, most of the losses occurred during the first three
days. The apparent cumulative balances at the end of the
third day were -1,608, -906, -940 and -576 mEqT, and by the
end of the period were -1,851, -1,043, =-1,295 and =855 mqu.
Consideration of figure 7 shows that in general
decreases in the amount of sodium in the rumen parallelled
apparent net losses, In the case of Steers A and C, decreases
in rumen sodium were almost as great, and in the case of
Steers B and D were considerably greater than the apparent
net losses. If one subtracts decreases in rumen sodium from
the apparent sodium losses the values might be considered as
"true' sodium balances for the body.  In other words, this
invclves considering the rumen as being 'outside' the animal's
body., The 'true' cumulative sodium balances at fhe end of |
Period II were =76,5, 950.3, =102.7 and 830.9 mEql. Thus
net losses of sodium from the 'body' during Period II were
at most small, and Steers B and D aﬁpeared to be in consider-
able *true' positive cumulative sodium balance. The mean
daily’sodiﬁm balances during Period I were -12.4, 60.0, 124.6
and 69,6 mqu and during Period II the 'true' daily sodium
balances were =-9.6, 118,8, =12.9 and 103.8 mqu. The reason

for making this comparison was that it was thought that

g

1 Steers A to D respectively.
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differences in 'true' sodium balances between animals might
be similar to the differences in sodium balance between
animals in Period I, They appeared to be comparable for
Steers A, B and D but this was not the case for Steer C.

The apparent cumulative balance for Steer C in
Period II was only slightly higher than for Steers B and D
so that the difference in 'true' sodium balance was largely
due to the greater decreasé in fumen sodium for Steers B
and D than for Steer C. On the other hand, when one compares
Steer A with Steers B and D one finds that the difference in
'true' cumulative balance was due to the greater urine and
fecal‘excretion of sodium by Steer A (Appendix, tables 5
and 6).

With respect to the decreases in urine and feecal
sodium which oceurred in Period II there was no apparent
tendency for the urine or fecal excretion of sodium to
decrease at unequal rates (figure 6). The mean daily fecal
losses of sodium during Period II were 132.0, 45.5, 58.9
and 22,0 mEq and the mean daily urine losses of sodium
during Period II were 93.3, 40.9, 79.3 and 71.6 mEq for
Steers A to D respectively, There was thus no tendency for
either urine or fecal losses to be the higher.

During Period III, which began after the animals
had been consuming the high potassium low sodium ration for

16 days, urinary and fecal losses of sodium were quite small,
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Statistical analyses showed that both the daily fecal and
urinary excretion of sodium in Period III were significantly
lower than in Period I., The mean dally fecal excretion of
sodium in Period III was 15.5 mBq (%¥9.1) compared with
216.2 mBq (f9.1) in Period I, The mean daily urinary excre-
tion of sodium during Period III was 10.5 mEq (F7.8) compared
with 387.5 mEq (%¥7.8) during Period I. There was a signifi-
cant difference among animals with respect to both fecal and
urinary excretion of sodium during Periods I and III. There
was also a significant animal-treatment interaction with
 respect to both urinary and fecal excretion of sodium. The
mean daily value for total sodium excreted during Period III
was 26,0 mEq., The amount of sodium removed via rumen samples
approximately equalled the dietary intake so that the tactual'
intake during this period was virtually zerol. | |
In the interval between Periods II and III>no samples
were taken and urine and feces were not collected. However,
in general, the sodium excretion at the end of Period II
almost equalled the dietary intake of sodium and except for
Steer C in Period III, approximately equalled the dietary intake.
Also, there was a variable decrease in rumen sodium during
this interval ranging from 23.8 mEq for Steer A to 575.7 mBq

for Steer D. On this basis it would seem that the net losses o

1 Mean daily intake: Steer A - 1.1, Steer B - 14.8, Steer C -
’”291, and Steel‘ D - 009 mqu
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of sodium from the body during the inferval between Periods
IT and IITI were quite small. waever, by the beginning of
Period III a considerable decrease in saliva sodium concen-
tration had occurred in all animals., These considerations
suggest that at most a small deficit of sodium from the body
was required to bring about considerable changes in sodium
and potassium concentration in the saliva.

During the first four days of Period IV, when sodium
and potassium content of the ration was again'equal to that
fed during Period I, sodium excretion remained at a level
similar to that found during Period III (figure 6). The
mean value of the first four days was 23.7 mEq compared with
a mean value of 26.0 mEq/day during Period III. This was
followed by an increase so that by the end of Period IV the
sodium excretion was similar to that found during Period i;v
The rates of increase of fecal and urinary sodium excretion
were in general similar (figure 6). During the first four
to five days of Period IV virtually all of the sodium intake
was retained. This gave rise to large apparent cumulative
sodium balances, The cumulative balances at the end of
Period IV were 3,769].“9 3,4972, 3,2203 and 5,0973 mBg for

Steers A to D respectively., Increases in the amount of

1 Seven days.

2 Six days.
3 Eight days.
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sodium in the rumen paralleled but were less than the increases
in apparent balance (figure 8) so that by the end of the
period the amount of sodium in the rumen of Steers A, C and

D wes similar to that found in Period I. Increases in rumen

sodium were subtracted from the apparent balance to obtain
'true' sodium balance. The 'true' cumulative balances at the
end of Period IV for Steers A to D respectively were 1,2831,
1,5352, 1,0973 and 3,1613 mEq. Thus, particularly in the
case of Steer D, there was a considerable amount of sodium = ..o
which could not be accounted for as retention by the rumen.

Again, particularly in the case of Steer D, this might be

considered as indicating that there had been considerable

deficit of sodium frém the animals' bodies by the end of

Period III. However, some of the éodium retained may have

gone to replete the sodium content of the remainder of the

gut, Also, only in the case of Steer D was the retention

greater than what might be reasonably expected in a similar

period with no prior sodium depletion. It is also possible

that part of this ‘'true’' retention may have been an over- L

compensation after a period of low intake.

It was noted earlier that saliva sodium concentration

1 seven days.
2 gix days.
3 Eight days.
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increased from the beginning of Period IV and by about the
fourth day the sodium and potassium concentration was
similar to that found in Period I (figure 2). It was also
noted that the urine excretion of sodium remained as low as
that found during Period III for about the first four days
of Period IV (figure 6). It is interesting to note that if
the urinary sodium excretidn and saliva concentration are
controlled by aldosterone, the level of aldosterone during
the first four days was high enough to maintain urine sodium
excretion at a low level and yet low enough to permit sodium

concentration in the saliva to increase.

Urinary and Pecal Bxcretion of Potassium, and Potassium Balance

Urinary and fecal potassium excretion during the course
of the experiment are illustrated by figure 9. Potassium
balance expressed as a per cent was 98,7 during Period 1I.

On the first day during which the steers consumed the high
potassium low sodium ration (Period II) there was a marked
increase in urinary excretion of potaésium. The amounts of
potassium excreted via the urine on the first day were 2,690,
2,808, 2,174 and 2,650 mEq for Steers A to D respectively,
compared with a mean daily value of 849,7 mEq (*12,1) during
Period I. The amount of potassium excreted via the urine
gradually increased as the period progressed and the mean

value for the four animals was 3,942.3 mEq on the last day
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of Period II.

There appearéd to be no marked increases in fecal
excretion of potassium during Period II. In fact the mean
value for the daily fecal excretion of the four animals in
Period IT was 248.6 mEq of potassium, which was approximately
equal to the overall mean for Period I (23%,.1 mEg/day).

Despite the increased urinary excretion of potassium,
balance figures showed a considerable retention of potassium.
The apparent cumulative retention for Steers A to D respectively
at the end of Period II was 4,708, 4,703, 3,805 and 5,064 mEq.
As was noted earlier, a considerable amount of potassium was
retained in the rumen. Apparent cumulative retention of
potassium and cumulative retention of potassium in the rumen
are illustrated by figure 10. The 'true’ potassium cumula-
tive balances for Steers A to D resbectively at the end of
Period II were 2,558, 2,737, 2,446 and 2,880 mEq. Thus, of
the apparent potassium retention, %5.7, ¥1.8, 35.8 and 43.1
per cent for Steers A to D respectively was retained in the
rumen (figure 10). The per cent potassium apparent balances
during Period III for Steers A to D were 96.9, 96.1, 96.5’
and 90.4 per cent. |

During Period III the mean daily potassium excretion
via the feces was 414,2 mBq (F18.8) and 3,776.9 mEq (512,1)
via the urine. These were significantly higher than the

mean daily excretions of 234.1 mEq (¥18.8) and 849.7 mEq
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(312.1) via the feces and urine respectively during Period I,
From these figures it is apparent that most of the increase
in potassium excretion occurred in the urine. There were no
significant differences among animals with respect to either
fecal»or urinary excretion of potassium during Periods I and
ITI, This, as well as the fact that there was no animal-
treatment interaction, contrasts with the case for urinary
and fecal excretion of sodium noted earlier.

There was a marked drop in urinary excretion of
potassium on the first day of Period IV (figure 9). The
amounts of potassium excreted via the urine on the first day
of Period IV were 1,914, 1,832, 1,038 and 1,247 mEq for
Steers A to D respectively, whereas the mean daily value for
Period III was 3776.9 mBq (*12.1), The amounts of potassium
excreted in the urine decreased further as the period pro-
gressed., There appeared in general to be some decrease in
fecal excretion of potassium during Period IV as compared
with Period III,

All steers were in apparent negative cumulative
potassium balance during Period IV (figure 11). The cumula-
tive potassium balance at the end of the period for Steers A

to D respectively was ~2,5701, »1,8612, ,2,2443 and =9573 mEq,

1 Seven days.
2 Six days.
3 Eight days.
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The apparent losses were in general paralleled by a decrease
in the amount of potassium in the rumen (figure 11). The
*true? cumulative potassium balance at the end of the period
was -5731, 312, -1,1623 and 1,6813 mEq for Steers A to D
respectively. Fairly large positive 'true' cumulative balances
for potassium were noted in Period II; It’might therefore .be
reasonable to expect negative 'true' cumulative potassium
balances in Period IV as was the caée for Steers A to C,
due to the accumulation of potassium in areas of the body
other than the rumen during potassium loading. There appears
to be no ready explanation for the fairly large positive 'truef
cumulative potassium balance observed in Steer D. Steer D |
differed from the other three in that it appearéd to lose
more potassium from the rumen and excreted considerably less

potassium in the urine and feces.

Urinary and Fecal Excretion of Calcium, and Calecium Balance

The mean calcium balance expressed as a per cent for
Period I was 96.8. The apparent digestibilities during
Period I for Steers A to D respectively were 6.5, 17.2, 25,4

and 26,9 per cent., Fecal calcium excretion as a per cent of

1 seven days,

2 Six days.

3 BEight days.
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the total excretion for Steers A to D respectively was 78,7,
86.0, 89,3 and 82,9, Thus most of the excretion occurred
via the feces.

There was a marked decrease in the amount of calecium
excreted via the urine on the first day that the steers
consumed the high potassium low sodium ration (Period II)
(figure 12)., The amounts excreted in the urine on the first
day of Period II for Steers A to D respectively were 3.8,
2.2, 12,0 and 1.4 mEg compared with mean daily excretion of
59.2 mEq (?3.8) during Period I. During the remainder of
Period II, the amount of caleium excreted via the urine was
similar to that found for the first day of Period II.

The decreased excretion of calcium via the urine
did not appear to be the result of decreased absorption.
There was no apparent increase in the amount of fecal calcium
during Period II as compared with Period I. Apparent digesti-
bilities for Steers A to D respectively during Period II were
9.6, 29.0, 25,6 and 42,3 per cent, which are all somewhat
higher than those noted for Period I. Thus the reduced
urinary excretion of caleium during Period II was not a
result of inereased fecal calcium excretion.

During Period III urinary excretion of calcium
remained at the reduced level noted during Period II and was
significantly lower than the urinary excretion during Period

I. The mean daily urinary excretion of calcium during
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Period III was 1.5 mBq (¥3.8) compared with a mean daily
excretion of 59.2 mBq (%3.8) during Period I, However, the
mean daily fecal excretion of calcium during Period III
(298.4 mBg (%10.2)) was not significantly different from the
mean daily value of Period I (314.4 mEq (310.2)). Thus there
was no evidence to indicate that the marked decrease in
urinary excretion of calecium observed during Period III was
due to decreased absorption or increased endogenous secretion

of caleium. Total calcium excretion (urinary plus fecal) was

significantly lower during Period IIT as compared with Period I.

There was a significant difference among animals with
respect to both urinary and fecal excretion of calecium during
Periods I and III. 1In addition, there was a significant
animal-treatment interaction with respect to urinary calcium
excretion.

There was a marked increase in urinary excretion of
calcium on the first day of Period IV (figure 12). The

urinary excretion of calcium appeared to increase to a
maximum at about the middle of the period and then decreased
(figure 12). The ‘'‘maximum' was in general higher than the
values found for Period I. Again there was no marked chénge
in fecal calcium exeretion. The mean value for Period IV
was 334.5 mBq/day compared with 298.4 mEq ($1.0.2) for
Period IIT or with 314.4+ mBg (£10.2) for Period I.

Walser (89) has shown that the renal tubules operate
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to maintain a constant ratio of sodium to ionized calcium
in the tubular fluid. In the present experiment, the low
values for calcium excretion were in general associated with
low values for sodium excretion., However, in Period II the
decrease in calcium excretion occurred prior.to the decrease
in sodium excretion and conversely in Period IV the increase
in calcium excretion occurred prior to the increase in sodium
excretion., But the urine volume during Periods II and III
was in general two to three times higher than during Period I
and it increased almost to this level on the first day of
Period II., Also, the urine volume during Period IV was almost
equal to that during Period I and most of the decrease occurred
on the first or second day of Period IV. Thus it seems pro-
bable that during Periods I and IV a considerable amount of
calcium would be in the form of complex ions (citrate,
phosphate, tartrate, ete.). Due to the’fact that the urine
was much more dilute during Periods II and III there would be
a much larger amount of ionic calcium present. Thus if the
amount of ionic calcium in the urine were greatly increased
on the first day of Period IT and if the renal reabsorption
of ionic calecium were directly related to sodium reabsorption,
we would expect a greater reabsorption of calcium even though
sodium reabsorption were not increased. For the same reason
we might expect, due to the decrease in urine volume on the

first day of Period IV, that there would be an increase in
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calcium excretion even though sodium excretion remained
unchanged., That is, the decrease in urine volume would
decrease the ionic calcium due to increased complex ion
fofmations. However, in about the middle of Period II
urinary sodium concentration decreased without any further
decrease in urinary calcium concentration (figure 13),

Also, in about the middle of Period IV sodium concentration
increased markedly without any concomitant increase in calcium
concentration (figure 13). Both of the above occurred under
conditions of virtually constant urine volume. The above
observations do not appear to be compatible with the view

that changes in.urinary sodium excretion directly alter
urinary calcium excretion.

Walser (89) found that with administration of
potassium chloride to dogs the increase in calcium excretion
was less than what would be expected from the increased
sodium excretion. Thus possibly large loads of potassium
excreted in our experimént played a part in decreasing
calcium excretion,

Also, during Periods II and III the urine excreted
was probably highly alkaline and this may have been a factor
in decreasing renal excretion of calcium. Although no urine
pH or carbon dioxide values were obtained, subsequent work
(65) with two heifers under similar experimental conditions

indicated that the urine’pH and carbon dioxide concentration
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would have been high during the periods of high potassium and
low sodium intake. Data from these heifers also indicated
that during the period of tioderate potassium and sodium intake
urine pH and carbon dioxide concentration were probably quite
low.

It is, of course, also possible that endogenous
factors were involved in decreasing calcium excretion,

Pitts (66) had suggested that loading with potassium salts
leads to a hyperkalemic extracellular metabolic acidosis and
an intracellular alkalosis. Despite reduction in extracellular
bicarbonate the urine was alkaline, Williamson and Freeman
(93) found that renal tubular reabsorption of calcium appears
to be inversely related to blood pH and plasma bicarbonate
content,

In summary, probably the most important conclusion to
be drawn from this data is that under conditions of constant
calcium intake, alteration of sodium and potassium intake can
exert a marked influence on urinary calcium excretion without

any apparent effect on fecal calcium excretion.

Urinary and Fecal Excretion of Magnesium, and Magnesium Balance

During Period I all animals were virtually in magnesium
balance, The per cent balance for Period I was 98,.8. The
apparent digestibilities during Period I were 31.6, 28.2, 35.0
and 25.9/.for Steers A to D respectively and thus, like calcium,
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most of the magnesium was excreted via the feces.

Ag with calcium, there was a decrease in urinary
excretion of magnesium on the first day of Period II (figure
14). The decrease, however, was not as great (in terms of
fraction of former level) as that for calcium. In general,
during the remainder of Period II urinary magnesium excretion
remained at a level similar to that found on the first day of
Period II, However, there were days when threel of the
steers excreted virtually no magnesium. There was no large
consistent increase in fecal excretion of magnesium during
Period II (figure 14). The apparent digestibilities for
Steers A to D respectively‘during Period II were 25.6, 26.7,
18,1 and 27.3 per cent, The mean daily values for fecal
excretion of magnesium for Steers A to D were 430.5, 452.0,
408.8 and 466.0 mEq for Period I and 4W+9.5, 461.2, 545.6 and
457 % mBq for Period II. The mean daily values for urinary
excretion of magnesium for Steers A to D respectively were
201.7, 168.3, 235.9 and 152.9 mEq for Period I and 129.8,
61,1, 71.8 and 73.3 mEq for Period II. It may, of course,
be argued that though the decrease in urinary magnesium excre-
tion was due to reduced absorption from the gut the increase
in fecal magnesium would occur somewhat later than the

decrease in urinary excretion. However, it has been shown

1 Steer B - sixth day; Steer C - second, third and fifth
dayss; Steer D - second day. ‘
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that most magnesium absorption ocecurs in the intestines (38),
Also, it was noted that the decrease in urinary magnesium
excretion appeared to occur on the first day of Period II.

Thus, since magnesium is absorbed in the intestines, the lag
bétween the decrease in urinary excretion and the increase

in fecal excretion should not have been more than about 24 hours
and thus should have been apparent on the second or certainly
the third day of Period II., Mean dailly values for Period II,
not including the first two days, were 460.8, 469.9, 529.5

and 450,0 mEqg for Steers A to D respectively. Thus the increases
were not as large nor as consistent as might be reasonably
expected if the decreased urinary excretion of magnesivm was

due to decreased absorption from the gut, The increase

observed in fecal excretion for Steer C could well have been

due to the decreased urinary excretion of magnesium.

Wilson (94) observed a decreased output of urinary
potassium in ewes when magnesium salts were injected intra-
venously. It thus appears possible that part of the magnesium
excretion is handled by the same mechanism as potassium. It
is therefore possible in the present experiment that the
urinary magnesium excretion may have been reduced due to‘the
large loads of potassium being excreted. Also, due to the
increase in urine volume a larger fraction of the urine
magnesium was probably in the ionic form, Possibly ionic

magnesium is more readily reabsorbed by the renal tubules
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than is complexed magnesium. gince the alkalinity of the
urine was probably greatly increased this may have been a
factor as well.

| During Period III urinary magnesium excretion was
similar to that noted during Period IT (figure 14). Statis-
tical analysis showed that the mean daily urinary magnesium
excretion during Period III (118.6 nBq (¥6,5)) was signifi-
cantly lower than the mean daily urinary excretion during
period I (185.6 mEq (26.5)). Conversely the mean daily fecal
excretion of magnesium during Period III (562.7 mBq (F16.4))
was significantly higher than the mean daily fecal excretion
during Period I (436.6 mEq ($16.4)). The mean daily total
excretion of magnesium during Period III (681.3 mEq (*16.8))
was significantly higher than the mean daily total magnesium
excretion during Period I (622,2 mEq (*16.8)). There was no
significant difference among animals nor treatment-animal
interaction with respect to urinary or fecal excretion of
magnesium during Periods I and IIIL.

Although increased fecal excretion of magnesium and
decreased magnesium retention occurred during Period III, it
seems possible that this may have been due to increased
retention of magnesium that appeared to occur during Period IL
It seems possible, however, that the gastric acildity could be
reduced due to the alkaline nature of the potassium salts

ingested. This in turn may have increased the binding of
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magnesium to the digesta as has been suggested by Storry (83).
However, there did not appear to be any increase in fecal
excretion of calcium during Period III as compared with
Period I. Storry has shown that calcium appears to be bound
more readily than magnesium. Thus if magnesium absorption
were decreased due to an increase in intestinal pH and hence
decreased availability of magnesium, it is not clear why the
same did not occur for calcium,

In summary, if there was any relationship between the
decreased urinary excretion and the increased fecal excretion
of magnesium observed during Period III, 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.

In general there was an increase in urinary excretion
of magnesium on the first day of Period IV as.compared with
Period III (figure 14). As with calcium, the urinary excre-
tion appeared to increase to a maximum at about the middle of
Period IV and then decreased (figure 14%). The 'maximum'’
appeared in general to be slightly higher than the levels of
excretion noted in Period I.

Fecal excretion of magnesium as compared with Period
IIT appeared to decrease on about the second or third day of
Period IV (figure 14). The levels of fecal excretion found
thereafter.were similar to those noted during Period I. All

steers appeared to be in negative cumulative balance during
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the first part of Period IV. The magnesium balance for
Period IV was 108.6 per cent compared with 108.3 per cent
for Period III. Thus although the effects on fecal and
urinary excretion noted during Period III appeared to be
reversed during Period IV, there was no marked increase in
magnesium retention. This is further evidence for the view
that the decrease in urinary magnesium excretion was not due
to decreased absorption from the gut and that the increased
fecal excretion of magnesium during Period III may have been
due to the lowered urinary excretion of magnesium,

In summary, probably the most significant observation
regarding magnesium excretion was that large decreases in
urinary excretion of magnesium occurred without concomitant
increases in fecal magnesium excretion. Thus a decrease in

urinary excretion of magnesium need not imply decreased

absorption from the gut as has been assumed by some workers (47).

Plasma Electrolvtes

Venous blood samples were obtained from each animal
on the last day of Periods I and III, The concentrations
of the electrolytes studied are presented in table 4, There
was no significant difference nor any consistent trend with
respect to plasma concentration of sodium, potassium, mag-
nesium or calcium at the end of Period III as compared with

Period I, However, there was a significant difference among
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animals with respect to calcium and magnesium plasma concen-
trations. Plasma chloride concentrations were significantly
lower at the end of Period III as compared with the end of
Period I. This may be related to the fact that the chloride
intake was lower during the periods when the high potassium
and low sodium mineral supplement was fed (Periods II and III)
as compared with the period when the moderate potassium and
sodium supplement was fed (Period I). The potassium chloride
content of the supplement was kept constant during Periods II

and III as compared to Period I whereas no sodium chloride

supplement was fed during Periods IT and III (table 1).

Muscle Electrolytes

Muscle biopsy samples were obtained from each animal
at the end of Periods I and III, The musclé samples were
analyzed for sodium and potassium and the results are
presented in table 5, The sodium content of the muscle
samples obtained at the end of Period III was not signifi-
cantly different from that of those obtained at the end of
Period I. 1In addition, there was no consistent trend with
respect to sodium content of the muscle samples. The
potassium content of the muscle samples obtained at the end
of Period III was consistently higher for each steer than
at the end of Period I, Also, although this was not signifi-

cant at the five per cent level of probability, it was
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significant at the ten per cent level, High intake of potas-
sium has been shown to increase the intracellular muscle
concentration of potassium (19). Balance studies showed
that in the present case there was considerable retention

of potassium during the periods when potassium intake was
nigh., This was particularly true during Period II, Since
the plasma concentration was at most only slightly increased,
the present data suggest that the potassium retained may have
been accommodated by an inerease in the intracellular concen-

tration of potassium,

TABLE 5
MUSCLE ELECTROLYTES

(expressed as mBEq/100 g of fat free dry matter)

Steer A Steer B Steer C Steer D Mean
Sodium
Period I 11.90 12,40 13.50 10,07 11.97
‘Period III 13.50 8.58 10.94% 9,73 10.69
Potassium
Period I 38.37 36.19 36,82 39.13 37.63

Period III 39.00 39.52 42,26 40,50 40,32
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Water Consumption, Volume of Urine, Fecal Exeretion of Water

and Dry Matter, and Water Balance

Water consumption during the experiment is illustrated
in figure 15. Mean daily water consumption during Period I
was 11.9 1 (%0.3). There appeared to be a fairly marked
increase in water consumption on the first and secdnd day of
Period II. During the remainder of Period 1T water consumption
either rose further or remained at the level noted on the
first day. The mean values for Period II were 17.4%, 17.9,
19.0 and 17.4 1 for Steers A to D respectively. During
Period ITT mean daily water consumption was 16.4 1 (¥0.3)
and was significantly higher than that for Period I, There
was no significant difference among animals nor animal-
treatment interaction during Periods I and III. Water
consumption appeared to decrease on the first day of Period
IV as compared with Period III, The mean values for daily
water consumption during Period IV were 12.0, 12.6, 12.5 and
13.3 1 for Steers A to D respectively.

There was a marked increase in ﬁrine volume on the
first day of Period II (figure 16). In general there appeared
to be a further increase on the second and third days after
which urine volume remained relatively constant (figure 16).
The urine volume in general was two to three times higher
during Period II than was the case in Period I and the same

held true for Period III. The mean daily urine volume during
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Period III was 9.01 1 (%¥0.43) which was significantly higher
than the mean daily urine volume during Period I (3.7%+ 1
(i0,43)). There was a significant difference among animals
with respect to urine volume during Periods I and III.
There was no significant animal-treatment interaction with
respect to urine volume. In general the volume of urine
excreted decreased on the first and second day of Period IV
to a level similar to Period TI. ‘

Fecal water excretion did not appear to be affected
by the periods of change (figure 17). The daily value for
fecal water excretion was 5,00 kg (£0.13) during Period I
which was not significantly different from the mean value
for Period III (5.10 kg (¥0.13)). However, there was a
significant difference among animals with respect to fecal
water excretion during Periods I and III.

There was no obvious trend with respect to apparent
water balance during Period II. Daily apparent water
balance during Period III was not significantly different
from daily water balance during Pefiod I. Also, there was
no significant difference among animals with respect to
apparent water balance during Periods I and IIT. Apparent
water retention tended to be low on the first day of Perilod
IV. However, other than this, there was no obvious trend
with respect to‘water balance during Period 1V.

In summary, the only obvious trends were a higher
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water consumption and urinary water excretion during Periods
ITI and III as compared with Periods I and IV. It secems
likely that the renal excretion of large loads of potassium
would increase urine volume since movement of water in the
kidney tubules is believed to be passive. However, since
increased water excretion occurred together with increased

potassium intake, nothing can be said as to which was the

principal cause of the increase in urine volume. The increased

water consumption, however, was probably due to the high
intake of potassiun,

The mean values for daily fecal dry matter excretion
during each period are presented in figure 17. There was no
consistent trend among animals with respect to fecal dry
matter excretion during Period II (the first period after
the change to the high potassium low sodium intake) as

compared with Period I. However, during Period III which
began after the animais had been receiving the high potassium
low sodium intake for sixteen days, there was a small but
statistically significant decrease in fecal dry matter
excretion as compared with Period I. The mean value for
daily fecal excretion during Period III was 1.55 kg (f0,04)
compared with 1.65 kg (%0.04) during Period I. This effect
noted during Period IIT 4id not appear to bevreversed when
the sodium and potaséium intake was the same as during

Period I,
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SUMMARY AND CONCLUSIONS

Some aspects of sodium, potassium, calcium and
magnesium metabolism of four 1l8-month-old Hereford steers
were studied following changes in dietary intake of sodium
and potassium. One month prior to and during the first
eight days of the study each steer received 706.1 mEq daily
of sodium and 1,108.4 mEq daily of potassium, The level of
sodium intake was then decreased to 21.6 mEq daily and the
level of potassium intake was increased to 4,427,8 mEq
daily. This part of the study was carried on for eight days
immediately after the change, and 16 days after the change a
further eight-day study was carried out. At the end of this
latter period the steers again received the original level
of sodium and potassium and the study was continued for a
further eight days.

Data collected indicate the following:

1, Initially the high potassium low sodium intake appeared
to cause a transitory increase in the weight of watgr in
the reticulo-rumen. The change back to the moderate
level of sodium and potassium intake was accompanied by
'a transitory decrease in the welght of water in the
reticulo-rumen,

2, The weight of dry matter in the reticulo-rumen did not

appear to be affected by the changes in intake of sodium

134




135

and potassium,

The high level of potassium and low level of sodium
intake caused a marked decrease in the concentration

of sodium and a concomitant increase in potassium concen-
tration of the rumen fluid. Most of the change in sodium
and potassium concentration occurred during the first
eight days after the change in sodium and potassium
intake.

In general, there were little if any changes in sodium
and potassium concentration in the saliva during the
first eight days after the change in sodium and potassium
intake, However, by the sixteenth day of feeding the
high potassium low sodium ration a marked decrease in
saliva sodium concentration aﬁd increase in saliva
potassium cbncentration had occurred,

In general, the decrease in sodium concentration in rumen
fluid which occurred during the first eight days after the
change to the high potassium low sodium ration 4id not
appear to be due to a decrease in the saliva gsodium concen-
tration. Part of the decrease in sodium concentration in
the rumen fluid appeared to be due, initially, in part to
an increase in the volume of water in the rumen. However,
this accounted for only a relatively small part of the
decrease, It appeared that the initial decrease in rumen

sodium concentration may have been largely due to a




6. During the last eight days during which the high potassium
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greater fraction of the saliva sodium being absorbed in
the rumen than was the case prior to change in dietary

intake of sodium and potassiunm,

low sodium ration was fed, the decrease in saliva sodium

concentration did not appear to be large enough to account

completely for the decreased rumen fluid sodium concen-

tration,

7. When the sodium and potassium intake was again equal to

the intake prior to the change to high potassium low
sodium intake, there was a rapid increase in sodium
concentration and a concomitant decrease in potassium
concentration in the rumen fluid and in the saliva.

The sums of sodium plus potassium concentrations in the

rumen fluid remained fairly constant throughout the course

of the experiment and the mean value for the entire
experiment was 159.3 mBEq/l1. The size and relative con-
stancy of this value‘during and following periods of
change in sodium and potassium intake may reflect the
tendency of the rumen to maintain isotonicity with the
blood.

The mean value of sums of sodium plus potassium concen-

tration in the rumen fluid was considerably higher than

values found by other workers in rumen fluid of sheep but

was similar to values reported in the rumen fluid of dry
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cows and heifers.

The sums of sodium plus potassium concentrations of the
saliva did not appear to be affected by changes in
sodium and potassium intake.,

The steers were in negative cumulative sodium balance
during the first eight daysvafter the change to the high
potagsium low sodium ration. Apparent net losses of
sodium from the body, however, appeared to be balanced
by decreases in the amount of sodium in the rumen.

A considerable quantity of pptassium was retained by the
animals during the first eight days after the change to
high potassium low sodium intake. The rumen appeared to
act as a "buffer' against the large loads of potassium
ingested,“

The high potassium low sodium intake caused an immedilate
and significant decrease in urinary calcium excretion.
There was no apparent change in fecal calcium excretion,
The high potassium low sodium intake caused an immediate
and significant decrease in urinary magnesium execretion.
During the first eight days after the change to the high
potassium low sodium intake, there was no consistent
increase in fecal magnesium excretion but during the last
eight days during which the steers received the high

potassium low sodium ration fecal magnesium excretion was

- 8ignificantly increased.
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The high potassium low sodium intake caused an immediate
and significant increase in the volume of water consumed
and urine excreted.

Fecal water excretion and water balance did not appear to
be affected by the changes in sodium and potassium intake.
Fecal dry matter excretion did not appear to be altered
during the first eight days after the change to the high
potassium low sodium intake, but‘was slightly but signifi-
cantly lower during the last eight days. However, the
latter was not consistently reversed when the steers again
received the moderate intake of sodium and potassium.
Plasma levels of sodium, potassiﬁm, magnesium or calcium
did not appear to be affected by the high potassium low
sodium intake., Plasma chloride levels were significantly
lower when the steers were fed the high potassium low
sodium ration as compared with the moderate sodium and
potassium ration.

The potassium concentration of muscle biopsy samples
obtained on the last day during which the high potassium
low sodium ration was fed appeared to be higher than that
of muscle samples obtained on the last day prior to the
change in sodium and potassium intake. This was statis-
tically significant at the ten per cent level. There was
no consistent change in the sodium concentration'of the

muscle samples.




O

139

BIBLJ OGRAPHY

Aikawa, J. K. 1963. The Role of Magnesium in Bio-
logical Processes., Charles C. Thomas Publisher,
Illinois, U.S.A.

Anderson, R. 3. and E. C. Pickering. 1962, Effects
of intravenous infusion of potassium chloride on
potassium and sodium excretion and on the rate of
urine formatlion in the cow, J. Physiol., 164:180.

Bailey, C. B. 1961. Saliva secretion and its rela-
tion to feeding in cattle. 3. The rate of secre-
tion during eating, with an estimate of the magni-
tude of the total daily secretion of mixed saliva.
Brit. J. Nutr. 15:443.

Bailey, C. B. 1961, Saliva secretion and its relation
to feeding in cattle. 4. The relationship between
the concentrations of sodium, potassivmm,chloride and
inorganic phosphate in mixed saliva and rumen fluid.
Brit. J. Nutr. 15:489,

Bailey, C. B. and C. C. Balch. 1961. The composition
and ratve of secretion of parotid saliva in a small
steer. Brit. J. Nutr. 15:371.

Bailey, C. B. and C. C.Balch. 1961. Saliva secretion
and its relation to feeding in cattle. 2. The
composition and rate of secretion of mixed saliva
during rest. Brit. J. Nubtr. 15:383.

Balech, C., C. 1958. Observations on the act of eating
in cattle. Brit. J. Nutr. 12:330.

Bal”kel?, EQ So, J. Ka Clal‘k and J‘ Ro Elkingtono 19590
Studies of the renal excretion of magnesium in man,
Jd. Clin. Invest. 38:1773.

Bartlett, S., B, B. Brown, A. S. Foot, M. J. Hebil,
C. Lime, J. A. E. Rook, S. E. Rowland and B. Zsaidel.
1987. Field investigations into hypomagnesemia in
dairy cattle, with particular reference to changes
in the concentration of blood constituents during
the early grazing period. J. Agric. Sci. 49:291,




10.

11,

12,

13.

14.

15.

16,

17.

18.

19.

20,

21.

140

Beilharz, S., D. A. Denton and J. R. Sabine. 1962.
The effect of concurrent deficiency of water and
sodium on the appetite of sheep. J. Physiol. 163:
378.

Beilharz, S. and R. N. B. Kay. 1963, The effects of
ruminal and plasma sodium concentration on the
sodium appetite of sheep. J. Physiol. 165:468.

Berger, E. Y., G. Po Quinn and M. A. Homer. 1951,
Effect of desoxycortisone on the colon. Its rela-
tion to cation exchange resins in man. Proc., Soc.
Exptl. Biol. and Med. 76:601.

Black, O. A. K. 1960. OCurrent concepts of potassium
metabolism., J. Pediat., 56:914.

Blaxter, K. L. and R. F. McBill. 1956, Vet, Revs.
and Annotations. 2:35.

Bradley, S. E. 1957. Kidney. Annual Review of Phy-
giology. 19:513.

Campbell, L. D. 1964. Potassium metabolism in the
ovine. M. Sc. Thesis. University of Manitoba,
Winnipeg, Manitoba.

Care, A. D. and D. B. Ross. 1963. The role of the
adrenal cortex in magnesium homeostasis and in the
aetiology of hypomagnesemia. Res., Vet. Sci. 4:24.,

Coats, D. A. and B. 0. Wright. 1957. Secretion by
the parotid gland of the sheep. The relationship
between salivary flow and composition. 135:611.

Cooke, R. E. and W. E. Segar. 1952, A proposed
mechanism of extracellular regulation of muscle
composition., Yale J. Biol. and Med. 25:83.

Copeland, B. E. and F. W. Sunderman. 1952, Studies
in serum electrolytes. XVIII. The magnesium-
binding property of the serum proteins. J. Biol,
Chem. 197 :331.

Cotlove, E., M. A. Holliday, R. Schwartz and W. M.
Wallace. 1951, Effects of electrolyte depletion
and acid-base disturbances on muscle cations.
Amer, J. Physiol. 167:665,




22.

23,

24,

25,

26,

27,

28,

29,

30.

3l.

32 .

141

Cunningham, I. J. 1936, Grass Staggers and Magnesium
Metabolism. New Zealand J. Sci, Technol. 18:424.,

Daniel, 0., E. E. Hatfield, W. C. Shrewsberry, M. E.
Gibson and R. MacVicar. 1952. The effect of high
dietary potassium on sheep. J. of Animal Sci. 11:
790,

Dawson, H. 1960. . Textbook of General Physiology.
J. and A. Churchill Ltd,, London. '

De Beer, E. J., C. G. Johnston and W. Wright, 1935,
The composition of intestinal secretions. J. Bilol.
Chem., 107:112. :

Del Castillo, J. and L. Engback. 1953. The nature of
the neuromuscular block produced by magnesium. dJ.
Physiol. 120:54.

Denton, D. A. 1956. The effect of sodium depletion on
the sodium:potassium ratio of the parotid saliva of
the sheep. J. Physiol., 131:516.

Devlin, T. J. and W. K. Roberts. 1963. Dietary main-
tenance requirement of sodium for wether lambs. J.
Animal Sci. 22:648.

Dobson, A. 1959. Active transport through the epithe-
lium of the reticulo-rumen sac. J. Physiol. 146:
235,

Dobson, A, 1961. Absorption from the rumen. Diges-
tive Physiology and Nutrition of the Ruminant. D.
Lewis. Butterworths, London,

Dobson, A. 1963, Changes in composition of the saliva
of cows on grazing heavily fertilized grass. Res.
Vet. Sci. 4:238.

Dobson, A. 1965. Physiological changes associated
with dietary change and grazing. Physiology of
Digestion in the Ruminant. R. W. Dougherty, R. S.
Allen, W. Burroughs, N. L. Jacobson, and A. D.
McGilliard, PButterworths, Washington.




33,

34.

35,

6.

3‘70

- ‘F—i’-‘g‘ _n-if{ nu“vfa—nir i BN 2PN T N1 4- 95 TR 70
T - ________________________________________

142

Dobson, A., R. N. B. Kay and I. McDonald. 1960. The
relation between the composition of parotid saliva
and mixed saliva in sheep during the inductlon of
sodium deficiency. Res. Vet., Sci. 1:103.

Dobson, A. and I. McDonald. 1963. Changes in compo-
gition of the saliva of sheep on feeding heavily
fertilized grass. Res. Vet. Sci. 4:247.

Dobson, A, and A. T. Phillipson, 1958. The absorp-
tion of chloride ions from the reticulo-rumen sac.
J. Physiol. 140:94,

Elam, C. J. 1961 Effects of high salt intake on
digestibility in cattle. J. Animal Sci. 20:931.

Fairbanks, B. W. and H. H. Mitchel. 1938. The
availability of calcium in spinach, in skim milk

Storry (82) determined the concentration of calclum

and magnesium in the ultrafiltrate of rumen fluid of sheep.

Based on the electrical potentials between blood and rumen

determined by Dobson and Phillipson (35), Storry calculated

that the concentration of calcium and magnesium ions in the

rumen fluid was too low for these elements to be absorbed

as freely diffusing ions.




44,

45,

46 .

47 .

48.

49,

50.

ol.

2.

53,

143

Hansard, S. L., C. L. Comar and M. D. Plumlee., 1952,
Absorption and tissue distribution of radiocalcium
in cattle. J. Animal Sci. 11:524.

Hansard, S. L.s; C. L. Comar and M. P. Plumlee. 1954.
The effects of age upon calcium utilization and
‘maintenance requirements in the bovine. J. Animal
Sei. 13:25.

Hart, E. B., H. S. Steenbock, 0, L. Kline and G. C.
Humphrey. 1931. Dietary factors influencing cal-
cium assimilation. XIV. The influence of mineral
acids and sugar on the calcium metabolism of milk-
ing cows., J. Dairy Sci. 14:307.

Head, M. J., and J. A. F. Rook. 1955. Hypomagnesemia
in dairy cattle and its possible relationship to
ruminal ammonia production. Nature. 176:262.

Horrocks, D. and G. D. Phillips. 1964, The concen-
tration of certaein mineral elements in the alimen-
tary tracts of European and Zebu steers. J. Agric.
Sci. 63:389,

Instruction Manual for Hitachli Perkin-Elmer Flame
Photometry Attachment (139-0400) for Model 139
UOV-VIS Spectrophotometer. 1963. Hitachi Perkin-
Elmer.

Jabir, . K., S. O. Roberts and R. A. Womersly, 1957.
Studies on magnesium metabolism. Clin. Sci. 16:
119.

Kay, R. N. B. 1960, The rate of flow and composition
of various salivary secretions in sheep and calves. -
J. Physiol., 150:515,

Kay, R. N. B. 1963, Reviews of the progress of dairy
science., Section A. Physiology. Part 1. The
physiology of the rumen. J. Daliry. Res. 303261,

Kleenan, C. R., J. Bohannan, D. Bernstein, S. Ling and
M. H. Maxwell. 1964. Effect of variations in sod-
ium intake on calcium excretion in normal humans.
Proc. Soc. Bxptl. Biol. Med. 115:29,




54,

55.

o6 o

57

8.

59,

60.

61.

62 .

63,

64 .

14

Kunkel, H. 0., K. H. Burns and B. J. Camp. 1953. A
study of sheep fed high levels of potassium bicar-
bonate with particular reference to induced hypomag-
nesemia. J. Animal Sci. 12:451. '

Lloyd-Davies, H., 1962. Intake studies in sheep in-
volving high fluid intakes. Proc. Aust. Soc. An-
imal Prod. 4:167.

Masson, K. J. and A, T. Phillipson. 1952. The com-
position of the digesta leaving the abomasum of
sheep., J. Physiol. 116:98,

Maynard, L. A. and J. K. Loosli., 1956. Animal Nutri-
tion, 4th Edition. McGraw-Hill Book Co. Inc.,
Toronto.

Meier, H. - 1963. Fluids and Electrolytes. Clinical
Biochemistry of Domestic Animals. C. E. Cornelius
and J. J. Kaneko., Academic Press, New York.

Miller, H. G. 1923, Potassium in animal nutrition.
1. Influence of potassium on urinary sodium and
chlorine excretion. J. Biol. Chem. 55345,

Miller, H. G. 1926. Potassium in animal nutrition.
IIT. Influence of potassium on total excretion
of sodium, chlorine, calcium and phosphorus. J.
Biol. Chem., 67:71.

Miller, H. G. 1926. Potassium in animal nutrition.
V. Influence of pot&ssium on urinary and fecal
excretion of sodium, chlorine, calcium and phos-
phorus., J. Biol. Chem. 70:593.

Munro, D. S., R. S. Sataskar and G. M. Wilson, 1957 .
The exchange of bone sodium with isotopes in rate.
"Je Physiol. 139474, :

Murrays, G. M., R. S. Reid and T. M. Sutherland. 1962,
The rate of passage of digesta from the reticulo-
rumen of the sheep. J. Physiol. 164:262.

Parathasarathy, O. and A. T. Phillipson. 1953. The
movement of potassium, sodium, chloride and water
across the rumen epithelium of sheep. J. Physiol.
121 :452.,




65,
66 .

67.

68,

69.

70.

71,

72 .

73

74.

145

Phillips, G. D, 1965, Personal Communication.
University of Mamitoba, Winnipeg, Manitoba.

Pitts, R. ¥, 1963. Physiology of the Kidney and Body
Fluids, Year Book Publishers, Inc., U.3.A.

Poutsiaka, J. Woy, B. Go H. Thomas and C. R. Linegar,
1957, Effect of fluorohydrocortisone on gastro-
intestinal and renal excretion of cations by the
dog. Proc. Soc. Exptl. Biol, Med. 96(3):712,

Renkeme, J. Aa, T. Senshu, B. D. Gaillard and E.
Brower. 1962. Regulation of sodium excretion and
retention by the intestine in cows. Nature. 195:
389,

Renwick, Res, Jo S, Robson and C. P. Stewart. 1955,
Observations upon the withdrawal of Nacl from the
diet in hypersensitive and normotensive individ-
vals, dJ. Clin. Invest, 34:1037.

Rook; J. A. Fo, and C. C. Balch., 1958. Magnesium
metabolism in the dairy cow. I, Metabolism on
stall rations., J. Agric. Sci., 51:189.

Scott, 0. and A. Dobson. 1965. Aldosterone and the
metabolism of magnesium and other minerals in the
sheep. Quart. J. Exptl. Physiol. ©560:42.

Sellers, A, F. and A, Dobson. 1960. Studies on
reticulo-rumen sodium and potassium concentration
and electrical potentials in sheep. Res. Vet.
Sei. 1:95,

Sellers, A, Fo, Te L. Gitis and M. H. Roepke. 1951,
Studies of electrolytes in body fluids of dairy
cattle. III. Effects of potassium on electrolyte
levels in body fluids in mid-lactation. Am. J.
Vet., Res. 12:296.

Sellers, A. F, and M. H. Roepke. 1951. Studies of
electrolytes in body fluids of dairy cattle. I.
Effects of water diuresis on rensl excretion of
several elements. Am, J. Vet. Res. 12:183.




75,

76.

77 .

78.

79.

80.

81,

82.

84.

146

Shohl, A. T. 1939. Mineral Metabolism. Monogr.
Ser., Amer. Chem. Soc. No. 82. Reinhold
Publishing Co., New York.

Simensen, M. G, 1963. Calcium, inorganic phos-
phorus, and magnesium in health and disease.
Clinical Biochemistry of Domestic Animals, C. E.
Cornelius and J. J. Kaneko. Academic Press, New
York.

Sjollema, B, and L. Seekles. 1932. The magnesium
content of the blood, particularly in tetany.
Klin. Wachshr, 11:989.

Smith, H. W. 1956, Principles of Renal Physiology.
Oxford University Press, New York,

Sperber, I. and S. Hyden. 19562. Transport of chlor-
ide through the ruminal mucosa, Nature. 169:587,

Steel, R. G. 0. and J. H. Torrie., 1960. Principles
and Procedures of Statistics. McGraw-Hill Book
Cos Inc., Toronto,

St. Omer, V. V. E. 1965, The role of potassium in
bovine nutrition. M. Sc. Thesis, University of
Manitoba, Winnipeg, Manitoba. :

Storry, J. E. 1961, Studies on calcium and magnes-
ium in the alimentary tract of shesp. I. The
distribution of calcium and magnesium in the con-
tents taken from various parts of the allmentary
tract. J. Agric. Sci., ©57:97.

Storry, J. E. 1961l. Studies on calcium and magnes-
ium in the alimentary tract of sheep. II. The
effect of reducing the acidity of abomasal diges-
ta in vitro on the distribution of calclum and
magnesium. J. Agric., Sc. 957:103.

Talapatra, S. K., S, C. Ray and K. C. Sen. 1948,
Calecium assimilation in ruminants on oxalate-
rich diet. J. Agric. Sci., 38:163.




85,

86,

87«

88,

89,

90.

91,

92,

93.

94,

147

Turner, A. W. and E. V. Hodgetts. 19556. Buffer
systems in the rumen of the sheep. II. Bufl-
fering properties in relationship to composi-
tion., Australian J. Agric, Sci. 6:115.

Ulrich, K. J. and D. J. Marsh. 1963, Kidney, water
and electrolyte metabolism, Annual Review of
Physiology. 25:91.

Van Weerden, E. J. 1961. The osmotic pressure and
the concentration of some solutes of the intes-
tinal contents and faeces of the cow, in relation
to the absorption of minerals. J. Agric. Scl.

56 :317.

Visek, We J., R A. Munroe, E. W. Swanson and C. L.
Comar. 1953. Calg%um metabolism in dairy cows
as studied with Ca®**, J. Dairy Sci. 36:373.

Walser, M. 1962. Calcium clearance as a function
of sodium clearance in the dog. Amer. J. Physiol.
200:1099.,

Walser, M. 1960. Determination of free magnesium
ions in body fluids. Anal. Chem. 32:711.

Wesson, L. G. and D. P. Lauler, 1959. Nephron
reabsorption site for calcium and magnesium in
the dog. 101:235.

Wiendhager, E. E. and Giebish. 1961l. Micropuncture
study of renal tubular transfer of sodium chlor-
ide in the rat. Amer., J. Physiol. 200:581.

Williamson, B. J. and 3. Freeman. 1957. cited in--
Kidney. Annual Review of Physiology. S. E.
Bradley., 19:513.

Wilson, A. A. 1960, Magnesium homeostasis and hypo-
magnesemia in ruminants. Veterinary Reviews and
Annotations. 6:l.




APPENDIX




TABLE 1

Period 1

: 1k
SODIUM CONCENTRATION OF THE MIXED SALIVA ?
(mEq per litre)
Steer / Steer B Steer C Steer D
142,0 122.5 139.0 130.3
122,0 139.0 140,0 150.0
105,0 139.0 130.0 150.0
145.3 150. 152.5 163.5
138,.0 139.0 155,.0 144, 5
145,0 139,0 158.0 158,7
14,7 139,0 142.0 167.0
138.0 171.5 42,0 167.,0
139.0 141.0 138.0 152.5
145.0 139.0 125,0 150.0
113.0 122.0 150.0 160,0
122.0 122.0 145,0 150.0
125,0 92,5 141.5 120.0
41,5 92,5 41,5 133,0
128,.5 98,8 136.5 133.0
125,0 71.3 145,0 124,0
96,5 55.0 105.5 90.0
94,5 37.5 111.5 101.5
100,0 45,0 117.5 126.5
90,0 35.5 114,55 101.5
112.5 40,0 105,0 102.5
81.5 28,0 101.5 101.0
77.5 43,0 96.5 92,0
88.0 35.5 105.,0 101.0
87.5 42,5 96.0 75.5
67.5 55.5 104%,0 110,0
94,0 87.5 110,0 126.0
123,5 12,5 126,0 132.5
117.5 132.5 152,.5 145.0
135.5 105.0 145.0 150.0
123.5 101.5 155.0 175.0
123.,5 = eeee- 15%,0 150.0




POTASSIUM CONCENTRATION OF THE MIXED SALIVA
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TABLE 3

SODIUM CONCENTRATION OF THE RETICULO-RUMEN FLUID

Peri@d I

Day 1

Period IV

Day 1

00~ OV o o

(mEq per litre)

Steer A Steer B Steer C

Steer D

= e
Y 10 1V D
ON VUL

o

O o~3
s OO O

~J~3 00 CO~J~J oo

Ul O O 0O\

OO0 OV OW
ﬂ

L] L] ] 8709 e © L) L

oo O

L ONONOY

L] - )

Ul 0N ON O ONMo 00 Q0
MO0 ot O OO

e 8 o o o o BPwe

OCOOWOOO00

ovoviall OO
o
A0 YWV
o

B

VOO @wI O
OJ~3~3 i i\

o o

e et el
Wi £ 0 00 0N
N OWUIL OVt
[ L] ° L @ L] o 3
VIO OO0 000

@ o 3

130.0
128.9
130.0
127.5
130.0
125.3
130.0
lBOaO

~IOJ~G OO O
O~ GV IOV F O
] £ ] (-3 [ @ ) 9 o
OQOCOOOOOOC

@ o o

o

OO0\ O~ O
OO OOoOVIOWMO

° ° o

I_J
I UL OV ~g
OO OVF 0
® -] ° L] ®
1O OV OV

=
Lo
e
N

9
L]

131.0




152
UID

TABLE L4
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URINARY SODIUM
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TABLE 6 154
FECAL SODIUM
(mEq/day)
Steer A Steer B Steer C 3teer D

Perind I

Day 1 439,7 45,2
2 397.5 116.3
3 268.,6 314%,2
M 358.1 1200k
5 273,8 85.3
6 RN 57.1
7 378.9 92,0
8 (422.6)  369.5 = 143.,0 = —e-=-

Periond II

Day 1 266,0 251 .4 70 b 89,6
2 366,7 30,6 80,2 254
3 252.3 12,6 56,7 18,8
L 14,7 31.9 52,4 15.0
5 48,2 7.7 97.5 9.6
6 48,2 10.3 15.5 5.8
7 32.7 13,0 24,8 9.2
8 27,0 6.7 16.5 7.0

Period III

Day 1 26,1 7.7 26.8 L4
2 22.7 (8,7 33.9 9.2
3 29,6 12,2 22,3 9,0
L 19.2 4,7 30.7 11.0
5 15,1 6.7 24,7 7.5
6 13.6 5.0 23,2 9,2
7 (12,6) 2.8 16.1 11.6
8 20,0 12,0 14,5 10.5

Period IV

Day 1 15,5 13.7 10.8
2 25 12,1 11.6
3 20.4 17,2 12,6
L 20,2 5.9 11.5
5 87.3 116.0 12,0
6 98,7 364,0 22.9
7 31L.9 255.0 58,0
8 320,6 168.0 70.7




Period I

Period III
Day 1

0O~ O o O

Period IV
Day 1

Co~J OvoyFWw N

TABLE 7

URINARY POTASSTIUM

155

(mEq/day)

Steer A Steer B Steer C Steer D
703.1 96%,8 830,0 725,0
751,9 940,5 869,5 722,8
770,0 1063,.8 846 .6 726 L
842,5 (977.5) 877.5 515.6

1092,8 930,0 675.8 899,7

1017.0 1012.6 785.,0 565.5

1080.0 816.0 854,3 768,8
----- 109% . b (874%.3) —————

2690, 4 2808.,0 2174 b 2649 ,6

3877.5 3488,0 3915.0 3412,8

3552,0 3387.3 2238,0 3627,1

3162,0 3273.5 3963.6 3645,6

3383, 4% 3913.8 4171.5 3687,.2

4056,0 3978.,0 4152.5 3995.0

3902,0 3952.5 4351.0 3280.5

4053.8 3841,.5 3672,0 4357.5

3567,0 3248,0 (3450,0) 3645,0

(3543.8) (3931.3) 396%,8 3570.0

3378 .4 3740,0 3686.5 3897.9

3720,2 L173.1 3605.0 3838 .4

3718.8 3831.3 4275,0 4075.0

3965,0 3822,0 3613.8 3545 4

4%018.0 3810.3 3796.3 3756,1

3736,6 4o84%,0 471, 5 (3615.4)

1914%,0 1832.0 1037.5 1246.9

1248.0 1074.7 101%,3 868.8

1274,0 1230.0 1120.0 1200.,0

1152,0 757.9 843.8 1076,.1

100%.9 1421.0 958.,8 998 .4

1088.8 650,0 793,0 1082.8

1155,0 462,0 706,8 580,0

—————— 430,.5 682.5 606,0
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TABLE 8
FECAL POTASSIUM
(mFq/day)
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Steer D
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TABLE 9

URINARY CALCIUM
(mEq/day)

Steer A Steer B Steer C

Steer D

Period I

Day 1 111.3 89,1 26,
2 135,8 59.2 31.
3 119.9 56.1 42,
4 115.9 (51.7) 36,
5 of.1 5.8 (33
6 35.3 49,1 36
7 30,0 37.8 L1
8 - 25.4 31

Peried IT

Day 1 3.8 2,2 12,
2 2.9 1.6 1.
3 1.8 1.7 ni
i 2.0 1.6 2.
5 1.2 2.1 2o
6 0.7 1.7 2,
7 1.3 2.6 1.
8 1.8 2,0 1,

Period III

Day 1 (2.0) (1.3) 1
2 1.1 2.0 1.
3 1.4 1.0 0.
L 1.8 1.1 1.
5 2.3 1.7 1.
6 1.8 1.8 1.
7 2,0 2.9 (1.
8 2.5 3.4 oR

Periodg IV

Day 5.6 oL L 33,
2 46,0 37.0 L7,
3 66,8 64,9 37
i 104.8 59,6 g,
5 112.1 120.1 70,
6 117.3 101.5 77
7 90.0 93.1 89
8 55.7 36,6 77
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TABLE 10 158

FECAL CALCIUM

(mEq/day)

Steer A Steer B Steer C Steer D

Period 1

Day 1 433,8 366,2 248,2 299,6
2 315,8 31L.5 230.3 294,0
3 387.4 291.3 30%.3 429.8
L 310.5 (326.8) 283,0 23,1
5 313.1 298.1 (294%.1) o48,6
6 376 1 395.5 323,2 216,6
7 3294 2473 328,0 251,2
8 (318.6) 315.5 270.9 ————

Period II

Day 1 253,8 386,5 304.3 261.3
2 291,0 212.3 209,k 200,7
3 33%,3 47,7 223,3 232,8
L 237.5 335.0 35, L 1884
5 327.0 268, 1 306,3 247,0
6 323,1 ohl 1 287,2 176,7
7 342, 285,9 266,0 206 .4
8 373.3 211.3 266.0 ou8,7

Period III

Day 1 (44, 0) 315.3 36,7 246 L
o) 391.1 3183.3 391.7 238,1
3 376,8 362,44 323,7 251,6
Ly 3534 293,9 283.,9 261.3
5 30%.5 316.8 283.9 (219.3)
6 174%,2 259,4 323.,5 265,2
7 276,7 229 b (367.6) 238,1
8 449,8 263.3 355.4 170.7

Period IV

Bay 1 4374 285,3 421.,3 238.3
2 450,5 340.3 u26,6 304%.7
3 330.7 283.9 372.3 299.1
L 290,3 223 % 358,5 303,0
5 31%,8 258.6 402.,3 308.5
6 293,0 281.5 376.3 320.4
7 329,7 4o, 8 432,5 321.5
8 206, 5 181.8 512.6 265,7



TABLE 11

URINARY MAGNZSTUM

159

(mEq/day)
Steer A Steer B Steer C Steer D

Period I '

Day 1 275,2 189.0 231.,0 174%.9
2 278,2 (155.8) 271.8 190.9
3 243.7 166,9 (323.3) 157.3
L 206,8 166.7 oLl 6 119,7
5 171.5 135.9 211.0 180.6
6 111.8 176,5 132,8 122,3
7 124,56 12%,0 210,0 125,7
8  eeeea 192,0 263,0 = em———

Period II

Day 1 85.5 73.9 161 .4 77.3
2 107.9 69,1 nil 0.1
3 139.7 87.1 nil 6.2
L 135.1 64,7 95.1 4o,7
5 155.1 59.5 nil 120,0
6 125.3 nil 96.5 91.9
7 141.,0 65.2 108.7 79 4
8 48,5 69.3 77.9 138.5

Period III

Day 1 116.5 95.6 134,53 112.%
2 138.5 59.7 (14, 2) 92,5
3 167.0 (86.5) 124,5 (99.0)
L4 (183.4%) 10%,2 137.8 110.6
5 139,6 102,2 128,2 113.4%
6 ARISINRIE 89,7 99.3 1i%,2
7 177 .4 91.3 117.6 107.9
8 167.9 103.8 106.2 126.4%

Period IV

Day 1 193.8 134%.8 200.2 126,k
2 279.0 115.6 176.9 105.4
3 290, % 147,9 152.6 211.2
L 28%,9 136.9 198.5 224, 8
5 306.7 296,3 189.4 287.5
6 271,2 o45,5 234,8 292,2
7 249 L 179.8 295,0 116.7
8 153.5 64,3 151.3 110.6




TABLE 12 1
FTCAL MAGNES IUM

(mEq/day)
Steer A Steer B Steer C Steer D

Period I

Day 1 3856,5 510.7 374.,0 483,2
2 342, kL (327.3) 392,2 431.8
3 L6, 2 Lp2,6 (520.8) 678.2
L 369.0 503.1 415.9 379.2
5 397.5 L52,2 400,2 L4k, 9
6 538 .4 58%,6 432.8 412.7
7 FRTRINg IR 423,5 457.7 432,9
8 (519.5) 391.6 3971 et

Perisd 11

Day 1 352,6 542 L 409.9 527.3
2 477.9 327.6 542,0 439, 4
3 503,0 383.0 4Ou, 6 470,8
L 413.3 L75,2 648,0 370.5
5 L75,7 504, 7 sk, 1 173 ,8
6 405.0 L76,7 451.,8 386,3
7 4O b 575.9 545.3 L455.2
8 528,23 423,8 573.3 495.9

Pericd III

Day 1 583.2 617.1 601.3 540,.3
2 U466 Lt 579.3 (677.0) 589.3
3 488,0 (628.9) 506,9 622,0
L 629.9 604 1 519.1 669,2
5 600,5 563 .4 649 ,6 578,6
6 292 L 526,7 673.7 665,8
7 418.9 705 .6 684.1 593 ,6
8 717.2 458,6 440,6 L17.7

Periocd IV

Day 1 661,6 577.0 570.5 625,7
2 531.9 566.5 603,.7 733.8
3 411.,8 481.0 603.9 625,1
L 333.8 357.6 45,1 504, 8
5 391.9 372,1 489,1 465,0
6 397.6 351.5 4352,8 452,2
7 4ol , 2 L484,0 501..3 L70,1
8 377.5 257,1 428,2 34,3
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TABLE 13

WATER CONSUMPTION
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i
i
i o
i

o o o0

(1/day)
Steer A Steer B Steer C Steer D
14,1 11.7 13,4 13.3
9.6 10.7 13.0 12.8
10.8 12.0 12,4 8.1
11l.1 ———— FRIRTE ——
14,5 10.5 12.1 15.8
9.3 13.2 12.7 7.7
- e 13,8 10.4
11.5 12.7 - 104
15.1 4.1 21,8 18,4
21.0 21.2 1.2 17.0
15.9 19.0 - 18.3
20.3 20. 1 204 18.3
15.3 15.5 21.8 18.9
15,6 15.8 19.0 16.8
19.1 19.2 - 15.9
16.7 18.0 17.8 15.7
15 16,5 16.2 17.0
17.8 (16.4%) 14,5 4.2
- 16.3 (14.6) 14,7
18.9 16,5 16.7 14,7
19.4 15.1 17.4% 17,4
4.5 18.0 16.1 (16. 6)
15.1 1605 16.8 17.3
20.9 15.0 17.1 12,4
12.9 13.0 12. 10.3
9,6 11.9 114 11.1
16.3 10.1 12,4 -
11.3 11.2 12.2 15.0
12.9 12.8 13.6 -———
9.6 11.8 B s 12.%
11.4% 17.4 10. 4 17.9
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TABLE 16
FECAL DRY MATTER

“(kg/day) .

Steer D

Steer C

Steer A

Steer B

Period 1
Day 1
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TABLE 19

MEAN SHUARES FOR

-
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% AND PLASMA ELAECTROLYTE CONCENTRATIONS

COMPARISON OF MUSCL

O THZ LAST DAY OF PERIOD I WITH THOSE

O THE LAST DAY OF PERIOD TIT

Sources of Variation Treatment

Degrees of Freedon

Plasma
Plasma
Plasma
Plasma
Plasma
Muscle
Muscle

ok

Sodiunm
Potassiunm
Calciunm
Magnesium
Chloride
Sodium
Potassium

1

6.3

0,07

0,003

0,033
325,2 =

3,28
14.50

Animals
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