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EFFECT .OF MANTPULATING DIETARY CATION-ANION BALANCE ON
CALCTUM METABOLISM IN SHEEP

- ) )

Experiment.s were conducted to investigate the effect of reducing dietary
' cation-anion balance (CA-balance), defined as meq [(Sodium + Potassium)-
(Chloride + Sulfur)], on calcium (Ca) metabolism. Reducing the dietary CA-
balance from +314 to -22 (meq kg-idry matter (DM)) did not affect plasma Ca
level but reduced Ca retention mainly due to a 10-fold increase in.urinary Ca
excretion with similar rate of apparent absorption. It also decreased urine

~—.

pH. The response to induced hypocalcemia created by the infusion of 5.6% EDTA

solution revealeq that reducing dietary CA-balance from +354 to +37 (meq
kg-1IM) did not affect the volume of the compartment, within which there was a
rapid equilibration of free Ca but tended to increase the:\ rate of Ca mobi- . “
lizal.’t.ion from it during the infusion. The Ca kinetic study with a four-

compartment model indicated that reducing dietary CA-balance from +338 to -127

(meq kg-1!DM) during the eucalcemic period and from +429 to -147 (meq kg~ 1DM)

during an EGTA-infusion period (simulated lactational ca loss) caused hyper- ¢
B calciuria and increased ionized form of plasma Ca. Increased true intestinal ..’
Ca absorption and reduced bone accretion were observed in the lowest CA-
balance diet only durizg the EGTA-infusion period. There were no differences
in the size of total exchax;geable Ca poo but amount of Ga movement between ¢
them tended to increase in reduced CA-balance diets during both periods. \\\
o ' Results indicated that feeding reduced CA-balanced diet may have a beneficial |
\ role in preventing hypocalcemic parturient paresis .(milk fever) by incregsing‘
Ca flux through the exchgnge’able Ca pool and. Ca mobilization capability.
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" Résumé

Docteur en Philosophie ° "'\\ Zootechnie (nutr;t?ion)
- ® | . [

Hiroshi : Takag ,
N \ N
EFFETS DE LA MANIPULATION DE LA BALANCE D’ANIONS~CATIONS  ALIMENTAIRES
SUR LE METABOLISME DU CALCIUM CHEZ LE MOUTON.
-] ;

Des expériences ont été entreprises afin d’étudier l'’effet d'une

réduction de Ja balance d’anicns-cations alimentaires (balance-CA), .

définie en meq ((Nat+K* )-(Cl-+S*)}, sur Ye métabolisme du calcium (Ca).
Une réduction de la balance-CA taire de +314 a -22 (meq kg1
matiére séche (MS)) n'a pas influencé le Ca plasmatique mais a
cependant diminué la rétention du Ca surtout a cause d'une augmentation
de 10 fois 1l’excrétion urinaire de Ca avec un taux _ similaire ~de
1’absorption apparente. Le pH de l’urine a également été réduit. La
réponse & l'hypocaicémie induite par 1l’infusion d"une solution de 4.6%
EDTA a révélé qu’une réduction de la balance-AC alimentaire de +354 a
+37 (meq kg~!MS) n’a pasw influencé le volume du compa.rt t dans lequel
s’'établissdit une équilibration rapide du Ca libre mais tendait a

augmenter le taux de mdbilisation'du Ca de ce compartiment pendant

*1’infusion. L’étude cinétique du Ca utilisant un modéle & quatre

compartiments a indiqué qu’'une réduction de la balance-CA alimentaire

.de +338 & -127 (meq kg\iMS) pendant le période eucalcémique et de +429 a

-147 (meq kg-! MS) pendant la période d’infusion de EGTA (simulant Jla
perte Qde Ca penc‘lant la lactation) causait une hypercalciurie et
augmentait l:a forme ionique du Ca plaamatilme. Une augmentation }:ie
1’absorption intestinale réelle du Ca et une diminutioh de 1’accrétion

!
osseuse ont été observés avec'la diéte ayant la balance-CA la plus

£
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faible seulement pendant la période d’infusiop d’EGTA. Les dimensions

des compartiments de Ca total échangeable n’étaient pas- différentes.
Cependant la quantité de mouvement? du Ca entre les différents
compartiments tendait & augmenter avec les rations “contenant une ;
balance-CA réduite pendant les 2 périodes‘.

Les résultats indiquent que l’alimentation avec une ration contenant une

balance-CA réduite par la supplémentatioh de divers sels minéraux  peut

) avoir un rdle bénéfique dans la prévention de la fiévre vitulaire
(fiévre du lait) en augmentant le flux de Ca dans le compartiment de Ca \

échangeable et en augmentant la capacité de mobilisation du Ca.
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I. GENERAL INTRODUCTION

Proper balancing of dietary fixed cation and ‘anion (non-
metabolizable ion by body) is important in formulating ra-
tions in rumigénts (Blsck, 1988) as well as in other species
'(Mongin, 1981). D}etary cation-anion balance, defined as the
summation of meq‘sodium (Na*) and potassium (K*) minus the
summatiqq of meq chloride (Cl-) and sulfur (S=? present in
diet, can play an importagg)role in ruminant nutrition

through its effects on acid-base status and production

parametérs (Wheeler, 1981; Block, 1988). Ipere is also a
large variation that exists in the concentration of these
( ions among feed stuff (Wheeler, 1981). Furthermore, changes
in dietary cation-anion balance can be achieved by either

o
supplementation of mineral salts that contain both fixed

% anion and cation or as acids or alkali solutions that con-
’ tain Na or K associated with anions that are either not fixed
(i.e. metabolizable) or unavailable to animals.

. The effgct of -changing dietary cation-anion balance on
major mineral metabolism éspegially calcium (Ca) in ruminants N
has been investigated in detail only in two study with goats
7(Fredeen, 1984) and most of studies conducted were Dbased
only on conventional balance methods (Ender et al., 1971;
Lomba et al., 1978). These results, however, led to develop a
concept that feeding rations that contained a reduced éatibn-

| ‘E%  anion balarice to prepartum cows during the dry period might
be used as a pfeventa?ive method for hypocalcemic parturient

® ¥

paresis (milk fever) and several studies have been conducted
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to in@estigate its prophylactic effeoés againist milg féver
(Ender et &1., 39847 Dishington, 1975; Dishington and
Bjomstad, 1982; Block, 1984; Levtlerc, 1986). However, very
little is known about the effects of manipulating dietary
cation-anion balance achieved by supplementing various
mineral salts as a source of supplying fixed anions (C1l
and/or S) on not only Ca metabolism but also on thé interac- .
tion between metabolism of major mineral (Ca, phosphorus ([P],
in ruminants. The

magnesium [Mg], Na, K, Cl, ‘and 8S)

effect(s) of reduced cation-anion balanced diets on Ca meta-
bolism may involve the following; kidney fun;tion, gastroin-
testinal absorption, acid-base status, and bone met;bolism.
%he present study was undertaken to investigate the ef-
fect of feeding reduced cation-anion balanced diets achi;ved
by supplementing various mineral salts t; provide excess
amount of anion-forming elements (Cl and S) compared to that
of cation-~-forming elements (Na and K) to sheep in rélation
to; \ o
- major minerals metabolism, .

v - plasma concentrations of major minerals,

- acid-base status,

- Ca mobilization rate during induced acute-hypocal-

cenia, . ,/

- comparison with vitamin D injections,

- kinetiocs of Ca metabolism during eucalcemic and

N

simulated lactational Ca loss.
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ITI. LITERATURE REVIEW _

1. INTRODUCTION

Fd
Calcium (Ca) is necessary for the integrity of cell

membranes and is essential for maintaining nofmai function

] N /

in’ muscle, nerve and secrétoryﬁorgans. For this reason, ex-
tracellular Ca is maintained within very narrow limits by
éndocrine systems concerned with Ca ho?gostasis. These
regulatory systems basically involve the following threé

messengers; parathyroid hormone (PTH), thyroid calcitonin
s

(CT) .and vitamin D, particularly 1,25~dihydroxyvitamin Dj

(1,25(0H)2D3). These messengers are used by three target

-~

organs, namely the gastrointestinal tract, bone and kidney.

3 N t-_a)

2. Calcium metabolism

2.1. Calcium absorption

-

2.1.1. Site of absorption

It is generally accepted that in the ruminant the
majority of dietary Ca as well as pposphorus (P) is absorbed
from the upper portion of the small intestine as evidenced by
a decrease of Ca concentrations in digesta found in the ‘up-

‘E% per small intestine (Smith, 1969; Ben-Ghedalia et al., 1975;
Yano et al., 1979). Phillipson and Storry (1965) reported

that the epithelium of the rumen appears to be relatively
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imbefmeable to Ca<:;en when Ca was in ocondentrations six
times of those normally found in‘the rumen. However, others-
ésggested that these elements were absorbed in consider;ble
amounts before‘reachinx the duodenum, especially in young

animals (Perry et al., 1967; 'Cragle, 1973; Gra@gnet al.,

1974). No Calabsorption was observed in the duodenum or in

" the terminal ileum (Phillipson and Storry, 1965; Ben-

Ghedalia et al, 1975). However, this finding of no net ab-
sorption of Ca in the duodenum must be an artifact created
by Ca secretions in bile and pancreatic juice (Cragle,
1973). In contrast to single—stomacﬁ species, the ruminant
has a considerably high endogenous secretion of Ca from the
large intestine resulting in masking, quantitatively, net
absorption of Ca when measured by a balance study (Kenny,

1981a) . .

2.1.2 Mechanism of absorptidn
,

As proposed by Wasserman ana Taylor (1969), %h absorption
from the small intestine occurs by two proéésses; the first
process is a saturable transmural movement in nature and is
subject to physiological (Pansu et al., 1983b) and nutri-
tional regulation (ArmbrecPt'and Wagserman, 1976); the second
process is thought to be a linear functio§ of the lumiéal
concentration of Ca and appears to be %ndepeﬁdent‘ of age
aﬁd/or Ca intake (Pansu et al., 1983a). The above mentioned

processes (saturable active transport and non-saturable
3

diffu;ivef were obser;ed in non-ruminants but probably also

s
~

14
3

o 2
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operate in ruminants (Braithwaite, 1976). It has been we{l

established that there is an active absorption process in all
of the major segments of the intestine (Kimberg et al.,
1961; Urban and Schedl, 1969; Pansgu et al., 1981; Schachter
and Kowarski, 1982). This process is exhibited to the
greatest extent 1n the duodenum and decreases as the dis-
tance from the pylorus increases (Kimberg et al.. 1961).
Thus, no detectable active absorption of Ca ;as observed 1in
the distal ileum (Pansu et al., 1983b). Walling and Rothman
(1969) conduected a kinetic study and concluded that an ac-
tive transport system became saturated at an 1ntestinal
luminal concentration of Ca at approximately 3 to 5 mmol.

This active transport process i1nvolves a carrier protein,
termed Ca-binding protein (CaBP), discovered by Wasserman and
Taylor (1966) that preferentially binds to Ca. CaBP has a
molecular weight of 28,000 dalton and is located 1n the
goblet cells and in the surface coat-microvillar region of
all intestinal epithelial cells ; its existence in ruminants
was also confirmed (Wasserman and Taylor, 1968: Fullmer and
Wasserman, 1973). The amount of CaBP found in the different
segment of the intestinal mucosa reflected the“31te of ac-
tive absorption of Ca (duodenum’jejunum>ileum) {Taylor and
Wasgerman, 1967) and is thought to Qg a direct reflection of
tbeiamount of circulating 1,25(0H)z2Ds (Behar and Kerstein,
1976), which is the hormonally active daughter metabolite of
the vitamin D;, thus a reflection of vitamin Ds:; status of
animals (Bronner, 1982). \ ,

The second absorption process of Ca, the diffusive
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process, is found to act along all segments of the intestine

S
(Pansu et al., 1983b). There seems to be species dif-
ferences in the nature €Y saturation of this process

measured inm vivo. There was no saturation level in rat and
chicken (Wassermann and Kallfelz, 1962) whereas saturation
at 1.2mM in the dog (Cramer and Duck, 1962) and at ap-
proximately 40mM in sheep (Cramer and van’tKlooster, 1965)
were obser;ed using chronic in vivo preparation (Thiry-
Vella 1lagop).

Therefore, a relationship of the two absorption processes
would be that at lower intraluminal Ca concentrations
saturable transfer is relatively greater than the diffusion
process. The proportion absorbed by diffusion becomes
greater as luminal Ca concentration in the intestinal‘ seg -
ments is increased.

The amount of Ca absorbed by the intestine decreases
wiih an 1ncrease in age (Hknsard et al., 1957; Braithwaite
and Riazuddin, 1971; Ghishan et al., 1980; Keq:y, 1981a;
Pansu et al., 1983a). Hansard et 81.3(1954) found in cattle
that the \percent of Ca absorption decreased with advancing
age being 95% ‘at one month and declining to a value of 23%
at 12 to 16 years of age. Absorptive efficiency of Ca did
not change with pregnancy but during the latter part of
pregnancy the intestinal absorption Of Ca became much more
important quantitatively than the resorption of the maternal
bone in meeting the high demands .for Ca (Ramberg et al.,
1970; Hove and Hilde, 1984), Lactation studies showed an in-

y crease in both amount of Ca abéorption and efficiency of




absorption; efficiency rose from 22.6X prepartum to 34%
during 8 to 14 days postpartum agg as lactation proceeded
the intestinal response declined ;s bone resorption-takes
over the role of meeting increased demand of Ca (Mayer et

al., 1969b; Ramberg et al., 1870).
2.2.Calcium excretion

Caicium is lost from body tissues by excretion into the
intestine and in the urine. Losses into the intestine occur
largely via pancreatic juices and bile and should be ab-
sorbed at the same efficiency once mixed with dietary Ca.
But\lack of correlation between endogenous loss of Ca in the
feces and Ca intake or total fecal Ca suggests that some
discrimination may exist (Braithwaite, 1974; 1979). Although
the rate of excretion of endogenous Ca was found to increase
with increasing age, when corrected for body weight (BW)
its value remained remarkably constant between 10 and 20 mg
d-1 kg-1BW (ARC, 1980) and was affected neither by the
amount of Ca ingested or absorbed (Braithwaite, 1%74; 1979;
1981). fecently, Braithwaite (1982) Ye-examined the
relationship of endogenous Ca loss and feed intake in sheep
and demonstrated an existence of a highly significan§
linear relationship. Endogenous Ca’ loss increased by the

rate of 0.64 mg d-! kg-!BW for each 1 g:d-! kg-!BW increase

.in feed intake.

Urinary excretion of Ca in ruminants is generally low

(ARC, 1980) compared “to that of non-ruminants, who tggg\to
. \\
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0 absorb more Ca than needed and consequently excretes the ')‘
excess in the urine (Schyver et al., 1974). The apparent

transport maximum for Ca of 1.65 mmol L-? glomélular filtra-
.tion (GF) observed in ruminants (Hove et al.,w 1983) was

similar to that for man (1.88 mmol L-! GF) calculated by

Sutton and Dirks, (1978). However, the Km value for reab-
- ~
sorption, which indicates the Ca concentration 1in

ultrafiltrate that is required to half-saturate the transport
Y

mechanism, was much lower than the corresponding value 1n /
man ?Eading to the high rate of Ca reabsorption that charac-

terizes the ruminant kidney (Hansard et al, 1954),
i

Urinary excretion of Ca in ruminants was not affected by

changes in the rate of Ca intake or absorption. However,

o

Braithwaite (1979) reported that there was a Jtendency

k.o d

towards high values with increases of P intake. This hyper-

calciuria aSBociated with P depletion was also observed 1in

man as well as in experimental animals (Lotz et al., 1968).
Riborich and DeLuca (1975) suggested that ‘an unidentified
hormonal factor that may be present in both blood and kidney
. may be contributing to the impairment of Ca reabsorption in

-~

phosphate depletion. Hove et al. (1983) demonstrated a

"direct positive correlation of urinary excretion of Ca to
the total Ca level in the plasma. They calculated that an
elevation of plasma Ca by 2.2 to 2.7 mmol would cause a 20-

fold increase in urinary Ca excretion (ranged from 1 to 2 g

- !
O d-1'). Urinary Ca excretion is influenced by the secretion
rate or circulating blood level of PTH {Toverud and Boass,

1979) and vitamin D (Sutt’on and Di\PRs, 1978). Mayer et al.,

-

R
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(1966) reported a decrease in urinary Ca excretion rate when N

cows were hypocalcemic and ‘had an increased level of cir-

“

culating PTH. ;

”

2.3. Skeletal metabolism

bl

The~skeleton contains 98% of the body’s Ca where it is
~ held in two forms within the soft and fibrous organic
matrix; a crystalline form of Ca phosphate that resembles

the mineral hydroxyappatite and a non-crystalline or amor-

4 phous Ca phosphate form (Koo and Tsang, 1984). It appears

that the amorphous material is predominant in early life and
( is ‘superseded by crystalline appatite in later life (Kunkel
et al., 1986). The rate of accretion of Ca into bone is high
in young animals but decreases markedly in the first few
months of life to a low level at maturity (Braithwaite and
Riazuddin, 1971). There is a small amount of Ca carbonate
present, which probably lies on the crystal mineral surface
of the appatite phase (Barone, 1981). A change in skeletal

b retention of Ca, which is a combination of the rate of bone

‘'resorption and bon,e accretion, reflects changes in total

body Ca retention, Since bone accretion remains relatively

constant in animals of a given age, it is bone resorption

/ that is largely responsible for Ca homeostasis (Braithwaite
. and Riazuddin, 1971; Braithwaite, 1975). At the onset of
cé: lactation, there is an increase in bone resorption to meet

the additional Ca requirement for milk production often

resulting in net loss of Ca (Edner et al., 1971). Kinetic

.
4
1y . .
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studies, however, indicate that the increase in bone resorp-
tion at parturition occurs only qhen Ca intake- during éhe
prepartum period is low, and an increase %P intestinal ab-
sorption is used to meet the additional Ca requiremé;t only
when animals are fed a high Ca diet (Ramberg et al., 1970).
Only a small fraction of the stored Ca in the body is

rapidly exchangeable with the ionized form of blood and soft

.ti§§ue Ca; the size of the exchangeable Ca pool of ruminants

decreases markedly with increasing age and appears to be re-
lated to the rate of bone accretion Braithwaite and Riazud-
din, 1971). Ramberg et al., (1970) reported that there was a
temporary decrease in the size of this Ca pool at the onset
of lactation, which indicated that this p?ol must have some
part in supplying the additional aemand for Ca in cows at

parturition. 4 ‘

3. Calcium regulation by calcitropic hormone

.
[

3.1. Vitamin D and its metabolites

As early as 1850, documentation exists showing that

vitamin D is an essential factor for the optimal absorption
\]

of Ca from the intestine (Nicolaysen et al., 1953). In the

past decale, technological advances have led to & new under-
i

standing of vitamin D metabolism. There are two major
L4
sources of vitamin D in all animals; photochemécal conver-

1

sion of 7-dehydrocholesterol to vitamin Ds and/or ergosterol

from plants to vitamin D;. Dietary supplementation with crys-




talline vitamin D is also commercially available. :%K

Vitamin D undergoes several major' important metabolic
conversions and produces at ' least 20 vitamin D metabolites
(Norman et al., 1982). In ruminants, metabolism of vitamin D
by rumen organisms may involve a detoxification process,
particularly when a {Frze quantity\of vitamin D is ad-
ministered orally (Sommerfeldt et al., 1931). The first meta-
bolic conversion of viiémin D is ;?im}ydroxylation by
vitamin Da-25-hydroxy1:;é to form 25-h;droxyvitamin D,
(25(0OH)Ds ) (Horst and Reinhardty; 1983). This process usually
occur in the liver, although a small amounts of the enzyme
was detected in other organs (Olson et al., 1976). This con-
version takes place in the microsomes as well as in the
mitochondria of the hepatic cells. Fukushima et al. -(1978)
proposed that a fast, high affinity (Km=5.6 mmol) and low
capacity microsomal enzyme reaction was responsible for 25-
hydroxylation of physiological levels of vit;min D (<2.5
mmol) and that superphysiological or toxic levels triggered
a low affinity (Km=1.000 mmb{) and high capacity
mitochondrial enzyme reaction. The activity of hepgtic
vitamin Di-25-hydroxylase seems to be loosely controlled, at
least under chronic conditions (Kenny, 1981b) withkspeéies
differences being observed (Hollis et al., 1977; Horst and
Reinhardt, 1983). Hollis et al. (1981) observed the in-
hibitory action of vitamin D3 -25-hydroxylase by vitamin D3 in
the cow by injecting 15x1061IU of vitamin Dj whe£;as no such
cq?trol action was observed in pigs.

\,
After another hydroxylation by 25(OH)Ds-1-hydroxylase,




0 1,26(0H)sD; is formed mainly in the kidney from 25(OH)Ds
(Marx et ai., 1982). This enzyme was found almost entirely
located in mitochondria in the rena‘l cortex, although 1-
hydroxylase 'activity wags found elsewhere (Koo and Tsang,
1984).

Another enzyme 25(OH)D;-24-hydroxylase was also located

- in kidney , which forms 24,25-dihydroxyvitamin D3
(24,25(0H)2 Dy) from 25(0OH)D3 (Horst and Reinhardt, 1983).
There seems to be a reciprocal relationship between 1-

hydroxylase and 24-hydroxylase products; when one is being

3y
i

synthesized and released, production of the other ais

-

ppressed (Boyle et al. 1971). The biological function of
{Q &25(0!{ )2D; is not well understood but Smith et al. (1982)
’u reported an inverse relationship between serum Ca and
24,25(0OH)2Ds levels, in hypocalcemic dairy cows.

Metabolic conversion of vitamin D must occur before 1t

becomes functionally active® and at least several vitamin Dj

metabolites (25(0H)Ds , 1,25(OH);Ds and 24,25(0H);Dy) may ex-
ert biological effects. However, it is generally agreed that
1,25(0H);D; is the major hormonally-active metabolite at
physiological concentrations (Koo and Tsang,\1984). The major
target organs for 1,25(OH)a2D; are intestine, bone and ki;iney
but receptors for 1,25(0H):D; have been found in other

tissues such as the parathyroid gland (Wecksler et al.,

1980). 'I;’he biogenesis of 1,25(0H); D3 is regulated by the
0 strong feedback control by the need for Ca (Friedlander et
al., 1977; Green et al., 1981; Pansu et al., 1981) or by the

v need for P (Fox et al., 1978). In states of Ca and P deple-




tion and under the stimulation of PTH, the activity of the

25(0OH)Ds~-1-hydroxylase in the kidney is increased and
1,25(0OH)2Ds produc£ion igs facilitated (Fraser and Kodicek,
1973).

There is a modest yet significant increase 1in 1-
hydroxylase activity under dietary P depletion. However, P
depletion may play a more important role in the actual bind-
ing of 1,25(OH)3D:, to the intestinal mucosa tissue since
phosphate depletion elevates the integstinal levels of.CaBP
even in the presence of exogenous 1,25(0OH):Ds (Putkey and
Norman, 1982). On the other hand, in states of Ca and P suf-
ficiency, 24,25(0H):2D; is produced predominantly (DeLuca,
1979). A sharp rise in the enzymatic capacity for production
of 1,25(OH)2Ds is associated with a reduceg blood Ca level
and this increase in the activity of 25(OH)Dis-1-hydroxylase
may be via the secretion of PTH; the parathyroid gland per-
ceives hypocalcemia and secrets P;H to stimulate 25(OH)D3-~1-
hydroxylase production in the kidney, among its other func-
tions (Koo and Tsang, 1984).

1,25(0OH)2Ds acts in the small intestine to increase Ca
absorption, particularly by the active transport process
(Omdahl and DelLuca, 1977; Pansu et al., 1981; DeLuca et al.,
1982; Yeh and Aloia, 1984). There is considerable evidence
to support the claim that vitamin D3 also enhances passive
transport By increasing permeébility of the intestinal
mucosa cell to Ca (Bronner, 1982; Yeh and Aloia, 1984). The

stimulative actions of 1,25(OH)zDs on intestinal active

transport of Ca are suggested as follows: 1,25(OH):Ds; binds



¢.3

. 14
J
to a cytosolic receptor of intestinal cells and the
1,25(0OH)2Ds ~-receptor complex moves intranuclearly .where DNA-
directed mRNA synthesis is initiated; the mRNA or mRNAs move
to the endoplasmic reticulum where polyribosomal translation
and protein synthesis are initiated (Wasserman, 1981; Pike,
1985). It is assumed that protein or proteins synthesized
are directly involved in Ca transport and CaBP, is one of
these proteins (Kennyj 198la). At a steady state, the
relationship between intestinal levels of CaBP and the cir-
culating’levels of serum Ca and P have been endocrinologi-
cally established (Putkey and Norman, 1982). Vitamin D3 also
has an influence on Ca-dependent ATP and alkaline phosphate
activity, which may be involved in Ca transport across
membrane, located in either the brush border and/or basal
latera]l membrane of the intestinal cells (Kumar, 1984).

Regardless of the mechanisms, without vitamin Di the intes-

tinal absorption of Ca as well as P diminish (Harrison and
Harrison, 1961; Wasserman and Taylor, 1973; Napoli et al.,
1982).

Vitamin D3 metabolites are also known to influence the
regulation of both bone reso?ption and mineralization, par-
ticularly 1,25(0H)2Ds, which is a potent stimulator of bone
Ca resorption (Holick et al., 1976) and also 24,25-(OH);D;
(Tam et al., 1986). Bone resorption is necessary for skele-

tal growth and remodeling and for the regulation of blood Ca

‘and P concentraiions. Holtrop et al. (1981) reported that

>

1,25(0H):Ds increases the number and activity of osteoclasts,

which is the characteristic cell localized in regions of ac-
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tive bone resorption in the absence of PTH. Marie (1982)
reported that the injeotién of 1,25(0H)2Ds resulted in in-
creased the rate of efflux of Ca from bone and caused to
stimulate the activity of existing osteoclasts without in-
creasing serum’Ca. He also found that Ca released from bone
was immediately utilized for new bone mineralization. Ramp
et al. (1980) reported that vitamin D deficiency reduced net
Ca efflux and increased net magnesium (Mg) efflux ffom the
bone. Recently Chambers et al. (1985) " suggested that
1,25(0H)2D3 acts via action of prostaglandin (PG).

In contrast to the above findings, Braithwaite (1980)
suggested that the major action of 1,25(0OH)2Ds was to in-
crease the rate of bone accretion and to decrease the rate of
bone resorption since animals injected wi@h vitamin D,
showed an increase in total body retentioﬁyof Ca reflecting
an increase in skeletal retention. This increased rate of
bone accretion has been }eported in man and in lactating ewe
treated with 1-alpha-OH-D, (Pierides et al., 1976; Braith-
waite, 1978). Recently, Kurihara et al. (1986) reported that
1,25(0OH)2D3 had a direct specific anabolic effect on os-
teoblastic cells in vitro du;ing the growth phase and that
this effect was related to receptor concentrations.

In the kidney, 99% of filtéred Ca is normally reabsorbed
in the abseﬁfe of vitamin D. The remaining 1% is wusually un-

der the direct control of vitamin D (DelLuca, 1978). Thus,

‘vitamin D contributes a small but significant component in

renal Ca absorption. Receptors for 1,25(0OH)3: D3 were found in

both proximal and distal nephrons in the rat and the hormope

-
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enhanced the tubular reabsorption of Ca as well as sodium

35
L
%
_*'T

(Na) and P (Puschett et al., 1972). However, Sutton and
Dirks, (1978) suggested\that the effects of vitamin D; on
renal Ca handling are variable and may depend, in part, on
the prior vitamin D status of the animals. %ubular Ca reab-
sorption has been shown to increase 48h after the administra-
tion of vitamin D to vitamin-D deficient rat. In vitamin-D
repleted humans, 1,25(OH)zD; has been shown to increase Ca
excretion before any change is obse;ved/in plasma Ca or PTH
level (Brickman et al., 1981). Also 25(OH)D3 was found to

enhance Ca reabsorption independent of both Na reabsorption

in the distal nephron and the ©presence of PTH\}Puschett et

)

al., 1972; Sutton et al., 1977) .

L

k.

3.2. Parathyroid hormone (PTH)

Ph&giologically, PTH is the most important regulator of
extracellular Ca concentration (Koo and Tsang, 1984). Secre-
tion of PTH in response to a lowering of serum Ca concentra-
tion is rapid , and together with the short half life'(20 to
30 min) of circulating PTH this horane is thought to be of

major importance in the minute to minute regulation of bieod

Ca concentration (Ramp :-and Waite, 1982).

PTH indirectly stimulates intestinal absorption of Ca and

P through stimulat?on of 25(0OH)~1-hydroxylase activity and

O in an elevation of 1,25(OH)2D; production (Goff et al.,
1985b). Pang et al. (1980) also suggested that potent

vasogs}ive properties of PTH that \influence hemodynamics ]

¢ §




requires consideration of the possibility that PTH may in-

fluence intestinal Ca absorption by influencing\blood flow

through the intestine. s

PTH alsoﬁenhances the bone resorption process,
"osteocytic osteolysis”, which may be responsible for a
rapid movement<;} Ca from bone to éxtracellular fluid (Vaes,
1968), and may also inhibit bone mineralization Airectlyiby
its action on osteoblasts (Silve et al., 1981); both of
these result in an increase of Ca concentrations in blood.
Garabedian et al. {(1974) suggested that PTH and 1,25(0H)1Dt
probably function together as physiologic synergists in
stimulating bone resorption by acting at separate receptor

sites in the bone resotrbing cells. Thus, he conclﬁded that

the mobilization of Ca and P from bone requires both

1,25(0OH)2D3 and PTH.

PTH inhibits the proximal tubular reabsorption of Ca, P,
bicarbonate and Na (Puschett, 1978). However, the ultimate
urinary concentrations of these ions revealed a decrease in
Ca excretion , an increase in P excretion and minigum to
negligible effects on Na and bicarbonate excretion (Ramp and
Waite, 1982). Therefore, reabsorption of these ions at sites
distal to the proximal tubules in response to PTH causes
different total excretion output. While Na and bicabonate
does not respond to PTH, PTH inhibits reabsorption of P
(Puschett, 1978); the reabsorption of Ca which is inhibited

by PTH in the proximal tubes is stimulated by the PTH at

distal sites resulting in a decreased loss bf Ca in the
«
urine (Ramp and Waite, 1982).

.
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o The net effect of PTH is the elevation of serum *Ca and’
lowered P concentrations. Major i)l{ysiolozical stimuli for
increasing the secretory rafe of PTH are Ca, Mg as well as
beta-adrenergic agents and cyclic-AMP (Ramp and Waite,
1982) . Among the regulators of PTH, Ca is the most potent,
particularly in its ionized form in blood (Fisher et al.,
1973) . Mayer et al. (1975) reported that the secretgry rate
of PTH was only modestly influenced by chkanges in blood Ca
levels above 10 mg dL-t, however, below 10 mg dL-! decre-
ments in blood Ca profoundly influenced PTH secretion. Goff

et al. (1985a) reported that the continuocus infusion of syn-

thetic bovine PTH stimulated renal conservation of Ca, renal

4

l-alpha-hydroxylation of 25(OH)D; and bone regsorption 1in

g

¢..

pregnant ,féows even in the presence of slight hypercalcemia.
Mayer and Hurst (197_8) reporat‘ed that the PTH secretion was
most pronounced when plasma Ca was in the mildly hypocal-
cemic range with a relatively constant basal secretion of ™
PTH in normocalcemia and little or no addition;l PTH secre-
tion\occurred when plasma Ca was less tha.n 7.5mg dL-1, thus

resulting in a sigmoidal type of PTH secretion response to

plasma Ca concentrations. Lack of effects of dietary P on

PTH secretion was demonstrated by Sherwood et al. (1968). .

3.3. Calcitonin (CT)

]

@ Another calcitropic hormones is calcitonin (CT) produced

~

by the thyroid gland C-cells in response to hypercalcemia

(Black et al., 1973a). A 100-fold increase in circulating CT
\ N

- '
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was observed following an increase in blood Ca level from 10

mg to 14 mg dL-* (Cooper et al., 1971). Secretion of CT ?s
also stimulated by gastrin, glucagon and cholecystokinin
along with several other structural analogues of these hor-
mones (pentagastin and cerulein ) (Koo and fsang, 1984).

Once CT has been secreted, the hormone acts on bone to
modulate the rate of Ca and phosphate (PO.) flugmlqto and out
of bone storage pools. Phosphate 'and CT are JZQ‘ physiologi-
cal inhibitors of bone resorption and they lfunctlon syner-
g£1s8tically, probably by different mechanisms (Raisz and
Niemann, 1968). CT powerfully inﬁibits osteoclastic bone
resorption (Holtrop et al., 1S874) which may result 1in
decreased mobilization of Ca and PO« from bone. In addition,
it has been proposed- that CT inhibita the effl&x of Ca from
the extracellular fluid (ECF) of bone 1into thé circulation
{Talmage et al., 1980).

Action as well as target site of CT compared to that of
PTH or antidiuretic hormone in kidney tissue are different
(Marx and Aurbach, 1975). CT decreases renal tubular resorp-
tion of Ca and P as well as that of Na, potassium (K) and Mg
(Koo and Tsang, 1984). The overall effects of CT 1n plasma
is a reduction of Ca and P concentration. Recently, Mastui
et al. (1984) reported in sheep that the infusion of CT
stimulated Ca and P excretion via bile and P excretion via
saliva. Thus, they concluded that hypophosphatemia 1induced

by CT was largely due to the increment of salivary excretion

of P. .
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4, Nutritional aspects affecting calcium metabolism

4.1. Dietary calcium

The efficiency of Ca absorption increases when animals
have been maintained on a Ca deficient diet mainly via an
increase in the saturable vitamin D-dependent active
transport. It was demonstrated that if animals were fed Ca-
defiq}ent dieﬁs, CaBP content of their intestinal mucosa
cells would increases as much as 100% if adequate supply of
vitamin D 1s pfesent (Pansu~et al., 1981b). Phis increase in
the efficiency of absorption, which adapts to changes in
luminal Ca concentration, would require at least several
hours because .it involves the synthesis of new Qrotein
(CaBP)(Allen, ¥982). In addition to the Ca concentration of
the 1luminal contents, studies indicate that the habltugl Ca
intake (Ca stasis) affectdg Zhe efficiency of absorption so
that a long-term adaptive mechanism is also operative
(Benson et al., 1969). Braithwaite (1979) repo;ted using
sheep that an increased intake of Ca from 40 to 100 mg d-!
kg-1 BW resulted in a reduction of efficiency of éa absorp-
tion by intestine from 31.6 to 10.6%. Black et ai. (1973b)
demonstrated that feeding elevated levels of Ca (150 g d-!)
to prepartum dairy cows resulted in a reduction in ef-~
ficiency of Ca absorption from the intestine éccompanied by
a reduction 1n the size of microvilli of absorptive cells as
well as a reduction of length and surface areas of microvill

compared to that of animals fed a recommended level of Ca

1 -




(35 g da-1).

The intestine can adapt to habitually low Ca intake,
therefore, it 1is commonly believed that dietary Ca
deficiency per se does not lead to a dramat?c incrque in
skeletal resorption (Allen, 1982). However,’ there seems to
be a lower limit to Ca intake, below which Ca absorption
even with an increased efficiency plus bone resorption can-

not adapt sufficiently to maintain Ca Dbalance leading to a

negative Ca balance (Braithwaite, 1983a).

AN

~

4.2. Dietary phosphorus
|

The close relationship between the skeleton and the me-
tabolism of Ca and P was demonstrated by the findings that
the amounts of Ca and P in the skeleton decreases when a
diet low in P 1is fed (Kemm, 1976; Braithwaite, 1983b) and
that P retention is controlled by the rate of Ca retention,
which is itself directly related to Ca absorption. The
depletion of P by feeding diets low in P leads to enhanced
Ca transport by the intestine (Abdel-Hafeez et al., 1982)
possibly by an increased ability by the intestinal mucosa
cells to accumulate circulating 1,25(0OH);Ds ( Horst et al.,
1978b; Sommerville et al., 1978). Although, these studies
did not definitively demonstrate an affect of P on
1,25(0H)2 D, receptor concentrations, their results cor-
responded consistently with hypothetical increases in intes-
tinal 1,25(OH)3:D3 . receptors (Horst and Reinhardt, 1983).

Feeding excess P (1.2% DM) with a relatively normal amount

%’ - ~ &
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of Ca (0.6% DM) to rats resulted in both an accelerated bone
resorption and a increase in urinary Ca excretion compared
to feeding a diet low in P, (0.3%) to rats (Bell et al.,

1977).

4.3. Dietary magnesium

The efébct of Mg on Ca metabolism is not consistent and
depends upon many factgors (Wasserman and Taylor, 1969).
However, both Ca and Mg have similar effects on the
regulatory hormone of Ca absorption as well as bone
mineralization. Acute increases in plasma Mg stimulates CT
secretion, although the effect of Mg on both hormones is
less potent than that of Ca (Pento et al., 1974; Habengy and

Potts, 1976). In contrast, chronic Mg deficiency may impair

the secretion and release of PTH (Anaat et al., 1976) and

5

may be associated with PTH taréet organs resistance (McManus
et al., 1971). Contreras et al. (1982) reported that cows
with subclinical hypomagnesaemia induced by feeding a diet
with a low Mg (1.1 g d-!') content, showed a reduction in
their ability to mobilize Ca in response to a hypogﬁlcemia
artificially induced by means 6% continuocus intravenous in-
fusion of EDTA. This result was confirmed by Samson et al.
(1983).

In both the kidney and the intestine, Ca and Mg may be
absorbed at a common site (Alcock and MacIntyre, 1962). Ca
does not interfere with Mg absorption particularly in™the

intestine, although Mg depresses Ca absorption.to a modest
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extent (Rude and Singer, 3981). Hypomagnesaemia may also
cause a reduction in Ca absorption through decreased
1,25(0H)a1D, production that is secondary to a decreased PTH
secretion (Morehead and Kessner, 1969).
.
S

5. Acid-base status and calcium metabolism

The pH value of‘digesta from different segments of in-
testine varies; it is the lowest in abomasum and increase as
it moves down the digestive trﬁct. Lee (1977) reported that
digesta taken from the abomasum, proximal duodenum, jejunum,
ileum, cecum and terminal colon of sheep fed lucerne alfalfa
hay had pH values of 3.49, 5.14, 7.55, 7.66, 6.96, and 7.23.
Storry (1961) reported that practically all of the Ca 1n the
abomasum was ultrafiltrable because of a low pH. Since the
solubilities of dietary Ca salts increases as pH declines
and the observation that pH of the digesta in the upper in-
testiQe is relatively low: The upper intestine would be the
major site of Ca absorption in ruminants (Smith, 1969; Ben-
Ghedalia et al., 1975; Wheeler and Noller, 1977). It was
also hypothesized that the solubility and concentration of
Ca in the supernatant fluids of digesta may increase with a
decrease of pH in digesta when an adequate amount of dietary
Ca is fed, thus leading to an increase in Ca ébsorption rate
(Yano et al., 1979). However, with‘in vivo studies on
duodenal loops in dogs, it was demonstrated that there were
no differences in Ca absorption rates when the pH of the

contents. of the loop were altered to 3.3, 5.2, and 7.4

.
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(Cragsr, 1968). This lack of pH effect was also dsponstrated
in duodenal loops of chickens (Wasserman, 1963).

Asidé\grom the pH value of digesta, Girndt et al. (197§)
reported in rats that a link exists between plasma Ca cbn-
centrations and acid-base metabolism; a direct linear
relationship was shown between concentration of’plasma Ca
and standard bicarbonate. They also observed a negatives

linear r®lationship between plasma pH and plasma ionized Ca

<
expressed as a proportion of total Ca concentration.
Bronsnan and Bronsnan (1982) calculated that a decrease of

0.1 pH unit increases the ionized form of plasma Ca by ap-
proximately 0.04 meq L-!,. Phosphate, ammonium chloride
(NHsCl) and sulfate (SOq) are compounds that form acids upon
digestion and could create acidic conditions in animals. Me-
tabolic acidosis induced by the ingestion of ammonium
Chloride (Nk.Cl) in sheep produced an increased Ca absorp-
tion (g d-! and percentage) and an increased urinary Ca
excretion (Braithwaite, 1972). Ender et al., (1971) also
demonstrated an increase in Ca absorption as well as in Ca
retention by dairy cows offered a diet composed of mineral
acid supplemented silage.

Barzel and Jowsey (1969f\demonstrated in rats that
chronic metabolic acidosis induced by feeding NH4Cl resulted
in an increased bohe resorption rate that o?curred without
affecting blood Ca)and P concentrations and that long-term
ingestion of sodium and potassium bicabonates to correct the

acidotic condition prevented these changes. They concluded

that cellular mechanisms involved with bone formation and
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Lbone resorption may be responsive to acid-base balance, af-

fecting the storage of alkaline bone material during the in-
take of excess alkali and the release of bone during periods
of acidosis. Recently Arnett and Dempster (1986)
demonstrated in vivo that by reducing pH of medigm from 7.4
to 6.8 a 14-fold increase in the bone resorption process by
osteoclasts occurred. The soluble Ca salts found 1in the
labile phase of bone and in intracellular organs can be

golubilized by an increase of hydrogen ion concentration ac-

cording to the following equations;

Caj (PO4 ) + 2Ht ---> 3Ca2*+ + 2HPOQs2-
(Hydroxyappatite)
CaC0O; + H* —---> Ca?* + HEO;3-

In both cases, the insoluble Ca salts that buffer the in-
creased hydrogen 1on concentration is rendered soluble and at
the same time generates anions (HPO42- and HCO:;-) that may
buffer additional protons (Barone, 1981: Bronsnan and
Bronsnan, 1982). Goulding and Cambell (1984) reported that a
high intake of NaCl depressed the accumulation of mineral in
bone. Bell et al. (1977) used diets that differed in their
titratable ash-acidity (Ash-TA), defined and calculated as
the sum pf the milliequivalents of anion-forming mineral
elements (sulfur (S), Cl and P) minus the sum of the mil-
liequivalent of cation-forming mineral elements (Na, K, Ca
and Mg) to establish metabolic acidosis. They, as well as
Camien and Gamick (1967) foundlthat an 1increase of ash-TA in
the diet from alkaline to neutral or from neutral to acid

was not accompanied by an increase in bone resorption rate;

R (
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ingtead it altered the route of Ca excretion, shifting the
excretion of some endogenous Ca from feces to wurine. Fur-
thermore, Newell and Beapcheme (1575) demonstrated that no
changes in bone mineral composition occurred when rats were
fed diet with 2% NHCl DM basis.

It was proposed that the changes in urinary_ba excretion
observed in metabolic acidosis are caused +hy a com‘ipnd in-
volved in renal tubular Ca reabsorption situated beyond the
proximal tubule, which is inhibited by chronic but not acute
metabolic acidosis and enhanced by metabolic alkalosis { or
bicabonate infusion) independent of PTH level (Sutton et
al., 1979; Marone et al., 1983). Peraino and Suki (1980) and
Peraino et al. (1980) demonstrated that effects of bicar-
bonate to decrease renal Ca excretion in the state of meta-
bolic acidosis were due to changes 1n urine Dbicabonate

-
excretion per se rather than the changes in systemic acid-
base balance.

Sulfur is normally consumed in the diet as S-containing
amino acids, thus Whiting and Draper (1981a) suggested that
the variable calciuric effects of different protein was re-
lated primarily to their S-amino acid contént. 1In rats,
given high protein diets, the S-amino acids inhibited renal
tubular resorption of Ca by increasing the formation and

excretion of nonabsorbable calcium sulfate salts in urine

(Whiting and Draper, 1981a; 1981b; Wyshak, 1981).
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6. Milk fever

Milk fever (hypocalcemic parturient paresig) is a meta-
bolic 5;;;38e occurring at the time of parturition and is
manifested by 1low concentrations of blood Ca
(hypocalcemia). Appearance and diag;ose of milk fever coin-
cided with the feeding, selecting and breeding of cows for
higher 1level of milk production. The first evidence of milk
fever was mentioned in the literature in Germany by Eber-
hardt in 1793 (Hutyra et al., 1938). Today, milk fever 1is
categorized to be one of the most 1mportant dairy diseases
with respect to economics. Payne (1966) listed the national
estimate of depreciation due to milk fever in Great Britain
at 161,000 pounds annually.

In the United States, the annual loss from milk fever was
estimated to be approximately $10.5 million in 1965
(Littledike<;1974). Payne (1968) reported that cows that
have‘;;d milkwfever depreciated by an average of 16 pounds in

market value and also suffered marked reductions in produc-

tive life. Block (1984) reported cows that had suffered

from milk fever showed a 14% reduction in total milk ©produc-
tion for an entire lactation period. Mullin (1975) reported
that 8.79% of 5000 cows studied became severely hypocalcenia
and suffered from milk fever. Recently, Curtis et al. (1984)
using 1,983 Holstein cows from the New 'York Dairy Herd Im-
provement Cooperative records reported an incidence of 4.7%.

Losses from this disease are very difficult to estimate

because of secondary complications including degeneration
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and necrosis of muscle, nerve paralysis, split pelvis, rup-
tured gastroentenius tendons, mastitis and ketosis

(Littledike et al., 1981).
6.1. Biochemical and physical changes

Milk fever is usually associated with parturition and
the initiation of lactation when Ca homeostasis is chal-
lenged and is most subject to failure because of the large
drain of extracellular Ca into the mammary gland for the
synthesis of colostrum (Payne, 1964a). Ca secreted 1into
colostrum, which has a higher Ca content (0.26%) than milk
(0.13%¥)(Folet and Otterby, 1978), in one hour 18 ap-
proximately equal to one haif of the total ©blood Ca at any
one time (Mills, 1979)., As a comparison of the demand for Ca
during gestation to lactation, Littledike (1974) reported
that the demand for Ca during lactation exceeds that of
gestation by a factor of 2 to 5. This additional Ca needed
at the initiation of lactation may be met by an increased
intestinal Ca absorption and/or resorption of Ca from bone
(Braithwaite, 1976). Ramberg et al. (1970) using an 1sotope
technique, concluded that the increase in flow of total Ca
through the body at the onset of lactation was mainly a
result of an increase {n Ca absorption from the intestine
and that bone resorption did not contribute to the total in-
flow until two weeks postpartum. This Ca dependency from

intestinal absorption during lactation was confirmed

recently by Hove and Hilde (1984).
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The initial symptoms of milk fever may include e:;ite—

ment, tetany 'and fine muscle tremors. There may be 1
agppetite, shaking of the head and grinding teeth. More
characteristically, the animal sinks into a sternal recum-
bency, becomes drowsy and the head turns into the flank. The
cow finally |©becomes paretic with "dry" eyes and dilated
pupils, falls into lateral recumbency and may die in a coma
or convulsions.

It is recognized that most cows, regardless of whether
they develop clinical signs\of milk fever or not, show some
degree of hypocalcemia associated with parturition. In typi-
cal postpartum hypocalcemia, it taRes 1 to 2 days to reach
the lowest blood'Ca level and another 2 to 3 days for to
stabilize within the normal range again (Littledike et al.,
1981). Cows suffering from classical milk fever, however,
develop a sévere hypocalcemia and a reduction of both to-
tal and ionized forms of Ca in blood. Normal plasma con-
centration ranges for Ca are 8.5 to 11.4 mg dL-t (Jorgensen,
1974) and when plasma C: levels fall below 6 mg dL-!
paresis occurs (Jorgensen et al., 1978). In a field study
(Vagg et al., 1981), clinical diagnosis of milk fever was
confirmed when plasma "Ca level decreased to less than 7.0 mg
dL-1t, Paretic animals also showed marked hypophosphotaemia
({Littledike et al., 1969); this phenomenon is also an exag-

geration of normal occurrences at parturition (Mayer et al.,

1969b; Littledike et al., 1970).
bl

In contrgst, the concentration of plasma Mg in the

periparturient period is generally elevated (Marr et al.,

o
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1965; Littledike et al., 1969; Forslund et al., 1983) al-

though in some :#¥cases hypomagnesamia develops (Barber et al.,

1983). Also, plasma concentration of urda\ nitrogen, lactic
/
acid, pyruvic acid and Cl increase a8 does hematocrit

(Littledike et al., 1981). Blood glucose is usually not af-
fected (Lindsay and Pethick, 1983).

Hormones regulating blood Ca are affected by milk fever
and vise versa. The active metabolite of vitamin Dj;,
1,25(0H)2D,, was‘“reported. to increase in paretic cows
(Kichura et al., 1982) with no changes in other wvitamin Dj
metabolites including 24,25(0OH)2Da, 25,26-dihydroxyvitamin
Ds (25,26(0H):Ds) and .25(0H)Ds (Horst et al., 1979).
However, Smith et al. (1982) reported increased plasma con-
centrations of 24,25(OH)2D3s in paretic compared to normal
cows. Horst and Reinhardt (1983) hypothesized that paretic
cows suffered from a-interference and/or .a reduce sensitivity
of 1,25(0OH)2D3 receptors at the target organs and thus con-
cluded that 1,25(0OH)2Ds generally promotes a net influx of
Ca into the body, however, its overproduction ins paretic
cows may promote a net efflux of Ca from the body to the
mammary gland that is large enough to promote hypoca%cemia,
especially in the absence of intestinal and bone responsive-
ness to 1,25(0H)2Ds.

Horst et al. (1978a) reported increased parathyroid

hormone (PTH) in paretic cows. Because the ruminant has a

continuous flow of dietary Ca to the intestine resulting

from continuous rumen emptying, it was suggestied that the

ruminant has little or no "exercise" of the parathyroid to
)
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secrete PTH because of a lack of fluctuating blood Ca
levels. Therefore, ruminants are unable to respond quickly
with secretion of PTH in postparturient hypocalcemia
(Kronfeld, 1971). However, there was no time lag observed
between the induction of hypocalcemia at parturition and the
secretion of PTH (Mayer et al., 1969a).

Mayer et al1,(1975) and Hollis et al. (1i;}6 feported a
reduced calcitonin (CT) cgg}entration in paretic cows, Also,
reduced concentration of extractable CT in the thyroid gland
and a reduction in size, number and secretory activity of
parafollicular cells in paretic cows were reported (Capen
and Young, 1967; Black et al., 1973a). g

Sasser et al. (1979) and Hollis et al. (1981) reported
an increase in levels of estrogen, estrone and prolactin in

paretic cows. Also, paretic cows demonstrated elevated plasma

cortisol ( Hayashi et al., 1979; Horst and Jorgensen, 1982;

Waage et al., 1984), plasma and urinary hydroxyproline
(Hollis et al., 1981; Black and Capen, 1971), plasma
choliﬁesterase,(Forslund et al., 1983) and plasma non-

esterified fatty acids (NEFA) (Luthman and Persson, 1975).

-~
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6.2. Nutritional factors affecting the occurrence of milk

fever .

With all the factors contributing to the occurrence of
milk fever, nutritional factors emerge as a top priority.
Ender et al. (1962a; 1962b) and Edner and Dishington (1970)

demonstrated that milk fever is, in fact, a typical nutri-
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tional disord;r. Théy induced milk fever in 60 to 76% of
cows fed avmilk-fever-inducing diet containing low P (8-10
g€ d-1') and high Ca (100-200 g d-!) whtr~offered without ini
terruption from three months prepartum until 10 day postpar-
tum¢ Thus, they concluded that the feeding of high quan-
tities of Ca in roughages, such as alfalfa or clover,&to ma-
ture cows for three months before calving was the major !
cause 6f their experimentally-induced cases of milk fever.

Recently, Bloch (1984} induced milk fever in 47.4% of cows

fed a diet with high Ca (0.63 to 0.69% DM), low P (0.24 to
0.25% DM) and a high ratio of Ca-to-P (2.63 to 2.89)
achieved by the inclusion of alfalfa hay in the diet. Jor-

gensen (1974) concluded from a survey of all the relevant

information concerning the occurrence of milk fever that an

R MO W 0 TN, Rt A TRAE M s BN T

intake of Ca above 100g d-£ increases the incidence of

milk fever. The importance of intake of dietary Ca rather

than intake of dietary P or the Ca-to-P ratio in relation
to the incidence of milk fever was also reported by Mayer et
al. (1969b).

Evidence suggests that the Ca content of the prepartum
diet plays an important role in the development of milk
fever and animals fed low levels of Ca prepartum are better

able to maintain plasma Ca levels at parturition than those

fed high Ca diets (Braithwaite, 1976; Kichura et al., 1982).

Ender et al. gi@&ZElJ/and Barton et al. (1983) reported that

‘:; cows may develop milk fever when the intake of P was high:
medium or low if the Ca intake is excquingly high. Others

suggested that dietary P level itself is the critical ele-

i)
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ments in the development of milk fever (Scott, 1965).

On the other hand, Little and Wright (1975) proposed that
the dietary ratiolgf Ca-to-P , may have a greater sig-
nificance in the/a&ﬁology of milk fever than the total in-
take of each eiement using the evidence'provided by Boda
(1956 ) and Boéa and Cole (1954). However, it was
demonstrated that ratio of Cirto—P 1n the diet had no effect

on serum levels of either elément (Bush and Steevens, 1970)

and that cows can tolerate a wide range of Ca-to-P (as high

as 5:1) without any visible detrimental effect (Hoar et
al., 1970) but the amount of Ca and P absorbed and/or
retained 1is directly influenced by Ca-to-P in diets {Bush
and Stevens, 1970; Braithwaite, 1975). Young et al. {1966)

demonstrated that pregnant heifers had higher retention of
Ca and P when diets contained a ratio of 2 than a ratio of
1. Kendall et al. (1970) concluded that the optimum ratio of
dietary Ca-to-P is about 2.3:1 and that any ratioc wider or

narrower than this tended to predispose the animal to milk

~

fever. The ratio of 2.3:1 is approximately the ratio of Ca

to P found in bone. Kendall et al. (1970) and Gardner (1970)
)

concluded that if animals were fed more than 100 grams of Ca

per day dur%ng the dry period (requirement ranges from 23 to
L}

40 g d-1) and also were fed a prepartum ration that contains

a dietary ratio of Ca-to-P at 2.3:1 the incidence of milk

fever markedly increases. *
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7. Prevention of milk/fever

The high economic losses r;suiéing from milk fever oc-
curring in the dairy industry has created the need for the
development of the methods for reducing the incidence of
this disease (Payne and Manston, 1967; Littledike et .
1981: Goff et al., 1987). There are two major areas of
preventative methods; the use of vitamin D3 and its metabo-

lites, and dietary manipulations.
7.1. Dietary manipulation

7.1.1. Dietary calcium and phosphorus levels and their

ratio.

A relationship between dietary ratio of Ca-to-P and the
incidence of milk fever was initially studied by Boda and
Cole (£954). They observed that cows fed a large amount of
Ca in relation to the amount of P for varying lengths of
time during the dry period had a relatively high incidence
of milk fever, whereas cows fed rations low in Ca in rela-
tion to P had a much lower incidence. However, their ex-
perimental diets were impractical from a managerial
standpoint and the adverse effects of feeding such rations
would likely outweigh any possible advantages to protection
against milk fever (Bush and Steevens, 1970).

Going et al. (1974) reported a reduction in incidence

of milk fever in cows fed diets low in Ca (approximately 15
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g d-1) for the last 2 weeks of pregnancy. The low Ca diets
during the dry period would force animals to rely less on Ca
absorption from the intestine and rely more on Ca mobiligzed
from bone at parturition when the Ca homeostatic mechanism
is stressed (Green et al., 1981). Additionally low Ca would
stimulate the mechanism involved in active absorption of Ca
from the small intestine and when animals are transferred to

7

a Ca-rnitch diet postpartum an incre?se in Ca absorption from
the intestine would occur (Braithwaite, 1974), which would
increase the endogenous Ca pool. Furthermore, Braithwaite
(1982) reported a reduction of endogenous fecal Ca*when
diets were low in Ca resulting 1n ,more efficient use of
the absorbed Ca even though higher endogenous fecal Ca
losses have been observed during pregnancy and lactation
(Braithwaite, 1983a).

Animals given low Ca diets prepartum should, therefore,
be ideally prepared to meet the high Ca demand at the in-
itiation of lactation when great pertubations of Ca homeos-
tasis and the changes of hormonal responses to their target
organs occur.

Recently, Kichura et al. (1982) reported success ful
prevention of milk fever by feeding diets llow in P prepar-
tum (10 g d-!') over a wide range of dietary Ca levels (9.5
or 86 gPd-1). Thi; low level of dietary P did not create an
elevation of plasma 1,25(0OH)2D; 1level whereas feeding low Ca
diets wusually elevates this metabolite (Green et al., 1981)

and this higher 1,25(OH):D; concentration would result in

an increased Ca absorption from the small intestine (Omdahl
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and DeLuca,11977). However, Sommerville et al. {(1980) and
Horst et al. (1978b) showed that 1,25(0OH)2Ds accumulated in
the intestinal mucosa of animals fed low dietary P irrespec-
tive of 1,25(0OH)2Ds concentrations in plasma, Kichura et al.
(1982) found an increased binding of 1,25(OH)2D: to the in-
testinal mucosa receptors resulting in an increased ef-
ficiency of absorption of Ca and P when prepartum rations
were low in P. However, Barton et al. (1987) could not in-
fluenced the incidence of milk fever by feeding a low level
of dietary P.

Curtis et al. (1984), studying the epidemiology of milk
fever in North America, reported that the incidence of milk
fever was reduced with the feeding of high dietary protein
during the early stage of the dry period along with ilow P
and high energy "lead feeding" closer to calving. They also
sf ound th;t the amount of Ca in dry period was not an impor-
tant factor in relation to the occurrence of milk fever when

dietary P was low.
7.1.2. Acidic diets s

In 1962, Ender et al. (1962b) reported that the incidence
of milk fever was incredased by feeding alkaline ration
high in Ca (100 to 200 g d-1') with.various amounts of P for
three month prepartum, whereas feeding a low alkaline ration
containing A.I.V. s8ilage (si%sge preserved with mineral
acids) resulted in low occurrances, even though Ca content

was as high as that of the high alkaline rations. Kendall et
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al. (1969) reported a reduction in the incidence of milk

fever (16.5%) in cows fed an acidic diet (NH(Cl supplemented)
compared to a 50X incidence in cows fed a basic diet (NaHCb;
supplemented). Both groups received the same ratio of
dietary Ca to P ratio (2.2:1).

Aside from the acidity of the diets, it was proposed that
the alkali-alkalinity, defined and calculated as mil-
liequivalents [ (Na*+K*)-(Cl-+S*)] of the diets, is an over-
riding factor in determining Ca availability and that the
beneficial effepts of feeding an acidic diet can be ascribed
to a negative alkali-alkalinity (Ender and Dishington, 1970;
Ender et al., 1971). Dishington (1975) and Dishington and
Bjornstad, (1982) using this hypothesis, reported that cows
supplemenfed with combinations of CaCla, Alz(SO4 )3 and MgSO,
to reduce the alkali-alkalinity of the diet for 4 weeks
prepartum showed a reduced incidence of milk fever than con-
trol cows who were supplemented with Na2CO; and NaHCO;.
Dietary alkali-alkalinity value of the milk fever prophylac-
tic diets varied between -255 to -1385 meq d-! compared to
that of control diets values ranging from +720 to +3875 meq
d-1,

Recently, Block (1984) demonstrated a complete preven-
tion of milk fever 'by feeding a diet that had a negative
dietary cation-anion balance value, defined and calculated
the same as the dietary alkali-alkalinity defined éy Ender
and Dishington, (13970), of -1?8.7 meq kg-1DM compared to an

incidence rate of 47.4% in cows fed a control diet that had

cation~anion balance value of +330.4 meq kg-!DM. He included
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mineral salts (CaCl;.2H:0, Alz2(SO4¢)s3.18H:0 and MgSO..THz20) to
a basal diet that contained a relatively high Ca (0.69% DM)
and moderate P level (0.25% DM),.to obtain the negative
cation-anion balance. Daily intake of dietary Ca was 3 to ¢
times higher than that of suggested level for reducing the
incidence of milk fever (<25 g 4d-1).

The hypothesis of the present study was following:
Manipulating dietary cation-anion balance by supplementing
various mineral salts will affect Ca métabolism and that
reducing dietary cation-anion balance will 1ncrease the
capability of animals to elevate the concentrations of plasma
Ca in the hypocalcemic state. The objectives of the study
were to investigate the effect of feeding reduced and/or
negative cation-anion balanced diets to sheep: (Exp. 1) on
metabolism and the concentrations of plasma major mineral
(Ca, P, Mg, Na, K, Cl, and S) and acid-base status of animal;
(Exp. 2) on the size of the immediately mobilizable Ca pool
and Ca mobilization rate from it during experimentally 1in-
duced acute hypocalcemia created by the continuous infusion
of 56.6% EDTA and the comparison with those of vitamin D
injected; and (Exp. 3) on the kinetics of Ca metabolism using
a four-compartment moael in sheep during eucalcemic and simu-

lated lactational Ca loss created by the continuous infusion

of EGTA.




III. EFFECTS OF MANIPULATING DIETARY CATION-ANION

( BALANCE ON MAJOR-MINERAL METABOLISM IN SHEEP
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Abstract

A mineral balance study was conducted to examine the ef-
fect on major mineral metabolism in sheep of dietary excess
of inorganic anions (Chloride (Cl-) and Sulfur (S®)) or inor-
ganic cations (Sodium (Na*) and Potassium (K*)). Cation-anion
balance was calculated as meq [(Na*+K* )-(Cl-+S=)]. Ten
crossbred wether lambs (ave. BW 51.4 kg) were fed 2 levels of
calcium (Ca) (0.82% [HC] and 0.48% [LC)] of dry matter (DM))
and 5 treatments each, four of which differed in dietary
cation-anion balance; control (CTR) and treatment {TRT) A, B,
and C at +314, +139, +18, -22 (meq kg-! DM), respectively.
Additional mineral supplementation were NH4Cl for TRT-A,
Alg (SO4)s, CaCl,, and MgSO, for TRT-B, FeSOs, CaCl:, and
MgS0O4y for TRT-C. A fifth treatment was injection of vitamin
D3 (16670 IU kg-!BW) to lambs fed CTR. Trial design was a 2x5
factorial split-plot with five 21-day periods. Plasma Ca con-
centrations (mg dL-!') were 8.89, 8.79, 9.04, 8.79, and 9.27
for CTR, TRT-A, -B, -C, and -D, respectively. TRT-A, -B, and
-C reduced urine pH. Ca balance revealed that animals fed
lower cation-anion balanced diets (TRT-A, -B, and -C) had
lower Ca retention than CTR caused by a high urinary Ca
excretion with a similar apparent absorption rate of Ca. No
difference was observed in apparent absorption rate between
HC and LC groups. Ca retention as a proportion of 1intake (%)
for CTR, TRT-A, -B, -C, and -D were 18.2, 8.9, 11.9, 4.2 and
16.5, respectively. Mg retention as a proportion of absorbed

(%) for TRT-B (10.44) and TRT-C (25.61) were smaller than
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that of TRT-A (43.91) and TRT-D (40.19), although not dif-
ferent from CTR (36.09). Lowest dietary cation-anion balanced
diet (TRT-C) not only showed the lowest Ca retention (3.29 g
7d-1) but also showed net loss of phosphorus (P) (-0.17 g 7d-
1) and the lowest Na digestibility (42.1%) with no changes in
K metabolism compared to others. Results showed that reduced

cation-anion balance in diet resulted in reduction of Ca

retention.
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INTRODUCTION

An increased need for calcium (Ca) to satisfy demands
created by physiological changes such as pregnancy and lac-
tation and to maintain the blood Ca concentration at an
adequate level creates dramatic changes in Ca metabolisa
resulting in disturbances of the homeostatic mechanism for
Ca. The initiation of lactation places one of the greatest
stresses on Ca homeostasis: Hypocalcemic parturient paresis
(milk fever) is a manifestation of this, although the cause
of this disease has not been well established (Horst and
Reinhardt, 1983).

There have been various measures for the prevention of
milk fever: Administration of vitamin Ds; and its metabolites
{McMurrar et al., 1980; Hove and Kristiansen, 1982; Bar et
al., 1985; Goff et al., 1985a; Sacks et al., 1987) nutri-
tional manipulation including feeding diets to prepartum cows
containing low Ca (Beitz et al., 1974; Going et al., 1974),
manipulation of amount of dietary Ca and phosphorus (P) and
their ratio (Boda and Cole, 1954) and feeding diets con-
taining acid-forming mineral salts (Ender et al., 1971,; Dis-
hington, 1975; Dishington and Bjornstad, 1982).

The last preventative method involves the concept that
feeding diets that have a negative dietary cation-anion
balance, defined and calculated as a summation of m:i1l-
liequivalent of cation-forming mineral elements (sodium [Na‘]
and potassium [K*]) minus a summation of milliequivalent of

anion-forming mineral elements (chloride [Cl-] and sulfur
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[S*]), has not received great interest in North America

due to fact that ingredients used by Ender et al (1971) and
Dishington (1975) were atypical of North American rations,
such as beets, formic acid treated gsilage and herring meal.
Recently Block, (1984) utilized variqus mineral salts to al-
ter dietary cation-anion balance and demonstrated complete
prevention of milk fever by feeding diets containing ex-
tremely negative dietary cation-anion balance (-128.7 meq
kg-1dry matter (DM)) compared to an incidence rate of 47.4%
among cows fed a diet that had a cation-anion balance of
+330.4 meq kg-!DM. Diets had relatively high levels of
dietary Ca (0.63% DM) and P (0.25% DM); mineral salts used
to ﬁgter dietary cation-anion balance were CaCl;, MgSO. and
Alz(éO;)a. -

There are a few proposed mechanisms to how this preven-
tative method works. A negative cation-anion balanced diet
may increase the intestinal absorption of Ca\h{\creating a
reduction of pH in the-gastrointestinal—tract,causing an
increase in the more soluble forms of Ca (ionized form)
present in digesta; cause an alteration in acid-base balance
of animals resulting in an increase of Ca availabilipy from
exchangeable Ca pool(s); cause a reduction in the intestinal
Ca absorption by interference created by the presence of
excess cation mineral elements such as aluminum (Al) and
magne;ium (Mg) in the diet. Studies that explored these pos-
sible mechanism(s) do not exist.

Objectives of this study were: to investigate the ef-

fects of feeding a reduced or negative cation-anion balanced
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diets on absorption and retention of majo; minerals (Ca, P,
Mg, K, Na, Cl, and S8); to test differences in the effects
caused by v%rying mineral salts used to reduce dietary
cation-anion balance; to compare the above effects to that of

injecting therapeutic doses of vitamin D;.

MATERIALS AND METHODS

Animals

The experiment as conducted with ten wether lambs
{suffolk crossbred) t an average initial body weight of
51.6+3.06 kg. Animals\were placed in 1individual metabolic
cages in a room where temperature was maintained at 20°C and
had a photoperiod of 14 h light: 10 h dark. Prior to commenc-
ing the egperiment animals were treated for internal
parasites with Baymix (Farbenfabriken Bayer, Leverkusen).
Animals had free access to distilled water at all times. Ex-
perimental diets as total mixed rations were offered ad
libitum in two equal portions at 0830 h and at 1600 h,

&

("

Diets

Dietary treatments were grouped into two basal diets that
contained high and low concentrations of Ca (high .[HC] at
0.82% of total DM and low [LC] at 0.45% ofytotal DM). Basal
diets were composed of corn silage and either chopped al-

falfa hay (HC) or timothy hay (LC). Within each calcium
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leve].s. there were four dietary treatments differing in their
dietary cation-anion balance. Composition of diets are
presented in Table 1.1. The descriptions of dietary treat-
ments within each level bf dietary Ca (HC and LC) are as
follows:

Control (CTR) -- composed of basal diets and 1.4i of to-
tal DM as mineral premix-A formulated to provide an excess
amount of Na and K relative to Cl and S, which resulted in
obtaining a positive cation-anion balanced diet;

Treatment A (TRT-A) -- same as CTR with addition of NH.Cl
at the level of 0.87% of total DM to create a metabolic
acidosis;

Treatment B (TRT-B) -- composed of basal diets plus 0.5%
of total DM of mineral premix-B, formulated to pyovide an
excess amounts of Cl and S relative to Na and K and 0.2%
CaClz: .2H20, 0.86% Al2(SO4 )3.18H20 and 0.74% MgSO4 .TH20 to ob-

tain a negative cation-anion balanced diet;

Treatment C (TRT-C) -- same as TRT-B except that 0.83%

FeSO4 was substituted for Al; (SO4): .18H;0 to obtain a nega-

“ tive cation-anion balanced diet. Quantities of FeS0, supple-
mented was calculated to have an equivalent amount of 3 com-

pared to that of Al; (SOq)s in TRT-B;

Treatment D (TRT-D) -- vitamin D (Poten D, Pfigzer,
Mpntreal) injection at ; dose of 16670 IU kg-1'BW was ad-
ministered intramuscularly (i.m.) to animals fed CTR. Injec-
tions were administered 2 days prior to the initiation of the

i
( colkection period.
*CTR, TRT-A,.TRT-B, TRT-C, and TRT-D were fed at both HC
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Table 1.1. Composition of diets differing in the dietary cation-anion
balance with high (HC) and low (LC) calcium levels fed to

sheep.
DIET CTR'& TRT-D TRT-A TRT-B TRT-C
Ingredients HC LC HC LC HC‘ LC HC LC
%
Alfalfa hay 38.5 - 38.5 - 38.5 - 38.5 -
Timothy hay - 38.5 - 38.5 - 38.5 - 38.5

Corn silage 59.82 50.74 58.95 49.87 58.85 49.97 58.63 49.75

Soy bean meal - 9.0 - 9.0 - 9.0 - 9.0
Mineral mix-A2 1.4 1.4 1.4 1.4 - - - -
Mineral mix-B? - - - - 0.5 0.5 0.5 0.5
NHi C1 - - 0.87 0.87 - = - -
CaClz .2H2 0 - - - - 0.20 0.20 0.20 0.20

Alz (SO4 )3 .18H20 0.86 0.86 - -

MgSO; . THz O - - - - 0.74 0.74 .0.74 0.74
FeSO, - - : - - - - 1.08 1.08
NHa H; PO 0.11 0.06  0.11 0.06 0.25 0.06  0.25 0.06
CaHPO 0.17 0.17  0.17 0.17 - 0.17 - 0.17
Cal0; - 0.13 - - - - - -

1 CTR=Control; TRT=Treatment.

2 Mineral mix-A contains NaCl, NaHCOs;, Na2CO;, CaCO;, CaClz .2H: 0O, MnSO; .7H:0,
Zn0, FeS0; .7TH20, CuSOs, and KI. .

3 Mineral mix-B contains NaCl, CaCl: .2H;0, ZnCl;, MnSO,.4H20, CuSQO;, CoCl:.6H:0,
CoS0O4 . TH;0, and HIO; .



and LC resulting in ten dietdry treatments.

Both mineral premix-A and —é were formulated to meet
nutrient requirement§ (NRC, 1985) and.to deliver excess cat-
ions*TNa and K% or anions (Cl and S). Vitamin A and D 88,000
IU and 33,000 IU kg-1!DM, respectively were also supplemented
in both mineral premixes. Ingredients of mineral premixes
were NaCl, CoCl:;, MnSO,, 2Zn0O, FeSO,, KI, CaCO3;, NaHCO,;,
Naz CO;, CaClz, CuSO4, Co0SOs, Zn804 and HIO;. Detailed
descriptions of both mineral premixes are presented ,in Table
1.2. The cation-anion balance of diets was calculated by the
quantities of Na, K, Cl, and S in diets. The equation for
calculataing dietary cation-‘€;on balance was m1il-
liequivalents of [{(Na*+K*)-(Cl-+S*)]. Thus, manipulation
through an increase in the quantities of anions (Cl and S)
compared to that of cations (Na and K) in diets resulted 1in
obtaining negative cation-anion balanged diets. All diets
were formulated to meet requirements of mature sheep (NRC,
1986) exc;pt for Na, K, Cl, S, Ca, P and Mg where these
mineral elements met or exceeded requirements. A quality of
mineral salts used were at sfshnical grade. Mineral premixes
were mechanically mixed with other supplemental mineral
salts and stored. At each feeding they were combined with
other ingredients, hand mixed and offered to animals.

Experimental design

Animals were assigngggrandomly to one of the ten dietary

treatments according to a split-plot design with a 2x5 fac-
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Table 1.2. Composition of mineral premixes!.

mix-A mix-B

Diet CTR?, TRT-A & -D TRT-B & C

dngredients
-— %
e
NaCl 35.000 95.000
NaHCO, 31.531 -
Naz COs 30.000 -
CaC0s 2.000 -
CaCl: .2H; O 0.805 2.805
MnSOs . 4H; O 0.261 0.731
"a? ZnO 0.181 -
o
ZnCl. - 0.834 e
FeSOs .TH; O 0.179 0.501 ‘\
CuS0O, , 0.018 0.050 .
CoCl: .4H; O \‘ 0.015 0.024
CoSO4 . TH2 0 - 0.020
KI 0.009 -
HIOs - 0.027

1 Both minerals provided following trace elements per kg
of diet; Mn=90mg, Fe=25mg, Cu=10mg, Co=5mg, I=10mg,
N and Zn=20mg.
2 CTR=Control; TRT=Treatment.




'%"

torial arrangement (2 levels of calcium x 5 dietary
treaiments). There were five 21-day experimental periods

consisting of a 1l4-day adaptation and a 7-day collection

period.

Sample collections

Feces

A plastic bag was held with rubber cement around the
rectum for collection of total feces during the collection
period. Feces were collected twice daily, weighed and sub-
samples were collected. Dry matter (DM) of the daily samples
was determined then subsamples were combined to obtain one

fecal sample per animal per experimental period.
9

Urine

hﬁ?féé was collected in polyethylene bottles and the pH
was measured immediately by pH meter (Model 119 Fisher
Scientific Ltd., Montreal, Quebec) then two proportional
(10%¥ of total excretion) samples were obtained. One daily
sample was acidified with 1%¥ volume of 10N H2SO0( for deter-
mination of N and the other sampfg was kept without
acidification for determination of major mineral concentra-
tions. Both urine samples were stored at 5°C. At the end of

the 7-day collection period, daily wurine samples from each

animal were pooled and one sample per animal per period was
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gstored at -10°C for subsequent laboratory analysis.

Feed and orts

i Lt

Daily samples of feed and orts were collected and stored‘

at 5°C. At the end of each T-day collection period feed and
orts samples were composited and stored at -10°C for sub-
sequent analysis of dry matter (DM) with a subsample dried in
a forced-air oven at 65° for 48 h for nutrient analyses.

-

Blood collections

Three hours after the morning feeding on day-7 of the
collection period, blood samples were obtained from the
jugular vein. Blood samples were collected into two test
tubes; one test tube containing dextrose citrate as an-
ticoagulant and preservative for determination of
hydroxyproline (OHPro) and "the second test tube containing
lithium heparin as anticoagulant for determination of plasma
major minerals. Additional blood samples from animals iq;
jected with vitamin Dy (TRT-D) were collected ol day 1, 3, 5
and 7 after the administration of vitamin D3 (day 0). Blood
samples were centrifuged at 760 x G for 15 min
(International centrifuge, Universal Model U.V, Interna-
;ional Equipment Co., Boston, Massachusetts) immediately
\ .
after the collection and plasma was recovered‘using a pasteur

pipette and transferred to a small plastic scintillation

counter vial for storage at -10°C until subsequent analysis.




Analytical procedure

Fecal pH was measured by mixing 20 g of fresh feces with

-

80ml of glass distilled water.

Dry matter (DM) of feed and orts were determined by
toluene distillation (Dewar and McDonald, 1961) and DM of
daily feces were determined by placing samples in a forced-
air oven at 65°C for 48 h. Dried feed, orts and feces
samples were ground through a hammer mill (2 mm screen)
before 1laboratory analyses.

Composited feed, orts, feed and urine samples were
analyzed for N with Kjel-Foss macroautomatic analyzer (Foss
Electric, Hillerod, Denmark). After wet digestion with HNO;
and HC104, samples were analyzed for P by the alkalimeter am-
monium molybdate method (AOAC, 1984) and for Ca, Mg, Na, K,
and iron (Fe) with atomic absorption spectrophotometer
(Perkin Elmer 360, Norwalk, Connecticut). Contents of S
were measured with the turbidimetric method of Berblung and
Sorbo (1960).

For the determination of Cl in feed, orts and feces,
20ml of INOHNoa was added to 1g of sample and mixed for 15
min by a shaker (model 75 Burrell Corporation, Pittsburg,
PA) for extraction then centrifuged at 4,400 x G for 15min
to obtain a clear supernatant. Concentration of Cl in the
supernatant was analyzed by an indirect method in which
excess silver, as AgNO;, was added to the sample solution

then free silver was measured by atomic absorption

spectrophotometer (Anonymous, 1982).
\.,/
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. Contents of Al in feed and feces were measured by the
method of Hendershot (1985).

For determination of major minerals in plasma, 2 ml of
plasma was added to an equal volume of 20% (v/w) trich-
loroacetic acid, vortexed and kept for 15 min at room tem-
perature then centrifuged at 750 x G for 20 min. The clear
supernatant that was recovered was used for mineral analyses
by the same procedures as described for feed mineral
analyses exéept for inorganic S determination.

The concentration of inorganic S in plasma was deter-
mined with the turbimetric method of Berblung and Sorbo
{1960) modified by Krijgsheld et al. (1979). To 0.5 ml of
plasma, 2 ml of trichloroacetic acid (5% v/w) were added,
vortexed and the mixture was allowed to stand for 10min at
room temperature. After centrifugation at 4,400 x G for 15
min, one ml of clear supernatanf was mixed with 0.25 ml BaCl.
reagent (10 g BaCl; and 100 g dextran per one liter of glass
distilled water) and the absorbance was read after precisely
35 min at 360 nm ggainst a sample background (1 ml super-
natant and 0.25 m]l reagent containing 100 g dextran in one
liter of glass distilled water).

Free hydoxyproline (OHPro)in plasma was determined by

the method of Plamerini et al. (1985) using an HPLC (Vista

5500, Varian. Palo Alro, California)
Statistical analysis

Statistical analyses were performed at the McGill Comput-

e
L@j

K%




ST LA TN Gy a VT TR T g REHIR WA, I T PR BT TSR T SR
t 5 - -

53
ing Center by the Statistical Analysis System (SA§ Institute
Inc., Box 8000, Cary, North Carolina). Differences due to
periodwithe levels of dietary Ca and treatments were
evaluated by analysis of variance for a split-plot design
(Steel and Torrie, 1980) in which dietary treatments acted as
subunits. Linear model used was following;

Yisx=utAi+B; +Ci ; +Dk+(BD); x +Ei j«
where
u=common mean,
Aj zeffect of ith block,

By zeffect of Jth dietary Ca level,
C., , zerror term of whole unit=-interaction effect of ith
block and jth dietary Ca

- level,

Dk zeffect of kth treatment,

(BD)sjx=interaction effect of jth dietary Ca level and kth
treatment,
Ei j k =random error=error term of subunit.

A least-squares analysis was also used to obtain least-
gsquares estimates of differences Between subunits for com-
N parison purposes. In order to evaluate the existance of first
order carry-over effect of treatments, the method of Lucas

(Lucas, 1983) was used, where the same linear model described

above except that effect of the kth treatment was divided
into true effect of the kth treatment and true carry-over ef-

fect of the kth treatment from the proceeding treatment.
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RESULTS

Chemical analyses of diets

Chemical analyses of diets are presented in Table 1.3.
Dietary levels of Ca and P and their ratio were 0.82%,
0.30%, and 2.73 for the HC diets and 0.48%, 0.32%, and 1.50
for the LC diets, respectively. Major differences between
dietary treatments for both HC and LC groups were levels of
cation-forming mineral elements (Na and K) and anion-forming
mineral elements (Cl and S). TRT-B and TRT-C had low Na and
high Cl1 and S concentrations compared to CTR to obtain a
reduced dietary cation-anion balance whereas reduced dietary
cation-anion balance value of TRT-A was’obtalned by 1increas-
ing a concentration of Cl alone compared to that of CTR.

Dietary cation-anion balance values (meq kg-!DM) were
calculated from the mineral analyses and presented 1n Table
1.3. For the HC group, dietary cation-anion balances were
+284.2, +61.67, -27.3 and -32.17 for CTR (and TRT-D), TRT-A,
TRT-B and TRT-C , respectively, whereas values were +343.2,
+218.3, +62.6 and - 13.0, respectively in LC group. Table 1.4
shows chemical analyses and dietary cation-anion balance with
HC and LC groups combined. Dietary cation-anion balance were

+314, +139, +18, and -22 for CTR (and TRT-D), TRT-A, TRT-B,

and TRT-C, respectively, for HC and LC combined.
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Table 1.3. Mineral composition of diets fed to sheep with

~

two levels of dietary calcium!?.

High calcaium Low calcium
Nutrient CTR - TRT-A —’I‘;(I‘-B TRT-C (;;‘R TRT-A TRT-B TRT-C
Crude protein 12.09+40.28 13.20+0.48 12.77+0.59 12.00+0.3 11.3040.54 12.840.51 11.4+40.54 11.42+0.48
Phosbhorus::; 0.31+0.007 0.31+0.006 0.31+0.006 0.30+0.016 0.3240.01  0.32+40.01 “0.31+0.01 0.32+0.02
Calcium(%) 0.85+0.054 0.79+0.047 0.84+0.065 0.82+0.051 0.48+0.1 0.4740.02 0.46+0.04 0.48+0.04
Magnesaum(%) 0.2440.018 0.24+0.019 0.31#0.023 0.314#0.022  0.21#0.006 0.21+0.01  0.2640.008 0.28+0.005
Sodium(%) 0.53+0.032 0.53+0.025 0.30+40.034 0.28+0.029 0.54+0.06 0.56+0.01 0.31+0.03 0.27+0.01
Potassium(%) 1.35+40.161 1.25+0.191 1.32+40.145 1.34+40.178 1.3740.10 1.38+0.09 1.34+0.12 1.41+0.12
| Chloride(%) 0.59+40.038 1.20+0.055 0.69+0.039 0.65+0.033 0.43+0.01 0.86+0.05 0.56+0.04 0.49+0.03
Sulfur(%) 0.20+0.017 0.24+40.027 0.4840.025 0.50+0.040 0.20+0.02 0.19+0.09 0.41+40.02 0.56+0.03
Cation-anion o i T
balance? 284+25.9 61+46.4 -27446.7  -32452.7 343+34.9 218+43.1 63+18.9 -13+16.5
(meq kg-! DM)

! Values are presented as meantstandard error.

? CTR=Control; TRT=Treatment.
3 Milliequvalent of {(Na*+K*)-(Cl-+5%)].
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Table 1.4. Mineral composition of diets differing in the dietary cation
-anfon balance (high and low calcium groups combined)!?2.
Nutrient CTR & TRT-D TRT-A TRT-B TRT-C
Crude protein (%) 11.7+0.31 13.040.33 11.8+0.41 11.7+0.29 v
Phosphrus (%) 0.3240.006 0.32+0.022 0.31+0.008 0.31+0.011
Calcium (%) 0.67+0.07 0.63+0.06 0.6540.07 0.65+0.06
Magnesium (%) 0.22+0.01 0.23+0.01 0.2840.01 0.29+0.01
Sodium (%) 0.54+0.03 0.55+0.01 0.3040.08 0.27+0.01
Potassium (%) 1.3640.09 1.32+40.10 1.3340.04 1.3740.10
Chloride (%) 0.51+0.03 1.03+0.06 0.63+0.04 0.5740.03 N
Sulfur (%) 0.20+0.01 0.2240.02 0.44+0.02 0.53+40.03
Cation-anion?® 314+22.7 139139\7 18+28.2 -22+426.3
balance (meq kg-1!)
1 Values are presented as meantstandard error. - ]
2 CTR=Control; TRT=Treatment. y 3
3 milliequvalent of [(Na+K)-(Cl+S)1. -
&
\ 3
3
3
2
4




Feed consumption and body weight (BW) changes

Least-squares means of DM intake, DM digestibility, body
weight (BW) change, water intake, feéhi and urine output and
their pH are presented En Tables 1.5 and 1.6. Intake of DM
was affected by both the level of dietary Ca and dietary
treatment. Animals in HC had a tendency (P<.1) for higher
intake of DM (1949 g d-!) than that for LC, although, when
expressed per unit metabolic BW (g d-! kg-!BW-735) the values
did not differ (P>.1) between the two groups.

A comparison between dietary treatments revealed that
animals fed TRT-C (supplemented with FeSO, as the anion-
supplement mineral salt) showed a reduction (P<.05) 1in daily
DM intake (1687 g and 1742 g d-! for both HC and LC groups,
respectively) compared to those fed TRT-A (2130 and 1920 g
d-t for HC and LC groups, respectively) and those fed TRT-D
(2040 and 1920 g d-* for HC and LC groups, respectively).
Intake of DM was not different (P>.1) from those of CTR,
however, feed intake expressed per unit metabolic BW in TRT-
C was lower (P<(.05) than CTR. Concurrent with a reduction in
DM intake observed, reductions (P<.05) in water intake and
urine output were also observed in animals fed TRT-C com-
pared to those of CTR. In spite of differences observed 1n
intake of DM, there were no differences (P>.1) in DM digest-
ibility or daily BW gain between qietary treatments (Table
1.5).

Urine pH of animals fed TRT-B and TRT-C (reduced or nega-

tive dietary cation-anion balance) were lower (P<.01) than
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Table 1.5. Body weight (BW) change, dry matter (DM) intske, DM digestibility and urine and fecal pH of sheep
fed different cation-anion balanced diets or injected with vitamin D; with two levels of dietary
calcium 12,

main effects and

interaction?
v High calcium Low calcium
J -~ Ca
' : ¥
Variable CTR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D | SEM* | Ca Anion Anion
: :
Body weight change 206 159 92 135 191 159 180 179 185 138 | 42.2 | NS NS NS
(g d-1) ' :
DM intake 1850 2130 1998 1687 2040 1834 1866 1759 1742 1920 ,106.8 | % 33 NS
(g d°!) ' '
DM intake 83.9 92.9 88.7 74.56 90.5 87.5 85.0 84.0 77.0 87.7 | 4.55 | NS ¥ NS | .
" (g d°' kg 'BW-73) : : 1
DM digestibility 66.1 65.8 63.1 65.3 65.1 66.5 61.9 64.0 65.8 65.7 | 1.76 | NS NS NS :
(%) i i :
Water intake 4.2 5.0 5.2 3.3 4.8 4.6 4.7 4.1 3.7 4.2 | 0.45 , s ¥x NS
(L d-t) ' ' 0
Fecal out put 64 729 737 689 707 612 687 634 594 659 | 40.76, x xx NS :
(g DM d-1) ' ' ‘
Urine 2,19 2.36 2.62 1.32 1.93 2.19 1.88 1.58 1.22 1.61 } 0.432} NS xx NS
(L d-1) : :
Urine pH 8.85 8.57 7.69 7.91 8.65 8.75 8.57 8.35 8.12 8.66 |, 0.266, NS XX NS
Fecal pH 8.21 8.14 8.43 8.29 8.30 8.23 7.99 8.13 8.23 7.97 : 0.108; =x X NS
1 Least-squares means. _ T
2 CTR=Control: TRT=Treatment. .
3 NS=Not significant (P>.1); % P<.1; %% P<.05; *x% P<.01. 5
1 SEM=Standard error of mean.

L




Table 1.6. Body weight (BW) change, dry matter (DM) intake, DM digestibility,
urine and fecal pH of sheep fed different cation-anion balanced
diets or injected with vitamin Ds; (high [HC] and low
[LC] calcium groups combined)z.

Variable CTR TRT-A TRT-B TRT-C TRT-D

1 ] ]
1 1 []
v SR HC 1C H
. ! ! !
: ! :
Body weight change 183 170 136 160 165 ' 29.8 ! 157 168 |
(2 d-1) ! ! :
Initial BW (kg) 56.9 60.1 58.9 60.9 59.5 ! 2.41 ! 61.1 57.4 ™ 1.90
[} ] 1 e
DM intake (g d-1)  18622b 19982 18784b 1714b 1980* | 75.51 | 19494 18248 ! 52.0
: ' ‘
DM intake 85.7» 88.9a 86.4a 75.8> 89.1% ! 3.22 ! 86.1 84.3 ! 2.63 .
(g &t kg 1BW-75) : ' :

- DM digestibility (%) 66.3 63.9 63.5 65.5 65.4 ! 1.24 ! 65.1 64.8 | 0.68 x
Water intake (L d-!') 4.4 4,92 4.78 3,66 4.5 ! 0.32 ) 4.54 4.38 | 0.12 2
Fecal out put 626 7082 6859 591°p 6832 1 28.8 |, 681~ 637® i 20.9

(DM g d-1) ' : :
Urine (L d-!) 2.19s 2.12ab2,10sb 1.27> 1.77s®! 0.306 | 2.09 1.70 | 0.252
Urine pH 8.80s 8.57» 8.02> 8.02> 8.66% | 0.188 | 8.34 8.49 | 0.143
) 1 []
Fecal pH 8.22n 8.06F 8.28% 8.26A 8.14A8: 0.080 ! 8.27» 8.11% ! 0.050

1 least-squares means.

2 CTR=Control; TRT=Treatment; SEM=Standard error of mean; HC=High Ca; LC=Low Ca.
ab Means in the same row with different superscripts are different (P<.05).

AB Means in the same row with different superscripts are different (P<.1).
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CTR. TPere was no reduction (P>.1) in ur;ne pH of animhls
fed TRT-A (supplemented with NHiCl to create metabolic
acidosis) compared to that of CTR, howe;er, fecal pH of
animals fed TRT-A showed a tendency (P<.1) to be lower than
CTR. b
An interaction between levels of dietary Ca and dietary

cation-anion balance was not detected for any of the above

parameters (P>.1).

Phospherus (P) absorption, excretion and retention
¥

Absorption of P was different (P<.05) between HC and LC
groups as well as between dietary treatments (Tables 1.7 and
1.8). Animals fed HC diets absorbed greater {(P<.01) amount
of P than those fed LC diets (4.3 vs 1.2 g 7d-T). Apparent
absorption rate (apparent digestibility) also showed the
same differences between  the two groupg (9.1 and 2.0% for HC
and LC group, respectively) during the 7-day colleption
period. Among dietary treatments,‘it was demonstrated that
animals fed TRT-C excreted P via feces in excess (37.2 g 7
d-1') of that ingested (37.0 g 7d4-*). By contrast, fecal P
excretion of aﬁimals fed other diets were below the intake
and apparent digestibility ranged from 3.5% for“TRT-A to
12.5% for TRT-D (Table 1.8) with no differences (P>.1) ob-
served between them. A reduction in appareft aigestibility
for animals fed TRT-B was observed compared to only that of

CTR (P<.01) and TRT-D (P<.05) owning to a high variability

among animals fed the same diet.
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Table 1.7. Phoéphorus absorption and retention by sheep fed different cation-anion balanced diets or injected with

vitamin D; with two levels of dietary calcium!?.

-° A main effects and
interaction?
High Ca Low Ca : H Ca
________________________________________________ -— ! %
Variable CTR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D ! SEM | Ca Anion Anion
: :
Intake (g 7d-!) 40.95 46.76 42.86 34.68 44.00 41.64 42.34 37.72 39.35 41.37 : 2.518 ! NS %% NS
Feces excretion 26.34 41.02 38.79 36.00 35.73 38.18 42.99 37.91 38.38 38.75 , 2.213 : NS NS NS
(g 7d-1) ' H
Urine excretion 0.08 0.10 0.11 0.08 0.11 0.11 0.08 0.09 0.09 0.10 } 0.011 ; NS tx NS
(g 7d-1) R \
Absorption 4.61 5.74 4.07 -1.32 8.27 3.46 -0.66 -0.19 0.97 2,61 | 2.454 | *xx b 9 NS
(g 7d-1V) ' H
Digestibility (%) 11.18 12.11 8.30 -4.91 18.72 7.89 -5.16 -0.46 *1.71 6.21 ; 6.338 | xxx NS NS
Retention (g 7d-') 4.51 5.64 3.96 -1.39 8.17 3.35 -0.74 -0.28 0.88 2.51 | 2.452 | %x*xx xx NS
] - ]
) ]
Urine/Abs (%) 2.15 1.65 2.63 - 1.28 3.21 - - 9.44 3.90 | 4.552 } NS NS N§
Retentlon/IrPtake 10.94 11.91 8.06 - 18.37 7.62 - - 1.48 5.97 } 6.244 | NS NS
(%) = : :
Retention/Abs (X} 97.85 98.34 97.37 - 398.72 96.79 - - Qﬁ\\?,; 96.10 | 4.552 | NS NS NS
! Least-squares means.
2 CTR=Control; TRT=Treatment;
3 NS=Not significant (P>.1); % P<.1; rx P<.05; xxx P<¢.01.
4

SEM=Standard error of mean.
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Table 1.8. Phosphorus absorption and retention by sheep fed different cation-anmion balanced diets
! or 1njected with vitamin Ds; (high [HC] and low [LC] calcium groups combined)!z.

Variable ,CTR TRT-A TRT-B TRT-C TRT-D

{ SEM ! HC IC ! SEM
i : :
Intake (g 7d-!)  41.30ab 44,552 40.292b 37.02> 42.68% @ 1.780 ' 41.85 40.48 ' 1.16
Feces excretion  37.26 42.01 38.35 37.19 37.24 ' 1.565 ' 37.58 > 39.24 ! 0.99 -
(g 1) : : : A |
Urine excretion  0.112  0.092> 0.10s 0.08> 0.11s ! 0.008 ! 0.09  0.09 ! 0.005
~ (g 7d-1) : : : ;
Absorption 4.042b 2.54ab 1.94ab -0.17% 5.44% ' 1,735 | 4.28  1.24> ! 1.10 N
(g 7d-1) H H H Wao
Digestibility (%) 9.53s  3.47ab 3.92ab —1.60b 12.47% ! 4.48 ! 9.08a  2.04b ! 2.84 )
Retention (g 7d-t) 3.93ad 2,4hab 1 ,84ab _(, 260 5.348 } 1,735 1 4.18e 1.16% § 1,10
Urine/Abs (%) 2.60 3.54 5.00 - 1.91 ; 6.93 ; 2.31 7.69 ; 4.52
Retention/Intake 9.28 3.27 3.68 - L, 12.22 o, 4.486 | 8.854 1.808 ! 2.83 :
(%) - : : - :
Retention/Abs 97.40 96.49  94.99 - 98.09 ! 6.93 | 97.73 92.34 ! 4.52
(%)

! lLeast-squares means. ;
2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HC=High Ca; LC=Low Ca. :

ab Means 1n the same row with different superscripts are different (P<.05). ;
AB Means in the same row with different superscripts are different (P<.1).
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Excfetion of P via urine were small regardless of levels

of dietary- Ca or dietary treatments. Aniﬁéls fed TRT-C ex-
creted less (P<.05) P (83 mg 7d-t) than CTR (105 mg 74-!) and
TRT-D (104 mg 7d-1'). When urinéry P excretion was expressed
as a percentage of that absorbed, no differences (P>.1)
were observed bet;een dietary treatments:

Final P balance for sheep fed HC diets (4.18 g 74! a
8.85% of P ingested, respectively) were higher (P<.01) than
for sheep fed LC diets (1.15 g 7d~! and 1.8% of P ingested,
respectively) due to differences observed in apparent da-
gestibility of P. None of the dietary treatments differed

(P>.1) in P retention compared to that of CTR; however,

animals fed TRT-C showed an apparent loss of P (-0.26 g

7d-1). i
Figures 1.1 and 1.2 show the relationship between

dietary cation-anion balance (meq d-!) and apparent ab-~ J

sorption and retention of P, respectively. Positive linear }

relationships were obtained with correlation coefficient

values (r) of 0.248 (P=0.085) and 0.247 (P=0.087), }espec—

tively. There was a positive correlation Dbetween

cation-anion balance intake (meq d-!) and urinary cre-
tion (g 7d4-1)(r=0.311, P=0.029).

Calcium (Ca) absorption, excretion and retention |
1

- A ~ ¢ s /”
Calcium metabolism is presented in Table 1.9 and l.fo. As
rence

expected, there was approximately a two-fold diff

(P<.01) in intake of Ca between HC and LC diets (110.7 g vs

-
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Figure 1.1.

T

Relationship between the intake of dietary cation-

anion balance and the apparent absorption of
phosphorus (P) (0= high calcium, ® = low calcium
groups) (r=0.248, P=0.085).
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Figure 1.2. Relationship between the intake of dietary cation-
anion balance and the retention of phosphorus (P) sﬁ ‘
{0 = high calcium, ®= low calcium groups) (r= 0.247,

P=0.087).
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Table 1.9. Calcium absorption and retention by sheep fed different cation-anion balanced diets or injected with
vitamin Dy with two levels of dietary calcium!?.

main effects and

interaction?
High Ca Low Ca ' ' T cra
Variable CIR TRT-A TRT-B TRT-C TRT-D CIR TRT-A TRT-B TRT-C TRT-D | SEM | Ca Anion :nion
]
Intake (g 7d-1) 111.02 111.49 117.37 94.17 111.52 62.46 62.15 56.41 58.62 67.02 g 5.303 g XX x NS
Fecal excret'nl)n 91.63 100.96 93.14 83.90 99.97 50.70 54.89 47.85 53.93 52.55 E 5.175 : Cxan NS NS
urine eiﬁrzctil?r’, 0.15. 2.30 5.68 5.63 0.89 0.63 3.8 2.38 2.74 0.41 ' 1.143 : NS sxx NS
Absorptggn‘?d ) 19.38 18.53 24.23 10.27 11.56 11.76  7.25 8.56 4.69 14.48 é 5.53 E ¥ NS NS
Digestit(ﬁlz(:; :%) 18.19 15.99 18.58 10.25 12.39 19.18 10.18 14.65 8.85 21.91 . 5.411 : NS NS NS
Retention (g 7d-1)19.23 16.23 18.55 4.64 10.66 11.12  3.37  6.17 1.95 14.07 . 5.151 % X %% NS
Urine/Abs (%) 0.77 12.42 23.43 54.78 7.73 5.39 53.57 27.86 58.44 2.79 ' 20.750 NS NS NS ‘
Retention/Intake 18.08 14.13 14.04 4.43 11.63 18.26 3.76 9.74 4.04 21.30 E 5.312 ; NS $x NS
Retc(a:i):ion/Abs (%) 99.23 87.58 76.56 45.22 92.27 94.60 46.44 72.13 41.56 97.19 ! 20.750 { NS NS NS

Least-squares means. S
CTR=Control; TRT=Treatment.

KS=Not significant (P>.1); *x P<.05; %xx P<.01.
SEM=Standard error of mean.
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Table 1.10. Calcium absorption and retention by sheep fed different cation—-anion balanced diets
or injected with vitamin D3 (high [HC] and low [LC] calcium groups combined)!z.

[ 1 [ ]
Treatment CTR TRT-A TRT-B TRT-C TRT-D SEM | HC ’ LC ' SEM
L Variable . : : '
) : o :
r : H H
Intake (g 7d-1) 86.74abd 90.82a 86.89ab 76.33> 89.27a ! 3.750 | 110.71= 61.33>d | 2.44
Feces excretion 71.17ab 77.93* 70.49ab 68,91b 76.26abd! 3,659 ! 93.92» 51.98> | 2,31
(g 7d-1) ; - : : H
Urine excretion 0.39% 3.09® 4.03p 4.18% 0.652 } 0.495 | 2.93 2.01 , 0.51
(g 7d-1) : : H
Absorption 15.57 12.89 16.39 7.48 13.02 { 3.913 . 16.79* 9.35v | 2.47
(g 7A-1) H : :
Digestibility (%) 18.69 13.09 16.61 9.55 17.15 |} 3.83 | 15.08 14.96 | 2.42
Retention 15.18» 9.80ab 12.362ad 3_.30b 12.37"’; 3.64 ; 13.86a 7.34b ; 2.30
(g 7d-1) : ' '
Urine/Abs (%) 2.52 23.99 24.59 55.93 4,99 ! 20.75 ! 17.44 21.50 117.89
™~ Retention/Intake 18.172 8.94ab 11,89ab 4.23b 16.472 ' 3.756 | 12.46 11.42 |} 2.38
(%) : ' H
Retention/Abs (%) 97.48 76.01 75.41 44 .07 95.01 ! 20.75 . 82.56 78.49 '17.89

1 Least-squares means.
2 CTR=Control; TRT=Treatment; SEM=Standar error of mean;
ab Means in-the same row with different superscripts are different (P<.05).

HC=High Ca; ILC=lLow Ca.
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61.3 g 7d-*)(Table 1.10). For the HC diets, aﬁimalé fed TRT-C

had a reduced intake of Ca (94.17 g 7d-%) than others be-
cause of a reduction of DM intake observed for this dietary
treatment. A major excretion route of the ingested Ca was
via feces and amounts excreted were a reflection Bf Ca in-
gested. There;;re, the proportion of Ca ingested that was
excreted via feces was similar between the HC and LC diets at
84.9% and 85.0%, respectively . Apparent digestibility of Ca
was gimilar between HC (15.1%) and LC groups (15.0%)
resulting in higher (P<.05) Ca absorption by animals fed HC
diets (16.79 g 7d-1') than that of animals fed LC diets (9.35
g 7d-1), and there was no difference (P>.1) observed between
dietary treatments and "animals fed TRT-C showed the lowest
valueg in both HC and LC groups (10.25% and 8.85% for TRT-C
in HC and LC groups, respectively).

chretion of Ca via urine showed majo; differences be-
tween dietary treatments. The combined data for HC and LC
diets (Table 1.10) showed that animals fed reduced or nega-
tive cation-anion balanced diets (TRT~A,TRT-B and TRT-C}),
regardless of the magnitude of negativity of their dietary
cation-anion balance, excreted more (P<.01) Ca 1in urine
than animals fed CTR or TRT-D. When the urinary Ca excretion
was expressed as a proportion of Ca absorbed, similar pat-
terns of differences between dietary treatments were ob-
served,

Final Ca balance revealed that all animals wére in a
positive balance, and sheep fed HC diets retained greater

(P<.05) quantities oflCa than those fed LC diets {13.86 vs
Iy
\\ .
/

'/ .
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7.34 g 7d4-t, respectively). Animals fed TRT-C showed a

reduced (P<.05) Ca retention than CTR. When Ca balance was
expressed as a proportion of Ca inggpted, animais fed TRT-C
had lower (P<.05) and animals féd TRT-A tended to have a
lower (P<.1) retention than animals fed CTR (Table 1.10). No
interactions were observed in Ca metabolism.

Figures 1.3 and 1.4 show the relationships between
dietary cation-anion balance intake (meq d-!) and apparent
absorption and retention of Ca, respectively. There was no
significant (P=0.,245) correlation observed between intake of
dietary cation-anion balance (meq d-!) and apparent Ca ab-
sorption (g 7d-!'). However, a positive linear correlation
(r=0.305, P=0.032) between intake of dietary cation-anion
balance (meq 7d-1) and Ca retention (g 7d-!) was ob-
tained (Figure 1.4) mainly due to a strong negative linear
correlation (r=0.328 and P=0.0001) observed between intake
of dietary cation-anion balance (meq d-1) and urinary Ca
excretion (g 7d-1!')(Figure 1.5).

The relationships between apparent absorption and reten-
tion of Ca and P are presented in Figures 1.6 and 1.7. Cor-
relation coefficient values of 0.65 (P=.0001) was ;B¥erved in
both relationship and the correlation equations calculated
were as follows:

Paps=-0.758+40.267%Caans .

Pret=-0.20140.270%Car e

where; ' \
Pabs = P absorption (g 7d-1!),

Caabs = Cq\absorption (g 7d-1),

T SR S

TR SRR
N B ¢
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Figure 1.3.

Relationship between the intake of dietary cation-
anion balance and the apparent absorption of cal-
cium (Ca) ( 0= high calcium, e = low calcium groups)

(r=0.167, P=0.245).
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Figure 1.4.
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Relationship between the intake of dietary cation-
anion balance and the retntior; of calcium (Ca)

(0 = high calciun, o= low calcium grt;ups)
(r=0.0305, P=0.032).
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Figure 1.5,
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Relationship between the intake of dietary cation-
anion balance and the urinary calcium (Ca)
excretion ( 0= high calcium, ez low calcium

groups) .
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Figure 1.6. Relationship between the apparent absoprtion of
.
calcium (Ca) and phosphorus (P).
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Figure 1.7. Relationship between the retention of calcium
(Ca) and phosphorus (P). )
\

L
}
4

Al
p
Y
o
LS i
o - *°
o
Ly,
b
& -
e,
, .
o !
ik
CEye - . .
G 3 L . .

’
A Y » . N Y ot
2 > 3 - . e

b s I~ Sk g T e T T e o ' °




DR - IR Y. S A T an At I WMLy e DGR Sl o
P Y N A e & . PR L,

()

‘
o0
A o
,
- : - e e %
EEENGE TR o

®

50

~
|
U
™~
R
g
o
:
..8 o ’
e
o
L o
)

-10

[
15 S

1 T\‘ i e 1 !
o Ty o n o T !
— - L o .

| |

. (-pPLB) @ouua;a.a d

S
P R
N
. . - '




O

anfieh
% ;
E

s o L BELA AT T on
PR AR LSRN i3

bl fre . - 7
' - B .
14 . ~ B "y ' . A i
. N vy

-

w
-

S

Pret = P retention (g 7d4-1%),

r Caret = Ca retention (g 7d-1),

) Magnesium (Mg) metabolism
| »
. As expeqted, anim;ls fed TRT-B and TRT-C, where MgS0,
was supplemented as anion-supplemental mineral salts, had
highér (Pg.dS) Mg intake than those fed other dietary treat-
ments (Tables 1.11 and 1.12). Feces accounted fér most of the
Mg excretion, as' was observed in P' and Cﬁ metabolism, and

was reflected by the amount of Mg ingested. Thus, no dif-
Pl

ferences were observed in apparent digestibility (%) or ab-.

sorption (g 7d-1) between dietary treatments,

Total urinary Mg excretion was a reflection of the
amount of Mg ingested and ahimals fed TRT-B'and TRT-C ex-
creted more (P<.01) than CTR but no differences were ob-
served when the values were expressed as a proportion of
that absorbed. . |

None of dietary treatments’ showed diffeéences in Mg
retention (g 7d-1!)(P>.1) from CTR, Hﬁwever, there was a

t , difference (P<.05) between the group with the lowigt réten—

tion (TRT-B) and the group with the highest retention (TRT-

A).
S8odium (Na) metabolism

As expected, intake of Né was reduced (P<.01) for

animals feéd the reduced or negative cation-ahion balanced

) - |
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Table 1.11. Magnesium absorption and reténtion by sheep fed different cation-anion ‘bala.nced diets
vitamin Dy with two levels of dietary calcium!?,

or injected with

—

i

High Ca law Ca

Variable ) CIR TRT-A TRT-B TRT-C 'I‘RI‘-’D CTR TRT-A TRT-B TRT-C “ TRT-D

main effects and
- interaction?

Intake (g 74-}) 31.68 35.53 42.98 35.99 33.01 26.59 27.75 32.06 33.74 28.53

(] [}
¢ ]
H H
L] [ ]
1 ]
: :
{1 2.129 | *:x 33z NS
13 L)
N | ]
Fecal excretion 22.61 24.97 32.64 25.11 24.81 19.09 20.98 26.86 24.70 .20.67 { 1.381 ! *x sxx NS
v (g 7d-1) : H
Urine excretion 4.69 4.54 7.98 8.77 5.51 5.90 5.18 5.94 6.66 4.10 } 0.700 ; ¥ 3%5x NS
(g 7d-1) ' y p
Absorption (g 7d-1)9.07 10.56 10.34 10.88 8.20 7.50 6.77 5.20 9.05 7.8 } 1,759 ! ¥ NS NS
N . ’ - H :
Digestibility (%) 28.71 30.02 22.42 30.01 24.56 27.51 19.65 15.44 26.30 27.33 } 4.754 ! NS NS NS .
K] . ' .
Retention (g 7d-*) 4.37 6.02 2.35 2.11 2.69 1.61 1.59 -0.70 2.39 3.76 | 1.420 ; %x xt NS
] [}
(] [
Urine7/Abs (%) 52.55 43.02 77.23 80.58 67.16 87.90 76.48 114.06 73.58 52.15 ;10.890 ; NS ¥x NS
] 1 - .
[} L]
Retention/Intake 13.17 17.15\ 4,03 5.55 17.69 5.16 0.47 - 6.66 12.50 { 4.720 ¢ % NS NS
(%) i N
Retetion/Abs (%) 47.44 56.98 22.77 19.42 32.83 21.14 23.52 - 26.42 47.85 110.890 } NS ¢ NS
¢
& -
1 Least~squares means. ~
2 CTR=Control; TRT=Treatment. ‘
3 NS=Not significant (P>.1); % P<.1; %% P<.05; *xx P<.O1. q
4 SEM=Standsard error of mean.
Y ‘

&
e .




i
ol

v

or injéctéd with vitamin D;
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A
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- Table 1.12. Magnesium absorption ‘and retention by sheep fed different cation-anion balanced diet
: (high [HC] and low [LC] calcium groups combined):?,

Treatment -~ CIR TRT-A TRT-B TRT-C TRT-D :' SEM :' HC 1C ; S&

Variable - ; , , ,
- S s _

Intake (g 7d-t*) 29.13» 31.64% 37.52b 34.87> 30.772 E 1.506 i 35.84> 29.74® E 0.981 .
Feces exc;:'eti:m 20.852 22.97ab 29.75¢ 24.90> 22.74ab E 0.495 ;' 26.03> 22.46b g 0.62 - )
Urine excretion  5.201 - 4.85 .98 T.71 4.80 | 0.495 | 6.30v .55 0.31
Absol'pt:glgn,k(l;l ';d‘1 )8.28 8.67 7.77 9.96 8.03 ; 1.243 ; 9.81» 7.288 ; 0.79 ‘ ‘
Digesi'til.aility (%) 28.11 24.84 18.93 28.16 -25.09 % 3.362 g 27.15 23.25 g 2.27 M, o /
Retention (g 7d-t) 2.99a¢ 3,81» 0.81» 2.55ab 3,23ab E 1.004 5 3.51» 1.72v E 0.64 ]
Urine/‘Abs (%) 63.91ab 56.09a 89.56d 77.40ab 59.82» :510.89 ; 64.21 76.32 ‘E 12.31
Retention/Intake 9.16 8.81 0.24 6.11 10.10 § 3.338 % 9.528 4,258 % 2.11
Reté:zion/Abs (%) 36.09%> 43.91a 10.44> 25.61adb 40,192 510.89 E 35.79 23.69 E 12.31 -

1 least-squares means.

3

2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HC=High Ca; ILC=Low Ca.

abc Means in the same row with different superscripts are different (P<.05).

AB Means in the same row with different.superscripts are different (P<.1).
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diets (TRT-B and TRT-C) compared Ef those fjh higher dietary

e

cation-anigon balanced diets (CTR, TRT-A and TRT-D) because of

‘the high Na content in premix-A. Apf)a.rent digestibility (%)
* 4

and absorption (g 7d-!) for Na were also reduced (P<;01) for S
\ R ” ¢
animals fed TRT-B 'and TRT-C than those fed+w higher dietary
v cation-anion balanced giets (Ta¥le 1.13). Apparent digest-

ibility of Na was considerabliy higher than for the divalent®

minerals such g.s Ca and:Mg and ranged frdm 40.‘67' to 75.58%

(Table 1.13). ' | S
Animals fed TRT-B and TRT-C were in a negative
balance (-2.72 and -11.78 g 7d-1, respectively) ‘boecause' of
' the lower (P<.05) apparent digestibility and a higher urinary

*

excretion ‘'than those fed CTR whg showed a positive Na

( balance (9.29 g 7d-1!)(Table 1.14). o

*

Potassium (K) metabolism
| )

None of &ietary trea.tménts showed diffefences (P>.1) in
ra R .

K metabolism parameters compa‘red to CTR (Table 1.15).

However, animals fe’g TRT-C showe& a tendency (P<.1)’ for,
reduced absorption (g°7d-!) than TRT-D. This was a refleé&-
tion of differences (P<.05) observed in the intake of DM
between the +two dietary treatmeﬂts (Table 1.16)7 An in- .
creased apparent digegtibility@ and an increased rate of uri-
nary excretion expressed as a proportion of that absorbed a
@ éonfirmed that the ll;ét\abolism of K was controlled\' mainly
‘ through the kidney rather than the gastroinhtestinal tract

(Table 1.16). ' . )
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Table 1.13., Sodium absorption and retention by sheep fed dlfferént cation-anion balanced dlets or in,)ected mth

\ v1tam1n D; with two levels of calclunu

R

4

main effects'an;f

.. & interaction?

¥ Least-squares means.

—

2 (I,l'R:Control ’I‘RT‘TreaUneﬁt .

1 NS=ZNot significant (P>.1); % P<.1;

4 SEM=Standard error of mean.

*% P<.05; ug%«o_l.'

;; High 6&1! LO‘:C& . : ! Ci, : “
Variable - > CIR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D ! SB# ! Ca .Anion Anion
: R .-
. : .
Intske (g 7d-1) 66.80- 78.92 41.06 31.58 73.10  69.97 73.58 37.25 31.90 64.45 E 4.965:: NS ¥xx -,}fg» y
Feces excreti?nl 17.05 26.34 17.29 1687 26.99  21.48 30.24 16.13 18.82 26.19 ' 2.72q§ NS ¥t NS ‘
Urine e:‘cgr?:;or)x 40.21 44.15 25.69 40.12 37.57  39.44 29.80 24.66 11.23 33.28 é 7.476§ s 1 NS
’Absloxp;§§n7d-:) 49.75 52.Le 23.79 14.71 46.11  48.48 43.35 21.12 13.08 38.26 : 5.800 : NS ees NS K
Digesti’l(agl'ih:y :x) 75.58 66.87 56.47 43.56 .62.33  66.82 59.93 56.06 40.6Y 58.85 : 6.211 : NS %2 NS _° .
»Retention (g 7d.“1) 9.54 8.43 -1.90 -25.41., 8.54 9.()‘:5 13.55 -3.55 1.85 4.99 § 8.295?5' NS& % NS' A
Urine/Abs (X) 80.83 83.96 107.98 272.70 81.47  81.34 68.74 125.48 107.10 86.96 gzo.zso{ NS w ns e
Retention/Intake 17.60 950 -23.74-108.83 10.51  11.03 16.37 -5.44 3.50 17.22 gzs.easé NSx NS "
aReté:t,:ion/Abs (%) 19.17 1:}7.98-172.74 18.52  18.66 31.26 -25.48 ~7.09 13.04 520.?:50%: NS NS NS N
; . ¢ -

i 4




AB Means in the same row with different superscripts are different (P<.1).

N -
- Table 1.14. Sodium absorption and retention by sheep fed different cation-anion balanced diet
or injected with vitamin D3 (high [HC] and low [LC] calcium groups combined)i?,
|
Treatment CTR TRT-A  TRT-B TRT-C TRT-D |\ SEM | HC Lc ' SEM
Variable : H :
i i
: : .
Intake Qg 7d-1) 68.38 76.25a 39.16® 31.74> 68.782 |} 3.511 | 58.29 55.43 | 2.23
' d ' '
Fecegs excretion 19.27« 28.29» 16.71» 17.85% 26.59> | 1.924 | 20.91 22.57 } 1.22
(g 7d-1) H : | .
Urine excretion 39.82=2 36.97ab 25,17 25.68ab 35,423av) 5,286 | 37.552 27.688; 3.34 5
(g 7a-1) S ‘ X
Absorption 49.11= 47.96a 22.45d 13.89 42.19*2 | 4.101 } 37.38 32.86 | 2.59
(g 7d-1) . ' : : ~ i
Digestibility (%) 71.202 61.902b 56.27% 42.11c 60.59ab; 4.392 | 60.96 55.87 | 2.78 -4
Retention (g 7d-!) 9.293b 10.99» -2,72ab-11.78>, 6.76% |} 5.866 ; -0.16 5.18 | 3.71 - %
s 1 ] ] N
~ Urine/Abs (%) 81.102 77.08* 112.2ab> 184.81> 83.96a%,20.25 | 100.43 84.24 ,20.25 / 2
] 1 ] N
' ' ) % K
Retention/Inteke 14.31A 12.94A -14.,59A8-52.41® 8.87~» 118.873 ! -18.89 6.54 ;11.94 é
(%) ' ! ' 3
Retention/Abs (%) 18.92  22.92 - - 16.04 !20.25. ! - 15.76 !120.25 ;i
1 Least-squares means. ﬁ
>2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HCzHigh Ca; LC=Low Ca. o
abc Means in the same row with different superscripts are different (P<.05). %

Gl
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o Table 1.15. Potassium absorption and retention by sheep fed different cation-anion balanced diets
vitamin D; with two levels of dietary calcium!?.

or injected with

main effects and

interaction®
High Ca Low Ca ~ Ca
p x
Variable . CTR TRT-A TRT-B TRT-C TRT-D "CIR TRT-A TRT-B TRT-C TRT-D ! SPM* ! Ca Anion Anion
¥ (] [)
E 3
Intake (g 7d-!) 173.5 182.7 184.8 158.1 180.9 178.3 180.9 163.1 173.9 193.1 :;10.05. ! NS b 24 NS
e L] [)
] (]
Fecal excretion 9.45 13.13 13.90 10.92 13.83 16.13 13.97 \14.26 14.92 14.07 ! 2.287 | NS NS NS
(g 7d-1) ! '
Urine excretion 121.9 121.2 125.0 95.5 127.6 123.7 113.8 108.9 110.3 117.8 | 9.17 | NS . Ns NS ¢
(g 7d-1) H H
. Absorption . 164.1 169.59 170.9 147.3 167.1 162.2 168.0 148.9 159.0 179.1 ! 9.39 ! NS  § NS
(g 71d-1) H ;
Digestibility (%) 94.16 91.71 92.20 92.95 92.05  91.13 91.81 91.24 92.16 92.80 | 1.17 | NS NS NS
[) 1 -
~ (] ]
3 Retention (g 7d-1) 42.22 48.39 45.91 51.71 39.49 38.51 54.15 40.01 48.71 61.24 |, 9.867 ! NS NS NS .
H H >
Urine/Abs (%) 72.86 175.19 73.38 64.67 77.40 76.39 70.36 74.33 71.38 67.44 | 3.910 | NS NS NS
- [ e H H
Retention/Intake 23.05 23.29 24.47 32.93 20.99 21.55 27.44 23.52 25.95 30.18 ! 4.919 !\'NS NS NS
< x> (X) B ¢
- ‘ " —
1 Least-squares means. B
2 CTR=Control; TRT=Treatment. °
3 NS=Not significant (P>.1); ¥ P<.1; *x P<,05,
4 SEM=Standard error of mean.
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Table 1.16. Potassium absorption and retention by sheep fed different cation-anion balanced dieh?x
or injected with vitamin D; (high [HC] and low [LC] calcium groups combined)i?.

Treatment CTR  TRT-A° TRT-B  TRT-C  TRT-D | SEM | HC IC | SEM, ]
Variable i ' '
P i i
T : ; /

Intake (g 7d-') 175.962>182.342»174.00°>166.08> 187.04%} 7.106 | 176.05 178.12 | 4.63
] M [}
] ' ]

Feces excretion  12.79 13.55 14.08 12.92 13.95 } 1.617 | 12.25 14.67 | 1.02
(g 7d-1) - ' '

Urine excretion 122.81 117.52 116.96 102.95 122.73 ! 6.487 ! 118.26 114.92 | 4.10 .

(g 7d-1) : : '

Absorption 163.17A2168.79A8159.9248153.16A 173.09*! 6.645 | 163.81 163.45 | 4.20
(g 7d-1) : : H

Digestibility (%) 92.64 91.76 91.72 92.55 92.43 | 0.826 | 92.62 91.83 ! 0.52

Retention (g 7d-!) 40.37 51.27 42.96 50.21 50.36 { 6.977 | 45.54 48.52 | 4.41
) ] [)
« i ] )

Urine/Abs (%) 74.83 72.78 73.83 68.03 72.42 | 3.91 | 72.70 71.98 | 2.37
‘ Vo :

Retention/Intake 22.30 25.37 23.99 29.44  25.59 | 3.478 |~ 24.95 25.73 | 2.20
(%) ' : : :

Retention/Abs (%) 25.17 27.21 26.15 31.97 27.58 | 3.91 ! 27.30 28.02 } 2.37

1 Leasst-squares means.

2 CTR=Control; TRT=Treatment; SEM=Standar error of mean;
ab Means in the same row with different superscripts are
AB Means in the same row with different superscripts are

HC=High Ca; LC=Low Ca.
different (P<.05).
different (P<.1).
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o "Chloride (Cl) metabolism ) A

* " o
A A T e 2R

As expected, animals fed TRT-A had an increased (P<.01)

Cl intake {Table 1.17, 1.18). There were no differences

(P;.l) in apparent digestibility between dietary treatments. b
<Absorption of Cl from the éI-trpct was very high (above 90%)
and confirms that the kidney is the major homeostatic organ.
A intake of Cl by sheep fed HC diefs;yas greate; (P<.01) than ?
that for sheep fed LC diets. This was caused by thg’dif-
ference observed in Cl concentration between alfalﬂ?\hay
(0.52%) and timothy hay (0.35%). This difference also caused
differences (P<.05) in Cl retention. >

é}l Salfur (S) metabolism ' 4

Compared to Cl, sulfur metabolism showed a different
homeostatic metabolism (Table 1.19). Apparént digestibility
increased (P<.01) as intake of S increased. This resulted in
greater (P<.05) retention by animals fed TRf—B and TRT-C than
QTR (Table 1.20). However, since animals fed TRT-B and TRT-C
excreted excess S in urine , there was no difference (P>.1)

A . observed in S retention by *sheep fed different dietary treat-
ments. Retention of S expressed as a proportion of that in-
gested differed more than 10-fold (range from 2.71 to 60.41%)

)

,but no difference (P>.1) was observed between dietary treat-

0 ments because of large variations between animals.

N




Table ’_1.17. Chloride absorption and retention by sheep fed different cation-anion balanced diets or injected with
vitamin Dy with two levels of dietary calcium!?.
main effects and
interaction? B
High Ca Low Ca .. Ca .
- '
Variable CTR TRT-A TRT-B TRT-C TRT-D CIR TRT~-A TRT-B2 TRT-C TRT-D | SEM* ! Ca Anion Anion
. - . H
Intake (g 7d-1) 78.8 179.6 99.7 176.3 85.8 54.7 116.3 69.5 55.6 53.7 ! 7.29 ) 5% %% NS
[ ] ]
. - ] [} *
- Fecal excretion 3.12 4.97 5.79 4,04 3.81 3.56 3.44 3.35 3.12 4,30 { 0.81 | NS NS NS
" . (g Td1) — H 7
Urine excretion 46.3 108.0 55.4 48.1 64.8 39.5 102.6 57.3 28.2\ 43.4 '} 8.09 ! xxx %xx NS s
(g 7d-1) : H .
l Absorption ’ 75.7 174.6 93.9 72.3 81.9 51.1 102.6 66.1 562.5 49.4 1 7.32 ! xxx  £3%x NS
LT (g 7d-1) ) ‘ i !
‘ Digestibility (X) 95.8 97.2 94.3 94.7 " 95.7 93.4 96.6 95.1 94.4 92.1 1 1.00 | NS NS NS ;
' . ! H H E
Retention (g 7d-%) 29.4 66.6 38.5 24.2 17.2 11.6 10.3 8.81 24.3 6.03 § 7.59 | xxx %% . S -
4 * -~ N . a1t
(] [}
Urine/Abs (%) 61.6 62.8 +58.9 65.7 18.9 77.4 91.5 84.0 55.4 88.2 '9.42 ! x NS NS
” Retention/Intake 36.9 36.3 38.7 32.7 20.3 21.3 8.25 15.2 42.4 10.7 ! 9.01 ! ® NS NS ’ N
~ (%) - : H .
i Retention/Absu((%) 38.4 37.2 41.1 34.3 21.1 22.6 8.48 15.9 44.6 11.8 19.42 ! x NS NS i
v / .
- 1 Least-squares means. - h
2 CIR=Control; TRT=Treatment.
4 ¥ NS=Not significant (P>.1); * P<.1; *x P<.05,. . -
\-) ¢ SEM=Standard error of mean. o
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Table 1.18. Chloride absorption and retention by sheep fed different cation-anion balanced diets =
or injected with vitamin D; (high [HC] and low [LC] calcium groups combined)2,

Patr .

SEM

Treatment  CIR TRT-A TRT-B TRT-C TRT-D | L IC ! SEM .
Variable ' : ; 5
H H : &
' ' i s
Intake (g 7d-}) 66.72 147.9®  84.6¢ 65.92 69.7% | 5.15 | 104.0» 69.92b! 3,67 :
H : - ] X
Feces excretion 3.34 4.21 4.57 3.58 4.06 } 0.57 4.35 3.56 | 0.41 ﬂ_j
(g 7d-1) ! : : : y
Urine exeretion 42.9*% 105.3¢ 56.3@ 38.1@ 54.12b»; 5.72 | 64.5% 54.20 | 4.08 ~ -
(g 7d-1) : : H .o
Absorption 63.42 143.7* 80.0c 62.4 65.72¢; 5.18 { 99.7» 66.4> | 3.69 . *
(g 7d-1) : : : .
Digestibility (%) 94.6 96.9 94.7 94.6 93.9 | 0.71 | 95.6 94.3 | 0.50 -
H ; i .
Retention (g 7d-%) 20.502 38.43> 23.68* 24,232 11.59%} 5.37 | 35.17* 12.20v} 3.83 ¥
' ' ' A
Urine/Abs (%) 69.49 77.14 71.45 60.54 83.52 | 7.20 | 65.582 79.29%, 4.75 N
’ [ [ ] '
[} + ] ’
Retention/Intake 29.07 22.28 26.97 37.51 15.51 | 6.38 | 32.97* 19.66®] 4.56
(%) - ' : . :
Retention/Abs (%) 30.51 22.86 28.54 39.45 16.48 | 6.67 | 34.42» 20.71B; 4.75 N
1 Least-squares means. . { 4
2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HC=High Ca; LC=Low Ca. B
abc Means in the 'same row with different superscripts are different (P<.05). . B’
AB Means in the same row with different superscripts are different (P<.1). ‘%%
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Sulfur absorption and retel;xt.ion by sheep fed different cation-anion balanced diets or injected with
itamin Dy with two levels of dietary caleium!?,

\/’ —
- main effects and
— \z interaction?
High Ca Low Ca Ca
x
Variable CTR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D | SR | Ca Anion Anion
[} [
E E
Intake (g 7d-1) 26.5 35.7 69.9 58.5 27.7 25.7 21.2 50.0 65.4 23.1 ) 4.06 ! % %x%x x%°
(] [}
- [ [}
Fecal excretion 11.1  12.8 14.8 17.9 9.67 9.8 11.7 11.8 16.5 10.2 1,20 ! NS 2z NS
(g 7d-1) } ! '
Urine. excretion 0.09 1.92 '25.71 34.49 1.15 0.14 1.11 37.96 31.69 11,98 { 6,13 |} NS =% NS
(g 7d-t) : '
. Absorption 15.4 22.9 54.8 40.9 10.0 15.9 9.556 38.2 49.5 12,9 ! 3.82 ! NS xxx 32
- (g 7d-1) / : : '
' Digestibility (%) 57.04 62.87 78.56 69.05 63.25 60.99 37.73 76.20 73.35 55.72 ) 4.87 | NS #xx b
[} ]
] ]
Retention (g 7d-%) 15.6 20.9 29.1 6.1 16.9 15.8 10.9 2.7 11.2 0.92 { 7.12 | NS NS NS
‘): :
Urine/Abs (%) 0.5 61.5 50.6 83.7 8.2 0.9 11.6 102.i§' 59.9 110.2 ’:36.42 i NS NS NS
- [] [}
© ] L )
» Retention/Intake 58.9 58.5 . 39.3 11.5 58.7 60.4 51.0 5.3 27.33 2.7 120,26 ! NS NS. NS
(X) R
Retention/Abs 100.5 g3.9 49._4 16.3 91.¢ g99.1 118.0 6.9 40.1 7.1 136.42 } NS NS NS
1 least-squares means. , ) .
* CTR=Control; TRT=Treatment. T\
3 NS=Not significant (P>.1); * P‘<.1; xx P<.05; xxx P<.01. . .
¢ SEM=Standard error of mean. '
\
d »
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Table 1.20. Sulfur absorption and retention by sheep fed different cation-anion balanéed diets
or injected with vitamin D; (high [HC] and low [LC] calcium groups combined)iz.

-

Treatment CTR TRT-A TRT-B TRT-C TRT-D ! SEM | HC IC ! SEM
Variable : H H
Intake (g 7d-1) 26.12 28.52 59.8 61.,9> 25.4a ! 2.8 ! 43.6A 37.1B ! 2.04

e 1] ] ]
[} ) 3
Feces excretion 10.5 12.3ab  13.3b  17.2¢ 9.9» ! 0.84 ! 13.3 11.9 ! 0.60
(g 7d-1) - : : o
Urine excretion 0.128" 1.522 31.8> 33.1b 6.6 ! 4.35 ! 12.6 16.1 ! 3.09
(g 7d-1) : : :
Absorption 15.6a 16.2a  46.5®> 44.7v 15.5a ! 2,70 ! 30.4 25.1 ! 1.92
(g 7d-1) : : :
Digestibility (¥) 59.02 50.0a 77.4> 71.2» 59,52 ! 3.45 ! 66.2 60.1 ! 2.45
Retention (g 7d-1) 15.5 14.9 °  14.7 11.7 8.9 ! 5.03 ! 17.7 9.0 ! 3.59
] [) ]
& t 1
Urine/Abs (%) 2.5 9.4 76.4 71.8 59.2 !25.70 ! 29.6 51.1 118.36
Retention/Intake 58.9 52.5 19.4 19.4 30.7 214.32 E 45.1 27.2 110.21
(%) ; : . :
Retention/Abs (%) 99.7 91.9 2376 28.2 40.8 !25.76 ! 170.4 48.19 !18.36

lsleast~-squares means.

2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HC=High Ca; LC=Low Ca.
abc Means in the same row with different superscripts are different (P<.05).

AB Means in.the same row with different superscripts are different (P<.1).
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‘Nitrogen (N) metabolism

Tables 1.21 and 1.22 show N metabolism of animals. In
spite of higher intake of N by animals fed TRT-A, no dif-
ferences (P>.1) were observed in the apparent digestibility
but resulted in obtaining a greater (P<.01) N absorption (g
7d-1) by animals fed TRT-A .than those fed the other dietary
treatments (Table 1.22). Animals fed TRT-C showed a reduced
{P<.01) fecal N excretion than those fed TRT-B, even though
their N intake was similar. Thus, final retention expressed
as a proportion of that ingested by animais fed TRT-C

(23.85%) was greater (P<.1) than for TRT-B (11.07%).

”

Plasma major minerals profiles

Concentration of inorganic P (Pi) in plasma was affected
(P<.05) by dietary treatments but not by levels of dietary
Ca (P>.1)(Table 1.23). An%mals fed TRT-B had greater

e

(P<.05) concentrations (5.26 mg dL-1!) than that for TRT-C

(4.40 mg dL-!), although neither were different (S>.1) from
CTR (4.98 mg dL-!)(Table 1.24).

Plasma Ca concentration was relatively low and ranged

’ from 8.72 to 9.46 mg dL-!. Animals fed TRT-A and TRT-D showed

higher (P<.05) plasma Ca concentrations compared to those fed

CTR (Table 1.24). Interaction existed between the level of

cg: dietary Ca and dietary cation-anion balance (P<.05) suggest-

ing that the response of changing dietary cation-anion

balance altered Ca concentrations in plasma and was dif-

- %
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Table 1.21. Nitrogen absorption and retention by sheep fed different cation-anion balanced diets or injected with
vitamin D with two levels of dietary calcium!?. o

main effects and

_ interaction?®
High Ca Low Ca ca )
Variable ClR TRT-A TRT-B TRT-C TRI-D  CIR TRT-A TRT-B TRT-C TRT-D SEM ! Ca Anion A:xion u’;
Intake (kg 7d-') 0.996 1.241 1.070 0.875 1.071  0.929 1.059 0.883 0.874 0.956 0.054? $X% 11x NS
Feces excretion 0.353 0.388 0.392 0.301 0.398  0.314 0.359 0.344 0.315 0.475 o.ozsg 2 2 NS w
Urine exoretion 0.419 0.554 0.474 0.363 0.420  0.444 0.499 0.537 0.359 0.475 {0,063 NS NS NS
Absorpt;lt:fx 7d:) 0.642 0.853 0.678 0.565 0.674  0.615 0.701 0.539 0.559 0.627 0.044§ * x5 NS ’
Digestit‘:ﬁilg )64.33 68.95 62.85 64.73 63.12  65.45 64.78 60.62 63.70 65.44 §2.279§ NS NS NS E
Ratgt):ion | 0.223 0.299 0.231 0.202 0.244  0.171 0.246 0.001 0.200 0.152 0.651§ 2 % NS
Urine/Aéskg(;? )34.99 35.11 32.99 36.15 36.36  27.62 21.53 0.55 38.89 23.84 §8.740§ NS NS NS
Retention/Intake 22.25 24.36 20.97 23.38 23.16  18.10 16.33 1.17 24.31 15.63 §7.ozs§ x % NS ‘3
Retgt):ion/Abs 65.00 64.89 67.01 63.85 63.69  72.38 78.69 99.44 61.11 76.16 ! 8.740 ! NS NS NS ’j
(%) ) , ﬁ
Least-squares means. ﬁ
CTR=Control; TRT=Treatment. ' . E

& W N e

=Not significant (P>.1); ¥ P<.1; x% P<.05; *3x P<.01. ) -5
SEM=Standard error of mean. : K
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Table '1.22. Nitrogen absorption and retention by sheep fed different cation-anion balanced diets
or injected with vitamin D; (high [HC] and low [LC] calcium groups combined)1?.

~

Treatment CTR TRT-A TRT-B TRT-C TRT-D | SEM HC 1C \ SEM
Variable ' i H
Intake (kg 7d-*) 0.962* 1.151> 0.9762 0.874% 1.0142b} 0.038 ! 1.0512 0.940b> ! 0.0249
Feces eicretion 0.334A® (0,3732 0.368* 0.312B (.3642 | 0.0176; 0.3682-:"0.332b E 0.011
(kg 7d-1) . i : ]
Urine excretion 0.432 0.526 0.492 0.381 0.452 | 0.0450;, 0.443 0.463 | 0.028
(kg 7d-1) : : :
Absorption 0.629a> 0,777¢ 0.6083> 0.562* 0.650* | 0.0314{ 0.682>» 0.608®8 | 0.020 -~
(kg 7d-1) : ' '
Digestibility 64.89 66.86 61.73 \§4.21 64.28 | 1.612 } 64.79 63.99 | 1.020
(%) H : ‘ -
Retention 0.197A8 (0,2517 0.1168 0.201A® (0,198A%; 0.0460; 0.240* 0.145> } 0,029 .
(kg 7d-1) » ' . :
Urine/Abs (%) 69.10 71.68 83.22 62.48 69.93 , 8.74 |, 64.88 77.51 | 529
Retention/Intake 20.18A8 20.35A8 11.07A 23.858 19.39A®) 4.969 |} 22.83* 15.11® ! 3.14
(%) H : :
Retention/Abs 30.89 28.32 16.77 . 37.52 30.07 , 8.74 , 35.11 22.49 | 5.29
(%)
1 Jeast-squares means. -
2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HCzHigh Ca; LC=Low Ca.
abc Means in the same row with different superscripts are different (P<.05).
AR Means in the same row with different superscripts are different (P<.1). ©
~
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Table 1.23. Blood parameters of sheep fed differeht cation-anion balanced diets or injected with
vitamin Da with two levels of dietary calcium!?,

_ main effects and e
~ interaction® T
High Ca Low Ca ' ' Ca
- - ! H .
Parameter CIR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D { SEM* | Ca Anion Anion
H : :
' ' - ot
1] [ ] -t
Phosphorus 4.81 4.90 '5.43 4.36 4.85 5.14 4.87 5.08 4.44 4.97 : 0.30 | NS *=* NS
(mg dL-t) . ' !
Calcium 8.96 9.18 8.94 8.72 9.46 8.84 9.20 9.15 8.8 9.01 |} 0.11 | NS =%xx ¢4
(mg dL-t) . : H
Magnesium 2.42 2.33 2.54 2.67 2.34 2.25 2.24 2.55 2.65 2.24 :‘.08 ! NS 3% NS
{mg dL-1) : '
Sodium 147.4 4.4 148.2 142.7 148.5 144.4 144.4 147.5 144.8 143.7 | 3.19 ! NS NS NS
(meq L-1) “ : H
Potassium 4.46 4.32 4.38 4.28 4.31 4.19 4.49 4.40 4,31 4.27 § 0.11 | NS NS NS
(meq L-t) . - i i
Sulfate 0.89 1.06 1.25 1.45 71.08 1.06 1.16 1.32 1.05 0.83 ! 0.13 ! NS x*x NS
{mmol L-%) . . . H H .
Chloride 104.22 100.47 103.94 103.48 104.10 103.27 103.29 100.94 102.98 104.29 ;} 1.708 } NS NS NS
(meq L-t) . H H
OHPro’ 6.13 5.(:35| 6.11 5.87 5.75™ 7.23 5.75 6.81 5.94 6.43 : 0.375 | =x % NS i
{nmol L-!¥ -
} Least-squares mﬁ: -
2 CTR=Control; TRT=Treatmgnt. . «
3 NS=Not significant (P>.1); *¥ P<.05; 3xx P(.01l. ; -
4+ SfM=Standard error of mean. . :
5 Hydroxyproline. s
O
¥ o) "
@




Table 1.2%. Blood parameters of sheep fed different cation-anion balanced diets or
injected with vitamin Da ( high [HC] and low {LC] calcium groups combined)i?.
: = g : : ' o
- CTR TRT-A TRT-B TRT-C TRT-D i SEM H HC Lc T S '
Parameter H H H .
} i : :
} 1 1 R,
Phosphorus 4.982b 4.89»> 5,262 4.400 4.90s> } 0.21 | 4.87 4.90 ! 0.13 / -
(mg AL-1) ( ; : :
Calcium 8.89* 9.19® 9.04apb 8.79s 9.27* | 0.08 | 9.06 9.01 { 0.04
(mg di-t) ‘ : :
Magnesium 2,332 2.28 2.54b 2.660 2.29* | 0.05 2.46 2.39 | 0.04
(mg dL-1) ' ] \ i )
Sodium 145.9 144.4 147.9 143.8 146.1 i1 2.26 | 146.2 144.9 | 1.42 -
(meq L-1) : ' ' : ’
Potassium 4.32 4.40 4.39 4.30 4.29 'V 0.07 | 4.35 4,33 ¢ 0.05
(meq L-1) d ' ' R
Sulfate . 0.97a 1.11ab 1.28> 7 1.25b 0.952 | 0.09 | .1.15 1.08-% 0.06
8 (mmol L-1) : : :
: Chloride 103.73 103.97 102.44 103.23 104.05 ; 1.207 )} 104.80 102.90 ; 0.98
(meq L-1) .o ' , :
OHPro3 6.682 5.70v 6.46ab 5.91ad  6.092® | 0.300 } 5.0 6.43b; 0.12
(nmol L-1) ’
— 1 t—-squares means. ’ by
2 =Control; TRT=Treatment; SEM=Standar error of mean; HC=High Ca; LC=Low Ca. 1
3 Hydroxyproline. - ' ) v
ab Means in the same row with different superscripts are different (P<.05).: 2 :
O
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ferent between sheep’fed HC and LC diets. In sheep fed HC
diets, animals fed TRT<AY and TRT-D was higher (P<.01) plasma
Ca con?entratiops than those fed CTR, whereas differences
(P(Qoé) were only apparent betweeg TRT-A and CTR for the LC
diets and failed to demonstrate the effect of vitamin Ds in-
jection on plasmaQCa concentrations.

Concentration of Mg in plaéma reflected the amounts of
die?ary Mg ingested where 'animals fed TRT-B and TRT-C hgd
higher concentrations (P<.01) éhan those fed other dieta;y
treatments. No difference (P>.1) was observed between HC
and LC diets.

No differences (P>.1) were observed in plasma Na con-

centrations between dietary treatments and ranged from 143.7

meq L-! for TRT-C to 147.8 meq L-! for TRT-B.

Plasma K concentrations ranged from 4.29 meq L-? for
TRT-D to 4.40 meq L-! for TRT-A and no digferences (P>.1)
were found between dietary treatments.

kPiasma inorganic sulfate (S8O¢) concentrations reflected
the amounts of dietary SO« that animals consumed where the
reduced or negative cation-anion balanced diets ‘TRT—B and
TRT-C) showed greater (P<.05) plasma concentration than
those fea CTR and TRT-D.

No diffgrences (P>.1) were observed in plasma chloride
concentration among dietary treatments and ranged fron
102.44 meq L-t* for CTR to 10&.05 meqg LFI for TRT-D.

Plasma free hydoxyproline (QHPro) concentrations are

showh in Tables 1.23 and 1.24. Animals fed TRT-A had reduced

(P<.05) concentrations than those fed CTR. There were no dif-
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ferencgs (P>.1) betweeq animals fed reduced or negative

cation-anion balanced diets (TRT-B and TRT-C) and higher
v e cation-anion balanced diets (CTR). The LC dieis demonstrated
a greater (P<.05{jconcentration than those fed HC diets in-~
dicating that feeding low dietary Ca increased the bone mobi-
lization processes regardless of dietary treatments.

Table 1.25 shows a regression coefficient analysig be-
tween intake of dietary cation-anidén balance (meq d-!) and
plasma major mineral concentrations. Only the congentration
of Mg in plasma was significantly correlated (P=0.0001)

with intake of dietary cation-anion balance and an equation

describing this relationship was; 0
. Mg(mg dL-*) = 2.53 - 3.815 x AC-balance(kg d-1!) (Figure 1.8)
DISCUSSION
Our data suggest that feeding reduced or negative

cation-anion balanced diets obtained by supplementing anion-
forming mineral salts exerted some effects on Ca metabolism
as indicated by an increase in urinary Ca excretion rate
without corresponding changes 1n their intestinal Ca ab-

sorption rate. A 10.7 and 7.9-fold increase in absolute

amount o6f Ca excreted in urine by animals fed TRT-B and TRT-
C, respe&tively, were observed compared(to that of CTR. The
carry-qver effect from the proceeding treatment was not

( detected in any parameters measured using the method of Lucas

{Lucas, 1983), therefore, carry-over effects including that
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Table 1.25. Regression coefficiet analyses of blood paramters
and dietary cation-anion balance.

Variable r n ~ Pr
Phosphorus ©0.169 50 0.249
Calcium 0.170 50 0.242
Magnesium -0.562 50 0.0001
Sodium -0.061 50 0.679
Potassium 0.081 50 0.580
Chloride -0.102 50 0.491
r Correlation coefficient. K1

n Number of observations.
Pr Probability.
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Figure 1.8. Relationship between the intake of dietary cation- ‘ e
anion balance and the concentration of magnesium
>’ (Mg) in plasma (0 = high calcium, @ = low calcium

groups ) (r=0.562, P=0.0001).
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from the injection of vitamin Ds will not be discussed withdn’

©

thig study. ,

A major site of Ca absorption in GI-fract is postulated
to be the upper small intestine in ruminants (Béanhedalia
et al., 1975; Yano et al., 1979; 1Ivan et al., 19%?) as

evidenced by a decreasing in Ca solubility of digesta with

.increasing distance from the pylorus. Although, the Ca ab-

< “

sorption process has been shown to involve both the dif-
fusive and active transport mechanisms in chicken (Wasserman
and Taylor, 1969) and in rats (Pansu et al., 1981), no clear
evidence for the existence of an active component for Ca ab-
sorption in small intestinal in adult sheep has been found
(Phillipson and Storry, 1965). The active componént of Ca
absorption is, relatively, more important at low concentra-
tions of Ca within the small intestinal lumen and 1s also
expected to be more evident in the young animals (Pansu et
al., 1983a). Furthermore, efficiency of absorpti:n of
dietary Ca from the small intestine of the ruminants was ob-
served to increase in response to a reduced intake of the
dietary Ca (Abdel-Hafeez et al., 1982). Considering that the
Ca level in LC diets (0.48% DM) was relatively higher than
requirements (0.35% DM)(NRC, 1985) and no differences were
observed in apparent digestibility of Ca between sheep fed
HC and LC diets in our study, the non-saturable passive
diffusion absorption process was likely responsible for most

of Ca absorption (with a depression in the active absorption

process). This may also explained the lack of change in ap-

parent absorption rate of Ca by animals injected with vitamin

i
%‘,
e
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Ds (TRT-D) compared to that of CTR, since vitamin D; is a
potent stimulator of the active absorption process (Pansu et
al., 1983b) through the action of Ca-binding protein (CaBP)
but has iittle effects on the non-saturable p&isive absorp-
tion process (Pansu et al., 1981). §

Ca absorption rates of 15 to 20% observed in this study
by feeding either chopped alfalfa (HC) or timothy hay (LC)
confirmed the values calculated from the data of Braithwaite
(1975) for sheep with a similar intake of Ca.

A reduction in intake of DM observed by sheep fed TRT-C
may be a direct result from supplementation of excess Fe as
FeSO¢ in this diet. Iron contents of TRT-C for HC and LC
groups were 1134+373 and 11614243 ppm, respectively, whereas
CTR contained 152 and 166 ppm for the HC and LC diets,
respectively. Supplementation of Fe as FeSO4 at levels of
>1000ppm were demonstrated to have an adverse effects on
feed intake and body weight gain in steers (Standish et al.,
1969; 1971) as well as in calves (Koong et al., 1970).
Excess Fe in TRT-C may have combined with dietary phosphate
to form unabsorbable iron phosphate, rendering it unavailable
to animals, as evidénced by the negative P balance by
animals fed TRT-C as well as the reduction in plasma inor-
ganic P concentrations compared to that of CTR. Standish et
al. (1971) reported a decrease in P absorption with an in-
crease in dietary Fe from 100 to 1000 ppm. Even though
availability of Fe is generally low, apparent absorption

values o1 3 to 10% has been reported (Underwoo%, 1977), and

FeSOs has been shown to be a readily available source of Fe




for ruminants (Ammerman et al.l,;196$7. Another possibility
:r‘\ \

exists explaining the reductich’ in intake of DM observed by

animals fed TRT-C, i.e. the exoéss amount of 8 (0.53% DM) in
the ﬂiet. Johnson et al. (1968) dFmonstrated that feeding
0.5% of total DM as 8 in the form of Naz804 or CaSO4 resulted
in a reduced iniﬁke of DM. However, other studies have ob-
served no harmful effects from feeding relatively high
levels (up to 1.72% of total DM) of S (Chalupa et al., 1971,
Gawthorne an& Nader, £976).

In gpite of the potential adverse relationship existing
between dietary Fe and P, the effects of excess dietary Fe
on Ca metabolism has not been established. Standish et al.
(1971) and Koong et al. (1970) reported no differences in
plasma Ca concentrations of ruminants supplemented up to
2,000 ppm of Fe, whereas others reported a reduction in
plasma Ca concentrations wi%h an 1increase in dietary Fe con-
tents in rats (Harmen et al., 1968) and in ruminants up to
400 ppm Fe (Standish et al., _1969).

Irrespective of the anion-forming mineral salts used to
?educe dietary cation-anion balance, a correlation between
the digestibility of diétary Ca and daily ingested Qietary
cation-anion balance values seemed to have two phases (Lomba
et al., 1978); a positive line;r relationship with positive
cation-anion balanced diets and a negative linear relation-
ship obtained with negative cation-anion balanced diets.
There was no significant correlation obtained in this study
between intake of dietary cation-anion balance (meq d-!) and
Ca absorption (g 7d-1), although a pogsitive linear

~
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relationship (r=0.305 and P=0.032) was observed between khe
dietary cation-anion balance and Ca retention (g 7d-'). A
correlation using only negative cation-anion balanced diets
and Ca retention in this study was limited by a small number
of observations with a negative cation-anion balanced diets
(n=14), thus, no significant correlation was found between
them (P=0.64). Ender et al. (1971) reported that feeding
acidic diets to dairy cows prepartum improved the Ca balance
during first four days postpartum and produced fewer in-
cidences of milk fever compared to cows fed non-acidic con-
trol diet. However, no differences were observed i1n Ca

balance prepartum: The acidic diets were obtained by sup-
i

:plementing H250s4 and HCl to the control diets.

A high amount of Al (>2000ppm) in diets is known to
cause a reduction in feed intake and absorption of P from
the small intestine (Valdivia et al., 1982; Allen, 1984). Al
contents of TRT-B (gupplemented with Al;(SO4)3) was much
lower than 2000 ppm (719498 ppm) and animals fed this diet
did not show any differences in intake of DM or P metabolism
ccmpared to CTR. Thus it is unlikely that this level of Al
in diets, per se, caused a direct effects on major mineral
metabolism.

An increased urinary Ca excretion was observed by
animals fed reduced cation-anion balanced diets (TRT-A,TRT-
B %hd TPT-C) and differences observed in total urinary Ca
excretion (g 7d-!) for animals fed TRT-A, TRT-B, and TRT-C
were 10.28, 10.67 and 7.89 tines higher than that of CTR,

respectively, The urinary Ca excretion expressed as a




C

& e

proportion of Ca absorbed (X) indicated that animals fed the

most negative cation-anion balanced diet (TRT-C) excreted
56%¥ of the Ca absorbed whereas only a 2.5% of Ca absorbed
was excreted in the urine of animals fed CTR. A strong nega-
tive linear relationship was observed between the dietary
cation-anion balance and urinary Ca excretion {(Figure 1.5)
in this study which suggests the existence of a mechanism(s)
where dietary cation-anion balance affects kidney function
in mineral reabsorption processes (Stacey and Wilson, 1970).
Furthermore, animals fed TRT-C had lower concentration of Ca
in plasma than that of CTR suggesting that the filtered
load of Ca at the kidney tubule should be smaller for sheep
fed TRT-C than CTR, yet the amount of urinary Ca excretion
was the highest. Thus, the existence of inhibitory effects
of renal Ca reabsorption by feeding negative cation-anion
balanced diets is suggested.
Braithwaite (1972) hypothesized that urinary Ca excre-
‘tion was under control of some renal mechanisms, which is
affected by pH. Sutton et al. (1979) also demonstrated, in
dogs the presence of a component of tubular Ca resorption
situated beyond the proximal tubule that was inhibited by
chronic metabolic acidosis and enhanced by metabolic
alkalosis. In our study, a reduction in urinary pH observed
in animals fed TRT-B and TRT-C compared to that of CTR indi-
cates an alternation of acid-base status caused by feeding
reduced cation-anion balanced diets. This confirmed the
result of Fredeen et al. (1988a) who reported a reduction in

urine pH and bicarbonate (HCO3-) excretion in urine by goats
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fed a diet with Na+K-Cl value of -8% (meq kg-!DM) compared to
that of fed a diet with ﬁa+K-Cl value of 467 (meq kg-!DM).
However, no reduction in urinary pH of animals fed TRT-A
which included NHiCl at the level of 0.87% of total DM was
observed. Braithwaite (1972) and Bushman et al. (1968) ob-
served a significant reduction in urinary pH by feeding 1% of
total DM NH4Cl in sheep but a level of 0.5% of total DM NH.Cl
did not show the effect on urine pH.

Providing exogenous sources of anions (SO:« and Cl) were
shown to cause increased urinary Ca excretion (Whiting and
Draper, 1980; Whiting and Cole, 1986). Waith observations
that SOy is reabsorbed by the kidney at minimum rate and
also selectively complexes with free Ca in the renal tubular
ultrafiltrate leading to a decrease in the Ca reqpsorption
(Whiting and Draper, 1981b; Bushinsky et al, 1982; Jacob et
al., 1983), it was hypothesized that S04« should produce a
greater calciuric effect than Cl when anions were given 1in
equivalent amounts. However, Whiting and Cole (1986) using
rats concluded that there was no difference in the calciuric
effect between dietary SO« and Cl but intestinal absorption
of dietary Cl was greater than that of dietary SO(. 1In
ruminants, the amount of recycling of endogenous SO; either
through salivary secretion and/or directly through the rumen
wall would vary considerably among various diets (Kandylis,
1983) .. Therefore, the available 804 to ruminants might not
directly reflect the amount of dietary SO..

No méasurements were made of the calcitropic hormones in

this study. However, the hypercalciuric effect of acidic-
\-
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induced diets was shown to be indepehdent of PTH as well as
1,25(0d3:D; (Bushinsky ;tial., 1982; karone et al., 1983).

The exjstence of direct linear relationship in apparent
absorption as well as retention between Ca and P observed in
this study confirmed the results of Braithwaite (1975; 1979)
and Harrison a?d Harrison (1961) usiﬁg Ca-deficient animals.
Results of our study indicated that even in Ca-replete
animals, P retention was controlled By tﬁe rate of Ca reten-
tion, Apparent absorption rate (%) of P obtained in our
study ranged between ;1.6%$tp 12.5% %md were similar to that
of Braithwaite (1984) who'reported 4.5%. However, the ap-
parent absorption may not reflect the amount of available
dietary P since it is assu@ed that higher endogenous fecal
losses occurs with higher dietary P intake than requi;ements
and represents a resecretion mainly in the saliva. (Field et
al., 1982). ‘ -

In non-ruminants as well as in ruminants, it is well es-
Fablished }hat diet low in P tend to be associated with hy-
percalcemia and, consequently, a depressed secretion of PTH
(Fox and Care, 1978). In non-ruminants, despite the con-
comitant hypercalcemia observed with feeding 1low P diets,
there is usually an increase in the plasma concentration of
1,25(0H)2D3 and a consequent increase in the efficiency of
absorption of Ca from the small intestine (Kenny, 1981b). It
is apparent from our results that animals with P depiletion
resulted from a jreduction in available dietary P caused by

excess Fe supplementation (TRT-C) and lead to a reduction in

the efficiency of absorption of Ca. This anomaly presumably
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resulting from a depresied plasma doncentra:}Bn of
1;25(OH)zDa, the production'of which is not enhanced by
hypophosphotaenia resulted from P depletion, although the
reduction in plasma P cogcentrations of animals fed TRT-C
was found only to'be a trend (P<.1) compared to that of CTR.

Abdel~-Hafeez et al. (1982) suggeste%,%ﬁzt a reduction in
plasma 1,25(OH)2Ds concentrations was ﬁ/direct result of al-
tered activity of the enzyme involved, 25(0H)p3-1—
hydroxylase, and neither PTH or calcitonin c;uld‘be involved
in this change since dietary P deficiency was shown to cause
similar changes in plasma concentrations of Ca, P and
1,25(0H)2D; between thyroparathyroidectomized and intact
ruminants. This enzyme, 25(OHfD3;-l1-hydroxylase perhaps has a
higher requirement for P than in non-ruminants so that 1t
is maximally stimulated only when sheep were fed a rela-
tively high P diets and significant amounts of P were ex-
crgted in urine.

The efgfect of the administration of a single massive hose
(16670 IU Kg-1BW) of vitamin D3 was to cause a small but
gsignificant increase in plasma Ca concenérations compared to
CTR. This result is in agreement with others (Thomas et al.,
1981; Hidiroglou and Hidiroglou, 1982; Hidiroglu et al.,
1984’. An increase in the concentration of Ca in plasma with
the injecéion of vitamin D; was a result éf the action of
1,25(0H)~D; acting in the small intestine to increase Ca ab-
sorption particularly by the active absorption process and
in bone to increase bone Ca resorption (Putkey and Norman,

~

1982), The magnitude of increase inuconoentrations of plasma

&

(
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Ca observed in this study, howévéy, was not as great as ob-

served with cows (Horst and Reinhardt, 1983). This may have
resulted from a long time interval between the injection of
vitamin D; and the sampling of bloog (101days). fhomas
(1981) reported that the effect of administeration (i.m.)
with various doses of vitamin Dz on plasma concent;axion; of
Ca in lambs was a quadratic with respect to time. There also
seemed to be differences between sheep and cattle for the
hyéroxylation process of vitamin Dy required‘to synthesize
the active metabolite 1,25(OH);Ds aftqf the administration of
large doses of vitamin D3;. In cattle, an increase in 25(OH)D;
wags observed 7 days after administration (i.m.) of a large
dose of vitamin D; (Hollis et al., 1977), whereas an in-
crease was observed within 1 day following the inJjection in
sheep (Hidiroglou and Knipfel, 1984).

Results indicated that feeding a reduced cation-anion
balanced diet td sheep regardless of the type mineral salts
used caused an elevation in urinary Ca excretion without af-
fecting intestinal apparent Ca absorption or plasma Ca con-
centrations. A positive correlation (r=0.305) was obtained
between dietary cation-anion balance intake (meq g-1!) aﬂa Ca
retention (g 7d-}). The lowest cation-anion balanced diet in
our study (:32 meq kg-1!DM), however, may not be low enough to
observe the positive effect of extremely reduced cation-anion
balanced diets (<-100 meq kg-*DM) on Ca balance (Lomba et
al., 1978).

Miner;ls (Mg, Al, and Fe) that accompanied the anions (Cl
and S) with the form of salts used to reduced:the dietary

«
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cation-anion balance showed little or no direct effect on Ca

Al etniin

metabolism, although some indirect effects of excess minerals

n
<
Ty

were apparent (reduction in feed intake). Because of the im-

.

portance of balancing dietary fixed ions in acid-base control

T e -

of animals (Stewart, 1%78), mode of action of feeding
reduced catidbn-anion balanced diet must involve an alteration
of the acid-base status of apimala toward a metabolic

acidosis resulting in pertubations of Ca metabolism.




IV. EFFECTS OF MANIPULATING DIETARY CATION-ANION BALANCE ON

THE RESPONSE TO EXPERIMENTALLY INDUCED HYPOCALCEMIA IN SHEEP.
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Abstract

A study was conducted to examine the effect of dietary
cation-anion balance on bone calcium (Ca) mobilization,
measured by challenging animals with 5.6% EDTA infusion at a
dose rate of 1.4 ml kg-!BW., Dietary cation-anion balance was
calculated as meq f[(Sodium (Na) + Potassium {K))-(Chloride
(Cl)+ Sulfur (S)]. Ten crossbred wether lambs ({average body
welight 67.8 kg) were fed rations with high Ca (HC) or low Ca
(LC)Y(O0.J5% [HC]land 0.45% [LC]) and five different treat-
ments, four of which differed in their mineral supplementa-
tion. cation-anion balance (meq kg-1DM) were +354, +200, +79,
and +37 for control (CTR), treatments (TRT) -~A, -B, and -C,
respectively. The fifth TRT (TRT-D) was injection of wvitamin
D3 (16670 IU kg-1BW) to sheep fed CTR. A 2x5 factorlalhiyllt—
plot design with %ive 15-day periods of 14 days adaptation
followed by EDTA 1nfusion was used. Total and EDTA titratable
plasma Ca concentrations (mé éL-l) were; 8.62, 7199; 8.43,
8.17; 8.21, 7.90; 8.42, 7.40; 8.06, 7.99 for CTR, TRT-A, -B,
-C and -D, respectively. For CTR, TRT-A, -B, -C and -D,
respectively, the decreases in plasma titratable Ca (mg der)
by the end of EDTA infusion (120 min) were 4.56, 4.20, 3.56,
4.02, and 3.87; the recoveries‘of plasma titratable Ca during
240 min pcst-infusion recovery period were 3.15, 3.10, 3.21,
3.25, and 2.47; the percentage changes in plasma titratable
Ca from pre-infusion at the end of thé recovery°perioa were
-14.15, -11.03, -3.46, -7.69, and -12.09. Amount of Ca mobi-

lized (mmol) and Ca mobilization rate (mmol min-!') during
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EDTA infusion period were; 10.87, 0.094; i4.56, 0.124; 12.96,
0.109; 14.74, 0.125 and 19.83, 0.158 for CTR, TRT-A, -B, -C,
and -D, respectively. Thus, reducing dietary cation-anion
balance in diet increased ability to mobilize Ca during
hypocalcemia and the magnetude of increase was similar‘to

7

that of vitamin D; injection.

3




118

INTRODUCTION

Calcium (Ca) concentrations in plasma are tightly regu-
lated by calcitropic hormones and is generally maintained
within a narrow range despite a large fluctuation exists in
Ca demand created by various physiological statei such as
gestation and lactation (Toverud and Boass, 1979). Hypocal-
cemic parturient paresis (milk fever) that occurs 1in daairy
cows is a metabolic disease where the Ca homeostatic
mechanism is disturbed by a ‘sudden increase in Ca demand at
the 1nitiation of lactation (Littledike et al., 1981).

There have been numerous measures proposed for the
prevention of milk fever (Littledike et al., 1981). These
measures are designed to create an increase in the sen-
sitivity of regulatory mechanisms for blood Ca by increas-
ing the availability of Ca from both exogenous {dietary) and
endogenous sources at parturition %hen milk fever is likely
to occur.

Boda. and Cole (1954) were first to demonstrate that
feeding diets high in Ca to prepartum cows resulted in an
increased incidence of milk.fever. Ender et al. (1962a) ex-
plored the etiology of milk fever by feeding different
amounts of Ca and phosphorus (P) to cows and concluded that
the effect of dietary Ca and P on the induction or preven-
tion of milk fever did not depend upon the absolute amounts
of each mineral but was more related to the alkaline and
acid components of the diet. Cation-anion balance is defined

and calculated as the summation of the milliequivalents of
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anion-forming mineral elements (sodium (Na) and potassium
(K)) minus the summation of the milliequivalent of cation-
forming mineral elements (chloride (Cl) and sulfur (S)).
Diets composed of beets, that is alkalogenic and has a posi-
tive cation-anion balance diets due to their high contents
of Na and K and low contents of Cl and 8 were found to in-.
duce milk fever. Diets consisting of A.I.V. (formic acid
treated) silage that had high levels of Cl and S in rela-
tion to Na and K con£ents resulted in negative cation-anion

balanced diets and low pH values had pronounced preventive 4

~

effect.

Dishington (1975) prevented milk fever by feeding diets
that had negative cation-anidnibalances obtained by using
combinations of commercially available mineral 1ingredients,
namely CaCl;.2H20, MgSOﬂ.7HzO, and Alz (SOs)3.18H20: To
prevent milk fever a min;mum‘dietary cation-anion balance -

intake of -255 meq d-! animal was needed. However, Ca and P

contents of the experimental diets were not reported.
Recenthy, Block (1984) used the same supplemental mineral
salts as Dishington (1975) to obtain a dietary cation-anion
balance of -127.8 meq kg-! dry matter (DM) and a control

diet with a positive cation-anion balance value of +330.4

meq kg-1DM. Both diets contained high Ca (0.65% DM) and P .
(0.24% DM). These diets were fed to prepartum cows from 45
days prepartum to parturition. Cows fed ghe negative cation-
‘t anion balanced diet did not develop milk fever, whereas a
47.4% incidence was observed in cows fed the control diet. He

observed that animals fed the negative cation-anion

i L
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balanced diet had a higher concentration of plasma{

hydroxyproline (OHPro), indicating an increased bone _mobi-
lization, from day-4 prepartum to day-2 postpartum when Ca-
stress was the greatest. Leclerc (1986) also observed that
reducing cation-anion balance of rations from +394 to +62
(meq kg-! dry matter (DM)) decreased the incidence of milk
fever when rations were fed to prepartum cows. Thus, Block
(1984) hypothesized that feeding negative cation-anion
balanced diets causes an increase in availability of Ca from
bone either directly or indirectly through the action of
calcitropic hormones, namely parathyroid hormone (PTH) and
1,25-dihydroxyvitamin D3 (1,25(OH)2D3).

Objectives of tkis experiment were: to investigate the
effect of feeding reduced or negative cation-anion balanced
diets to sheep on the response to acute hypocalcemia ex-
perimentally inauced by continuous infusion of disodium
ethylenediamine tetraacetic acid (Naz EDTA); to test if there
is a difference in response caused by varying the mineral
salts supplementation used to reduce the cation-anion

balance of diets; to compare the above responses to sheep in-

jected with theraputic doses of vitamin Ds.

MATERIALS AND METHODS

Animals

The experiment was conducted with ten wether lambs

(suffolk crossbred) with an initial average weight of

Ll
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66.5+8.65 kg. Animals were placed .-in individual metabolic

cages in a room where temperature was maintained at 20°C and
had 5‘ photoperiod of 14 h light: 10h dark. Animals had free
access to distilled water at all time and were offered the
experimental diets as total mixed rations ad libitum in two

e

equal portions at 0830 h and 1600 h.

Diets

The ingredients of the experimental diets were the same
in Exp. 1 (Table 1.1). Basal diets were grouped into the two
levels of Ca , high Ca [HC] (0.74% of total DM ) and low Ca
[LC] (0.45% of total DM) group and in each group thefe were

o
four dietary treatments as in Exp.l.

A fifth treatment {(TRT-D) in which an administration of
vitamin Dj; at a dose of 16670 IU kg-!BW (Potent D, Pfizer,

Montreal, Quebec) to animals fed CTR was also included.

Experimental design

Animals were randomly assigned to one of the 10 dietary
treatments according to a 2x5 factorial split-plot design
with 2 levels of dietary Ca and 5 different treatments with
five 15-day experimental periods consisting of a 14-day adap-
tation period followed by the EDTA-infusion study. Animals
were assigned to TRT-D during the last period of the ex-

periment in order to minimize the carry-over effects of in-

Jecting vitamin D;.
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Jugular vein catheterization

A polyethylene cannula (I.D. .086 cm O0.D. .127 cm Clay
Adams Inc., Parsippany, NJ.) was inserted into both left and
right jugular veins the day before the infusion study. The
placement of the cathé@érs into the veins was performed by
inserting a disposable needle (18 Ga) into the vein, through
which the catheter was introduced into the vein. Once 10 to
15 cm of the catheter was inside the jugular vein toward the
superior vena cava the needle was removed and the catheter
was fixed to the skin on the neck with several stitches and
covered with adhesive tape to prevent —creating kinks and
rubbing. In order to facilitate frequent blood samplings,
the external end of the catheter was extended from the neck
to the middle of the back of animals where the catheter was
stabilized by adhesive tape. A blunt needle (21 Ga) covered
with its injection cap was placed at the external end of the
catheter, thus allowing the connection of the catheter with
a dispocsable syringe for blood sampling. The cafheter was
kept filled with heparinized physiological saline (50 IU
heparin ml-1) solution to prevent the formation of blood

clots inside the catheter.
Induction of hypocalcemia
One of the jugular vein cannulae was used for the infu-

sion of Najz EDTA {Anachemia, Lachine, Quebec) solution. The

solution was made by dissolving 56 g of Nai;EDTA.2Hz20 in ap-
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;h‘:" proximately 80 ml of physiological saline (Abbot

Laboratories Co., Montreal, Quebec), then a&justing pH to
6.8 to 7.0 with 5N *sodium hydroxide (NaOH) and made up to 1
liter with more physiological saline. This 5.6% Na:2EDTA
solution would effectively remove 0.15 mmol Ca per ml assum-
ing one mole of EDTA will chelate one mole of Ca. The EDTA
solution was infused at the constant rate of 1.4 ml min-!

by means of a peristaltic pump.

A total dose of Naz EDTA given to animals was calculated
/

from body weight (BW) and an infusion rate of 1.7 min kg-1?

BW was used. This dose was previously found suitable for
rapidly reducing plasma Ca level approximately by 50% in a
; ( preliminary trial as shown in Figure 2.1. The duration of
infusion of the solution of 5.6% EDTA was an average of 122
min per animal and an average ;Ebunt of EDTA infused was 9.56
l g Na; EDTA per animal.
’ At the end of the experiments, five animals were 1n-
fused with physiological saline solution alone at rate of
.1.7 min kg-!BW to examine the differences in plasma con-
s centration of Ca, P, and Mg with infusing either EDTA or
3 physiological saline.
Animals were prevented from becoming recumbent by sup-
portihg them with a pair of steel bars under theig abdomen

while animals stood in a cage during the period of infusion.

b .
c Blood collection ‘
| J

Two blood samples were collected prior to the start of

¢
3, .
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Figure 2.1. Changes in plasma titratable calcium concentration *)

with the EDTA infusion.
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infusion of the EDTA solution. Samples were taken every 30 £
min during the infusion period and at the termination of in-
fusion. Samples were taken every 10min during first 30-min
post-infusion, then every 30 min until 120 min post-
infusiod?’%hereafter, additional samples were taken\at 180
and 240 min post-infusion. ' >.
Approxixately 12 ml of blood was collected 1into
heparinized 25 ml disbosable gyringes, immediately trans- -
ferred into heparini;ed 15 ml test tubes and th:?vﬁtﬂf;w
mixed. Samples were centrifuged at 750 x G (International
centrifuge, Universal model U.V. International Equipment
Co., Boston, Massachusetts.) for 15 min, and plasma was
separated immediately and ;tored at -10°C for subsequent
analyses. .
The cannulae were kept patent&by filling them with
heparinized physiologigal saline ( 50 IU  heparin ml-1!) be-

tween samplings. Immediately after the féﬁt blood sample had

been taken the cannula were removed.

Chemical analyses

.Dry matter (DM) of feed and orts were determined by the
toluene disti;latign (Dewar and McDonald, 1961) and DM of
daily feces were determined by placing samples in a forced-
air oven at 65°C for 48 hours. Dried feed, orts and feces
samples were ground through a hammer mill (2 mm screen)

béfore 1laboratory analyses.

Composited feed, orts, feed and urine samples were




analyzed fof nitrogen with Kjel-Foss macroautomatic analyzer

_ (Foss Eleciric, Hillerod, Denmark). After wet digestion with

HNO; and HCl04, samples were analyzed for P by the
alkalimeter ammonium molybdate method (AOAC, 1984) and for
Ca, magnesium (Mg), Na, K, and iron (Fe) with atomic absorp-

tion ‘spectrophotometer (Perkin Elmer 360, Norwalk,

Connecticut). One percent (w/v) lanthanum oxide was _added

prior to the determination of Ca and Mg in order to minimize
interference from theapresence of phosphate (P0s) as well as
sulfate (S804). Sulfur contents were measured by the tur-
bidipetric method of Berblung and Sorbo (1960).

For the determination of chloride in fged, orts and
feces, 20 ml of 1 N HNQ: was added to 1g of sample and mixed
for 15 min by a shaker (model 75 Burrell Corporation, _Pit-
tsburgh, PA) for extraction then centrifuged at 4,400 x G
for‘15 min to obtain a clear supernatant. Chloride concentra-
tions of the supernatants were analyzed by an indirect
method in which a known amounts of excess silver, as AgNO;,
was added to the sample solution then free silver gwas

2

measured by atomic absorption spectrophotometer (Anonymous,
1982) .

Aluminum (Al) contents of feed and feces were méasured by
the method of Hendershot (1985).

For determination of minerals in plasma; two ml of
plasma were added to an equal volume of 20% (v/w) trich-
loroacetic acid, vortexed and kept for 15 min at room tem-
pefature then centrifuged at 750 x G for 20 min. The celear

J
supernatants recovered were used for mineral analyses above.
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Plasma EDTA titratable free Ca (¢Ca) was determined by a
‘ direct titration with NagEDTA'in the'presence of NaOH by the
gaethod of Ward et al. (1960) usinihfal-red (Calcon-
carboxylic acid. 8igma Chemical Co.Ltd., St.Louis, MO) as an
indicator. Plasma inorganic P (Pi) was determined by the

method of Fiske and Subbarow (1925).

Calculation of the Ca mobilization rate during EDTA infusion

{method was taken from Contreras et &d1.(1982)).

Assuming that one molecule of EDTA binds to one free Ca
ion (¢Ca) in blood and that‘no Ca were mobilizEd, the Ca
equivalent of the EDTA infused (I), would be V*@(fCa) where
@(s1Ca) is the decrease in the concentration of §Ca during the

within which there is rapid equfilibration of ¢Ca.

infusion period and V is the Evolume of the compartment

When Ca is mobilized into this compartment (V) from
other available Ca sources (i.e. extracellular fluid,
skeleton, etc.) then @(:Ca) will be smaller. If Q were the
amount of Ca mobilized, then

I-Q = Vx@(¢Ca)

and Q

I-Vi@(¢Ca) (1)
If the infusion of\EDTA lasts T time units~(min) then the
rate of Ca mobilization R is given

R = Q/T = (I-V¥@(¢Ca))/ T (2)

An independent measurement of V can be obtained from the .

changes in the plasma concentration of Ca bound to EDTA

(CaEDTA) during the infusion. The concen%bation of CaEDTA
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increases during the infusion of EDTA and is measured as the

aifference between total Ca concentrations (CaEDTA + ¢Ca)
and the concentration 9f tCa in plasma. An 1ncrease 1n con-
centration of CaEDTA ié (and was found to be) approximately
linear during the EQIA/Enfusion. If none of Fhe CaEDTA were
excreted, then

I = Vx@(CaEDTA)
where @(CaEDTA) represents the }ncrease 1in concentration
during the infusion. However, CaEbTA is excreted through the
kidney (Foreman et &al., 1953; Payne et al.,1963) at a rate
which can be determined from the rate of decling 1in 1ts con-
centration after the infusion of EDTA has stopped. This rate
of decline 18 (and was found to be) mono<xpcnential and the
rate constant (K) that can be derived from the slope of the
regression line obtained by plotting the natural logarithm
of the plasma CaEDTA concentration against time (min) after
the end of the i1nfusion. If it is assumed that CaEDTA 138 ex-
creted through the kidney at the same rate during the infu-
sion of EDTA solution, then the total‘amount of CaEDTA ex-
creted during the infusion would be

K*x (CaEDTA)*VxT -
where (CaEDTA) 18 the mean concentration of CaEDTA during
the infusion. Because the increase 1n concentration of
CaEDTA is (and found to be) approximately linear, 1ts mean
concentration can be obtained by

(CaEDTA) =@ (CaEDTA) /2 *

and the total amount of CaEDTA excreted during the infusion

=9 K*V@(CaEDTA) /2%T ‘ (3)
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and
I = Vx@(CaEDTA) + Kx*Vx@(CaEDTA) /2T
= (VX (2*@(/CaEDTA)) + (K*@(CaEDTA)*T))/2 (4)
and V = 2xI/(@(CaEDTA)* (K¥fT+2)) (5)

By substituting this expression for V in equations (1) and
(2), the amount of Ca mobilized (Q) and the Ca mobilization
rate (R), respectively, were calculated.

The Ca mobilization rate, R, i§ the average rate at

\

which ¢Ca was mobilized into the compa;bment whose volum; 1s
V, during the 1nfusion of EDTA and it 1s independent of
measurements of the rate of recovery of ¢ Ca concentration

after the infusion had stopped.
Statistical analysis

Statistical analyses were performed at McGill computing
center by the statistical analysis system (SAS Institute
Inc., Box 8000, Cary, N.C.). Differences due to animals and
dietary tré;tments were evaluated by analysis of wvariance
for a split-plot design (Steel and Torrie, 1980) with dietary
treatments within each level of Ca was taken as subunits.
Linear model used was following;

Yi ; x = utA, +B, +C;, +Dk+(BD)“(+E.,3k
where

yu=common mean,

A zefiect of ith block,

B;=effq$t of jth dietary Ca level,




C

Ci s cerror term of whole unit {(dietary Ca levef),
=zinteraction effect of ith block and jth 1level of
dietary Ca,

Dxzeffect of kth treatment,

(BD); x=zinteraction effect of jth level of dietary Ca and

kth treatment,

E.;x=error term of subunit (random error).

A least-squares analysis was also used to obtain the least-
squares estimates of differences between subunits for com-
parison purposes,

Differences in plasma mineral concentration between the
infusion of EDTA or physiological saline were evaluated with
a nested design where blood samplings were nested within a
sheep and linear model used was following;

Yi an=utF; +Ja+(FJ )1 a+Ki n +Eian
where

y=common mean,
Fi zeffect of 1lth sheep,
Janzeffect of mth infusion,
(FJ)i a=interaction effect of 1lth sheep and mth infusion,

Kinzeffect of nth blood sampling within 1lth sheep,

Ej ma=random residual.
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RESULTS

Experimental diets

4

Chemical analyses of the experimental diets are presented
in Tables 2.1 and 2.2. As intended, dietary Ca level was
different (P<.01) between HC (0.75%) and LC (0.45%) diets
(Table 2.2). A dietary cation-anion balance (meq kg-t!DM) for
CTR (and TRT-D), TRT-A, TRT-B, and TRT-C were +358.2, +121.6,
+41.0 and +51.9 for HC diets ; +350.3, +262.7, +127.8 and

+23.19 for LC diets, respectively.

Intake of DM and body weight changes

.

There was no difference (P>.1) in intake of DM between

sheep fed HC and LC diets. In both groups, animals fed TRT-C
showed an reduction (P<.05) of DM intake compared to those of
other dietary treatments (Table 2.3). Animals fed reduced
cation-anion balanced diets (TRT-B and TRT-C) lost their BW
whereas animals fed diets higher in cation-anion balance
(CTR, TRT-A and TRT-D) gained weight. Intake of dietary

cation-anion balance were +570.0, +333.8, +131.1, +49.6, and

573.1 meq d-!' for CTR, TRT-A, TRT-B, TRT-C, and TRT-D,

respectively (Table 2.3).

ij) Clinical effects of intravenous infusion of EDTA

14

The administration of 5.6% EDTA at the rate of 1.4




Table 2.1. Mineral composition of diets differing in their dietary cation-anion balance with 2 levels of

dietary calcium 12,

High calciur Low calcium

Nutrient CTR & TRT-D TRT-A TRT-B TRT-C CTR & TRT-D TRT-A TRT-B TRT-C
Crude protein 10.95+0.15 12.90+0.06 11.49+0.16 11.2040.15 10.75+0.28 12.34+0.31 11.03+0.32 11.87+0.59
Phosphorus 2:; 0.29+0.01 0.34+0.01 0.2940.02 0.30+0.01 0.34+0.003 0.32+0.01 0.34+0.01 0.3140.01
@lcim (¥) 0.69+0.03 0.76+0.05 0.06+0.02 0.75+0.04 0.45+0.02 0.44+0.01 0.48+0.004 0.42+0.01
Magnesium (%) 0.2640.03 0.26+0.02 0.30+0.01 0.3;;0.01 0.28+0.01 0.24+0.01 0.34+0.01 0.32+40.02
Sodium (%) 0.54+0.07 0.56+0.06 0.24+0.03 0.22+0.02  0.40+0.05 0.50+0.06 0.22+0.07 0.22+0.02
Potassium (%) 1.55+0.08 1.33+0.02 1.54+0.08 1.59+0.02 1.46+0.07 1.3840.01 1.55+0.03 1.31#0.08
Chloride (%) 0.53+0.05 1.18+0.05 0.59+0.03 0.58+0.05 0.25+0.01 0.71+0.06 0.32+0.02 0.33+0.03
Sul fur (%) 0.204#0.06 0.24+0.01 0.47+0.04 0.46+40.03  0.21#0.03 0.17+0.01 0.444#0.02 0.50+0.03
Cation-anion 358+6.2 12147.4 41+18.6 52+43.8 350+11.6 263+47.2 128423.1 2344.0

balance? (meq kg-1)

! Values are presented as meantstandard error.
2 CTR=Control; TRT=Treatment.

3 Calculated as milliequivalents of [Na+K]-[Cl+S]}.
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Table 2.2 Mineral composition of diets differing in their dietary cation-anion balance
fed to sheep (High [HC] and low [LC] calcium groups combined) 2,

Nutrient CTR TRT-A TRT-B TRT-C ' HC LC
— (%) __-______%_u_ —
Crude protein 10.85+0.15 12.5940.32 11.28+0.18 11.53+0.31 : 11.8140.21 11.46+0.20
Phosphorus 0.3240.0F 0.3240.01  0.3140.01 0.30+0.01 !  0.3240.01  0.33+0.01
Calcium 0.57+0.06 0.58+0.06 0.64+0.05 0.52+0.08 :: 0.75+0.01 0.45+0.01
Magnesium 0.2740.01  0.25+40.01 0.3240.01  0.32+0.01 0.2840.01  0.2840.01
Potassium 1.5140.05 1.3940.04 1.54+0.04  1.4540.12 1.4740.04  1.48+0.04
Chloride 0.39+40.07 0.9240.09 0.4640.02  0.48+0.02 0.67+40.05  0.38+0.03
Sulfur 0.200.06  0.2040.01 0.46+0.02 0.48+40.02 | 0.3240.02  0.3040.02
e s
Cation-anion  35446.1 200+25.3  79+20.4  37+20.7

balance? (meq kg-!)

! Values are presented as meant+standard error.
? CTR=Control; TRT=Treatment; HC=High Ca; LC=Low Ca.
3 Calculated as milliequivalents of [Na+K]-[Cl+S].
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Table 2.3. Body weight (BW), dry matter (DM) and dietary cation-anion belance intake (meq d-!)

by shéep fed different cation-anion balanced diets or injected with vitamin Da

thigh [HC] and low [LC] calcium groups combined)!? .

CIR TRT-A TRT-B TRT-C TRT-D

¢ SEM | HC IC | SEM
Variable ; ' :
i i E
Initail BW 65.25* 67.09*® 70.91* 68.65* 69.94b |} 0.59 | 68.73 68.29 ! 0.42
(kg) ' : : :
Final BW 68.82 69.25 69.48 68.14 72.37 | 0.34 | 69.38 69.83 | 0.31
(kg) ; : :
BW changes 3.57a  2.16ab -1.43> -0.51b 2.432 } 0.72 | 0.652  1.54b) 0.27
(kg) ' ' '
DM intake 16102 16692 16482 1321° 16612 ) 38.4 | 1593 1570 } 29.7
(g d-*) : : :
DM intake 68.04> 69.72» 68.80= 56.05> 69.72» | 1.340 | 66.60 65.32 | 1.07
(g kg-! BW°:-75 d-1) | : '
Cation-anion +570.0° +333.8> +131.1¢  +49.6c +573.1> | 40.60 ) '

balance? (meq d-!)

1 Least-squares means.

2 CTR=Control; TRT=Treatment; SEM=Standard error of mean; HC=High Ca; LC=Low Ca.
3 Calculated as milliequivalent of [Na+K]-[{Cl+S].

abc Means in the same row with different superscripts are different (P<.05).
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ml kg-t!BW \for the duration of 1.7 min kg-!BW rarely gave
rise to the visual symptoms of hypocalcemia. increased
respiratio rates and muscular tremors occurred oc-
casionally, but none of the animals experienced recumbency

or comatose during the infusion period.
Plasma parameters

Plasma parameters for animals prior to the infusion of
EDTA solution are presented in Tables 2.4 and 2.5. There was
no difference (P>.1) in total plasma Ca (tCa) concentrations
between sheep fed the HC (8.34 mg dL-!') and LC (8.36 mg dL-!)
diets. Also no differences (P>.1) were observed between
dietary treatments (8.62, 8.43, 8.21, 8.42 and 8.06 mg dL-!
for CTR, TRT-A, TRT-B, TRT-C and TRT-D, respectively). This
indicated that reducing cation-anion balance of diets did
not alter the plasma tCa concentrations. However plasma P11
and Mg concentrations were affected by dietary treatments.
Animals fed TRT-C had a reduced (P<.05) plasma Pi and an in-
creased (P<.05) plasma Mg concentration compared to TRT-D,
although they were not different (P<.1) from that of CTR be-
cause of the high wvariability for sheep within the same

dietary treatment.
Changes in plasma Ca concentration with EDTA infusion

During the infusion of EDTA, the rate of decrease in ¢(Ca

concentrations (mg dL-!) observed with all animals was al-
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Table 2.4. Blood parameters of sheep fed different cation-anion balanced diets

or injected with vitamin D; with two levels of dietary calcium levels!?.

main effects and

interaction?
High calcium Low calcium Ca
- _— —_ b3
Parameters CTR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D t SEM ! Ca Anion Anion
[) ]
A
Calcium 8.68 8.53 8.31 8.36 7.81 8.56 8.34 8.11 8.48 8.32 | 0.36 ! NS NS NS
(mg dL-1) ] ' .
Phosphorus 4.59 4.54 4.55 4.40 5.33 4.91 4,40 4.84 3.79 5.09  0.85 ! NS =xx NS
(mg dL-t) 4 H
Magnesium 2.01 1.93 2.10 2.19 1.97 2.01 1.92 2.06 2.23 1.67 , 0.09 ; NS xx% NS
(mg dL-1)

Least—-squares means.

CTR=Control; TRT=Treatment.

NS=Not significant (P>.1); ¥¥ P<.05,
SEM=Standard error of mean.

- W N -~

LEL



1,
v
i
\
+
3
l

(v g 4.3 , ()

Table 2.5. Blood parameters of sheep fed different cation-anion balanced diets
or injected with vitamin D; (high [HC] and low [LC] calcium groups combined)!?.

A CTR TRT-A TRT-B TRT-C TRT-D | SEM | HC LC ' SEM
- Plasma parameter : : :
i ! E

Total calcium 8.62 8.43 8.21 8.42 8.06 | 0.360 ;, 8.34 8.36 | 0.290
(mg dL-1) : ' :

Phosphorus 4.753b 4.463® 4.69a> 4.092 5.21% | 0.851 | 4.68 4.60 | 0.690
(mg dL-1) : ; :

Magnesium 2.01ad 1,93ab 2,08sb 2,21a 1.82b | 0.086 | 2.04 1.98 ! 0.072
(mg dL-1!) i i i

1 lLeast-squares means.
2 CTR=Control; TRT=Treatment; SEM=Standard error of mean; HC=High Ca; LCzLow Ca.
ab Means in the same row with different superscripts are different (P<.05).
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most linear as evidenced by an average regression coefficient

value (r=0.935+0.052). Table 2.6 shows regression equations
calculated from timed samples (n=5) of individualwanimals
which describes the mean decrease of ¢(Ca during the infu-
sion period. No difference (P;.l) was observed between sheep
fed HC and LC diets or between dietary treatments. Figure
2.2 shows a difference 1in response to the infusion of
either EDTA solution or physiological saline. Animals showed
no differences in plasma fCa concentrations during the infu-
sion with physiological saline or in the recovery period

thereafter. However, there was a 50 % reduction (8 to 4 mg

dL-1!) in plasma ¢(Ca created by the infusion of EDTA solu-

tion.
~

Mean decreases in ﬁlasma ;ba concentrations during the
EDTA infusion are presented in Figure 2.3 and Tables 2.7 and
2.8. The decrease in plasma {Ca concentration was expressed
as actual values (mg dL-1) and as a percentage of change
from the of pre-infusion value. The latter expression was
em;igyed to overcome differences in the initial (pre-
infugion) plasma ¢Ca concentrations between animals.

Decreases in concentrations of plasma ¢Ca duriﬁg the EDTA
infusion were not different (P>.1) between sheep fed the HC
and LC diets (4.11 vs 3.90 mg dL-* or 49.98 wvs 48/.06%,
respectively). Animals fed TRT-B and TRT-D d onstfated a
smaller (P<.05) reduction in plasma ¢Ca conceniﬁlfﬂzﬂs than
CTR during the EDTA infusion (Table 2.8). The tables also
show the recovered plasma ¢Ca concentrations’ during the 240

-

min poét-infusion (recovery period). Animals fed TRT-D
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Table 2.6. Regression equation and correlation coefficient of plasma free calcium (¢Ca) concentration
during the EDTA infusion in sheep fed different cation-anion balanced diets or injected

with vitamin D; (high [HC] and low [LC] calcium groups combined )!. - e -
CTR TRT-A TRT-B TRT-C TRT-D \ SEM | HC LC
Variable : H
E :
Slope -0.034 -0.033 -0.036 -0.034 -0.029 v 0.003 | -0.033 -0.032
Intercept 8.03 7.58 7.91 7.83 8.14 :. 0.175 | 7.96 7.96
] ]
] ] - ’
r? 0.953 0.926 0.941 o.m.gzo ' ' 0.938 0.930 ST
1 CTR=Control; TRT=Treatment; SEM=Standard error of mean; HC=High Ca; LC=Low Ca. /
2 Correlation coefficient. ..

oyl
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Figure 2.2.

Changes in plasma titratable calcium concentration
with the infusion of physiological saline (x) or
5.6% EDTA solution in sheep fed high ( ©) or low

(o) dietary calcium levels.
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i“ig’ure 2.3. Changes in plasma titr'atable calcium concentration

with the EDTA infusion in sheep fed different
anion-anion balanced diets ( X =CTR, O=TRT-A,
© =TRT-B, Q=TRT-C) or vitamin Dis injected ( ® =TRT-D)

¢

(high and low calcium groups combined).

3
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Table 2.7. Response of plasma free calcium (yCa) concentration with the infusion of 5.6% EDTA solution by sheep fed
different cation-anion balanced diets or injected with vitamin Dy with two levels of dietary calciumt?,

main effects and

interaction?
High c.alcium Low calcium Ca
: H %
Variable CIR TRT-A TRT-B TRT-C TRT-D CIR TRT-A TRT-B TRT-C TRT-D | SEM* ! Ca Anion Anion

; :

Decreased Ca during 5.05 4.26 3.69 4.04 3.50 4,08 4.15 3.42 4.00 3.85 ) 0.350 ! NS %% NS
infusion (mg dL-t) ; i

(% from baseline) 56.64 51.95 47.15 52.21 41.93 53.10 49.65 44.10 50.28 43.15 ; 3.375 } NS &% NS

Recovered Ca after 3.43 3.24 3.09 2.82 2.26 2.87 2.96 3.33 3.68 2.9 . 0.370 ! NS * NS
infusion (mg dL-1) : H

(% from baseline) 38.05 40.36 39.63 37.17 27.63 38.33 35.02 44.32 46.43 29.97 | 5.440 ! NS xx NS

Total Ca change -1.62 ~-1.21 -1.02 -1.19 -0.60 -0.09 -1.22 -0.31 -1.24 -1.18 | 0.459 E NS *x NS
(mg dL-1!) ' '

(% from baseline)-18.59 -15.05 -11.59 -7.52 -14.30 -14.77 -3.86 -14.64 +0.22 -13.18 | 5.727 | N8 xx NS

Half recovery time 167.6 131.5 130.6 103.7 155.55° 157.3 104.5 122.8 115.9 158.0 | 15.08 ! NS %% NS

Ti/2 (min)

%

Least-squares means.

CTR=Control; TRT=Treatment.

NS=Not significant (P>.1); % P<.1; %% P<.05, X
SEM=Standard error of mean. \»
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Table 2.8, Responses of plasma free calcium (¢Ca) concentration with the infusion
of 5.6% EDTA solution by sheep fed different cation-anion balanced diets
or injected with vitamin D3 (high [HC] and low [LC] calcium groups combined)!?.

Variable CTR TRT-A TRT-B TRT-C TRT-D | SEM | HC 1.C i SEM | Y :
i i i '
Decreased Ca during 4.562 4.20abv 3,560 4.02ab 3,67 ; 0.245 ; 4.11 3.89 E 0.144 E
infusion (mg dL-1!) : : . \ { y
(% from base line) 54.87> 50.802b 45.62b 51.253> 42.54> | 2.643 ! 49.98 48.06 ! 1.552 ! :
Recovered Ca after 3.152 3.10a8  3,.21A 3.254 2.478 E 0.261 E 2.97 3.10 E 0.153 s .
infusion (mg dL-1) ' ! ' ' v
(% from base line) 39.192® 37.693> 41.98s 41.80= 28.80> , 3.808 ; 36.57 38.81 ! 2.236 ! -
' 1 ] 1 2
’ ) L} ]
Total Ca change -1.672 -1.31a¢ -0.37> -0.95ab -1.373b | 0.403 ; -1.34 -0.92 ; 0.237 ! ‘.
(mg dL-1) : : : :
(% from base line)-14.15* -11.033ad -3.46b -7.693b -12.093b%; 3.040 |} -11.41 -7.96 | 1.900 ; ;
: H ] ] -
Half recovery time 162.5* 118.02® 126.73b 109.8b 156.8a» | 13.35 | 137.8 131.7 | 7.70 | '?
Ti/2 (min} L
! Least-squares means. ) s X
2 CTR=Control; TRT=Treatment; SEM=Standard error of mean; HC=High Ca; LC=Low Ca. “
ab Means in the same row with different superscripts are different (P<.05). B
AR Means 1n the same row with different superscripts are different (P<.1). 3
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recovered (2.47 mg dL-1) slightly (P<.1) smaller concentra-

tiong of ¢Ca compared to that of CTR (3.15 mg dL-1'). This
trend, however, was not observed when values were expressed
as % of the pre-infusion concentrations. When the changes in
plasma y Ca concentrations during the entire collection
periods are compared no difference (P>.1) was found be-
tween sheep fed the HC and LC diets. Only animals fed TRT-C
demonstrated changes (P<.05) from CTR in both absolute
levels of ¢Ca (-0.37 va -1,67 mg dL-!) and expressed as %

from the base line (-3.46 vs -14.15%, respectively).

During the recovery period (240 min), none of animals
had recovered plasma’ ¢Ca concentrations to the pre-
infusion concentrations (Figure 2.3). Thus recovery rates

during the recovery period were calculated as the time by
which concentrations of (Ca in plasma regained one-half of
that which it declined to during the infusion period (T:i,2),
as expressed by Payne (1964) . A;imals fed TRT-C
demonstrated faster (P<.05) Ti,2 than CTR and animals fed
reduced cation-anion balanced diets (TRT-A, TRT-B and TRT-C)

showed a trend (P<.1) of faster T :,2 than CTR.
Changes in plasma total Ca (:Ca) concentration

Figure 2.4 illustrates the changes in :1Ca concentrations
of animals infused with either physiological saline or EDTA
solution. Animals infused with EDTA showed a sigmoid shape
curve where there was an initial increase followed by a

gradual decreasé of (Ca during the infusion and early
{



Figure 2.4,

Changes in plasma total calcium concentration
with the infusion of physiological saline ( x ) or
5.6% EDTA solution in sheep fed high ( 0) or low

(@ ) dietary calcium levels.
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recovery periods, which then increased at the late stages of
recovery period. Analysis of variance (Table 2.9) shows
that the sheep¥*infusion interaction was not significant
(P=0.929) indicating that the responses of plasma :Ca con-
centration was not different hetween animals 1nfused with

either EDTA or physiological saline,
Plasma inorganic phosphorus (Pi) -

Changes 1n plasma P1 concentrations with the infusion are
presented in Figure 2.5. Plasma Pi concentrations of animals
infused with EDTA demonstrated a reduction during the 1infu-
sion compared to the pre-infusion concentrations and
remained at lower concentration throughout the recovery
period. There was no difference (P>.1) observed in plasma Pi
between sheep fed HC and LC diets. In order to study the ef-
fects of EDTA infusion on plasma Pi concentraticns, a com-
parison was made between the infusion of EDTA and
physiological saline. Analysis of wvariance (Table 2.10)
shows that the sheep¥*infusion interaction was significant
(P=.001) indicating tha; the response of plasma Pi to the in-
duction of hypocalcemia created by the infusion of EDTA was
gsignificantly different from that of the infusion of
physiological saline solution. Figure 2.5 shows that animals
infused with physiological saline maintained higher plasma Pi
concentrations than those infused with EDTA during the infu-
sion and recovery periods. Differences in plasma Pi con-

centrations between dietary' treatments are presented in

0
\‘\‘ r
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Table 2.9. Analysis of variance of total calcium (tCa)
concentration in plasma of sheep fed different
cation-anion belanced diets.

Variable DF MS F-ratio Pr

Sheep 4 1.695 0.16 0.958

‘Infusion 1 10.943 4.15 0.044

Sheep*infusion 4 2.320 0.22 0.927

Sheep within 11 263.777 9.10 0.001
infusion

Error 108 2.635 -

DF Degrees of freedom.
MS Mean square.
Pr Probability.
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Figure 2.5. Changes in plasma phosphorus concentrations with )
the infusion of physiological saline (x) or 5.6
% EDTA solution in shéep fed high ( ©0) or low

(e ) dietary calcium levels,
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Table 2.10. Analysis of variance of phosphorus (Pi)’
concentration in plasma of sheep fed different
cation-anion balanced diets.

4

Variable DF MS F-ratio Pr

Sheep 4 . 28.643 42.73 0.0001

Infusion 1 0.012 0.07 0.787

Sheepxinfusion 4 7.200 10.75 0.001

Sheep within 12 10.480 5.21 0.001
infusion

Error 107 0.107 -

DF Degrees of freedom.
MS Mean square.
Pr Probability.




Figure 2.6. Animals fed TRT-C showed a trend (P<.1) for
lower plasma Pi concentrations during the infusion period
than CTR and animals fed TRT-A and TRT-D had higher (P<.05)

plasma Pi than CTR during the recovery period.

Plasma Magnesium (Mg)

Changes in plasma Mg concentration with the 5.6% EDTA
infusién are presented in Figure 2.7. There was no dif-
ference (P>.1) in plasma Mg concentrations throughout the
sampling period between sheep fed HC and LC diets. Analysis
of variance (Table 2.11) revealed that the sheep*infusion in-
teraction was not significant (P=.750) indicating that the
response of plasma Mg was not significantly different be-
tween the infusion of 5.6% EDTA solution and physiological
saline. However, there were differences (P<.001) in plasma
Mg concentrations with the time of blood sampling. A com-~
parison of plasma Mg concentrations between dietary treat-
ments (Figure 2.8) shows that animals fed TRT-D showedo
lower (P<.05) plasma Mg concentrations particularly during
the recovery period, compared to CTR. This was opposite’
relationship to the.responses in plasma Pi concentrations
(Figure 2.5). Plasma Mg concentration of animals fed TRT-C

was higher (P<.05) than CTR during the sampling period.

Relation between plasma ¢Ca, Pi and Mg

Table 2.12 shows a within-animal regression-correlation




Figire 2.6, Changes in plasma phosphdrus concentrations with

the EDTA infusion in sheép fed different cation- ' )
anion balanced diets ( x =CTR, o:TRT-A,A‘:TR'I'-B,J\x

O =TRT-C) or vitamin Dy injected (® =TRT-D)

(high and low calcium groups combined)-

Values listed the bot£m of the figure are

standard error of mean.

* Values differ significantly (P<.05).
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Figure 2.7. Changes in plasma magnesium concentrations with )

the infusion of physiological saline ( x) or
-bs .
5.6X EDTA solution in sheep fed high ( ©) or

low (o) dietary calcium levels.
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Table 2.11. Analysis of variance of magnesium (Mg)
concentration in plasma of sheep fed
different cation-anion balanced diets.

Variable DF MS F-ratio Pr

-

Sheep 4 0.997 1.33 0.264

Infusion 1 0.038 0.20 0.652

Sheep*infusion 4 0.361 0.48 0.750

Sheep within 11 16.787 8.14 0.001

infusion
Error 108 0.188 -

DF Degrees of freedom.
MS Mean square.
Pr Probability.
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Figure 2.8 Changes in plasma magnesium concentrations with

the EDTA infusion in sheep fed different cation-
anion balanced diets ( x =CTR, 0 =TRT-A, A=TRT-B,

O =TRT-C) or vitamin D; injected ( e =TRT-D)
’

(high and low calcium groups comﬁ.ned).

Values listed the bottom of the figure are

Foat

' standard error of menas.

- ¥ Values differ significantly (P<.05).
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Table 2.12. Within-animal regression-correlation and slope analyses,
dependent variable is plasma phosphorus (Pi) (mmol L-1)
and independent variable is plasma free calcium (fCa) (mmol L-1).

b+Sh? r? n Pr
Pen
1 0.520+0.085 0.391 61 0.0001
2 0.146+0.109 0.029 63 0.1860
3 0.528+0.073 0.461 64 0.0001
4  0.21740.107 0.066 60 0.0467 \
5  0.209+0.085 0.098 58 0.0168 . ,/>
6  0.353+0.145 0.089 63 0.0175 e
7 0.349+0.140 0.094 62 0.0153
8  0.236+0,085 "0.109 62 0.0071 ;
9  0.309+0.120 0.096 64 0.0129
10 0.302+0.108 0.112 64 0.0069

1 Slopet+Standard error of slope.
» r* Coefficient of determination.

n Number of observations.

Pr Probability.
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analysis using plasma Pi (mmol L-!) as a dependent variable
and plasma ¢(Ca {mmol L-t) as an independent variable. Ex-
cept for one animal (pen 2), a significant correlation was
obtained in all animals regardless of dietary treatments.
A significant correlation was also obtained for the within-
diet regression correlation analysis (prle 2.13), although
animals fed TRT-A failed to show a s;;nificant correlation
(P=0.49). :

Tables 2.14 and 2.15 show a regression-correlation
analysis between plasma Mg (mmol L-!) and plasma ¢Ca (mmol
L-1) gs a dependent and independent ;ariable, respectively. A
significant correlation was obtained for all animals and
ranged from r=0.33 for pen 3 to r=0.49 for pen S5, and for

all dietary treatments it ranged from r=0.37 for TRT-D to

r=0.51 for TRT-C.
Calcium mobilization rate

Ca mobilization C%Pacities for animals calculated by
the equation of Contreras et al. (1982) are presented in
Tables 2.16 and 2.17. The volume of distribution of CaEDTA
(V), which represented the volume of the compartment within
which there is rapid equlibration of (Ca, did not differ
(P>.1) between sheep fed the HC and LC'diets or between
dietary treatments (range from 7.83 L for TRT-D tb 12.57 L
for CTR). A mean ;f V/BW, which is expressed as a percentage

of BW, ranged from 11.22% for TRT-D to 17.80% for CTR. There

were no differences (P>.1) observed between dietary treat-

J
¥
.
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Table 2.13. Within-diet regression correlation and slope analyses,
dependent variable is plasma phosphorus (Pi) (mmol L-1)
and independent variable is plasma free calcium (¢Ca)
(mmol \L-1) concentration (high and low calcium groups
combined)!.

b+Sh? r? n Pr

Treatments

CTR 0.334+0.104 0.078 123 0.0017
TRT-A 0.063+0.092 0.004 123 0.4935
TRT-B 0.420+0.077 0.190 129 0.0001
TRT-C 0.353+0.072 0.165 122 0.0001
TRT-D 0.145+40.078 0.027 127 y 0.0671
HC 0.376+0.063 0.102 318 0.0001
LC 0.224+0.049 0.063 306 0.0001

1 CTR=Control; TRT=Treatment; HC=High Ca; LC=Low Ca.
2 SlopetStandard error of slope.

3 Coefficient of determination.

n Number of observations.

Pr Probability.

e




Cl)

Beeand Boo

166

Table 2.14. Within-animal regression correlation and slope analyses.

dependent variable is plasma magnesium (Mg) (mmol L-1)
and independent variable is plasma free calcium
(mmol L-!) concentrations.

b+Sht r2 n Pr

Pen .

1 0.235+0.084 0.119 60 0.0069
2 0.305+0.074 0.217 63 0.0001
3 0.253+0.091 0.111 64 0.0072
4 0.342+0.085 0.219 59 0.0002
5 0.394+0.094 0.239 58 0.0001
6  0.469+0.109 0.231 64 0.0001
7 0.388+0.090 0.225 64 0.0010
8  0.265+0.077 0.225 64 0.0001
3 0.381+0.101 0.188 63 0.0004
10 0.327+0.074 0.238 64 0.0001

1 Slope+Standard error of slope.
r? Coefficient of determination.
n Number of observations.

Pr Probability.




Table 2.15. Within-diet regression correlation and slope analyses.
dependent variable is plasma magnesium (Mg) (mmol L-1)

and independent variable is plasma free calcium

(¢Ca) (mmol L-1) (high and low calcium
groups combined)? .

b+Sb? r n Pr

Treaments

CIR 0.36340.057 0.251 121 0.0001
TRT-A  0.31140.058 0.190 126 0.0001
TRT-B  0.27940.057 0.157 129 0.0001
TRT-C  0.433+0.066 0.262 123 0.0001
TRT-D  0.279+0.062 0.139 126 0.0001
HC 0.36040.037 0.227 318 0.0001
LC 0.269+0.039 0.137 307 0.0001

1 CTR=Control; TRT=Treatment; HC=High Ca; LC:zLow Ca.

2 Slope+Standard error of slope.
3 Coefficient of determination.

n Number of observations.

Pr Probability.
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Table 2.16. Calcium mobilization rate by sheeps fed different cation-anion balnced diets or injected with
vitamin Dy with two levels of dietary calcium measured by the infusion of 5.6% EDTA solutionit.

£

main effects and

interaction?
High calcuim Low calcium Ca
: ! x
Variable CTR TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D | SEM | Ca Anion Anion
[ ] [ ]
5 5
vs (L) 9.99 10.89 13.01 12.61 7.77 15.14 10.26 9.14 9.49 7.89 } 2.92 } NS NS NS
] ]
] ]
V/BW (%) 14,02 15.95 18.76 19.28 11.04 21.58 14.38 12.93 13.69 11.40 ! 4.94 ! NS NS NS
Q* (mmol) 11.51 13.92 10.87 12.48 20.73 10.23 15.09 15.06 17.03 18.93 , 2.848! NS xx NS
H '
R 0.102 0.115 0.093 0.104 0.166 0.087 0.133 0.126 0.145 0.151, 0.025! NS xx NS
(mmol min"l)f -
hY
Ileast—sqéax-es means.
CTR=Control; TRT=Treatment. N

NS=Not significant (P>.1); ¥% P<.05.
SM:=Standard error of mean.

- OO N

The rate of calcium mobilization from V.

{
The volume of the compartment within which there is rapid equlllbratlon of free calcium.
The amount of calcium mobilized from V during EDTA infusion period.

89l

v
4

‘}
Ik

PR

v
Wt te 1




)

Table 2.17. Calcium mobilization rate by sheep fed different cation-anion balanced diets or -
1nJected with vitamin D; measured by the infusion of 5.6% EDTA solution i
(high and low calcium groups combined)!?,

0.10
(mmol min-1) \

CTR TRT-A TRT-B TRT-C TRT-D : SEM ;‘ HC IC ;. SEM
Variable ' i '
- v (L) 12.57 1058 1.08 1105  7.83 | 2.251 | 10.85 10.38 | 1.262 1 -
.
V/BW (%) 17.80 1516  15.84  16.48  11.22 ! 3.230 ! 15.81 14.80 ' 1.680
@ (mol) 10.87° 14.50°% 12,96+ 14.76°% 19.83 | 2.218 § 13.90 15.27 | 1.162, “
R? 0.094ar (0.1248 0.109ax (0.125% 0.158?% ;: 0.017 ; 0.116 0.128 :E *

Least—-squares means.

CTR=Control; TRT=Treatment; SEM-Standard error of mean; HC=High Ca; LC=Low Ca.

The volume of the compartment within which there is rapid equilibration of free calcium.
The amount .of calcium mobilized from V during EDTA infusion period.

8 The rate of calq& um mobilization from V.

ab Means in the same row with different superscripts are different (P<.05).
. AB Means in the same row with different superscripts are different (P<.1).
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ments because of a high variation evidenced by a higﬁ stand-
ard error (+2.251 L for V and +3.23% for V/BW).

Dietary cation-anion balance influenced the total
amounts of Ca mobilized (Q) and Ca mobiiization rates (é).
The amount of Ca mobilized during the 5.6% EDTA infusion by
animal in TRT-D was greater (P<.05) than that of CTR (19.83
vs 10.87 mmol) and animal fed TRT-A and TRI—C showed slight

but significant increase (P<.1) in calcium mobilization rate

(R) than that of CTR.
DISCUSSION

With creating hypocalcemia experimentally by the infusion
of a 5.6% solution of EDTA solution, animals fed the lowest
cation-anion balanced diet (TRF}-C) demonstrated a resistance
to a reduction in plasma ¢Ca concentrations almost to the
same magnitude as that of animals injected with vitamin D;
(TRT-D). This was also reflected in a greater éa mobi-
lization capacity measured by thelmethod of Contreras et al
(1982).

There have been other studieg using the infusion of LUDTA
to determine the rgte of Ca mobiliza;ion (Payne, 1964b; Ram-
berg et al., 1967; Horst and Jorgensén, 1982 Waazg et al.,
1984). The responses to the ‘induced hypocalcemia shoﬁlg’
reflect both a, size and a responsiveness of immediately mo-
bilizable Ca pools (blood Ca, interstitial Ca and exchange-

|

able bone Ca): A reduction in plasma Ca concentration, par-

ticularly in the ionized form of Ca, created by the infusion

! N . \ ®
L e e
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of chelating agents such as EDTA or phosphate (PO0s) is en-
countered by the secretion of PTH within minutes of infu;
sion (Fisher et al., 1973; Blum et al., 1974a; 1881): This is
mediated by plasma-membrane-bound adenylate cyclase (Abe and
Sherwood, 1972). Blum et al. {1974b) reported that a small
chanée in concentration ) of plasma ionized Ca (0.1 mg dL-1)

triggered a gsignificant response to the secretion of PTH.

" This PTH secretion will increase plasma Ca concentration

through an enhancement of the bone resorptioq process. (Mayer
et al., 1967; Vaes, 1968; Silve et al., 1981). It 1s
believed that 1 to 1.5 h is required for PTH to increase
concentrations of Ca in plasma (Saeki and Ashi, 1981).

A continuous flow of Ca to the intestine is available 1n
ruminant (Hove and Hilde, 1984), which leads to the
hypothesis that an even rate of intestinal Ca absorption
might cause fluctuations of plasma Ca to be so small that
the parathyroid gland lacks excercise over plasma Ca. Thils,
the importance of PTH and its involvement in Ca metaboiﬁbm
in ruminants is questioned. However, studies showed that
there was no delay or deficiency of PTH secretion at par-
turition in cows. (Horst et al., 1978a; Blum et al., 1981).

Black et al. (1973b) and Belyea et al. (1975) reported
an inverse relationship between plasma Ca and dietary Ca
concentrations during the period of EDTA infusion in Ca-
deficient cows created by feeding a diets with low dietary
Ca (0.25% DM) . Requirements of Ca for their experimentgi
animals were 0.54 to 0.60% DM. Howevef, in our study, there

/
were no differences in either plasma ¢Ca or tCa concentra-
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tions betqeen the sheep fed HC and LC diets regardless of
dieté;y treatment. Dietary Ca coqcentr;tion of LC diets .
(0.45%), which was above the requirements of 0.35% DM (NRC
1985;, was probably too high to-oa se anf change in Ca me-
tabolism compared to that of Ca-deficient animals. A Ca
balance study using saﬁe dietary treatments (Exp. 1) showed
that animals fed LC diets were in a positive Ca balance,

whereas Ca-deficient animals should show a negative Ca

balance (NRC 1985). This should lead to an increase in

sengitivity and induce greater responses to the PTH secre-
tion than that of Ca-replete animals (Blum et al., 1874b}.
This resulted in a increase in the resorption of bone Ca
c {(Black et al., 1973b). Braithwaikte (1979), however, re'ported
in the kinetic study that Ca-replete wethers fed dietary Ca
of either 40 or 100 mg d-! kg-1BW ghowed a similar size of
the rapidly exchangeable Ca pool (34.7 vs 33.8 'mg kg-1BW),

slowly exchangeable Ca pool in bone (30.8 vs 33.2 mg kg-1!BW)

and the rate of resqrption from bone (1719 vs 17.6 mg d-!
‘kg'lBW), respectively. Our study also showed no differences
in volume of compartment (V) (11.94 and 12.17 L) or Ca mobi-
lization (Q)(12.9& and 13.47 mmol) between animals fed high

(HC) and low (LC) dietary Ca concentrations, respectively.

T e g

PTH increases the conversion of 25-hydroxyvitamin D;

(25(OH)D3 ) to 1,25(OH):D; (Kumar, 1984), which enhances

C§ dietary Ca absorption from the small intgstine (Ra;nsu et
| al., 1983b). However, altered gastrointestinal-absorption of

’ dietary Ca probably did not account for the change observed

in plasma ¢ Ca concentration in responses to the EDTA infusion
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in this study. Bishop et al. .(1983) reported that a minimum %
Qf 6 h was required to increase Ca-binding protein (éah?)
contents thus increasing Ca. absorption from the small intes-
tine. Therefore, Ca absorption from the gastrointestine
probably had similar and small effects in responding to the

Ca outflow regardless of dietary treatments during the EDTA

&3
infusion.

Animals fed TRT-C demonstrated more resistance to the
hypocalcemic situation than that of CTR evidenced by a . i
slower decrease in plasma ¢Ca concentrations during the in-

fusion period and a faster recovery (Ti,2) during the

£

recovery period. There is no data available for Ti,z values

using sheep as a experimental model, However, it seems that

A

species and physiological status of- animals would create a
Ll &m
variation in T ,2 values. Belyea et al. (1975) rTeported .

with EDTA induced hypocalcemia in lactating cows (43 mgEDTA
kg-1BW h-1 for 4 h) that control cows showed T,,2 values of

*

240 to 320 min whereas Ca-deficient cows showed values of"

30 to 60 min. Black et al. (1973b) measured T,z values of
Jersey'cows fed either normal (25g d-1) or high Ca diets

b) N P '
(150g d-1') using the same EDTA dose as Belyea et al. (1975)

and found that a T;,2 value f¥ co;trol cows was about 300
min compa;ed to cows fed high Ca diet of 600 min. —
The data obtained in our study does not allow us to
provide a possible mechanism(s) whereby dietary cation-
anion balance would influence the résbonsiveness‘to the in-

duced,hypoc;icemia. However, lowering the cation-anion

balance in diets seems to have same effects on Ca mobi- - .
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lization regardless*of the choice of mineral salts used to

. supply anion-form&ng mineral elements (Cl and S), namely

NH(Cl alone (TRT-A), a combination of Al;(SO()s and MgSO.
(TRT-B) or FeSOy and MgSO, (TR%-C) . Alt?ough?ﬂfcomparison
between animals fed TRT-A, TRT-B and TRT-C could not confirm
this effect because there were ~differences in their dietary
cation-anion balance (+199,° +79,' and +37 meq kg-!DM,
respectively).

No differe ‘es observed in response to the EDTA infusion
between animilg fed TRT-A and TRT-B compared to that of
CTR may implied that differences in their dietary <cation-
anion balance from that of CTR (155 and 275 meq kg-! for fRT—

A and TRT-B, respectively) was no% large enough and also

that dietary cation-anion balance of TRT-A (+199 meq

kg-1) and TRT-B (+79 meq kg-!) themselves were not low

enough to observe the effect of a reduced dietary cation-
//

anion balance on Ca metabolism- compared to that of higher

dietary cation-anion balance. Block (1984) fed a positive

-

cation-anion balanced diet (+330.4 meq kg-!DM) and a nega-
tive diet (-127.8 meq kg-1DM) to cows from 45 days prepartum
to parturition and found that cows fed a negative diet
showed higher concentrations of free hyd;oxyproline'(OHPro)
in plasma than those fed the positive diet for 4 days
prepartum ‘to day-2 postpartum, Fredeen et al.” (1988b) also
found in a, kinetic study that sheep fed a reduced cation-

v

anion balanced diet (-21.4 meq kg-!DM) showed a greater

rate of Ca mobilization from bone than that of fed a diet’

. ~ °
with very positive cation-anion balance (+713 meq kg-1DM),
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although their dietary cation-anion balancp Qas defined and
calculated without S8 contents (Na*+K’-ClQ)., l

Feeding reduced cation-anion baiagéed diets to ruminants
?esulted in induction of a subclg;ical mild acidosis!
(Fredeen, 1984). Acid-@gée status of animals was not deter-
mined ih our study, however, ;nimals with a same dietary
.treatments as TRT-B and TRT-C showed a reduced, pH of urine
compared wiFh CTR (Exp. 1). Payne et al. (1970)\and Vagg,and- .
Payne (1970) have shown that feeding NH;Cl—é%pplementeq |
diets to:-induce acidosisg in gogts and cows increased the
size of the exchangeable Ca pool du; to a alterations-in
bone metabolism. Systemic metabolic gcidosis might stimu-
lates a s8low dissociation of alkaline bone salts in order to
increase the buffering capacity of the ex&racellular fluid,
thus making bone more sensitive to endocrinological signals /
to recover from a hypocalcemic situation (Barzel and Jowsey,
1969). However, Braithwaite (1972) with sheep and Bell et
al.(1977) with rats found that metabolic acidosis did not
alter the bone resorption rate but increased urinary Cyg
excretion. The reduced Ca reabsorption from the renal
tubules of metabolically acidotic animals was prOGably C
caused by a blunt résponxe of adenylacyclase to PTH in the
renal cortex (Beck et al., }975) and/or an impaired conver-
sion of 25(OH)D; to 1,25(0H)2D; by renal cortical cells —
(Lee et al., 1977). |

High amounts of dietary aluminum (Al) (>2000 ppm)\are
known to cause a reduction in intestinal absorption of P

\ N

.¢valdivia et al., 1982) and to stimulate intestinal Ca ab-

LR




sdr*ption through an increase in 25(OH)Ds-1-hydroxylase ag-
tivity as well as an incrga{se\ in response of ‘intestinal
mucosa cells to ‘1,25(QH)2D3 {(Horst and Reinﬁardt, 1983). Mil-
| ler and Levine, ' (1974) a‘lsf demonstrated a negative cor-
relation between A]l concentrations in plasma and circulating

PTH levels. However, Al conténts of TRT-B were much lower

w]ell as plasma Pi concentrations by animals fed TRT-B were

not differlent from those of CTR. Therefore, it is unlikely

that this level of dietary Al causes a direct effectﬁbpon Ca
metabolism. .

The lack of effects of vitamin D3 injection on total

( changes of plasma (Ca concentration and Ti,2 recovery Yine

obgserved with EDTA infusion compared to those of CTR was

unexpected, although a reduction in plasma "+Ca during the
° ) " infusion was' 12% smaller than that for CTR (42.54 and
54.87%, respectively).‘ Vitamin Dj, particularly the active
metabolite .1,25(0H)2D3, is a' potent stimulator of bone
resorption (Holick et al., 1976). It was demon;tﬁrated that
1,25(0H)2D3 is capable of iﬁc;reasing the number and activity
of osteoclast, which are localized to regions of the bone
resorption process and this action was observed in the ab-
sence of PTH (Holtrop et al., 1981). Koeffler et al. i1984)
% also de‘monstrated that 1,25(0H)2Ds can stimulate the dif-
& ferentiation of promyelocytes into monocytes, which are

précuraora of the osteoclast. However, Braithwaite (1981)

! did not change' " either the rapidly exchangeable Ca pool of
. U, N ,

/

(717498 ppm) than in the above studies and feed intake as

with sheep, demonstrated that the injection of l-élpha—(OH)Da-
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go.ft' tissue or the slow}y exchangéable Ca pool of bone. Our ’ o
study confirmed J.c.ha.t there were no‘dif:ferences in V.or V/Bv;
(%), representell as a volume‘ of the compar‘tmen'h to which Ca
moves and expressed as a proportion of BW, respectively, be-
tween animals fed CTR aqd TRT-D. c
Muir et al. (1968) conducted a similar study to ours and

found that there was no difference in Ti,;2 between é¢ontrol 1

and vitamin D3 supplemented cows but the amount of plasma :

) Ca reduced during the EDTA infusion was smaller tl:an that
for control cowg‘. Thus, they concluded that animals fed with
vitamin D3 supplementation could withstand a similar drain
of blood Ca at least one and a half times longer than that

a of *control\cows. The amounts of Ca mobilized with t:he infu-
. sion of EDTA by animals in TRT-D was 30.2% greatér t‘han
that of CTR in our study measured by the method of .Contreras
et .al. (1982). Animals fed TRT-A:and TRT-B also showed 10.0
and 9.8% improvem)ent‘.sf respectively, in Ca mobilization rate

compared to that of CTR. \
A direct rélationship observed in our study between the

y TL concentrations of plasma Pi and ¢Ca _during thle induction

and spontaneous recovery periods from hypocalcemia confirmed

the result of Daniel and Moodi—e (1979). A gsignificant
regression of plasma Pi on-plasma (Ca concentrations with

the EDTA infusion was observed in nine out of ten.animals !
*

_ T

o used and a mean regression coefficient wusing 1]:he pooled data

of 0.287 (P<.001) was observed. 'I;he "b" wvalue using the B {
» L] s ‘e
pooled data was 0.297 which was lower than findings of

o others (Belyea_. et al., 1975; Danjel and Moodie, 1979) who.,

— ke
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3 0
reported, in cows, that plaépa Pi fell by approximately 0.4

mmol per fall of 1 mmol in plasma (Ca concentrat1on created

4 -_

by the infusion of EDTA or A&alate. This direct relationship

observed in equal molar proportions between plasma ¢(Ca and

~

v

Pi during the induction and lr-ecovery periods of EDTA infu-
sJon can lead to the postulation that the changes in Pi. ob-
served may be due to the action of PTH, the secretion of
which was stimula?ed‘by falling plasma Ca éghce traﬁ!g;s
(Blum et al.,\lgél). PTH lowers the concentration gfﬁplasma
Pi either by increasing PO4 excretion via kidney (Puschett,
1978) or via salivary glands (Ramp and Waite, 1982).

Lack of a significant re}ationship between plasma Pi and
¢tCa observed in animals fed TRT-A (P=0.493) reasonably sug-
gests that NH(Cl supplemgntation creatéd alterations

either in the amount of PTH secreted in response to the in-

duced hypocalcemia due to changes in parathyroid gland

responsiveness or in the responses of target organs (i.e.,
bone and kidney) to PTH. However, a’ balance study using the
same diet (0.87% NH.Cl of total- DM) showed that there was no

change in urinary P excretion compared to CTR (Exp. 1).

A direct correlation between the concentrations of plasma

1Ca and Mg with the EDTA infusion was also obtained 1in
this study. The regression coefficient and "b" valueg of
0.418 and 0.310,. respectively, using the poolgd data were
highly sigﬁificant (Pé.OOOl). Those values were different
from those of Da%ﬂel (1980) who reported :'0.34 and 07654 for
rgzression coefficient and "b" value, respectively. He,

however, found no correlation between plasma ¢(Ca and Mg
, .

o N .
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concentrations.

Animals "fed TRT-C sh;wed an increased concentration of
plasma Mg than TRT- D w;th EDTA infusion, particularly in the
recovery period and both tr:;tments (TRT~C and TRT-D) showed

\
hlgzer bone moblllzatlon rates thin CTR. ;t was shown that

amriials with hypomagnesenmia deyeloped an impaired release of

PTH (Anaat et al., 1976), a decrease in end-organ responses

to PTH (McManus et al., 1571) and a reduction in Cda mobi-

lization rate (Contreras et al., 1982), whereas hypermag-
/%esemia created from the intravenous infusion of Mg produced /“\L///
a marked increase in circulating PTH levels within in one

minute (Rude Ft al., 1978). The nature of the mechan{ims by

which Mg deficiency impairs PTH secretion as well as its

action on target organs has ‘been thought to involve the
adenylase-cyclic-AMP system (Rude and Singer,l\ 1981), which

is Mg dependent (Radriquez et al., 1978). .

Samson et al. 1(1983) reported with cows, thdat plasma Mg

concentrations of less than é.07 mg‘dL-1 (0.85 ?mol L-!') was

’ related to a high incidence of milk fébeg and coﬁg suffered
! from a reduced ability to mobilized Ca from the exchangeable
—Ca pool in response to the ‘induced h}pocalcemia (Contreras

et al., 1982). In our study, animals injected with vitamin D; '

(TRT-D) and fed TRT-C had relatively high plasma Mg con-

centration of 1.82 and 2.21 mg -dL-!, respectively, pre-
‘E’ infusion., It is, therefore, conceivable that a resistence to

t § '3 ‘ .
experiméatally induced hypocalcemia observed in, animals fed

. N . '
TRT-C or with TRT-D may be activated through two different

mechanisms. Animals fed TRTTC could mediate phe resistance

.
4
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fﬁiquzh high concggtrations of plasma Mg sand reduced dietary

-

cation-anion balance resulted in not_only an increase )in
|4
circulating PTH level but also an increase in a sensitivity
“ N "
. . ]
of target organ (i.e., bone) for Ca mobilization with a pos-

sible elevation of vitamin‘D; metabolites. Convergly, an in- &

crease in circulating vitamin Dj metabolites, particularly

7’

1,25(0ﬁ)zD3, may be the sole mechpnism operatiﬁh in animals *-
on TRT-D to increasg bone mobilizatfon wi;h littlé increasec
in the action of PTH due to low concentrations of plasma ﬁgt
The results suggested that action of feeding reduced |
cation-anion balanced diets used as a\preventative method for
milk fever (Block, 1984; Leclerc, 1986) was théough changes

4

in Ca homeostatic mechanism to increase capacity to mobilize
Ca from immediately mobilizable Ca pool (blood Ca .,  intes-
tinal Ca, and exchangeable bone Ca). The magnitude of this

change observed associated with feeding reduced cation-anion

balanced diet was comparable to that of vitamin D; injection,

'which is frequently used as a prophylactic method of milk ///

fever (Goff et al., 1987) but may present problems due to
resi%%ggce to vitamin D3 (Horst and ﬁeinhardt, 1983) or .

toxici®# (Littledike and Horst, 1982).

~
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A calcium (Ca) kinetic study with a four-compartment T

, | TS . %
model being fitted‘to radioifotope and “balante data using

TONSAM (Conversatlonal, Slmélatlon, Analys1s, and Modeling)
computer program ‘was conducted to examine effects of dletary
cation-anﬁgp ba}ance, calculated as meq‘[(Sodlum (Nat) +
: Potassium (K*)) - (Chioride (C1-) + -Sulfur (§°))1 Twelve -

-

crogssbred wether lambs were used as eucalcemic (period 1) anhd

gsimulated lactational Ca loss induced bx centinpous infusion

t ' of EGTA (period 2). Dietary cation-anion balance (meq kg-!DM) \
was manipulatéd by supplementation of various mineral salts

‘t: and were +339, +35, and -127 during period 1 and +429, +88,
and -147 during period Z'foq control %CTR), treatment (TRT) -
-A, and -B, respectively. Additional mineral salts usea in

TRT-A and TRT-B were CaSOs, Alz (SOi)s, MgSO4, CaCl:;, and
B r
FeSO4 . Animals responded to gsimulated lactational Ca, loss

>

(period 2) by increasing true intestinal Ca absorption and

i 4

bone resorption and by reducing bone accretion. No difference

was observed in plasma total Ca Toncentration but TRT-A‘and

t ) \r -ﬁ had increased plasma jonized Ca concentrat}on during both
periods. TRT-A and -B shoﬁgi hypercalciuria &uring both

* periods and TRT-B increasegwfrue intestinal Ca absorption and

reduced bone accretion during period 2. The size of total ex-

changeable Ca pool (EQ and amount of Ca.movement between them

™

(g d-1) for CTR, TRT-A, and -B were; 11,3, 95.4; 14.1, 110.5; _,
12,0, 138.0 during period 1 and 10,8, 117.1; 14.4, 149.9;

11,0, 129.3 during period 2, respectively. Feeding reduced

.




oation-anlon balanced diet increased Ca flux throuzh ex—

on

- Qhangeable Ca pool with no changes in the size aof pool par- .

o ticularly whqn Ca demand was increased. ‘- N
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INTRODUCTION

The calcium (Ca) homeostatic mechanism operates very
tightly to maintain extracellular Ca” withiq physiological
ranges (8-11 mg dL-!). A change in physiological ggatus such
as the initiation of lactation creates a rapid disturbance in
this mechanism. Plasma Ca exchanges with a larger mass of Ca
in soft tissues and bone surfaces, which may function to
buffer the effect of such rapid changes 1n these pools. The

4

s1ze of the exchangeable Ca pool can be determined from
i N
kinetic analysis of plasma Ca specific activity after

intravenous radioactive-tracer administration (Aubert and

Milhaud, 1960).

Dietary cation-anion balance, defined as milliequivalents
of [(Sodium (Na*) + Potassim (K*))-(Chloride (Cl-) + Sulfur
(S;))], causes changes in Ca mechanism as evidenced 1in the
literature. A negative cation-anion balanced diet has exces-
sive amounts of anions in relation to cations in the diet,
thus is considered acidogenic, whereas a positive cation-
anion balanced diet is considered alkmlogenic in nature. It
was suggésted that acid-base balance affected by feeding
acidogehic diets alters Ca metabolism (Gupta et at., 1970;
Girndt et al., 1979; Fredeen, 1984; James and Woﬂit$w1985),
via bone resorption (Horst and Jorgenson, 1973; Newell and
Beaucheme, 1975; Kunkel et al., 1986), intestinal Ca absorp-
tion (Braithwaite, 1972; Verdaris and Evans, 19%5), and renal
handling of Ca (Stacey and Wilson, 1979; Sutton” et al., 1979;

o

Bichara et al., 1986). Bacause of its effects on Ca metabo-
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lism several studies have conducted and demonstrated that
feeding reduced or negative cation-anion balanced diéts
prepartum to dairy cows decreases the incidence of prepar-
turient hypocalcemia !milk'fever) whereas alkalogenic diet
increaseslits incidence (Ender et al., 1971; Dishington,
1975; Dishington and Bjornstad, 1982; Bléck,¢1984). However,
effects of manipulating dietary cation-anion balance on Ca
kinetics has been studied only in one study (Fredeen et al.,
1988b) with goats.

The objective of this experiment was to determine the ef-
fect of changing d{@tary cation-anion balance (achieved by
supplementation of various mineral salts) on Ca kinetics
using a four-compartment model in sheep during normal and
during simulated lactational Ca loasses caused by continuous
infusion of a 4.5% solution of EGTA.

4
MATERIALS AND METHODS

Animals

The. experiment was conducted with 12 wether.lgmbs

~
({suffolk crossbred) at an average age of 2 years. Animals
were placed in individual metabolic cages in a room where
temperature was maintained at 20°C and had a photoperiod_of
14 h light:10 h dark. Prior to start of the experiment

animals were treated for gastrointestinal para&iggs with

Tramisol (Cyanamide, Montreal, Quebec). 5

.

o
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Three dietary treatments; positive (CTR), near zero (TRT-

A), and negative (TRT-B) cation-anion balanced diets were
formulated %y adding various’' mineral salts to a basal diet
composed éf c?rn silage and chopped alfalfa hay. Composition
of diets and mineral premixes are presenteg in Tables 3.1 and
3.2, respectively. Mineral premixes were formulated to meet
trace mineral requiremgnts of animals (NRC, 1985) and to
deliver excess anions or cations, depending on dietary treat-
ments. All the mineral salts utilized were lab grade. Rations

were offered as total mixed rations twice daily at 0800h énd

1600h with refusals weighed and discarded before the feeding

at 0800h.

Experimental Design

)

T;elve lambs were assigned to four.blocks according their
body weight (BW) and within each block they were randomly as-
signed to one-of three .diets in a random block design. Each
35;day study consisted of a 14-day initial adjustment period
and two 7-day collection period wiéh a 7-day interval between
them. From day 8 of the adjustment period and thereafter-
animals in each block were pair-fed to the level of lowest
consumption within the block in order to equalize feed intake
between dietary treatments. On day-14 of the adjustment

period animals were restrained and both jugq}ar veins were

catheterized as described in Exp.2. The initial 7-day collec- '
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' ! Tgble 3.1. Feed composition for sheep fed different ’ p)
cation-anion balanced diets!. -
“ Ingredient CTR TRT-A TRT-B \
. Alfalfa hay 38.5 38.5 38.5 ,
Corn silage 58.95 57.24 56.5
Mineral mix? 2.0 2.0 2.0
7
Cal0s 0.55 0.27 - ’
CaS0q C- 0.19 0.50
\ .
Al; (804 )3 .18H O - 0.86 0.86
MgSOs . THz O - 0.74 ' 0.74
d
CaCl; .2H20 - 0.20 0.30
; FeSOq . TH: O - v 0.60
o o .
T
1 CTR=Control; TRT=Treatment.
2 See table 3.2 for composition.
Y
» )
. \
-~ ‘
‘ : o
?5 X \ - | -’
E‘ > — A 1 : S




188
R \ .
Table 3.2. Composition of mineral mixtures!2s, ) ?j
y i
Mineral salt CIR TRT-A TRT-B
D

s % .
NaCl 53.902 68.037 70.277
CoCl; . 0.015 - -
CoS0y ) - 0.018 0.018
MnCl; 0.351 - -
MnSO, - 0.3 0.3
Zn0 ) 0.467 - -
ZnS0, - 0.926 0.926 \
KI 0.004 .- -
CuCl, = 0.063 - -
“CuS0o, - 0.076 0.076
CaC0, 20.0 - . -
CaCl; ) - 29.44 -
CasO, - - 27.20
FeSOs .TH2 0 1.198 1.198 1.198
Nag CO; 24.0 - , -
1 CTR=Control; TRT=Treatment.
3 Mineral mixtures provide following (ppm) 20 Mn, 50 Fe,

“ 6 CU, 008 CO; 0.6 I, 75 Zr‘- .
3 Vit A (71250 IU kg ! mix) and vit D (26250 IU kg-! mix)
were added. -
) )
3

' ¢
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tion period was designed to establish effects of experimen-
tal diets on Ca kinetics during the eucalceilric state. Ca-45
as 45CaCl; in aqueous ;solution with a specifiélactivity of
10.3 to 12.3 Ci g-! was adjusted so' as to contain 80 MCi

% .
ml-1. An injection of 5 uCi kg-!BW was administered via one

of the jugular vein catheters at 0900h on day 1 of the col-
lection period. The second collection period was identical
to the first except Fhat at 24h prior to Cat’ injection and
thereafter, ®thylene glycol-bis (B-amino-ethyl ether)
N,N,N’,N’-te?ra acetic acid (EGTA, 8igma, St-Louis,M0) was
infuséd intravenously at a dose rate of 55 mmol d‘l,.thereby
producing a standardized rate of Ca logs. A 1:1 chelation
ratio of EGTA to Ca was assumed (Fox and Heath, 1982) and an
amount of EGTA infused was calculated to simulate a lacta-

tional Ca loss with a milk production level of 1.3 kg milk 4d-

1 and assuming Ca content in milk of 0.17%.

EGTA solution

The jugular vein catheter on one side was used for thg
infusion of EGTA solution. This solution was méde by dissolv-
ing 650 g of EGTA initially with 500 ml of NaOH(5N) and 6 L
of physiological saline, vortexed over-night then brought up'
to a 14 L solution after adjuséing the pH. to 7.4 éith 5N

NaOH. The final volume was 14.375 L by adding sterilized

glass distilled water. Antibacterial agent Trivetrin

(Coopers, Willowdale, Ontario) was also added (5 ml L-1).

This solution was delivered by a peristaltic pump (Minipuls

4




) .

2, Level, France) with approximat; infusion rate of 19.5 ml

1

h-1., To assure sterility of solution the infusa was pas‘sed_

through a syringe filter (.45 pm Nalge Co., Rochester, NY).
Sample ®ollection . "

ﬁ Details of feed, orts, urine, and feces collection have

been described in Exp. 1. During the collection period, addi- \
tional daily samples of urine and feces were obtained fQr

radioactivity measurements prior to the morning feeding.

Blood sampling

’ Immediately after isotope injection, blood samples (5 to

7 mly) were collected into a heparini_zed 10 ml syringe accord-

the following 7-days schedule:

. .
Post—-injection time Fregquency of sampling

ing

1-5 min . 0.5 min
P — :
5-10 min 1 min <, —
10-20 min : \ 2 min
20-30° min 5 min
30-150 min " 15 min \
33@~ h . 30 min , .
. 4-11 h ' 1 h
@ 24h to Tth day each 3h from 0900h to # ‘
’ 4100h
' ’ 1 . ’ ~
i : Blood samples were immediately transferrﬁto 10 m1 test
¥ 4

tube kept on ice bucket and centrifuged at 780.x G for 15 - -
I .




min to collect plasma within 2 h of sampling.

Analyses
Diets

Feed, orts, and feces samples were placed in a forced-air
‘oven for 72 h éﬁr_dry matter (DM) defermination and were
ground through a 2 mm scr;en in a hammer mill. For mineral
determination, feed, orts, and feces were first wet-ashed
with a mixiure of concentrated nitric acids and' perchloric
acid (10:1). The digested solution were analyzed for Ca, Mag-
nesium (Mg), Na, K, Iron (Fe), and aluminum (Al) by Perkin-
ilméi 2830 atomié absorption spectrophotometer (Perkin-Elmer.
Norwall, Conneticut) at appropriate dilution rates.

The detefminat%on of inarganic S content in féed,.orts,
feces, urine, and pladsma were as decribed in Exp. 1. For Cl
measurements, a modified method of potentiometric titration
proc;dure (La Croix ﬁt al,, 1970) was empldoyed using a Cl ion
specific electrode @prion Model 94-17A). Feed and orts (0.5
g) and feces (2 g) were ;uspendea in 20 ml1 of 0.1N Nitric
~acid and vigorously mixed at 10-15 min intervals for ?t
. least 1 hj; Cl concentration of the suspended solution was
determined by the double end point titration method with
" 0.0282N AgNO; as the titrant.

Plasma mineral determinations have beef Aescribed in
Exp.1l. Ionic Ca was determined in plasma samples by Nova 7
(Nova Biomedical. Waltham, MA) and values were normalized "to

©

plasma pH of 7.40.

4 &
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Radioactivity Measurements . ,
\ : KN .

Ground feces samples (1 g) were ashed overnight at 6000C
in a furnace (Thermolyne Sybgon, Dubuque, I0), and the ash
was dissolved in 20% V/V HCI} evapofated to dryness on a hot
plate at 100°C then redissolved in 20% V/V HCl, and brought
up to é volume of 10 ml with 20%¥ V/V HCl., After being
centrifuged at 500 x G for 15 min, the clear superngtent was
collected. One ml of the supernatants as well as daily

samples o;«:hacidified urine (1 ml) and plasma (1 ml) were

dissolved with 9ml of scintillation cocktail (Universal

’ cocktail. ICN Biomedical Inc., Montreal, Quebec) in a 20 ml

scintillation vial and radioactivity was measured by liquid

N
-~

scintillation spectrometry (1209 Rackbeta, LKB, Bromma,

Sweden) with following specifications;

Isotope Ca-45
Time ‘ 600sec
External standard time 15 sec
ixterbgl standard counts 900000
Window 5-725
Countl 20000

Quenching curves for plasma, urine, and feces we€re con-
-

gtructed separately by mixing varied amounts of normal'non—

radioactivq samples with known amounts of Cats utilized to

obtain, disintegration per minute (DPM) of‘samples. Specific

activity (SA) of the plasma was then expressed as a fraction
¢

of the inJgected dose per gram of Ca, while excretion of

radioactivity in urine and feces were expressed as a cumula-
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tive fraction of injected dose.

Kineti& analysis ' _

The four compartment series model of Ca kinetics of Ram-
berg et al. (1970) was adapted for ruminant; from a model of
normal humans (Neer ét al., 1967). The schematic presentation
of this model is presented in Figure 3.1. The model consists

of a collection of interconnected compartments in a steady

state (equilibrium). Four compartments represent the number

of exponents required to best describe the plasma SA decay
curve over a8 period of 7 days (Aubert et al., 1963) and is

@ described by the equation: —

': Re(t)= Aje-31t 4 Aje-32t 4 Aje-23t 4 Age-adt

where:
Res¢t) = Plasma SA at time t,
Ay = "intercept"” terms with dimension of concentra-
tion of rate constants, and v
a1 to a4 = the overall distribution and elimination rate ’

) constants.

Four individual compartments represent a region or
homogenous chemiéal spaces that have identical transition
probabilities (turn-over rate) of exchangeable Ca (Aubert et
ai., 1963) rather than to represent separate physical en-

0 tities (i.e. organ). The notation described in Figure 3.1
follows those of Aubert and Milhaud (1960) and Aubert et al.
(1963);

M = Unit of mass between which various Ca exchanges occur.

ey 1
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. Figure 3.1. Scheme of calcium metabolism with the four compa.ﬁ:-
ment model. Total exchangeable calcium pool con-
: ' sists of four compartments (Ml,Mz,Mi,andM.).
N Inflows of calcium into the system are from the GI °
. tract (Va) and bone (Vo-), and excretory losses 5
go to feces (Vf), urine (Vu), and bone (Vo+).
; Calcim_retention is A . Rij represents rate of
!‘ . . calium transport Mj to Mi.
4 |
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y .
V = The rate in units of mass per unit time.of an exchange

procesak»' '

~
L]

Notation for unidirectional processes and for exchange (iﬁ g
d-1) are as follows:
Vi = Dietary Ca intake,y

V¢ = Total fecal Ca excretion,

A = Ca balance ot; systemn, a
V: = Endogenous fec Ca excretion,
'
Vi = Urinary Ca excretion, - <

Va = Vi+Ve-=Vy = The amount of dietary Ca that was ab-

bsorbed, E‘
Vo§ = Unid%rectional movement of Ca from the system
into bone (accretion), ) ’
~Vo. = Movement of unlabeXled Ca from bone into the
system (resorption), .
Mi = The mass of Ca in compartment i, %&

-]

Mr = M; +Mz +M3+My,
Ri; = Rate of stable Ca transport from j ;6 i.
04;;25tmen;s 1 through 4 represent dilution of isotope in
progreszively large masses of Ca that together comprise the

tétal exchaéziable Ca pool (Mr). Compartment 1 is the site of

tracer injec

n

on and is sampled via the blood. It was assuried
that inflow of Ca from the intestine (Va) and7from bone (Vo-)

enter compartment 1 and excretory losses of Ca to feces (V¢)

and ‘urine (Vu) leave only from compartment 1, whereas gom—3

pargment 4 is the site of loss of Ca‘to non-exchanging bone

(Voa). Becéuse the system is-assumed to be in the steady

I

state, the m&ss'ot Ca in any compartment is to remain con- —

i
-

:
1, ™
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stant for the dura{i%n oflthe study. Ne@,inflow into the sys-
tem, thegefore, equals net outflow from Mr (Aubert et ;}.,ﬂ
Q 1963). If Mq ie in dynamic equilibrium, then ’
Vo;tH? = Vianr; ‘ l

¢
In other words, changes in Mr must be equal to O and since

-
-

the intestine ?st not store fizni%;cant amount of Ca (Aubert
et al., 1983) then changes in Ca balance' of animals repre-
sents the difference befﬁeen the rates of Ca deposition into
and removal from bone rather than alteration in 'the mass ogﬂ
the labile Ca pool. Net. transfer through Vr is equivalent to
the reciprocal of the time integrai from zero to infinity of o
the plasma SA decay curve (Ramberg et al., 1976). Thus,
Viz Vo- + Va = Ve + Vy +_Vo¢
Ca balance = Vo+ = Vo-

The'computer program, CONSAM (Conver%ational, Simulation,

. Analysis, and Modeling), was used to fit the model to each

&ata set. All sample radioéctivities ({CPM) were adjusted for
decay , background, and quenching and plasma samples were
expressed as éA ({DPM g-t Ca) as a proportiog‘of injected
dose. Cumulative urine and feces radioactivity (DPM) were
als; expressed as a proportion of ihjected dose.

Steady state paramete;s were determined after estimates
were entered for proportionality (K:) and rate (L;;) con-
stants. Then, the progr;m adjusted those initial estimates of
the parameters by an iterative process until a’least-squares .

"fit of the data was obtained. In other words, a best fit -
solution was obtained when its residual sums of squares
- ) .

reached a minimum value. The model type used was linear dif-

»
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ferential equa%ions with constant efficiencies (Chu and Ber-
man method) (Chu and Berman, 1974). R
The final solution printout included the parameter values

(Li 5), estimate of their uncertainty and the steady-state

solution (My and Rij ).

Statigtical analysis

N p

Dietary treatment of differences in mineral balance,
blood parameters, and Ca‘*®* kinetic parameters were evaluated
by analysis of var&ance for a random block d%sign (Steer and
Torrie , 1980) and Scheffe’s Test was u&ilized for comparison
purpose between the treatments.'Comparlson between eucalcemic
and EGTA infused sheep was evaluated by "t" test for a paired
observation {(Steer and Torrie, 1980). All statistical

analysis were carried out on the Stat{;tical Analysis System

(SAS institute Inc., Cary, NC).

RESULTS

~

Diets and intake

_Mineral composition of diets is shown in Table 3.3.
Dieﬂgry Ca level (0.88 to 1.05% DM) and Ca to phosphOﬂus (P)
Y

ratid (2.93 to 3.39) were above requirements (0.42% and

~
1

2.0, 'respectively)(NRC 1985). Cation-anion balance of diets
for CTR, TAT-A, and TRT-B, respectively, were +339, +35, and

-127 during the eucalcemic period (period 1) and +429, +68,

.




@ 64 | e

Table 3.3. Mineral composition of diets!?,

Eucalcemic period EGTA-infusion period? ‘ ‘
Mineral CIR i TRT-A “’;‘1.2';‘:;! (—II‘I—% TRT-A TRT-B
Calcium (%) 0.99+.08 0.95+.07 0.88+.10 1.05+.07 0.95+.10 0.94+.10
Magnesium (%) 0.21+.01 0.26+.03 0.25+.02 0.19+.01 '0-24t-03 0.26+.01 ;
Phosphorus 0.30+.01 0.30+.01. 0.30+.01 0.31+.01 0.29+.01 0.30+.01 &
Sodium ::; 0.66+.08 0.63+.14 0.56+.13 0.78+.15 0.62+.12 0.61+.03 N )
Potassi\um (%) 1.62+.05 1.58+.04 1.63509 1.70+.08 1.65+.07 1.68+.08 1

Chloride (%) 0.85+.03 <1.31+.18 1.44+.16 0.88+.08 1.24+.14 1.41+.09
Sulfur (%) 0.19+.05 0.43+.06 0.61+.09 0.15+.01 0.44+.07 0.71+.07
Iron (ppm) 411+127 405+108 1278+172 3714203 257+32 1454+143

Aluminum (ppm) 359+108 1164+284  856+130 114459  1075+296 1128461 , -

Cation-anion
balancet 338+19 35417 -127+20 429+23 68+18 -147+29
(meq kg-1 DM)

e haeAt A

Ch ey e M

Values are presented as meantstandard error.

CTR=Control; TRT=Treatment.

EGTA-infusion used to simulate lactational calcium loss in blood.
Calculated as meq [Nat+K* ]-[Cl-+S=].

661
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and -147 during the EGTA-infusion period (period 2), respec-

i

tively.

¢ Body weight (BW), feed intake, feces and urine volune,
and daily cation-anion balance intake are prksented in Table
3.4. No differences (P>.1) were observed in feed intake due
to the pair—feeding regimen, however, differences (P<.01)
were observed between blocks. Feed intake (g d-t kg-lgw-’S)
of block % to Q were 66.1, 53.7, 67.9, and 82.5 in period 1
and 60.2, 61.7, 78.8, and 84.3 in period 2, respectively.
Urine volume was increased (P<.05) by EGTA—in;usion. Dietary
cation-anion balance intake (meq d-!) were +375, +37, and

-136 in period 1 and +493, +79, and -210 in period 2 for .CTR,

TRT-A, and TRT-B, respectively. v .

¥ Plasma minerals

N

Infusion rate of EGTA and calculated Ca chelation rates
are shown in Table 3.5. Rates of infusion were measured prior
to infusion into animals. Loss of Ca from the exchangeable Ca

pool was calculated to be approximately 55 mmol d-!, which
)

was equivalent to a milk production of 1.3 kg d-! (assuming a

milk Ca d®bncentration of 0.17%).

Blood mineral concentrations are shown in Table 3.6. A
' Id

/ mean plasma total Ca level was calculated using approximately

70 samples collected over the 7-day collection period. Plasma

(o

Ca concentration did not differ (P>.1) between treatments,
however, EGTA infusion increased (P<.01) concentration of

plasma Ca. The ionic form of plasma Ca (Ca**) differed be-
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Table 3.4. Body weight, feed intake, excreta volume, and daily dietary cation-anion balance intake by
’ sheep fed different,cg.tion—anion balanced diets during the eucalcemic and EGTA-infusion periods!.

Eucalcemic period EGTA infusion period Sim*ﬁ&anée’
CTR TRI‘-A\ TRT-B SEM CTR TRT-A  TRT-B SEM Period :
v
, . .
Initial body , A
weight (kg) 38.3 41.5 41.6 1.43 38.9 42.6 42.9 1.17 NS
Feed intake -
(kg d-1) 1.11 1.10 1.09 0.06 1.13 1.16 1.20 0.09 NS ¢ h
(g -t kg-1BW-75) 71.9 67.2 65.6 3.2 72.4 69.1 70.0 __ 4.6 NS .
Feces excretion  0.42 0.39 0.40 0.02 0.42 0.43 0.44 0.03 NS « _,/ i
‘ (kg d-1) e
Urine excretion 1.17 1.10 1.35 0.13 1.46 1.54 1.75 0.13 Xk g
(L d1) : ‘ ;
A Anion-cation 375.17a 37.2b -(f36.2°\ 40.7 493.52 78.6% -209.7c 13.2 NS i{j
balance (meq d-1) \ ) ; . 3
~ ) - 2B
! CTR=Contro}; TRT=Treatment; SEM=Standard error ‘of mean. Q 3 \/ %é
[ ? NS=Not significant (P>.05); xx Significant (P<.05). . ’ ﬁ
‘ abc Means with different superscripts are different (P<.05) within each periods. . %
‘.:,::‘
4 & - N . l’:f‘;%
: e
s *

~ s B




Table 3.5. Rate and volume of EGTA solution lnfused into sheep fed different cation-anion
balanced diets!?,

Sheep Diet Infused volime Duration Chelation rate? Simulated milk
# (ml h-1) (h) (mmol Ca 4-!)(pmol.d-! kg 'BW) production (ml d-1)+
- . .
1 CIR 19.45 192 55.55 . 1.34 "1307
2 TRT-A 19.54 192 55.81 L. - 1313
3 TRT-B 14.84 192 56.66 1.66 1333
4 CIR .  19.45 193 55.55 1.76 1307
5 TRT-B . 19.84 193 56.66 1.25 1333
6 TRT-A +  19.54 193 55.81 ©1.34 1313 ‘
7 ClR , ~ 19.00 192 54.26 1.33 1277
8 TRT-B 19.36 192 55.29 ‘ 1.38 p 1301
9 TRT-A “ 19.74 192 - 56.38 1.43 1327 ‘
10" ,CIR 19.00 192 54.26 1.29 1277
11 _ TRT-B / 19.33 192 55.2} 1.27 1299
o 12  TRT-A % 19.03 192 #54.35 0.96 T 1279
T —
1 EGTA concentrat'ion' was .119mmol (4.5% EGTA). )
: CI‘R:Control TRT=Treatment.
4

Ass a 1:1 chelation ratio (EGTA: calcnxn)
Milix produEtlon was calculated based on milk calcium level of .17%.




Table 3.6.

diets during the eucalcemic and EGTA-infusion periods!.

Blood parameters of sheep fed different cation-anion balanced

Fucalcemic period EGTA infusion period Significance?
Parameter ‘&%\ TRT-A TRT-B SEM CIR TRT-A TRT-B SEM period B g
Total Calcium  8.81 . 8.73 8.52  0.15 9.64  9.77  9.36 0.0 X2
(mg dL-1) :
Ionic Calcium 3.3 4.08 3.84b 0.16 3.322 3.960b 4.200 0.11 NS
(mg dL-1)
Total/Ionic Ca 38.82 46.6b 44 .6® 1.61 35.56a 40.8s> 44,8 1.87 3
a (%) - .f
Magnesium 3.9 3.6 3.4 0.12 3.7 3.7 3.7 0.07 NS
(mg dL-1) . -
Phosphorus 4.7 4.2ad 3,90 0.19 5.2a 3.9 4.3 0.24 NS -
(mg dL-1) i ) |
Sodium 150.4 138.9  144.2 2.72 143.3 143.1 150.1 1.74 NS
(meq L-1) . :
Potassium 4.9 5.2 4.6 0.12 5.0 5.5 4.9 0.12 NS
(meq L-1)
Chloride 109.5 108.7 106.7 2.08 108.6 106.8 107.8 0.83 NS
(meq L-1) .
Sulfate -2.1 2.7 3.0 0.49 2.9 3.0 3.2 0.26 NS 4
{mmol L-%) ! . )
» ) -
1 CTR=Control; TRT=Treatment. | !
2 NS=Not significant (P>.1); % Significant (P<.1); xxx Significant (P<.01).
ab Means with different superscripts are different (P<.05) within each periods. ’
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tween treatments; sheep fed reduced or negative cation-ani@x}/

balanced diets (TRT-A and TRT-B) had increased Ca*+ (P.01)
than CTR during both periods and this is reflected in the
ratio of Cat* to total Ca. Figures 3.2 and{3.3 show plasma Ca
concentration during the 7-day colle;:tion periods of the
eucalcemic (period 1) and EGTA infused period (period 2),
respectively. Plasma Ca concentration of individual animals
(block 4) rather than a mean value was chosen to create the
4 figures because of differences (P<.01) in feed intake between

blocks. A large fluctuation was observed during the early

part of the collection phase (first 2 h), which may reflect
the consequences of the frequént biood sampling regimen. The

( - figures also illustradte that there was fluctuatiom in plasma
Ca level during the entire collection pe\riod.

Plasma inorganic P concentration was the only other
-

misieral that was affected by dietary treatments with that of

CTR being 4dreat (P<.01) than TRT-B during the eucdlcenic

-

period and greater than both TRT-A and TRT-B during the EGTA-

infusion period. In addition, plasma P level was pogitively
9.

correlated with daily cation-anion balance intake (r=0.52,

- <

4

P=9.009) ..

Radiotracer analysis

[ 44

»

Data on plasma SA and cumulative excretion of isotope in
urine and feces of sheep 19 (CTR), 21 (TRT-A), and 20 (TRT-B)

during the eucalcemic and EGTA~infusion periods are shown in

]

“YFigures 3.4, 3.5, 3.6, and 3.7. As described in the materials

[




Figure 3.2.

Changes in concentrations of calcium in plasma of
eucalcemic sheep fed CIR (C), TRT-A (A), and TRT-B
(B) during the 7-day collection period.
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Figure 3.3. Changes in concentrations of calcium in plasma of .
EGTA-infusion sheep fed CIR (C), TRT-A (A), and )

TRT-B (B) during the 7-day collection period.
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Figure 3.4. Plasma specific activity (SA) of eucalcemic sheep
fed different cation-anion balanced diets ( o =CTR, )

a =TRT-A, O =TRT-B).
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Figure 3.5, Plasma specific activity (SA) of EGTA-infused
sheep fed difféfent cation-anion balanced diets

(0 =CTR, A=TRT-A, O=TRT-B).
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Figure 3.6. Cumulative isotope excretion in urine of )

eucalcemic sheep (0 =CTR, & =TRT-A, @ =TRT-B) or
EGTA-infused sheep ( ¢=CTR, A=TRT-A, 8 =TRT-B) U

fed !|different cation-anion balanced diets.
/
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Figure 3.7. Cumulative isotope excretion in feces of

. EGTA-infused sheep ( ¢=CTR, A=TRT-A, S8 =TRT-B)

fed different cation-anion balanced diets.
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and methods section, four exéonential terms were used ‘to fit
the entire curve of plasma SA (expressed as a fraction of in4(
jected dose). Plasma SA declined rapidly after the injection
of Ca*3, then plateaued.

Both TRT-A and TRT-B increased urinary excretion of
isotope greatly compared to that of CTR during the eucalcemic
period. However, this difference became smaller during the
EGTA-infusion period because urinary isotope excretion during
this period represented a combination of endogenous urinary
Ca and EGTA- chelated Ca which represents the gsimulated lac-
tational Ca loss. Total isotope excretion (urine and feces)
of CTR during the eucalcemic and EGTA-infusion periods were
comparable to those of non-lactating and lactating cows,
respectively (Ramberg et al., 1970).

The early portions of the cumulative fecal excretion
curves (first 2 d) appeared to be affected by a delay in the
appearance of isotope excreted, therefore, only the latter
portion (day 3 to 7) of data points were utilized in the fit-
ting process since this would minimized the effect of the lag
%imé’without resorting to a correction in the computer model
for intestinal transit ti;e.

Rate and proportionality constants for C+R, TRT-A, and
TRT-B ave presented in Tables 3.7, 3.8,‘and 3.9%for the
eucalcemic period and in Tables 3.10, 3.11, and 3.12 for the

EGTA-infusion period, respectively. Because the physiological

: stﬁte of animals was changed experimentally (i.e. normal or

3
simulated, lactation), it was necessary to change the

parameters representing exchanges between the compartment

v
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Rate constant (Li;) and Wﬁi@ity constant (Ki) of calcium

{

Table 3.7,
metahplism in eucalcemic sheep fed CTR.
Sheep #

Constant 1 4 7 10 Mean  SEM
L. d-* 62.2 210.6 186.0  136.1 148.§  32.74
L &' 38.7 92.1 8.1  85.8 75.6  12.40
Lsz d-' 10.1 14.8 16.8 17.2 14.8  1.63
las d! 2.96  2.35 3.77 2.46 2.89 0.32
Le; d-1 2.60  1.49 1.89 1.72 1.93  0.24
Ls« d-!  0.248 0.120 0.201 0.148  0.179 0.028
los d1 0.346 0.210 0.273 £0.219  0.262 0.031
la &'  0.200 0.098 0.159  0.046  0.126 0.034
Le a1 2.64  3.67 2.44 2.29 2.76 0.31
Ks d*! 1.95  5.79 3.99 3.01 3.69 0.81

' SEM Standard error of mean.

4
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Table 3.8. Rate constant (Lij) and proportionality constant (K;)
of calcium metabolism in eucalcemic sheep fed TRT-A.

1

Sheep # - ‘ ,

Constant 2 6 9 12 Mean SEM

2y d-* 100.3 119.0 126.8 256.1 1503 35.67
¥

Lnz d-3 64.1 53.9 73.8 149.5 85.3 2\1\.76
Laz d~t 13.7 10.5 14.2 19.0 14.3 1.75
g3 d-! 3.03 1.50 2.53 3.10 2.54 0.37
Les d-? 1.73 1.02 1.52 2.00 1.57 0.21

Lasa d-? 0.227 0.094 0.186  0.229 0.184 0.032

Los a1 0.322 0.122 0.213 0.201 ; 0.214 0.041
L d-? 0,392 0.846 2.29 4.29 1.5 0.88 *
Le d! 2.13 2.23 2.61 2.87 2.45 0.17
K d! 3.58 2.69 3.15 3.42 3.21 0.19

SEM Standard error of mean.
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Table 3.9. Rate constant (Li ;) and proportionality constant (K;)
of calcium metabolism in eucalcemic sheep fed TRT-B.

P o

Sheep # *

Constant 3 5 8 11 Mean® SEM

Lla; d-! 184.2 163.3 173.3  276.7 208.0 34.9

Ly d! 118.3 57.5 115.7 128.9 101.6  22.2

L d-! 18.5 12.5 18.5 16.0 15.7 1.75
las d? 3.53 2.56 3.20 2.78 2.96 0.29
Lys 4! 1.88 1.77 1.91 1.77 1.81 0.04
lss d! 0.215 0.210 0.201 0.199 (;.208 0.005
lose d-? 0.234 0.302 0.275 0.221 0.253 0.025
e d? 2.12 0.588 0.021 4.85 2.52 1.24
Le d-? 0.305 2.03 1.88 3.77 2.03 0.99
K dt 4.09 3.68 3.42 3.15 3.64 0.27

2 Sheep 8 excluded before calculation of means because of illness.
SEM Standard error of mean.
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Table 3.10. Rate constant (Li;) and proportionality constant (Ki) ’
of calcium metabolism in EGTA infused sheep fed CTR. ' ,;
Sheep #
Constant 1 4 7 10 Mean | SEM
2y d-* 210.5 206.9 255.9 92.6 191.5 34.80 ~
L2 4t 118.8 108.3 103.8 71.9 100.7 10.08
lag d-! 14.7 16.9 15.2 15.2 15.49 0.47
lag &' 2,93  4.32 3.69  2.99 349 0.3% //
Les dt 1.44 2.08 1.51 1.63 1.67 0.14
Lya d-? 0.216 0,292 0.319 0.253 0.270 0.022
Lo+ d-! 0.122 0.165 0.145 0.104 0.134 0.013
® La d1 5.46 6.54 8.30 5.09 6.35 0.72 j (
0
Le d-t 1.53 2.90 2.68 1.51 2.16 0.37
K, dt 3.84 4.70 4.36 2.22 3.78 0.55

SEM Standard error of mean.
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Table 3.11. Rate constant (Li;) and proportiénality constant (K )

of calcium metabolism in EGTA infused sheep fed TRT-A.

v o

" Sheep #

Constant 2 6 9 12 Mean  SEM .
La; d* 262.0 221.6 125.6 313.9 230.8 39.8
Liz d&! 124.2 122.0 70.4 129.8 111.6 13.8
Lsa d-! 20.55 19.42  13.47 16.44 17.47  1.59
las d'  4.24  3.69 2.73  3.44 3.53 0.31
Les d-1 1.79 1,98 1.43  1.76 1.74  0.11
L« d!  0.231 0.258  0.208 0.235  0.233 0.010
Lo+ d-'  0.09 0.177 0.106 0.163  0.136 0.020
lu d! 4.48 5.27 5,57 8,00 5.83  0.76
Le d' 1.52 2.24 4.63  3.53 2.98 0.69
Ki d! 4.48  2.95 2.76  4.17 3.59  0.43

SEM Standard error of mean.
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Table 3.12. Rate constant (Li;) and proportionality constant (Ki)
of calcium metabolism in EGTA infused sheep fed TRT-B.

Sheep #

Constant 3 5 8 11 Mean SEM

L1 4! 351.7 162.4 220.3 119.1 213.4 50.5

Lya d ' 153.7 70.1 122.1 89.7 108.9 18.4

N,
Ls2 d-! 16.5 13.3 12.5 12.1 13.6 1.01
Las d-! 4.17 2.57 2.62 2.86 3.06 0.38
Lis d-? 1.62 1.69 1.56 1.21 1.52 0.11

Isa d! 0.302 0.234 0.225 0.214 0.244 0.020

Lo+ d-! 0.154 0.167 0.192 0.099 0.153 ©.019

La d-? 5.51 4,317 4,99 6.74 5.39 0.51
Le d-t 2.16 1.95 2.27 2.71 2.27 0.16
Ky, d! 4.84 2.98 3.72 2.74 3.57 0.47

SEM Standard error.of mean.
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(Li 3j) from one study to the neft, even though two isotope

studies‘were carried out in the same animals within a short
period of time (2 weeks). In addition, the parameters repre-
senting loss of isotope from the system to the excreta
(Li =intestine and Lu=urine)\9ﬁa to bone (Lo+ ) were changed in
order to avoid inconsistencies in fitting calculated model to
actual data. Proportionality constant is the equiwalent to
the calculated SA of plasma Ca at gero time, in other word,
it is the reciprocal of distribution in compartment 1.

Data from sheep 8 during the eucalcemic period was ex-
cluded before calculating a mean value because coprostasis

AY

developed during the last three days of the collection

period.
|

Probability of differences between means is presented in
Table 3.13. During the eucalcemic period, Lu (urinary Ca
excretion) was the only parameter that showed difference
(P<.1) between dietary treatments; TRT-B (2.52 d-!) was
gresgfter than CTR (0.13 d-1), Similarly, L3z (rate of Ca
transport from cd&par@ment 2 to 3) was the only difference
(P<.1) found during the EGTA-infusion period; TRT-A (17.5
d-*) was greater than TRT-B (13.6 d‘i). Table 3.14 shows the
iéan and probability of differences observed “between the
eucalcemic and EGTA-infusion periods. EGTA-infused lambs had
greater Lis (rate of Ca4transport from compartment 4 to
3)(0.249 d-1) and Lu (5.85 d-t) wvalues than those of eucal-
cemic lambs (0.189 d-! and 1.44 d-!, respectively). 1In

general, rate and proportionality constants were greater
J !

during the EGTA-infusion than the eucalcemic period. .



o

‘;m::
A

‘

- ' , 225

Table 3.13. Probebility of dietary treatment and EGTA infusion -
differences in mean rate constant and proportionality
constants of sheep.

‘h:»
Dietary treatment

Constnant Eucalcemic EGTA infusion Infusion

lgy d-t .423 .826 .137

Liz d-! .634 .862 122

~

Lag d-! .802 067 .590

Laa d-! .403 .607 .590

Les d-! . 393 .321 .378

Lsa d-? .644 .494 .004

Lo+ d-! .567 .706 .0003

la d .092 .646 .0001

L¢ d-1 .649 .395 .962

Ki d-1 .833 . .946 .710

e F e oy, T . AR CUEF AN MDY YR S ey > ST S
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Steady state parameter size and exchange rates between
compartments for the eucalcemic period are shown in Tables
3.14, 3.15, and 3.16 and for the EGTA-infusion period in
Tables 3.17, 3.18, and 3.19 for CTR, TRT-A, and TRT-B,

]

respectively. Compartments (M, ) collectively comprise the to-

tal exchangeable Ca . pool (Mr). Exchange rates and mass Ca
movements (g d-1) areibetween compartments M; from My (Ri ),
fluxes from Mr to intestine (Vlg,), urine (Vu), and bone (Vo.)
or influxes from intestine (ﬁ/.) and bone (Vp-). The latter

two influxes collectively comprise total entry rate (Vr) into
M:. \

Figures 3.8, 3.9, and 3.10 represent mean compartment
sizes and exchange rates between compartments for sheep fed
CTR, TRT-A, and TRT-B, respectively, during the eucalcemic
period and Figures 3.11, 3.12, and 3.13 show the same
parameters during the EGTA-infusion period. Probability of
differences between means are presented in Table 3.20. Intake

)
of Ca, ranged from 7.6 to 16.7 g d-! and varied between
blocks since the paired feeding regimen was carried out only
within each block. There was, however, no difference (P>.1)
in mean Ca intake between the dietary treatments. Regardless
of dietary treatment all sheep were in positivg Ca balance
(8) in both period except sheep 2 fed CTR during the EGTA-

infusion period, (-0.37 g d-!). The total Ca inflow into the

exchangeablé“pool (Vr) was comprised entirely of intestinal

absorptiod (Va) during bot@ periods. L b

Only urinary Ca excretion (Vu, % of intake) was affected

wb‘y diepary treatments during both periods in that both TRT-A

o
~ Y
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Table 3.14. t masses and rates of calcium transport in |
eucal ic sheep fed CIR.
7
Sheep #

Parameter 1 4 7 10 Mean SEM
Calcium intake 12.0 9.1 10.6 15.9 11.9 1.45

(g d)
Va, (g d1) 2.96 2.73 3.37 7.36 4.10 ) 1.09

(% intake) 24.6 30.1 31.7 v 42.4 33.2 4.66
Vo+, (g d1) 2.58 1.59 1.99 2.54 2.18 0.24

(% intake) 21.4 17.6 18.8 16.0 18.4 1.14
Vo-, (g d1) 1.01 -0.50 -0.74 -4.04 -1.07 1.06

(% intake) 8.40 -5.55 -6.97 -25.49 -7.41 6.96
Balance (g d-1) 1.56 2.10 2.73 6.58 3.25 1.14
Ve, (g d1) 3.97 2.23 2.63 3.32 3.04 0.17
Vi, (g d1) 10.4 6.97 7.87 9.26 8.63 0.76
Ve, (g dY) 1.35 0.62 0.61 0.76 0.84 0.17

(% intake) 11.23 6.88 5.75 4.80 7.39 5.85
a, (%) 24.6 30.1 31.7 46.4 33.2 4.66
Vu, (g d-1) 0.04 0.009 0.021 0.011 0.021 0.007

(% intake) 1.16 0.08 0.19 0.07 0.18 0.06
M, (£) 0.51 0.17 0.25 0.33 0.32 0.072
Mz, () 0.75 0.37 0.52 0.49 0.53 0.078
Ma;/ (g) 1.70 1.71 1.80 2.43 1.91 0.178
MY (&) 7.44 8.26 7.16 11.16 8.50 0.92
M, (2) 10.4 10.5 9.73 14.4 11.27  1.07
Ra1, (g -1d) 31.6 35.9 46.6 44.6 39.7 3.55 -
Riz, (g d1) 29.0 34.4 44.6 42.0 37.5 3.58
Raz, (g d-1) 7.60 5.63 8.74 8.60 7.64 0.72
Rz, (g d-1!) 5.02 4,04 6.78 6.06 5.48 0.60
Res,~(g d-t) 4.43 2.51 3.40 4,25 3.65 0.44
Rae, (g d-1) 1.85 0.92 1.44 1.71 1.48 0.21

SEM Standard error of mean.
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Table 3.15. Compartment masses and rgtes of

eucalcemic sheep fed TRT-A.

calcium transport in

s

Sheep #
Parameter 9 12 Mean SEM
-Calcium intake 10.7 11.4 9.23 14.0 11.4 1.00
(g d&1)
Va, (g dt) 4.48 3.02 2.58 5.13 3.86 0.60
(% intake) 41.8 26.3 27.9 36.6 33.16 3.65
Vos, (g d1) 1.43 2.23 1.78 2.14 1.90 0.18
(% intake)  13.3 19.4 19.3 15.3 16.8 1.51
Vo-, (g d-1) -2.41 0.348 0.577 -1.03 -0.63 0.693
(X intake) -22.5 3.03 6.24 -7.38 -5,16 6.48
Balance (g d-!) 3.84 1.88 1.21 3.18 2.53 0.60
Vr, (gd-t) 2.06 3.36 3.16 4.09 3.17 0.42
Ve, (gd-1) 6.83 9.27 7.48 9.74 8.33 0.70
Ve, {(gd-1) 0.59 0.83 0.93 0.84 0.77 0.06
(% intake) 5.54 7.24 8.96 5.99 6.93 0.77
a, (%) 41.8 26.32  27.9 36.5 33.16 3.65
Va, (gd-1) 0.043 0.306 0.550 1.11 0.502 0.227
(% intake) 0.40 2.67 5.95 7.90 4.23 1.87
M, (&) 0.28 0.37 0.32 0.29 0.31 0.02
M, (&) 0.44 .0.75 0.52 0.49 0.55 0.07
M, (g) 1.47 3.81 2.19 2.30 2.44 0.49
Mo, (8) 4.62 19.7 8.37 10.7 10.84 3.2
Mr, (g) 6.81 24.6 11.4 13.8 14.14 3.78
Ra1, (g d1) 26.6 46.1 39.9 75.1 46.9 10.2
Ria, (gd1) 25.2 43.9 38.1 72.9 45.0 10.1
Rsa, (gd1) 5.49 8.35 7.32 9.24 7.60 0.80
Ras, (g d1) 4,07 6.12 5.54 7.10 5.70 0.63
Rea, (gd1) 2.42 .4.01 3.34 4.59 3.59  0.47
Rae, (g d1) 0.99 1.78 1.56 2.45 1.69  0.30

SEM Standard error of mean.
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Table 3.16. Compartment masses and rates of calcium transport in
eucalcemic sheep fed TRT-B.

ot

¢,

ey
L

Sheep #
Parameter ' 3 5 . 8 11 Mean® SEM
Calcium intake 8.27 12.5 11.8 13.8 11.5 1.64
(g d~1)
Va, (gd1) 1.51 6.14 8.68 2.90 3.52 1.37
(% intake) 18.3 49.1 73.4 21.2 29.6 9.83
Voseo, (g &) 1.49 2.63 2.00 2.65 2.26 0.38
(% intake) 18.0 21.1 16.9 19.44 19.52 0.87
Vo-, (gd1) 1.16 ~ -2.93 -6.08 2.33 0.19 1.59
(¥ intake) 14.0 -23.45 -51.5 17.06 2.54 13.02
Balance {g d-!) 0.33 5.56 8.09 0.33 2.07 1.75
Vr, (gd1) 2.67 3.21 2.59 5.23 3.70 0.78
Vg, (gd1) 7.51 6.91 3.70 11.9 8.79 1.59
Ve, (gd-?) 0.751 0.554 0.550 1.19 0.833 0.189
(% intake) 9.08 4.43 4.85 8.74 7.42 1.50
a, (%) 18.35 49.14 73.39 21.24 29.56 9.83
Vo, (gd1) 0.428 0.026 0.040 1.379 0.611 0.401
{% intake) 5.17 0.208 0.338 10.11 5.16 2.86
M, (&) 0.23 0.27 0.29 0.32 0.27 0.023
M, (&) 0.45 0.73 0.42 0.66 0.58 0.117
Ms, (g) 1.43 2.43 1.81 2.84 2.23 0.42
M, (8) 6.11 8.70 7.28 11.98 8.93 1.70
M, (g) 8.13 2.1 9.81 15.8 12.02 2.21
Ra:, g d-1) 49.3 .5 50.7 87.7 60.5 13.67
Riz, (gd?) 47.9 41.9 48.7 85.1 58.3 13.51°
Rya, (gd-t) 7.14 9.12 7.80 10.6 8.94 0.99
Raz, (g d-1) 5.65 6.49 5.79 7.91 4,31 1.78
Resz, (g d1) 2.86 4.46 3.47 5.04 4,12 0.65
R3sa, (g d1) 1.37 1.83 1.46 2.38 1.86 0.29

SEM Standard error of mean.
2 Sheep 8 excluded before calculation of means because of illness.
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Compartment masses and rates of calcium transport in
EGTA infused sheep fed CIR.

Sheep #
Parameter 1 4 7 10 Mean SEM 5/
Calcium intake  10.7 12.3 10.6 16.1 12.4 1,29
(g d?)
Va, (g dt) 2.33 5.31 4.04 7.32 4.75  1.05
(% intake) 21.7 43.2 38.1 45.4 37.1  5.37
Voo, (g d1) 0.955  0.993  0.958  1.169 1.02  0.05
(X intake)  8.89 8.08 9.04 7.25 8.31 0.41
Vo, (g d1) 0.642 -2.44  -0.856 -3.51 ~1.54  0.90
(% intake) 5.97 -19.9 -8.08 -21.7 -10.9  6.40
Balance (g d-1) 0.313  3.43 1.81 4.68 2.56  0.95 \
Ve, (g d}) 2.97 2.87 3.19 3.82 3.21 0.21 \
g Ve, (g d!) 8.82 7.59 7.17 9.49 8.27 0.54°
; Ve, (g d?) 0.401  0.618  0.615  0.681 0.579 0.061
| (% intske)  3.73  5.03  5.80  4.22  4.70 0.46
| a, (%) 21.7 43.25  38.14  45.4 37.1  5.37
| ( Va, (g d1) 1.62 1.26 1.61 2.00 1.62 0.14
(% intake) 15.0 10.3 15.2 12.2 3.2 1.20
M, (g) 0.262  0.213  0.231  0.451 0.289 0.055
M, (&) ’ 0.459  0.397 0.557  0.564 0.494 0.040
M, (&) 1.97 1,32 2.01 2.46 1.94  0.23
¢ M, (g) 8.55 6.02 6.52  11.2 8.08 1.18
M, (g) 11.2 7.95 9.32  14.7 10.8  1.46
Rai, (g d1) 53.4 44.0 58.1 41.7 49.3  3.87
Riz, (g d!) §2.4.  43.0 67.2 40.6 48.3  3.91
Rez, (g ) 6.63 6.70 8.38 8.54 7.56  0.52
Rz, (g d1) 5.68 5.71 7.42 7.37 6.55 0.49
Raa, (g d-1) 2.80 2.75 3.06 4,01 3.16  0.29
Rae, (g d1) 1.85 1.76 2.10 2.84 2.14  0.25

SFM Standard error of mean.
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Table 3.18, Compartment masses and rates of Alc:.um transport in
EGTA infused sheep fed TRT-A.

Sheep #
Parameter 5 6 SEM

-3
[o]
Oy
-3
-3
o ]
Al

Calcium intake 15.5 11.6  2.01
(g 1)
Va, (g d-1) 1.45 4.99 3.75"\ 6.43 k?ls 1.06
(% intake) 19.2 34.1 42.4 41.5 34.3 5.38
Voe, (g d-1) 1,04 2.08 1.33 1.61 1.52  0.22
(% intake) 13.7 14.2 15.0 10.4 " 13.3  1.02
Vo-, (g d-1) 1.41 0.158  0.071 -1.49 0.04 0.594
(% intake) 18.6 1.08 0.803 -9.58 . 2.73 5.85
Balance (g d-!) -0.37 1.93 1.26 3.10 1.48 0.72
Ve, (g d-1) 2.87 5.15 3.82 4.95 4.19 0.53
Vi, (g d-!) 5582 10.4 5.99 9.93 8.22 1.14
Vi, (gd1) 0.394 0.760  0.908 0.846 0.727 0.115
(% intake) 5.19 5.19 10.29 5.45 6.53 1.25
a, (%) 19.2 34.1 42.4 41.5 34.3  5.38
Vo, (g d1) 1.43 2.31 1.58 2.49 1.95 0.26
(% intake) 18.9 15.7 17.9 16.03 17.2  0.76
M, (&) 0.223  0.339  0.362 0.239 0.291 0.035
M, (g) 0.457 0.598  0.628 0.567 0.563 0.037
M, (g) 1.97 2.57 2.67 2.24 2.37 0.16
M, (&) 10.8 11.7 12.4 9,88 11.2  0.55
Mr, (g) 13.4 15.2 16.0 12.9 14.4 0.74
Rey, (g d-1) 57.8 75.0 45.5 75.2 63.4  7.22
Ria, (g d-1) 56.8 72.9 44.2 73.6 61.9 7.05
Rsz, (g d-1) 9.40 11.6 8.46 9.32 9,70 0.87
Raa, (g 1) 8.36 9.52 7.17 7.71 8.19 0.51
L Res, (g d-1) 3.52 5.11 3.83 3.94 4.10 0.35
Ras, (g d-1) 2.49 3.03 2.53 2.32 2.59 0.15
A !
SEM Standard error of mean.
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Table 3.19. Compartment masses and rates of calcium transport in
. EGTA infused sheep fed TRT-B.

]

. Sheep #
Parameter 5 11 Mean SEM
Calcium intake 17.3 10.5 16.7 13.3 2.18
(g d&1)
Va, (g d1) 4.55 8.20 5.56 6.38 6.17 0.77
(% intake) 52.5 47.3 53.8 38.1 47.9 3.56
Vo+, (g d1) 0.883 0.167 1.27 0.681 0.752 0.232
(% intake) 10.2 0.961 12.16 4.06 6.84 2.61
Vo-, (g d1) ~1.98 -5,33 -1.89 -1.62 -2.71  0.87
(% intake) -22.8 -30.7 -18.0 -9.69 -20.3 4,41
Balance (g 4-!') 2.86 5.49 3.17 2.30 3.46 0.70
Ve, (g d1) 2.57 2.87 3.67 4.76 3.47 0.49
Vg, (gd1) 4.56 9.79 5.48 11.36 7.80 1.64
Ve, (g d1) 0.447 0.654 0.611  0.991 0.676 0.114
(% intake) 5.16 3.77 5.80 5.91 5.16 0.49
a, (%) 52.5 47.3 53.8 38.1 47.9 3.56
Ve, (g d1) 1.24 2.05 1.88 3.09 2.06 0.38
(% intake) 14.3 11.8 17.8 18.4 15.6 1.55
M, (g) ’ 0.214 0.336 0.276  0.365 0.298 0.034
M, (&) 0.470 0.747 0.475  0.477 0.543 0.068
M, (g) 1.66 3.04 1.81 1.78 2.07 0.32
M, (8 6.01 12.8 6.86 6.84 8.13 1.58
M, (g) 8.36 16.9 9.42 9.46 11.0 1.98
Ra1, (g d1) 69.4 54.5 56.7 43.5 56.0 5.32
Riz, (g d1) 68.6 52.4 55.4 42.8 54.8 5.32
Riz, (g d1) 7.72 9.92 5.92 5.77 7.33  0.97
R:a, (g d) 6.84 7.79 4.64 5.09 6.09 0.74
Res, (g d1) 2.63 5.13 2.77 2.15 3.17 0.67
Ris¢, (g d-1) 1.75 3.00 1.49 1.47 1.92  0.36

SEM Standard error of mean.



Figure 3.8. Mean compartment masses and rate of calcium

transport in eucalcemic sheep fed CTR.

Values are means + SEM.
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Figure 3.9. Mean compartment masses and rate of calcium
transport in eucalcemic sheep fed TRT-A. ’
Values are means + SEM.
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Figure 3.10., Mean compartment masses and rate of calcium
transport in eucalcemic sheep fed TRT-B.

Values are means + SEM.
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Figure 3.11. Mean compartment masses and rate of cg.lciun'
transport in EGTA-infused sheep fed CTR.

Values are means + SEM.
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Figure 3.12. Mean compartment masses and rate of calcium
transport in EGTA-infused sheep fed TRT-A.

Values are means + SEM.
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Figure 3.13. Mean compartment masses and rate of calcium
transport in EGTA-infused sheep fed TRT-B. )

Values are means + SHEM.
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Table 3.20. Procbability of dietary treatments and EGTA infusion
differences in mean compartment sizes and transfer
rates of sheep.

Dietary treatment

Constant Eucalcemic EGTA infusion
Calcium intake .780 .388
(g &)
Vi, (g d-1) .854 .051
(% intake) .883 174
Vos, (g d-?) .684 .121
(% intake) . 369 .036
Vo-, (g d-?) . 766 070
(% intake) .739 .050
Balance (g d-1) L7171 157
Ve, (g d1) . 744 .163
Ve, (g d) .970 .909
Ve, (g d) .958 .237
(% intake) .961 .201
a, (%) .883 174
Vi, (g d-t) .147 .304
(X intake) .099 .058
M, (g) ' .803 .989
M, (&) 971 .666
M, (R) .535 .583
My, () .639 .258
Mr, (&) .650 .318 ‘
Rai, (g d1) .163 .380
Ria, (g d-1) .165 .394
Raa, (g d-?) .344 .129
Ras, (g d-?) . 795 .128
Res, (g d-1) .818 296 -
R’" (‘ d-l) -626 0309
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and TRT-B (4.23, 5.16% during the eucalcemic perio&*and 17.2,
15.6% during the EGTA-infusion period, reépectively) were
higher (P<.1) than CTR (0.18 and 13.2% during the eucalcemic
and EGTA-infusion periods, respectively). No other constants
were different (P>.1) during the eucalcemic period.

During the EGTA-infusion period, V. (g d-t'), Ve. (% of
intake), and Vo- (both as g d-! and % of intake) were af-
fected by the dietary treatments. Ca absorption (Va) by sheep
fed TRT-B (6.2 g d-!) was higher (P=0.05) than that of TRT-A
(4.16 g d-!'), however, no difference (P>.1) was observed when
expressed as % of intake (true Ca absorption rate). Bone
accretion Vos+ (loss of Ca to non-exchanging bone) expressed
as % of intake was higher (P=0.04) in TRT-A (13.3%) than TRT-
B (6.84%) but neither were different (P>.1) from CTR (8.31%).
Bone resorption rate Vo- showed the same pattern of dif-
ference that TRT-A (2.73%) was higher (P=0.05) than TRT-B (-
20.3%).

Table 3.21 shows mean values of the eucalcemic and EGTA-
infusion periods and their probability of differences. Simu-

)

't
lated lactation by means of continudus EGTA infusion caused

changes in Ca metabolism with a 48% reduction in bone accre-

“tion Ve. ( 18.15 vs 9.49%), and glight but significant

(P=0.09) increase in true absorption rate (Vo- % of

intake)(39.8 vs 32.2%) compared to that of the eucalcemic

period. However, no dience (P>.1) was found in total Ca
b

.

inflow into the exchanggdble Ca pool r) due mainly to the
lack of difference (P>.1) found in the other compynents of
Vr, Vo-. A difference found in true absorption rate was

) -
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Table 3.21. Mean compartment sizes transfer rates
of sheep during the cemic and EGTA-infusion
periods and their probability of differences.

Constant Eucalcemic EGTA-infused Probability
Calcium intake 11.6 12.5 .478
(g a&-1)
Va, (g d?) 3.83 5.04 .136
(% intake) 32.2 39.8 .096
Voo, (g d-1) 2.10 1.09 .001
(% intake) 18.1 9.49 .001
Vo-, (g d1) -0.57 -1.40~ .306
(% intake) -3.88 -9.50 .369
Balance (g d-t) 2.66 2.50 .833
Vi, (g d-1) 3.41 3.63 .553
Ve, (g d!) 8.57 8.09 .566
Ve, (g d1) 0.813 0.660 .123
(% intake) 7.15 5,46 .050
a, (%) 32.2 39.8 .096
Vo, (g d1) 0.357 1.88 .001
(% intake) 3.01 15.3 .001
M, (g) 0.305 0.293 .710
M, (&) 0.551 0.533 .739
M, (8) 2.19 2.12 .796
M, (g) 9.47 o 9.13 .817
Me, (8) 12.52 12.09 .804
Ra:, (g &1) 47.99 56.25 .217
Riz, (g d-1) 45.90 54.99 171 i
Rz, (g d1) 7.98 8.20 .756
Ria, (g d-1) 5.24 6.94 .021
Ris, (g d1) 3.75 3.48 479

R@‘, (g d-l) 1.66 2022 1019
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reflected in a 24X reduction in endogenous fecal excretion

(V¢). In general, EGTA infusion increased compartment mass

and transfer rates between then.
DISCUSSION

In previous experiments, it was shown that manipulating
dietary cation-anion balance, defined as meq [(Na*+K*)-(Cl-
+8*)], altered Ca metabolism (Exp.l and Exp.2). Negative
cation-anion balanced diets that contained excess of anions
in relation to cations greatly increased urinary Ca excretion
while not affecting blood Ca concentration. This led to the
assumption that bone resorption must be increased in order
to assure normal extracellular Ca level. In this experiment,
the kinetics of Ca metabolism in sheep fed different cation-
anion balanced diets were determined using the model of Ram-
berg et al. (1970) and was fit to a combination of conven-
tional Ca balance and radioisotope data using the computer
program CONSAM (Berman and Weiss, 1978). Studies were carried

out using normal (eucalcemic period) and EGTA-infused sheep

- (EGTA-infused period). The latter was used as a model of

simulated lactational Ca loss, thus allowing the comparison
of Ca kinetic changes that occur caused by the dietary
treatments in a situation where the Ca homeostatic mechanism
is greatl; and abruptly disturbed (i.e. at the onset of
lactation).

Similar to the findings in Exp.l1l, sheep fed reduced and

negative cation-anion balanced diets (TRT-A and TRT-B,

A
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respectively), increased urinary Ca excretion (Vu) compared
to CTR, however, no changes were observed in Ca balance.
Others (Vagg and Payne, 1970; Braithwaite, 1972) also have
observed hypercalciuria by feeding NH«Cl to ruminants and
showed an increase in exchangeable Ca pool size (Mr) which
was associated with enhanced absorption from intestine,
depressed bone accretion (Vagg and Payne, 1970) and enhanced
bone resorption (Braithwaite, 1972). Fredeen et al. (1984)
compared Ca kinetics of does (goats) fed an acidogenic diet
supplemented with HC1l to does fed an alkalogenic diet supple-
mented with NaOH. Hypercalciuria and a reduction of bone
accretion rate were found in acidogenic diet. Oral ad-
ministration of HCl1l to uremic rats also resulted in an in-
crease of os;:Bclastic density and a reduction in bone

mineralization rate (Chan et al., 1985). Hypercalciuria ob-

served in the above studies and others mdx}suggest that the

effect is associated with a mild metabolic acidosis created

by feeding acidogenic diets rather than direct effect of the
diet. However, some studies could not confirm the effect on
bone metabolism (Bell et al., 1977). Thus, it was suggested
that the effects of metabolic acidosis on bone metabolism be- .
come apparent after a long adaptation period or with rapidly

growing young animals (Whiting and Draper, 1981b). Dietary

acid stress proyided by sulfate (S04) and/or NH4Cl in rats
showed an accelerated bone resorption only after 2 months of

‘:, adaptation (Whiting and Draper, 1980) or youn; animals with
rapid bone turnover (ankel et al., 1986).

Previous kinetic studies demonstrated that an increased

-
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Ca retention by feeding increasing dietary Ca resulted in an
increase in bone resorption (Vo-) but minimum to no changes
in bone accretion (Ve:) in rats (Bfonner and Aubert, 1965;
Cohn eé al., 1968) and inyruminants (Braithwaite and Riazud-
din, 1971). Furthermore, cows that suffered from parturient
hypocalcemia at the onset of lactation showed a temporally
reduction in outflow of Ca from bone (Ramberg et al., 1970).
This suggested that bone resorption process plays a important
feedback mechanism for Ca homeostasis (Braithwaite, 1983a).
In this experiment, no correlation (P>.1) was observed be-
tween Ca intake or retention and bone accretion rate (r=0.03
and 0.10, respectively) but a strong negative correlation was
foun between bone mobilization rate and Ca intake (r=-0.37,
P=0.07) or Ca balance (r=-0.53, P=0.008).

In soae studies, the total inflow into compartment 1 (Vr)
was exceqded by the calculated value for Ca absorbed from the
intestine (V,). Consequently, some negative values for Ca mo-
bilization from bone (Vo-) were obtained by calculating Voe. =
Vr -~ Va. Negative values of Vo. were also reported in cows
and rats fed relatively high dietary Ca (1.4% DM)(Ramﬁerg et
al., 1976; Bronner and Aubert, 1965), and in cows prior to
the onset of lactation (Ramberg et al., 1970). The inherent
errors of balance techniques would increase as aietary Ca in-
take increases and most of the error involve small cumula~
tive losses'in feces and urine and incomplete measurements of
intake, both of which favor a positivg balance and might lead
to overestimation of Vr and/or underestimation of V,.

However, these possible errors could not account for the mag-
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nitude of the nezativek Vo. values that were observed in our
trial (i.e. TRT-B during the EGTA-infusion period). Some
fluctuation in fecal outputd(g d-!) was observed with a mini-
mum changes in feed intake during the 7-day collection
period. Even though, Ca retention within the gastrointestinal
tract is known to be a minimum (Aubert “et al., 1963), a long
digesta transit time in ruminants compared to that of non-
ruminant with uneven excretion rates might lead to overes-
timation of Ca balance which defined in this model to be a

consequence of the process involves only in bone. Some im-

plications of negative values of Vos- have been discussed by
Brénner (1967). One of the possible explanations 'is that a
@' fraction of the absorbed Ca may be ‘depos_ited into bone
without equilibrating with all the Ca in compartment 1, which
implies the existence of non-exchanging or slowly exchanging
fraction of the blood Ca that can not be traced by
intravenous injection of isotope (Ca*®)(Visek et al., 1953).
Existence of a slowly exchanging fractions of blood Ca has

A
been reported in some species but not successfully in

ruminants (Ramberg et al., 1970). However even in ruminants,

somé indirect evidence based on the dissimilarity of the
specific a\ctivity of urine or milk and plasma Ca (Visek et
. al., 1953; Giese and Comar, 1964) suggests that existence of
such a fraction reqains a possibility. Unphysiological nega- P
. .
o tive values of bone mobilization rate (Vo-) observed in some
of animals in this study suggest that this model might not

be applicable for Ca kinetics study where a large difference

in the level of dietary Ca exists. In this study, "however,

%. - . SN




variation of the level of éa in experiment diets was rela-
tively small (0.88 to 1.05% DM). Therefore, the utilization
of aE}our—compartment model to investigate the effect of
manipulating dietary cation-anion balance on Ca kinetics is
justified in this study.

In this experiment, the total exchangeable Ca pool sizes
(Mr) in the eucalcemic period were approximately 3 to 4 times
larger than those in sheep measured by kinetic studies using
a two compartment model (Hidiroglou and Hidiroglou, 1982;
Braithwaite et al., 1969; Braithwaite and Riazuddin, 1971),
while Mr were 50% smaller than those of mature non-lactating
cows determined by the four-compartment model as used 1in this
experiment (Ramberg et al., 1970). Expressed as g kg-!BW, a
mean exchange;ble Ca compartments M; to M), respectively,
were 0.007, 0.013, 0.053, and 0.23 during the eucalcemic
period and 0.007, 0.013, 0.051, and 0.22 during the EGTA-
infusion period in this experiment compared to 0.012, 0.020,
0.045, and 0.10 for non-lactating cows (Ramberg et al.,
1970) . Values were higher because of relatively higher Vr and
Vo+, which reflect high dietary C; intake in this experiment
compared to that of Ramberg et al. (1970) (0.30 vs 0.175 g Ca
kg-1BW). This relatively high dietary Ca intake ranged from
11 to 13 gd-! compared to that of requirements (7.7 g d-
1 )(NRC 1985) is probably attributed to a small changes in Mr
between‘the euéalcemic and EGTA-infusion period.

,There was no difference (P>.1) in the size of total ex-
changeable Ca pool among dietary treatments\during both

periods. This confirmed the results "of Fredeen et al.

;
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(1988b). They also hypothesized that size of the exchangeable
Ca pool is influenced only by thq action ‘of parathyroid hor-
mone (PTH), secretion of which is triggered by a reduction of
blood ionized form of Ca (Cat*t*) (Fisher et agl., 1973). A
positive correlation between plasma PTH and the size of ex-
changeable Ca pool was observed in nonpregnant nonlactating
cows (Ramberg et al.,'1976) and in EDTA-infused hypocalcemia
cows (Ramberg et al., 1967). Increased plasma Ca** concentra-
tions were observed in animals fed reduced cation-anion
balanced diets (TRT-A and TRT-B) in this experiment. This
should result in a corresponding suppression of PTH secretion
leading to a reduction in the size of exchangeable Ca pool.
Tbe discrepancy that exists between the two findings may be
caused by alteration in acid—bage sta%&g of animalg.
Bushinsky et al. (1982) created metabolic acidosis in rats by

feeding NH4Cl and found an increased serum Cat** concentra-

tions but could not detect a reduction in plasma PTH con-

centrations. Therefore, direct effects or consequences of of

disturbing acid-base balance of animals toward aéidosis’by
feeding reduced cation-gnioh balanced diets may be an altered
relationship- between PTH secre@ion and plasma Cat* concentra-
tions.

It is well established that 'endogenoug fecal Ca (V¢) is
affected by DM intake and not affected byadietary Ca intakg
(Braithwait;, 1983a). Small variations observed in this ex-
periment also agrees with previous findings (Ramberg et al.,

1970). V: represents the amount of Ca that was secreted into

the intestine and not reabsorbed. A 24X reduction in V¢ ob~
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served in EGTA-infused lambs may reflect either a decrease in
secretion of Ca into the intestine or a more efficient reab-
sorption of the endogenously secreted gastrointestinai Ca.
The latter is more consistent with the change observed in
true Ca absorption rate (V. % of intake). A positive correla-
tion (r=0.64, P=0.007) was observed between Vi and Vi (fecal
Ca excretion) indicating that the endogenously secreted and
dietary Ca were mixed within the intestine and no discrimina-
tion in the reabsorption process occurred.

Simulated lactational Ca loss created by continuous EGTA-

»
v

infusion resulted in transient responses in the Ca homeos-
tatic mechanism which reflected the kinetics of the feedback
signals involved i1n the control of plasma and bone Ca. In-
cluded in these pathways are the kinetic parameters as-

sociated with sgecretion, metabolism and action of feedback

modula#ors such as PTH, calcitonin (CT), and 1,25-

dihydroxyvitaminDs (1,25(OH):D3s) and those on their cellular
targets in intestine, kidney, and bone. During this period,
effects of reducing dietary cation-anion balance on Ca
kinetic§ became significant. Elevated intestinal absorptign
of Ca.(da) with concomitant decrease in bone accretion (Vo)
to accommodate an increase 1n Ca demand was observed in cows
(Ramberg et al., 1984) and in ewes (Braithwaite, 1983a).
However, there is no hormonal study available in the litera-
tu;e investigating effects of manipulating dietary cation-
anion balance.

Several studies indicated that prepartum intake of

acidogenic and alkalogenic components of diet is more impor-
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gﬁnt than the level of dietary Ca with regard to the in-
cidence of hypocalcemic parturiegi paresis (milk fever) (Ender
et al,, 1971; Dishfhgton, 18975; Block, 1984). Conventionally,
high dietary Ca is considered to be one of the most important
predisposing factors of milk fever (Goff et al., 1987),
However, when an acidogenic diet was fed to cows predisposed
to milk fever prepartum, it was observed that relatively high
dietary Ca may be beneficial (Ender et al., f971; Dishington,
1975; Verdaris and Evans, 1975). Anderson et al. (1970) found
the feeding 6f elevated dietary Ca enhanced absorption,
retention and depressed bone resorption but had no effects on
the exchangeable Ca pool size, which fofiéd animals to become
severely hypocalcemia at parturition (Ramberg et al., 1976).
Therefore, it was suggested that a size of the exchangeable
Ca pool 1in preparturient cows may be of primary importance.
Fredeen (1984) demonstrated a beneficial effect of feeding
acidogenic diets on Ca homeostasis to recover from sudden
loss of Ca via manipulation of acid-base status of animal

Mild metabolic acidosis imposed by acidogenic diets elevated
exchangeable Ca pool (Vagg and Payne, 1970; Fredeen, 1984).

\

Furthermore, incidence of milk fever is dramatically in-
creased when diets are alkalogenic and reduced when diets are
acidogenic (Ender et al., 1971; Dishington, 1975; Block,
1984). In this study, hypercalciuria caused by feeding
reduced and/gr negative cation-anion balanced diet counteract
and eliminate the excess Ca that was absorbed and resulted in

no changes in Ca retention but increased or main%ained a high

flux through the exchangeable Ca pool. This was achieved
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without the inhibitory effects on bone resorption observed
when alkalogenic diet with relatively high dietary Ca were
fed (Fredeen, 1984).

Results obtained from thi; experiment indicated that
feeding reduced cation-anion balanced diets to sheep resulted
in an increased Ca flux through the excﬂangeable Ca pool but
had no effects on the size of Ca pool. This effect was maxi-
mized when Ca demand of animals was increased by simulated
lactational Ca loss caused by continucus infusion of EGTA.
Even though plasma total Ca concentration was not affected by
dietary treatments, plasma ionized Ca (Ca*‘') concentrations
were elevated in reduced cation-anion balanced diets. This
indicated that there was a disturbances in interrelationship
between the Ca-regulating hormones (PTH, wvitamin D, and CT)
and/or in responsiveness to target organs (bone, kidney, and
intestine). Hypercalciuria associated with reduced dietary
cation-anion balance with corresponding increases in intes-
tinal Ca absorption and in bZne resorption may play an impor-
tant role in order to sustain a high level of Ca flux through

the exchangeable Cé pool, especially in situation of high Ca

demands such as in postparturient hypocalcemia.

-
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VI. GENERAL DISCUSSION 8

Manipulating dietary cation-anion balance, measured as
meq [Sodium (Nat) + Potassium (K*)]-[Chloride (Cl-) + Sulfur
(8=)1, achig:fd by supplementing various mineral salts has
been used as a preventative method of hypocalcemic papturient
paresis (milk fever)(Dishington, 1975; Dish{;;:on and

Bjornstad, 1982; Block, 1984; Leclerc, 1986). The assumption

was that the dietary cation-manion balance of rations fed to
cows prepartum was an overridiing importance in determining
Ca availability (Ender an hington, 1970) and that a posi-
tive diet reduced Ca sorption whereas a negative diets in-
creaséd it (Ender et &1., 1971). Using the comgined data in
this study (n=73), a positive correlation (r=0.28, P=0.04)
between intake of dietary cation-anion balance (meq d-1!) and
Ca retention (g 7d-1!) confirmed that of Lomba et al.
(1978) (Figure 4.1.), but we could not detect a negative cor-
relation using negative cation-anion balanced diets only as
shown by Lomba et al. (1978) mainly due to a small sample
size (n=21) and a large variation within dietary treatments.
Hypercalciuria observed in animals fed reduced or nega-
tive cation-anion balanced diets confirmed that of others
({Braithwaite, 1972; Whiting and Cole, 1986; Fredeen et al.,
1988a). Furthermore, an alteration of acid-base status of
animals suggésted by changes in urine samplgs indicated that
mild acidosis caused by feeding such diets may be responsible

(Harmon and Britton, 1983) by decreasing tubuler Ca reabsorp-

tion (Sutton and Dirks, 1978; Peraino and Suki, 1980) and/or




Figure 4.1. Relationship between the intake of dietary cation-

,,

anion balance and the retention of calcium (Ca) g

(r=0.28, P=0.04).
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releasing Ca from bone (Braithwaite, 1972). However, there
was no or little effect; on Ca mobilization from bone as-
sociated with feeding reduced cation-anion Balanced diets in
this study as evidenced by lack of correlation observed be-
tween plasma free OHPro concentrations and intake of dietary
cation-anion balance. Kunkel et al. (1986) also observed no
changes in urinary egszé;ion of OHPro by rats with dietary
acid 8tress (supp‘ ¢tation of NH4Cl or SO4-containing

mineral salts). There were also no changes observed 1in bone

mobilization rate (Vo-) in the Ca kinetic study.

Effects of reducing cation-anion balance of diets on
| plasma total Ca concentration was minimum as shown in a com-
( bined data (Figure 4.2.) and as was in others (Braithwaite,
1972; Verdaris and Evans, 1975; Fredeen et al., 1988a).
Plasma ionized Ca (Ca**) was elevated in animals fed reduced
cation-anion balanced diets. This may have resulted from a

N direct effects of mild acidosis in animals. Chronic metabolic
acidogsis raised plasma Cat** concentrations (Bushinsky et al.,
1982), resulting from a reduction of plasma prgtein bound Ca
{Sutton and.Dirks, 1978). An increased plasma Ca** concentra-
tion is usually associated with a reduction in circulating
PTH concentrations (Ramp and Waite, 1982). Metabolic
acidosis, howevef, seems to disturb this relationship in that

an increased plasma Ca*t*t concentration associated with

a positive correlation that existed be-

acidosis did not‘de ress PTH secretion (Bushinsky et al.,
1982) and may distué

tween the size of exchangeable Ca pool and plasma PTH con-
s

centrations (Ramberg et al., 1967; 1976). No changes in the
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Figure 4.2. Relationship between the intake of dietary cation-
cation balance and the concentration of calcium

(Ca) in plasma (r=0.059, P=0.79).
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size of exchangeable Ca pool of animals fed reduced or nega-
tive cation-anion balanced diets support this theory.

An increased Ca mobilizatioh rate during the induced
acute hypocalcemia and an increase in the level of Ca flux
through the exchangeable Ca pool associated with feeding
reduced or negative cation-anion balanced dietsjthrough in-
creases in Ca~entry and clearance without affecting its size,
particularly in animals with an increased Ca demand such as
at the onset of lactation, may be the reason for beneficial

effects of feedigg such a diet to prepartum cows as a preven-

tative method of milk fever.

+




VII. CONCLUS1ON

From the results obtained in three experiments presented

the following conclusions can be drawn.

>

Reducing dietary cation-anion balance:

did not affect dry matter(DM) intake and digestibility
except when FeSOs; (1.08% of total DM) was supplemented;
disturbed acid-base balance of animals toward acidosis
indicated by a reduced pH of urine; )
caused hypercalciuria;

had a minimum effects on plasma total calcium (Ca)
concentrations;

caused a small reduct%on in plasma ionized Ca (Ca**)
concentrations;

caused faster recovery time (Ty,:) after the infusion
of EDTA;

tended to increase the Ca mobilization rate from
immediately mobilizable Ca pool in response to acute
hypocalcemia caused by the infusion gf EDTA and the
magnitude of protective effect was comparable to that
of wvitamin D injection;

had miqimum effects an the size of exchangeable Ca
pool;

tended to increase the level of Ca flux through the

exchangeable Ca pool. .
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Other notable observations were:

Apparent absorption and retention of dietary Ca and
phosphorus (P) was positively ébrrelated;

There was a positive limear correlation between intake-
of dietary cation-anion balance and Ca retention;
Reducing dietary cation-anion balance was negatively
correlated with plasma Mg concentrations;

There was a direct correlation in equal molar propor-
tions between plasma EDTA-titratable free Ca (fCa) and
P concentrations with induced hypocalcemia;

Reducing dietary cation-anion balance increased Ca
abso;ption and urinary excretion and resulted in an
increagse in the level of Ca flux through the ex-
changeable Ca pool without affecting its size par-
ticularly when their Ca demand abruptly increased

by simulated lactational Ca loss.

l“‘ﬁ :




STATEMENTS OF ORIGINALITY

-
pr.

£
To the best of autbo;hs knowledge, the following imforma-
tion contained in this thesis constitutes an original con-

tribution to the scientific literature.

1) The utilization of various mineral salts including trace
minerals for reducing dietary cation-anion balance, defined
as [(Sodium (Nat) + Potassium (K*))-(Chloride (Cl-) + Sulfurl
(S*))], from +350 to -150 (meq kg-l'dry matter) within the

gafety level of mineral elements in diet. .

2) Reports on alteration of macromineral metabolism (calcium
(Ca), phosphorus (P), magnesiuwm (Mg), K, Na, Cl and S) and
the concentration of plasma in relation with feeding reduced

or negative cation-anion balanced diets.

3) Reports on an increasing Ca mobilization rate with a
decreasing dietary cation-anion balance in the response to
hypocalcemia created by continuous infusion of EDTA solution
and the comparison between feeding reduced cation-anion
balanced diets and vitamin D-injection on the capability of

Ca mobilization rate from the imﬁediately mobilizable Ca pool

and the size of pool.

4) Reports on an increased concentration of plasma ionized

form of Ca in relation with feeding reduced or negative

¢
-

cation-anion érlénCed diets.




5) Determination of Ca kinetics using a four—éompartment
model in sheep fed different cation-anion balanced.diets
causes by supplementation of various mineral salts during
eucalcemic and simulated lactational Ca loss created gy the

continuous infusion of EGTA solution.

6) Demonstration of the sensitivity of changes observed in

bone resorption rate with relatively high dietary Ca intake.
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SUPPLEMENTARY DATA - MAJOR MINERAL METABOLISM
BY SHEEP FED DIFFERENT CATION-ANION BALANCED
[

DIETS DURING THE EUCALCEMIC AND EGTA-INFUSION

4 - )
s

y

" - R >
N B - — TN ;‘,»“?‘pp‘: AT e:ﬂ:,\’fi.?}a- P,y 5"@?‘1‘,{3‘: /fifg?f{;.rf‘{
- v i - o
?
Q +
N
‘v
B
A A5
-il
S z <§
3
i
5
3
i
¢ . ‘e
P
-
\ ~
) e

APPENDIX A.

P

’

PERIOD




L
~

Table A.1. Magnesiuu absorptlon and retention by sheep fed different cation-anion balanced

diets during the eucalcemic and EGTA-infusion periods? . 4
Le. »
* , Eucalcemic EGTA infusion Significance? N
Variable CIR TRT-A TRT-B  SEM CTR TRT-A TRT-B  SEMy Infusion
Intake 16.1 19.8 18.2 0.74 15.3 19.3 21.5 1.86 NS

(g 7d-1) . . A
Feces * 9.91 14.2 12.6 0.82 9.43a 14.1> 12.8b 1.00 NS — X
(g 7d-1) ’ ‘ .
Urine . 2.06 3.16 3.84. 0.20 2.242 4.,27«d 5,28> 0,58 XX 'Y
(g 7d-1) i 4
Absorption 6.24 5.55 5.656 0.27 5.86 5.26 8.77 1.25 NS -
(g 7a-1) E
Digestibility 39.5_ 24.9 31.9 3.00 38.8 25.6 39.6 5.00 NS T
(%)
Balance 4.18 2.39 1.81 0.45 3.60 . 0.98 3.48 0.86 NS _—vf‘;‘
, (& 7d-1) - . ;
Urine/Absorption 33.5 56.9 67.9 15.00 40.6- 81.3 60.1 18.8 NS 4
(%) ! '
Balance/Intake  26.64 9.6* 11.7A% 4.0 23.9A  4.1B 15.5A® 4.00 NS P
(%) . 3
:g
1 =Control; TRT=Treatment; SEM=Standard error of mean. *;gg
2 =Not. significant (P>.1); %% Significant (P<.05). %
ab Means with different superscripts were different (P<.05) within each period. iZ
AB Means with:different superscripts were different (P<.1) within each period. LB
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Table A.2. Phosphorus ébsorption and retention by sheep fed different

diets during the eucalcemic and EGTA-infusion periods!.

cation-anion balanced

Eucalcemic

EGTA infusion Significance?
Variable CTR TRT-A TRT-B SEM CTR TRT-A 'TRT-B SEM Infusion ‘\
.

Intake 23.6 23.0 22.8 1.25 24.2 23.8 25.4 1.81 NS

(g 78-1) .
Feces 18.2 18.9 19.1 1.10 20.4 20.5 21.6 1.09 %

(g 7d-1)
Urine 0.09 0.13 0.04 0.01 0.15 0.20 0.17 0.07 NS

(g 7d1) ey .
Absorption 5.38 4.16 3.61 0.97 3.83 3.32 3.86 0.93 NS

(g 7d-1) ‘
Digestibility 22.9 ‘17.9 15.9 3.00 15.0 11.3 11.5 4,00 b 4

(%)
Balance “7\ 5.29 - 4.02 3.56 0.97 3.67 3.12 30 0.89 NS

(g 7d-1)
Urine/Absorption 1.94 3.11 1.43 1.00 6.32 1.62 1.88 1.54 NS

(%). :
Balance/Intake . 22.5 17.3 15.8 3.05 14.3 10.5 10.6 3.09 NS

(%)

»

1 CTR=Control; TRT=Treatment; SEM=Standard error of mean.
2 NS=Not significant (P>.1); ¥ Significant (P<.1}.
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Table A.3. Sodium absorption and rétention by sheep ¥ed different cation-anion balanced
diets during the eucalcemic and EGTA infusion perieds!.

' Eucalcemic EGTA-infusion® Significance’
Variable CIR' TRT-A TRT-B S’IM ClIR TRT-A TRT-B SEM Infusion
Intake ¢ 50.8 49.9 43.2 4.45 110.4> 98.9>» 95.6> 11.2 1 ¢ 41 -
(g 1d-r) -
Feces . 9.68 7.84 14.1 3.23 11.9 9.78 14.8 3.04 NS
(g 7d-1) .
Urine 37.4 35.3. 24.9 6.25 66.2 55.7 52.9 6.96 X% -
(g 7d-1)
Absorption 41.1 41.2 29.1 4,29 98.5» 89.5> 80.8c 2.87 " xxx
(g 7d-1) ) ) ’
Digestibility 80.6a 83.3s 65.8 2.03° 89.4 - 90.1 86.2 2.45 X%
(%)
Balance 3.66,\15.88 4.19 J.40 32.3 33.4 27.8 7.35 £X%
(g 7d-1) , S ..
Urine/Absorption 91.9 84.9 85.6 6.09 _68.9 62.8 65.5 7.67 x 9
(%) * -
Balance/Intake 6.65 12.5 9.70 6.08 27.7 32.5 30.0 6.56 ' %
(%) -
1 CTR=Control; ’l‘*(l‘:’l‘reatment ; SEM=Standard error of mean.

2 Intake include'Na content of infused solution (NaCl).
3 NSz=Not significant (P>.1); % Significant (P<.1); **x Significant (P<.01}. . .
ab Meansg with different superscripts were different (P<.05) within each periods. ¢

-
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Table A.4. Potassium absorption and retention by sheep fed different cation-anion balancecf

diets during the eucalcemic and EGTA infusion periods!. . Ty
. Eucalcemic . EGTA infusion Significance? ) .
Variable ClR TRT-A TRT-B SEM  CTR -TRT-A TRT-B  SEM Infusion i
‘Intake 125.6 121.1 123.9 7.67 132.6 134.1 141.7 10.46 NS T
(g 7d-1) : , ' i
Feces 7.74r 5,388 10.94 2,07 ° 6.364 5.198 7.38% 0.73 x .
(g 7d-1) N : : =
Urine - " 97.2 94.8 99.3  3.28 101.7. 111.6 114.6  4.36 * :
(g 7d-1) . SR
g Absorption 117.8 115.7 113.0 7.66 126.2 128.9 134.3 10.13 X —
, (g 7d.l ) - 3
| Digestibility 93,7 85.6 91.7 1.06 95.1 96.1 94.7  1.68 XX v =
(%) . — 2
Balance 20,6 -Z0.9 13.6 5.01 ~-24.5 17.3 19.7 6.48 NS 2
(8 Td-1) , - :
Urine/Absorption- 82.7 81.4 86.4 1.67 80.6 87.9 84.5 2.79 NS i
" (%) .
Balance/Intake 16.1 17.8 12.7 °1.90 18.5 11.6 -14.6 2.79 NS ' o

© 4 (%) 5

1 CTR=Control; TRT=Treatment; SEM=Standard error of mean.

{m 2 NS=Not significant (P>.1); % Significant (P<.1); *¥x Significant (P<.05). .
AB Means with different superscripts were different (P<.05) within each periods. .
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Table A.5. Sulfur absorption and retention by sheep fed different cation-anion balanced . ) i g
diets during the eucalcemic and EGTA infusion periodst. i N
o . : )
?: \/ ‘ i 1¢
L - Eucalcemic EGTA infusion Significance? ;
L . == - ’ i
le CIR TRT-A TRT-B SEM CIR TRT~A TRT-B SEM Infusion ) U
g v . Intake 14.72 33.8> 47.0¢ 5.02  12.1* 36.5® 61.3c 3.99 x
k (g 7d-1) ; .
v Feces ‘ 6.14r0 7,42+ 9.83* 1.17 6.54* 10.3¢ 12,7b 1.09 xx -
! (g 7d-1) ’
L{ ’ N Urine 0. 17‘ 2009" . 32- 5c 3- 48 0-29. 25-6b 33. lc 4 . 12 NS
ET . © (g 7d-1) , s
: Absorption 8.54» 26.4> 37.2¢c 4.14 5.57% 26.2> 48.5¢ 3.08 NS .
: tg 7d-1) ] . .
v Digestibility 57.12 77.5® 78.9» 4.08 46.2* T71.4> 178.9¢ 2.45 b ¢ 1 " |
J (% ; » o
Balance 8.37 6.42 4.71 2.84 5.28A% 0.594 15.45% 4.31 NS L -
(g 7a-1) : . ’
N Urine/Absorption® 2.50* 83.1*> 88.1» 7.52 65.100» 97.8> 70.6® 11.56 NS
ty '(%) / . + N ':?
Balance/Intake 55.9» 13.5b 9.83> 7.94 43.9 1.62b 23.7a> 8,08 NS
(%) ) .
- 1 CTR=Control; TRT=Treatment; SEM=Standard error of mean. ) ‘ ,,
2 NS=Not significant (P>.1); *X Significant (P<.05). oh
- abc Means with different superscripts were different (P<.05) within each periods. i
. A3 Means with different superscripts were different (P<.1) within each periods. v
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B. EFFECTS OF DIRTARY CAﬂ‘fou-ANION BALANCE .ON mm;ns'rmu

; , .
\ CALCIUM ABSO{%PTION IN RATS. <7

. i

> . b . oo

\
INTRODUCTION

<
It has been well established that intestinal calcium (Ca)

E absorption “in rats comprisés of two processes, active and

— diffusive processeé (Wasserman and Taylor, 1969; Walling,

- 1977; Pansu et al., 1981). Former p}ocess is a saturable

transmural moveméht in nature and is subject to physiological

(Pansu and Bronner, 1981) aJ& nutritional ;egulatioh

4 ( - (Armbrecht et al., 1979). Whereas the latter is thought to be

- “d°linear function of Ca concentration in lumen and appears to
be independent to ‘the age or amount oé Ca intake (Pansu et
al., 1983). One of the nutritional factsrs affecting Ca
homeostasis is via alternation of acid-base status of animal

such as metabolic "acidosis. Gring?‘et al. (1979) demonstrated

in rats that a proportion of ionic form of Ca to- total Ca of

plasma was elevated in a metabolic acidosis and was reduced’

[}

. in alkalosis. Bone formation and resorption would alsoc be al-

I S e
i

’ ‘ tered by acid-basé‘balance. Denpnosiding alkaline bone
T : ) \
- minerals as storage during the intake of excess alkali and

—r

releasing bone m@nerals as ﬁé;; regsorption process during a

\period of acidosis (Barzel and Jowsey, 1969: Barton e£ él;,

(% .. 1983). S

¢

Effects of metabolic acidosis on intestinal Ca absorp- o

-
v

{‘ -, tion, however, is not well established. Lee et al. (1977)
RN ‘ . \
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showed that the intestinal content of 1,25-dihydroxyvitaﬁin

Y

- Da, 11,25(OgrzDa), é stimulator of active absorption process,
f&ecfeasés in metabolic'acidosis imticating'that Ca absorption
wouid be ?ecrgased. However, other‘studiss showed no changes
or eveq;ﬁ% inéreése& absorption rates (Lemann et al., 1966;
Litzow“et al.) 1957; Weber et al., 1971; Grindt and Delling,
1979; Gafter et al., 1980). In this study, a diets differing
in their dietary cation-anion balance,pdefined as meq [sodium

(Na*) + potassium (K*)]-[chloride (CIWE&: sulfur (S®)], was

used to demonstrate the effects of acid-base balance on the

small intestinal Ca absorption measured qsing the in situ
intestinal loop metﬁod.and tq_investigate the effect of cat-

ion groups (aluminum (Al). magnesium (Mg), and iron (Fe)) of

- mineral salts used to alter.cation-anion balance of diets.

MATERIALS AND METHODS

Animals and diets

ra

' ity -
A total of 80 _Male rats, 36-42 days of age and 126-150 g

body weight, obtained from Charles and‘River Canada Ltd were
,assigned'randomly to 3 di;t3‘differing cation-anion’éalaﬁbe.
Composition of éiets a;e presented in‘fable B.e.
Alz (SO04)3s18H20 and MgSO, were used to reduce dietary cation-
anion balancé,in dieflz, whereas MgSO4 and FeSO4 were used in
diet-3. D%ets were formulated to peet the requirements of
;qboratoéy rats except for Na, K, Cl, S, Ca, and P, all of

wh%ﬁ; were relatively exceeded the requirements. Animals were
, \ .
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Table B.1. Compositions of diets. . " N
.Indredients = Diet 1 Diet 2  Diet 3
(%) . ' -
L}
Whole wheat ' 69.1 67.55 68.15 _
flour . : -
Vitamin-free © 15.0 15.0 15.0
. .  casein .
o : ‘|
Cellulose 5.0 5.0 5.0 <
k . Corn oil 4.0 4.0 4.0
2 . Mineral mixture! 5.0 5.0 5.0
. A Vitamin mixture? 1.0 1.0 1.0
f\ - CaHPO 0.8 0.8 0.8
: . CaClz - . 0.15 0.15
, ( . CaCOs - 0.1 - - -
Alz (SO4 )3 18H20 - 0.8 V=
f m‘ - 007 0'7
FeSOy ’ - - 0.2
- ! Phillip and Hart mineral mixture. It contains followings
(g/kg of diet) dicalcium phosphate 16.1; calcium carbonate .
15.0; sodium chloride 8.35; magnesium sulfate 5.1; calcium
phosphate 3.75; ferric citrate 1.375; magnesium sulfate 0.255;
* .potassium iodipe 0.04; copper sulfate 0.015; zinc sulfate
X 0.0125; cobalt ride 0.0025. r
2 Composition of in mixture are following {mg/kg of diet)
vitamin A 19.8; vitamin D 1.38; vitamin E 110.0; Ascorbic
, acid 495; Inositol 55; Choline 2277; Menadio\qe 24.75; D- S
) aminobenzoic acid 55; Riboflabin 11; Thiamine 11; D-cal-
cium pantothenete 33; Biotin 0.22; Folic acid 0.99; Vit Bl12
. 0.015,
- N N

»
x
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housed in‘fndividual metabPlgg cagés”fof balance study and é
o !

«diets were fed ad 1ibitum. The experiment was consisted of 2-

Ll

. -‘IWeeks diet adaptation and 7-day collectfbn period followed by . N

the intest}nal Ca absgorption study.

Calcium absorption study

»

“

: Unfasted rats were anesthesized with sdd;um pentobarbi-

tal (30 mg kg-'body weight (BW)) and a longitudinal abdominal

incision was made to expose the whole length of the intes-

2 ¢

tine. Duodenum, jejunum and ileum loops were made éccording
‘fhe following procedure. The duodequm loop was made b& ligat-
qnp " ing the small intestine at the pylorus and approximately 10 .
ém diétally which was 2 cm beyqnd'the‘ligqment of Pritz. The
'"‘ jejunum loop was made by ligating at 10 and 20 cm distal ffom
' the ligament of Treitz. The ileum loop was made by li%ating

at the jleum-ceacum Jjunction ahﬁ 10 cm proximally. Before

tightening the second ligation on the iﬂtestinal loopys, 1.0

ml of test solution;c&ntaining Ca's was injected insidé‘of

the loops witﬁ the aid of a calibrated siringe then the liga-

tion was tightened immediately after so that no leakage’ of

. "the test solutisn from the loop would occur.

;%ter injecting the test solution into three intestinal

loops, the entire exposed small intestine was replaced into

0 the abdomj:nal' cavity and the incision was clipped off then
ﬁnimals were put back in;o individuél cages. Animal; were

usually recovered from anesthesia within 30 min and were kept

at room temperature. A 120 mgn after the injection @f the
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test éoihtion, animals were reanesthkes,ized with chloroform,
blood samples were “taken by heart puncture, and ‘the three in-

6

testinal loops were removed gqm rat.’ Then the losps were
ashedafor over.nigm; and :i:ig'solved with a small amount of con-
centrated HCL (‘12N) and crucible was washed twice with a
small volunme Logddistilled water and transferred to 20 ml
scintil,la'tion vials. Standard loops we;e also prei)area in or-
der to correct a loss of efficiency during the preparation
procedure. They were the same intestinal YXoops as 6the ex~
perimental loops but excising immediately after the injégt;@m

of the test solution. Radioactiyity of the standard loops

were used as amounts of instilled in the experimental loops.

‘Radioabtivity of solutions (plus 9ml PCS a& a scintillator)

was counted by liquid scintillation counter (‘B:eckman LS-235)

o

' L |
with following settings; preset error 0.3%, preset time 60
\ ,

sec, lc;wer discri"?inati-pn window 0.5V and higher dis-

-

criminat;:r 39 9V,

Ca absorption was calculated as the difference between

the total amount of instilled and recovered Ca*5 assuming”

thet a specific activity 'of Ca in the injected test solution
did not change during the experimental period (120 mih). 1In
ordér to find Ca absorption, 6" test solutions different in
their Ca concex"xtrati‘on were used. The test solutions con-
tained 1, 10, 25\,\\50, 100, and 150 mmol CaCl: and ap-
proximately 0.1 uCi ‘ml‘1 of Cat3Cl; (800 mCi n;nol-!). NaCl

was also added to the test solution c'pntaini\ng 1-50 mmol

CaClz to render them isomolar with plasma (Table B.2).

¥

-
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Table B.2. Composition and characteristics of test solutions, "‘jﬂ
—_— : o ) R
No. (Ca?+) Radioactivity , NaCll  Specific acitivity F A =
mM ~“microCi/ml " mM ‘nanoCi/microMCa ;;
% H ) - a
1 0.1 ] —135.0 100 . : . -

-
.

10 . 0.

A

]

0

50 0.1 615 . 2
100 /1% WY = ‘ -
i/

1
<
2
3 25
4
5
6 150 0:1 0 0.67 o

a
“ 1 NaCl was added to the test solution to ’ .
render(them isomolar with plasma (271 mM). - ; -
: . ‘
. ‘}. .
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Calculation of Ca absorption

The absorption curve was. described by the following -

1

equation;

Ja-2= Jmax ¥ (Car2*) / (K¢ + (Car2+) ) + P % (Car?t)

where Ja-s =--- total Ca flow from the lumen to the blood.

Jaax --- the maximum saturable Ca flow.

(CarL2*) - the luminal Ca concentration. M

K. --- the luminal Ca concentration at which \
; |

Juax/2 is attained. j
P --- diffusivity constant.

First part of the equation represents the active process
which characterizes in saturable natur? and second term rep-
resents the diffusive process. Experimentally Jg-:. represents
the difference between the amount of Ca injected and
recovered from the loops at thé end of the experimental
period (120 min). (CaL?*) represents Ca concentration of the
injectéd test solution. The observed Ca absorption rate is a 0
combination of both processes. Thus, in order to differen-
tiate two components from a single observed curve, following
procedure were exercised;

To arrive at the linear portion of the equation, A
regression equation was derived by least-squares method (SAS)“""”‘j
to estimate the best fit linear regression model. The proce-
dure was based on individual loops at the upper Ca concentra-
tion {50<(Cair2+*)>150 mmol). ’

To calculate K¢ values, apparent half-saturation consténf

of the saturable ﬁrocess, a mean Jm-s value at the higher
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concentration (50¢(Capr2*)>150 mmol) with the predicted values
for Px(CapL?*t) waalgybstracted from the observed values of
Jm-s, then divided by two.

To~ obtain Jeax, maximum gaturable component of tran-
seéi;helial Cé movements, observed Ja-a, predicted Px(Ca,2*t),
and calculated Ki: at lower coﬁcentration ((Car2+)>50 mmol)

~J
was fit in the equation. This resulted in obtaining several

values for Jmax, thus , a mean and standard error was calcu-
. A
lated.
/
Statistical analysis <

Dietary treatment of differences in Ca absorption
parameters were evaluated by analysis of variance and

scheff’s test was utilized for the comparison purpose betweep

the treatments. All statistical analysis were carried out on

the Statistical Analysis System (SAS institute Inc., Cary,

NC).

RESULTS AND DISCUSSION

| \

—-—
Mineral composition and cation-anion balance of diets are

presented in Table B.3. Ca content (1.03%) and Ca to phos-
phorus raxio (1.67) of éxperimental diets_were higher than
requirements (0.5% and 1.25, respectively). Catdon~anion
'E) balance (meq kg-!dry matter (DM)) of diet-1, diet-2, and
diet-3 were +46.3, -52.9, and -53.3, respective%y. Table B,4

shows bofly weight (EW), feed and water iﬁtake, and urine pH.

: \
. . . . o




Table B.3. Nutrient composition of diets.

Nutrient Diet~1 Diet-2 Diet-3
Calcium (%) 1.034 1.034 1.034
Phosphorus (%) 0,789 0.786 0.787
Ca:P 167 1.67 1.67
Sodium (X) 04304 0.303 0.303
Potassium (%) 0.761 0.759 0.760
Chloride (%) ~ 0.518 0.589 0.589
Sulfur (%) 0.226 0.351 0.352
Magnesium (%) 0.088 0.156 0.157
Cation-anion

balance! (meq/kg) +46.30 ~52.86 ~53.27

! Milliequvalent of [(Na+K)-(Cl+S)].
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Table B.4. Body weight, feed and water intake and urine pH of rats fed diets differing in
their dietary: cation-anion balance.

-

Diet No.observation Initial BW Final BW BW change Feed intake Water intake Urine pH

(2) (2) (2) (g/d) (g/d)
1 30 . 242.9 281.0 5.442 37.4 37.4 7.222
2 28 242.2 273.5 5.228 24.3v 34.4 . 5.97b
? 3 /29 237.3 277.0 6.74b 22,2c 37.2 6.79c
SEM 15.10 7.65 1.22 2.44 5.18 0.31

abc Means in the same colum with different superscripts are different (P<.05).
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Rats fed' diet-3 gained more kP<.05) weight during the 7-day
collection period than those of diet-1 or diet-2, although
feed intake of this group was the lowest (P<.05). R;ks fed
either diet-2 or(diet-3 showed a reduced (P<.05) urine pH
than that of diet-1 indicating that feeding negative cation-
anion balanced diéts created a mild acidosis in rats.

Figures B.1, B.2, and B.3 present Ca absorption by the
duoden;m, jejunum and ileum intestinal loops of rats, respec-

tively. Regardlesg of diets offered, the duodenum and

\

; proximal dejunum loops showed existence of both the active

“

‘and diffusive processes whereas the ileum loop show?d only
diffusive process. This confirmed that¥the active absorption
process is operating only in upper part of the small intes=
tine. This confirmed the result of Behar and Kerstein (1976)
and Pansu et al. (1981; 1983a; 1983b). The saturable com-
ponent of absorption was lower in the jejdnum,loops indigat—
ing that the duodenum absorbed more Cda than the jejunum by .
.the active absorption p;oééss. Table B.5 represents detailed
values of Ca absorpgioq by the intestinal loops. A total’
amount.of Ca absorbed by the duodenum‘loops was about one
half of that of either ghe jejunum or ileum loops. Effect of
feeding a reduced or negative cation-anion balanced diet on
inéestinal Ca absorption was not apparent from the figures,.
Table B.6 shows the acﬁivg component of Ca absorption. There

was no detectable active process in distal part og the small

intestine in rats fed any of diets. Even’though, there was'ﬁo

~ difference (P>.05) in the total amount of Ca absorbed among

theﬁexperimental diets, some differences were found in both



- - . - TRMRTIE Ly P F A AR AT
N ~ I T PN P S IE - N [T L - s ‘e ’ PN AR (RN TR SUE SIS AV AL O € AN e dg ) a@
(ORI - . e e o7 . . .Al v N it '\;»‘, K I i (R [l et B “x,’,‘} x‘l‘\g BT 35’«““*»* R L
- - B X, Lok
" l LY ~

[

' . \ . —

’ !
’ ’ . ' .
Figure B.1. Duodemm calcium absorption (in situ loop method)
of 55-day old male rats fed diet-1 (A), diet-2 (B),
and diet-3 (C). Observed values (I) consist of )

. diffusive (II) and active (III) absorption procceses.
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Figure B.2. Jejunum calcium absorption (in situ loop method)
of 55-day old male rats fed diet-1 (A), diet-2 (B),
and diet-3 (C). Observed values (I) ‘' consist of )
diffusive (II) and active (III) ai:sorption proceses, )
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Figure B.3. Ileum calcium absorption (in situ loop method)

. ' of 55-day old male rats fed diet-1 (A), diet-2 (B),

and diet-3 (C).
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Diet . 1 10 - 25 - 50

N

Table B.5. Calcium absorption by the intestinal loops of rats fed different cation-anion balanced diets!,

s
i

7 P "
(Ca2t) of instilled solution (mM)’

100 150

1 0.46+0.102 (4)

(Duodenum loops)

1 0.9640.04 (4) 9.3840.16 (2) 18.3643.1 (5)  29.07+2.95 (3)

2 2,.964+0.03 (4) 9.19+0.48 (4) 17.68+1.51 (4) 27.96+4.83 (5)

3 0.924+0.03 (4) 8.71+0.53 (3) 15.45+2.69 (4) 24.16+5.28 (4)

41.3842.5 (3) _56.71#7.21 (3)

34.84+7.26 (4) 57.6345.85 (3).

39.21+8.46 (4) 51.98+8.33 (5)

-

(Jejunum loops)

LN >
.

4.11+1.51 (4) 12.05+1.05 (3)

&

2.1740.54%(3)

6.89+0.50 (4)

2 0.4140.17 (3) 7.1740.48 (3) 13.6545.13 (4)

3 0.4130;03 (4) 3.1040.22*b(4) 6.7242.62 (5) 13.04+3.59 (5)

15.37+6.53 (3) 25.78+7.57 (3)
21.8343.16 (4) 31.8946.81 (4)

24.85+7.64 (4) 29.3047.46 (5)

(Tleym 1loops)

1 0.2940.07:5(6) 2.23:0.90 (4) 5.07+1:87 (5) 7.82+3.30 (4)

2 0.13+0.042(3) 1.28+1.35 (g) 1.91+0.65 (3) 8.81+3.60 (5)

3 0.37+0.192(3) 2.96+0.93 (4) 3.36+2.06 (4) 7.91+5.40 (5)

18.65+4.743b (3) 26.79+8.87 (3)

+4.08+43.69* (4) 18.75+3.332(4)

 25.5145.46b(4) 37.92+5.13b(4)

Do

1 Vhlues are meantstandard’ ‘deviation and the number of observations presented in parenthe81s.
ab’Means in the same column within each segment of intestinal loops with different superscripts are

) different (P<.05).
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Table B.6. Active (saturable) component of calcium absorption . K
by rats fed different cation-anion balanced diets:. ) ' S

Diet . Jaax? K ' ot

12

(Duodenum loo?s)

1 16.29+1.96 14.7640. 36
2 15.19+1.62:0 14.52+0.35 - .
3 a  10.78+1.13 10.6340,27%
(Ileum loops) '
1 3.75+0.69 4.99+0,130b
2 . 2.4110.99 . 4.2240.27%
"3 3.2140.83  5.99+0.50b ‘

1 Values are meantstandard error. No detectable
values are found in the ileum loops.
? Juax= the maximm saturable flux from lumen to the -
blood. '
“ 3 Ki= luminal concentration at which Jeax is attained.
ab Means in the same colum and same intestinal loops
S with different superscripts are different (P<.05).

v (-]
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maximum saturable flux (Juax) and apparent half-saturation

oonsggnt (Ky) of the duodenum and.jejunum loops. In the’

duodenum loops of rats fed dlet 3 had lower (P>.05) Jaax than

that of diet-1 and‘had lower (P<.05) K¢ than those gf diet-1 "~

or diet-2. However, in the jejunum loops, rats fed diet-3

showed higher (P>.05) K: than that of diet-1. Jmax values of

!

"duodenum loop observed in this experiment were similar to

that of Pansu et al. (1983b) ;;% reported Juwax value of 18
ﬁmol in 60 day-old rats. However, Juax and K: values of this
experiment in general were lower than others (Pansu et‘al.,
1981; 1983a; 1983b). This difference may be caused by rela-
tively high dietary Ca (1.03%) in this experiment compared to

that of others (0.44%). Pansu et al. (1981) reported a reduc-

.tion of Jmax value from 28 to 18 umol with a n increase in

4

4

dietary Ca level of 0.17 to 0.44%DM.
»

:ﬂﬂ\\\\ },ZB(OH)zDa is the most biologically active metabolites

420
5
tdan , P

of vitamin D with respect to intestinal absorption of Ca, and

alterations in inﬁestinal absorption of Ca paé&icularly in

active absorption process appear to be mediated by changes in
1,25(0H);Ds (Dostal and Toverud, 1984: Yeh and Aloia, 1984).
Lee et al. (1977) reported that a conversion of Zgr
hydroxyvitamin D3 (25(OH)D;) to-1,25(OH)zDa was impaired by
gystemic metabolic acidosis; However, metabolic acidosis
failed to alter the concentration of 1,25(0OH)2Ds in‘ plasma
(Gafter et 31.3 1980; Bushinsky et al., 1982) and intestinal
absorption of Ca {(Gafter et al., 1980). Reduction of Jaax and

Kt in duodenum loops of rats fed diet-3 in this experiment,

therefore, might not be caused by the possible reduction in .

)

AW ey

R
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1,25(OH)1Ds resulted from acidosis. This agrees with the
finding that rats fed diet-2, which showed a similar reduc-

.
tion in urine pH compared to that of diet-3, did not showed a

reduction in Juax or K: wvalues.

Table B.7 shows the diffusive component of the intéstinal

absorption. The slope of the non-saturable function (P) of

duodenum observed in -this experiment was simila§ to that of

Zarnitzer and Bronner (1971) who reported an average vdlue of
0.25 in animals on high- or low-Ca intake or of different
ages. The slopes (P) of the duodenum loops were higher
(P<.05) than those of the jejunum and ileum loops i;respec-
tive of diets offered. This indicated that not only the ac-
tive component but also the diffusive component of Ca absorp-
tion was the most ac&ive in the duodenum segments of the
s;all intestine. There was no difference (P>.05) 1n any
parameters with dietary treatments iﬁ duodenum and jejunum
intestinal loops. In ileum loop, however, proportionality
constant (P) of diet-2 was lower (P<.05) rand that of diet-3
was higher (P, .05) than CTR.

A possiblehadverse effect of cation group (A}, Fe, and
Mg) accompanying anion group (Cl and §) on Ca absorpfion ex-—
ist a? evidenced by balanced studies (Alcock and Maéintyre,
1962:k§arton et al., 1983), however, there 1is no‘data avail-
ab}e‘tg indicate that these cations, in “excess, affept a

1
specific component of absorption processes.
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Table B.7. Diffusive (unsaturable) component of calcium %
o abeorption by rats fed differefit cation-anion 4
Jealanced diets!. ‘ ‘oA
Diet No.observation ] ~T Intercept «
~ S '
N (Duodenum . loops)
1 8 0.276+0.03 0.89 14.76+43.9 ~
2 - 11 0.28340.05  0.76 11.7745.0
3 .13 0.278+0.94 0.76 10.58+4.9 -
. (Jejunum loops) ) B
1 8 0.137+0.05 0.55 4.0+5.0
2 11 0.182+0.04 .0.78 4.2+3.8
_ 3 12 0.163+0.04 0.57 5.944.3
{Ileum loops)
~ o -
4 F 1 9 0.17940.02%  0.93 0.15¢1.0
2 12 0.13040.01>  0.92 0.30+0.9 )
3 13 0.262+0.02¢ 0.96 -1.80+1.3
o ! Values are meantstandard error.

? P=Proportionality constant (diffusivity constant) slope.
abc Means in the same colum and same inflestinal loops
with different superscripts are different (P<.05).
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