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EFFEC"l' OF MANIPULATING DIFrARY CATICN-ANION ~ ON 

CAJCIUt1 METAOOLISM IN SHEEP 

Experimenta were conducted ta investigate the effect of reducing dietary 

. oation-anion balance (CA-balance), defined as meq [( Sodium + Pota'Ssium)-

(Clùoride + Sulfur)] , on calciun (Ca) metabolism. Reducing the dietary CA-

balance fram +314 to -22 (meq kg-l dry matter (IM) did not affect plasma Ca 

levei but reduced Ca retention mainly due to a lO-fold increase in urinary Ca 
~ 

~retion with similar rate of apparent absorption. It also decreased urine 

IiI. '!he response ta induced. hypocalcemia created. by the infusion of 5.6% EDTA 

solution revealed. that reducing dietary CA-balance from +354 to +37 (meq 

kg-l IM) did not affect the volume of the compartment, wi thin which there was a 

rapid equilibration of free ca but tended ta increase the rate of Ca mobi-. '.011 

lization 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- 11l1) dur~ the euca.lcemic period and from +429 to -147 (meq kg-1IM) 

during an EGTA-infusion period (simulated. lactational Ca 108s) caused hyper-

~, calciuria and increased ionizec1 form of plasma Ca. llïCreased. true intestinal,," 

Ca absorption and reduced bone accretion were observed in the lowest CA-
èf 

balance diet only during the EGrA-infus\n period. There were no differences 

in the .. size of total exc~eable ca POO~ but amotmt of (Ja movement between 

them tended to increase in reduced CA-balance diets during both periods. 

ResUJ. ts indicated that feeding red.uced CA-belanced diet may have a beneficial 

role in prev.enting hypocalcemic parturient paresis ,(milk fever) by inore!)Sq 

Ca flux throuah the exchange'able Ca pool and. Ca mobilization capability. 
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" D EF'FE')'S . " DE LA MANIPULATION DE LA BALANCE D' ANIOOS-cATIONS ALIMENTAIRES 
, 

SUR LE METAOOLISME DU CAœIUM CHEZ LE r-DJroN • . ~ 
Des expériences ont été entreprises afin d' éttrlier l'effet d' tme 

réduction de Ja!Jalance d' anions-cations alimentaires ( balance-cA) , 

définie en meq «Nat +K"- )-(Cl- +8= )), sur e métabolisme du calcitun (Ca). 

Une réduction de la balance-CA a.J.f_.L.WO::utaire de +314 à -22 (meq kg- 1 

matière sèche (MS) ) n'a pas influencé le Ca plasma tique mais a 

cependant diminué la rétention du Ca surtout à cause d'une augmentation c- de 10 fois l'excrétion urinaire de Ca avec un taux _ similaire de 

l'absorption apparente. le pH de l" urine a également été réduit. La 

réponse à l'hypocalcémie induite par l'infusion d'une solution de 4.6% 

EDTA a révélé qu'une réduction de la balance-AC alimentaire de +354 à 

+37 (meq kg-l MS) n'a p:lS' influencé le volume du ~t~ dans lequel 

s'établisSàit une équilibration rapide du Ca libre is tendait à 
, . 

augmenter le taux de mobilisation du Ca de ce compartiment pendant 

. l'infusion. L'étude cinétique du Ca utilisant un" modèle à quatre 

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

de +338 à -127 (meq kil MS) pendant le période eucalcémique et de -t429 à 

-147 (meq kg-l MS) pendant la période d'infusion de EarA (simulant la 
o 

perte de Ca pendant la lactation) causait une hypercalciurie et 
-,' 

augmentait la fonne ionique du Ca plasmatique. Une augmentation >-de 
t 

l'absorption intestinale réelle du Ca et une diminutiOh de l'accrétion 
, , \ 

osseuse ont été observés avec 'la diète ayant la ba.lance-CA 'la plus 
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faible seulement perdant la périOde d'infusion d'EGl'A. 
~ 

Les dimensions 

des compartiments -de Ca total échangeable' n'étaient pas' differentes. 

Cependant la quantité de mouvemen~ du Ca entre les différents 
• 

compartiments tendai t à augmenter avec les rations contenant \IDe 

balance-CA rédui te 'pendant les 2 périodes. 

Les résultats indiquent que l'alimentation avec tme ration contenant me 

balance-CA, réduite par la supplémentation de di vers sels IlÛnéraux peut . 
avoir un rôle bénéfique dans la prévention de la fièvre vitUlaire 

( fièvre du lait) en augmentant le flux de Ca dans le compart1ment de Ca 

échangeable et en augmentant la caJ8Cité de mobilisation du Ca. 
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o 1. GBNERAL INTRODUCTION 

Proper balancine of dietary fixed oation and lanion (non-

metabolizable ion by body) is important in formulating ra-

tions in ruminants (Block, 1988) as weIl as in other species 

(Mongin, 1981). Dietary cation-anion balance, defined as the 

summation of meq sodium (Na+) and potassium (K") minus the 

summati\ of meq chloride (CI-) and sulfur (S=) 

diet, can play an importarrt( role in ruminan t 

present in 

nutrit~on 

through i ts effects on acid-base status and production 

parameters (Wheeler, 1981 j Block, 1988) • There 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 
./" 

supplementation of mineraI 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 animaIs. 

The effect of·changing dietary cation-anion balance on 

major mdneral metabolism espe9ially calcium (Ca) in ruminants 

has been investigated in detail only in two study with goats 
) 

(Fredeen, 1984) and Most of studies conducted were based 

only on conventional balance methods (Ender et al., 1971; 

Lomba et al., 1978). These results, however, led to develop a 
r 

concept that feeding rations that contained a reJuced cati~n-

C; anion balance to prepartum cows during the dry period might 

be used as a preventative met~od for hypoèalcemic parturient 

r~ 
paresis (milk lever) and s~veral studies have been conducted 

'te~'~ 
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o to inves.ti,ate i ts prophylaotic effeots aaainist mi'lk fever 

o 

(Bnder et- dl., lp-~ Dishington, 1975; Dishington and 
IY r ~ 

Bjomstad, , 1982; Block, 1984; Le~lerc, 1986)., Howe ... er. ...ery 

little is known about the effeots of manipulating dietary 
~ 

cation-anion balance achieved by supplementing various 

mineraI salts as a source of supplying fixed anions (Cl 

and/or S) on not only Ca metabolism but also on the interac-

tion between metabolism of major Mineral (Ca, phosphorus [Pl, 

magnesium [Mg], Na, K, Cl, 'and S) in ruminants. The 

effect(s) of reduced cation-anion balanced diets on Ca meta­
) 

bolism may involve the following; kidney funotion, gastroin-

testinal absorption, acid-base status, and bone Metabolisme 

The present study was undertaken to investigate the ef-

fect of feeding reduced cation-anion balanced diets achieved 

Il '\ by supplementing various mineraI saI ts to provide excess 

~ amount of anion-formina elements (C~and S) compared to that 

~ \ of cation-forming elements (Na and K) to sheep in relation 

to; , 1 

- major mineraIs metabolism, 
\ 

- plasma concentratibns of major mineraIs, 

- acid~base status, 

- Ca mobilization rat\ during induced acute-hypocal-

cemia, J 
- comparison with vitamin D injections, 

- klnetios of Ca metabolism during eucalcemic and 

simulated lactationai Ca loss. 

'\ 
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II. LITBRATURB BBVIBW 

1. INTRODUCTION 

; 

Calcium (Ca) is necessary for the integri ty: of cell 
, . 

membranes and is essential for maintaining normal function 

in" muscle, nerve and s~cretory organs. For this reason, ex-

tracellular Ca is maintained within very narrow limits by 

endocrine systems concerned with Ca homeostasis. These 

regulatory systems basically involve the following three 

messengers; parathyroid hormone (PTH), thyroid calci tanin 

(CT) .and vi tamin D, particularly l,25-dihydroxyvi tamin D3 

(1,25(OH)2D3)' These messengers are used by three target 

organs, namely the gastrointestinal tract, bone and kidney. 

, 
2. Calciu. aetabolisa 

2.1. Calciua absorption 

2.1.1. Site of absorption 

It is generally accepted that in the ruminant the 

majority of dietary Ca as weIl as phosphorus (P) is absorbed 

from the upper portion of the small intestine as evidenoed by 

a decrease of Ca concentrations in digesta found in the ~p-

per small intestine (Smith, 1969i Ben-Ghedalia et al., 1975; 

Yano et sl., 1979). Phillipson and Storry (1965) reparted , 

that the epithelium of the rumen appears ta be relatively 

/ 
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impermeable to Ca~en when Ca was in oonoentrations six 

times of thos~ normally found in. the rumen. However, others~ 

s~ggested that these elements , 

amounts before reaching the 
~ 

were absorbed in considerable 

duodenum, especially in young 

animaIs (Perry et al., 1967; 'Cragle, 1973; Oraé:&:_et 8,.,1., 

1974). No Ca absorption was observed in the duodenum or in 

t~e 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 arti fact created " 

by Ca secretions in bile and pancreatic juice (Cragle, 

1973). In contrast to single-stomach species, the ruminant 

has a considerably high endogenous secretion of Ca from the 

large intestine resul ting in masking, quanti ta ti vely, net 

absorption of Ca when measured by a balance study (Kenny, 

1981a) . 

2.1.2 Mechanis. of absorptirln 

A d b W and Taylor (1969), lc·a b t' s propose y asserman a sorp 10n 
.. 

from the smaii intestine occurs by two proeesses; the first 

prooess is a saturable transmural movement in nature and is 

subject to physiologieal (~ansu et al., 1983b) and nutri­

tional regulation (Armbreeht ~nd Wasserman, 1976); the second 
1 

1 

proeess is thought to be a linear function of the luminal 
) 

1 

concentration of Ca and appears to be independent of age 

and/or Ca intake (Pansu et al., 1983a). The above mentioned 

processes (saturable active transport and non-saturable 

diffusive) were obser~ed in non-ruminants but probably also 

" 
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operate in ruminants (Braithwaite, 1976). It has been weIl -
established that there is an active absorption process in aIl 

of the major segments of the intestine (Kimberg et al., 

1961; Urban and Schedl, 1969; Pansu et al., 1981; Schachter 

and Kowarski, 1982). This process i s exh i bi ted to the 

grea test extent ln the duodenum and decreases as the dis-

t,ance from the pylorus increases (Kimberg et al .. 1961). 

Thus, no detectable active absorption of Ca was observed ln 

the distal ileum (Pansu et al. 1 1983b). Walling and Rothman 

( 1969) conducted a kinetic study and concluded that an ac-

tive transport system became saturated at an lntestlnal 

luminal concentration of Ca at approxlmately 3 to 5 romol. 

This active transport process lnvolves a carrier protein, 

termed Ca-binding protein (CaBP), discovered by Wasserman and 

Taylor (1966) that preferent1ally binds to Ca. CaBP has a 

molecular weight of 28,000 dalton and is located ln the 

goblet cells and in the surface coat-microv1l1ar reglon of 

aIl intestinal epithelial cells ; its existence in rUIDlnants 

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 Sl te of ac-

ti.ve absorption of Ca (duodenum>jejunum>ileum) (Taylor and 

Was~erman, 1967) and is thought to be a direct reflection of 

the 'amount of circulating 1,25(OH):zD3 (Behar and Kerste1n, 

1976), which is the hormonally active daughter Metabolite of 

( the vi tamin D3, th us a reflection of vi tamin D3 status of 

animaIs (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 .. 
(Pansu et al., 1983b). There seems to be species dif-

ferences in the nature ~ saturation of this process 

measured id vi vo. 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 observed using chronic in vivo preparation (Thiry-

Vella l<1op). 

Therefor~, a relatlonship 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 Dy dIffusIon becomes 

greater as lumInal Ca concentratio'.l in the intestinal seg-

ments is increased. 

The amount of Ca abso:rbed by the intestine decreases 

wi th an Increase in age (H\nsard et al., 1957; Brai thwai te 

and Riazuddin, 

Pansu et al., 

1971; Ghishan et al., 1980; Kenny, 

" 1983a). Hansard et a1.,,(1954) found in 

1981a; 

cattle 

that the Jercent of Ca absorption decreased wi th advancIng 

age being 95% 'at one month and declinIng to a value of 23% 

a t 12 ta 16 years af age. Absarpti ve eff iciency of Ca did 

not change with pregnancy but dUfing the latter part of 

pregnancy the intestinal absorption d1 Ca became much more 

important quantitatively than the resorption of the maternaI 

bone in meeting the high demands .for Ca (Ramberg et al., 

1970; Hove and Hilde, 1984). Lactation studies showed an in-

crease in both amount of Ca abkorption and efficiency of 

o 
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absorption; effioiency rose from 22.6% prepartum ta 34% 

Q.urina 8 to 14 days postpartum ara as laotation 'proceeded 

the intestinal response declined as bone resorption takes 

over the role of meeting increased demand of Ca (Mayer et 

al., 1969b; Ramberg et al., 1970). 

2.2.Calciua excretion 

Caici um is lost from body tissues by excretion Into the 

intestine and in the urine. Losses into the intestil')e occur 

largely via pancreatic juices and "'bile and should be ab-

sorbed at the same efficiency once mixed wi th dl etary Ca. 

But lack of correlation between endogenous 1099 of Ca in the .. 
feces and Ca intake or total fecal Ca suggests that sorne 

disc'rimination mayexist (Braithwaite, 1974; 1979). Although 

the rate of excretion of endogenous Ca was found ta increase 

wi th increasing age, when corrected for body weight (BW) 

its value remained remarkably constant between 10 and 20 mg 

d- 1 kg- 1 BW (ARC, 1980) and was affected nei ~her by the 

amount of Ca ingested or absorbed (Braithwaite, 1S'74; 1979; 

1981). ~ecentlYI Braithwaite (1982) '\-e-examined the 

relationship of endogenous Ca 10ss and feed intake in sheep 

and demonstra ted an existence of a highly significant 

linear relationship. Endogenous Ca) loss increased by the 

rate of 0.64 mg d- 1 kg- 1 BW for each 1 g \ d- 1 kg- 1 B1 increase 

in feed intake. 

Urinary excretion of Ca, in ruminants is ~enerally 
) 

low 

(ARC, 1980) cOldpared <o.to that of non-ruminants# who 
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absorb more Ca than needed and consequently excretes the 

excess rh the urine (S~hyver et al.: 1974). The apparent 

transport maximum for Ca of 1.65 mmol L- 1- glom~lular fil tra-

"tion (GF) observed in ruminants (Hove et al. , 1983 ) was 

similar to that for man ( 1 .88 mmol L- 1 GF) calculated by 

. 
Sut ton and Dirks, (1978). However, the Km value for reab-, 
sorption, which indicates the Ca concentratlon in 

ultrafiltrate that is required to half-saturate the transport 

'" meèhanism, was much lower than the corresponding value ln 

man ïeading to the high rate of Ca reabsorption that charac-

terizes the ruminant kidney (Hansard et al, 1954). 
1 

Urinary excretion of Ca in ruminants was not affected by 

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

Brai thwai te (1979) reported that there was a Jtendency 

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

calciuria aSisociated Wl th P depletion was also observed 1n 

man as weIl as in experimental animaIs (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 tite impairment of Ca reabsorption in 

p'h 0 s ph a t e de p let ion. Ho v e e t al. ( 1 9 8 3 ) demon~ t ra ted 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-

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

d- 1 ). Urinary Ca excretion is influenced by the secretion 

rate or oirculatini blood level of \PTH (Toverud and Boass, 

1979) and vi tamin D (Sut ton and Diilts, 1978). Mayer et al ~ , , 

", 
1 
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(1966) reported a decrease in urinary Ca excretion rate when 

COWB were hypocalcemic and "had an increased levei of cir-

culating PTH. 

2.3. Skeletal .etabolisa 

" 

The'skeleton contains 98% of the body's Ca where it is 

held in two forms wi thin the soft and fibrous organic 

matrix; a crystalline form of Ca phosphate that resembles 

the mi~eral hydroxyappatite and a non-crystalline or amor-

'J phous Ca phosphate form (Koo and Tsani, 1984). l t appears 

that the amorphous material is predomi~ant in e~rly life and 

is superseded by crystalline appatite in later life (Kunkel 

et al., 1986). The rate of accretion of Ca into bone i8 high 

in young animaIs but decreases markedly in the first few 

months of life to a low level at maturi ty (Brai thwai te and 

Riazuddin, 1971). There is a small amount of Ca carbonate 

present, which probably lies on the crystal mineraI surface 

of the appati te phase (Barone, 1981). A change in skeletal 

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

'resorption and bone accretion, reflects changes in total .. 
body Ca retention. Since bone accretion remains relatively 

1 
constant in'animals of a gi ven age, i t is bone resorption 

that is Iargely responsible for Ca homeostasis (Braithwaite 

and Riazuddin, 1971; Braithwaite, 1975). At the onset of 

lactation, there is an increase in bone resorption to meet 

the addi tionsl Ca requirement for milk production often 

resul ting in net loss of Ca (Edner et al., 1971). Kinetic 
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studies, however, indioate that the increase in bone resorp-

tion at parturition oocurs only ~en Ca intake"during 

prepartum period is low, and an inorease in~ntestinal 
\. 

'\ 

\ 
" 
the 

ab-

sorption is used to meet the additional Ca requiremenl only 

when animaIs 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-

la,.ted to the rate of bone accretion iBraithwaite 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 pool must have sorne 
f 

part in supplying the additional demand for Ca in cows at 

parturition. 

3. Calcium resulation by calcitropie hormone 

3.1. Vitamin D and its'metabolites 

As early as 1950, doeumenta):.ion exists showlng that 

vi tamin D is an essential factor for the optimal absorpt ion 
, 

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

past decaie, technologieal advances have led to â new under-

standing of vi tamin D metabolism.. There are two major 

souroes of yitamin D in aIl animaIs; photochemtcal conver-

sion of 7-dehydrocholesterol to vit~min D3 and/or ergosterol 

from plants to vitamin D2. Dietary supplementation with crys-

/ 
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talline vi tamin D ls also couerclally available. ,Y 
Vi tamin D unaeraoes severa! major (important metabo!ic 

conversions and produces at ' least 20 vi tamin D metaboli tes 

(Norman et al., 1982). In'ruminants, metabolism of vitamin D 

by rumen organisms May involve a detoxification process, 

partieularly when a l,arge quanti ty lof vi tamin D is ad-

ministered orally ~Sommerfeldt et al., 1981). The first meta­.", 
is ~_'hYdroXylation bolie conversion of vitamin D3 

(~ 
by 

vitamin D3 -25-hydroxylase to form 25-hydroxyvitamin D3 

(25(OH)D3) (Horst and Reinhardt;. 1983). This proeess usually 

oeeur in the li ver, al though a small amounts of the enzyme 

was detected in other organs (OIson et al., 1976). This con-

version takes place in the microsomes as weIl as in the 

mitoehondria of the heP'ltic cells. Fukushima et al. ~(1978) 

pr0l;>0sed that a fast, high affinity (Km=5.6 mmol) and low 

capacity microsomal enzyme reaction was responsible for 25-

hydroxylation of physiological levels of vi tamin D « 2.5 

mmol) and that superphysiologieal or toxie levels triggered 

a low affinity (Km=1.000 mm~ and high capacity 

mitochondrial enzyme reaetion. The activity of hepatic 
/ 

vitamin D3-25-hydroxylase seems to be loosely controlled, at 

Ieast under chronie conditions (Kenny, 1981b) with spe~ies 

differences being observed (Hoilis et al., 1977; Horst and 

Reinhardt, 1983). Hoilis et al. (1981) observed the in-

hibitory action of vitamin Da-25-hydroxylase by vitamin D3 in 

the cow by injecting 15xl06 IU of vitamin D3 whereas no such 

control action was observed in pigs. 
-.,J 

\ 

• 

After another hydroxylation by 25(OH)Da-1-hydroxylase, 
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1.25 (OH)a D, is formed mainly in the kidney from 25(OH)Da 

(Marx et al., 1982). This enzyme was found almost entirely 

located in mi tochondria in the renal cortex, al though 1-

hydroxylase activity was found elsewhère (Koo and Tsang, 

1984) • 

Another enzyme 25 (OH)Da -24-hyd-roxylase was also located 

in kidney which forms 24, 25-dihydroxyvitamin D3 

(24,25(OH)aD3) from 25(OH)D3 (Horst and Reinhardt, 1983). 

There seems to be a reciprocal relationship between 1-

hydroxylase and 24-hydroxylase products; when one i5 belng 

synthesized and released, production of the other 15 

~u~pressed (Boyle et al., 

~,25(OHhD3 is not weIl 

1971). The biological functlon of 

understood but Smith et al. (1982) 

reported an inverse relationship between serum Ca and 

24,25 (OH h D3 levels~ in hypocalcemie dairy cows. 

Metabolic conversion of vitamin D must oceur before lt 

becomes 'funetionally active" and at least several Vl tamin D3 
, 

Metabolites (25(OH)Da , 1,25(OHhDa and 24,25(OH)aITd mayex-

ert biological effects. However, it is generally agreed that 

1,25(OH)%D3 is the major hormonally-active Metabolite at 

physiological concentrations (Koo and Tsang,\1984). The major 

target organs for 1,25 (OH) 2 Da are intestine, bone and kidney 

but receptors for 1,25 (OH)a D3 have been found in other 

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

'I! 

1980),. The biogenesis of 1,25(OH}aD3 is regula ted by the 

strong feedback control by the need for Ca ( Fr i edlander et 

al., 1977; Green et al., 1981; Pansu etal., 1981) or by the 

, need for P (Fox et 'al., 1978). In states of Ca and P deple-
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tion and under the stimulation of PTH, the activity of the 

25(OH)Da-1-hydroxylase in the kidney is increased and 

1,25 (OH) a Da production is facili tated (Fraser and Kodicek, 

1973) • 

There i s a modest yet signi fican t increase in 1-

hydroxylase activi ty under dietary P depletion. However, P 

depletion May play a more important role in the actuai bind-
~ 

ing of 1,25(OH)aDa to the .intestinal mucosa tissue since 

phospha te depletion eleva tes the intestinal levels of.CaBP 

even in the presence of exogenous 1,25 (OHh D3 (Putkey and 

Norman, 1982). On the other hand, in states of Ca and P suf-

ficiency, 24,25(OH)aD3 is produced predominantly (DeLuca, 

1919). A sharp rise in the enzymatic capacity for production 

of 1,25(OH)aD3 1s associated wi th a reduce' blood Ca levei 

and this increase in the activity of 25(OH)D3-1-hydroxylase 

J may be via the secretion of PTH; the parathyroid gland per-

ceives hypocalcemia and secrets PTH to stimulate 25(OH)D3-1-

hydroxylase production in the kidney, among its other func-

tions (Koo and Tsang, 1984). 

1,25(OH)2D3 acts in the small intestine to increase Ca 

absorption, particularly by the active transport process 

(Omdahl and DeLllca, 1977; Pansu et al., 1981; DeLuca et al., 

1982; Yeh and Aloia, 1984). There is considerable evidence 

to support the claim tha t vi tamin D3 also enhances passive 

tranRport by increasing permeability of the intestinal 

mucosa cell to Ca (Bronner, 1982; Yeh and Aloia, 1984). The 

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

transport of Ca are suggested as follows: 1,25(OH)2D3 binds 
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to a oytosolic receptor of inte,stinal cella and the 

1,25(OH)aDa-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 invol ved in Ca transport and CaBP, is one of 

these proteins (Kenny~ 1981a). At a steady state, the 

relationship between intestinal levels of CaBP and the cir­

culatingt' levels of serum Ca and P have been endocrinolog~­

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 

lateraI membrane of the intestinal cells (Kumar, 1984). 

Regardless of the mechanisms, wi thout vi tamin D3 the intes­

tinal absorption of Ca as weIl as P diminish (Harrison and 

Harrison, 1961; Wasserman and Taylor, 1973; Napoli et al., 

1982) . 

Vitamin 03 Metabolites are also known to influence the 

regulation of both bone resorption and mineralizatlon, par­

ticularly 1,25 (OH) a "'03, which is a potent stimulator of bone 

Ca resorption (Holick et al., 1976) and also 24,25-(OHhD3 

(Tarn et al., 1986). Bone resorption i s n~cessary for skele­

tal growth and remodeling and for the regulation of blood Ca 

and P concentrations. Holtrop et al. (1981) reported that 

1,25(OH)aDs increases the number and activity of osteoclasts, 

which is the characteristic cell localized in regions of ac-
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tive bone'resorptiori in the absence of PTH. Marie (1982) 

reported that the injection of 1,25(OH)2Da resulted in in-

creased the rate of efflux of Ca from bone and caused to 

stimulate the acti vi ty of existing osteoclasts wi thout in-

creasing serum Ca. He also found that Ca released from bone 

was immediately utilized for new boné mineralization. Ramp 

et al. (1980) reported that vitamin D deficiency reduced net 

Ca efflux and increased net Magnesium (Mg) efflux from the 

bone. Recently Chambers et a~. (1985)-suggested that 

1,25(OH)2D3 acts via action 'of prostaglandin (PO). 

In contrast to the above findings, Braithwaite (1980) 

suggested that the major action of 1,25(OHhD3 lohls to in-

crease the rate of bone accretion and to decrease the rate of 

bone resorpt i on s ince animaIs inj ected wi th VI tamin D3 
..,., 

showed an increase in total body retention of Ca reflecting 

an increase in skeletal retention. This increased rate of 

bone accretion has been reported in man and in lactating ewe 

treated wi th 1-alpha-OH-Da (Pi erides et al., 1976; Braith-

waite, 1978). Recently, Kurihara et al. (1986) reported that 

1,25(OH)2D3 had a direct specifie anabolic effect on os­

\ 
teoblastic cells in vi tro during the growth phase and that 

this effect was related to receptor concentrations. 

In the kidney, 99% of filtéred Ca is normally reabsorbed 

in the abse3ce of vitamin D. The remaining 1% is 

der the direct control of vi tamin D (DeLuca, 

usually un-

1978). Thus, 

vi tamin D contributes a smail but significant component in 

renal Ca absorption. Receptors for 1,25(OH)2Da were found in 

both proximal and distal nephrons in the ràt and the hormoQe 
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enhanced the tubular reabsorption of Ca as weIl as sodium 

(Na) and P (Puschett et al., 1972). However, Sutton and 

Dirks, (1978) suggested\that the'effects of vitamin D3 on 

renal Ca handling are variable an~ may depend, in part, on 

the prior vi tamin D status of the animaIs. ~ubular Ca reab-

sorption has been shown to increase 48h after the administra-

tion of vi tamin D to vitamin-D deficient rat. In vitamin-D 

repl eted humans, 1 l, 25 ( OH) 2 D 3 has been shown to" increase 
_J 

Ca 

excretion before any change is observed in plasma Ca or PTH 
,1 

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; Sut ton et al., 1977) . 

a.2. Parathyroid hormone (PTH) 

, 
Physiologically, PTH is the most important re 

extracellular Ca concentration (Koo and Tsang, 

tion of PTH in response to a lowering of serum 

tion is rapid , and together with the short half life (20 to 

30 min) of circulating PTH this hormone is thought to be of .. 
major importance in the minute to minute 

Ca concentration (Ramp -and Waite, 1982). 

regulation of blood , 

PTH indirectly stimulates intestinal absorption of Ca and 

P through stimulation of 25(OH)-1-hydroxylase activity and , 

in an elevation of 1 J 25(OH)aD3 production (Goff et al., 

1985b). Pang et al. (1980) also suggested that potent 

vaso~ive properties of PTH that 2rnfluence hemodynamios 
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requires consideration of the possibili ty that PTH may in-

fluence intestinal Ca absorption by influencing blood flow 

through the intestine. 

PTH also r enhances the bone resorption proçess, 

"osteocytic osteolysis", which may be responsible for a 
Î' 

rapid movement of Ca from bone to extracellular fluid (Vaes, 

1968) , and may also inhibi t bone mineralization directly by 
i-

its action on osteoblasts (Silve et al., 1981); bath of 

these result in an increase of Ca concentrations in blood. 

Garabedian et al. (1974) suggested that PTH and 1,25(OHhD3 
" 

probably function together as physiologie synergists in 

stimulating bone resorption by acting at separate receptor 

sites in the bone resorbing cells. Thus, he concluded that 

the mobilization of Ca and P from bone requires both 

PTH inhibits the proximal tubular reabsorption of Ca, P, 

bicarbonate and Na (Puschett, 1978"). However, the ul tima te 

urinary concentrations of these ions revealed a decrease in 

Ca excretion , an increase in P excretion and minimum 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 bicabona te 

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 of 
'fT 

urine (Ramp and Waite, 1982). 

Ca in the 

, , 
t 
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The net 'effeot of PTH i8 the elevation of serum Ca and' 

lowered P concentrations. Major physiologieal stimuli for 
1 

increasing the secretory rate of PTH are Ca, Mg as weIl as 

beta-adrenergic agents and cyclic-AMP (Ramp and Wai te, 

1982). Among the regula tors of PTH, Ca is the most potent, 

particularly in i ts ionized form in blood (Fisher et al., 

1973). Mayer et al. (1975) reported that the secretory rate 
CI 

of PTH was only modestly influenced by changes in blood Ca 
/ 

levels above 10 mg dL- 1, however, below la mg dL- 1 decre-

ments in blood Ca profoundly influenced PTH secretion. Goff 

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

thetic bovine PTH stimulated renal conservation of Ca, renal 

1-alpha-hydroxylation of 25(OH)D3 and bone resorption ln 

" preg~ant ,cows even in the presence of slight hypercalcemia. 
o 
~ 

Mayer and Hurst (1978) reported that the PTH secretion was 

most pronounced when plasma Ca was in the mildly hypocal-

cemic range wi th a rela ti vely cons tant basal secretion of ..... 

PTH in normocalcemia and little or no additional PTH secre­

tiO~d when plasma Ca wa.s less than 7. 5mg dL- 1. thus 

resul ting 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 ealcitropic hormones is ealcitonin (CT) produced 

by the thyroid gland C-cells in response ta hypercalcemia 

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

. ' 
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was observed foilowing an increase in blood Ca levei from 10 

ma ta 14 mg dL-1 (Cool'>er et 'al., 1971). Secretion of CT is 

also stimulated by gastrin, glucagon and cholecystokinin 

along 'wi th severai other structural analogues of these hor-

"-
mones (pentagastin and cerulein ) (Koo and Tsang, 1984). 

Once CT has been secreted, the hormone acts on bone to 

modulate the rate of Ca and phosphate (POt) flux lnto and out 

of bone storage pools. Phosphate 'and CT are two physiologl-

cal inhibi tors of bone resorption and they functlon syner-
l 

glstically, probably by different mechanisms (Ha19z and 
, 

Nlemann, 1969). CT powerfully inhibits osteoclastlc bone 

resorptlon (Holtrop et 81., 1974) WhlCh may resul t ln 

( decreased mobilization of Ca and POt from bone. In addItIon, 

it has been propose& that CT Inhlbits the efflu~ of Ca from 

the extracellular fluid (ECF) of bone lnto th"e cIrculation 

(Taimageetal., 1980). 

Action as weIL as target si te of CT compared ta tha t of 

PTH or antidi uretio hormone in kidney tissue are di fferent 

(Marx and Aurbach, 1975). CT decreases renal tubular resorp-

tion of Ca and P as weIL as that of Na, potassium (K) and Mg 

(Koo and Tsang, 1984). The overall effects of CT ln plasma 

is a reductiori 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 

c 
saliva. Thus, the y concluded that hypophosphatemla Induced 

by CT was largely due to the increment of salivary excretion 

of P. 
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4. Nutritional aspects affectinl calciua aetabolisa 

4.1. Dietary calcium 

The efficiency of Ca absorption increases when animaIs 

have been maintained on a Ca deficient di et mainly via an 

increase in the saturable vitall1in D-dependent active 

transport. It was demonstrated that if animaIs were fed Ca-
\ 

defi~ient diets, CaBP content of their intest1.nal mucosa 

cells would increases as much as 100% if adequate supply of 

vitamin D 1.S present 
! 

(Pansu et al., 1981b). 'Ph1.S increase in 

the effic1.ency of absorption, wh1.ch adapts to changes in 

luminal Ca concentration, would require at least several 

hours because .it involves the synthesis of new protein 

(CaBP) (Allen, 

1 
-----' 

1982). In addltion to the Ca concentration of 

the luminal contents, studies indicate that the habl tual Ca 
~ 

intake (Ca stasis) affect~ the efficiency of absorption sa 

that a long-term adaptive mechanism i8 also operative 

(Benson et al., 19-69). Braithwaite (1979) reported using 

sheep that an increased intake of Ca from 40 to 100 mêd- 1 

kg- 1 BW resul ted in a reduction of efficiency of Ca absorp-

tion by intestine from 31.6 to 10.6%. Black et al. (1973b) 
, 

demonstrated tha t feeding elevated levels of Ca (150 g d- 1 ) 

to prepar1:.um dairy cows resulted in a reduction in ef-
. 

ficiency of Ca absorption from the intestine accompanied by 

a reduction ln the size of microvrlli of absorptive cells as 

well as a reduction of length and surface areas of microvill 

compared to that of animaIs fed a recommended level of Ca 
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The intestine can adapt to habitually low Ca intake, 

therefore, it is commonly believed that dietary Ca 

deficiency per se does not lead to a dramatic incre\se 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 balance leading to a 

negative Ca balance tBraithwaite, 1983a). 

, 

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 is fed (Kemm, 1976; Braithwaite, 1983b) and 

that Pretention is controlled by the rate of Ca retention, 

which is it$elf directly rela ted to Ca absorpt i on. 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(OH)aD3 ( Horst et al., 

1978b; Sommerville et al., 1978). Although, these studies 

did not definitively demonstrate an affect of P on 

1,25(OHbD3 receptor concentrations, their resul ts cor-

responded consistently wi th hypothetical increases in intes- "', 

tinal 1,25(OHbD3 . 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 to rats (Bell et al., 

1977) • 

4.3. Dietary .agnesiua 

The efract of Mg on Ca metabolism ia not consistent and 

de pends upon many fact~rs (Wasserman and Taylor, 1969). 

However, both Ca and Mg have similar effects on the 

regulatory hormone of Ca absorption as weIl as bone 

mineralization. Acute increases in plasma Mg stimulates CT 

secretion, althouih the effect of Mg on both hormones is 

less potent than that of Ca (Pento et al., 1974; Haben~ and 

Potta, 1976). In contrast, chronic Mg deficiency May impair 

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

May be associated with PTH target organa r~sistance (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- 1 ) content, showed a reduction in 

their ability to mobilize Ca in response to a hypoc?lcemia 

artificially induced by means 6Î continuous intravenous in-

fusion of EDTA. This result was confirmed by Samson et al. 

(1983) . 

In b\.lth the kidney and the intestine, Ca and Mg may be 

absorbed at a common site (Alcock and Maclntyre, 1962). Ca 

does not interfere wi th Mg absorption particularly in"\. the 

intestine, although Mg depresses Ca absorption.to a modest 

, . 

/ 
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extent (Rude and Sinaer, 198-1). Hypomagnesaemia may also 

cause a reduction in Ca absorption throuah deqreased 

1 , 25 (OH la D. production that is secondary ta a decreased PTH 

secretion (Morehead and Kessner, 1969). 

/ 
5. Acid-base status and calciua aetabolisŒ 

The pH value of digesta from d.ifferent segments of in-

testine varies; it i8 the lowest in abomasum and increase as 

it moves down the digestive tract. Lee (1977) repoFted that 

digesta taken from the abomasum, proximal duodenum, Jejunum, 

ileum, cecum and terminal colon of sheep fed lucerne aifaifa 

hay had pH values of 3.49,5.14,7.55,7.66,6.96, and 7.23. 

Storry (1961) reported that practically aIl of the Ca ln the 

abomasum was ul trafii trable because of a low pH. Slnce the 

solubili ties of dietary Ca saI ts increases as pH declines 

and the observation that pH of the digesta in the upper in-

testi~e 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 concentratioI\ 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 ta an increase in Ca absorption rate 

(Yano et al., 1979). However, with in vivo studies on 

duodenal loops in dog8, it was demonstrated that there were 

no differences in Ca absorption rates when the pH of the 

oontents. of the Ioop were al tered to 3 • 3, 5 • 2 , and 7. 4 

1 
>l 
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(Cr~r, 1968). This lack of pH effect was also demonstrated 

in duodenal loops of chickens (Wasserman, 1963). 

Asid~rom the pH value of digesta, Girndt et al. (1979) 

reported in rats that a link exists between plasma Ca cbn-

centrations and acid-base metabolism; a direct linear 

relationship was shown between concentration 
JI' 

of plasma Ca 

and standard bicarbonate. They also observed a negatlVf3» 

linear ~lationshlp 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 for~ of plasma Ca by ap-

proximately 0.04 meq L-1 Phospha te, ammonl um ch l or ide 

(NH.Cl) and sulfate (SO.) are compounds that form acids upon 

digestion and could create acid1c conditions in animaIs. Me-

tabolic acidoslS induced by the ingestion of ammonium 

i . 
Chlor ide (NH. Cl) in sheep produced an increased Ca absorp-

tion (g d- 1 and percentage) and an increased urinary Ca 

excretion (Braithwaite, 1972). Ender et al., (1971) also 

demonstrated an increase in Ca absorption as weIl as in Ca 

retenti on by dairy oows offered a diet composed of mineraI 

acid supplemented silage. 

Barzel and Jowsey (1969""'demonstrated in rats that 

ohronio metabolio aoidosis induoed by feeding NH.Cl resulted 

in an increased bore resorption rate that o~curred wi thout 

affecting blood Ca) and P ooncentrations and that long-term 

ingestion of sodium and potassium bioabonates to correot the 

aoidotic condi tion prevented these ohanges. They concluded 

that cellular mechanisms invol ved wi th bone formation and 

.. 
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bone 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 vi vo that by reducing pH of medium from 7.4 

to 6.8 a 14-fold increase in the bone resorption process by 

osteoclasts occurred. Th~ soluble Ca salts found ln the 

labile phase of bone and in intracellular organs can be 

solubilized by an increase of hydrogen ion concentration ac-

cording to the following equations; 

Ca3 (PO,)z + 2Ht ---> 3Ca 2 + + 2HP04 2 -

(Hydroxyappatite) 

CaC03 + W ---> Ca 2 + + HG03-

In both cases, the insoluble Ca salts that buffer the In-

creased hydrogen Ion concentration is rendered soluble and at 

the same time generates anions (HP04 2 - and HC03-) that May 

buffer additlonal protons (Barone, 1981: Bronsnan and 

Bronsnan, 1982). Goulding and Cambell (1984) reported that a 

high intake of NaCl depressed the accumulation of mineraI in 

bone. Bell et al. (1977) used diets that differed in their 

titratable ash-acidity (Ash-TA), defined and calculated as 

the sum of the milliequivalents of anion-forming mineraI 

elements (sulfur (S), Cl and P) minus the sum of the mi 1-

1 iequi valent _of ca tion-forming mineraI elements (Na, K, Ca 

and Mg) to establish metabolic acidosis. They, as weIl as 

Camien and Gamick (1967) found1that an increase of ash-TA in 

the diet from alkaline to neutral or from neutral to acid 

was not accompanied by an indrease in bone resorption rate; 

( 
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instead it altered the route of Ca excretion, shi fting the 

excretion of some endogenous Ca from feces to urine. Fur-. , 
thermore, Neweli and Beaucheme (1975) demonstra ted tha t no 

changes in bone mineraI composi tion occurred when rats were 

fed dlet with 2% NH,CI DM basis. 

It was proposed that the changes in urinary Ca excretion 

observed in metabolic acidosis are caused ~y a corn_und in­

vol ved in renal tubular Ca reabsorption si tuated beyond the 

proximal tubule, which is inhibited by chronic but not acute 

metabolic acidoslS and enhanced by metabolic alkalosls or 

bicabonate infusion) independent of PTH level (Sutton et 

al., 1979; Marone et al., 1983). Peraino and Suki (1980) and 

Peralno et al. (1980) demonstrated that effects of bl.car-

bonate to decrease renal Ca excretion in the state of meta-

bolic acidosis were due to changes l.n urine bicabonate ,. 
excretion per se rather than the changes in sys temlC ac ld-

base balance. 

Sulfur i5 normally consumed in the diet as S-containing 

~ 
amino acids, thus Whiting and Draper (1981a) suggested that 

the variable calciurie effects of different prote ln was re-

lated primarily to their S-amino acid contént. In 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 paresis) is a meta-
.---....-

bolic disease occurring at the time of parturition and is 

mani fested by low concentrations of blood Ca 
\ 

(hypocalcemia). Appearance and diagnose of milk fever coin-

cide~ wi th the feeding, selecting and breeding of cows for 

higher level 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 is 

categorized to be one of the most l.mportant dairy diseases 

with respect to economics. Payne (1966) listed the natlonal 

estimate of depreciation due to milk fever in Great Brltaln 

at 161,000 pounds annually. 

In the United States, the annual 109s from milk fever was 

estimated to be approximately 

(Littledike( 1974). Payne (1968) 
,/ " 

have had milk fever depreciated by 

$10.5 million ln 1965 

reported that cows tha t 

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 periode Mullin (1975) reported 

that 8.79% of 5000 cows studied became severely hypocalcemia 

and suffered from mjlk fever. Recently, Curtis et al. (1984) 

using 1,983 Holstein cows from the New 'york Dairy Herd Im-

provement Coope~ative 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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o 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 w1th partur1tion and 

the initiation of lactation when Ca homeostasls 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 ln ta 

colostrum, which has a higher Ca content (0.26%) than mllk 

(0.13%)(Folet and Otterby, 1978), ln one hour lS ap-
U 

proxim~tely equal to one half of the total blood Ca at any 

one time ,(Mills, 1979). As a comparison of the demand for Ca 

during gestation ta lactation, Li t tledike (1974) reported 

that the d~mand for Ca during lactation exceeds that of 
J 

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 
(l 

(Braithwaite, 1976). Ramberg et al. (1970) using an Isotope 

technique, concluded that the increase in flow of total Ca 

through the body a t the onset of lactation was mainly a 

resul t of an increase in Ca absorption from the intestine 

o and that bone resorption did not contribute to the total in-

flow until two weeks postpartum. This Ca dependency from 

inte'stinal absorption during lactation was confirmed 

recently by Hove and Hilde (1984). 
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The initial symptoms of milk fever May inolude 

ment, tetany and fine muscle tremors. There May be 

appetite, shaking of the head and grinding teeth. 

oharacteristically, the animal sinks into a sternal 

29 

e\ci te­

l<1'ss of 

More 

recum-

bency, becomes drowsy and the head turns into the flank. The 

cow finally becomes paretic with "dry" eyes and di1ated 

pupiIs, falls into laterai recumbency and may die in a coma 

or convulsions. 

It is recognized that most cows, regard1ess of whether 
\ 

the y develop clinical signs of milk fever or not, show sorne 

degree of hypocalcemia associated with parturition. In typi­

cal postpartum hytocalcemia, i t taltes 1 to 2 days to reach 

the lowest blood Ca levei and another 2 to 3 days for to 

stabilize within the normal ran&.e again (Littledike et al., 

1981). Cows suffering from classical milk fever, however, 

develop a severe 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, 
'IJ 

1974) and when plasma Ca levels fall below 6 mg dL- 1 

paresis occurs (Jorgensen et al., 1978). In a field study 

(Vagg et al., 1981), c1inical diagnosis of milk fever was 

cpnfirmed when plasma ~Ca level decreased to less than 7.0 mg 

dL- 1 • Paretic animaIs 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). 

In contrtst t the concentration of plasma Mg in the 

periparturient period is generally eleva ted (Marr et al., 
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1965; Litt1edike et al., 1969; Forslund et al., 1983) a1-

though in some~cases hypomagnesamia develops (Barber et al., , 

1983). Also, pla-sma concentration of urEfa\ ni trogen, lactic 
_J 

acid, pyruvic acid and Cl increase as does hema tocr i t 

(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 Da, 

1,25 (OH) 2 Da, was ~reported to increase in paretic cows 

(Kichura et al., 1982) with no changes in other vitamln Dl 

metabolites including 24,25(OH)2D3, 25,26-dihydroxyvitamln 

D3 (25,26(OH)2Da) and _25(OH)D3 (Horst et al., 1979). 

However, Smi th et al. (1982) reported increased plasma con-

centrations of 24,25(OH)2D3 in paretic compared to normal 

cows. Horst and Reinhardt (1983) hypothesized that paretic 

cows suffered from a-interference and/or~ reduce sensitivity 

of 1,25 (OH) 2 D3 receptors a t the target organs and thus con-

cluded that l,25(OH)2D3 generally promotes a net influx of 
Î 

Ca into the body, however, i ts overproduction in paretic 

cows may promote a net efflux of Ca from the body to the 

mammary gland that is large enough to promote hypocalcemia, 

especially in the absence of intestinal and bone responsive-

ness to 1,25(O~)2D3. 

Horst et al. (1978a) reported inoreased parathyroid 

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

continuous flow of dietary Ca to the intestine resulting 

from continuous rumen emptying, i t was sugges that the 

ruminant has Iittle or no "exercise" of to 

, " 

.' 
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secrete PTH because of a Iack of fluctuatina blood Ca 

levels. Therefore, ruminants are unable to respond quickly 

with secretion of PTH in postparturient hypocalcemia 

(Kronfeld, 1971). However, there was no time Iag observed 

between the induction of hypocalcemia at parturition and the 

secretion of PTH (Mayer et al., 1969a). 

Mayer et a1 t (1975) and Hollis et al. (198/) reported a 

in pare~c cows. Also, reduced calcitonin (CT) c~entration 

reduced concentration of extractable CT in the thyroid gland 

and a reduction in size, num):>er and secretory activityof 

parafollicular cells in paretic cows were reported (Capen 

and Young, 1967; Black et al., 1973a). 

Sasser et al. "( 1979) and Hoilis et al. (1981) reported 

an increase in levels of estrogen, estrone and prolactin in 

paretic cows. Also, paretic COWR demonstrated elevated plasma 

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

Waage et al., 1984), plasma and urinary hydroxyproline 

(Hollis et al., 1981; 

cholinesterase. (Forslund 

Black and Capen, 1971), plasma 
A 

et al'., 1983) and ,plasma non-

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

6.2. Nutritional factors affecting the occurrence of milk 

fever 

With aIl 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 disorder. They induoed milk fever in 60 to 76% of 

cows fed a~milk-fever-inducing diet containing low P (8-10 

g d- 1 ) and high Ca (100-200 g d- 1 ) wh~offered without in-

terruption from three manths 

tum( Thus, they concluded 

tities of Ca in raughages, 

ture cows for three months 

prepartum until 10 day postpar-

that the feeding of high quan­

!,' 
such as alfalfa or claver, to ma-

before calving was the major 

cause of their experimentally-induced cases of mllk fever. 

Recently, Bloc~ (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 br the inclusion of alfalfa hay ln the dlet. Jor-

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

information concerning the oèc~jfence of milk fever that an 

intake of Ca above 100g dt 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 mllk 

fever and animaIs fed law levels af Ca prepartum are better 

able to m~intain plasma Ca levels at parturition than those 

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

Ender el; 

cows may 

al. ~and Barton et al: (~983) reported tha~ 

develop milk fever when the intake of P was high, 
. 

medi um or law if the Ca intake ls exceeèingly high. Others 

sugg~sted that dietary P level itself ls the critical 

\ 
ele-
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ments in the development of milk fever (Scott, 1965). 

On the other hand,.', Little and Wright (1975) proposed 

the dietary 

ni ficance in 

ratio ~f Ca-to-P , May have a greater 

the ,~1ology of milk fever than the total 
/' 
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that 

sig-

1n-

take of each element using the evidence provided by Bada 

(1956) and Bada and Cole (1954r. However, it was 

demonstrated that ratio of Ca~to-P ln the diet had no effect 
/ 

on serum levels of either el'ement (Bush and Steevens, 1970) 

and that cows can tolerate a wlde range of Ca-to-P (as hlgh 

as 5:1) wi thout any visible detrimentai effect (Haar et 

al., 1970) but the amount of Ca and P absorbed and/or 

retalned i9 directIy influenced by Ca-to-P in diets ( Bush 

and Stevens, 1970; Braithwalte, 1975). Young et 81. (1966) 

demonstrated that pregnant heifers had higher retentlon of 

Ca and P when diets contained a ratio of 2 th an a ratIo of 

1. Kendall et 81. (1970) concluded that the opti~m ratIo of 

dietary Ca-to-P is about 2.3:1 and that any ratio wlder or 

narrower than this tended ta predispose the animal to mIIk 

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) 
1(11\ 

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

per day during the dry period (requirement ranges from 23 ta 
1 
\ 

40 , d- 1 ) and a190 were fed a prepartum ration that contalns 

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

fever markedly increases. • 

, 

r 
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7. Prevention of ai lk fever 

.. --,",,-

\ 
The high economic losse! result'ing from milk fever oc-

curring in the dairy industry has created the need for the 

development of the 

this disease (Payne 

methods for reducing the inci~nce of 

and Manston, 1967; Littledike e~., 
1981: Goff et al., 1987). There are two major areas of 

preventative methods; the use of vitamin Dl and i ts metabo-

lites, and dietary manipulations. 

7.1. Dietary m1niPulation 

7.1.1. Dietary calcium and phosphorus levels and thelr 

ratio. 

A relationship between dietary ratlo of Ca-to-P and the 

incidence of milk fever was ini tlally studied by Boda and 

Cole (1954). They observed that cows fed a large amoun t 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 inc idence. However, the i r 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 rever in cows fed diets low in Ca (approximately 15 



-. 

a d- 1) for the last 2 wee19s of pre,nancy. The low Ca diets 

during the dry period would force animaIs to rely less on Ca 

absorption from the intestine and rely more on Ca mobilized 

from bone at parturi tion when the Ca homeosta tic mechanism 

is stressed (Green et al., 1981). Additionally low Ca wouid 

stimulate the mechanism involved in active absorption of Ca 

from the small intestine and when animaIs are transferred to 

a Ca-rJ'bh diet postpartum an increase in Ca absorption from 
,/ 1 

the intestine wouid occur (Brai thwai te, 1974), WhlCh wouid 

increase the endogenous Ca pool. Furthermore, Bralthwaite 

(1982) reported a reduction of endogenous fecal Ca~when 

diets were low in Ca resulting ln ,more efficient use of 
L; ,~ 

c the absorbed Ca even though hi gher endogenous fecai Ca 

losses have been observed 'during pregnancy and lacta t Ion 

(Braithwaite, 1983a). 

AnimaIs given Iow 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 oceur. 

Recently, Kichura et al. (1982) reported success fuI 

prevention of mi lk fever by feeding diets low in P prepar-

tum (10 g d- 1 ) over a wide range of dietary Ca levels (9.5 

or 86 g(,Jd- 1 ). This low level of dietary P did not create an 

elevation of plasma 1,25(OH)2D3 levei whereas feeding low Ca 

diets usually elevates this metabolite (Green et al., 1981) 

and this higher 1,25 (OH) z Da concentra tion would resul t in 

an increased Ca absorption from the small intestine (Omdahl 
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and DeLuca, 1977). However, Sommerville et al. (1980) and 

Horst et al. (1978b) showed that 1,25 (OH):z D3 accumula ted in 

the intestinal mucosa of animaIs fed low dietary P irrespec-

tive of 1,25(OH)zD3 concentrations in plasma, Kichura et al. 

( 1982) found an increased binding of 1,25 (OH) Z D3 to the in-

testinal mucosa receptors resul t ing in an increased e f-

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), st udying the epidemiology of mi lk 

fever in North America, reported that the incidence of milk 

fever was reduced wi th the feeding of high dietary protein 

during the early stage of the dry period along wi th ,low P 

and high energy "lead feeding" closer to calving. They also 

~ound that the amount of Ca in dry period was not an impor-

t~nt factor in relation to the occurrence of milk fever when 

dietary P was low. 

7.1.2. Acidic diets 

In 1962, Ender et al. (1962b) reported that the incidence 

of milk fever was incréased by feeding alkaline ration 

1 high in Ca (100 to 200 g d- 1 ) with.various amounts of P for 

three month prepartum, whereas feedini a low alkaline ration 

containing A.LV. silage (si~ge preserved wi th mineraI 

acids) resul téd in low occurrances, even though Ca oonte~t 

was as high as that of the high alkaline rations. Kendall et 

.' 
} 
t 
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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 50% incidence in cows led a basic diet (NaHC03 

supplemented). Both iroups 

dietary Ca to P ratio (2.2:1). 

received the same ratio of 

Aside from the acidity of the diets, it was proposed that 

the alkali-alkalinity, defined and calculated as mil-

l iequi valents [( Na+ +K+ ) - (CI- +Ss )] of the diets, is an over-

riding factor in determining Ca availabili ty and tha t the 

beneficial eff~ts 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 

supplemented with combinations of CaClz, Alz (SO.)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 wi th Naz C03 and NaHC03. 

Dietary alkali-alkalinity value of the milk fever prophylac-

tic diets varied between -255 to -1385 meq d- 1 compared ta 

that of control diets values ranging fram.+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 Ender 

and Dishington, (1970), of -128.7 meq kg-1DM compared to an 
Î 

incidence rate of 47.4% in co~s fed a control "diet that had 

cation-anion balance value of +330.4 meq kg- 1 DM. He included 
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mineraI salts (CaCIa .2HaO, Ala (50. )3~18HaO and MgSO •. 7HaO) to 

a basal diet that contained a relatively high Ca (0.69% DM) 

and moderate P level (0.25% DM)~f,to obtain the negative 

cation-anion balance. Daily intake of dietary Ca was 3 ta 4 

times higher than that of suggested level for reducing the 

incidence of milk fever «25 g d- 1 ). 

The hypothesis of the present study was followlng: 

Manipulating dietary cation-anion balance by supplementing 

various mineraI salts wili affect Ca ~tabolism and that 

reducing dietary cation-anion balance will Increase the 

capability of animaIs to elevate the concentrations of plasma 

Ca in the hypocalcemic state. The objectlves of the study 

were to investigate the effect of feeding reduced and/or 

nega ti ve cati on-anion balanced di ets to sheep: (Exp. 1) on 

metabolism and the concentrations of plasma major mineraI 

(Ca, P, Mg, Na, K, Cl, and S) and acid-base status of animal; 

(Exp. 2) on the size of the immediately mobllizable Ca pool 

and Ca mobilization rate from i t during experimentally In-

duced acute hypocalcemia created by the continuous infuslon 

of 5.6% EDTA and the comparison wi th those of vi tamin D 

injected; and (Exp. 3) on the kinetics of Ca metabollsm uSlng 

a four-compartment model in sheep during eucalcemic and simu-

lated lactational Ca 10s8 created by the continuous infuslon 

of EGTA. 

( 
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III. RFFECTS OF MANIPULATING DIETARY CATION-ANION 

( BALANCE ON MAJOR-MINERAL METABOLISM IN SHEEP 

l,. 
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Abstract 

A mineraI balance study was conducted to examine the ef-

fect on major mineraI metabolism in sheep of dietary excess 

of inorganic anions (Chloride (CI-) and Sulfur (S=)) or inor-

ganic cations (Sodium (Na·) and Potassium (K+ ). Cation-anion 

balance was calculated as meq [(Na++K+ )-(CI-+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 dletary 

catIon-anion balance; control (CTR) and treatment (TRT) A, B, 

and C at +314, +139, +18, -22 (meq kg- 1 DM) 1 respectl.vely. 

Additional mineraI supplementation were NH 4 CI for TRT-A , 

Ali (S04 la 1 CaCI2, and MgS04 for TRT-B, FeS04, CaCl2, and 

MgSO. for TRT-C. A fifth treatment was injectIon of vitamin 

Dl (16670 lU kg-1BW) to lambs fed CTR. Trial desIgn was a 2x5 

factorial split-plot with five 21-day perlods. Plasma Ca con-

centratlons (mg dL-l) 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 ur Ine pH. Ca balance revealed that anImaIs fed 

lower ca tIon-anlon balanced diets (TRT-A, -B, and -C) had 

lower Ca retention th an 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 

He and Le groups. Ca retentlon as a proportion of Intake (%) o for CTR, TRT-A:, -B, -C, and -D were 18.2, 8.9, Il.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 eTR (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. 

c 



, , 

o 

o 

.I.,~"~\ * ~ ,'-' .. -" ~-. H Sv ' ,,_~ ... , l ' \ ,-} ~', ~;.-~~ .. J<_r,- :r"~'.-.w;:, ~"tlIY ,V .... ['; ... '''''''t.;;~..{"Y~r;~~~~ 

, ~ ~ , :-!.H:~:~ël 

42 

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 
1 

adequate level creates dramatic changes in Ca metabolism 

resul ting in disturbances of the homeosta tic mechani sm for 

Ca. The initiation of lactation places one of the greatest 

stresses on Ca homeostasis: Hypocalcemic parturlent paresls 

(milk fever) is a manifestation of this, although the cause 

of thlS disease has not been weIl established (Horst and 

Reinhardt, 1983). 

There have been various measures for the prevention of 

mi lk fever: Admini s tra tian 0 f VI tamin D3 and i ts metaboil tes 

(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 mineraI 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 mll-

liequivalent of cation-forming mineraI elements (sodium [Na+] 

and potassium [K+]) minus a summatian of 'milliequlvalent of 

anion-farming mineraI elements (chloride [Cl-] and sul fur 
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[S-1), has not reoeived areat interest in North America 

due to fact that ingredients used by Ender et al (1971) and 

Di shiniton (1975) were a typical of North American rations, 

such as beets, formic acid treated ~ilaie and herring meal. 

Recently Block, (1984) utilized various mineraI salts to al-

ter dietary cation-anion balance and demonstrated complete 

prevention of milk fever by feedina diets contalning ex-

tremely negati ve dietary cation-anion balance (-128.7 meq 

kg- 1 dry 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-1DM. Diets had relatively high levels of 

dietary Ca (0.63% DM) and P (0.25% DM); mineraI salts used 

ta a; ter dietary cation-anion balance were CaCll, MgSO. and . 
Alz (SO, h . 

There are a few propased mechanisms to how this preven-

ta ti ve method warks. A nega ti ve cation-anion balanced diet 

May increase 

reduction of 

the intestinal absorption of Ca ~ crea ting a 

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 animaIs resulting in an increase of Ca av,ailability from 

exchan~eable Ca pool(s); cause a reduction in the intestInal 

Ca absorption by interference created by the presence of 

excess cation mineraI elements such as alumInum (Al) and 

magnesium (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 major mineraIs (Ca, P, 

Ma" tt, Na, Cl, and S); ta test differences in the effects 

caused by varying mineraI saI ts used ta reduce dietary 

cation-anion balance; to compare the above effects to that of 

injecting therapeutic doses of vitamin D3. 

MATHRIALS AND METRODS 

AnimaIs 

The experiment as conducted wlth ten wether lambs 

(suffolk crossbred) t an average inltial body weight of 

51.6±.3.06 kg. in individual metabollc 

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 ~periment animaIs were treated for internaI 

parasi tes wi th Baymix (Farbenfabriken Bayer 1 Leverkusen). 

AnimaIs 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% of~total DM). Basal 

diets were composed of corn silage and ei ther chopped al-

falfa hay (HÇ) or timothy hay (Le). Within each calcium 

.r 

.-, 
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levels, there were four dietary treatments differin, in their 

die~ar7 cation-anion balance. Composition of diets are 

presented in Table 1.1. {he descriptions of dietary 

ments wi thin each level bf dietary Ca (HC and LC) 

follows: 
-. 

treat-

are as 

Control (CTR) -- composed of basal diets and 1.4% of to-

tal DM as mineraI premix-A formulated ta provide an excess 

amount of Na and K relative ta Cl and S, which resulted in 

obtaining a positive cation-anion balanced diet; 

Treatment A (TRT-A) same as CTR with addition of NH4CI 

at the level of 0.87% of total DM ta create a metabalic 

acidosis; 

Treatment B (TRT-B) -- composed of basal diets plus 0.5% 

of total DM of mineraI premix-B, formula ted to prov ide an 

excess amounts of Cl and S relative ta Na and K and 0.2% 

CaCIa .2HaO, 0.86% Ala (S04)3 .18HaO and 0.74% MgS04 .7H20 ta ob-

tain a negative cation-anion balanced diet; 

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

FeS04 was substi tuted for Alz (S04 ) 3 • 18Hz 0 ta obtaln a nega-

tive cation-anion balanced diet. Quantities of FeSOt supple-

mented was calculated ta have an equivalent amount af 3 com-

pared to that of Ala (S04)3 in TRT-B; 

Treatment D (TRT-D) -- vitamin D (Poten D, Pfizer, 

Montreal) injection at a dose of 16670 lU kg-1BW was ad-

ministered intramuscularly (i. m.) to animaIs fed CTR. Injec-

tions were administered 2 days prior ta the initiation of the 

col~ection periode 
J 
"'CTR, TRT-A,. TRT-B, TRT-C, and TRT-D were fed at both HC 
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Table 1. 1. Composi tion of diets differing in the dietary cation-anion 
~ance wi th high (HC) and low (LC) calcil.un l~vels red to 
sheep. 

c:: 

DIET CTRI & 'lRl'-D 'IRT-A TRT-B TRT-C 

Ingredients He LC HC Le He 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 

Say bean meal 9.0 9.0 9.0 9.0 

Mineral mix-A2 1.4 1.4 1.4 1.4 

Mineral nux-B3 0.5 0.5 ,0.5 0.5 

NfuCI 0.87 0.87 

CaC12.2fuO 0.20 0.20 0.20 0.20 

Ala (S04 b .18lh 0 0.86 0.86 

MgSO •• 7fuO 0.74 0.74 .0.74 0.74 

FeSO. 1.08 1.08 

NH..fuP04 0.11 0.06 0.11 0.06 0.25 0.06 0.25 0.06 

Ca.Hro. 0.17 0.17 0.17 0.17 0.17 0.17 

CaO)3 0.13 

1 CTR=Control; TRT=Treatment. 

o 

2 Mineral mix-A contains NaCl, NaHCû3, Naz ~, Ca.CûJ, CaCh. 2fu 0, MnS04. 7H2 0, 
ZnO, FeSo.. 71h 0, euso.., and KI. _ 

3 Mineral mix-B contains NaCl, CaCh. 2H2 0, ZnCla, MnSO •• 4fu 0, CuS04, CoC12. 61h 0, 
eosa. . mo, and HIOa • 

( 

.. 

/. 
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and Le resultina in ten diet4ry treatments. 

Both mineraI premix-A and -B were formulated to meet 

nutrient requirement~ (NRC, 1985) and, ta deliver excess cat­

ions ~a and K) or anions (Cl and S). Vitamin A and D 88,000 
J 

lU and 33,000 lU kg-1DM, respectively were also supplemented 

in both mineraI premixes. Ingredients of mineraI premixes 

we re NaC l, CaC 12, MnSO., ZnO, FeSO., KI, CaC0 3 , NaHCOa, 

Naa CO a , CaCIa, CuSO., CoSO., Zn.,.<lO. and HI03. Detalled 

descriptions of both mineraI premixes are presented ,in Table 

1.2. The cation-anion balance of diets was calculated by the 

quanti tles of 

calcolatl.ng 

Na, K, Cl, and S in diets. The equation for 

dietary ~ation-'~on balance was IDll-

liequivalents of [(Na++K+)-(CI-+S=)]. Thus, manipulatlon 

through an increase in the quantities of anions (Cl and S) 

compared to that of cations (Na and K) in diets resulted ln 

obtaining nega ti ve cation-anion balanced diets. AlI dlets 

were formulated to meet requirements of mature sheep (N~C, 
{ 

1986) except for Na, K, Cl, S, Ca, P and Mg where these 

mineraI elements met or exceeded requirements. A quali ty of 

mineraI salts used were at ~hnical grade. Mineral 

were mechanically mixed with other supplemental 

premlxes 

mineraI 

saI ta and stored. At each feeding they were combined Wl th 

other ingredlents, hand mixed and offered to animaIs. 

Experimental design 

AnimaIs were a8sign~-.l randomly to one of the ten dietary 

r 

treatments according ta a split-plot design with a 2x5 fac-
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Table 1.2. Composi tian of minera! premixes1 • 

mix-A mix-B 
---------------- ---------

Diet CTR2, TRT-A & -D TRT-B & ~ 
«ngredients 

------------- % ---------------
,~ 

NaCl 35.000 95.000 

NaH<:Da 31.531 

N8.2 <:Da 30.000 

Ca.CD:! 2.000 

CaCll.2lhO 0.805 2.805 

MnS04.4fuO 0.261 0.731 

Znû 0.181 

ZnCl2 0.834 ~ 
FeS04 .7fuO 0.179 

( 
0.501 \ 

CuS04 

\ 
0.018 0.050 

0.015 CoCl2.4fuO • 0.024 

C0S04 • mo 0.020 

KI 0.009 

HIÜ3 0.027 

1 Beth mineraIs provided following trace elements per kg 
of diet; Mn=9Omg, Fe=25mg, Cu=lOmg, Co=5mg, I=lOmg, 
and Zn=2Omg. -

2 CTR=Control; TRT:Treatment. 

o 

.1 



( 

, 1 

.. 
49 

torial arranaement (2 levels of oalcium x 5 dietary 

treatments). Th'ere were five 21-day experimental periods 

conaistin. of a 14-d~y adaptation and a 7-day collection 

periode 

Saaple collections 

Feces 

A plastic bag was held with rubber cement around the 

rectum for collection of total feees during the eollect~on 

periode 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 obtaln one 

feeal sample per animal per experimental periode 
<] 

Urine 

• 
Urine was collected in polyethylene bottles and the pH 

was measured immediately by pH meter (Model 119 Fisher 

Scientific Ltd., Montreal, Quebec) then two propo rt i ana l 

(10% of total excretion) samples were obtained. One daily 

sample was acidified wi th 1% volume of ION H2 SO. for deter-

mination of N and the other sample was kept without 

acidification for determination of major mineraI concentra-

tions. Both urine samples were stored at 5°C. At the end of 

the 7-day collection period, daiIy urine samples from each 

animal were pooled and one sample per animal per period was 



o 
50 

stored at -lOoe for subsequent laboratory analysis. 

Feed and orts 

Daily samples of feed and orts were collected and stored 

at 5o C. At the end of each 7-day collection period feed and 

arts samples were composited and stored at -looe for sub-

sequent analysis of dry matter (DM) with a subsample dried in 

a forced-air oven at 65 0 for 48 h for nutrient an~lyses. 

~ /) 

Blood collections 

Three hours after the morning feeding on day-7 of the 

collection period, blood samples wer~ obtalned 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 mineraIs. Additional blood samples from animaIs in~ 

jected with vitamin D3 (TRT-D) 
o '\ 

were colleéted on day 1, 3, 5 

and 7 after the administration of vi tamin D3 (day 0). Blood 

samples were centrifuged at 750 x G for 15 min 

(International centrifuge, Vniversal Model V.V, Interna-

tional Equipment Co., Boston, 
! , Massachusetts) imm·ediately 

. 
after the collection and plasma was recovered using a pasteur 

pipette and transferred to a smaii plastic scintillation 

counter vial for storage at -lOoe until subsequent analysis. 

.'" 
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Anal7tical procedure 

Fecal pH was measured by mixin~ 20 " of fresh feces wi th 

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-l 

air oven at 65 0 C for 48 h. Dried feed, arts and feces 

samples were ground through a hammer mill (2 mm screen) 

~ .. ~ before laboratory analyses. 

( 

Composited feed, orts, feed and urIne samples were 

analyzed for N with ~jel-Foss macro~utomatic analyzer (Foss 

Electric, Hillerod, Denmark). After wet dIgestion wi th HNOa 

and HClO., 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, 
o 

20ml of IN HN03 was added to 19 of sample and mixed for 15 

min by a shaker (model 75 Burrell Corporation, P1 ttsburg, 

PA) for extraction then centrifuged at 4,400 x G for lSmin 

to obtain a clear supernatant • Concentration of Cl in the 

supernatant was analyzed by an indirect method in which 

excess silver, as AgNOa, was added to the sample solution 

then free silver was measured by atomic absorption 

spectrophotome~r (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 mineraIs 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 th en centrifuged at 750 x 0 for 20 min. The clear 

supernatant that was recovered was used for mineraI analyses 

by the same procedures as described for feed mineraI 

analyses except for inorganic S determination. 

The concentration of inorganic S 1n 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 1 2 ml of trichloroacetic aCid (5% v /w) were added, 

vortexed and the mixture was allowed ta stand for 10m1n at 

room tempe rature . After centrifugation at 4,400 x 0 for 15 

min, one ml of clear supernatant was mixed with 0.25 ml BaClz 

reagent (10 g BaCl2 and 100 g dextran per one liter of glass 

distilled water) and the ahsorbance was read after preC1 sely 

35 min at 

na tant and 

, 

360 nm ~gainst a sample background (1 ml super-

0.25 ml reagent containing 100 g dextran in one 
~ 

liter of glass distilled water). 

Free hydoxyprol1ne (OHPro)in plasma was determ1ned by 

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

5500, Varian. Palo Alro, California) 

Statistical analysie 

Statistical analyses were performed at the McOill Comput-
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in, Center by the Statistieal Analysis System (S~ Instit~te 

Ine. , Box 8000, Cary" North Carolina). Differences due to 

period~ the 

eval ua ted by 

levels of dietary Ca and treatments were 

analysis of variance for a spli t-plot design 

(Steel and Torrie, 1980) in which dietary treatrnents acted as 

subunits. Linear model used was following; 

where 

u=common me an , 

AI =effect of i th block, 

BJ =effect of Jth dletary Ca level, 

CI J =error term of whole unlt=interactlon effect of ith 

block and jth dletary Ca 

level, 

Dk=effect of kth treatment, 

(BD)jk=interaction effect of jth dletary Ca level and kth 

treatment, 

El Jk=random error=error term af subunlt. 

A least-squares analysls was also used ta obtaln 

squares estimates of di fferences ~.tween subuni ts for 

least-

corn-

parison purposes. In arder ta evaluate the existance of flrst 

order carry-over effect of treatments, the me thad 0 f Lucas 

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

above except that effect af the kth treatment was dlVlded 

inta true effect of the kth treatment and true carry-over ef-

• fect of the kth treatment fram the proceeding treatment. 
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RBSULTS 

Cheaical 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 

dletary treatments for both HC and LC groups were levels of 

catlon-forming mineraI elements (Na and K) and anlon-formlng 

mineraI elements (Cl and S). TRT-B and TRT-C had low Na and 

high Cl and S concentrations compared to CTR to obtaln a 

reduced dietary cation-anion balance whereas reduced dletary 

catlon-anion balance value of TRT-A was obtalned by lncreas-
'" 

lng a concentration of Cl alone compared to that of CTR. 

Dletary cation-anion balance values (meq kg- 1 D:1) were 

calculated from the mineral analyses and presented ln 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, respectlvely ln LC group. Table 1.4 

shows chemlcal analyses and dletary cation-anlon balance wlth 

HC and LC groups combined. Dletary 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 Le comblned. 
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Table 1.3. Mineral composition' of diets fed to sheep with two levels of dJ.etary calcit.llJl12 . 

Hl.gh calCl.lDIl Law calci\.llJl 

Nutrient CfR TRT-A TRT-B TRT-C CTR TRT-A TRT-B TRT-C 

Cnrle protein 12.09±.D.28 13.20+0.48 12.77±.0.59 12.00±.0.3 11. 30+0. 54 12.8±.0.51 11.4±0.54 11.42±0.48 
(%) 

PhosjlhorusC%) 0.31±0.007 0.31±0.006 0.31±0.006 0.30±0.016 0.32+0.01 o. 32±.0.01 ~.31±O.01 0.32±0.O2 

Calci\.llJl(%) O.85±0.054 0.79+0.047 o. 84±.0. 065 0.82±0.051 0.48+0.1 0.47±0.02 0.46±0.O4 0.48±0.04 

Magnesu.uJl C " ) 0.24±0.018 0.24+0.019 0.31±0.023 0.31±0.022 0.21+0.006 0.21±0.01 o. 26±.0.008 O.28±O.O05 

Sodi\.llJl(%) 0.53±0.032 0.53±0.025 0.30±0.034 0.28±0.029 0.54±0.Op 0.56±0.01 0.31±0.O3 0.27±0.01 

Potass hun ( " ) 1. 35±0. 161 1. 25±0. 191 1. 32+0.145 1. 34±0. 178 1. 37+0.10 1. 38.±.O . 09 1.34±.O.12 L41±O.12 

Chlorl.de (") o. 59..±.0.038 1.20+0.055 0.69+0.039 0.65±0.033 0.43+0.01 0.86±.0.05 0.56±O.04 O.49±0.03 

SulfurC") 0.20±0.017 0.24+0.027 0.48tO.025 0.50±.0.040 0.20tO.02 0.19+0.09 0.41±.0.O2 0.56±0.O3 
---------------------------------------------------------------------~-------------------------------------------
Cation-anion 
balancel 

(meq kg- 1 lX1 ) 
284±25.9 61+46.4 -27±46.7 -32±52.7 

1 Values are presented as mean±standard error. 
Z CfR=Control; nrr=Treatment. 
3 M111iequvalent of [(Na++K+ )-(Cl-+S= )J. 

343+34.9 218±.~3.1 63+18.9 -13±16.5 

~ 
c.:n 
c.:n 
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Table 1.4. M1neral compositl.on of dl.ets dl.ffering in the dl.etary cation 
-anton balance (high and low calcium groups combl.ned)12 . 

Nutr1ent CTR & TRT-D TRT-A 

Crude protein (%) 11.7±0.31 13.0±0.33 

Phosphrus (%) 0.32+0.006 0.32+0.022 

Calcium (%) 0.67+0.07 0.63+0.06 

Magnesium (%) 0.22+0.01 0.23+0.01 

Sadi lDJl ( % ) 0:54+0.03 0.55±0.01 

Potassium (%) 1.36+0.09 1. 32+0 .10 

Chloride (%) 0.51±0.03 1.03±0.06 

Sulfur (X) 0.20±.0.01 0.22±0.02 

Cation-anl.on3 314+22.7 
balance (meq kg- 1 ) 

139+39.7 ., 

1 Values are presented as meantstandard error. 
Z CTR=Control; TRT=Treatment. 
3 milliequvaient of [(Na+K)-(Cl+S)]. 

'1 

TRT-B TRT-C 

11.8±0.41 11. 7+0. 29 

0.31+0.008 0.31+0.011 

0.65±0.07 0.65+0.06 

0.28+0.01 0.29+0.01 

0.30±0.08 0.27+0.01 

1.33+0.04 1. 37+0.10 

O. 63±0. 04; 0.57+0.03 -. 
0.44±0.02 0.53+0.03 

18+28.2 -22+26.3 

--
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Feed consuaption and body wei.ht (BW) chan.es 

Least-squares means of DM intake, DM digestibility, body 

weight (BW) change, water intake, fedal and urine output and 

their pH are presented in Tables 1.5 and 1.6. Intake of DM 

was affected by both the level 'of dïetary Ca and dietary 

treatment. AnimaIs in HC had a tendency (P<. 1) for higher 

intake of DM (1949 g d- 1) than tha t for LC, al though, when 

expressed per uni t metabolic BW (g d- 1 kg- 1 BW' 75) the values 

did not differ (P).1) between the two groups. 

A comparison between dietary treatments revealed that 

an~lllals fed TRT-C (supplemented wi th FeSO. as the anion-

supplement mineraI salt) showed a reduction (P(.05) ln daily 

DM intake (1687 g and 1742 g d- 1 for bath HC and LC groups, 

respectively) compared to those fed TRT-A (2130 and 1920 g 

d- 1 for HC and LC groups, respecti vely) and those fed THT-D 

(2040 and 1920 g d- 1 for HC and LC groups, respectively). 

Intake of DM was not di fferent (P). 1) from those of CTR 1 

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 animaIs fed TRT-C com-

pared to those of CTH. In spi te of differences observed ln 

intake of DM, there were no differences (P).l) in DM digest-

ibility or daily BW gain between dietary treatm&nts (Table 

1. 5) • 

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

tive dietary cation-anion balance) were lower (P<.Ol) than 
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Table 1.5. Body weight (BW) change, dry matter (lJ1) intake, lJ1 d1gestibillty and urine and fecal pi of sheep 
fed different cation-anion balanced diets or injected wi th vi tamin D3 wi th two levels of dietary 
calcium 12. 

main effects and 
interactionJ 

H1gh calcium Law calcium 
Ca 

* Variable C"IR TRT-A TRT-B TRT-C TRT-D cm TRT-A TRT-B TRT-C TRT-D SEW Ca Anion Anion 

Body weight change 206 159 92 
(g d- 1 ) 

IM intake 1890 2130 1998 
(g d- 1 ) 

!li intake 83 . 9 
(g d- 1 kg- 1 BW' 75 ) 

DM digestibility 66.1 
(%) 

Water intake 
(L d- 1 ) 

Fecal out put 
(g DM d- 1 ) 

Urine 

4.2 

92.9 88.7 

65.8 63.1 

5.0 5.2 

729 737 

2.36 2.62 

135 191 

1687 2040 

74.6 90.5 

65.3 65.1 

3.3 4.8 

689 707 

1.32 1.93 
(L d- 1 ) 

Urine pH 

)

4 

2 9 

8.85 8.57 7.69 7.91 8.65 

Fecal pH 8.21 8.14 8.43 8.29 8.30 

1 ~ast-squares means. 
2 C"IR=Control: TRT=Treatment. 

159 180 179 185 138 42.2 NS NB NS 

1834 1866 1759 1742 1920 :106.8 * ** NS 

87.5 85.0 84.0 77.0 87.7 4.55 NS ** NB 

66.5 61.9 64.0 65.8 65.7 1.76 NS NS NS 

4.6 4.7 4.1 3.7 4.2 0.45 * ** NS 

612 687 634 594 659 40.76: * ** NS 

2.19 1.88 1.58 1.22 1.61 0.432: NS ** NS 

8.75 8.57 8.35 8.12 8.66 0.266: NS ** NS 

8.23 7.99 8.13 8.23 7.97 0.108~ ** * NS 

3 NS=Not sign1ficant (P>.l); * P<.l; ** P<.05; *** P<.Ol. 
• SEM=Standard error of mean. 
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Table 1.6. Body weight (BW) change, dry matter (Ili) intake, Il1 digestibility, 
urine and fecal Ji! of sheep fed different cation-anion balanced 
diets or injected with vitamin Da (high [He] and low 
[LC] calcilDD groups combined) 1 a • 

Variable cm TRT-A TRT-B TRT-C TRT-D SEM3 He LC SEM 

Body weight change 183 170 136 160 165 29.8 157 168 23.5 
(g d- 1 ) 

Initial BW (kg) 56.9 60.1 58.9 60.9 59.5 2.41 61.1 57. 4 ~\ 1.90 

111 intake (g d- 1 ) 1862ab 19988 18788b 1714b 19808 

DM intake 85.7a 88.9a 86.48 75.8b 89.1a 

(g d- 1 kg- 1 BW. 'l5 ) 

DM digestibility (%) 66.3 63.9 63.5 65.5 65.4 

Water intake (L d- 1 ) 

Fecal out put 
(DM g d- 1 ) 

Urine (L d- 1 ) 

Urine pH 

4.4a 4.9a 4.7 8 3.6b 4.58 

626 708a 685a 591 b 683a 

2.19a 2.128b 2.10ab 1.27b 1. 77 8 b 

8.80a 8.57a 8.02b 8.02b 8.66a 

75.51 1949-' 182411 

3.22 86.1 84.3 

1.24 65.1 64.8 

0.32 4.5A 4. 3B 

28.8 68l A 637 8 

0.306 2.09 1.70 

0.188 8.34 8.49 

Fecal pH 8.22A 8.06B 8.28A 8.26A 8.14AB : 0.080 8.27 8 8.11 b 

1 Least-squares means. 
2 CTR=Control; TRr='rreabnent; SEM=Standard error of mean; HC=High Ca; LC=Low Ca. 
ab Means in the same row with different superscr1pts are different (P<.05). 
AB Means in the same row with dŒfferent superscripts are dlfferent (P(.I). 
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CTR. There was no reduction (P}.I) in urine pH of 

fed TRT-A (supplemented wi th NH. Cl to create metabolic 

aCidosis) compared to tnat of CTR, however, fecal pH of 

animaIs fed TRT-A showed a tendency (P(.l) to be lower than 

eTR. 

An interaction between levels of dietary Ca and dietary 

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

parameters (P>.l). 

Phosphorus (P) absorption, excretion and retention 

'* 
Absorption of P was different (P<.05) between He and LC 

groups as weIl as between dietary treatments (Tables 1.7 and 

1 .8) . 

of P 

AnimaIs fed HC diets absorbed grea ter {P<. 01) amoun t 

than those fed LC diets (4.3 vs 1.2 g ~). Apparent 

absorption rate (apparent digestibility) also showed the 

same differences between,the two groups (9.1 and 2.0% for HC 

and Le group, respectively) during the 7-day collection 

period. Among dietary treatmen ts, i t was demonstrated tha t 

animaIs fed TRT-C excreted P via feces in excess (37.2 g 7 

d- l ) of that ingested (37.0 g 7d- l ). By contrast, fecal P 

excretion of animaIs 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) wi th no di fferences (P>. 1) ob-

served betwee~ them. A reduction in appareàt digestibility 

for animaIs fed TRT-B was observed compared to only that of 

CTR (P<.01) and TRT-D (PC05) owning to a high varia:bility 

among animaIs fed the same diet. 
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Table 1.7. Phosphorus absorptl.on and retentl.On by sheep fed dJ.fferent cation-anion balanced mets or injl~ted with 
v1tam1n ~ W1th two levels of d1etary calC1um12 • 

~ 

Hlgh Ca Law Ca 

-------------------------------- ---------------------------------
Variable cm TRT-A TRT-B TRT-C TRT-D cm TRT-A TRT-B TRT-C TRT-D SEM' 

Intake (g 7d- 1 ) 40.95 46.76 42.86 34.68 44.00 41.64 42.34 37.72 39.35 41.37 

Feces excret10n 26.34 41.02 38.79 36.00 35.73 38.18 42.99 37.91 38.38 38.75 
(g 7d- 1 ) 

Urine excretion 0.09 0.10 0.11 0.08 0.11 
(g 7d- 1 ) 

Absorpt10n 4.61 5.74 4.07 -1.32 8.27 
(g 7d- 1 ) 

Dlgestlblllty (%) Il.18 12.11 8.30 -4.91 18.72 

RetentIon (g 7d- 1 ) 4.51 5.64 3.96 -1.39 8.17 

Urlne/Abs (%) 2.15 1.65 2.63 1. 28 
) 

0.11 0.08 0.09 0.09 0.10 

3.46 -0.66 -0.19 0.97 2.61 

7.89 -5.16 -0.46 -1.71 6.21 

3.35 -0.74 -0.28 0.88 2.51 

3.21 9.44 3.90 

Retentlon/lntake 10.94 11.91 8.06 18.37 7.62 1.48 5.97 
"\ (%) 

Retentlon/Abs (%) 97.85 98.34 97.37 9B.72 96.79 9\.5~ 96.10 

1 Least-squares means. 
2 CTR=Control; TRT=Treatment; 
J NS=Not slgn1flcant (P>.l); * P<.l; ** P<.05; *** P<.Ol. 
• SEM=Standard error of mean. 
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2.518 

2.213 

0.011 
\ 

2.454 

6.338 

2.452 

4.552 

6.244 

4.552 

main eft'ects and 
interaction' 

Ca 

* Ca. Anion Anion 

NS ** NS 

NS NS NS 

NS ** NS 

H* u NS 

*** NS HS 

*** u NS 

NS NS N'~ .) 

* NS NS 

NS NS NS 
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Table 1.8. Phosphorus absorptlon and retention by sheep fed dlfferent cation-anaon balanced diets 
or lnjected wlth vltamŒn Dl (hlgh [He] and low [LC] calci tml groups combined)12. 

Variable /C'I'R TRT-A TRT-B TRT-C TRT-D SEM HC LC 

lntake (g 7d- 1 ) 41.30ab 44.5511 40.29ab 37.02b 42.68a 1.780 41.85 40.48 

Feces excretlon 37.26 42.01 38.35 37.19 37.24 1.565 37.5~ 39.24 
(g 7d- 1 ) 

Urine excretion O.11 a 0.09ab O. 10a b 0.08b O.11 a 0.008 0.09 0.09 
\ (g 7d- 1 ) . 
Absorption 4.04ab 2.54ab 1 . 94 a b -O. 17b 5.44 11 1. 735 4.28a 1.24b 

(g 7d- 1 ) 

'Digestibl1ity (%) 9.53a 3. 47a b 3. 92a b -1. 60b 12.47a 4.48 9.08a 2.04b 

RetentIon (g 7d- 1 ) 3.93ab 2.45ab 1 .8411 b -O. 26b 5.34a 1. 735 4.1811 1.15b 

Urlne/Abs (%) 2.60 3.54 5.00 1.91 6.93 2.31 7.69 

Retention/lntake 9.28 3.27 3.68 J. 12.22 ~ 4.486 8.85A 1.80B 

(%) 
Retention/Abs 97.40 96.49 94.99 98.09 6.93 97.73 92.34 

(%) 

1 Least-squares means. 
2 CTR=Control; TRT=Treatment; SEM=Standar error of mean; HC=HIgh Ca; LC=Low Ca. 
ab Means ln the same row wlth dlfferent superscrlpts are different (P<.05). 
AB Means in the same row wlth different superscrlpts are dlfferent (P<.l). 
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Bxcretion of P via urine were small re~ardless of levels 

• 
of dietary- Ca or dietary treatments. AnimaIs fed TRT-C ex-

creted less (P<.05) P (83 mg 7d- 1 ) than CTR (105 mg 7d- 1 ) and 

TRT-D (104 mg 7d- 1 ). When urinary P excretion was expressed 

as a percentage of that absorbed, no differences (P>.1) 

were observed between dietary treatments. 

Final P balance for sheep fed He diets (4.18 g 7d- 1 a 

8.85% of P ingested, respectively) were higher (P<.Ol) than 

for sheep fed Le diets (1.15 g 7d- 1 and 1.8% of P ingested, 

respectively) due to differences observed in apparent dl-

gestibility of P. None of the dietary treatments differed 

(P).l) in Pretention compared to that of CTR; however, 

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

7d- 1 ) • 

Figures 1.1 and 1.2 show the relationshlp between 

dietary catIon-anion balance (meq d- 1) and apparent ab-

sorption and retention of P, respectively. Posi ti ve llnear 

relationships were obtained with correlation coefflcient 

values (r) of 0.24'8 (P=0.085) and 0.247 (P=0.087), respec-

tively. There was a p,ositive correlation between 

cation-anion balance intake (meq d- 1) and urinar 

tion (g 7d- 1 )(r=0.311, P=0.029) . 

. ' 

Calcium (Ca) absorption, excretion and retention 

1 / 
1 

ry 

./ 

f 
1 
1 

1 
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Calcium metabolism is presented i~ Table 1.9 and l'f O. As ~ 
diff rence expected, there was approximately a two-fold 

(PCOl) in intake of Ca between HC and Le diets (110.7 g vs 

J 



'-' 

'.J 

I~ 

o 

o 

(~ 

- \" .. 

( 

1 

1 



o 

T' 

Figure 1.1. Relationship between the intake of dietary ca.tion- o 
anion balance and the apparent absorption of 

phosP.horus (P) (0 = high calcium, • = low calcl\..DIl 

~ups) (r=O.248, P=O.085) . 
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Figure 1.2. Relationship between the intake of dietary cation-

anion œJ.ance and the retention of JX1osphorus (P) 

(0 = bigh calcitm, e= low calcium groups) (r= 0.247, 

P=O. 087). 
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Table 1.9. Calcium absorption and retention by sheep fed different ca.tion-anion be.lanced diets or injected with 
vitamin DJ with two levels of dietary calciLDIlu . 

main effects and 
interaction3 

---------
High Ca Law Ca -' Ca 

-------------------------------- -------------------------------- * Variable cm TRT-A TRT-B TRT-G 'mT-D CTR 'mT-A TRT-B TRT-G 'IRT-D SFl'ft Ca Anion Anion 

Intake (g 7d- 1 ) 111.02 111.49 117.37 94 . 17 111. 52 62.46 62.15 56.41 58.62 67.02 5.303 *** ** NS 

Fecal excretion 91.63 100.96 93.14 83.90 99.97 50.70 54.89 47.85 53.93 52.55 5.175 *** NB NS 
(g 7d- 1 ) 

urine excretlon 0.15, 2.30 5.68 5.63 0.89 0.63 3.89 2.38 2.74 0.41 1.143 NS *** NS 
(g 7d- 1 ) 

Absorption 19.38 18.53 24.23 10.27 Il.56 11.76 7.25 8.56 4.69 14.48 5.53 u NS NS 
(g 7d- 1 ) 

Digestibility (%) 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 ** ** NB 

Urine/Abs (%) 0.77 
VZ 

12.42 23.43 54.78 7.73 5.39 53.57 27.86 58.44 2.79 20.750 NS NS NS 

Retention/lntake 18.08 14.13 14.04 4.43 11.63 18.26 3.76 9.74 4.04 21.30 5.312 NS ** NS 

/ 
(%) 

Retentien/Abs (%) 99.23 87.58 76.56 45.22 92.27 94.60 46.44 72.H 41.56 97.19 20.750 NS NS NS 

1 Least-squares means. , ... "' ..... 

2 CTR=Gontrol; TRT=Treatment. 
3 NS=Not significant (P).1); ** P<.05; *** P<.Ol. 
• SEM=Standard errer of mean. 
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Table 1.10. Calcitun absorption and retention by sheep fed different cation-anion balanced diets 
or injected wi th vi taDun DJ (high [He] and low [Le] calcium groups combined)12. 

Treatment CTR TRT-A TRT-B TRT-C TRT-D SEM He ,Le SEM 
Variable 

1 ., --

I!1take (g 7d- 1 ) 86.74ab 90.82~ 86.89~b 76.39b 89.27a 3.750 110.71a 61.33b 2.44 

Feces excretion 71.17a b 77. 93a 70.49ab 68.91 b 76.26ab : 3.659 93.92· 51.98b 2.31 
(g 7d- 1 ) 

Urine excretion 0.39a 3.09b 4.03b 4.18b 0.65a 0.495 2.93 2.01 0.51 
(g 7d- 1 ) 

Absorption 15.57 12.89 16.39 7.48 13.02 3.913 16.79a 9.35b 2.47 
(g 7d- 1 ) 

Digestibility (%) 18.69 13.09 16.61 9.55 17.15 3.83 15.08 14.96 2.42 

Retent;i.on 15. 18~ 9. 80a b 12. 36~ b 3.30b 12.37ab : 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 : 17 .89 

............ Retention/Intake 18.17a 8. 94a b 11. 89a b 4.23b 16.47a 3.756 12.46 Il.42 : 2.38 
(%) 

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; HC=Hlgh Ca; LC=Low Ca. 

-~ 
ab Means in-the same row wlth different superscripts are different (P<.05). .' 
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61.3 • 7d- 1 )(Table 1.10). For the HC diets, animals fed TRT-C 

had a reduoed intake of Ca (94.17 a 7d- 1 ) than others be-

oause of a reduction of DM intake observed for this dietary 

treatment. A m,jor excretion route of the inaested Ca was 

via feces and amounts excreted were a reflection 1)f Ca in-

aested. Therefore, 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 similar between HC (15.1 %) and LC groups (15.0%) 

resulting in higher (P<.05) Ca absorption by animaIs fed HC 

diets (16.79 g 7d- 1 ) than that of animaIs fed LC diets (9.35 

g 7d- 1 ), and there was no difference (P).1) observed between 

dietary treatments and-animaIs fed TRT-C showed the lowest 

values in both HC and Le groups (10.25% and 8.85% for TRT-C 

in HC and LC groups, respectively). 

~cretion of Ca via urine showed 
r\ 

major differences be-

tween dietary treatments. The combined data for He and LC 

diets (Table 1.10) showed that animaIs fed reduced or nega-

tive cation-anion balanced diets (TRT-A,TRT-B and TRT-C), 

regardless of the magni tude of negati vi ty of their dietary 

cation-anion balance, excreted more (PCOl) Ca ln urine 

than animaIs fed CTR or TRT-D. When the urinary Ca excretiorl 

was expressed as a proportion of Ca absorbed, similar pat­

terns of differences between dietary treatments were ob-

served. 

Final Ca balance revealed that aIl animaIs were in a 

positive balance, and sheep fed HC diets retained greater 

(P< .05) quanti ties of Ca than those ted LC diets 
t 

) 

(13.86 vs 

... 
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7.34 g 7d- 1 , respectivel;y). Animals f'ed TRT-C showed a 

reduced (P<.05) Ca retention than CTR. When Ca balance was 

expressed as a proportion of' Ca ing.~sted, animals fed TRT-C 
1 

had lower (P<.05) and animaIs fèd TRT-A tended ta have a 

lower (P<.l) retention than animaIs 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- l ) and apparent 

absorption and retention of Ca, respecti vely. There was no 

significant (P=0.245) correlation observed betweeri intake of 
'\ 

dietary cation-anion balance (meq d- 1 ) and apparent Ca ab-

sorption (g 7d- 1 ). However, a posi tive linear correlation 

(r=O. 305, P=O. 032) between intake of dietary cation-anion 

balance (meq 7d- 1 ) and Ca retention (g 7d- 1) was ob-

tained (Figure 1.4) mainly due to a strong negative linear 

correlation (r=O. 328 and p=o. 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 Pare presented in Figures 1.6 and 1.7. Cor­
"-

relation coefficient values of 0.65 (P=.OOOl) was o~erved in 

both relationship and the correlation equa tians calcula ted 

were as follows: 

P a b,=-0.758+0.267*Caa bl 

Pret=-O.201+0.270*Caret 

where; 
\ 

P.bl = P absorption (g 7d- I ), 

Ca. b. = C\ absorption (g 7d- 1 ) , 

, i ,'r.\: .. .l.I-"!..IA~ 
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FUure 1.3. Relationship between the intake of dietary cation-

anion bùance and the apparent absorption of cal­

chIO (Ca) (O~ hidi calciun,.= low calcium groups) 

(r=O.167, P=O.245). 
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Figure 1.4. Relationship between the intake of dietary cation-

anion balance and the retntion of calcium (Ca) 

( 0 = high calcium, • = low calcium groups) 

(r:-O.0305, P=O.032). 
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Fii\,lre 1.5. Relationship between the intake of dietary cation-

anion balance aM the urina.ry calciun (Ca) ) 
excretion ( 0 = high calchm, e= low calcitlll 

groups) • 
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Figure 1.6. 

·,t ... f ; ~~ 1 r'~ , ) ll;'. 

Relationship between the a~t absoprtion of 

calci \.Ill (pa) and rmosphorus (P). 
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Relationship between the retention of calçitDD 

(Ca) and phosphorus (P). 
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o Put = Pretention (. 7d- 1-), 

'''v 
( Car.t = Ca retention (g 7d- 1 ). 

Maanesiua (Kg) aetabolisa , 
As expeeted, animaIs fed TRT-B and TRT-C, where MgSO. 

was supplemented as anion-supplemental minera;l saI ts, had 
( 

higher (P~.05) Mg intake than those fed other dietary treat-

ments (Tables 1. 11 and 1.12). Feces accounted for Most of tlle 

Mg excretion, as' was observed in p' and Ca metabolism, and 

was reflected by the amount of Mg ingested. Thus, no dif-
1 

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 animaIs fed TRT-B and TRT-C ex-

creted more (P<.Ol) than CTR but no differences were ob-

served when the values were expressed as a proportion of 

that absorbed. 
< 

None of dietary treatments· showec! differences in Mg 

- retention (g 7d- 1 )(P>.l) from eTR, however, there was a 

difference (P(.05) between the group with the lowest reten-

tion (TRT-B) and the group witp the highes~ retention (TRT-

A) • 

Sodium (Na) metabolism 

o 
As expected, intake of Na was reduced (PC 01) for • 

animaIs féd the reduced or negati~e catiqn-a~ion balanced .. 
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Table 1.11. Magnesillll absorption and reténtion by sheep fed different cation-anion ba.la.nced diets or injected"with 
vi tamin 1>3 wi th t'WO levels of dietary calci\.ID11 • 

main ef..tects' and 
, interactionS 

~ 

{ 
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. Table 1.12. Magnesium absorption and. retention by sheep' fed. different cation-anion bal~ diet 
or injèëfi!d with vitamin Da (big}} [He] and low [LC] calch.m groups ~)1J. 

---Treatment" cm TRT-A TRT-B TRT-C, TRT-D SEM HC œ SEM 
Variable 

«t. 

Intake (g 7d- 1 ) 29.13- 31.64- 37.52b 34.87b 30.77- : 1.5Q6 35.84- 29.74b : 0.981 
1 
1 

Feces excretion 20.85a 22. 97a b 29'.75c 24.90b 22.74ab : 0.495 26.03- 22.46b : 0.62 
(g 7d- 1 ) 

Urine excretion 5.29a , 4.86a 6.96b 7.71b 4.80a 0.495 6.3OA 5.55· : 0.31 
(g 7d- 1 ) 1 

1./1 

Absorption (g 7d- 1 )8.28 8.67 7.77 9.96 8.03 1.243 : 9.81'" 7.28- : 0.79 
1 . , 

",0 
,'~--~ 

/ ;i 

-. 
;~ 

", 

\ ~~ 

" 

- " 

" 

" 
.., '" , .. ~ Digestibility (%) 28.11 24.84 18.93 28:16 - 25.09 3.362 27.15 23.25 : 2:27 ~~ 

1 
~.:. ~ .:::" 

~,.; .. 

./"" 

1 

Retention (g 7d- 1 ) 2.99ab 3.81- 0.81b 2:55ab 3.23ab : 1.004 : 3.51· 1. 72b : 0.64 
\ 

, " 
1 1 

Urine/Abs (%) 63.91- b 56~.09a 89.56b 77.40a'b 59. 82a :10.89 64.21 76.32 : 12.31 

Retention/lntake 9.16 8.81 0.24 6.1~ 10.10 : 3.338 9.52.\ 4.25B : 2.11 
(~ 

Retention/Abs (%) 36.0S- b 43.91a 10.44b 25 . 61 a b 40. 19a :10.89 35.79 23.69 : 12.31 

1 Least-squares means. , 
2 C'IR--COntrol; 'IRT=Treatment; SFM=Standar error of mean; HC=High Ca; LC=Low Ca. 
abc Means in the same row with different superscripts are different (P<.05). 
AI Means in the same row 'wi th differento superscripts are different (,p<. 1 ) • 
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diets 
, . 

(TRT-B anâ TRT-C) c~mpared \0 thèse fed hi.her diétary 
o 

~ oation-aniqn balanoed diets (CTR, TRT-A and TRT-D) beca~se of 

'the hiah Na oontent in p~emix-A. Apparent digestibility CX-) 
-

and absorption (g 7d- 1 ) for Na were also reduced (P< 1 01) for 
\ .'. . . 

animaIs fed TRT-B' and TRT-C thàn thoge fed· .... 'higher dietary 

'" cation-anion balanceq diets '( TaJ6le 1.13). Apparent digest-
~, \ 

ibility of Na was considerabîy hi,her than for the divalent' 

mineraIs sllch as Ca and,Mg and ranged from 40.,67 to 75.58% 
~, 

(Table 1 . 13) • 

AnimaIs fed TRT-B and TRT-C were in a nega ti ve 

balance (-2.72, and -11.78 g 7d- 1 , respectively) -bëcause of 
III" • t) t 

the lower (P<.05) apparent digestibility and a hi~her urinary 

excretion 'than those fed eTR who showed a positiva Na 
F' u '" 

(., balance (9.29 g 7d- 1 ) (Ta,ble 1. 14) • 

-1 

Potassiua (K) .etabolism 

None of dieta"ry treatments showed diffefences (P>. 1) in 
" <'. 

K metabolism parameters compared to CTR (Table 1.15). 
, 

, However, animaIs fe'? TRT-C showed a tendency (P<. 1) for./ 

reduoed absorption~ (g 0 7d- 1) than TRT-D. This was a reflee!':' 

tion of differences (P<.05") observed in the intake of. DM 

between the two dietary treatments (Table 1.16) ~ An in­

cr~ased apparent digest.j.bili t; and an iJ}creased rate of uri-

. . -

• 

[1 

\ 

.. 

nary excretion expressed as a proportion of tha t 'absorbed Q 

éonfirmed that the mè'\abolism of Kwas controlled mainly 
.. 

throu,h the kidney rather than the gastrointestinal tract 
r 

~Table 1.16). 

'r, 
; : \r.' ~' }, .. , 
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Table 1.13. Sodil.lll abso1-'Ption am retention by sheep fed differênt cation-anion balanced diets' or injected with 

vi tamin l>J ~ th twa levels of ca1ch.m12 • ' ,,' _ .. 

t 
luain effeots' ml-

, . .. ilJteraçtionl .. 
High éa

l 
Law ca Ca , • 

-----~------------_r-------------
~ 

" * ----------------------»--------- e 
Variable . ? CTR 'IRl'-A TRl'-B TRl'-e TRT-D cm 'mT-A 'lRI'-B 'ffiT-C 'lRI'-D SENt Ca. .Anion Anion 

... 
• '! 

lntake (a '7d- 1 ) 66.80" 78.92 41.08 31.58 J3.JO 69.97 73.58 37.25 31.90 64.45 4.965 ~ NB *** 'NS ' '. 
t 

. ,.. , ) 

\' 1 .....-~~ 

Feces excretion 17.05 26.34 17.29 16;87 26.99 21.48 30.2.4 16.13 18.82 26.19 2.72q : NS ** NS 
(g 1d- 1 ) ~ -'1 

~ 

Urine excretion 40.21 44.15 25.69 40.12 37.57 39.44 29.130 24.66 11.23 33.28 7.476 * ** NB <-

(g 7d- 1 ) 52.~8 
1 
1 

. Absorption 49.75 23.79 14.71 46.11 48.48 43.35 21.12 13.08 38.26 5.800 :~ NS *** NS 
, (g 7d- 1 ) 

40.6" 
~- ; 

Digestibility (X) ~5.58 66.87 56.47 43.56 ,62.33 66.82 . 59.93 56.06 ~ 58.85 6.211 NB u* NS '< 
,~ 

Retention (g 7d- 1 ) 9.54 8.43 -1.90 -25.41. 8.54 9.05 13.55 -3.55 1.'85 4.99 8.295 : NS 1 ** NS ;.~ 
-.-y, 

1 ,~ • 1 . -
Urine/Abs (X) 80.83 83.96 107.98 272.70 -81.47 81.34 68.74 125.48 107.10 86.96 .20.250': NS ** NS • : 

• • ~ . 
Retention/Intake 17.60 ~.74-108.83 10.51 Il.03 16.37 -5.44 3.50 7.22 :26.689 : NS * NS 

(%) 1 1 
1 1 . , 

" JRetention/Abs (X) 19.17 1â.04 - .98-172.74 18.52 18.66 31.26 -25.48 -7.09 13;04 :20.25o\at: NS NS oNS .. 
.- - ~ ,; - " 

"" Least-squares means. _-
. " 

'\ 1 3 
2 C)'R..-control; 'IRT::Treâtment. t .. a ',"'-1 

<' .. ~J 3 NS::Not Significant (P>.l); * P<.l; ** P<.05; **~ <.01. J.tJ "': 
t. SFM=Standard e~ror of. mean. . . v' ': , '* 4~ 
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Table 1.14. Sodium absorption and retention by sheep fed different cation-anion ba1anced diet 
or injected with vitamin D3 (hlgh [HC] and low [LC] calcilE groups combined)lI. 

Treatment CTR TRT-A TRT-B TRT~ TRT-D SFM HC LC SEM 
Variable 

Intake ~ 7d- 1 ) 68.38- 76.25· 39.16b 31.74b 68.78a 3.511 58.29 55.43 2.23 

Feces excretion 19.271 28.29b 16.711 17.851 26.59b 1.924 20.91 22.57 1.22 
(g 7d- 1 ) 

Urine excretion 39.82" 36.97,.b 25.17b 25.68,.b 35.42ab : 5.286 37.55-' 27.68B : 3.34 
(g 7d- 1 ) 

Absorption 49.11 1 47.96a 22.45b 13.89b 42.19a : 4.101 37.38 32.86 "': 2.59 
(g 7d- 1 ) 

Digestibility (%) 71.20· 61 . 90a b 56. 27b 42.11e 60.59ab : 4.392 60.96 55.87 2.78 

Retention (g 7d- 1 ) 9.29ab 10.99- -2.72. b -11 . 78b , 6.76a 1 5.866 -0.16 5.18 3.71 1 

Urine/Abs (%) 81.10a 77 .08a 112.2ab 184.81 b 83.96Ib :20.25 100.43 84.24 :20.25 

Retention/lntake 14.31'\ 12.94'\ -14.59"B_52.41 B 8.87" :18.873 -18.89 6.54 ! 11. 94 
(%) 

Retention/Abs (%) 18.92 22.92 16.04 : 20. 25 - 15.76 :20.25 

1 Least-squares means. 
'j 2 CIR=Control; TRT=Treatment; SEl1=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 t1C same row with different superscrlpts are different (P<.l). 

~\. 
~ 

J 

I!' 

--

, -
.. 

... 
-F 

" 

-
, , 

.. ~ 
" .. '; 

J 

~ 
,'li 
\~ 
- '1 ... . , 
~~ ~ 

-~ 
1 _ "'1 ., . , 

:::; .. 
~ 

~ ; ~ 1 

CO ~~ ...., 
~ 'S'.: 
~~ 

~\.A~ 

,.J 
''1 
- )1 

:'l 

:~ 

~ _'")f .. 

- ,-:'.<~ 



o 

~ 

c= 

" ' ,.~ 

o ê} o. 
/ " 

Table 1.15. Potassium absorption and retention by sheep fed d.1fferent cation-anion balanced diets or injected with 
vitamin D3 with two levels of dietsry calciun12 • 

High Ca 

Variable 
1 

cm TRT-A TRT-B 1"RT-G TRT-D 

lntake (g 7d- 1 ) 173.5 182.7 184.8 158.1 180.9 

Fecal excretion 9.45 13.13 13.90 10.92 13.83 
(g 7d- 1 ) 

Urine excretion 121.9 121.2 125.0 95.5 127.6 
(g 7&'1) 

Absorption 164.1 169.59 170.9 147.3 167.1 
(g 7d- 1 ) 

Digestibili ty (%) 94.16 91.71 92.20 92.95 92.05 

Retention (g 7d- 1 ) 42.22 48.39 45.91 51. 71 39.49 

Urine/Abs (%) 72.86 75.19 73.38 64.67 77.40 
V---

Retention/lntake 23.05 23.29 24.47 32.93 20.99 
(%) 

c 
.: 

1 Least-squares means. 
2 CTR--COntrol; TRT=TreatnJent. 
3 NS=Not significant (P>.l); * P<.l; ** P<.05. 
4 SEM=Standard error of mean. 

\ ... 
\ 

~ 

/ 

Law Ca 

main ef"fects and 
interaction· 

Ca 

* .-". cm TRT-A TRT-B TRT-G TRT-D SFM4 Ca Anion Anion 

178.3 180.9 163.1 173.9 193.1 : 10.05, NS ** NS 

16.13 13.97 14.26 14.92 .... 14.07 2.287 NS NS NS 

123.7 113.8 10~L9 11Q.3 117.8 9.17 NS . NS NS" 

162.2 168.0 148.9 159.0 179.1 9.39 NS * NS 

91.13 91.81 91.24 92.16 92.80 1.17 NS NS NS 

38.51 54.15 40.01 48.71 61.24 9.867 NS NS NB . 
~ 

76.39 70.36 74.33 71.38 67.44 3.910 NS NS NS 

21.55 27.44 23.52 25.95 30.18 4.919 :\NS NS NS 
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Table 1.16. Potassium absorption and retention by sheep fed different cation-anion balanced. dieti 

or injected with vitamin Dl (hig}} [HC] 8lrl low [Le] caloitm groups caabined)12 • 

Treatment CI'R 'mT-A TRT-B TRT-C TRT-D SEli HC IC SEM.r, 
Variable ... 

" 
1-, ----

- , 
Intake (g 7d- 1 ) 175.96·bI82.34·~174.00ab166.08a 187.04b : 7.106 176.05 178.12 4.63 

" .~ 

1 

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 163.17AB168.79ABI59.92ABI53.16A 173.098 : 6.645 163.81 163.45 : 4.20 
(g 7d- 1 ) 

Digestibilitr (%) 92.64 91. 76 91.72 92.55 92.43 0.826 92.62 91.83 

Retention (g 7d- 1 ) 40.37 51.27 42.96 50.21 50.36 ~ 6.977 45.54 48.52 

Urine/Abs (%) 74.83 72.78 73.83 68.03 72.42 3.91 72.70 71.98 

Retention/lntake 22.30 25.37 23.99 29.44 25.59 3.478 
, 

24.95 25.73 
(%) 

Retention/ Abs (%) 25.17 27.21 26.15 31.97 27.58 3.91 27.30 28.02 

1 Leest-squares means. 
2 CTR=Control; TRT=Treatment; SEM=Standar 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<.l). 
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"Chloride (Cl) aetabolia. 

90 

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

Cl in take (Table 1. 17 , 1 • 18). There were no di Î'ferences 

(P>.l) in appa~~nt digestibility between dietary treatments. 

~Absorption of Cl from the GI-t~ct was very high (above 90%) 

and confirms that the kidney is the major homeostatic organ. 

A intake of Cl by sheep fed HC diets was greater (P<.Ol) than 
~ , 
that for sheep fed LC diets. This was caused by the dif-,. 
ference observed in Cl can'cen tra tian between alfalfa.-hay , 
(0.52%) and timothy hay (0.35%) . This difference also caused 

differences (P<.05) in Cl retention. 

S~lfur (S) metabolism 

ComJ>ared to Cl, sulfur metabolism showed a different 

homeostatic metabolism (Table 1.19). Appare'nt digestibility 

increased (P<.Ol) as intake of S increased. This resulted in 

greater (P<.05) retention by animaIs fed TRT-B and TRT-C than 

qTR (Table 1.20). However, since animaIs fed TRT-B and TRT-C 

excreted excess S in urine , there was no difference (P>.l) 

observed in S ~etention 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-

ments because of large variations between animaIs. 
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Table' 1.17. Chloride absorpt.ion and ret.ention by sheep fed different cation-anion bùanced diets or injected with 
vitamin D3 with two levels of dietary calciunll • 

Bigh Ca 

---------------------------------
Variable cm mT-A TRT-B 'IRl'-C TRT-D 

In~e (i 7d- 1 ) 78.8 179.6 99.7 76.3 85.8 

Fecal excretion 3.12 4.97 5.79 4.04 3.81 
(g 7d- 1 ) 

... Urine excretiOll 46.3 108.0 55.4 48.1 64.8 
(g 7d- 1 ) 

Absorption ,75.7 174.6 93.9 72.3 81.9 
(g 7d- 1 ) 

Digesti~ility (X) 95.8 97.2 94.3 94.7 . 95.7 

Reten~ion (g Jd- 1 ) 29.4 66.6 38.~'" 24.2 17.2 
-' 

Urine/Abs (X) 61.6 62.8 '58.9 65.7 78.9 

Reteption/lntake 3'6.9 36.3 38.7 32.7 20.3 
... (~) -

Retention/Abs ('X) 38.4 37.2 41.1 34.3 21.1 
~ .1 

1 !.east-squares means. 
2 CTR::Control; TRT=Treatment. 

V 3 NS=Not significant (P>.l); * P<.l; ** pe05. 
- • SEM=Standard error of mean. 

'! 

'1 

Law Ca 

--------------------------------
cm TRT-A TRT-B Q 'ffiT-C 'ffiT-D S»ft 

54.7 116.3 69.5 55.6 53.7 1.29 

3.56 3.44 3.35 3.12 4.30 0.81 
1 

-., 1 

39.5 102.6 57.3 28.2 43.4 ' : 8.09 
'\ 

51.1 102.6 66.1 52.5 49.4 7.32 

93.4 96.6 95.1 94.4 92.1 1.00 
"\ 

11.6 10.3 8.81 24.3 6.03 7.59 

77 .4 91.5 84.0 55.4 88.2 9.42 

21. 3 8.25 15.2 42.4 10.7 9.01 

22.6 8.48 15.9 44.6 11.8 9.42 

/ 

main effecta and 

Ca 
1 -
1 

U* 

NS 

*u 

*** 
NB 

*** 

'* 
'* 
'* 

-/ 
../ 

interactiana 

Ca 

* Anion Anion 

*** NS 

NS NS 

U* NS < 

'\ 
*** NS 

NB NB ---; 

** '* 
.- -' 

CI , ~ ~ 

NB NB 
~ ::-J. 

NB NB , ....... ,"'-, 
~ 

NB NB 'l' 

.' 
\0 .. ',' - " 

D 
_ ~ t~ 
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. - .:,. ,- - ;~':( _ ,,-_û,,-,-~~~ii 
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Table 1.18. 

..,.-
Chloride absorption and. retenti on by sheep fed different cation-anion balanced diets 
or injected with vitamin In (hig}} [He] ànd low [Le] calcitlll groups combined)lI. 

Treatment CTR 'IRT-A 'IRT-B 'IRT-C TRT-D : 'SEM HC lC ~ SEM 
Variable 

'. 

Intake (g 7d- 1 ) 66.7a 147.9b 84.6c 65.9a 69.7- 5:15 104. (la 69.92b : 3.67 
f 

Feces excretion 3.34 4.21 4.57 3.58 4.06 0.57 4.35 3.56 0.41 
(g 7d- 1 ) 

Urine exeretion 42.9. b 105.3e 56.3· 38.l il 54.1- b; 5.72 64.5 i1 54.2b 4.08 
(g 7d- 1 ) 

Absorption 63.4 i1 143.7b 80.OC 62.4- 65.7- c : 5.18 99.7- 66.4b 3.69 
(g 7d- 1 ) 

Digestibility (%) 94.6 96.9 94.7 94.6 93.9 0.71 95.6 94.3 0.50 

Retention (g 7d- 1 ) 20.501 38.43b 23.68- 24.23a 11.59a : 5.37 35.17- 12.20b : 3.83 
1 • 

Urine/ Abs (%) 69.49 77.14 71.45 60.54 83.52 7.20 65.58A 79.29-: 4.75 
1 
1 

Retention/lntake
l 

29.07 22.28 26.97 37.51 15.51 6.38 32.97A 19 • 568 : 4 • 56 
(%) / 1 

1 

Retention/Abs (%) 30.51 22.86 28.54 39.45 16.48 6.67 34.42A 20.718 : 4.75 

1 Least-squares means. 
2 CTR::Control; TRT=Treatment; SEM=Standar errer 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 s~ row with different superscripts are different (P<.l). 
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Sulfur absorption and retention by sheep fed different cation-anion balanced diets or injected witb 

. tamin D3 Hi th tlolO levels of dietary caleium1 2 • 

'" main effecta ând 
~ 

interactiaoa 

High Ca Law Ca ca 
--------------------------------- ---------- * Variable CTR TRT-A TRT-B TRT-C TRT-D CTR 'IRT-A 'IRT-B TRT-C TRT-D SFMt Ca Anion Anion 

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 * *** ** ~ 

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 ut ,.. NS 
(g 7d- 1 ) -

Urine. excretioo 0.09 1.92 25.71 34.49 1.15 0.14 1.11 37.96 31.69 Il.98 6.13 NB *** NB 
(lit 7d- 1 ) 

Absorption 15.4 22.9 54.8 40.9 10.0 15.9 9.55 38.2 49.5 12.9 3.82 NS *** *' (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 NB *** * 
Retention (g 7d- 1 ) 15.6 20.9 29.1 6.1 16.9 15.8 10.9 ,2.7 17.2 0.~2 7.12 NS NB NB 

• 
" 1 

UrineïAbs (X) 0.5 61.5 50.6 83.7 8.2 0.9 11.6 102.} . 59.9 110.2 .:36.42 NS NB NB 
• 1 

Retention/lntake 58.9 58.5 39.3 11.5 58.7 60.4 51.0 5.3 27.33 2.7 :20.26 NS NB. NB 
(%) 1 • 

Retention/Abs 100.5 93.9 49.4 16.3 91.8" 99'.1 118.0 6.9 40.1 7.1 :36.42 NS NB NS 

f' 

1 Least-squares means. 
" 

~ 2 GIR--COntrol; TRT::Trea.tment. 
3 NS=Not significant (P).I); * P~.l; ** P<.05; *** P<.Ol. 
• SEM:Standard errer of mean. 

d 

.J 
• 



1.Least-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<.l). 
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Mitro.en (N) aetabolis. 

Tables 1.21 and 1.22 show N metabolism of animaIs. In 

spite of hiaher intake of N by animaIs 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 ) byanimals fed TRT-A.than those fed the other dietary 

treatments (Table 1.22). AnimaIs 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%). 

( Plasas aajor ainerals profiles 

Concentration of inorganic P (Pi) in plasma was affected 

(P<. 05) by dietary treatments but not by levels of dietary 

Ca (P>.l)(Table 1.23). Ani.mals fed TRT-B had greater 
~~. 

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

(4.40 mg dL-1), although neither were different from 

CTR (4.98 mg dL- 1 ) (Table 1.24). 

Plasma Ca concentration was relatively low and ranged 

from 8.72 to 9.~6 mg dL-l. AnimaIs fed TRT-A and TRT-D show~d 

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

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

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 absorpi:ion and. retention by sheep fed different cation-anion balanced diets or injected with 
vi tamin 1), wi th tlolO levels of dietary calciuml 2 • 

main effects and 
interaction' 

High Ca Law Ca ca 
----------------------------- --------------------------------- * Variable cm 'IRT-A 'IRT-B TRT-C TRT-D cm 'lID'-A TRT-B TRT-C TRT-D SFM' Ca Anion Anion 

• • lntake (kg 7d- 1 ) 0.996 1.241 1.070 0.875 1.071 0.929 1.059 0.883 0.874 0.956 0.054 r u* *** NS 
• • 

feces excretion 0.353 0.388 0.392 0.301 0.398 0.314 0.359 0.344 0.315 0.475 0.025 ** * NS 
(kg 7d- 1 ) 

Urine eXcretion 0.419 0.554 0.474 0.363 0.429 0.444 0.499 0.537 0.359 0.475 0.063 NB NS NB 
(kg 7d-

'
) ..... 

~ 

Absorption 0.642 0.853 0.678 0.565 0.674 0.615 0.701 0.539 0.559 0.627 0.044 * *** NS 
(kg 7d- 1 ) 

Digestibility 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 
(%) 

Retention 0.223 0.299 0.231 0.202 0.244 0.171 0.246 0.001 0.200 0.152 0.651 ** * NS 
(kg 7d- 1 ) 

Urine/Abs (%) 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/lntake 22.25 24.36 20.97 23.38 23.16 18.10 16.33 1.17 24.31 15.63 7.028 * * NS 
(%) 

Retention/Abs 65.00 64.89 67.01 63.85 63.69 72.38 7.8.69 99.44 61.11 76.16 8.740 NS NB NS 
(%) 

.' 'l 

1 Least-squares means. 
~ crR=Control; TRT=Treatment. 
3 NS=Not significant (P).l); * P<.l; ** P<.05; *** P<.Ol. 
• SE1=Standard error of mean. 
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Table 1.22. Nitrogen absorption and retention by sheep fed different cation-anion balanced diets 
or injected wi th vi tamin 1>3 (high [He] and low [I..C) calci \.Ill groups combined) 11 • 

Treatment cm TRT-A TRT-B TRT-C TRT-D sm He I..C SEM 
Variable 

Intake (kg 7d- l ) 0.9621 1.151b 0.9761 0.874- 1. 0141 b: 0 . 038 : 1.051- 0.940b 0.0249 

Feces excretion 0.334AB 0.373" 0.368" 0.312- 0.364" 0.0176: O. 368a - >~O. 332b 0.011 
(kg 7d- 1 ) 

Urine excretion 0.432 0.526 0.492 0.361 0.452 0.0450: 0.443 0.463 0.028 
(kg 7d- l ) 

Absorption 0.629ab 0.777c o .608a b 0.562- 0.650b 0.0314: 0.682A 0.608B 0.020 
(kg 7d-1) 

Digestibility 64.89 66.86 61. 73 'f4.21 64.28 1.612 : 64.79 63.99 1.020 
(%) 

Retention 0.197AB 0.251" 0.116B 0.201AB 0.198AB ! 0.0460: 0.24(}1 0.145b : 0.029 

77.51 ;~ (kg 7er l ) 

Urine/Abs (%) 69.10 71.68 83.22 62.48 69.93 8.74 64.88 
1 
1 

Retention/lntake 20.18AB 20.35A1 Il.07A 23.85B 19.39u : 4.969 22.83A 15.11-
(%) 

Retention/Abs 30.89 28.32 16.77 37.52 30.07 8.74 35.11 22.49 
(%) 

1 Least-squares means. 
2 Cl'R::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). 
A& Means in the same row with different superscripts are different (P<.l). 
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Table 1.23. Blood paràmeters of sheep fed differèbt cation-anion balanced diets or injected wi th 

. , 

vi tamin In wi. th two levels of dieta.ry calcium12 • 

High Ca Law Ca 
-------------------------------- -~-------------------------------: 

Parameter cm TRT-A TRT-B TRT-C TRT-D CTR TRT-A TRT-B TRT-C TRT-D : S»14 
f 

'--
Phosphorus 4.81 4.90 '5.43 4.36 4.85 5.14 4.87 5.08 4.44 4.97 0.30 

(mg dL- 1 ) 

Calciun 8.96 9.18 8.94 8.72 9.46 8.84 9.20 9.15 8.86 9.01 0.11 
(mg dL- 1 ) 

Magnesiun 2.42 2.33 2.54 2.67 2.34 2.25 2.24 2.55 2.65 2.24 : ,.08 
(mg dL- 1 ) 1 

1 

50dillD 147.4 -t44.4 148.2 " 142.7 148.5 144.4 144.4 147.5 144.8 143.7 3.19 
(meq L-l ) 

Potassiun 4.46 4.32 4.38 4.28 4.31 4.19 4.49 4.40 4.31 4.27 0.11 
(meq L-l) 

Sulfate 0.89 1.06 1.25 1.45 ~1.08 1.06 1.16 1.32 1.05 0.83 0.13 
(DIDOl L-l) . 

Chloride 104.22 100.47 103.94 103.48 104.10 103.27 103.29 100.94 102.98 104.29 1.708 
, (meq L-l) 

aIPro5 6.13 5.65 6.11 5.87 5.75' 7.23 5.75 6.81 5.94 6.43 0.375 
(nmol L-l f 1 

---
1 ~t-squares ~. 
2 C"IR::Control; TRT=Treat.m&nt. 
3 NS=Not significant .(P>.l); ** P<.05; *** P<.Ol. 
t S~=Standard error of mean . 
5 Hydroxyproline. 

, 
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main effects and 
interactiona 

--~-------------
Ca 

.., * 
Ca Anion Anion 

NS ** NS 

NS *** ** 
NS *** NS 

NS NS NS 

NS NS NS 

NS ** NS 

NS NS NS 

n ** NS 
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Table 1.2~. Blocid parwneters of sheep fed dif'ferent cation-anion balanced diets or 
inject,ed. with vitamin Da ( high [HC] and low {ID] calciun groups combined)lI • 

'-

CTR TRT-A TRT-B TRT-C TRT-D " SEM HC I.e S»l 1 

Parameter (\ 
Phosphorus 4.9S· b 4.891b 5.26· 4.40b 4.90- b 0.21 4.S7 4'.90 0.13 

(mg dL- 1 ) 
r 

Calciun 8.89- 9:19b 9.041b S.79- 9.27b O.OS 9.06 9.01 0.04 
(mg dL-l ) 

Magnesiun 2.33· 2.2S· 2.54b 2.66b 2.29a 0.05 2.46 2.39 0.04-
(mg dL- 1 ) 

Sodiun 145.9 144.4 147.9 143.8 146.1 2.26 146.Z 144.9 1.42 
(meq L-l ) 

PotaBsiun 4.32 4.40 4.39 4.30 4.29 0.07 4.35 4.3~ 0.05 
(meq L-l ) 

Sulfate 0.97a l.11ab 1.2Sb ~ 1.-25b 0,95- 0.09 > 1.15 LOS -{ 0.06 
(DIDOI L-l) 

Chloride 103.73 103.97 102.44 103.23 104.05 1.207 104.80 102.90 : 0.98 
(meq L-l ) , . • 

QHPro3 6.6Sa 5.70b 6.46ab 5.91· b 6.09ab 0.300 5.90- 6.43b : 0.12 
(nmol L-l) 

1 ~t-squares means. 
2 :Control; TRT=Treatment j SFl1=Standar error of mean i HC=High Ca; LC=Low Ca'. 
3 Hydroxyproline. 
ab Means in the SRme row with different superscripts are different (P<.05).; 
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ferent between sheep fed He -and LC diets. In sheep fed HC 

diets, an,imals fed TRT~ and Tl!T-D was hiaher (P<. 01) plasma 

Ca concentrations than those led CTR, whereas di fferences . 
~ (P<~05) were only apparent between TRT-A and CTR for the Le 

, . 
diets and failed to demonstrate the effect of vitamin Ds in-

o • 

~ 

jection on plasma Ca concentrations. 

Concentration of Mg in plasma reflected th~~mounts of 

dietary Mg ingested where'animals fed TRT-B and TRT-C had 

higher concentrations (P<. 01) than those fed other dietary 

treatments. No difference (P>. 1) was observed between He 

and LC diets. 

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

centrations between dietary treatments and ranged from 143.7 

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

Plasma K concentrations rartged from 4.29 meq L- 1 for 

TRT-D to 4.40 meq L- 1 for TRT-A and no di fferences (P>. ,1 ) 
~ 

were found between dietary treatments . 
. 

Plasma inorganic sulfate (50.) concentrations reflected 

the amounts of dietary SOt that an'imals C'Onsumed where the 

reduced or negative cation-anion balanced diets (trRT-B and 

TRT-C) showed greater (P<.05) plasma concentration than 

those fed C,TR and TRT-D. 

No differences (P>.1) were observed in plasma chloride 

concentration among dietary treatments and ranged from 
1 

102.44 meq L-l for CTR to 104.05 meq L-l for TRT-D. 

Plasma free hydoxyproline (OHPro) 
,~ 

concentrat'ions are 

shown in Tables 1.23 and 1.24. AnimaIs fed TRT-A had reduced 

(P<.05} concentrations than those fed eTR. There were no dif-
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ferenc~s (P>. 1) between animaIs fed reduced or nega ti ve 

cation-anion balanced diets (TRT-B and ~QT-C) and higher 

cation-anion balanced diets (CTR). The LC die~s demonstrated 

a greater (P<.05) concentration than those fed HC diets in-
'J ' 

dicating that feeding low dietary Ca increased the bone mobi-

lization processes regardless of dietary treatments. 

Table 1.25 shows a regression coefficient analysls be-

tween intake of dietary cation-anion balance (meq d- I ) and 

plasma major mineraI concentrations. Only the conçen tra t i on 
l, 

of Mg in plasma was significantly correlated (P=O.OOOl) 

with intake of dietary cation-anion balance and an equation 

describlng thlS relationship was; 

Mg(mg dL-l) = 2.53 - 3.815 * AC-balance(kg d- 1 ) (FIgure 1.8) 

DISCUSSION 

Our data suggest that feedlng reduced or negatlve 

cation-anion balanced dlets obtalned by supplementlng anlon-

forming mineraI salts exerted sorne effects on Ca metabolism 

as indicated by an increase in urinary Ca excretion rate 

wlthout correspondlng changes ln thelr intestInal Ca ab-

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

amount of Ca excreted in urine by animaIs fed THT-B and TRT­

C, respe~tively, were observed compared fO that of eTH. The 

carrY-Q.ver effect from the proceeding treatment was not 

detected in any parameters measured using the method of Lucas 

(Lucas, 1983), therefore, carry-over effects incl uding tha t 

1 
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Table 1.25. Regression coefficiet analyses of blood paramters 
and dietary cation-anion balance. ,.. 

Variable r n;tflt Pr 

Phosphorus 0.169 50 0.249 

Calci\.DD 0.170 50 0.242 

MagnesilDD -0.562 50 0.0001 

Sodium -0.061 50 0.679 

PotasSilDD 0.081 50 0.580 

Chloride -0.102 50 0.491 

r Correlatlon coefflclent. f' n Number of observations. .11 

Pr Probabili ty. 

, ' 

\ 
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Figure 1.8. Relationship between the intake of dietary cation-

anion balance and. the concentration of magnesium 

(Mg) in plasma (0 = high calcitm, • = low calcium 

groups) (r=O. 562, P=O. 0001 ) . 

o 
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from the injection of v.itamin Da will not be discussed within" 

this study. 

A major si te of Ca absorption in GI-tract is pO"Stu~ated 

to be the upper smali intestine in ruminants (Ben~Ghedalia 

et al., 1975; Yano et al., 1979; Ivan et al., 19~3) a~ 

evidenced by a decreasing ~n Ca solubility of dige~ta with 

. increasing distance from the pylorus. Al though, the Ca ab-
" 

sorption process has been shown to involve both the dif- 1 

fus ive aqd active transport mechanisms in chicken (Wasserman 

and Taylor, 1969) and in rats (Pansu et 81., 1981) 1 no clear 

evidence for the existence of an active component for Ca ab-

sorption in smail intestinal in adult sheep has been found 

l (Phillipson and Storry, 1965). The active component of Ca 

absorption is, relatively, more important at low concentra-

tions of Ca wi thin the smaii intestinal 

expected to be more eV1dent in the young 

81., 1983a). Furthermore, efficiency 

lumen and 1S also 

animaIs (Pansu et 

of absorption of 
~ 

dietary Ca from the smaii intestine of the ruminants was ob-

served to increase in response to a reduced in take 0 f the 

dietary Ca (Abdel-Hafeez et al. 1 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 digestibili ty of Ca between sheep fed 
t 

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 animaIs injected with vitamin 
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DI (TRT-D) oompared to that of CTR, sinee vitamin D3 ia a 
potent stimulator of the aotive absorption prooess (Pansu et 

al., 1983b) throuah the action of Ca-binding protein (CaBP) 

but has little effects on the non-saturable p~sive absorp­

tion process (Pansu et al., 1981). 

Ca absorption rates of 15 to 20% observed in this study 

by feeding either chopped alfalfa (He) or timothy hay (LC) 

confirmed the values calculated from the data of Braithwaite 

(1975) for sheep with a similar in~ke of Ca. 

A reduction in intake of DM observed by sheep fed TRT-C 

may be a direct resul t from supplementation of excess Fe as 

FeSO. in this diet. Iron contents of TRT-C for HC and LC 

groups were 1134+373 and 1161i243 ppm, respectively, whereas 

CTR contained 152 and 166 ppm for the HC and LC diets, 

respectively. Supplementation of Fe as FeSO.. at levels of 

> 1000ppm were demonstrated ta have an adverse effects on 

feed intake and body wei~ht gain in steers (Standish et al., 

1969; 1971) as weIl 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 , 
ta animaIs, as evideneed by the negative P balance by 

animaIs fed TRT-C as weIl as the reduction in plasma inor-

ganie P concentrations compared to that of eTR. Standish et 

al. (1971) reported a decrease in P absorption wi th an in-

crease in dietary Fe from 100 to 1000 ppm. Even though 

availability of Fe is generally low, apparent absorption 

values 01' 3 ta 10% has been reported (Underwood, 1977), and .. 
FeSO.. has been shown to be a readily available source of Fe 

,\ 

/ 
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for ruminants (Ammerman et al. J, '!/ 19671j. Another' posBibility 
,yI,. ~ 

exista explaininl the reduotio~" in intake of DM observed by 

animaIs fed TRT-C, i.e. the excesa amount of S (0.53% DM) in 

the diet. Johnson et al. (1968) demonstrated that feeding 

"-0.5% of total DM as S in the form of Na2S0t or CaSOt resulted 

in a reduced intake 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 (Chalu~a et al., 1971; 

Gawthorne and Nader, 1976). 

In spi te 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 81. 

(1971) and Koong et al. (1970) reported no differences in 

plasma Ca concentrations of ruminants suppl emen ted up to 

2 , 000 ppm of Fe 1 whereas others reported a reduction in 

plasma Ca concentrations wi~h an increase in dietary Fe con-

tents in rats (HarID&n et al. 1 1968) and in r~minants up to 

400 ppm Fe (Standish et 81. 1 _ 1969). 

Irrespecti ve of the anion-forming mineraI saI ts used to 

reduce dietary cation-anion balance 1 a correlation between 
~ 

the digesti bilit.y of dietary Ca and daily ingested 4ietary 

cation-anion balance values seemed ta have two phases (Lomba 
,> 

et al. 1 1978); a positive linear relationship with pos~tive 

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- l ) and 

Ca absorption (g 7d- 1 ), al though a positive linear 

, , 
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relationship (r=O.305 and 'P=O.032) was observed between the 

dietary cation-anion balance and cà retention (g 7d- 1 ). A 

correlation using only negative cation-anion balanced diets 

and Ca retention in this study was limited by a small number 

of observation.a with a negative cation-anion balanced diets 

(n=14), thus, no significant correlation was found between 

them (P=O.64). Ender et al.' (1971) reported tha t feeding 

acidic diets to dairy cows prepartum improved the Ca balance 

during first four daya poatpartum and produced fewer in-

cidences of milk fever compared to cows fed non-acidic con-

trol diet. However, no di fferences were observed ln Ca 

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

plementing H2 SOt and HCI ta the control diets. 

A hlgh amount of Al (>2000ppm) in diets is known ta 

cause a reduction in feed intake and absorption of P from 

the smaii intestine (Valdivia et al., 1982; Allen, 1984). Al 

... 
contents of TRT-B (supplemented wi th AI 2 (S04 ) 3) was much 

Iower tha!l 2000 ppm (719±98 ppm) and animaIs fed this diet 

did not show any differences in intake of DM or P metabolism 

ccmpared to CTR. Thus it ia 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 

animaIs fed reduced cation-anion balanced diets (TRT-A,TRT-

B ,nd TPT-C) and differences observed in total urinary Ca 

excretion (g 7d- 1) for animaIs fed TRT-A, TRT-B, and TRT-C 

1 -
were 10.28) 10.67 and 7.89 times higher than that of eTR, 

respecti vely, The urinary Ca excretion expressed as a 

" 
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proportion of Ca absorbed (%) indicated that animaIs fed the 

most neJative 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 animaIs 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 mineraI reabsorption processes (Stacey and Wilson, 1970). 

Furthermore, animaIs fed TRT-C had lower concentration of Ca 

in plasma than that of CTR suggesting that the f1ltered 

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 inhi bi tory effects 

of renaI Ca reabsorption by feeding negative cation-anion 

balanced diets is suggested. 

Brai thwai te (1972) hypothesized that urinary Ca excre-

'tian was under control of some ren~l mechanisms, which is 

affected by pH. Sutton et al. (1979) also demonstrated, in 

dogs the presence of a component of tubular Ca resorption 

si tuated beyond the proximal tubule that was inhibited by 

chronic metabolic acidosis and ephanced by metabolic 

alkalosis. In our study, a reduction in urinary pH observed 

in animaIs 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 (HC03-) excretion in urine by goats 
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fed a diet with Na+K-Cl value of -84 (meq kg-1DM) compared to 
\ 

that of fed a diet wi th Na+K-Cl value of 467 (meq kg- l DM). 

However, no-reduction in urinary pH of animaIs fed TRT-A 

which included NH.CI at the level of 0.87% of total riM was 

observed. Braithwaite (1972) and Bushman et al. (1968) ob ... 

served a significant reduction in urinary pH by feeding 1~ of 

total DM NH.CI 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 

shawn to cause increased urinary Ca excretion (Whi ting and 

Draper, 1980; Whiting and Cole, 1986). Wlth observatlons 

tha t S04 i s reabsorbed by the kidney at minimum rate and 

also selectlvely complexes with free Ca in the renal tubular 

ultrafiltrate leading to a decrease in the Ca reabsorption 
-... 

(Whiting and Draper, 1981b; Bushinsky et al, 1982; Jacob et 

al. , 1983), i t was hypothesized that SO." should produce a 

greater calciurie effect than Cl when anions were given ln 

equi valent amounts. However, Whi ting and Cole (1986) using 

rats concluded that there was no difference in the calciurie 

effect between dietary SOc and Cl but intestinal absorption 

of dietary Cl was greater than that of dietary SO,. In 

ruminants, the amount of recycling of endogenous SO. either 

through salivary secr~tion and/or directly through the rumen 

wall would vary considerably among various diets (Kandyl is, 

1983) .' Therefore, the available SOc to ruminants might not 

directly reflect the amount of dietary SOc • 

No méa~urements were made of the calcitropic hormones in 

this study. However, the hypercalciuric effect of acidic­
\-
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induoed diets was shown to be indepe~dent ot PTH,as weIl as 

1,25(OJ)aD3 (Buahinsky ~t al., 1982; ~arone et al., 1983). 

The existenoe of direot linear relationship in apparent 

absorption as weIl as retenti on between Ca and P observed in 

this study oonfirmed the results of Braithwaite (1975; 1979) 

and Harrison and Harrison (1961) using Ca-deficient animaIs. 
1 

Resul ts of our study indicated that even in Ca-replete 
\ 

animaIs, Pretention was controiled by the rate of Ca reten-

tion. Apparent absorption rate (%) of P obtained in our 

study ranged between -1.5% to ~2.5% ~d were similar to that 
t • • '. 

of Brai thwai te (1984) who reported 4.5%. ,However, the ap-

parent absorption may not reflect the amount of ava~lable 

dietary P sinee it is assumed that higher endogenous feeal 

lasses occurs with higher dietary P intake than requirements 

and represents a resecretion mainly in the saliva. (Field et 

al., 1982). 

In non-ruminants as weIl as in ruminants, it is weIl es-

tablished that diet low in P ~end to be associated with hy-

percalcemia and, consequently, a depressed secretion of PTH 
-\ 

(Fox and Care, 1978). In non-ruminan,ts, despi te the oon-

comi tant hypèrcaloemia observed wi th feeding Iow P diets, 

there is usually an increase in the plasma concen'tration of 

1,25(OH)aD3 and a consequent inorease in the efficiency of 

absorption of Ca from the smaii intestine (Kenny, 1981b). It 

is apparent from our resui ts that animaIs wi th P gep\[etion 

resulted from a)reduction in available dietary P caused by 

exc~s8 Fe supplementation (TRT-C) and Iead to a reduction in 

the effioiency of absorption of Ca. This anomaly p,resumably 
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donoentrat~n ~i 
production of whioh is not enhanced by 

resul ted trom P depletion, al though the 

reduction in plasma P co~centrations ot animaIs f~d TRT-C 

was found only to be a trend (P<.l)· compared to that of CTR. 

Abdel-Hafeez et al. (1982) SUgieste~~t a reduction in 
/ 

1 

plasma 1,25 (OH)z Da concentrations was Ji direct resul t of al-

tered activity of the enzyme involved, 25(OH)D3-1-

• hydroxylase, and neither PTH or calcitonin could~e involved 

in this change since dietary P deficiency was shown to cause 

similar changes in • 1 
plasma concentrat1ons of Ca, P and 

1 ,25 (OH)z D3 between thyroparathyroidectomized and intact 

ruminants. This enzyme, 25 (OH 1'0 a -l-hydroxylase perhaps has a 

higher requirement for P than in non-ruminants so that 1 t 

is maximally stimulated only when sheep were fed a rela-

ti vely high P diets and significant amounts 
\. 

of P were ex-

creted in urine. 
1 

The ~fect of the administration of a single massive dose 

(16670 lU' Kg-IBW) of vitamin Da was to cause a smaii but 
. 

significant increase in plasma Ca concentrations compared to 

CTR. This resuit is in agreement with others (Thomas et al., 

1981; Hidiroglou and Hidiroglou, 1982; Hidiroglu et al., 

1984J' An ~ncrease in the concentration of Ca in plasma with 

the injection of vitamin Da was a result of the action 6f 

1,25(OH)~Da acting in the smail intestine to increase Ca ab-

sorption particularly by the Bcti ve absorption process and 

in bone to increase bone Ca resorption (Putkey and Norman, 

1982). The maanitude of increase in conoentrations of plasma 

r • 

( 
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Ca observed in this stud)", .howeve'f, was not as itreat as ob-

served with cows (Horst and Reinhard~, 1993). This ma)" have 

resulted from a lona time interval between the injection of 

vi tamin Da alld the sampling of blood (10 days). Thomas -
(1981) reported that the effect of administeration (i .m.) 

, 
with various doses of vitamin Da on plasma concent~tions of 

Ca in lambs W&S a quadratic wi th respect to time. There also 

seemed to be differences between sheep and cattle for the 

hydroxylation process of vitamin Da required to synthesize 

the active metabolite 1,25(OHhDa after the administration of , 
large doses of vitamin 030 In cattle, an increase in 25(OH)D3 

was observed 7 days after administration (i.m.) of a large 

dose of vitamin D3 (Hollis et al .. ~ 1977), whereas an 1n­

crease was observed wi thin 1 day following the inj ecti on in 

sheep (Hidiroglou and Knipfel, 1984). 

Results indicated that feeding a reduced cation-anion 

balanced diet tb sheep rega~dIess of the type mineraI salts 

used caused an elevation in urinary ça. excretion wi thout af-

fecting intestinal apparent Ca absorption or plasma Ca con-

centrations. A posi ti ve correlation (r=O. 305) was obtained 

between dietary cation-anion balance intake (meq g- 1) an~ Ca 

retention (g 7d- .... 1 ). The lowest ca tian-anion balanced diet in 

our study (-32 meq kg- 1 DM), however, may not be low enaugh ta 

observe the positive effect of extremely reduced cation-anion 

balanced diets «-100 meq kg- 1 DM) on Ca balance (Lomba et 

al., 1978). 

MineraIs (Mg, Al, and Fe) that accompanied the anions (Cl 

and S) wi th the form of sal ts used to reduced ,the dietary 

.. 
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oation-anion b~lance showed little or ~o direot eftedt on Ca 

metabolism, although some indirect effects of excess mineraIs 

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

portance of balancina dietary fixed i~ns in acid-base control 

of animaIs (Stewart, 1978), mode of action of feeding 
1> 
~. 

reduced catibn-anion balanced diet must involve an al teration 

of the acid-base statua of animals, toward a metabolic 

acidosis resulting in pertubations of Ca metabolism. 

Cl 

----

.. 

. , . \ ~ 

--
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IV. EFFECTS OF MANIPULATING DIETARY CATION-ANION BALANCE ON 

THE RESPONSE Ta EXPERIHENTALLY INDUCED HYPOCALCEMIA IN SHEEP . 

. ( 



o 

o 

116 

Abstract 

A study was conducted to examine the effect of dietary 

cation-anion balance on bone calcium (Ca) mobilization, 

measured by challenging anImaIs with 5.6% EDTA infusIon at a 

dose rate of 1.4 ml kg-1BW. Dietary cation-anIon balance was 

calculated as meq [(Sodium (Na) + Potassium (K) )-(Chloride 

(C l ) + Sul fur (S)]. Ten crossbred wethèr l ambs (average body 

weight 67.8 kg) were fed rations wi th high Ca (HC) or low Ca 

(LC)(O.cJ5% [HC] and 0.45% [LC]) and five different treat-

ments, four of WhiCh dl ffered ln their mIneraI supplementa-

tlon. catIon-anIon balance (meq kg-1DM) were +354, +200, +79, 

and +37 for control (CTR) 1 treatments (TRT) -A, -B, and -C, 

respectlvely. The fIfth TRT (TRT-D) was injectlon of vitamin 

D3 (16670 lU kg-1BW) to sheep fed CTR. A 2x5 factorlal~llt-
1 

plot design wlth t'ive 15-day periods of 14 days adaptatlon 

followed by EDTA Infusion was used. Total and EDTA titratable 

plasma Ca concentrations (mg aL-I) were; 8.62, 7.99; 8.43, 

8.17; 8.21, 7.90; 8.42, 7.40; 8.06, 7.99 for CTR, TRT-A, -B, 

-C and -D, respectivèly. For CTR, TRT-A, -B, -C and -D, 

respectively, the decreases in plasma tîtratable Ca (mg dLJ~) 

by the pnd of EDTA infusion (120 min) were 4.56, 4.20, 3.56, 

4.02, and 3.67; the recoveries of plasma titratable Ca during 

240 min pt.st-infusion recovery period were 3.15, 3.10, 3.21, 

3.25, and 2.47; the percentage changes in plasma ti tratable 

Ca from pre-infusion at the end of the recovery' pe'riod were 

'-14.15, -11.03, -3.46, -7.69, and -12.09. Amount of Ca mobi-

lized (mmol) and Ca mobilization rate (mmol min-l) during 
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EDTA infusion period were; 10.87, 0.094; 14.56, 0.124; 12.96, 
, \ 

0.109; 14.74, 0.125 and 19.83, 0.158 for eTR, 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 

that of vitamin D3 injection. 

c 
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Calcium (Ca) concentrations in plasma are tightly regu-

lated by calci tropic hormones and is generaJ.ly maintained 

wi thin a narrow range despi te a large fluctuation eXIsts in 

Ca demand created by various physiological states such as 
'\ 

ges-tation and lactation (Toverud and Boass, 1979). Hypocal-

cemic parturient paresis (mi lk fever) that occurs ln dal ry 

cows is a metabolic disease where the Ca homeostatic 

mechanism is disturbed by a ~udden increase in Ca demand at 

the Initiation of lactation (Littledike et al., 1981). 

There have been nUlJlerous 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 lncreas-

ing the availability of Ca from both exogenous (dietary) and 

endogenous sources at parturition when milk fever is likely 

ta occur. 

Bada, and Cole (1954) were first to demonstrate that 

feeding diets high in Ca ta prepartum cows resul ted 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 de pend upon the absolute amounts 

of each mineral but was more relate~ 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-formina mineraI elements (sodium (Na) and potassium 

(K)) minus the summation of the milliequivalent of cl;ltion-

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 S were found to in-, 

duce milk fever. Diets consisting of A. 1. V. (formic aCId 

treated) silage that had high levels of Cl and S in rela-

tian to Na and K contents resulted in negative catIon-anIon 

balanced diets and low pH values had pronounced preventive 

effect. 

Dishington (1975) prevented milk fever by feeding diets 

( that had negative cation-anidn balances obtained by using 
~ 

combinations of commercially avai lable mIneraI Ingredlen ts, 

namely CaCIa.2HaO, MgSO •. 7HaO, and Ala(S04 )3.18HaO: Ta 

prevent mi l'K fever a minimum dietary cation-anion balance 

intake of -255 meq d- 1 animal was needed. However, Ca and P 

contents of the experimental diets were not reported. 

Recen tv' Block (1984) used the same supplementai mineraI 

salts as Dishington (1975) to obtain a dietary cation-anion 

balance of -127.8 meq kg- 1 dry matter (DM) and a control 

diet wi th a posi ti ve cation-anion balance value of +330.4 

meq kg-lDM. Both diets contained high Ca (O. 65% DM) and P 
• 

(0.24% DM). These diets were fed ta prepartum cows from 45 

c days prepartum to parturition. Cows fed the negative cation-

anion balanced diet did not develop milk fever, whereas a 

47.4% incidence was observed in cows fed the control diet. He 

observed that animaIs fed the negative cation-anion 
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of plasma .. 
..t. 

hydroxyproline (OHPro), indicatin~ 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- 1 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 availabillty of Ca from 

bone ei ther directly or indirectly through the action of 

calci tropic hormones, namely parathyroid hormone (PTH) and 

1,25-dihydroxyvitamin D3 (1,25(OH)aD3). 

Objectives of tnis experiment were: to investigate the 

effect of feeding reduced or negative cation-anlon balanced 

diets to sheep on the response to acute hypocalcemia ex-

perimentally induced by continuous infusion of disodlum 

ethylenediamine tetraacetic acid (Na2EDTA); to test if there 

is a difference in response caused by varying the mineraI 

salts supplementation used to reduce the catlon-anion 

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

jected with theraputic doses of vitamin D3. 

MATHRIALS AND MHTHODS 

AnimaIs 

The experiment was conducted with ten wether Iambs 

(suffolk crossbred) with an initial average weight of 
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66.5±8.65 kg. AnimaIs were plaoed -in individual metabolic 

cages in a room where tempe rature was maintained at 20 0 C and 

had a photoperiod of 14 h light: lOh dark. AnimaIs had free 

access ta distilled water at aIl time and were offered the 

experimental diets as total mixed rations ad li bi tum in two 

equal portions at 0830 h and 1600 h. 

Diets 

The ingredients of the experimental diets were the sarne 

ln Exp. 1 (Table 1.1). Basal diets were grouped into the two 

levels of Ca , high Ca [He] (0.74% of total DM and low Ca 

( [Le] (0.45% of total DM) group and in each group there were 
,.. 

four dietary treatments as in Exp.l. 

A fifth treatment (TRT-D) in which an admlnistratl0n of 

vi tamin D3 at a dose of 16670 lU kg-1BW (Potent D, Pflzer, 

Montreal, Quebec) ta animaIs fed CTR was also included. 

Experimental design 

AnimaIs were ran90mly assigned to one of the 10 dietary 

treatments according to a 2x5 factorial split-plot deslgn 

with 2 levels of dietary Ca and 5 different treatments wi th 

five 15-day experimental periods consisting of a 14-day adap-

tation period followed by the EDTA-infusion study. AnimaIs 

were assigned ta TRT-D during the last period of the ex-
, 

periment in arder ta minimize the carry-over effects of in-

jecting vitamin 03. 
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Jugular vein catheterization 

A polyethylenecannula (LD .• 086 cm O.D .. 127 cm Clay 

Adams Inc., Parsippany, NJ.) was inserted into both left and 

right jugulaI' veins the day before the infusion study. The 

placement of the cathè-t'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 ta 

15 cm of the catheter was inside the jugulaI' vein toward the 

superior vena cava the needle was removed and the catheter 

was fixed to the skin on the neck wlth several stitches and 

covered with adhesive tape to prevent creating kinks and 

rubbing. In order to facil i tate frequent blood samplings, 

the external end of the catheter was extended from the neck 

to the middle of the back of animaIs 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 wlth 

a disposable syringe fo~ blood sampI ing. The catheter was 

kept filled ~~th heparinized physiologieal saline (50 ru 

heparin ml- 1 solution to prevent the formation of blood 

clots inside the catheter. 

Induction of hypocalcemia 

One of the jugulaI' vein cannulae was used for the infu-

sion of Na:. EDTA (Anachemia, Lachine, Quebec) solution. The 

solution was made by dissolving 56 g of Na2EDTA.2H20 in ap-

, " 
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proximately 80 ml of • physioloaieal saline (Abbot 

Laboratories Co., Montreal, Quebee), then adjusting pH to 

6.8 to 7.0 wi th 5N ~fsodi um hydroxide (NaOH) and made up to 1 

li ter wi th more physiologieal saline. This 5.6% Na2EDTA 

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- 1 

by means of a peristaltic pump. 

A total dose of NazEDTA given to animaIs was calculated 
1 

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

BW was used. This dose was previously found sUltable 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 amount of EDTA Infused was 9.56 

g NaaEDTA per animal. 

At the end of the experiments, five animaIs were In-

fused wi th physiologieal saline solution alone at rate of 

vl.7 min kg· 1 BW to examine the differenees in plasma eon-

centration of Ca, P, and Mg with infusing either EDTA or 

physiologieal saline. 

AnimaIs were prevented from becoming recumbent by sup-

porting them wi th a pair of steel bars under their abdomen 

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

Blood collection 

1 
) 

Two blaod samples were eolleeted prior ta the start of 

-, 
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Figure 2.1. Changes in plasma ti tratable calcium cOœéntration 

wi th the EUrA 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-

f~sion. Samples were taken every 10min during first 30-min 

post-infusion, th en every 30 min until 120 min post­

infusion~Thereafter, additional samples were taken \at 180 

and 240 min post-infusion. 

blood was collected into Approxi~ately 12 ml of 

heparinized 25 ml dis~osable 
/ 

syringes, immediately trans-

ferred into heparinized 15 ml test tubes and th~ 
mixed. Samples were centrifuged at 750 x G (International 

centrifuge, Universal model U.V. International Equipment 

Co., Bos ton, Massachuset ts .) for 15 min, and plasma was 

separated immediately and stored at -IOoe for subsequent 

analyses. 

The cannulae were kept patent\ by filling them wi th 

heparinized physiological saline ( 50 lU heparin ml- 1 ) be­

tween samplings. Immediately after the l~t blood sample had 

been taken the cannula were removed. 

Chemieal analyses 

.Dry matter (DM) of feed and arts were determined byv the 

toluene distillation (Dewar and McDonald, 1961) and DM of 

dailr feces were determined by placing samples in a forced-

air oyen at 65 0 C for 48 hours. Dried feed, orts and feces 

samples were ground through a hammer mill (2 mm screen) 

b&?ore laboratory analyses. 

Composi ted feed, orts, feed and urine samples were 

). 

-~. 

, 

l 
1 
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analyzed for nitro,en with Kjel-Fo8s macroautomatic analyzer 

(Foss Electric, Hillerod, Denmark), After wet di,estion with 

HN03 and HClO .. , 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 ta minimize 

interference from the presence of phosphate (P04) as weIl as 
~ 

sulfate (S04). Sulfur contents were measured by the tur-

bidi~etric method of Berblung and Sorbo (1960). 

For the determination of chloride in feed, arts and 

feces, 20 ml of 1 N HN03 was added ta 19 of sample and mixed 

for 15 min by a shaker (model 75 Burrell Corporation, Pit-

tsburgh, PA) for extraction th en 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 

metfod in which a known amounts of excess silver, as AgNO" 

was added to the sample solution th en free silver tlwas 

measured by atomic absorption spectrophotometer (Anonymous, 

1982) , 

Aluminum (Al) contents of feed and feces were m~asured by 

the method of Hendershot (1985). 

For determination of mineraIs in plasma, two ml of 

plasma were added to an equal volume of 20% (v/w) trich-

loroaceti~ acid, vortexed and kept for 15 min at room tem­

perature then centrifuged at 750 x G for 20 min. The elear 

supernatants recovered were used for mineraI analyses above . 
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Plasma BDTA titratable free Ca (,Ca) was determined by a 

direct titration with NaaEDTA in the presence of NaOH by the 

.ethod of Ward et al. (1960) using cal-red (Calcon­
~ 

carboxylic acid. Sigma 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 81.(1982». 

Assuming that one Molecule of EDTA binds to one free Ca 

ion (, Ca) in blood and that no Ca were mobilizèd, the Ca 

~ equivalent of the EDTA infused (1), would be V*@(fCa) where 

@(,Ca) is the decrease in the concentration of ,Ca during the 

o 

infusion period and V is the ~volume of the compartrnent 

within which there is rapid equ~ibration of ,Ca. 

When Ca is mobilized into this compartment (V) f~om 

other available Ca sources (i.e. extracellular fluid, 

skeleton, etc.) then @(,Ca) will be smaller. If Q were the 

amount of Ca mobilized, th en 

and (1) 

If the infusion of EDTA lasts T time 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 concent}'ation of Ca bound to EDTA 

(CaEDTA) during -the infusion. 'The concen!rat'ion ~f CaEDTA 
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increases during the infusion of EDTA and i8 measured as the 

di fference between total Ca concentrations (CaEOTA + f Ca) 

and the concentration Q~ ,Ca in plasma. An lncrease ln con-

centration of CaEDTA i8\ (and was found to be) approxlmately 

linear during the EQTA/lnfusion. If none of the CaEDTA wel'e 

excreted, then 

where 

during 

@(CaEDTA) repre8ents the ,rtlcl'ease ln concentratlon 

the infusion. However, CaEOTA is excreted thl'ough the 

kidney (Foreman et al., 1953; Payne et 81.,1963) at a rate 

whlch can be determined from the rate of declln~ ln lts con-

centration after the lnfusion of EDTA has stopped. ThlS rate 

of decllne lS (and was found ta bel mono~xpc~entlal and the 

ra te cons tan t (K) tha t can be den ved from :"'he s lope 0 f th e 

regresslon line obtalned by plottlng the natural loganthm 

of the plasma CaEDTA concentratlon against tlme (mln) aftel' 

the end of the lnfusion. If it is assumed that CaEDTA l~ ex-

creted through the kidney at the same rate durlng the lnfu-

sion of EOTA solutlon, then the total amount of CaEDTA ex-

cl'eted during the lnfusion would be 

K* (CaEDTA) *V*T 
fil 

where (C8EDTA) lS the me an concentration of CaEDTA dunng 

the infusion. Because the increase ln concentratlon of 

CaEDTA is (and found to bel approximately llnear, lts Mean 

concentration can be obtained by 
. 

(CaEDTA)=@(CaEDTA)/2 

and the total amount of CaEDTA excreted during the infusion 

CP 

., ( 3 ) 

~J 
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and 

l :; A) + K*V*a(CaEDTA) /2*T 

= (V*(2*@( aEDTA» + (K*@(CaEDTA)*T))/2 (4) 

and v = 2*I/(@(CaEDTA)*CKfT+2)) ( 5 ) 

By substi tuting this expression for V in equations (1) and 

1 
(2), the amount of Ca mobilized (Q) and the Ca 

rate (R), respectively, were calculated. 

mobillzation 

The Ca mobilizatlon rate, R, i~ the average rate at 
\ 

which fCa was mobilized into the compa~bment whose volume 15 

V, durlng the lnfuslon of EDTA and it 18 lndependen t of 

measurements of the rate of recovery of f Ca concentratlon 

after the infusIon had stopped . 

Statistical analysis 

Statlstlcal analyses were performed at MCGlll computing 

center by the statistical analysis system (SAS Institute 

Inc., Box 8000, Cary, N.C.). Differences due ta animaIs and 

dletary treatments were evaluated by analysls of var iance 

for a split-plot design (Steel and Torrie, 1980) wlth dletary 

treatments wlthin each level of Ca was taken as subunlts. 

Llnear model used was following; 

where 

u=common me an , 

Ai =effect of i th block, 

BJ =eff~t of jth dietary Ca level, 

) 
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CI J=error term of whole unit (dietary Ca lever), 

=interaction effect of ith block and jth levei of 

dietary Ca, 

Dk=effect of kth treatment, 

(BD)J k=interaction effect of jth levei of dietary Ca and 

kth treatment, 

El Jk=error term of subunit (random error). 

A least-squares analysis was also used ta obtain the least-

squares estimates of dlfferences between subunits , for com-

parlson purposes. 

Differences in plasma mineraI concentratIon between the 

infusion of EDTA or physiologieal saI ine were evaluated wüh 

a nested design where blood sampllngs were nested wi thln a 

sheep and linear model used was followlng; 

where 

u=eommon mean, 

FI =effect of lth sheep, 

J.=effect of mth infusion, 

(FJh .=interaetion effect of Ith sheep and mth infUSIon, 

KI n=effect of nth blood sampling within Ith sheep, 

EI.n=random residual. 
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RBSULTS 

Experimental diets 

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%) dlets 

(Table 2.2). A dietary cation-anion balance (meq kg-1DM) for 

CTR (and TRT-D), TRT-A, TRT-B, and TRT-C were +358.2, +121.6, 

+41.0 and +51.9 for He diets +350.3, +262.7, +127.8 and 

+23.19 for Le diets, respectively. 

Intake of DM and body weight changes 

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

sheep fed HC and LC diets. In bath groups, animaIs fed TRT-C 

s~owed 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 animaIs 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. l, +49.6, and 

573.1 meq d- 1 for CTR, TRT-A, TRT-B, TRT-C, and TRT-D, 

respeC'ti vely (Table 2.3). 

Clinical effects of intravenous infusion of EDTA 

The administration of 5.6% EDTA at the rate of 1. 4 

.,' -, 
'1 
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Table 2.1. Mineral composition of diets differing in their dietary cation-anion balance with 2 levels of 

dietary calcium 12 • 

Righ ca1ciur. 
-------------------------------------------

Nutrient cm & TRT-D TRT-A 'ffiT-B 

Cnrle protein 10.95±0.15 12.90±0.06 11. 49±.0.16 
(X) 

Phosphorus (X) 0.29±.0.01 0.34±.0.01 o. 29±.0.02 

CalcilBll (%) 0.69±.0.03 0.76±.0.05 0.06±.0.02 

Magnesium (X) 0.26±.0.03 o. 26±.0.02 0.30±.0.01 

Sodium (X) 0.54±.0.07 0.56±.0.06 0.24±.0.03 

Potassium (%) 1. 55±.0.08 1. 33±.0.02 1. 54±.0 .08 

Chloride (X) O.53±.0.05 1. 18±.0.05 0.59±.0.03 

Sul fur (% ) 0.20±.0.06 0.24±.0.01 0.47+0.04 

Cation-anion 358±.6.2 121±.7.4 41+18.6 
balance3 (meq kg- 1 ) 

1 Values are presented as mean±.standard error. 
2 CI'R=Control; TRT=Treatment. 
3 Calculated as milliequivalents of [Na+K)-[Cl+S). 

'IRT-C 

11. 20±.0 • 15 

0.30±.0.01 

0.75+0.04 
~ 

o. 33.±.0.01 

0.22±.0.02 

1. 59±.0 .02 

o. 58±.0. 05 

O.46±.0.03 

52+43.8 

Low calcitID 
-----------------------------------
C'IR & 'IRT-D 'mT-A 'mT-B 'IRT-C 

10.75+0.28 12 • 34±.0. 31 Il. 03±.O • 32 1l.87±.O.59 

0.34+0.003 O.32±.0.01 O.34±.O.01 0.31±0.01 

0.45±.O.02 0.44±.0.Ol O.48±.O.OO4 O.42±.O.Ol 

O.28±.0.Dl 0.24±.O.01 0.34±.0.01 O.32±O.02 

0.40±.0.05 0.50±.0.O6 O.22±.0.07 0.22±.O.O2 

1. 46±.O .07 1. 38±.0. 01 1. 55±.O .03 1.31±O.08 

0.25±.0.01 o. 71±.O.06 0.32±.0.02 0.33±.O.O3 

0.21+0.03 o . 17±.0 • 01 0.44±.0.02 O.50±O.O3 

350+11.6 263±.7.2 128±.23.1 23±.4.0 

o 

..... 
w 
w 
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Table 2.2 Minp.ral composition of dlets differing in their dietary cation-anion balance 
fed to sheep (High [He] and low [Le] calcium groups comblned) 12 

Nutrient cm mT-A TRT-B TRT-C He LC 

--------------------------------- (%) --------------------------------------
Crude prote in 10. 85±O.15 12.59±.0.32 11.28+0.18 11.53+0.31 11.81+0.21 11. 46±.0 . 20 

Phosphorus 0.32+0 .. 0r 0.32+0.01 0.31+0.01 0.30+0.01 0.32±0.01 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 

Magnesi\..lll 0.27±0.01 0.25+0.01 0.32+0.01 0.32+0.01 0.28±0.01 0.28±0.01 

Potassitm 1. 51+0.05 1. 39+0.04 1. 54+0.04 1. 45±.0. 12 1.47+0.04 1. 48±.0 .04 

Chloride 0.39+0.07 0.92+0.09 O. 46±.0. 02 0.48+0.02 0.67+0.05 0.38±.0.03 

Sul fur 0.20+0.06 0.20+0.01 0.46+0.02 0.48+0.02 0.32+0.02 0.30±0.02 

---~-----------------------------------------------------------~-------------------------------
Cation-anion 354+6.1 200+25.3 79+20.4 
balance3 (meq kg- 1 ) 

1 Values are presented as mean±standard error. 
2 CI'R=Control; TRT=Treatment; HC=Hlgh Ca; LC=Low Ca. 
3 Calculated as milllequivaients of [Na+K)-[Cl+S). 
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Table 2.3. ~ weight (BW). dry matter (IX1) and dietary cation-anion balance intake (meq 4- 1 ) 

by sheep fed different cation-anion balanced dieta or injected wi th vi tamin ~ 
1high [He) and low [LC] calcitun groups combined)12 . 

cm TRT-A TRT-B TRT-C TRT-D SEM He Le 
Variable 

Initail BW 65.25a 67.09ab 70.91 b 68.65b 69.94 b 0.59 68.73 68.29 
(kg) 

Final BW 68.82 69.25 69.48 68.14 72.37 0.34 69.:>3 69.83 : 
(kg) , , 

BW changes 3.57a 2.16ab -1.43b -0.51 b 2.43· 0.72 0.65a 1.54b : 

(kg) 
IX1 intake 1610" 1669" 1648- 1321 b 1661· 38.4 1593 1570 

(g d- 1 ) 

œ intake 68.04- 69.72a 68.80a 56.05b 69.72a 1.340 66.60 
(g kg-l BWO' 75 d- 1 ) 

Cation-anion +570.0a +333. 8b +131.1c +49.6c +573. P 40.60 
balance3 (meq d- 1 ) 

1 Least-squares means. 
2 C1R=Control; 'IR'I'=Treatment; SF11=Standard error of Illf>..an; HC=High Ca; U:::=ww Ca. 
3 Calculated as m1lliequivalent of [Na+K)-fCl+S). 
abc Means in the same row with different superscripts are dlfferent (P<.05). 

65.32 

SEM 

0.42 

0.31 

0.27 

29.7 

1.07 
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o ml kg- 1 BW or the duration of 1.7 min kg-1BW rarely gave 

visual symptoms of hypooalcemia. Increased 

respiratio rates and muscular tremors occurred 00-

casionally, but none of the animaIs experienced recumbency 

or comatose during the infusion period. 

Plasma parameters 

Plasma parameters for animaIs prior to the infusIon of 

EDTA solution are presented in Tables 2.4 and 2.5. There was 

no difference (P>.l) in total plasma Ca (tCa) concentratIons 

between sheep fed the He (8.34 mg dL- 1) and Le (8.36 mg dL- 1 ) 

diets. Also no differences (P).l) were observed between 

dletary treatments (8.62, 8.43, 8.21, 8.42 and 8.06 mg dL-l 

for CTR, TRT-A, TRT-B, TRT-C and TRT-D, respectively). This 

inçiicated that reducing cation-anion balance of diets dId 

not alter the plasma tea concentrations. However plasma Pl 

and Mg concentrations were affected by dietary treatments. 

AnimaIs 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<.l) from that of eTH be-

cause of the high variabili ty for sheep wi thin the sarne 

dietary treatment. 

o Changes in plasma Ca concentration with EDTA infusion 

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

concentrations (mg dL- 1) observed wi th aIl animaIs was al-
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Table 2.4. Blood parameters of sheep fed different cation-anion balanced diets 
or injected with vitamin D3 with two levels of dietary calcium levelsl2 • 

./ 

Hlgh calcilBll Low calclllll 

Parameters cm TRT-A TRT-B 'ffiT-C TRT-D cm TRT-A TRT-B TRT-G TRT-D 

CalcillD 8.68 8.53 8.31 8.36 7.81 8.56 8.34 8.11 8.48 8.32 
(mg dL- 1 ) 

PhosPlorus 4.59 4.54 4.55 4.40 5.33 4.91 4.40 4.84 3.79 5.09 
(mg dL- 1 ) 

Magnesium 2.01 1.93 2.10 2.19 1.97 2.01 1.92 2.06 2.23 1.67 
(mg dL- 1 ) 

1 Least-squares means. 
2 CTR=Control; 'IRT=Treatment. 
3 NS:Not significant (P>.l); ** P<.05. 
4 SEM=Standard error of mean. 

SEMt 

0.36 

0.85 

0.09 

o 

main effects and 
interactiona 

Ca 

* Ca Anion Anion 

NS NB NB 

NS ** NS 

NS ** NB 
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Table 2.5. Blood parameters of sheep fed different cation-anion balanced diets 
or injected wi th vi tamin In (high [HC] and low [LC] calcium groups cOOlbined)12 . 

cm TRT-A TRT-B TRT-C TRT-D SEl1 He LC S~ 

Plasma pa.rameter 

Total calcium 8.62 8.43 8.21 8.42 8.06 0.360 8.34 8.36 0.290 
(mg dL- 1 ) 

Phosphorus 4.75ab 4.46ab 4.69ab 4.09a 5.21 b 0.851 4.68 4.60 0.690 
(mg dL- l ) 

Magnesium 2.01ab 1.93ab 2.08ab 2.21a 1.82b 0.086 2.04 1.98 0.072 
(mg dL- 1 ) 

1 Least-squares means. 
2 CTR=Control; TRT=Treabnent; SEM=Standard error of mean; HC=High Ca; LC=Low Ca. 
ab Means in the same row with different superscripts are different (P<.05). 
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most linear as evidenced by an averaae rearession coefficient 

value (r:0.935±.0.052). Table 2.6 shows rearession equations 

calculated from timed 
''i' 

samples (n=5) of indi vidual animaIs 

which describes the mean decrease of ,Ca during the infu-
r 

sion periode No difference (P>.l) was observed between sheep 

fed HC and LC diets or between dietary treatments. Figure 

2 .2 shows a di fference in response to the infusion of 

either EDTA solution or physiological saline. AnimaIs showed 

no differences in plasma ,Ca 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 f Ca created by the infusion of EDTA solu-

tian. 
.\ 

Mean decreases in plasma ,Ca concentrations during the 

EDTA infusion are presented in Figure 2.3 and Tables 2.7 and 

2.8. The decrease in plasma f Ca concentra t i on was expressed 

as actual values (mg dL- 1) and as a percentage of change 

from the of pre-infusion value. The latter expression was 
\ 

emp'\oyed to overcome differences in the initial (pre-

infu~ion) plasma ,Ca concentrations between animaIs. 

Decreases in concentrations of plasma ,Ca during the EDTA 

infusion we're not di fferent (p>. 1) between sheep fed t,e HC 

and LC diets (4.11 vs 3.90 mg dL-l or 49.98 vs :Y06%, 

respectively). AnimaIs fed TRT-B and TRT-D d~nstrated a 

smaller (P<.05) reduction in plasma ,Ca concentr~s than 

eTR during the EDTA infusion (Table 2.8). The tables also 

show the recovered plasma ,Ca concentrations' during the 240 

min post-infusion (recovery period). AnimaIs fed TRT-D 
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Table 2.6. Regression equation and correlation coefficient of plasma free calciun (,Ca) concentration 
during the EDTA infusion in sheep fed. different cation-anion balanced diets or injected 
with vitamin 1>3 thigh [He] and low [I.e] calchm groups combined )1. - ç. 

cm TRT-A TRT-B TRT-C 'IRI'-D Sm1 He I.e 
Variable 

SI ope -0.034 -0.033 -0.036 -0.034 -0.029 0.003 -0.033 -0.032 

Intercept 8.03 7.58 7.91 7.83 8.14 0.175 7.96 7.96 

r2 0.953 0.926 0.941 0.~.920 0.938 0.930 

1 CIR=Control; TRT=Treatment; SEM=Standard error of mean; HC=High Ca; I.e=Low Ca. 
1 Correlation coefficient. / 
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Fiaure 2.2. Changes in plasma. titratable calcitlll concentration 

r", 

J.f
4 

wi th the infusion of physiological saline ()() or 

5~6% EDTA solution in sheep fed bigh ( 0) or low 

( .) dietary calcitDD levels. 
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Figure 2.3. Changes in plasma. ti tratable calcltJID concentratlon 

wi th the EDTA infusion in sheep fed dJ.fferent 

anion-rou.on balanced diets ( x =CTR, 0 =TRT-A, 

V =TRT-B, D=TRT-C) or vitamin D3 illjected ( • =TRT-Dl 

(high and. low calcitnn groups combined). 
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Table 2.7. Response of plasma free calch.ID (,Ca) concentration with the infusion of 5.6~ EDTA solution by sheep fed 
different cation-anion balanced diets or injected wi th vi tamin D, wi th two levels of diatary calciunl' • 

• 
High calcium Law calci UID 

Variable CTR TRT -A TRT -B 'lm -C TRT-D cm 'IRT-A 'ffiT-B 'IRT-C TRT-D 

Decreased Ca during 5.05 4.26 3.69 4.04 3.50 4.08 4.15 3.42 4.00 3.85 
infusion (mg dL- 1 ) 

(% from baseline) 56.64 51.95 47.15 52.21 41.93 53.10 49.65 44.10 50.28 43.15 

Recovered Ca after 3.43 3.24 3.09 2.82 2.26 2.87 2.96 3.33 3.68 2.&1 
infusion (mg dL- 1 ) 

(~ from baseline) 38.05 40.36 39.63 37.17 27.63 38.33 35.02 44.32 46.43 29.97 

Total Ca change -1.62 -1.21 -1.02 -1.19 -0.60 -0.09 -1.22 -0.31 -1.24 -1.18 
(mg dL- l ) 

(% from baseline)-18.59 -15.05 -11.59 -7.52 -14.30 -14.77 -3.86 -14.64 +0.22 -13.18 

Half recovery time 167.6 131. 5 130.6 103.7 155.55<:> 157.3 104.5 122.8 115.9 158.0 
Tl/2 (min) 

'C 

1 Least-squares means. 
2 CTR=Control; TRT=Treatment. 
3 NS=Not significant (P>.I); * P<.l; ** P<.05. 
, SEl1=Standard error of mean. "'" 

SEMt 

0.350 

3.375 

0.370 

5.440 

0.459 

5.727 

15.08 

main effect.8-and. 
interaction' 

Ca 

* Ca Anion Anion 

NS ** NS 

NB ** NS 

NS * NS 

NS ** NB 

NS '* NS 

NB ** NB 

NB ** NS 
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Table 2.8. Responses of plasma free calcium (f Ca.) concentration wi th the infusion 
of 5.6% EDTA solution by sheep fed different cation-anlon balanced diets 
or injected with vitamin Da (high [HG] and low [Le] calcitun groups cOOlbined)12 . 

Varlable CTR TRT-A TRT-B TRT-G TRT-D 

Decreased Ca during 4.56a 4.20ab 3.56b 4.02ab 3.67b 

infusion (mg dL- 1 ) 

(% from base line) 54.87a 50.80ab 45.62b 51.25ab 42.54b 

Recovered Ca after 3.15A 3.10AB 3.21A 3.25A 2.47 B 

infusion (mg dL- 1 ) 

(% from base line) 39.19ab 37.69ab 41.98a 41.80a 28.80b 

SEM 

0.245 

2.643 

0.261 

3.808 

Total Ca change -1.67a -1.31ab -0.37b -O.95ab -1.37ab : 0.403 
(mg dL· 1 ) 

(% from base line)-14.15a -11.03ab -3.46b -7.69ab -12.09ab : 3.040 

Half recovery tune 162'.5a 118. Oa b 126. 7a b 109. 8b 

Tl/2 (min) 

1 Least-squares means. 

156.8ab 13.35 

HC LC 

4.11 3.89 

49.98 48.06 

2.97 3.10 

36.57 38.81 

-1.34 -0.92 

-11. 41 -7 . 96 

137.8 131. 7 

2 CTR=Control; TRT=Trea tment ; SEM=Standard error of mean; HC=High Ca; LC=Low Ca. 
ab Means in the Saffie row with different superscrlpts are dlfferent (P<.05). 
AB Means ln the same row with dlfferent superscripts are dlfferent (P<.l). 
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recovered (2.47 mg dL-l) slightly (P<.l) smaller concentra-

tions of ,Ca compared to that of C,TR ( 3 • 15 mg dL- 1 ). This 

trend, howeve.}', was not observed when values were expressed 

as % of the pre-infusion concentrations. When the changes in 

plasma ,Ca concentrations during the entire collection 

periods are compared no difference (P>.l) was found be-

tween sheep fed the HC and LC diets. Only animaIs fed TRT-C 

demons tra ted changes (P<. 05) from CTR in bath absolute 

levels of ,Ca (-0.37 vs -1.67 mg dL-l) and expressed as % 

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

DurIng the recovery period (240 min), none of animaIs 

had recovered plasma' ,Ca concentrations ta the pre-

infusion concentrations (Figure 2.3). Thus recovery ra tes 

during the recovery period were calculated as the tlme by 

which concentrations of ,Ca in plasma regained one-half of 

that which it declined to during the infusion period (Tl/2 l, 

as expressed by Payne (1964). AnimaIs fed TRT-C 

demonstrated faster (P<.05) TI/2 than CTR and animaIs fed 

reduced cation-anion balanced diets (TRT-A, TRT-B and TRT-C) 

showed a trend (P<.l) of faster T 1/2 than CTR. 

Changes in plasma total Ca (,Ca) concentration 

Figure 2.4 illustrates the changes in tea concentrations 

of animaIs infused with either physiologlcal saline or EDTA 

solution. AnimaIs infused wi th EDTA showed a sigmoid shape 

curve where there was an ini tial increase followed by a 

graduaI decreasé of t Ca during the infusion 
{ 

and early 

Î 
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Figure 2.4. Changes in plasma total calci\.lll concentration ) 
wi. th the infusion of physiological saline (x ) or 

5.6% ROTA solution in sheep fed high ( 0) or low 

(. ) dietary calciun levels. 
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o recovery periods, which then iDcreased at the late stages of 

recovery period. Analysis of variance (Table 2.9) shows 

that the sheep*infusion interaction was Dot significant 

(P=O.929) indicating that the responses of plasma tea con-

centration was not different between animals Infused wi th 

either EDTA or physiological saline. 

Plasma inorganic phosphorus (Pi) 

Changes ln plasma Pl concentrations wlth the infusIon are 

presented in F~gure 2.5. Plasma Pi concentrations of anImaIs 

infused with EDTA demonstrated a reduction during the Infu-

sion compared to the pre-infusIon concentratIons and 

remained at lower concentration throughout the recovery 

period. There was no difference (P).l) observed in plasma Pl 

between sheep fed HC and Le dlets. In order to study the ef-

fects of EDTA infusion on plasma Pi concentrations 1 a com-

parison was made between the infusion of EDTA and 

physiologieal saline. Analysis of varIance (Table 2.10) 

shows that the sheep*infusion interaction was significant 

(P=.OOl) indicating that the response of plasma Pi to the In-

duction of hypocalcemia created by the infusion of EDTA was 

significantly different from that of the infusion of 

physiological saline solution. Figure 2.5 shows that animaIs 

o 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 
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Table 2.9. Analysis of variance of total calciun (tCa) 
concentration in plasma of sheep fed different 
cation-anion balanced 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 wi thin 11 263.777 9.10 0.001 
illfusion 

Errer 108 2.635 

DF Degrees of freed.om. 
MS Mean square. 
Pr Probability. 
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Figure 2.5. Changes in plasma phosphorus concentrations wi th 

the infusion of physiological saline (x) or 5.6 
} 

% EDTA solution in sheep fed high ( 0) or low 

( • ) dietary calcitm levels. 
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Table 2.10. Analysis of variance of PtosIilorus (Pi)' 
concentration in plasma of sheep fed different 
cation-anion balanced diets • 

.. 
Variable OF F-ratio Pr 

Sheep 4 28.643 42.73 0.0001 

Infusion 1 0.012 0.07 0.787 

Sheep*infusion 4 7.200 10.75 0.001 

Sheep wi th in 12 10.480 5.21 0.001 
infusion 

Error 107 0.107 

DF Degrees of freedom. 
MS Mean square. 
Pr Probabili ty . 
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Fi,ure 2.6. AnimaIs fed TRT-C showed a trend (P<. 1) for 

lower plasma Pi concentrations during the infusion period 

than CTR and animaIs fed TRT-A and TRT-D had higher (P<.05) 

plasma Pi than CTR during the recovery periode 

Plasaa Magnesium (Mg) 

Changes in plasma Mg concentration with the 5.6% EDTA 

~nfusi6n are presented in Figure 2.7. There was no di f­

ference (P).l) in plasma Mg concentrations throughout the 

sampling period between sheep fed He and Le diets. Analysis 

of variance (Table 2.11) revealed that the sheep*infusion in­

teraction was not significant (P=. 750) indica ting tha t the 

response of plasma Mg was not significantly different be­

tween the infusion of 5.6% EDTA solution and physiologlcal 

saline. However, there were differences (P<. 001) in plasma 

Mg concentrations wi. th the time of blood sampling. A com-

parison of plasma Mg concentrations between dietary treat-

ments 

lower 

(Figure 2.8) 

(P<.05) plasma 

shows 
ô 

that animaIs fed TRT-D showed 

Mg concentrations particularly during 

the recovery period, compared to eTR. This was opposite 

relationship to the~responses in plasma Pi concentrations 

(Figure 2.5). Plasma Mg concentration of animaIs fed TRT-C 

was higher (P<.05) than eTR during the sampling periode 

Relation between plasma ,Ca, Pi and Mg 

-, 

Table 2.12 shows a wi thin-animal regression-correlation 
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FigUre 2.6, Changes in plasma. phosJilorus concentrations wi th 

the EDTA infusion in sheep fed different cation­

anion bela.nced diets (x =CTR, 0 =TRT-A, A' =TRT-B~ 
a =TRT-C) or vi tamin D3 injected (. ='lRI'-D) 

(hig}} am. low calcium groups canbined) .. 

Values li~ted the bottom of the figure are 

standard error of mean. 

* Values differ significantly (P<.05). 
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Figure 2.7. Changes in plasma magnesil.lll concentrations wi th 

/ 

the infusion of physiological saline ( x) or ... \ ' 

5.6% EDTA solution in sheep fed high ( 0) or 

low ( .) dietarj 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 .. 
Sheep 4 0.997 1.33 

Infusion 1 0.038 0.20 

SheepHnfusion 4 0.361 0.48 

Sheep wi thin 11 16.787 8.14 
infusion 

Error 108 0.188 

DF Degrees of freed.om. 
MS Mean square. 
Pr Probability. 

$" 

Pr 

O.264( 
0.652 

0.750 

0.001 

o 
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Figure 2.8 Changes in plasma magnesillD concentrations wi th o 
the EDTA infusion in sheep fed different cation-

anion balanced diets ( x::CTR, 0 =TRT-A, 6::'ffiT-B, 

a ::'lRI'-C) or vitamin D3 injected (. =1'RT-D) , 
(high and low calcillll groups C~ined). 

Values listed. the bottom of the figure are 

. st.arx3ard error of menas. 

* Values differ significantly (P<. 05) . 
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Table 2. 12. Wi thin-animal regression-correlation and slope analyses, 
dependent variable is plasma phosphorus (Pi) (mnol L- 1 ) 

and indepeI\d.ent variable is plasma. free calch.DD (f Ca) (lIIIlOl L- 1 ) • 

bj:Sbl n Pr 
Pen 

1 o. 520±0 . 085 0.391 61 0.0001 

2 o . 146±0 .109 0.029 63 0.1860 

3 O. 528±0. 073 0.461 64 0.0001 

4 0.217±0.107 0.066 

5 o . 209±0 • 085 0.098 

6 0.353±0.145 0.089 

60 0.0467 ) 58 0.0168 
0/' 

63 0.,0175 

7 O. 349±O .140 0.094 62 0.0153 

8 0.236+0.085 '~\ 0.109 62 0.0071 

9 O. 309±O .120 0.096 64 0.0129 

10 O. 302±O . 108 0.112 64 0.0069 

1 Slope:tStandard errer of slope. 
) r 2 Coefficient of determination. 

n Number of observations. 
Fr Probability. 

\ . 
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analysis using plasma Pi (mmol L'" 1) as a dependent variable 

and plasma ,Ca (mmol L-l) as an independent variable. Ex-

cept for one animal (pen 2), a significant correlation was 

obtained in aIl animaIs regardless of dietary treatments. 

A significant correlation was also obtained for the wi thin-

diet regression correlation analysis (Table 2.13), al though 

animaIs fed TRT-A failed to show a significant correlation 

(P=0.49) . 

Tables 2.14 and 2.15 show a regression-correlation 

analysis between plasma Mg (mmol L-l) and plasma f Ca (mmol 

L-l) as a dependent and independent variable, respectlvely. A 

significant correlation was obtained for aIl animaIs and 

ranged from r=O. 33 for pen 3 to r:O. 49 for pen 5, and for 

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

r=O.51 for TRT-C. 

Calcium ~obilization rate 

Ca mobilization capacities for animaIs calculated by 
t> 

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 compartmen t wi thin 

which there is rapid equlibration of 1 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 of V/BW, which is expressed as a percentage 

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

were no di fferences ( P> • 1 ) observed between dietary treat-

'1 f . , 

Il 
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Table 2.13. Within-diet regression correlation and slope analyses, 
deperd.ent variable i8 plasma ph08:çhOrus (Pi) (DIJlOl L-l) 
and independent variable ia plasma free calcium (, Ca) 
(nmol ,L-l) concentration (bigh and low calciun groups 
canbined.) 1 • 

n Pr 
Treatnlents 

cm o . 334±.0 . 104 0.078 123 0.0017 

TRT-A O. 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±0.078 0.027 127 0.0671 

---------------------------------------------------------------
HC O. 376±0. 063 

0.224±.0.049 

0.102 318 

0.063 306 

1 CTR=Control; TRT=Treatment; HC=High Ca; l..C=Low Ca. 
2 Slope±Standard error of slope. 
3 Coefficient of determdnation. 
n Number of observations. 
Pr Proœbili ty. 

0.0001 

0.0001 

," 
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Table 2.14. Wi thin-animal regression correlation and slope analySes. 
dependent variable is plasma magnesillD (Mg) (nmol L- 1 ) 

and indepeJd.ent variable ls plasma free calcium (f Ca) 
(DIDOl L- 1) concentrations. 

b+Sbl r 2 n Pr 
Pen 

1 o. 235±0 • 084 0.119 60 0.0069 
" 

2 O. 305±0 • 074 0.217 63 0.0001 

3 0.253±O.091 0.111 64 0.0072 

4 O. 342±0 .085 0.219 59 0.0002 
i 

5 o . 394±0 .094 0.239 58 0.0001 

6 O. 469±0 .109 0.231 64 0.0001 

7 O. 388±0 .090 0.225 64 0.0010 

8 O. 265±,o • 077 0.225 64 0.0001 .. 
9 O. 381±.0 .101 0.188 63 0.0004 

la O. 327±.0. 074 0.238 64 0.0001 

1 Slope±.Standard error of slope. 
ra Coefficient of determination. 
n Number of observations. 
Pr Probabili ty . 

~ , -, 
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Table 2.15. 1ii thin-diet regression correlation and slope analyses. 
depeMent variable is plasma maanesium (Mi) (JJIIlOl L-l) 
and independent variable is plasma free calciun 
(, Ca) (lIIIlOl L-l) (high and low calcilDll 
groups combined) 1 • 

b.!.Sb2 n Pr 
Treaments 

cm 0.363±.0.057 0.251 121 0.0001 

TRT-A 0.311±.0.058 0.190 126 0.0001 

TRT-B O. 279±.0. 057 0.157 129 0.0001 

TRT-C O. 433±.0. 066 0.262 123 0.0001 

TRT-D 0.279±0.062 0.139 126 0.0001 

-------------------------------------------------------------
He 0.360±0.037 0.227 318 

Le o . 269±0. 039 0.137 307 

1 CTR=Control; TRr=Treatment; HC=High Ca; LC=Low Ca. 
2 Slope+Standard error of slope. 
3 Coefficient of determination. 
n Number of observations. 
Pr Probabili ty . 

0.0001 

0.0001 

...... ~------~----~~--------~------------~-----
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Table 2.16. Calcitm mobilization rate by sheeps fed different cation-anion balnced diets or injected with 
vi tamin Da wi th two levels of dietary calcillll measured by the infusion of 5.6% EDTA solutionl •• 

High ca.lcuim 
--------------------------------

Variable C'lR 

VS (L) 9.99 

V/BW (X) 14.02 

'if' (DIDOl ) 11.51 

RI 0.102 
(DIDO-l min- 1) , 

/ 
'1 

'IRT-A 

10.89 

15.95 

13.92 

0.115 

1 Least-s~s means. 

TRT-B 

13.01 

18.76 

10.87 

0.093 

2 C'IR--control; ~reat.ment. 

TRT-C 

12.61 

19.28 

12.48 

0.104 

3 NS=Not significant (P>.1); ** P<.05. 

TRT-D 

7.77 

11.04 

20.73 

0.166 

l..ow calcium 
--------------------------------
CTR TRT-A TRT-B TRT-C TRT-D SEM4 

15.14 10.26 9.14 9.49 7.89 2.92 

21.58 14.38 12.93 13.69 11.40 4.94 

10.23 15.09 15.06 17.03 18.93 2.848: 
• 1 

0.087 0.133 0.126 0.145 0.151: 0.025: 

t ~Standard error of mean. ' 1 
5 The volume of the compartment within which there is rapid equilib~tion of free calcium. 
45 'Ibe amenmt of calcium mobilized from V during EIYfA infusion period. 
., 'Ihe rate of calcium IOObilization from V. 

main effects and 
interaction! 

----------------
Ca 

* , 

Ca Anion Anion 

NS NS NB 

NB NS NS 

NS ** NB 

NS ** NB 
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Table 2.17. Calcium iDObilization rate by sheep fed different cation-anion balanced dieUt or 
injected wi th vi tamin Da measured by the infusion of 5.6% EDTA solution 
(high and low calcium groups canbined) 11 • 

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

V3 (L) 12.57 10.58 11.08 11.05 7.83 

17.80 15.16 15.84 16.48 11.22 

SEM He 

2.251 10.86 

3.230 15.81 

Le 

10.38 

14.80 

, 
• , 
1 SEM 

1.252 

" 
1.680 V/ml (X) 

QI (DIDOl) 10.87· 14.5Qab 12.96- 14.75ab 19.83b 2.218 13.90 15.27 1.162, 
~ 

RS 0.094aA 0.124- 0.109a A" 0.125- 0.158b 0.017 0.116 0.128 0.10 
(omol min- 1 ) 

1 Least-squares means. 
1 cm--COntrol; TRT=Treatment;" SEM=Standard error of mean; HC=High Ca; LC=Low Ca. 
3 'Ille vollJDe of the campa.rtment within which there is rapid equilibration of free calciun. 
• The amount. of' calciun mobilized f'rom V during EDTA infusion period. 
5 The rate of' cal,ilD mobilization from V • 
• b Means in the same row with different superscripts are different (P( .05). 
AI Means in the same row with different superscripts are different (P<.l). 
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. 
ments because of a high variation evidenced by a high 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 mobilizatlon rates (R). 

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 TRT-C showed slight 

but significant increase (P< .1) in calciu,u mobilization rate 

(R) than that of CTR. 

DISCUSSION 

With creating hypocalcemia experlmentally by the infusion 

Df a 5".6% solution of BDTA solution, animaIs fed the lowest 

cation-anion balanced di et (TR1-C) demonstrated a resistance 

to a reduction in plasma f Ca concentrations almos t to the 

same magni tude as that of animaIs injected wi th vi tamin D3 

(TRT-D). This was also reflected in a greater Ca mobi­
\ 

Iization capacity measured by the method of Contreras et al 

(1982). 

There have been other studies using the infusion of ~DTA 

to determine the rate of Ca mobilization (Payne, 1964b; Ram-

berg e.t al., 1967; Horst and Jorgensen, 1982; Waage et al., 
\ 

1984). The 

. 
'1 

responses to the induced hypocalcemia sho~ld . , 

r,eflect both a size and .a responsi veness of i~media tely mo-

bilizable Ca pools (blood Ca, interstitial Ca and exchange-

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

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

~~ \ j , ,. ., '\. 

'. 
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J 
of chelating agents such as EDTA or phosphate (PO.) is en-

-
coun'tered by the secretion of PTH wi thin minutes of infu-

sion '(Fisher, et al., 1973; Blum et ~1., 1974a; l.aB..1): This is 

mediated by plasma-membrane-bound adenylate,cyclase (Abe and 

Sherwood, 1972). Blum et al. (1974b) reported that a small 
1 

change in concentration of plasma ioni zed Ca (0.1 mg dL- 1 ) 

triggered a signif~cant response to the secretion of PTH. 

This PTH secretion will increase plasma Ca concentration 

through an enhancement of the bone resorption process. (Mayer 

et al., 1967; Vaes, 1968; Silve et al., 1981). It l8 

believed that 1 to 1.5 h is required for PTH to increase 

concen trati ons of Ca in plasma (Saeki and Ashi, 1981). 

A continuous flow of Ca to the intestine is available ln 

ruminant (Hove and Hi lde/, 1984), which leads to the 

hypothesis that an ev en rate of intestinal Ca absorption 

might cause fluctuatj.ons of plasma Ca to be so small that 

the parathyroid gland lacks excercise over plasma Ca. ThUs, 

the importance of PTH and i ts involvement in Ca metabol~m 

in ruminan ts is quest ioned. However, s tudies showed tha t 

there was no delay or deficiency of -PTH secretion at par-

turition in cows. (Horst et 1:11., 1978a; Blum et al., 1981). 

Black et al. (1973b) and Belyea et al. (1975) reported 

an inverse relationship between plasma Ca and dletary Ca 

concentrations during the period of EDTA infusion in Ca-

deficient cows created by feeding a diets wi th low dietary 
J 

Ca (0.25% DM) • Requirements of Ca fôr their exper imental 

animaIs were 0.54 to 0.60% DM. However, in our study J there 
1 

were no differences in ei ther plasma ,Ca or tCa concentra-
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tions between the sheep fed HC and LC diets regardless of 
9 , .j 

dietary treatment. DietarL C~ co~centration of LC diets 

(0.45%), which was above the requirements of 0.35% DM (NRC 

1985), was probably too high to· cJuse any. change in Ca me-

tabolism couwared to ~hat of Ca-deficient animaIs. A Ca 

balance study using same dietary treatments (Exp. 1) showed 

that animaIs fed LC diets were in a p,ositive Ca balance, 

whereas Ca-deficient animaIs should show a negative Ca 

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

sens i ti vi ty and induce grea ter responses to the PTH secre-

tion than that of Ca-replete animaIs (Blum et al., 1974b) . 

This resulted in a increase in the resorption of bone Ca 
, 

(Black et al., 1973b). Braithwaite (1979), 
, 

however, reported 

in the kinetic study that Ca-replete wethers fed dietary Ca 

\ of ei ther 40 or 100 mg d- 1 kg- 1 BW showed a similar Bize of 

the rapidly exchangeable Ca pool (34.7 vs 33.8 mg kg- 1 BW) , 

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

and the ra te of resorption from bone (17.9 vs 17 .6 mg d- 1 

kg- 1 BW), respectively. Our study also showed no differences 

in volume of compartment (V) (11.94 and 12.17 L) or Ca mobi-. 
Iization (Q)(12.97 and 13.47 mmol) between ~nimals fed high 

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

PTH increases the conversion of 25-hydroxyvi tamin D3 

(25(OH)D3) ta 1,25(OH)2D3 (Kumar, 1984), which enhances 

dietary Ca absorption from the smaii intestine (Pansu et , .. ) 

al., 1983b). However, al tered gastrointestinal' absorption of 

,/ dietary Ca probably did not account for the change observed 

in plasma ,Ca concentration in responses to the BDTA infusion 
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in this study. Bishop et al.~(1983) reported that a minimum 

~f 6 h was required to increase Ca-binding protein (CaBP) 

contents th us increasing Oa, absorption from the small intes­

tine. Therefor"e, Ca absorption from the gastrointestine 

probably had similar and small effects in responding to the 

Ca outflow regardless of dietary treatments during the EDTA 

infusion. 

AnimaIs fed TRT-C demonstrated mor~ resistance to the 

hypocalcemic situation than that of CTR evidenced by a 

slower decrease in plasma ,Ca concentrations during the in-

fusion period and a faster recovery (Tl /2) durlng the 

recovery periode There is no dana available for Ti/z values 

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

species and physiological status of J animaIs would crea te a 
~ 

variation in Tl / z values. Belyea et al. (1975) -reported 

with EDTA induced hypocalcemia in lactating cows (43 mgEDTA 

kg- 1 BW h- 1 for 4 h) that control cows showed T1/ z valj.les of 
, 

240 to 320 min whe'reas Ca-deficient cows showed values of 

30 to 60 min. Black et al. ( 197 3b) measured Tl / 2 values of 
" 

Jersey cows fed ei ther normal (25g d- 1) or high Ca diets 

) ", 
(150g d- l ) using the same EDT~ dose_ as Belyea et al. (1975) 

and found that a Tl/ 2 value f'o'\ control cows was about 300 

min compared fo cows fed high Ca diet of 600 min. 

The data obtained in our study does not allow us ta 

provide a possible mechanism(s) whereby ~ietary cation-

anion balance would influence the r~sponaivenesa ,to the in~ 

duced ,hypoca\cemia. However, lowering the cation-anion 

balance in diets seems to have aame effects on Ca mobi-

• !,.l' 
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lization re,ardless'of the choioe of mineraI salta used to 

supply anion-forming minera! elements (Cl and S), namely 

NH.CI alone (~RT-A), a oombination of AI2(SOc), and MgSO~ \ 

(TRT-B) or FeSO. and MgSO. (TRT-C) . Althouih, oomparison 
~ 

between animaIs fed TRT-A, TRT-B and TRT-C could not confirm 

this effect because there were differences in their dietary 

cation-anion balanoe (+199, +79, and +37' meq kg-1DM, t 

respec ti vely) . 

'j No differe es observed in response to the EDTA infusion 

between anim 1 fed TRT-A and TRT-B compared ta that of 

CTR may implied that differences in their dietary cation-

anion balance from that of CTR (155 and 275 meq kg- 1 for TRT-

" A and TRT-B, respectively) was not large enbugh and also 

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

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

enough to observe the effect of a reduoed dietary catian-

r . 
anion balance on Ca metabollsm- compared to that of higher 

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

,< 
.). ... ~ 

~ . cation-anion balanced diet (+3~O.4 meq kg-1DM) and a nega-

tive diet (-127.8 meq kg-1DM) to cows from 45 days prepartum 

to parturition a~d found that cows fed a nega ti ve di et 

showed higher concentrations of free hydroxyproline' (OHPro) 

in plasma th an those fed the posi ti ve diet for 4 days 

prepartum 'tq day-2 postpartum, Fredeen et si. 1 (1988b) also 

found in a,. kinetic study that sheep fed a reduced ca tion-

anion balanced diet (-21.4 meq k~-lDM) ~howed a greater 

r~te of Ca mobilization from bone than that of fed a diet' 
(> 0 

with very positive catio~-anion balance (+713, meq kg-1DM), 
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although their di~tary oation-anion baiance was defined art'd 
1 

calculated without S contents (Na++~+-CI-)., 

J 

Feeding reduced cationJanion balanced diets to ruminants 
(l ,..~J 

'f '1. 

r e sul t e d in in duc t ion 0 f a su bel i nl cal mil d a cid 0 sis 1 

(Fredeen, 1984) .. , Acid-base status of animals was not deter-
~ , 

, -
mined in our study, however, animaIs with a same dietary 

, 
treatments as T~T-B ~nd TRT-C showed a reduc~d. pH of urine 

compared with CTR (Exp. f)' Payne et al. (1970) and Vagg ,and 

Payne (1970) have shown that 
\...41 

feeding NH.Cl-supplemente~ 

diets to·induce acidosi& in goats and caws increased the 

size of the exchangeable Ca pool due ta a ,alterations-in 

bone metabolism. Systemic metabolic acidosis might stimu-. 

lates a slow dissociation of alkaline bone salts in order to 

inerease the buffering capacity of the extracellular fluid, 

thus making bone more sensitive to endocrinologieal signal~ 

to recover from a hypocalcemic situation (Barzel and Jowsey, 

1969). However, Braithwaite ( 1972) wi th sheep and Bel) et 

a1.(1977) with rats found that metabolic aeidosis did not 

alter the bone resorption rate but increased urinary C~ 
\ 

Ca reabsorption from the renal . excretlon. The redueed 

tubules of metabolically acidotic animaIs was probably 

caused by a blunt r~spon~e of adenyl 'cyclase to PTH ïn the 

renai cortex (Beek et ~1., 1975) and/or an impaired conver-

sion of ~5(OH}D3 to 1, 25lOH) 2,U3 by rena.l cortical cells 

(Lee et al., 1977). 

Hi~h amounts of dietary aluminum (Al) (>2000 ppm) are 

known to cause a reduction in intestinal absorption of P , . 
·tValdivi'a et al., 1982) and to stimulate intestinal Ca ab-.... 

" 
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sorption through an increase in 25(OH)Da-1-hydroxylase aq,-

tivity a8 weIl as an incr~a\se in response of, 'intestin~l 

mucosa cells ta -1,25(OH)2D3 (HQrst and Rein~rdt, 1983). Mil-

1er and Levine,' (1974) alsf demonstrated a negative cor-

relation between Al concentrations in plasma and circulating 
, 

PTH levels. How~ver, Al contents of TRT-B were much lower 

(717 ±.98 ppm) than in the above studies and feed intake as 
J 

weil as plasma Pi concentrations by animaIs fed TRT-B were 

not differ~nt from those of eTR. Therefore, it is unlikely 
'" 

that this level of dietary Al causes a direct effect' upon Ca 
• 

metabolism. ' 

The lack of effects of vi tamin D3 i(njection on total 

""-:-';.7';~~ 

. . -, ~ 
'! 
, --

C changes of plasma t Ca concentratio~ and Tl 1 a r~covery ).ime 

,'~ " 

.. 

observed wi th EDTA infusion compar~ ta those of' eTR 

unexpected, although a reduction ~n ~asma ",Ça during 

infusion was 1;% smaller than that for CTR (42.54 

was 

the 

and 

54.'87%, respectively).' Vitamin D3', particularly the active 

metabolite 1,25(OH)zD3, i8 a potent 
" 

stimulator of bone 1# 

resorption (Holick et al., 1976). It was demons\rated that 

1,25(OH)aD3 ia capable of increasing thé number and activity 

of osteoclast, which are localized to regions df the bone 

resorption process a9d this action was observed in the ab-
, 

sence of PTH (Holtrop et al., 1981). Koeffler et al. (1984) 

also demonstrated that 1,25(OH)zD3 can stimulate the dif-

ferentia tion of promy«:locytes t'nto monocytes, which are 
, 

precursors of the osteoclast. However, Braithwaite (1981) 

with sheep, demonstrated that the injection of l-alpha-(OH)D3' 

d-id not change' . ei ther the rapidly exdhanieable Ca pool of 
\ .. IIIIIIIIÏII ______ ..... ____________ ~_i~_"~ '"' 

• 
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sof~ tissue or th,e s10w1y exchangeable Ca pool of bone. Our' 

study 
• confirmed that there were no differences in V.or V/BW . 

Q 

(%), representt!d as a volume of the compartmen\ to which Ca 

moves and expressed as a. proportion of BW t -respecti vely, be-

tween animals fed CTR and TRT~~. 

Muir et al. (1968) conducted a similar study to ours and 

found that tbere- was no difference in Til a between éontrol 

and vi tamin D3 suppl~mented cows but the amount of plasma 

Ca reduced during the EDTA infusion was smaller th an that 

for control cow~. Thus, they concluded that animaIs fed wi th 

vi tamin D3 supplementation could wi thstand a similar drain 

of blood Ca at least one <and a half times longer than that 
, , 

of control~ows. The amounts of Ca mobilized with the infu-
"" 

sion of EDTA by animaIs in TRT-D was 30. 2%. greater th an 

that of CTR in our study measured by the method of -Contreras 

et ~1. (1982). An\mals fed TRT-A'and TRT-B also showe~ 10.0 

and 9.8% improve~entà,' respectively,. in Ca mobilization rate 
• cr ,il 

compared to that of CTR. 

A, direct relationship observed in our study between the 

concentrations of plasma Pi and ,Ca .... during t?e induction 

"-and spontaneous recovery periods from hypocalcemia confirmed 
. 

the result of Daniel and Moodie (1979). A significant 

regression of ;plasma Pi on· plasma f Ca concentrations with 

the EDTA infusion was observed in nine out of ten,animals .. 
used and a Mean regression coefficient llsing the pooled data 

) 

of 0.287 (P<.OOl'-was observed. The "b" value using,the 

• pooled data was 0.297 which 'was lower than findings of 

others (Belyea" .et al., 1975; Dantel and Moodie, ,1979) who_ 

, , 
, ' , 
, ~, 

1 
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reported. in cows" t-hat pla~pta' Pi fell by approximately 0.4 

mmol per q:fall of } mmol ln Plasma,' Ca concentrat~on created 

by the infusion of EDTA.or d~alate. This direct re~ationahip 
1 

observed in equal molar pro~lortions between plasma 1 Ca, ~nd 

Pi during the induction and ~covery periods 0' EDTA infu-
, ) t 

sion can lead to the postulat~on that the changes in Pi, ob-

served may be due to the action of PTH, the secretion of 

which ... as stimu~ated by falling plasma Ca '-ce?trat1!ns 

(Blum et al., ,1981). PTH lowers the concentration k plasma 

Pi ei ther by' increasing PO. excretioll via kidney (Puschet t 1 

1918) or via salivary glands (Ramp and Waite, 1982).· 

Lack of a significant relationship between plasma Pi and 

,Ca observed in animaIs fed TRT-A (P:0.493) reasonably sug-

gests that NH. Cl supplementation created alterations 

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

duced hypocalcemia due to changes in p~rathyroid gland 

responsi veness or in the responses of target organs (i. e . , 

bone and kidney) to PTH. However, a' balancé study using the 

same di et (0.87% NH.Cl of tota~ DM) showed that there was no 

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

A direct correlation between the concentrations of plasma 

,Ca and Mg with the EDTA infusion was also obtained in 

this study·. Th\ regression coefficient and "b" value~ of 

0.418 and 0.310,. respectivel,., using the pool~d data were 
, ' 

highly significant (P<.OOOl). Those values were different 

from those of Da~el (1980) who reported :0.34 and 0.054 for 
\ 

- regression coefficient and "b" value, respectively. He, 

however, found no correlation between plasma t Ca and Mg -



, ., 

o 

1'. :V· 

o 
" 

v 
" -

, ... ~ .... 

ooncentrations. . , 

Animals'fed TRT-C showed an increased ooncentration of 

plasma Mg than TRT-D ~ith EDTA infu~ion, particularly in the , 
recovery period and both treatments (TRT-C and TRT-D) showed 

'\ 

h::t:r bone mobilization rates thAn eTH. It was shown that 

a' 18 with hypomagnesemia developed an impaired release of 
1 

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

ta PTH (McManus et al., 1971) and a reduction in Ca mobi-

liza tian rate (Contreras et al., 1982), whereas hypermag-

/nesemia created from the intravenous infusion of Mg produced 

a marked increase in circulating PTH levels wi thin in one 

minute (Rude et al., 1978). The 
1 

which Mg deficiency impairs PTH 

nature of the mechan~ms by 

secretion -as weIl as its 

acti on on targe"'t organs has 'be~n thoug~ t to involve the 

adenylase-cyclic-AMP system (Rude and Singer, 1981), which 

ia Mg dependent (Radrtquez et al., 1~78). 

, Samson et al. ,( 1983) reported wi th cows, that plasma Mg 

concentrations of less than 2.07 mg dL-l (0.85 fmoi L- 1) was 

• related to a high incidence of milk feveI;,' and cows 
ç 

suffered 

from a reduced ability to mobilized Ca from tbe exchangeable 

-Ca pool in response to the 'induced hypocalcemia (Contreras 

et al., 1982). In our study, animàls injected with vitamin D3 

(TRT-D) and fed TliT-C had relati vely high plasma Mg con-

centration of 1.82 and 2.21 mg ·dL-l, respectiveIy, pre-
. 

infusion.,It is, therefore, conceivable that a resistence to 
b 1 

e~perimeptally induoed hypocalcemia observed in~ animaIs fed 

TRT-C 'or wi th TRT-D May be activated thro~gh two different 

meohanisms. AnimaIs fed TRT-C couid mediate the resistance , 
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tbr~uab high conctntrations of plasm~ Mg ,~d 'reduced ',dietary 

cation-aI)ion 

circulating 

balance resu~ te9- in not ..-2n1y an increas~ in /' 

PTH levei but also sn increase in a sensiti~ 
. ; ~ ~ 

organ (i.e., bone) for'Ca mobilization with a pos-of target 

'sl.ble eleva tion' of vi tamin "D3 metaboli t-es. Conversly t an in-

crease in circulating vitamin D3 metabolites, particularly 
, 

1,25(OH)2D3, may be the sole mechanism operati~ in animaIs' 
\ 4 ~ 

on TRT-D to increas~ bone mobllization with littl, increase 

in the action of PTH due to low concentrations of Rlasma Mg~ 

The result~ suggested that action of feeding reduced 

cation-anion balanced diets used as a'preventative method for 

milk fever (Block, 1984j Leclerè, 198&) was through changes 

in Ca homeostatic mechanism to increase capacity to mobilize 

Ca from immediately mobilizable Ca pooJ. (blood Ca.,,' intes­

tinal Ca, and exchangeable bone Ca). The magnitude of this 
. 

change observed associated with feeding reduced cation-anion 

balanced di et was qomparable to that of vitamin D3 in~ection, 

'which 19 frequently used as a prophylactic me~hod ~f milk 

fever (Goff et al., 1987) but may present problems d,ue to 

res't~tlice ta vi tamin D3 (Horst and fteinhardt, 

toxici~ (Littledike and Horst, 1982). 

- , 

'. , 

1983) or 
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- Abstract ~ 

.. 
0- ..... 

A calcium (~a) kinetic study with a\four~compartment 

model being' fi tted\ to radi~i'otope and t'balan~e data using , , 

t:ONSAM (conve~~ational, SimtÜation, .(nalysis, and Moo.eling) 
~ \ ~ . 

oomputer proiram ~as conducted to examine effeots of dietary 

oation-ani~~ ba#lanae, calculated as mEiq, ['< Sodium (Na+) + 
. . ~., JI., ' 

Potassi um (K+» - (Chloride 1 Cl-) + "Sulfur (S·»]. Twel ve i 

crossbred wether lambs were uSêd as eucalcemic (period 1) ahd 
, 

simulated lactational Ca loss induced b~ c0ntin~ous infusion 

of EGTA (period 2). Dietary cation-anion balance (meq kg- 1 DM) \ 

was manipulated by supplementatiQl\ of various mineraI saI ts 
" 

and were +339, +35, and -127'during period 1 and +429, +t3S, 

and -147 during period 2 foz: cont~ol ~ CTR), treatment (TRT') 

-A, and -B, respecti vely. Addi tional mineraI saI ts used in 

TRT-A and TRT-B were CaSOe, Ala (SO, ) 3, MgSO .. , CaCb, and 
u ~ 

FeSOe. AnimaIs responded ~~ simulated lactational C~ loss 

(period 2) by inc"reasing true intestinal Ca absorption and 

bone resorption and by reducing bone accretion. No differenoe 

'" was observed in plasma tota;!. Ca "boncentration but TRT-A and 

\( -B had increased plasma lonized Ca concentrat~on during both 
Il 

periods. TRT-A and -B showed hypercalciuria during both-
(1), 

6 periods and TRT-B increased true intestinal Ca absorption and 

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

changeable Ca pool ('i and amount ,?f Ca .. movement between them 
~ 

Cg d- 1 .) for CTR, TRT-A, and -B were; 11.3, 95.4; 14.1,110.5; 

12.0, 13S.0 during period 1 and 10~8, 11-7.1; 14.4,149.9; 

11.0, 129r3 during period 2, respectively. Feeding reduced 

Q 
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'~ation~anion bolanced diet i~creased Ca flux tbroulh ex-

• "1 
b ' o~ 

'qhanieable Ca 'pool wi th no chanaes in the size of pool par-
~. ~ 

tigularlY ~h~ C~ aemand was increased. 
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INTRODUCTION 

The calcium (cà) homeostatic mechanism operates very 

tightly ta maintain extracellular Ca..... wi thin physiological 

"'-
ranges (8-11 mg dL-l). A change in physiologicsl status 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 functlon to ... 

buffer the effect of such rapid changes ln these pools. The 

slze of the exchangeable Ca pool can be determlned from 

kin,etlc analysis of plasma Ca speciflc activity after 

intravenous radioactive-tracer administratIon (Aubert and 

Milhaud, 1960). 

Die~ary cation-anion balance, defined as mll1iequlvalents 

of [(Sodium (Na+) + Potassim (K+» -(Chloride (Cl-) + Sulfur 

(s= ))], causes changes in Ca mechanism as evidenced ln 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 balBnced diet is considered alkalogenic in nature. It 

was suggested that acid-base balance affected by feedlng 

acidogehic diets alters Ca metabolism (Gupta et ri., 1970; 

Girndt e.t al., 1979; Fredeen, 1984; James and Wohlt~""1985), 

via bone resorption (Horst and Jorgenson, 1973; Newell and 

Beaucheme, 1975; Kunkel et al., 1986) 1 intestinal Ca absorp-
(> 

tion (Braithwaite, 1972; Verdaris and Evans, 1975), and renal 

handling of Ca (Stacey and Wilson, 1970; Sutton' et al., 1979; 
J 

Bichara et al., 1986). Bacause of its effects on Ca metabo- U 
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Iism several studies have conducted and demonstrated that 
.... 

feeding reduced or negative cation-anion balanced diets 

prepartum to dairy cows decrease~ the incidence of prepar-

turient hypocalc~mia J milk fever) whereas alkalogenic diet 

increasea :rts iucidence (Ender et al., 1971; Dishington, , 

1975; Dishington al'}d Bjornstad, 1982; Block, ,,1984). However, 

effects of manipula ting dietary cation-anion balance on Ca 

kinetics has been studied only in one study (Fredeen et al., 

1988b) with goats. 

~he objective of th~s experiment was to determine the ef-

fect of. changing 1 
dl~tary cation-anion balance (ach l eved by 

supplementation of various mineraI salts) on Ca kinetics 

using a four-compartment model in sheep during n~rmal and 

during simulated lactational Ca los ses caused by continuous 

infusion of a 4.5% solution of EGTA ... 

., 
MATHRIALS AND METHODS 

AnimaIs 

The, experiment was conducted with 12 wether .lambs 

(suffolk crossbred) at an average age of 2 years. AnimaIs 

were placed in individusl metabolic cages in a room wnere 

tempersture wss maintained at 20°C and had a photoperiod of 

14 h light: 10 h dark. Prior to start qJ the experiment 

animaIs were treated for gastrointestinsl para~s i tes wi th -
Tramisol (Cyanamide, Montreal, Quebec). ~ 

, 
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Diets 

Three dietary treatments; positive (eTR), near zero (TRT-.. 
A), and negative (TRT-B) cation-anion balanced diets were 

formulated ~y addinit various' mineraI saI ts ta a basal diet 

composed of corn silage and chopped alfalfa hay. Composition 
~ 

of diets and mineraI premixes are presented in Tables 3.1 and , 

3.2, respecti vely. Mineral premixes were formulat.ed to meet 

trace mineraI requirements of animaIs (NRC, 1985) and to ( 

deliver excess anions or cations, depending on dietary treat-

ments. AlI the mineraI salts utilized were lab grade. Rations 
,.~ , 

were offered as total m~xed rations twice daily at 0800h and 

16~Oh with refusaIs weighed and diséarded before the feedlng 

at 0800h. 

Experimental Design 

1 

Twelve lambs were assigned to fo~r blocks according their 

body weight (BW) and within each block they were randomly as-

signed t.o. -OJl.8.-{)f th:N!e .diets in a random block design. Each 

35-day study consisted of 8 14-day initial adjustment period 
( 

and two 7-day oollection p~riod with a 7-day interval between 

them. From day 8 of the adjustment period and thereafter' 

animaIs in each block were pair-fed to the levei of lm.rest 

consumption within the block in order to equalize feed intake 

between dietary treatments. On day-14 of the adjustment 

period animaIs were restrained and both jugular veins were 
~ 

catheterized as described in Exp.2. The initial 7-day collec-
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Table 3. 1.. Feed canposi tien tor sheep ted ditterent 
cation-anion balanced diets1 • 

Ingredient cm TRT-A 

Alfalfa hay 38.5 38.5 

Corn silage 58.95 57.24 

Mineral mixa 2.0 2.0 
if 

Caro! 0.55 0.27 

easo. 0.19 

Ma (SO, )3 • I8fuQ 0.86 

MgS04.7fuO 0.74 

CaCIa .2fuO 0.20 

FeSO,.7lhO '--r 

1 CTR=ControI; TRT=Trea.tment. 
2 See table 3.2 -for composition. 

" 

\ 

TRT-B 

38.5 

56.5 

2.0 

0.50 

0.86 

0.74 

0.30 

0.60 

. . 
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Table 3.2. Canposi tien of minera! mixtures113 • .. 

Mmeral. sa! t 'lRl'-A TRT-B 

---.----- " -----------
NaCl 
CoClz 
eoso. 
Mnel. 
MnSOt 
ZnO 
ZnSO. 
KI 
Hlm 
CuCL "li 

~ 
CaCC>:! 
CaCl. 
CaSû4 
Fesc..7JhO 
Naa~ 

t;;s: 

53.902 
0.015 

0.351 

0.467 

0.004 

0.063 

20.0 

1.198 
24.0 

1 C'IR=Control; ~=Treatment. 

68.037 70.277 

0.018 0.018 

0.3 0.3 

0.926 0.926 

0.005 0.005 

0.076 0.076 

29.44 
27.20 

t'1.198 1.198 

/ 

2 }1ineral mixtures provide following (ppn) 20 Mn, 50 Fe, 
6 Cu, 0.8 Co, 0.6 l, 75 Zn. 

3 Vit A (71250 ru kg-l mix) and vit D (26250 ru kg-l mix) 
were added. 

1'. j J .I,t~~ ~ ( ~ .,. if 1 

.@ililllii6ililiiliii$@liliIi
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tion period was d:esianed to establish effects of experimen-

tai diets on Ca kinetics during the eucalceùric "state. Ca-45 

as .5 CaCIa 
. , ' 

in aqueous ~solution with a specifie activity of 

10.3 to 12.3 Ci g- 1 was adJusted so' as to eontain 80 pC"! 
t 

ml- 1. An injection of 5 pCi ~g-l 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 that at 24h prior to Ca4S injection and 

thereafter, Jlth·ylene glycol-bis (B-amino-ethyl ether) 

N,N,N' ,N'-tetra acetic acid (EOTA, Sigma, St-Louis,MO) was 

infused intravenously at a dose rate of 55 mmol d- 1 , thereby 

produeing.a standardizeœ rate of Ca loss. A 1:1 chelation 

~ ratio of EGTA ta Ca was assumed (Fox and Heath, 1982) and an 

... 

o 

amount of EGTA infused was calculated to simulate a lacta-

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

'1 and assuming Ca content in milk of 0.17%. 

BG1'A solution 

The jugular vein catheter on one side was used for the 

infusion of EGTA solution. This solution was made bY dissolv-

ing 65û g of EGTA initially with 500 ml of NaOH(5N) and 6 L 

of physiologieal saline, vortexed over-night then brought up 

-~o a 14 L solution after adjustina the pH~t~ 7.4 with 5N 

NaOH. The final volume was 14.375 L by adding sterilized 

glass distilled water. Antibaeterial agent Trivetrin", 

(Coop~rs, Willowdale, Ontario) was also added (5 ml L-1). 

This solution was deli vered by a peristal tic pump (Minipuls 

-.' -, 

t 
., 

-i; 
.,.::" , , 
:-

. 
• 

,1 
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2, Level, France) ,with approximate infusion rate of 19.5 ml 

h- 1. Ta assure syerili tr of solut.ion the infusa was passed, 

~ 1 

throuah a syr1nge filter (.45 pm Nalae Co., Rochester, NY). 

S_ple ~ollection 

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 f.Qlr 

radioactlvity measurements prior to the morning feeding. 

Blood samp'ling 

Immediately after isotope injection, blood samples (5 to 

7 m~) were collected into a heparini~ed 10 ml syringe accord­

f' 

the following 7~days schedule: 

" Post-injection 

1-5 min 

5-10 min 

10-20 min 

20-30" min 

30-150 min 

3\4- h 

4-11 h 

2'4h to 7th day 

time 

"" 

Freguency of sampling 

0.5 min 

1 min 

2 .,min 
~ 

5 min 

15 min 

30 min , f~ 

1 ·h 

eaoh 3h trom 0900h to 

2100h 
1 • 

Blood .amples were immediate~ t~an.f~rrt1(to la ml test 

tube kept on iQe bucket and centrlfuged st 750.x G ~or 15 ~ 

" , 

' .. 
\ i'~ 

" ; 
'" 
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min to oolleot pias~~ within 2 h of samplin,. 

Analyses 

Diets 

Feed, orts, and feces samples were placed in a forced-air 

oven for 72 h for dry matter (DM) defermination and were 

ground through a 2 mm screen in a hammer mill. For mineraI 

determination, feed, orts, and feces we.re first wet-ashed 
)-

wi th a mix'ture of concentrated ni tric acids and' perchloric 

aeid (10:1). The digested solution were analyz~d for Ca, Mag-

nesium (Mg), Na, K, Iron (Fe), and aluminum (Al) by Perkin-

~ Êlm~r 2830 atomi~ absorption spectrophotometer (Perkin-Elmer. 

Norwall, Conneticut) at.appropriate dilution rates. 

The determ~nation of inarganic S content in fè~d, orts, 
c, 

feces, urine, and plàsma were as decribed in Exp. 1. For Cl 

measurements, a modi fied methQd of potentiometrie titra tion 

procedure (La Croix ft al., 1970) was e~pldyed using a Cl ion 

specifie electrode (~rion' Model 94-17 A). Feed and orts (0.5 

g) and feces (2 g) were ~uspended in 20 ml of O.IN Nitrie 

aeid and viiDrously mixed at 10-15 min intervals for at 

least 1 h; Cl conoentration of the suspended solution was 

determined by the double end point titration method'with 

O.0282N AgN03 as the titrant. 
, ' 

PJ.asma mineraI determinations have bee~ described in 

Exp.l. Ionie Ca was determined in plasma samples by Nova 7 

(Nova Biomedical. Waltham, MA) and values were normalized
1

to 

plasma pH of 7.40. 

" 
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Radioactivitz Measurements 1 
\ ' 

Ground feoes sàmples (1 g) were ashed overnight at soooe 
in a furnace (Thermolyne Sybron, Dubuque, 10), and the ash 

was dissolved in 20% V/V HCI, evaporated to dryness on a hot 

plate at 1000 e then redissolved in 20% V/~ HCI, and brought 

up ta a volume of 10 ml wi th 20% V IV HCI. After being 

centrifuged at 500 x G for 15 min, the clear supernatent was 

collected. One ml of the supernatants. as weIl as daily 

samples o~aeidified urine (1 ml) and plasma (1 ml) were 

dissol ved wi th 9ml of scintillation cocktail (Universal 

cocktail. ICN Biomedical Ine., Montreal, Quebec) in a 20 ml } 

scintillation vial and,radioactivity was measured by liquid 

scintillation spectrometry (1209 Rackbeta, LKB, Bromma, 

Sweden) with following specifications; 

Isotope Ca-45 

Time 600sec 

• , 

Externai standard time 15 sec 
-'t 

Exter/lal standard counts 900000 { 

Window 5-725 

Count1 20000 

Quenching curves for plasma, urine, and feces w~re con-

&tructed separately by mixing varied amounts of normal non-

radioactive samples with known amounts of CatS utilized to 

obtain. disintegration per minute (DPM) of samples. Specifie 
1 

act-ivi ty was then expressed as a fraction 
( 

of the cted dose per gram of Ca, while excretion of 

radioactivit in urine and feces were expressed as a cumula-

ç-

.. , ' .... ,,~~-_ .... 
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tive fraotion of inJeoted dose. 

Kineti\ analysis 

The four compartment series model of Ca kinetics of Ram-

berg et al. (1970) was adapted for ruminants from a mpdel .of 

normal humans (Neer-et al., 1967). The schematic presen~tlon 

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 a period of 7 days (Aubert et al., 1963) and i s 

described by the equation: 

R. ( t ) = Al e- • 1 t + A2 e- • 1 t + A3 e- 1 3 t + At e- a t t 

where: 

R.Ct) = Plasma SA at time t, 

Al = "intercept" terms with dimension of concentra-

tion of rate constants, and 

al to a. = the overall distribution and elimination rate 

constants. 

Four individual compartments represent a region or 

• 
homogenous chemical spaces that have identical transition 

probabilities (turn-over rate) of exchangeabl~ Ca (Aubert et 
-

al., 1963) rather than to represerit separate physical en-

tities (i.e. organ). The notation described in Figure 3.1 
... 

follows those of Aubert and Milhaud (~960) and Aubert et al. 

(1963); 

M = Unit of màss between which various Ca exohanges occur. , 
\ ) 

1 
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Fiaure 3.1. Scheme of calcit_ metabolism with the four compart­

ment model. Total eXchanaeable calcium pool con­

sists of four compartments (~, Ma, ~, and Mt ) • 

Inflaws of cal.citID into the system are fran the GI 

tract (Va) and bone (Vo-) J and excretory losses 

'0 ta feces (Vf) J urine (Vu), am. oone (Vo+). 

Calcim retenti on is A • Rij represents rate of 

ca1i\.lll transport -Mj to Mi. 

:1 ) 

J 
1,- __ 
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V' = The r,ate in uni ts of masa per unit time ,of an exohan,e 

procesa\ . 

Notation for unidi~ectional prooessea and for exohange (i~ g 
, b 

d- 1 ) are as follows: 

VI = Dietary Ca intake, 
p 

v, = Total fecal Ca excretion, 

.A = Ca balance of system, ,. . 
V, = Endojtenous fec~ c; excretion, 

Va :: Urinary Ca excretion, 

VI = VI +V,-V, = The amount of dietary Ca that was ab-

bsorbed, 
\, 

Vo~ = Unidirectional movement of Ca trom the system 

into bone (accretion) , 

" from -'Vo- = Movement of unlabel1ed Ca bone into the 

/ 

system (resorption) , 

Ml = The mass of Ca in oompartment i, 
o 

l 

RIJ~ Rate of stable Ca transport from j tà i. 

C~tments 1 thro'ugh 4 represent dilution of isotope in 

progressively largè masses of pa that together comprise the 
. 

total exohan~able Ca pool (MT). Compartment 1 is the sit~ of 

traoer injec~on and is sampled via the blood. It was assumed 
\ 

that inflow of Ca from the intestine (V.) and Îfrom bone (Vo-) 

enter comp~rtment 1 and excretory losses of Ca to feces (V,) 

and' urine (Va) leave only from compartment 1, whereas çom-: 

part-ment 4 is' the si te of loss of Ca to non-exchanging bone 

(Vo+). Beoause the system is-assumed to be in the steady -

state, the ma~s of Ca ln any 
\ 

compartmen,t is to remain con-
1 

, 1 

, ' 

-~--

'" , , 
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stant for the dur~n ot the study. Net.inflow into the sys~ 

tern, therefore, equals net outtlow trom Mf (Aubert et :J., <'\ 
, \. 

~ 1963), If MT is in dynamic equilibrium, th en 

Vo-~t MT = VI Il Mf ; 
, ~ 

In other words, changes in Ht must be eq\Ja.l. to 0 and s'ince 
~ 

the intest1ne ~s not store .si.ni'~icant amount of Ca (Aubert 

et al., 1963) th en changes in Ca balance' of animaIs repre-

sents the difference between the rates of Ca deposition into 

and removal from bone rather than alteration in 'the mass o$; 

the labile Ca pool. Net.transfer through VT is equivalent to 

the reciprocal of the time integral from zero ta infinity of v 

the plasma SA decay curve (Ramberg et al., 1976)~ Thus, 

o VT= Vo~ + Va = V, + VII + VOt 

o 

Ca balance = VOt - Vo-

The computer program, CONSAM (Convertational, Simulation, 

and Modeling), was used to fi t the model to each , . 
data set. AlI sample radioactivities (CPM) were adjusted for 

decay , background, and quenching arr~ plasma samples were 

expressed as SA (DPM g-l Ca) as a proportio~ of injected 

dose. Cumulative urine and feces radioactivity (DPM) were 

also expressed as a proportion of ihjected dose. 

Steady state parameters were determined after estimates 

were entered for proportionality (Kl) and rate (L. J) con-

stants. Then, the program adjusted those initial .stimates 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 i ts residual sums of squares 

reached a minimum value. The model type used was linear dif-
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ferential equations with constant efficiencies (Chu and Ber-

man method) (Chu and Berman, 1974). 

The finaJ solution printout included the parameter values 

(LI J ), estimate of their uncertainty and the steady-state 

sol ution (MI and RI J ) • 

Statiatical a~alY8i8 

Dietary treatment of di fferences in mineraI balance, 

blood parameter:s, and Ca' 5 kinetlc parameters were evaluated 

by analysis of var~ance for a random block ~esign (Steer and 
\ 

Torrie , 1980) and Scheffe's Test was ~tilized for comparison 
J 

purpose between the trea tmen ts. Comparl son between eucalce.mlc 

and EGTA infused sheep was evaluated by lit" test for a paired 

observation (Steer and Torrie, 1980). AlI statlstlcal 

analysis were carried out on the Sta~1stical Analysis System 

(SAS institute Inc., Cary, Ne). 

RBSULTS 

Diets and intake 

,Mineral composi tion of diets i8 shawn in Table 3..3. 
\ 

Diet'~ry Ca level 
\ 

( 0.88 ta 1.05% DM") and Ca ta phosphorus (P) 
'1 
'", 

ratio (2.93 to 3.39) were above requirements (0.42% and 

\ 

2 • 0, . respec ti vely) (NRC 1985). Cation-anion balance of d,.iets 

for CTR, TAT-A, and TRT-B. respectively, were +339, +35, and 

-127 during the eucalcemic period (period 1) and +429, +68, , 
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Table 3.3. Mineral composition of diets12 • 

Eucalcemic perHxi 
-----------------------

Mineral cm TRT-A TRT-B 

Calcium (%) 0.99+.08 0.95+.07 0.88+.10 

Magnesium (%) 0.21±.01 0.26+.03 0.25+.02 

Phosphorus 
(%) 

Sodiun (%) 

0.30+.01 0.30±.~ 0.30±.01 

0.66+.08 0.63+.14 0.56+.13 
r, 

Potassium (%) 1.62+.05 1.58+.04 1.63+.09 
'\ 

Chloride (%) 0.85+.0301.31+.18 1.44+.16 

Sulfur (%) 0.19+.05 0.43±.06 0.61+.09 

Iron (ppn) 411+127 405+108 1278+172 

Aluminum (ppm) 359±108 1164+284 856+130 

Cation-anion 
balance4 338+19 35+17 -127+20 

(meq kg-l DM) 

1 Values are presented as mean±standard error. 
2 CI'R=Control; TRT=Treatment. 

429+23 68+18 -147+29 

3 EGrA-infusion used to simulate lactational calcitnn 10s9 in blood. 
4 Calculated as meq [Na++K+ ]-[Cl-+S~ J. 

". 
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and -147 durina the BGTA-infusion period (period 2), respec-

tively. 

Body weight (BW), feed intake, feces and urine volume, 

and daily cation-anion balance intake are presented in Table 

3.4. No di fferences (P>. 1) were observed in feed intake due 

ta the pair-feeding regimen, however, differences (P<.Ol) 

were observed between blacks. Feed intake (g d- 1 kg- l ~w. 15 ) 

of block 1 to 4 were 66.1,53.7,67.9, and 82.5 in period 1 
'\ 

and 60.2, 61.7, 78.8, and 84.3 in reriod 2,~respectlvelY. 

Urine volume was increased (P<.05) by EGTA-infusion. Dletary 

cation-anion balance intake (meq d- 1 ) were +375, +37, and 

-136 in period 1 and +493, +79, and -210 in period 2 far,CTR, 

TRT-A, and TRT-B, respectively. • 

IHasma mineraIs 
) 

Infusion rate af EGTA and calculated Ca chelation rates 

are shown in Table 3.5. Rates of infusion were measured prior 

ta infusion into animaIs. Loss of Ca from the exchangeable Ca 

pool was calculated to be approximately 55 mmol d- l, which 

was equi valent to a milk production of 1.3 kg d- 1 (assuming a 

mi~k Ca ~ncentration of 0.17%). 

Blood mineraI concentrations are shown in Table 3.6. A 

mean plasma total Ca levèl was calculated using approximately 

70 samples collected over the' 7-~ay collection lJeriod. Plasma 

Ca concent!'ation did not differ (P>. 1) between treatments, 

however, EOTA infusion increased (P<.Ol) concentration of 

plasma Ca. The - ionic form of plasma Ca (Ca+ +) di ffered be-

" 

" 
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Table 3.4. Body weight, feed intake, excreta vohme, and daily dieta.ry cation-anion balance intake by 
st>eep fed differen~ti~n-anion balanced diets during the eucalcemic and ROTA-infusion periods1 • 

Euca.lcemic period EGTA infusion period Si~ -------------~-------------- -----------------------------cm TRT-A TRT-B SEM CTR 'mT-A 'mT-B SEM Period 

Irrl tial body , ~ weight (kg) 38.3 41.5 41.6 1.43 38.9 42.6 42.9 1.17 NS 
Feed intake " -v 

(kg d- 1 ) 1.11 1.10 1.09 0.06 1.13 1.16 1.20 0.09 NS " 
70.0 ~.6 

(g ~1 ~lBW.75) 71.9 67.2 65.6 3.2 72.4 69.1 NS 
~ 

..J 
Feces excretion 0.42 0.39 0.40 0.02 0.42 0.43 0.44 0.03 NB,-' (kg d- 1 ) 

Urine excretion 1.17 1.10 1.35 0.13 1.46 1.54 1. 75 0.'13 ** (L d- 1 ) ,. \ 
37.2b -'Î36. 2c l..... ~ Anion-cation 375. \ 40.7 493.5- 78.6b -209.7c 13.2 NS balance (meq d- 1 ) 

~ -' 

1 C'IR::Cont~ 'IRI'::Trea.tment; SEM=Standard erroI: 'of mean. 
2 NS=Not significant (P>.05); ** Si~ficant (P<.05). 
abc Means with different superscripts are different (P<.05) wlthin each periods. 
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Table 3.5. Rate and volune of EGTA solution infused into sheep fed different cation-anion 
balanced diets12 • 

Sheep Diet Infused voHme Duration Chelation rate3 Simulated milk -, (ml h- 1 ) (h) (01001 Ca d- 1 )(PIDOl~d-l kg-1BW) production (ml d- 1 ) • .. ~ .. 
1 cwm 19.45 192 55.55 1.34 '1"307 

2 'IRl'-A 19.54 192 55.81 1.34 1313 

3 'mT':'B U).84 192 56.66 1.66 1333 

4 cm 19.45 193 55.55 1.76 1307 

5 'IRT-B 19.84 193 56.66 J.25 1333 

6 TRT-A j 19.54 193 55.81 1.34 1313 

7 cm 19.00 192 54.26 1.33 1277 
~ 

8 'IRT-B 19.36 192 55.29 1.-38 1301 
., 

9 TRT-A 19.74 192 ~ 56.38 1.43 1327 

10 --t,. /CTR 19.00 192 54.26 1.29 1277 

11 TRT-B / 19.33 192 55.2\ 1. 27 1299 

Il "'54.35 
J 

12 'mT-A 19.03 192 0.96 1279 
-;7' - -. 

1 EGTA concentration was .119nmol (4.5% Em'A). 
2 CTR--COntrol; 'IRT=Treatment. _ 
3 AsS~ al: 1 chelation ratio (EGTA:calcium). 
• Mil protlu6tion was calculated based on milk calchun level of . 17%. 
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Table 3.6. Blood parometers of sheep fed different cation-anion balanced 
diets during the eucalcemie and EGl'A-infusion periods1 • 

t 
Eucalcemic period EGI'A infusion period 

----------------------------- -----------------------------
Parameter ~ mr-A 'IRI'-B SEM cm TRT-A 'IRI'-B SEM 

Total Caleium 8.81 ' 8.73 8.52 0.15 9.64 9.77 9.36 O·to 
(mg dL- 1 ) 

Ionie Caleium 3.3- 4.08b 3.84b 0.16 3.32- 3.96b 4.20b 0.11 
(mg dL- l ) 

Total/Ionie Ca. 38.8a 46.6b 44.6b 1.61 35.511 40.8ab 44.8b 1.87 
, (%) 

3.4 Magnesium 3.9 3.6 0.12 3.7 3.7 3.7 0.07 
(mg dL- 1 ) 

Phos}ilorus 4.7· 4. 2a b 3.9b 0.19 5.211 3.9b ~4.3b 0.24 
(mg dL- 1 ) 

Sodium 150.4 138.9 144.2 2.72 143.3 143.1 150.1 1.74 
(meq L-l ) 

Potassium 4.9 5.2 4.6 0.12 5.0 5.5 4.9 0.12 
(meq L-l ) 

Chloride 109.5 108.7 106 • .7 2.08 108.6 106.8 107.8 0.83 
(meq L-l) 

.. SUlfate -2.1 2.7 3.0 0.49 2.9 3.0 3.2 0.26 
(DIDOI L-l) 

~ 

1 Cffi=Control; TRT=Treatment. 
2 NS=Not significant (P).l); * Significant (P<.l); *** Significant (P<.Ol). 
ab Means with different superseripts are different (P<.05) within each periods. 
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tween treatments; sheep ;ed'reduoed or negative oation-ani~/ 

~alanced diets (TRT-A and TRT-B) had inoreased ,ca+ +, (li< .01) 

than CTR durin. both periods and this is reflected in the 

ratio -of Ca++ to total Ca. Figures 3.2 and{ 3.3 show plasma Ca 

concentr~tion durin, the 7-day collection periods of the 

eucalcemic (period 1) and EGTA infused period (period 2), 

respecti vely. Plasma Ca concentration of indi vidual animaIs 

(block 4) rather than a Mean value was chosen to create the 

figures because of differences (P<.Ol) in feed intake between 

blocks. A large fluctuation was observed during the eatly 

part of the collection phase (first 2 h), which May reflect 

the consequences of the frequent blood sampling regimen. The 

figures also illustrate that there was fluctuatioR in plasma 
. 

Ca level during the entire collection periode 

Plasma inorganic P concentration was the only other 

m~eral that was affected by dietary treatments with that of 

C~ being srer< p< .,01) than TRT-B during the _eUCkemi? 

period and greater than both TRT-A and TRT-B during the EGTA-

infusion period. In addi tion, plasma P level was posi ti vely 
~, 

correlated with daily cation-anion balance intake (r=O.52, 

P=O.009) •. 
1 

Radiotracer analysis 

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 BGTA-infusion periods are shown in 

~i,ures 3.4, 3.5, 3.6, and 3.7. As described in the materials 

,. """ .,'. 
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Figure 3.2. Chanaes in concentrations of calcillD in plasma of 

,f ' 'l~'<: j 

eucaJ.cemic sheep fed Cl'R (C), TRT-A (A), and. TRT-B 

(B) during the 7-day collection period. 
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Figure 3.3. Cllanies in concentrations of calcium in plasma of 

EGTA-infusion sbeep fed CTR (C), TRT-A (A), and ) 
'IRT-B (B) durina the 7-day collection period. 

0:, -,~ 
" 

r' 



0, 
" - , 

c 

o -
q .. .. q q q q -q ct q 

51 '" ~:: 51 en ~ 

(tJP fi'w) wnl~te:l eWSetd 

208 ' 
- 1 

-ca -

) 

1 

1 

.. ~ .~" . -~, . J 



.. '~, ~' 
...... , ... 

Figure 3.4. Plasma specifie seti vi ty (SA) of euca1cemie sheep 

fed different cation-anion be.lanced. diets (O::CI'R, 
~ ) 

6 =TRT-A, a ='IRl'-B) • 
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Fisure 3.5. Plasma specifie acti vi ty (SA) of EGl'A-infused 

sheep fed. diff'êrent cation-anion be.lanced diets 

(0 ::CTR, 4=TRT-A, D=TRT-B). 
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Figure 3.6. Cumulati ve isotope excretion in urine of 

eucalcemic sheep (0 =CI'R, 6 =TRT-A, C =TRT-B) or 

EGTA-infused sheep ( .:Cl'R, A =TRT-A, • =TRT-B) 

fed !different cation-anion balanced cliets. 
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Figm-e 3.7. Cumulati ve isotope excretion in feces of 

eucalcemic sheep ( 0 =CI'R 1 A =TRT-A 1 C =TRT-B) or 

EGTA-infused sheep ( e=C1'R, ~=TRT-A,. =TRT-B) ) 
fed different cation-anion balanced diets. 
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and methods section, four exponential terms were used{to fitl 

the entire curve of plasma SA (expressed as a fraction of in! 

jected dose). Plasma SA declined rapidly after the injection 

of CatS, then plateaued. 

Both TRT-A and TRT-B increased urinary excretion of 

isotope greatly eompared to that of CTR durin, the eucalcemic 

periode HOl'lever, this difference became smaller during the 

EGTA-infusion period because urinary isotope excretion during 

this period represented a eombination of endogenous urinary 

Ca and EGTA- chelated Ca which ~epresents the simulated lac-

tational Ca loss. Total isotope excretion (urine and feces) 

of CTR during the eucaleemie and EGTA-infusion periods were 

,If comparable to those of non-lactating and laetating cows, 

respectively (Ramberg et al., 1970). 

• r 

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 sinee this would minimized the effect of the lag 

~ime without resorting to a correction in the computer model 

for intestinal transit time. 

Rate and proportionality constants for CTR, TRT-A, and 

TRT-B a-re 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-infus\on period, respectively. Because the physiolôgical 

sttte of animaIs was changed experimentally (i.e. normal or 

simulate<L lactation), it was neoes~ary to change the 

parameters representing exchanges between thè compa~tment 

i" 
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Table 3.7. Rate constant (Li J) and proportionality constant (Kt) of calciun 
me..,lism in eucalcemic sheep ted CIR. 

Sheep ~ 
--------------------------------

Constant 1 4 7 10 

Lu d- 1 62.2 210.6 186.0 136.1 148.~ 32.74 

Lu ej.-l 38.7 92.1 li6.1 85.8 75.6 12.40 

L32 d- 1 10.1 14.8 16.8 17.2 14.8 1.63 

Lu d- 1 2.96 2.35 3.77 2.46 2.89 0.32 

Lu d- 1 2.60 1.49 1.89 1. 72 1.93 0.24 

Lu d- 1 0.248 0.120 0.201 0.148 0.179 0.028 

10+ d- 1 0.346 0.210 0.273 ~0.219 0.262 0.031 

La d- 1 0.200 0.098 0.159 0.046 0.126 0.034 
.... 

LI d- 1 2.64 3.67 2.44 2.29 2.76 0.31 

KJ. d- 1 1.95 5.79 3.99 
~ 

3.01 3.69 0.81 

SEM Standard error of mean. 
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Table 3.9. ~te constant (1.6 J) and proportionalit;y constant (Kt> 
of calciun metabolism in eucalcemic sheep fed. 'IRT-B. 

è. , > 

Sheep # 
---------------------------

Constant 3 5 8 11 Mean· SEM 

L31 d- 1 184.2 163.3 173.3 276.7 208.0 34.9 
~ 

Lu d- 1 118.3 57.5 115.7 128.9 101.6 22.2 

Lu d- 1 18.5 12.5 18.5 16.0 15.7 1. 75 

143 d- l 3.53 2.56 3.20 2.78 2.96 0.29 

Lu d- 1 1.88 1. 77 1.91 1.77 ·1.81 0.04 
1 

Lu d- l 0.215 0.210 0.201 0.199 0.208 0.005 

~+ d- 1 0.234 0.302 0.275 0.221 0.253 O.O~ 

Lu d- 1 2.12 0.588 0.021 4.85 2.52 1.24 

14 d- l 0.305 2.03 1.88 3.77 2.03 0.99 

Kt d- l 4.09 3.68 3.42 3.15 3.64 0.27 

a Sheep 8 exclud.ed before calculation of rneans because of illness. 
SÈM Standard errer of mean. 
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Table 3.10. Rate constant (14 J) and proportlonality constant (Kd 

of calcium metabolism in mrA infused sheep ted CTR. 
", 

Sheep t 
--------------------

Constant 1 4 7 10 Mean SEi 

1.21 d,:1 210.5 206.9 255.9 92.6 191.5 34.80 

Lu d- 1 118.8 108.3 103.8 71.9 100.7 10.08 

1.32 d- 1 14.7 16.9 15.2 15.2 15.49 0.47 
./ 

Lu d- 1 2.93 4.32 3.69 2.99 3.49 0.3}- , / , 
\ 

Lu d- 1 1.44 2.08 1. 51 1.63 1.67 0.14 

Lu d- 1 0.216 0.292 0.319 0.253 0.270 0.022 

Lo+ d- 1 0.122 0.165 0.145 0.104 0.134 0.013 

) 0 ..- Lu d- 1 5.46 6.54 8.30 5.09 6.35 0.72 
---' .. , 

Lt d- 1 1.53 2.90 2.68 1. 51 2.16 0.37 

Kl d- 1 3.84 4.70 4.36 2.22 3.78 0.55 

SFM Standard error of mean. 
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Table 3.11. Rate oœstant (lt J) and proportionality constant (K1) 
of calcilD metabolism in EGl'A infused sheep fet! TRT-A. 

" , 
, Sheep' 

---- ... _-----------
Constant 2 6 9 12 

l..Gl d- 1 262.0 221.6 125.6 313.9 

Lu d- 1 124.2 122.0 70.4 129.8 

Lu d- 1 20.55 19.42 13.47 16.44 

Lu d- 1 4.24 3.69 2.73 3.44 

Lu d- 1 1. 79 1.98 1.43 1. 76 

Lu d- 1 0.231 0.258 0.208 0.235 

Lo. d- 1 0.096 0.177 0.106 0.163 

La d- l 4.48 5.27 5.57 8.00 

Lt d- l 1.52 2.24 4.63 3.53 

KI d- l 4.48 2.95 2.76 4.17 

SEM Standard error of mean. 

- .. '\'" 

1. 
() 

Mean 

230.8 39.8 

111.6 13.8 

17.47 1.59 

3.53 0.31 

1. 74 0.11 

0.233 0.010 

0.136 0.020 

5.83 0.76 

2.98 0.69 

3.59 0.43 
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Table 3,.12. Rate constant (L. J) and proportionality constant (KJ.) 
of calciun metabolism in EGTA infused sheep fed TRT-B. 

Sheep , 
---------------------------

Constant 3 5 8 11 Mean SEM 

Lu d- I 351.7 162.4 220.3 119.1 213.4 50.5 

Lu d- 1 153.7 70.1 122.1 89.7 108.9 18.4 
\, 

L32 d- 1 16.5 13.3 12.5 12.1 13.6 1.01 

L23 d- 1 4.17 2.57 2.62 2.86 3.06 0.38 

Lo d- 1 1.62 1.69 1.56 1.21 1.52 0.11 

Lu d- I 0.302 0.234 0.225 0.214 0.244 0.020 

~+ d- 1 0.154 0.167 0.192 0.099 0.153 0.019 

La d- I 5.51 4.3f 4.99 6.74 5.39 0.51 

Lt d- 1 2.16 1.95 2.27 2.71 2.27 0.16 

Kl crI 4.84 2.98 3.72 2.74 3.57 0.47 

SEM Stanmrd error· of mean. 
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(LIJ) from one study to the next, ev en thou~h two isotope 

studies were carried out in the same animaIs within a short 

period of time (2 weeks). In addition, the parameters repre-

senting 10ss of isotope from the system to the excreta 

(Li :intestine and La:urine)"'d to bo~e (Lo+) were changed in 

order to avoid inconsistencies in fitting calculated model to 

actual data. Proportionality constant is the equiv.alent to 

the calculated SA of plasma Ca at ~ero 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 
\. 

developed during the last three days 9f 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 sho/Wed difference 

(P<. 1) between dietary treatments; TRT-B (2.52 d- L) was 

gre&'ter than CTR (0.13 d- l ). Similarly, L.2 (rate of Ca 

transport from cJmpart:ment 2 to 3) was the only dfiference 

(P<.l) found during the EGTA-infusion period; TRT-A (17.5 

d- 1 ) was greater than TRT-B (13.6 d- l ). Table 3.14 shows the 

Mean and probability of differences observed"between the 

eucalcemic and EGTA-infusion periods. EGTA-infused lambs had 

greater L3" (rate of Ca transport from compartment 4 to 

3)( 0.249 d- 1) and La (5.8.5 d- 1) values than those of eucal-

cemic Iambe (O. 189 d- 1 and 1.44 d- 1, respecti vely). In 

aeneral, rate and proportionali ty constants werë greater 
JI 

during the EGTA-infusion than the eucalcemic period. 
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Table 3.13. Probabili ty of dietary treatment and mI'A infusion 

differences in mean rate constant and proportionality 
constants of sheep. 

.....~ 

Dietary treatment 
-------------------------

Constnant Eucalcemic EGTA infusion Infusion 

L21 d- 1 .423 .826 .137 

L12 d- 1 .634 .862 .122 
'-. 

L:12 d- 1 .802 .067 .590 

L23 d- 1 .403 .607 .590 

Lo d- 1 .393 .321 .378 

L34 d- 1 .644 .494 .004 

{) 
Lo. d- 1 .567 .706 .0003 

Lu d- 1 .092 .646 .0001 

r..., d- 1 .649 .395 .962 

Kl d- 1 .833 .946 .710 

o " 
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Steady state parameter size and exchange rates between 

compartments for the eucalcemic period are shown in Tables 

3 . 14 , 3 . 1 5, and 3. 16 ahd for the EGTA-infusion period in 

Tables 3.17, 3.18, and 3.19 for CTR, TRT-A, and TRT-B, 

respecti vely. Compartments (MI) collecti vely comprise the to-

tal exchangeabl e -.ca.--rOOl (MT). Exchange ra tes and mass Ca 

movements (g d- 1) are between compartments MJ from MI (RI j ) , 

fluxes from MT ta intestine (V(,), urine (Vu), and bane (Vo + ) 

or influxes from intestine (ta) and bone (Vo - ). The latter 

two influxes collectively comprise total entry rate (VT) into 

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, respecti vely, during th~ eucalcemic 

period and Figures 3. Il, 3 • 12 , and 3.13 show the same 

parameters during the EGTA-infusion period. Probability of 

differences betwee-n means are presel).~ed in Table 3.20. Intake 

of Ca, ranged from 7.6 ta 16.7 g d- 1 and varied between 

blacks sinee the paired feeding regimen was carried out only 

wi thin each black. There was, however 1 no di fference (P>. 1 ) 

in mean Ca intake between the dietary treatments. Regardless 

of dietary treatment aIl sheep Were in posi ti vt Ca balance 

( A) in bath period except sheep 2 fed CTR during the EGTA-

infusion period, (-0.37 g d- 1 ). The total Ca inflow into the 
-

exchaniteable" pool (VT) was comprised entirely of intestinal 

absorption (Va) during bo~ periods. • 
f 

Only urinary Ca excretion (Vu, % of intake) was affected 

et? 
by die.ary treatments during bath periods in that bath TRT-A 
't " 

1 
- J 
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Table 3.14. t IDB:Sses and rates of calch ... transport in 
eucal . c sheep fed cm. 

Sheep # 
---------~--------------------

Parame ter 1 4 7 10 Mean SEM 

Calcitml intake 12.0 9.1 10.6 15.9 11.9 1.45 

1 (g d- 1 ) 

4.10 ) 1. 09 Va, (g d- 1 ) 2.96 2.73 3.37 7.36 
1 (% intake) 24.6 30.1 31.7 • 42.4 33.2 4.66 

VOt , (g d- 1 ) 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 d- 1 ) 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 
VT, (g d-l) 3.97 2.23 2.63 3.32 3.04 0.17 
Vr, (g d- 1 ) 10.4 6.97 7.87 9.26 8.63 0.76 
V, , (g d- 1 ) 1. 35 0.62 0.61 0.76 0.84 0.17 

(% intake) Il.23 6.88 5.75 4.80 7.39 5.85 - B, (%) 24.6 30.1 31.7 46.4 33.2 4.66 
{ t Va, (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 

Ml' (g) 0.51 0.17 0.25 0.33 0.32 0.072 
~, (g) 0.75 0.37 0.52 0.49 0.53 0.078 
Ma t (g) 1. 70 1.71 1.80 2.43 1.91 0.176 
~, (g) 7.44 8.26 7.16 11.16 8.50 0.92 
'tir, (g) 10.4 10.5 9.73 14.4 Il.27 1.07 
fu l, (g - 1 d) 31.6 35.9 46.6 44.6 39.7 3.55 
Rlz, (g d- l ) 29.0 34.4 44.6 42.0 37.5 3.58 
Ru, (g d- 1 ) 7.60 5.63 8.74 8.60 7.64 0.72 
fu3, (g d- l ) 5.02 4.04 6.78 6.06 5.48 0.60 
Ru,' (g d- 1 ) 4.43 2.51 3.40 4.25 3.65 0.44 
Ru, (g d- 1 ) 1.85 0.92 1.44 1.71 1. 48 0.21 

SEM Standard error of mean. 

W. 1 
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Table 3.15. Com:partment masses and rg.tes of calcita transport in 

et.JCalcemic sheep fed TRT-A. 

Sheep # 
------------------------------

Parameter 2 6 9 12 Mean SEM 

-Calcitm intake 10.7 11.4 9.23 14.0 11.4 1.00 
(g d,-l) 

Va J (g d- 1 ) 4.48 3.02 2.58 5.13 3.86 0.60 
(% int.ake) 41.8 26.3 27.9 36.6 33.16 3.65 

Vo. J (g" d,- 1 ) 1.43 2.23 1.78 2.14 1.90 0.18 a 
(% intake) 13.3 19.4 19.3 15.3 16.8 1.51 

Vo- J (g d,-l ) -2.41 0.348 0.577 -1.03 -0.63 0.693 
(% intake) -22.5 3.03 6.24 -7.38 -5.16 6.48 

Balance (g d- 1 ) 3.84 1.88 1.21 3.18 2.53 0.60 
VT, (g d- 1 ) 2.06 3.36 3.16 4.09 3.17 0.42 
VF, (g d- 1 ) 6.83 9.27 7.48 9.74 8.33 0.70 
V, , (g d- 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 

C 
a, (% ) 41.8 26.32 27.9 36.5 33.16 3.65 
Va, (g d- 1 ) 0.043 0.306 0.550 1.11 0.502 0.227 

(% intake) 0.40 2.67 5.95 7.90 4.23 1.67 
Mt, (g) 0.28 0.37 0.32 0.29 0.31 0.02 
Mz, (g) 0.44 ,,0.75 0.52 0.49 0.55 0.07 
M3, (g) 1.47 3.81 , 2.19 2.30 2.44 0.49 
Mt, (g) 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 
R2 1 , (g d- 1 ) 26.6 46.1 39.9 75.1 46.9 10.2 

' <~ 

RI Z , (g d- 1 ) 25.2 43.9 38.1 72.9 45.0 10.1 
Ru , (g d- 1 ) 5.49 8.35 7.32 9.24 7.60 0.80 
R2 3 , (g cl- 1 ) 4,07 6.12 5.54 7.10 5.70 0.63 
R4 3 , (g d- 1 ) 2.42 .. 4.01 3.34 4.59 3.59 0.47 
Ru , (g d- 1 ) 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. 

Sheep # 

-------------~----------------
Parameter 3 5 8 11 Meana SFl1 

Calci\Dll intake 8.27 12.5 11.8 13.6 11.5 1.64 
(g d- 1 ) 

Va , (g d- 1 ) 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 

Vo + , (g d- 1 ) 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- , (g d- 1 ) 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- 1 ) 0.33 5.56 8.09 0.33 2.07 1.75 
VT, (g d- 1 ) 2.67 3.21 2.59 5.23 3.70 0.78 
Vr, (g d- 1 ) 7.51 6.91 3.70 11.9 8.79 1.59 
V, , (g d- 1 ) 0.751 0.554 0.550 1.19 0.833 0.189 

(% intake) 9.08 4.43 4.65 8.74 7.42 1.50 
8, (%) 18.35 49.14 73.39 21.24 29.56 9.83 

~ Va, (g d- 1 ) 0.428 0.026 0.040 1.379 0.611 0.401 'W ;""..< (% intake) 5.17 0.208 0.338 10.11 5.16 2.86 
Ml , (g) 0.23 0.27 0.29 0.32 0.27 0.023 
Ma, (g) 0.45 0.73 0.42 0.66 0.58 0.117 
Ma, (g) 1.43 2.43 1.81 2.84 2.23 0.42 
M., (g) 6.11 8.70 7.28 11.98 8.93 1. 70 
Mor, (g) 8.13 ~.l 9.81 15.8 12.02 2.21 
RH , ~g d- 1 ) 49.3 .5 50.7 87.7 60.5 13.67 
R12 , (g d- 1 ) 47.9 4 .9 48.7 85.1 58.3 13.51 . 
Ru , (g ,d- 1 ) 7.14 9.12 7.80 10.6 8.94 0.99 
Ru, (g d- 1 ) 5.65 6.49 5.79 7.91 4.31 1.78 
Ru, (g d- 1 ) 2.86 4.46 3.47 5.04 4.12 0.65 
RH, (g d- 1 ) 1.37 1.83 1.46 2.38 1.86 0.29 

SEM StaOOard error of mean. 
• Sheep 8 exchrled before calculation of means hecause of illness. 
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Table 3.17. Callpa.rtment masses am. rates of ca1ci1.1ll transport in 

EGTA infused sheep led CTR. 

Sheep t 
-------------------

Parameter 1 4 7 10 Mean SEM -Y 

Calciun intake 10.7 12.3 10.6 16.1 12.4 1.29 
(g d- 1 ) 

Va, (a d-1) 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 

VOt, (g d-1) 0.955 0.993 0.958 1.169 1.02 0.05 
(% intake) 8.89 8.08 9.04 7.25 8.31 0.41 

Vo- , (g <tI) 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 , 
V., , (g d- 1 ) 2.97 2.87 3.19 3.82 3.21 0.21 \. 
Vr, (g d- 1 ) 8.82 7.59 7.17 9.49 8.27 0.54 '10 

Vf , (g d- 1 ) 0.401 0.618 0.615 0.681 0.579 0.061 
(% in~e) 3.73 5.03 5.80 4.22 4.70 0.46 

( 
8, (%) 21.7 43.25 38.14 45.4 37.1 5.37 
Va, (g d- 1 ) 1.62 1.26 1.61 2.00 1.62 0.14 

(" intake) 15.0 10.3 15.2 12.2 13.2 1.20 
Ml, (g) 0.262 0.213 0.231 0.451 0.289 0.055 
M2, (g) 0.459 0.397 0.557 0.564 0.494 0.040 
Ma, (g) 1.97 1.32 2.01 2.46 1.94 0.23 
Mt, (g) 8.55 6.02 6.52 11.2 8.08 1.18 
Mr, (g) 11.2 7.95 9.32 14.7 10.8 1.46 
Ru, (g d- 1 ) 53.4 44.0 58.1 41. 7 49.3 3.87 
R12, (g d-1) 52.4 , 43.0 57.2 40.6 48.3 3.91 
Ru, (g d-1) 6.63 6.70 8.38 8.54 7.56 0.52 
Ru, (g d- 1 ) 5.68 5.71 7.42 7.37 6.55 0.49 
Ru, (g d- 1 ) 2.80 2.75 3.06 4.01 3.16 0.29 
Ru, (g d-1) 1.85 1.76 2.10 2.84 2.14 0.25 

SEM St.andard error of mean. 
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Table 3.18. Compartment masses and rates of d3citm transport in 
EGTA infused sheep fed mT-A. 

, 
,1 

Sheep # 
----------------------

Parameter 5 6 9 12 

Calci\lJl intake 7.6 14.7 8. 15.5 11.6 2.01 
(g cr l ) 

\:16 V. , ig d-q 1.45 4.99 3.75 '\ 6.43 1.06 
(% intake) 19.2 34.1 42.4 41.5 34.3 5.38 

VOt, (g d- l ) 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- l ) -0.37 1.93 1.26 3.10 1.48 0.72 
VT, (g d- l ) 2.87 5.15 3.82 4.95 4.19 0.53 
VF, (g d- l ) M2 10.4 5.99 9.93 8.22 1.14 
V, , (g d- l ) 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 
Va, (g d- 1 ) 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 
Ml, (g) 0.223 0.339 0.362 0.239 ~ 0.291 0.035 
Ma, (g) 0.457 0.598 0.628 0.567 0.563 0.0-37 
Ma, (g) 1.97 2.57 2.67 2.24 2.37 0.16 
Mc, (g) 10.8 11.7 12.4 9.88 11'.2 0.55 
MT, (g) 13.4 15.2 16.0 12.9 14.4 0.74 
Ru, (g cr l ) 57.8 75.0 45.5 75.2 63.4 7.22 
RIZ, (g d- l ) 56.8 72.9 44.2 73.6 61.9 7.05 
R32 , (g d- l ) 9.40 11.6 8.46 9.32 9.70 0.67 
Ru, (g d- 1 ) 8.36 9.52 7.17 7.71 8.19 0.51 
Ru, (g d- 1 ) 3.52 5.11 3.83 3.94 4.10 0.35 
Ru, (g d- 1 ) 2.49 3.03 2.53 2.32 2.59 0.15 

r- i 1 
SEM Standard error of )Dean. 
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Fiaure 3.8. Mean caupartment DESses and rate of ca.lci\.lll 

transport in euca.lcemic sheep f ed. CI'R. 

Values are means ± SEM. ) 
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Fiaure 3.9. Mean compartment masses and rate of ca.1cillD 

transport in eucalcemic sheep fed TRT-A. 

Values are means + SEM. 
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Figure 3.10. Mean caopartment masses am. rate of calci\.lll 

transport in euca.1cemic sheep fed TRT-B. 

Values are means ± SEM. 
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Figure 3. Il. Mean compe.rtment masses and rate of ~citlù. 

transport in EGTA-infused sbeep fed CTR. 
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Values are means ± SEM. 
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Figure 3.12. Mean compa.rtment masses and rate of calciun 

transport in EGTA-infused sheep fed TRT-A. 

Values are means ± SEM. 
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Figure 3. 13. Mean compa.rtment masses and rate of calcitml 

transport in EGTA-infused sheep fed TRT-B. ) 
Values are means ± SEM. 
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Table 3.20. Probabili ty of diet&ry treatments and mI'A infusion 
differences in mean compartment aizes and transfer 
rates of sheep. 

Dietary treatment 
-- - - --

Constant Eucalcemic Bn'A infusion 

Calciun intake .780 .388 
(g d.- 1 ) 

VI' (g d.- 1 ) .854 .051 
(X intake) .883 .174 

Vo. , (g d.- 1 ) .684 .121 
(X intake) .369 .036 

Vo- , (g d- 1 ) .756 .070 
(% intake) .739 .050 

Balance (g d- 1 ) .771 .157 
VT, (g d- 1 ) .744 .163 
V" (g d- 1 ) .970 .909 
V, , (g d- 1 ) .958 .237 

(X intake) .961 .201 
a, (%) .883 .174 
V. , (g d-1) .147 .304 

(X intake) .099 .058 
Ml' (g) .803 .989 
Ma, (g) .971 .666 
Ma, (g) .535 .583 
Mt, (g) .639 .258 
l'ir, (g) .650 .318 
Ru, (g d-l) .163 .380 
RII, (g d- l ) .165 .394 
Ru, (g d- 1 ) .344 .129 
Ru, (g d- 1 ) .795 .128 
Ru, (g d- 1 ) .818 .296 
Ru, (g d- l ) .626 .309 
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and TRT-B (4.23, 5.16% durina the euoalcemic perio~and 17.2, 

15.6% during the iOTA-infuslon period, respectively) were 

higher (P<.l) than CTR (0.18 and 13.2% during the eucalcemic 

and EOTA-infusion periods, respectively). No other constants 

were different (P).I) during the eucalcemic period. 

During the EGTA-infusion period, Va (g d- l ), VOt (% of 

intake), and Vo- (bath as g d- l and % of intake) were af-

fected br the dietary treatments. Ca absorption (Va) by sheep 

fed TRT-B (6.2 g d- l ) was higher (P=O.05) than that of TRT-A 

(4.16 g d- l ), however, no difference (P>.I) was observed when 

expressed as % of intake (true Ca absorption rate). Bone 

accretion Vo t (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).I) from CTR (8.31%). 

Bone resorption rate Vo - showed the same pattern of dif-

ference that TRT-A (2.73%) was higher (P=O.05) than TRT-B (-

20.3%). 

Table 3.21 shows me an values of the eucalcemic and EGTA-

infusion periods and their probabilitr of differences. Simu­
i 

4" 
lated ,lactation by means of continuous EGTA infusion caused 

changes in Ca metabolism with a 48% reduction in bone accre-

. tion Va t 18.15 vs 9.49%), and slight but significant 

(P=O.09) increase in true absorption rate (Vo- % of 

intake)(39.8 vs 32.2%) compared ta that of the eucalcemic 

periode However, no di~ence (P>.I) was found in t~tal Ca 

inflow into the exohang~ble Ca pool ~T) due mainly to the 

lack of difference (P).1) found in the other comp~nent. of 

V", Vo -. A di fference found in true absorption ra te was 
1 

-- \ 
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Table 3.21. Mean compartment SiZ:C:: transfer rates 

\ .. 1, 

of sheep durina the oemic and EGTA-infusion 
~ fi 

periods and their probability of differences. 

Constant Eucalcemic EGTA-infused Probability 

Calcitlll intake 11.6 12.5 .478 
(g d- 1 ) 

Va, (g d- 1 ) 3.83 5.04 .136 
(% intake) 32.2 39.8 .0~6 

Va+ , (g d- 1 ) 2.10 1.09 .001 
(% intake) 18.1 9.49 .001 

Va - , (g d- 1 ) -0.57 -1.40 .. .306 
(% intake) -3.88 -9.50 .369 

Balance (g d- 1 ) 2.66 2.50 .833 
VT, (g d- 1 ) 3.41 3.63 .553 
VF, (g d- 1 ) 8.57 8.09 .566 
V, , (g d- 1 ) 0.813 0.660 .123 

(% intake) 7.15 ...s.46 .050 
a, (%) 32.2 39.8 .096 
Vq , (g d- 1 ) 0.357 1.88 .001 

~ 
(% intake) 3.01 15.3 .001 

Mt, (g) 0.305 0.293 .710 
Mz, ( g) 0.551 0.533 .739 
Ml, (g) 2.19 2.12 .796 
Mt, (g) 9.47 9.13 .817 
Mr, (g) 12.52 12.09 .804 
Ru, (g d- 1 ) 47.99 56.25 .217 
RIZ' (g d- 1 ) 45.90 54.99 .171 
Ru, (g d- 1 ) 7.98 8.20 .756 
Ru J (g d- 1 ) 5.24 6.94 .021 
Ru, (g d- 1 ) 3.75 3.48 .479 
Ru, (g d- 1 ) 1.66 2.22 .019 

o 
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reflected in a 24% reduction in endogenous feesl exeretion 

(V, ). In general, BGTA infusion increased compartment mass 

and 'transfer rates between them. 

DISCUSSION 

In previous experiments, i t was shown that manipulating 

dietary cation-anion balance, defined as meq [(Na+ +K+ )-(Cl-

'+S·)], altered Ca metabolism (Exp.! and Exp.2). Negative 

cation-anion balanced diets that contained excess of an10ns 

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 extraceilular 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 per i od). The latter was used as a model 0 f 

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 greatly and abruptly disturbed (i. e. at the onset of 

lactation) . 

Similar ta the findings in Exp.l, sheep fed reduced and 

negative cat1on-anion balanced diets (TRT-A and TRT-B, 



o 

o 

'" respeotively), increased urinary Ca exoretion (Va) 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 (MT) 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 dlet 

supplemented with HCl to does fed a~ alkalogenic diet supple-

mented with NaOH. Hypercalciuria and a reduction of bone 

accretion rate were found in acidogenic diet. Oral ad-

ministration of HCl to uremie rats also resulted ln an ln-,. 
crease of osteôclastiq densi ty and a reduction in bon'e 

mineralization rate (Chan et al., 1985). Hypercalciuria ob­

served in the above studies and others mly suggest that the 
,/ 

effect is associated with a mild metabolic acidosis created 

by feeding acidogenic diets rather th an direct effect of the 

diet. However, some studies could not confirm the effect on 

bone metabolism (Bell et al., 1977). Thua, 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 animaIs ('Whiting and Draper, 1981b). Dietary 

acid stress provided by sulfate (SO.) and/or NH. Cl in rats 
f 

showed an accelerated bone resorption' only after 2 months of 

adaptation (Whiting and Draper, 1980) or young animaIs with 

rapid bone turnover (Kunkel et al., 1986). 

Previous kinetic studies demonstrated - that an increase'd 

,-



,,' l, '; :;i ,_ ':'-,' ;'" 'r" ", /"',' - , ~" • ' " ",,' :' v:'':' ,\_." ",\-<\f'J:':':"':~,: "':;;f~t!r:~'~:;,:'" ':", h :""-'", "'( ," ":,.,",._:n!;~,,,~,"-~ 

250 

Ca retention by feedina increasina dietary Ca resulted in an 

increase in bone resorption (Vo-) but minimum to no chanaes 

in bone accretion (Vo+) in rats (Bro.nner and Aubert, 1965; 
~ 

Cohn et al., 1968) and in ruminants (Braithwaite and Riazud-
r 

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>.l) was observed be-

tween Ca intake or retention and bone accretion rate (r=O.03 

and 0.10, respectively) but a strong negative correlation was 

fou~between bone mobilization rate and Ca intake (r:-O.37, 

P=0.07) ur Ca balance (r:-0.53, P:O.008)~ 

" In some studies, the total inflow into compartment 1 (VT) 

was exceeded 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 Vo- = 

V, - VI. Negative values of Vo - were also reported in cows 
.. 

and rats fed relatively high dietary Ca (1.4% DM) (Ramberg 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 dietary 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 positive balance and might lead 

to overestimation of V, and/or underestimation of Va. 

However, these possible errors could not account for the mag-

" , 



o. 

0, 

o 

~, . 
tt"'< 

nitude of the neaative Va- values that were observed in our 

trial (i.e. TRT-B durina the RGTA-infusion period). Some 

fluctuation in fecal output (g d- 1 ) 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 transi t time in ruminants compared to that of non-

ruminant wi th uneven excretion rates might lead to overes-

timation of Ca balance whioh defined in this model to be a 

consequence of the process~ involves only in bone. Some im-

plications of negative values of Va- have been discussed by 

Bronner (1967). One of the possible explanations ·is that a 

-
fraction of the absorbed Ca May be deposi ted into bone 

without equilibrating with aIl 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 inje~tion of isotope (Ca45 )(Visek et al., 1953). 

Existence of a slowly exchanging fractions of blood Ca has 
,rJ 

been reported in some species but not successfully in 

ruminants (Ramberg et al., 1970). However even in ruminants-, 

somè indirect evidence based on the dissimilari ty of the 

specifie acti vi ty of urine or milk and plasma Ca (Visek et 

al., 1953; Oiese and Comar, 1964) suggests that existence of 

such a f~açtion re~ains a possibility. Unphysiological nega-

tive values of bone mobilization rate (Va.) observed in some 

of animaIs 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 t "however, 

( 

• 
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variation of the level of Ca in experiment diets was rela-

t'ively small (0.88 to 1. 05% DM}. Therefore, the utilization 

of a four-compartment model to investigàte the ef-fect of 

manipulating dietary cation-anion balance on Ca kinetics is 

justified in this study. 

In this experiment, the total exchangeable Ca pool sizes 

(MT) 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 Riazuddln, 1971), 

while MT were 50% smaller than ~hose of mature non-lactating 

cows determined by the four-compartment model as used ln this 

experiment (Ramberg et al., 1970). Expressed as g kg-1BW, a 

Mean exchangeable Ca compartments Ml to Mt, respecti vely, 

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 ta 0.012, 0.020, 

0.045, and 0.10 for non-Iactating caws (Ramberg et al., 

1970). Values were higher because of relatively higher VT and 

Vo+, which reflect high dietary Ca intake in this experiment 

compared ta that of Ramberg et al. (1970) (0.30 vS 0.175 g Ca 

kg- 1 BW). This..,relatively high dietary Ca intake ranged from 

Il to 13 gd- l compared to that of requiremen~s (7.7 g d- ~ 

1 ) (NRC 1985) is probably attributed to a small 9hanges in MT 

between the eucalcemic and EGTA-infusion periode 

,There was no dl.fference (P>.l) in the size of total ex­

changeable Ca pool among dietary treatments during both 

periods. This confirmed the resul ts . of Fredeen et al. 

-', 
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(198~b). They also hrpothesized that size of the exchan,eable 

Ca pool i8 influenced only by the action 'of parathyroid hor-.. 
mone (PTH), secretion of which is triggered by a reduction of 

blood ionized form of Ca (Catt ) (Fisher et al., 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 animaIs fed reduced cati op-ani on 

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 exchan,eable Ca pool. 

The discrepancy that exists between the two findings may be 

c~used by al teration in acid-bas'e sta~ of animal'S. 

Bushinsky et al. (1982) created metabolic acidosis in rats by 

feedin, NH4 Cl and found an increased serum Ca· + 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 animaIs toward acidosis ..... by 

feeding reduced cation-anion balanced diets may be an altered , 

relationship- between PTH secretion and plasma Ca++ concentra-

tions. 

It is weIl established that 'endogenous fecaI' Ca (V,) is 

affected br DM intake end not affected by dietary Ca intake 
• 

(Braithwaite, 1983a). 8mal1 variations observed in this ex-

periment a1so agrees with previ~us findings (Ramberg et al., 

1970). V, represents the ~mount of Oa tha~ was secreted into 

the intestine and not reabsorbed. A 24% reduction in,V, ob-

- \.. ' ~ 
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served in EGTA-infused Iambs may reflect either a decrease in 

secretion of Ca into the intestine or a more efficient r~ab-

sorption of the endogenously secreted gastrointestinal Ca. 

The latter is more consistent with the change observed in 

true Ca absorption rate (Va % of intake). A positive correla-

tion (r:O.64, P,=O.007) was observed between V, and Vr (fecal 

Ca excretion) indicating that the endogenously secreted and 

dietary Ca were mixed within the intestine and no discrirnina-

tian in the reabsorption process occurred. 

Simulated lactational Ca loss created by continuQus EGTA-
,. 

Infusion resul ted in transient responses in the Ca horneos-

tatic mechanism which reflected the kinetics of the feedback 

signaIs invol ved ln the control of plasma and bone Ca. In-

cluded in these pathways are the kinetic pararneters as-

sociated Wl th secretion, metabolism and action of feedback 

modula1fors such as PTH, calcitonin (CT), and 1,25-

dihydroxyvitaminD3 (1 ,25(OHhD3) and those on thelr cellular 

targets in intestine, kldney, and bone. During this perîod, 

effects of reducing dietary cation-anion balance on Ca 

kinetics became significant. Elevated intestinal absorptlQn 
, 

of Ca (Va) with concomitant decrease in bone accretion (Vod 

to accommodate an increase ln Ca demand was observed in cows 

( Ra m ber g e t al. " 1 984) and in e w e s ( Br ait h w ait e , 1 98 3 a ) . 

However, there is no hormonal study available in the litera-

ture investigating effects of manipulating dïetary cation-

anion balance. 

Several studies indicated that prepartum intake of 

aoido,ente and alkalogenic component8 of di et i8 more impor-
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". 
tant than the level of dietary Ca wi th regard to the in-

cidence of hypocalcemic parturi e~ paresis (milk fever) (Ender 

et al., 1971; Dishi'ngton, 1975; Block, 1984). Conventio~lly, 

high dietary Ca is considered to be one of the most impo~tant 

predisposing factors of milk fever (Goff et al., 1987). 

However, when an acidogenic diet was fed to cows predisposed 

to milk fever prepartum, i t was observed tha t rela ti vely high 

dietary Ca may be beneficial (Ender et al., 1971; Dispington, 

1975; Verdaris and Evans, 1975). Anderson et al. (1970) found 

the feeding of elevated dietary Ca enhanced absorption, 

retention and depressed bone resorptlon but had no effects on 
Î' 

the exchangeable Ca pool size, which forcgd animaIs to become 

severely hypocalcemia at parturition (Ramberg et al., 1976). 

Therefore, i t was suggested tha tas i ze of the exchangeable 

Ca pool ln preparturient cows May be of pr imary 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 

1 exchangeable Ca pool (Vagg and Payne, 

Furthermore 1 incidence of milk fever 

1970; Fredeen, 1984). 

is dramatically in-

creased wh"en diets are alkalogenic and reduced when diets are 

acidogenic (Ender et al., 1971; Dishington, 1975; Black, 

1984). In this study, hypercalciuria caused by feeding 
; 

reduced and/âr 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 maintained a high 
? 

flux through the exchangeable Ca pool. This was acbûeved 

, , , 
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without the inhibitory effects on bone resorption observed 

when alkalogenic diet wi th relati vely high dietary Ca were 

fed (Fredeen, 1984). 

Results obtained from this experiment indicated that 

feeding reduced cation-anion balanced diets to sheep resulted 

in an increased Ca flux through the exchangeable Ca pool but 

had no effects on the size of Ca pool. This effect was maxi-

mized when Ca demand of animaIs was increased by simulated 

lactational Ca 10ss caused by continuous infusion of EGTA. 

Even though plasma total Ca concentration was not affected by 

dietary trea tments , plasma i oni zed Ca (Ca + .) concentrations 

were elevated in reduced cation-anion balanced diets. This 

indicated that there was a disturbances in interrelatl0nship 

between the Ca-regulating hormones (PTH, vitamin D, and CT) 

and/or in responsiveness to target organs (bone, kidney, and 

intestine) . Hypercalciuria associated wi th reduced dietary 

cation-anion balance wi th corresponding increases in intes­
'1 

tinal Ca absorption and in bone resorption may play an impor-

tant role in order to sus tain a high level of Ca flux through 
. 

the exchangeable Ca pool, especially in situation of high Ca 

demands such as in postparturient hypocalcemia. 
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VI. GBNERAL DISCUSSION 

Manipulating dietary cation-anion balance, measured as 

meq [Sodium (Na+) + Potassium (K+)]-[Chloride (CI-) + Sulfur 

(S· ) J , achieved by supplementing ... various mineraI saI ts has 

been used as a preventative method of hypocalcemic ~turient 

paresis (milk fever) (Dishington, 1975 i Dish/ngton and 

Bjarns tad, 1982; Block, 198 ; Leclerc, 1986). The assumpt ion 

was that the dietary cation- nion balance of rations fed ta 

cows prepartum was an overri ing importance in determining 

Ca availability (Ender u,,-...... ·~hington, 1970) and that a posi-

tive di et reduced Ca a negative diets in-

creasè'd it (Ender et 1971). Vsing the combined data in 

this study (n=73) 1 a positive correlation (r=0.28, P=O.04) 

between intake of dietary cation-anion balance (meq d- l ) and 

Ca retention (g 7d- 1 ) confirmed that of Lomba et al. 

(1978)(Figure 4.1,), but we could not detect a negatlve cor-

relation using negative cation-anion balanced diets only as 

shawn by Lomba et al. (1978) mainly due ta a small sample 

size (n=21) and a large variation within dietary treatments. 

Hypercalciuria observed in animaIs 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 

... 
animaIs suggested by changes in urine sampl;s indicated that 

mild acidosis caused by feeding such diets May be responsible 

(H~mpn and Britton, 1983) by decreasing tubular Ca reabsorp-

tion (Sutton and Dirks, 1978; Pera.ino and Suki, 1980) and/or 

" 
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Figure 4.1. Relationship between the intake of dietary cation-

anion balance and the retention of calcium (Ca) 
~ 

(r=O.28, P=O.04). 
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releasing Ca from bone (Braithwaite, 1972). However, there 
1 

was no or Iittle effects on Ca mobilization from bone as-

sociated with feeding reduced cation-anion balanced diets in 

this study as evidenced by Iack of correlation observed be-

tween plasma free OHPro concentrations and intake of dietary 

cation-anion balance. Kunkei et al. (1986) also observed no 

changes in urinary eX~~ion of OHPro by rats wi th dietary 

acid stress (supp~tation of NH, Cl or SO, -containing 

mineraI salts). There were also no changes observed ln bone 

mobi l ization rate (Vo -) in the Ca kinetic s tudy . 

. 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 (Brai thwai te 1 

1972; Verdaris and Evans, 1975; Fredeen et al., 1988a). 

Plasma ionized Ca (Ca;·) was elevated in animaIs fed reduced 
1 

cation-anion balanced diets. This may have resui ted from a 

direct effects of mild acidosis in animaIs. Chronic metabolic 

acidosis raised plasma Ca·+ concentrations (Bushinsky et al., 

1982), resulting from a reduction of plasma protein bound Ca 
'!. 

(Sutton and Dirks, 1978). An increased plasma Ca·· concentra-

tion is usually associated wi th a reduction in circulating 

PTH concentrations (Ramp and Waite, 1982). Metabolic 

acidosis, however, seems to disturb this relationship in that 

an increased plasma Ca·· concentration associated with 

acidosis did not detress PTH secretion (Bushinsky et al., 

1982) and May diS:U~ a positive correlation th~t existed be-

tween the size of exchangeable Ca pool and plasma PTH con-

centrationa (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:O.059, P=O. 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 associa ted wi th feeding 

reduced or negative cation-anion balanced diets through in-

creases in Ca'entry and clearance without affecting its size, 

particuiarly in animaIs wi th an increased Ca demand such as 

at the onset of lactation, May be the reason for beneficial 

effects of feedirg such a diet to prepartum cows as a preven­

tative method of milk fever. 

... 

.' 
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VII. CONCLUSION 

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 FeSO. (1.08% of. total DM) was supplemented; 

- disturbed acid-base balance of animaIs toward acidosis 

indicated by a reduced pH of urine; 

- caused hypercalciuria; 

had a minimum effects on plasma total calcium (Ca) 

concentrations; 

caused a sm~ll reduction in plasma ionized Ca (Catt ) 

concentrations; 

- caused faster recovery time (Tl/;) after the infusion 

of EOTA; 

tended to increase the Ca mobilization rate from 

immediately mobilizable Ca pool in response to acute 

hypocalcemia caused by the infusion of EDTA and the 

magnitude of protective effect was comparable ta that 

of vitamin D injection; 

had minimum effects on the size of exch~ngeable Ca 
J 

pool; 

tended to increase the level of Ca flux thfoUgh the 

exchangeable Ca pool •. 
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o 
Other notable observations were: 

- Apparent absorption and ret~ntion of dietary Ca and 
" 

phosphorus (P) was positively oorrelated; 

- There was a positive li~ear 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 

absorption and urinary excretion and resulted in an 

o increase 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. 

o 
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STATBMENTS OF ORIGINALITY 
. .. -

l ' 

~ " To the best of author.s knowledge, the following imforma-

tion contained in this thesis consti tutes an original con-

tribution to the scientific literature. 

1) The utilization of various mineraI salts including ~race 

mineraIs for reducing dietary cation-anion balance, defined 

l. 
as [(Sodium (Na+) + Potassium (K+»-(Chloride (CI-) + Sulfur 

(8 2 »J, from +350 ta -150 (meq kg-1dry matter) within the 

safety level of mineraI elements in diet. • 

2) Reports on alteration of macromineral metabolism (calc1um 

(Ca), phosphorus \P), Magnesium (Mg), Kt 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 r~uced cati,an-anion 

balanced diets and vitamin D-injection on the capability of 

Ca mobilization rate from the immediately mobilizable Ca pool 

and the size of pool. 

4) Reports on an increased concentration of plasma ionized 

form of Ca in relation with feedina reduced or negative 

cation-anion brlànced diets. 
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5) Determination of Ca kinetics usina a four-compartment 

model in sheep fed different cation-anion balanced diets 

causes by supplementation of various mineraI salts during 

eucalcemic and simulated lactational Ca loss created by the 

continuous infusion of EGTA solution. 

6) Demonstration of the sensi'tivi ty of changes observed in 

bone resorption rate with relatively h~gh dietary Ca intake. 
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APPENDIX A. 

SUPPLEMENTARY DATA - MAJOR MINERAL METABOLISM 

BY SHEEP FED DIFFERENT CATION-ANION BALANCED , 
DIETS DURING THE EUCALCEMIC AND EGTA-INFUSION 

PERIOD 
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Table A.I. Magnes1un absorption and retention by sheep fed different cation-anion be.lanoed 

clièts siuring the eucalcemic and EGTA-infusion periods1 • • \1 

• 

',"_ t'" 

L... • 

.... 
Rucalcemic EGTA infusion Significance2 

-------------------------- --------------------------
Variable CTR 1RT-A 'IRT-B SEM CTR 'IRT-A 'IRT-B SEM \ 

. ' 
Intake 16.1 19.8 18.2 0.74 15.3 19.3 21.5 1.86 

(g 7d- 1 ) 
Feces .. 9.91 14.2 12.6 0.82 9.431 14'. lb 12.801 b 1.00 

(g 7d- 1 ) 
Urine 2.06 3.16 3.84, 0.20 2.2401 4.27ab 5.28b 0.58 

(g 7d- 1 ) 
Absorption 6.24 5.55 5.65 0.27 5.85 5.26 8.77 1.25 

(g 7<!-1). 
Digestibility 39.5 _ 24.9 31.9 3.00 38.8 25.6 39.6 5.00 

(%) 
Balance 4.18 2.39 1.81 0.45 3.60 ., 0.98 3.48 0.86 

(g 7d- 1 ) -
'Urine/Absorption 33.5 56.9 67.9 15.00 40.6- BJ.3 60.1 18.8 

(~) 
Balance/In~e 26.6.4 9.6B 11.7u 4.0 23.9.4 4.1- 15.5AB 4.00 

(X) 

, 1 qm--COntrol; TR.T=Treatment; SEM=Standard error of mean. 
2 ~=~ot si~ificant (P).1); ** Significant (P<.05). 
1 b.Jrséans wi th different superscripts were different (P<. 05) wi thin each periode 
AB Means with,different superscripts were different (P<.1) within each periode 
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Table A.2. Phosphorus absorption and retention by sheep fed different cation-anion balanced 

diets during the eucalcemic and EGTA-infusion periods1 • 

Eucalcemic EGl'A infusion 
-------------------------- --------------------------

Variable CTR TRT-A TRT-B SEM CTR TRT-A 

Intake 23.6 23.0 22.8 L25 24.2 23.8 
(g 7d- 1 ) , 

Feces 18.2 18.9 19.1 1.10 20.4 20.5 
(g 7d- 1 ) 

Urine, 0.09 0.13 0.04 0.01 0.15 0.20 
(g 7d- 1 ) 

Absorption 5.38 4.16 3.61 0.97 3.83 3.32 
(g 7d- 1 ) 

Digestibility 22.9 17.9 15.9 3.00 15.0 11.3 
(X) 

Balance ~ 5.29 4.02 3.56 0.97 3.67 3.12 
(g 7d- 1 ) 

Urine/Absorption 1.94 3.11 1.43 1.00 6.32 1.52 
(%t 

Balance/Intake \ 22.5 17.3 15.8 3.05 14.3 10.5 
(%) 

~ 

1 CTR=Control; TRT=Treatment; SFM=Standard error of mean. 
z ~S=Not significant (P>.!); * Significant (P<.1). 

~ 

, 

'l'RT-B SEM 

25.4 1.81 

21.6 1.09 

0.17 0.07 
~ 

3.86 0.93 

11.5 4.00 

3."70 0.89 

1.88 1.54 

10.6 3.09 

Significancel 
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Table A. 3. 'Sodium aljsorption and rétention by sheep Ifed different catiOll-anion balanced 

" 

diets during the eucalcemic and EGI'A infusion periods1 • 

" 

1 Eucalcemic EGTA-infusionZ 

----~-------------------- --------------------------
Variable C'IR' TRT-A TRT-B SEM cm mr-A 

. , ; 

Intake . ( 50.8' 49.0 43.2 4.45 110.4- 98.9b 

(g 7d-q \ 

Feces 9.68 7.84 14.1 3.23 11.9 9.78 
(g 7d- 1 ) 

Urine 37.4 35.3 . 24.~ 6.25 66.2 55.7 
(g 7d- 1 ) 

Absorption 41.1 41.2 29.1 4.29 98.5- 89.5b 

(g 7d- 1 ) 

Digestibility 80.6- 83.3- 65.8b 2.03 • 89.4 90.1 
,(~) 

, 1 
Balance 3.66, 5.88 4.19 "1.40 32.3 33.4 
'(g 7d-q ... 

Urine/Absorption 91.9 84.9 85.6 6.09 68.9 62.8 • (~) 

Balance/Intake 6.65 12.5 9.70 6.08 27.7 32.5 
(X) 

'""'---

1 CTR=Control; ~=Treatlllent; Bm=Standard error of lIlean. 
Z Intake include Na content of infused solution (NaCl). 

TRT-B BFM 

95.6b 11.2 

14.8 3.04 

52.9 6.96 

80.8e 2.87 

86.2 2.45 

27.8 7.35 

65.5 7.67 

jO.O 6.56 

3 NS=Not significant CP>.1); * Significant (P<.l); *** Significant (P<.Ol) .. 

Significancel 

Infusion . 

*** 
NB 

*** 
' *** 
*** 
*** 
* .a 

* 

ab Means with different superscripts were different (P<.05) within each periods. 

/' 

~ 

. .. 

f 

'~ 
~ .. 

~ 

,..:' 

l " 

\' 
; 

1 .. 

N) , -. ....... 
o '~-



oc ..:. o 
~ ~ 

~ 

.. 
Table A.4. Potassium absorption and retenti on by sheep fed different cation-anion balanced 

diets during the eucalcemic and EGTA infusion periods1 • 

.~~~ rJ' .. 
~\c_ 

~
i;(-::: 
~~~~ ., 

:loi ;." ~ 
.,...-.; ... -

~
"'.'i-" ~" 

~ ... ~ 

. EucgJ.cemic EGTA infusion Significance2 
-------------------------- --------------------------

Variable cm '!m'-A 'IRT-B SEM CTR -'!m'-A 1RT-B SEM Infusion 

-Intake 125.6 121.1 123.9 7.67 132.6 134.1 141.7 10.46 NB 
(g 7d- 1 ) 

2:07 Feces 7.74A 5.38B 10.9A 6.36A 5.19B 7.38A 0.7~ * (g 7d- 1 ) ~ 

Urine 97.2 94.8 99.3 3.28 10L7> 111.6 114.6 4.36 * (g 7d- 1 ) 

Absorption ......J17.8 115.7 113.0 7.66 1il6:2 128.9 134.3 10.13 * (g7d- 1 ) 

Digestibil:ity 93 j 7 85.6 91.7 1.06 95.1 96.1 94.7 1.68 ** " 
(X) ------Balance 20~6 -to.9 13.6 5.01 - 24.5 17.3 19.7 6.48 NS 
(g 7(1-1) 

Urine/Absorption· 82.7 81.4 86.4 1.67 80.6 87.9 84.5 2.79 NS 
(%) 

Balance/Intake 16.1 17.8 12.7 ' 1.90 18.5 11.6 ·14.6 2.79 NS 
• J 

(X) 

" 

1 Cl'R--COntrol; TRr=Treatment; S»t=Standard error of mean. 
!- 2 NS=Not significant (P>.I); * Significant (P(.I); ** Significant (P(.05). 

AB Means wïth different superscripts were different (P<'05) within each periods. 

'\ 

~ , 
~ ~ 
.ii.4~1;l'MW-; : ~ ~ ~f ~ ~ ~ :~.I ~ _ '~~ ~ .~< ~~' 

• 
~ . ,"... 

, 

o· 

~ !t. 

~ 

a. 

... 

1 

N ....., .... 
-$' 

~ 

.' 

-', 

-'~ ~'< 
".' 
-, 
:<'~ 

,,' 

, , ·l:'·~ 

?t 
~ 
.~ 

.-' 
~~~ 

. i: 
~-: 

.... , .. ', .. ~ 
, < 

"'r:~ 

." 
;'.t.' 
~ ~' 

'" , ,q 

>-;;:.: 

'~ ~ 
,h 

~ .::) 

., 
_ l7''''t 

~- <~; 
~ . ..),~ .. :; 



~.. ,,~~ .... ~~.'~ 
.li.l:"~'~~"''>~i:;:--',.'r. -.' •• ;;.. ~ ~ ... 

~. -
~rl- • 

- .. . .. , ~ ~~'-~ 
:::,. 

;'1 
...,"'l, 

~ ~ 

~ 

l" 

t: 
L: • 
If" 
'. 

" 

" . 
" 

'c 

. .. 
.; 

t 

Table A. 5. Sulfur absorption and retention by sheep fed diffe~t cation-anion balanced 
diets during the eucalcemic and EGl'A infusion periods1 • 

r-... -- -~ -.J -~- --Jfuca~c- EGTA infusion Si~;i~-
-------------~~----------

~le am. TRT-A TRT-B SEM CTR 'mP--A 'IRT-B SFl1 Infusion 

Intake 14.7- 33.8b 47.OC 5.02 12.1- 36.5b 61.3c 3.99 * (g 7d- 1 ) 

Feces 6.144 7.42AB 9.838 1.17 6.54. 10.3b 12.7b 1.09 ** (g '7d- 1 ) 

Urine 0.17- 20.9b 32.5c 3.48 0.29- 25.6b 33.1c 4.12 NS 
(g 7d- 1 ) 

Absorption 
{g 7d- 1 ) 

Digestibility 
(%) , 

Balance 
(il 7d- 1 ) 

Urine/Absorption' 
{,,) 

Balance/Intake 
(X) -

8. 54. 26 • 4b 37 . 2c 

57.1a 77.5b 78.9b 

" 
8.37 5.42 4.71 

2.50· 83.1b 88.1& 
/ 

55.9- l3.5b 9.83b 

4.14 5.57- 26.2b 48.5c 

4.08 46.2.' 71.4b 78.9c 

2.84 5.28AB 0.59A 15.45B 

7.52 5.10- 97.8b 70.6b 

7.94 43.9- 1.62b 23. 7a b 

1 C'IR--control; TRT=Treatment; SEM=Standard error of meaI1. 

2 NS=Not significant (P>.l); ** Significànt (P<.05). 

3.08 

2.45 

4.31 

11.56 

8.08 

.b~ Means with different superscripts, were dffferent (P<.05) within each periods. 
AB Means with different superscripts were different (P<. 1) wi thin each periods. 
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B. l,nCTS OF 

-' 

, . 

DIBTARY CA~,tON-ANION B~CB, ON 
~\ . 

CALCIUII ABS1P'l'ION IN RATS • 

, , 

"' INTRODUCTION 

~273 0 

INTBSTi:NAL , 

• 

It has been weIl established that intestinal calcium (Ca) 

~bsorption . ïn ra ts eomprisès of two processes, active and 

diffusive processes (Wasserman and Taylor, 1969; Walling, 
, 

'1977; Pansu et al., 1981). Former proeeas is a saturable 

transmural movement in nature and is subject to physiologieal 

_ (Pansu and' Bronner, 1981) rd . t' l an' nutrl. lona regulation 

(Armbrecht et al., 1979). Whereas the latter is thought to be 

a~ linear funct'ion of Ca concentration ,in lumen and appears to 

be independent to 'thé age or amount of Ca intake (Pansu et/" 

al., 1983). One of _ the nutri tiona! factors affecting Ca 

homeosxasis ia via alternation of acid-bas~ status of animal 
., 

such as metabolic-acidosis. Gringt et al. (1979) demonstrated 

in rats that a proportion of ionic !orm of Ca to' total Ca of 

plasma was elevated in a metabolic acidosis and was reduced' 

in alkalosis. Bone formation and resorption would aiso be al-

tered 'by acid-bas~ balance. DeI\osiding 
. \ \ 

alkaline bone 

mineraIs as storage during the intake of excess alkali and 

releasing bone m~nerals as ~e resorption ,process dU~ln~ a 

\ period of acidosis (Barzel and ,Jowsey, 1969: Sarton et al.- j 

. " 
1983). 

Effects of metabolic acidosis on intestinal Ca abso-rp- li 

.. 
tion, howev~r, 18 not weIl established. Lee et al. (1977) 

., 
' .. .",.-_ ... ! , .•. , 

, 
\ 
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, . 
showed 'that the intestinal content of 1, 25-dihydrolÇyvi ta,min 

. D3t, (1,25 (OH )'2 D3 ), a stimula:toT of active absorption proces.s, , 
. . . 

• 'd~creases in metabolic acidosis in.icating that Ca absorption 

would be decreased. However, other studies showed no changes r . 7 

9r even~ in~reased absbrption ra~es (Lemann e~ al., 1966: 

Litzow et a1.i 19"67: Weber et al., 1971; Grindt and Delling, 

1979; Gafter et al., 1980). In this study, a diets differin~ 

in their dietary cation-ànion balance, defined as meq [sodium 

(Na+) + potassium (K+)]-[chloride {Cl-~ sulfur (S")], was 

used to demonstrate the effects of acid-base balance on the 

small intestinal Ca absorption measured using the in si tu 
1 

intestinal loop methQd .and to investigate the effect of cat-

ion groups (aluminum (Al). Magnesium (Mg), ~nd iron (Fe» of 

, mineraI salts used to alter,cation-anion balance of diets. 

MAT1ffiIALS AND MBTHODS 

!nimals and d~ets 

~-. ... 
A total of -8~Male rats, 36-42 da ys of age and 126-150 g 

body weight, obtained from Charles and River Canada Ltd were 

,assigned 'randomly to 3 di7 t-s- differing cation-anion 'balance. 

C om po si t,i 0 n 0 f diets are presented in Table B.1. 
\ 

Ala(SO.)318HaO and MgSO. were used to reduce dietary cation-
, 

a~ion balance.Jn diet~2, whereas MgSO. and FeSO. were used in 

diet-3. Diets were formulated to meet the requirementi of 
, . 

l~boratory rats exc~pt for Na, K, Cl, S, Ca, and P, aIl of 

~b~ were, relatively exceeded tbe requirements. Animais were 

, ' 
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Table B.l. Cœpositions o~ diets •. 

, 

,Indredients . Diet 1 Diet 2 Diet 3 

------------ (X) -------------- iii 

'" Whole wheat 69.1 67.55 68.15 
flour , , 

Vitamin-free 15.0 15.0 15.0 
câsein 

Cellulose 5.0 5.0 5.0 
" 

Com oil 4.0 4.0 4.0 

Mineral. mixture! 5.0 5.0 5.0 

Vi tamin mixture2 f.o 1.0 1.0 

0JHPC>c 0.8 0.8 0.8 

cacIa 0.15 0.15 

eacxn 0.1 
'" 

Ala <sa. ).lBHaO 0.8 ' -
MIIS04 0.7 0.7 

Fesc. - 0.2 

1 Rrlilip and Hart minera! mixture. It contains followings 
(,~ of diet) dicaleitm phos}ilate 16.,~; caleium carbonate 
15.0; sodiun chloride 8.35; magnesi'Llll sulfate 5.1; calcium 
~te 3.75; ferrie eitrate 1.375; magnesium sulfate 0.255; 

•. potassi\lll iodine 0.041 copper sulfate 0.015; zinc sulfate 
0.0125; cobal. t 'ctJll>ride O. 0025 • r 

1 Cauposition of ~n mixture are following (mg/kg of diet) 
vi tamin A 19.8; vi tamin D 1. 38 i vi tami.n E 110.0; Ascorbic 
acid 495; Inosi toI 55; Choline 2277; Menadi~e 24.75; D­
aminobenzoie scid 55; Riboflabin 11 j 'Ihiamine 11; .D-cal­
cium pantothenete 33; Biotin 0.22; Folie scid 0.99; Vit B12 
0.015. . 
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, 

o housed in' fndividual metab?lil' oaies" for balence study and 
_ r} Q 

~iets were fed ad libitum. The experiment was oonsisted of 2-

',weeks diet a~~Ptation and 7 -day ooilecti\on' period followed by' 

, the in.test~na1 Ca absorption study. " 

Calôiua ~bsorptioD study 
,. 

Unfasted rats were anesthesized with sodium pen~obarbi­

tal ,lU mg ,kg-1body weight (BW» and a longitudinal abdominal 
) 

incision was made --to expose the whole length of the intes-

tine. Duodenum, jejunum and ileum loops were made according 
-
the following procedure. The duodenum loop-~as made by ligat-o ing the !;1mall intes~ine at the pylorus and approximately 10 

cm distally which was 2 cm beyond the 1iga~ent of Tritz. The 

o 

jejunum loop was made by ligating at 10 and 20 cm distal from . 
the ligament of Trei tz. The il.eum loop was made by lt:.~ating 

at the ile~m-ceacum junction a~ 10 cm proximally, Before 

tightelling the second liga~ion, on' the i~testinal loots, 1.0' 

ml of test solution- containing Ca t 5 was injected inside of , , 
r 

~he loops with the aid of a calibrated siringe then the 1iga-

tion was tightened immediately after so that no leakage' of 

,~the test solution from the 100p would occur. 

After injecting the t~st solu'tion into three intestinal 

loops, the entire expo'sed small intestine was repla,ced into 

th,e abdominal, cavity and the incision wa's c1ipped off then 
1 

1 

animaIs were put back into individual cages. AnimaIs were 

usually recovered from anesthesia within 30 min and were këpt 

at room temperature. A 120 m.n after the injection qf the 

.. 

, , i 

• ,;,~ 

)'~ , 
" 
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test solution, animaIs wet"e reanesthes.ized with chloroform, 

blood samples were t~ken by he art puncture, and 'the three in-' 
~ 

testinal loops were removed from r"at. O '.r-hen the 10Dps were 
û .....--......., 

- . . '" 
ashed1for overnill\t and dissolved witb a slilall amount of con-. -
eentrated HCL (12N) and cruei ble was washed twice wi tll à 

small volume of distilled water and transferred. to 20 ml 
IS!I' 

scintillation vials. Standard loops we~e ~lso pref,areél in or-

der to correct a loss of efficiency during the preparation 

procedure. They were the same intestinal L'oops as the e~-. 
o 

• 

perimental loops but excising immediately after the injé~t~,on '--::>-

of the test solution. Radioactiyi ty of the standard loops 
, 'e 

were used as amounts of instilled in the experimental loops. 

,'Radioa'ètivity of solutions (plus 9,ml PCS a~ a scintillator) 
. 

was counted by liquid sQintillation counter ('Beckman LS-235) 

wi th following settings; 
1 

preset error 0 • 3%, • preset time 60 

sec, l~wer di~cri,inati.pn window O. 5V and higher dis-
, ) 

criminator 9. 9V. 

Ca absorption was calculated as the difference be~ween 

tne total amount of instilled and recove'f'ed Ca45 
• 01 

assum1ng 

thlt't a specific activi ty 'of Ca in the injected test solution 

did not change during the experimental period (120 mih). In 

ordèt- to find Ca absorption, 6° test' solut.ions different in 

their Ca concentration were used. The test solut ions con-

tained 1, 10, 25,"\50, 100, and 150 mmol CaCI2 and ap­

proximately ~ 0.1 pei ml- 1 of CaU Clz (800 ,mCi nmol- 1 ). NaCl 

was also added to the test solution cpntalni,ng 1-50 mmol ... 
CaCIa to render them isomolar \Vith plasma (Table B. 2) • 

"."" .. '<1. 
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o Table B.2": Composition am ~teristics ot test solutions.! 
'" 

,-

No. (CaU) .1œdioaotivity , NaCl1 
d1 <J microCi/ml . po ott 

Specifie acitivity 
, nanoCi/mi5!roK::a "., .. 

;\> • 
1 l' 0.1 ---135.0 ' . 

100 
Il , 

(' 
2 10 0.1 . 121.5 la 

• 
3 25 0.1 99.0 4 

4 50 0.1 61.05 2 • u 

Vf 5 100 (hl 0 ;/ t 

6 150 .... 0.1 a 0.67 

• • 

1 NaCl lol8S added to 'the' tést solution to 
renderc' them iSaJM>!ar !'Ïth pl~ (271 1111). 

. \- . . 
"W. J 

0 

• 0 

( ---," , 
l "" 

1/ 

1 

\ . 
<J) 

, , 
û 

It... ' 

J.f~ -.. ,'- l'Î (-:.~~~ • '~I ."'~ 
~~t .·t _~~_.,.,,~_~ ~_,_'!,j:~~.~i." M~ .... n,~~ .', . .:<:;11~(.~.r.:~i:.f.",_~~11.~~~;it"" ;t!..K~~, 

" 

" 

" , ... 

cr 

\1; 

, \,. 

\ . 

G 

, \ 

,. 

, , 
"'"" ..,.:" 

" 

. 
l ' 

. } .. 
./ .' 

" .. 
, 

o ? 

i 



, 
" 

.( 

, " 

" 

. 
• 

l' "0 • 

.... ;!, .. '>' 

279 

Caloulation of Ca absorption 

The absorpti on curve was. descri bed by the following 

equ~tion; 

where total Ca flow trom the lumen to the blood. 

J •• z the maximum saturable Ca flow. 

(CaL 2 +) - the luminal Ca concentration. 
., 

the luminal Ca concentration at which 

J •• x /2 is attained. 

p diffusivity const~nt. 

First part of the equatiofi represents the active process 

which characterizes in s~urable nature and second term rep-

resents the ditfusive process. Experimentally J'-t represents 

the difference between the amount of Ca injected and 

recovered from the loops at thé end of the expe:r:imental 

period (120 min). (CaL z .) represents Ca concentration of the 

injected test solution. The observed Ca absorption rate is a 

combination of both processes. Thus, in arder to differen-

tiate two components from a single observed curve, following 

procedure were exercised; 

To arrive at the linear portion of the equation, -1i 

regression equation was deri ved by least-squares method (SAS) élb\~ 

to estimate the best fit linear regression model. The proce-

dure was based on individual loops at the upp~r Ca concentra-
o 

tion (50«CaL 2 + ».150 mmol). 

To calculate Kt values, apparent haIt-saturation constant 
o 

of the saturable process, a mean J.-. value at the higher 

.' 1 , ' 
r· 
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concentration (50«CaL 2 + »150 mmol) with the predicted values 

was substracted from the observed values of -
J.-., then divided by two. 

To'" obtain J .. S 1 maximum saturable compone nt of tran-

sepi~helial Ca movements, observed J.-., predicted P*(CaL 1 +), 

and calculated Kt at lower conce~tration (CaL Z + »50 mmol) 
-J 

was fit in the equa tion, This resul ted in obtaining severai 

values for J. as , thus , a mean and standard error was calcu-
f, ~ 

lated, 

1 
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 betweer 

the treatments. AlI statistical analysis were carried out on 

the Statistical Analysis System (SAS insti tute Inc" Cary, 

NC) • 

RESULTS AND DISCUSSION 

--Mineral composition and cation-anion balance of diets are 

4 
presented in Table B. 3. Ca content (1.03%) and Ca to phos-

phorus ra ::io (1.67) of experimen tal diets were higher than 

requirements (0',5% and 1,.25, respecti vely), Ca tian-anion 

balance (meq kg-1dry.matter (DM» of diet-1, diet-2, and 

diet-3 were +46.3, -52.9, and -53.3, respectiv~. Table B.4 
li 

shows body welght (BW), feed and water intake, and urine pH. 

t t 
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Table B.3. Nutrient oanposi tiôn of dieu. .. .... '!: , 

., 
, ' 

Nutrient Diet-l Diet-2 Diet-3 - , 

C8.lciun (%) 1.034 1.034 1.034 

AloSJilorus (%) 0\789 0.786 0.787 

Ca:P 1.67 1.67 1.67 

Sadi lIIl ( ~ ) 0~304 0.303 0.303 

Potassiun (%) 0.761 0.759 0.760 

Chloride (%) 0.518 0.589 0.589 

Sulfur (%) 0.226 0.351 0.352 

Magnesillll (%) 0.088 0.156 0.157 

Cation-anion 
œJ.ancét (meq/kg) +46.30 -52.86 -53.27 

~C 1 Milliequvalent of [(Na+K)-(Cl+S)] . 

" 

,0 
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Table B.4. Body weight, feed and water intake and urine pH of rats feà diets differing in 
their dietary: cation-anion balance. 

-
Diet No.observation Initial BW Final BW BW change Feed intake 

(g) (g) (g) (g/d) 

1 30 _ 242.9 281.0 5.44- 37.4-

2 28 242.2 273.5 5.22- 24.3b 

~ 1 t 

3 29 237.3 277.0 6.74b 22.2c 

S»I 15.10 7.65 1.22 2.44 

• ~ 

Water intake 
(g/d) 

37.4 

34.4 

37.2 

5.18 

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

'~-

~ 

Il 

,... 

~ 
1. 

Ti 

L-, 

r 

. ~~'~,J{: "" ,"p '. " ) 
~ ~~~jH~j"t f1'>.!"=~ ~ .. ~_ ~,- ... ~ ... 

..., 

... 

') 

... 

Urine PI 

7.22-

5.97b 

6.79C 

0.31 
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Rats fed' diet-3' aained more (PC 05) weiaht durin' the 7-day 

collection period than those of diet-l ôr diet-2, 

feed intake of this group was the lowest (P<. 05) • 

aîthouah 

R~S fed 

ei ther diet-2 or diet-3 showed a reduced (P<. 05,}/ urine pH 

than that of diet-l indicating that feeding neaative oation-

anion balanced diets created a mild acidosis in rats. 

Figures B.l, B.2, and B.3 present Ca absorption by the 
'-

duodenum, jeju~um ~nd ileum intestinal loops of rats, respec-

tively. Regardless of diets offered, . ." 
the duodenum and 

f proximal ~'junum loops showed existence of, both the aeti ve 

( 

r_l.-~ 

<~L •• "' •.•• t't .", t • .&~.-~ • •• _ ••• _ ••. , 

'and diffusive processes whereas the ileum loop showed only 
4 

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 jejunum~oops indicat-
• 

ing that the duodenum absorbed more C' than the Jejunum by 
'f _ 

.the active absorption process. Tabl~ B.5 represents detailed 

values of Ca absorption by the intestinal- loops. A total 

amount of Ca absorbed by the duodenum loops was about one 

half of that of either the Jejunum or ileum loops. Effect of , \ 

feeding a reduced or negative cation-ani'on balanced diet on 

intestinal Ca absorption was not apparent from the figures. 

Table B.6 shows the active component of Ca absorption. There 
,J 

was no detectable active process in d~stal part o~ the small 
'). 

intestine in rats fed any of diets. Even) though, there was no 

differ,ence (P>. 05) in the total amount of Ca absorbed among 

th~ experimenta~ diels, some differences were found in both 

.~ 

) 
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Fiaure B.I. Duodenun calçilD absorption (in si tu loop method) 

of 55-day old ale rats fed diet-l (A), "diet-2 (B), 

8lXi diet-3 (C). Observed values (1 ) consist of 

diffusi ve (II) and seti ve ( III) absorption procceses. 
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Fii\,1re B.2. Jejtm\ID calcium absorption (in situ loop method) 

of 55-day old male rats fed diet-l (A), diet-2 (B), 

and diet-3 (C). Observed values (1) , consist of 

diffusi ve (II) am active (III) absorption proceses. 
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Fi~ B. 3. Ileun calch. absorption (in si tu loop method) 

of 55-day old male 'l"ats fed diet-l (A) t diet-2 (B), 

and. diet-3 (C). 
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Table B.5. Calcita -absorption by the intestinal loops ~f rats fed. d.!-fferent cation-anion balanced diets1 • 

Diet 

1 

2 

3 

~ ./ 

(CaB) of instilled solution (Ù'fr 

o' 1 10 '25 . 50 100 150 ---------- --------------------------------------------~--------------------------- (' 

(DuodenlD loops) 

0.96+0.04 (4) 9.38+0.16 (2) 18.36+3.1 (5) - - - -

2-. 96±0 .03 ( 4 ) 9 • 19±0 • 48 (4) 17 • 68± 1. 51 ( 4 ) 

0.92to.03 (4) 8.71±0.53 (3) 15.45±2.69 (4) 

29.07±2.95 (3) 

27.96±4.83 (5) 

24.16±5.28 (4) 

41.38±~5 (3) _ 56.71±7.21 (3) 

34.84±7.25 (4) 57.~3!5.85 (3), 

39.21±8.46 (4) 51w98±8.33 (5) 
, , 

--~---------------------------------------------------------------------------------------------------
, ... (JejunlD loops) 

., 
" 

1 0:46±0.10a (4) 4.11±1.51 (4) 6.89±0.50 (4) ll-.05+1.05 (3) 15.37±6.5~ (3) 25.78±7.57 (3) 

2 
o~ 

21.83±3.16 (4) 31.89±6.81 (4) 13.65±5.13 (4) '-0.41±0.17 (3) 2.17±0.54b (3) 7.i7±0.48 (3) 

3 O.41±O.03 (4) 3.10±0.22ab (4) 6.7.2±2.62 (5) 13.04±3.59 (5) 24.85±7.64 1(4) 29.30±7.46 (5) ____________________________________________ L _______ ~--~--__________________________________________ _ 

1 

2 

3 

. ' (Il~ loops) 
o 

0.29+0.07ab (6) 2.23+0.90 (4) - - 5.07±h87 (5) 
\ 

0.1!+0.04a (3) 1.28±1.35 (~) 1.91±0.65 (3) 

0.37±0.19b (3) 2.96±O.93 (4) 3.36±2.06 (4) 

7.82±3.30 (4) 

8.81±3.60 (5) 

7.91±5.40 (5) 

18.65±4.74~b(3) 26. 79±8.87& (3) 

~4.08+3.69a(4) 18.75+3.33&(4) - -
_ 25.51±5.46b (4) 37.92±5.13b (4) 

. - ~ 
1 Values ~e mean±standard' deviation and the nlDDl?er of observations presented in parenth~sis. 
• b • Means iii the same polumn wi thin each segment of intestinal loops wit.b different superscripts are 

different (P<. 05)' . * 
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Table B.G. Active (aat~le) cœponent of calcillll absorption 
by rats ted d1tte~t cation-anion balanced dietsJ • 

Diet _ 

1 

2 

o 3 

J •• z ' 

(DuodenllD loops) 

16. 29±1.961 

15. 19±1.621 • 

10.78±1.13b 

, 
14. 76.±O.3Sa 

14. 52±0.35' 

10. 63±0.,27b 

-----------------------------~-~------------------ 4 

1 

2 

3 

3.75±O.69 

2.41±O.99 

3.21±O.83 

(Ileum loops) 

4.99±Q.13ab 

4.22±0.271 , 

, 

8. 99j:0. 50" 

1 values are mean±staJxiard error. No detectable 
values are found ~ in the ileum loops. 

J J.u = the maximum saturable flux tran ltÙÎlen to the ' 
blood. 

J ~ = ltminal. concentration at which J •• Je is attained. 
ab Means in' the same column ard same intestinal loops 

wi th different superscripts are ditferent (P<. 05) • 
o 
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d 
maximum satu~able flux (J •• s) and apparent haIt-saturation 

• 
oons~ant (Kt.) of the duodenum and Jejunum loops. In the O 

duodenum loops, of rats fed aiet~3 had lo~~r' (P> .05') J.ax than 

that "of diet~l a~d ~had lower (P< .05.> .Kt! than t~o.se ~f diet-1 " 

or die.t-2. However, in the Jejunum loops, 'rats fed diet-3 

showed higher (P>.~5) Kt than that of diet-l. Jm~x values of 

°duodenum loop observed in this experiment were similar to 

that of Pansu et al. (1983b) ~ reported J. ax value pf 18 

umol in 60 day-old rats. How.ever, J. ax and Kt values of this 

experiment in general were lower than others (Pansu et al., 

1981; 1983a; 1983b). Thi~ differenoe may be caused by rela­

ti vely high dietary Ca (1.03,%) in this experiment compared to 

o that of others (0.44%). Pansu et al. '(1981) reported a reduc­

. tion of J •• x 'value from 28 to' 18 umol wi th a n increase in 
il 

dietary Ca level of 0.17 to 0.44%DM. 

1,Z5(OH)2D3 is the most piologically active metabolites 

of vitamin D with respect to intestinal abso~ption of Ca, and 

alterations in intestinal absorption of Ca pal:.t.icularly in 
" 

a~tive absorption. process appear to be mediated by changes in 

1,25(OH}2D3 (Dostal and Toverud, 1984: Yeh and Aloia, 1984). 

Lee et al. (1977) report;ed that a conversion of 25.-

hydroxyvi tamin D3 ( 25 ( OH) D3) to 1,25 (OH) 2 D3 was impaired by 

systemic metabolic acidosis. However, me''tabolic acidosis 

failed to alter the concentration of 1 j 25(OH)2'D3 in' pla$ma 

• 
(Gafter et al., 1980~ Bushinsky et al., 1982) and intestin~l 

absorption of Ca JGafter et al., 1980). Reduction of J •• x anq 

Kt in duodenum 10dpS of rats fed diet-3 in this experiment, 

therefore,' might not be caused by the possible reduction in, 

" 

" :;\" 
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1,25 (OH)a D3 resulted from acidosis. This agrees with the, 

findina that rats fed diet-2, which, showed a similar redue­

" tion in urine pH eompared to that of diet-3, did not showed a 

reduction in J aa 1 or Kt values. 

/ 
Table B.7 shows the diffusive component of the intèstinal 

absorption. The slope of the non-saturable function (P) of 

duodenum observed in ,this experiment was similar ta 
Il 

that of 

Zarnitzer and Bronner (1971) who reported an average v~ue of 

0.25 in animals on high- or law-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 rrespec-

tive of diets offered. This indicated that not only the ac-

tive component but also the diffusive component of Ca absorp-

tian was the Most active in the duodenum segments of the 

smaii intestine. There was no differenee (P) .05) ln aoy 

parameters wi th dietary treatments in duodenum and jejunum 

intestinal loops. In ileum loop, hm.leVer, proportionall t~ 

constant (P) of diet-2 was lower (P< .05) -and that of diet-3 

was higher (P,. 05) than CTR. 

A possible adverse effect of cati~n group (Al, Fe, and 

Mg) accompanying anion group (Cl and S) on Ca absorption ex­, 
ist as evideneed by balanced studies (Alcock and MaCintyre, 

\ 
\ 
f 

1962: 'aarton et al., 1983), however, there lS no data avail-

able td indieate that these cations, in -excess, affect a 
i. \ ~ 

specifie component of absorption processes. 

1 
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Table B. 7. Diff'usi ve (unsaturable) canponent of calciun 
absorption by rats fed diffeteftt cation-anion 

JJa1anced dietsl • 

Diet No. observation pa tfIt r Intercept 

r-" 
(Duodenum, loops ) , 

1 8 0.276±O.O3 0.89 14.76+3.9 

2 11 O. 2133±0. 05 0.76 11. 77±5. 0 

3 .13 0.2'" 8±0. 04 0.76 10.58±4.9 
-------------------------------------------------------

( JejuIl1.DD loops) 

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 5.9+4.3 

-------------------------------------------------------
(Ileun loops) 

CJ 

1 9 O.179±O.028 0.93 0.15+1.0 

2 12 O.130±0.01 b 0.92 0.30±0.9 

3 13 0.262±0.02c 0.96 -J.80±1.3 

(; 1 Values are mean.±standard error. 

t.,. 
!\c ~-I 

2 P=Proportionali ty constant (diffusi vi tf constant) slope. 
1 bc Means in the same column and same intestinal loops 

with different superscripts are different (P< .05) • 
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