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Summary

Three female sheep were daily administered a pyrophosphbate analogue, disodium 1-hydroxyethyli-
dene-1, 1-bisphosphonatc (HEBP) at the level of 4 mgfkg body weight. HEBP Jargely suppressed bone
resorption, which was indicated by the reduction in plasma {rece hydroxyprolinc concentration and
in calcium mobhilization rate during the intravenous infusion of disodium ethylenediaminetetraacetate
(EDTA). Contrary 1o the suppression of bone resorption, plasma total-calcium, magnesium and
phosphorus concentrations were not changed by HEBP administration. These results suggest that bone
mineral crysials play a meaningless role on calcinm, magnesium and phosphorus homeostasis in rumi-
nants if they arc led adequate amounts of these minerals. Plasma magnesium and phosphorus con-
centrations were not sigaificantly changed after jeeding. However, plasma (otal-calcium was decreased
after feeding in both periods and the reduction seemed to be remarkable in the HEBP-treated period.
Infusion of EDTA more remarkakly reduced plasma ionized calcivm concentration n the HEBP-
trcated (haa in the untreated period and the recovery of ionized calcum was retarded by 1TEBP
administration. These results suggest that calcium celease {rom bone is necessary for mainienance of

plasma calcium when animals rapidly lose calcium
{(Key Wards : Risphosphonaie, Calcium, Phosphorus, Magnesium, Bone. Sheep)

introduction

Calcium (Ca), magnesium (Mg} and phosph-
orus (P) are important components of the hard
tissues. Approximately, 99% of Ca, 709 of Mg
and 80% of P in the wholc body of adult ru-
minants locate in bones and teeth. 1t is recognized
that Ca and P arc constantly deposited and
removed in the skeletal tissue, which plays im-

bone mineral crystals and extracellular (uid is
regulated by pyrophosphate, i. e., pyrophosphate
is adsorbed on the surface of bone mineral cry-
stals to interferc with the precipitation and dis-
solution of minerals, and enzymatic degradation
of pyrophosphate is involved in mineral movement
{(Fleisch et al, 1966a; Fleisch ¢t al, 1966b).
Although pyrophosphate administration, itsclf,
dose not affect bone melabolism tn vteo hecause

partant roles on Ca and P metabolism in mam- of its rapid hydrolysis, some pyrophasphate
mals incloding ruminants (Georgievskii, 1982). analogues, which arc resistant to the hydrolysis,
Bone Mg is also exchangeable to Mg in extra- have been developed (Fleisch, 1985). Thesc ana-

cellular fluid and is postulated to contrihute, to
some extent, to Mg homeostasis in ruminan!s
{(Simesen et al., 1964; House and Campen, 1971).
Almost all of these resuits, on (he other hand,
have been obtained by kinetics studies and there
are few evidences that directly show the impor
tance of bony ussue to keep Ca, Mg and P
homeostasis in ruminants.

It is suggested that mineral exchange between
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logues are now known to be highly active in the
skeletal tissue of laboratory animals and have
little toxicity.

The abjectives of this study is to clarify the
importance of hone in Ca, Mg and P homeostasis
by seasuring these mineral concentrations in
plasma during the suppression of bone metabolism
by the administration of a pyrophosphate ana-
logue.

Materials and Mathods

Three female sheep, aged | year and weighing
about 28 kg, were used. Each sheep was housed
in a separate pen and fed the diet shown in table
I, at a level of 1.19, of body weight at 12-hr
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TABLE ). DIET COMPOSITION

Ingredient/Composition Percentage

Ingredients :

Timothy hay 60.0
Wheat bran 20.0
Barley grain 18.5
Sodium chloride 1.0
Calcium carbonate 0.5
Composition :

Calcium 0.51
Magnesium 0.28
Phosphorus 0.4d4

intervals. Water was available at all time.

A pyrophosphate analogue, disodium  1-
hydroxyethylidene-1, I-bisphosphonate (HEBP;
Procter and Gamble Co, Norwich, New York,
US.A) was dissolved in sterilized saline and
adjusted pH to 7 by hydrochloric acid. The
HEBP saolution was intramuscularly injected at
4 mg/kg body weight for 41 days when animals
were given morning fecd.

After a S-day preliminary period, following
3 experiments were conducted i this  study;
(1) blood were collected from the jugular vein
before the administration of HEBP and at 3 day
intervals for 20 days during the administration
at 4 hr after morning feeding. Plasma total-Ca,
Mg, P and free hyvdroxyproline (Hyp) concentra-
tions were measured in these blood samples.
(2) two days before and 23 days after the initi-
ation of HEBP administration, sheep were sam-
pled blood just before, and 2. 4, 6 and 8 hr after
feeding. Plasma total-Ca, Mg and P cencentrations
were measured tn these blood samples. (3) twenty
five days before and 38 days after the initiation
of HEBP administration, cvery sheep was fitted
with bilateral siliconized jugular catheters. Twa
days after the catheterization, animals were infused
disodium  ethylenediamipetetraacetate (EDTA)
through a catheter at 4.38 rmolfkg body weight)
min for 60 min by a peristaltic pump. The sol-
ution was prepared to coatain 2% EDTA in
saline and was adjusted pH to 7.4 by hydroch-
loric acid. The solution was sterilized in an
autoclave {121°C, 20 min) | hr beforc the infu-
sion. Blood samples were taken through the othet
catheter prior to, and 15, 30, 45, 60, 75, 90,
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120, 150, 180 and 240 min after the initiatton of
EDTA infusion. And plasma {otal-Ca and ioni-
zed Ca concentration were measured. The raie
of Ca mobilization was calculated according te
the method of Contreras et al. (1982) modified
by Terashima et al. {1988).

Plasma total-Ca and Mg concentrations were
determined by an atamic absorption spectropho-
tometry. lonized Ca concentration was measurad
by zan jonic meter (Sera-250, Horiba Ltd. Japan)
and phosphorus coucentration was analyzed by
the method of Fiske and Subbarow (1925). Pla-
sma free Hyp was measured by the method of
Bergman and Loxley (1961).

The siatistical significance were calculated by
a paired (-test,

Results

Figure | shows changes of total Ca, Mg, P
and free Hyp concentrations in plasma after the
initiation of HEBP administration with time.
Plasma Hyp concenmiration began 1o decrease 3
days after the initiation of HEBP administration
and reached to the approximately half lcvel of
the untreated period 6 days afler Lhe initiation
of HEBP administration. Then the level of plasma
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Figure 1. The effect of disodium 1-hydroxyethyii-
dene-1, 1-bisphosphanate adminisiration
on pasma calcium (&} magnesium
{r7), phosphorus (C) anc free hydro-
xyproline (@) concentrations in sheep.
*+ g gnificantly (p < 0.01) different from

the va'ue before the admin stration
{~1 day).



MACRO MINERAL HOMEOSTASIS AND BONE

Hyp was not changed till the end of the experi-
ment, Centrary to the changes in plasma Hyp,
plasma total-Ca, Mg and P concentrations were
not changed by HEBP administration.

Figure 2 shows the changes of plasma total
and ionized Ca concentrations by the intravenous
infusion of EDTA in the untreated and the
HEBP (reated periods. EDTA infusion decreased
plasma jonized Ca level of which recovery com-
menced at 30 min alter the infusion in bolh
periods. The reduction tn ionized Ca concentra-

tion, howcver, was more remarkable in  the
12+
IEDTA infusion
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Figure 2. Changes in plasma total and ionized
calcium concentrations during the .ntra-
venous infusion of disodium ethylenedia-
minetetraacetate (EDTA} in periods when
sheep were or were not acmin.stered
discdium  1-hydroxyethylidene-1, 1-bis-
phosphonate (HEBP).

O . tota caiclum in the HEBP-treated
perioc.

@ : total calcium in the untreated period.
A\ . ionizec calcium in the HEBP-treated
perioc.

A . ionized calcium
perioc.

Significantly (* p < 0.05, ** p < 0.0')
different from the value befere EDTA
infLsion. Signif.cantly (* p < 0.05, “'p <
0.01) different from the value of the
untreatec pericc.

in the untreated
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HEBP-treated period than in the untreated period
during EDTA infusion and the recovery of ioniz
ed Ca was relarded by HEBP administration after
EDTA infusion. Conseguently, plasma ionized
Ca concentration perfectly recovered in sheep
which were not administered HEBP but was
approximately 40% less in the HEBP-treated
animals than in the untreated onecs 240 min after
the initiation of EDTA infusion.

Plasma total-Ca concentration was slightly
increased by EDTA infusion in the untreated
period but was gradually decreased in the HEBP-
treated periad ull the end of the experiment. Ca
mobilization rates, which were calculated from
the changes in plasma total and jonized Ca levels,
were 228 4 18 and 176 & 11 (mean £ SE) mg/hr
in the untreated and the HEBP-treated periods,
respectively. There was a significant (p < 0.01)
difference hetween these vajues.

Table 2 shows changes in plasma lotal-Ca,
Mg and P concentrations after feeding in the
untreated and the HEBP-lreated periods. There
were no signilicant changes in plasma Mg and
P concentrations after feeding in both periods
and HEBP administration did not affect plasma
Mg and P concentrations after feeding. On the
other hand, plasma Ca concentration was signi-
ficantly (p < 005) decreased in the untreated
period 4 hr after feeding and in the HERP-treated
period 2 and 4 hr after feeding and the reduction
in plasma Ca seemed to be remarkable in the
HEBP-treated period.

Discussion

Administration of HEBP strikingly decreased
plasma free Ilyp concentration which is thought
to be an index of bone resorption (Dull and
Hennemann, 1963). In addition, Ca mobilization
was significantly suppressed by HEBP during
EDTA infusion. These results indicate that HEBP
largely inlerferes with bone resorption in sheep.
The suppressive effect of HEBP on bone resorp-
tion was also found in various mammals (Gasser
el al, 1972; Reynolds et al, 1972; Guncaga et
al., 1974).

Administration of HEBP lowered plasma Hyp
concentrations to mare than 509 of the value
in the untreated period. The reduction of Ca
mobilization rate, however, was not so remark-
able as the decrease in plasma Hyp. When EDTA
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TABLE 2, THE EFFECT OF HEBP®
FEEDING IN SHFEP

ADMINISTRATION  ON

PLASMA MINERAL CONCENTRATIONS AFTER

Hours after feeding

Before

_ = = feeding 24
Untreated 887 £+ 0.33 8.32 £ 0.49
Administered B.80 + 0.45 8.15 4+ 0.25*
Untreated 207 £ 022 2.06 + 0.20
Administered 230 +0.12 2.10 4+ 0.08
Untreated 745 + 0.32 7.68 + 0.64
Administered 6.99 + 0.60 698 + 0.27

4 8 12
Calcium {mg/100 ml)
835+ 0.27* 858 4 048 820 + 0.42
8.03 + 0.35* 8.23 + 0.30 862 4+ 037
Magnesinm (mg/100 ml)
205 +£0.16 208 +0.18 204 £ 014
220 + 007 229 £ 0407 2324018
Phosphorus (mg/100 ml)
738 £ 0.51 6.80 + 0.49 7.01 + 0.40
6.56 + 0.34 6.78 4- 0.59 6.72 £ 039

Values ar¢ means + SE (n = 3).

* Significantly (p < 005) different from the value befcre leeding.

® Disodium |-hydroxyethylidene-1, 1-bisphosphonate.

is infused, Ca is possibly mobilized from not only
bone bhut also some soft tissues. Furthermore,
Ca can be released from the skeletal (issue with-
out bone resorplion. [t is postulated that there
is an easily exchangeahle Ca pool between bone
matrix, where minerals are precipitated as crystals,
and bone cells including ostcoblasts and osteo-
cytes. The Ca pool is named bone fluid which
is thought to be owing to a rapid Ca movement
into general extracellular fluid (Talmage, 1970).
Calcium in bone fluid possibly enters genera.
extracellular fluid when plasma ionized Ca level
1s decreased by EDTA infusion. On the other
hand, piasma free Hyp is suggested to be incre-
ased by collagen degradation in bone matrix
(Dull and Hennemann, 1963) which is involved
in Ca release from bone crystal. [t seems reaso-
nable that HEBP administration maore remarkably
decrcases plasma Hyp than Ca mobilization rate
measured by EDTA infusion.

Plasma total-Ca, Mg and P concentrations
were not changed by HEBP administration though
bone resorption was cbviously suppressed. These
results suggest that sheep can keep homcostasis
of these minerals notwithstanding (he striking
suppression of bone resorption if they are fed
adequate amounts of mincrals. The suppression
of bone resorption is thought 1o be compensated
for these thineral metaholisms in the alimentary
tract and the bone fluid, and, to the Jess extent,
in the kidney. 1n addition, pyrophosphate anal-
ogues are reported to suppress not only bone
resorption but alsa bone formation (Gasser et
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al.,, 1972). The suppression of bone anabolism
may also affect maintenance of mineral homeo-
stasis during HEBP admiaistration.

Contrary to changeless in plasma Ca concen-
tration during HEBP administration, HEBP
promotes the reduction of ionized Ca level during
EDTA infusion. These results indicate that Ca
release from bone mineral crystals is necessary
for maintenance of plasma Ca when Ca is rapidly
lost. Furthcrmore it may not be impossible that
a mineral homeostasis is disturbed by HLEBP
administration when sheep suffer a mineral defi-
cicney. In fact, Mg deficicncy induced scverer
hypomagnesemia in HEBP-treated sheep than in
intact ones (Matsui et al, 1991). There are con-
wadictory reports about the effect of HEBP
administration on plasma Ca and P concentra-
tions. Talmage et al. (1974) reported that HERP
administration at 40 mg/kg body weight/day did
not aftect serum Ca and P concentration in rafs,
On the other hand, Rosenblum (1974) described
that dose of 2.5 mgfkg body weight{day HEBP
did not affect serum Ca concentration but incr-
cased scrum P in rabbits, The higher dose of
HEBP administration was reported 1o increase
Ca balance and plasma Ca in rats (Gasser et
al., 1972). It is not clear why Lhe contradiction
occurs but physiological conditions of used ani-
mals, doses of HEBP and nutritional status of
minerals might affect the response to HEBP
adminjstration,

In monogastric animals, it has becn thought
that the influx of Ca from the gut info extra-
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cellular fluid, ie., Ca absorpfian, is nat constant
and it may nat be sufficient to maintain plasma
Ca concentration during a period between mcals,
The gradual reduction in Ca absorption would
stimulate bone resorption through the increase
in the secretion of paralhyroid harmone {Shaa-
fama, 1988). Furthermore it is supgested that
gostprandial stimulation af calcitonin secretion
inhibits bone resorption and prevemts hypercale-
emia induced by the increase in Ca absorplion
after feeding (Munson, 1976).

The apparent absorption of Ca mainly occurs
in the forestomach of ruminants (Grace et al,

1974). Tt is possible to cengider that the rate of

Ca absorption is not constant and that bone
plays an fimportant role on maintenance of Ca
homeostasis which is apt to he distarhed by
feeding in rnminants as same as in monogastric
animals. In this study, plasma Ca level was
deercased after feeding in the untreated period.
The results may support that there is a mech-
anism fo prevent hypercalcemia induced by feeding
10 ruminants 4s samie s i monogastric animals,
On the other hand, plasma Ca tended to be
remarkably decreased in the HEBP-treated periad,
which indicated that the postprandial reductian
in plasma Ca is not relaled to the suppression
of bene resorption. It is, furthermare, suggested
that the redocticn in plasma Ca is not owing
to the increasing calcitonin secrction in sheep
because the hypocalcemic action of caleitonin is
reperted to be diminished by HEBP administra
tion in rats (Talmage et al., 1974).

Milhaud ct al. (1972) reporied that plasma
Ca tended to be decreased during the feeding
period in intact rats but was tncreased in thyroi-
dectomized ones. It was shown, however, that
the decrease in plasma Ca during feedinp was
not reversed hy thyroidectomy (Talmage et al.,
1975). Tt is progosed from the latter report and
the present study that a factar or factars other
than calcitonin may induce the postprandial
reduction in plasma Ca concentration without
chatging tone melabclisin,  Further study s
neaded to clarify the mechanism inducing the
pastprandial fall in plasma Ca,
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