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Previous work on calcium transport (uptake and release) in iso-
lated mitochondria, in vitro, has shown that addition of EHDP
to the medium does not influence calcium uptake, but does de-
lay calcium release. In vivo treatment of normal chicks with
high doses of EHDP (10 mg P/kg body weight/day) has now also
been found not to affect the in vitro calcium uptake in isola-
ted chick kidney mitochondria, but to delay the subsequent re-
lease as compared with controls. The effect is not due to the
decrease in 1,25-DHCC, since chronic administration of this me-
tabolite did not correct the delay. In fact 1,25-DHCC in it-
self had a delaying effect on accumulated calcium release.

INTRODUCTION

Diphosphonates, compounds possessing a P-C-P grouping, have
been shown to exert profound effects on calcium metabolism.
Thus these compounds inhibit experimental soft tissue calcifi-
cation (1) and diminish bone resorption (2). These effects
have until recently been thought to be explained mainly through
physico-chemical mechanisms (3). Some evidence, however, sug-

gests that these compounds may also have a biological effect.
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Thus addition of ethane-l-hydroxy-1,l-diphosphonate (EHDP), in
vitro, to mitochondrial suspensions from normal animals, delays
release of accumulated calcium (4). We have now studied whether
EHDP given at high doses (10 mg P/kg b.w.) to animals in vivo
has a similar effect on the in vitro calcium transport in iso-
lated mitochondria. Since such doses of EHDP are known to de-
press the in vivo synthesis of the D~metabolite 1,25-dihydroxy-
cholecalciferol (1,25-DHCC) (5,6), we have studied whether the
effect of EHDP can be counteracted by the administration of the

active metabolite, 1,25-DHCC, in this system.

MATERIALS AND METHODS

One day old male white leghorn chicks were raised on a stock
commercial diet (Seg 21, obtained from V.L.G. Berne, Switzer-
land) and treatment was started on the 15th day. The animals
were divided into four groups: control, receiving daily injec-
tions of 0.15 M NaCl (0.1 ml/100 g b.w.) s.c. and 50 pl 96 %
ethanol i.v. or i.p.; control—l,25—(OH)2D3, receiving a similar
amount of NaCl and also 13 pmoles 1,25--(OH)2D3 in 50 Pl ethanol;
EHDP, receiving 10 mg P/kg/day in saline (0.1 ml1/100 g b.w.) and
50 Pl 96 % ethanol; EHDP-1,25—(OH)2D3, receiving a similar dose
of EHDP and 13 pmoles of l,25-—(OH)2D3 daily. Injections were
continued for 1 week and the animals were sacrificed by decapi-
tation 24 hours after the last injection of EHDP/saline. The
blood was collected in heparinised tubes and calcium was deter-
mined by atomic absorption and phosphate colorimetrically as des-
cribed by Chen (7). The kidneys were quickly removed, washed in

jce-cold 0.25 M sucrose (pH 7.4) and carefully dissected for re-
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moval of extraneous material. The mitochondria were prepared
according to the method of DeLuca and Engstrom {8) and the incu-
bation medium and conditions were as previously described (4).
The ATP concentration was 0.06 mM in all experiments. The method
of sampling, filtration through Millipore and calculation of the
2 45Ca retained in the mitochondria at any one time has also been
described (4). In two experiments 5 pmoles of l,25—(OH)2D3 in

20 Pl of 96 % ethanol were added to the medium to a control and

anEHDP preparation 20 minutes after the initation of the experi-

ment, to test the in vitro effect of the D-metabolite.

RESULTS

No difference in plasma calcium could be detected in any of the
four groups, however, EHDP-treated animals were significantly

hypophosphatemic (control 7.5 + 0.3, EHDP 5.9 + 0.3, p < 0.001),
a factor which was partially corrected by the administration of

1,25-(OH) ,D, (EHDP-1,25-(OH) D, 6.2 + 0.4).

No effect of treatment on the total amount of calcium accumulated
in the mitochondria at the end of 5 minutes, could be detected.
The release on the other hand was significantly changed. The
pattern obtained from one typical experiment is shown in Fig. 1.
In vivo treatment with EHDP delays release of accumulated mito-
chondrial calcium in vitro. The administration of 1,25-DHCC al~-
so delays the release whether given alone or in combination with
EHDP. This figure also serves to explain the derivation of the

term T which is the time in minutes when 50 % of the calcium

50

has been released to the medium. Fig. 2 shows all the results

obtained. The T values have been expressed as the ratio con-

50
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Fig, 1

Effect of in vivo treatment with 10 mg P/kg b.w. EHDP and/or
1,25-DHCC 13 pmoles/day on the release of accumulated mito-
chondrial calcium in vitro. The results are those of one typi-
cal experiment and also serve to show how T50 values were ob-
tained.

Fig. 2

Effect of EHDP and/or 1,25-DHCC on the time in minutes where

50 % of the accumulated calcium has been released to the medium
(Ts5p) . Each separate mitochondrial suspension (1 chick) was
studied in triplicate and the Tgg value was calculated from

the average of the three Tgg obtained by plotting the three
individual time curves. In experiments where no release was
observed, the Tgg is taken as the time when the last sample

of the experiment was taken. The results are expressed as

Tso treated / Tgsg control and are the combined results of all
experiments, + 2 SE. n = number of chicks.

trol: treated because of the variation in control TSO’ It

appears again that both EHDP and 1,25-DHCC delay calcium release.

DISCUSSION

The delay in release of accumulated calcium from chick kidney
mitochondria treated in vivo with high amounts of the diphospho-

nate EHDP, agrees with previously found effects of EHDP in vitro
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(4) . This action of EHDP, therefore, supports the hypothesis
that some effects of diphosphonates may be due to cellular ra-

ther than to pure physico-chemical effects.

In vivo treatment with high doses of EHDP has been shown to lo-
wer endogenous production of 1,25-DHCC in the rat and chick (5,6).
One physiological effect of high EHDP, the decreased intestinal
absorption of calcium, can be corrected by a daily dose of 13
pmoles 1,25-DHCC (9). It was therefore thought possible that
the delay in calcium release from mitochondria in vitro induced
by EHDP, could also be corrected by daily administration of
1,25-DHCC. This however was not found to be the case. Not only
did 1,25-DHCC alone result in delayed calcium release as compa-
red with control, but a combination of EHDP and 1,25-DHCC re-
sulted in an even greater delay. The mechanism of this effect
of 1,25-DHCC is unknown. It is tempting to speculate that some
of the physiological effects of 1,25-DHCC involve this mito-

chondrial effect.
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