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The Effect of Polyphloretin Phosphate, Polyoestradiol Phosphate, a Diphosphonate and a Polyphos-
phate on Calcification Induced by Dihydrotachysterol in Skin, Aorta and Kidney of Rats

Condensed phosphates such as inorganic pyrophosphate
and long-chain polyphosphates at concentrations as low
as 10-¢ M are able to block the precipitation of calcium
phosphate in vitro!. They also prevent mineralization of
chick embryo femurs grown in tissue culture?, and block
vitamin Dj-induced aortic calcification® and the skin
calcification following oral administration of dihydrota-
chysterol and epilation? in rats. Since pyrophosphate
(PPy) is present normally in body fluids®, it has been
suggested that one of its roles is to prevent soft tissue
calcification. The initiation of calcification in tissues would
require the removal of PP; by pyrophosphatases®. Indeed,
the injection of alkaline phosphatase, which is known to
possess pyrophosphatase activity?-? causes local skin
calcification in rats, whereas heat-inactivated enzyme
does not 0. It was therefore of interest to examine whether
experimentally induced soft tissue calcification could be
prevented by the administration of phosphatase inhibitors.
In these studies we haveused 2 such compounds, polyphlo-
retin' phosphate (PPP) and polyoestradiol phosphate
(PEP)11:12 against calcification induced by dihydrota-
chysterol. Since it was possible that any effect of PPP
and PEP might involve direct inhibition of crystal depo-
sition, we also tested these compounds on the precipitation
of hydroxyapatite in vitro. The results were compared
with those obtained by administering a long-chain poly-
phosphate (hexamataphosphate) and a diphosphonate
(EHDP) to the rats. The diphosphonates are related in
structure to the condensed phosphates but contain P-C-P
bonds instead of P-O-P bonds and are therefore resistant
to enzymic and chemical hydrolysis. They are also known
to inhibit calcium phosphate precipitation in vitro13-16
and to prevent aortic and kidney calcification in ratsgiven
large amounts of vitamin D13 1516 Tn contrast to con-
densed phosphates, they are also active when given
orally.

Materials and methods. Calcification in vivo. 75 female
‘Wistar rats weighing between 130 and 150 g were bred in
this laboratory and allocated into 6 groups. Allocation of
rats to cages was by randomized selection with 3 rats per
cage. Throughout the experiment the animals were fed
on standard laboratory chow diet ad libitum (Nafag,
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Effect of polyphloretin phosphate (PPP) on the minimum product
[Ca] X [P] expressed as (mg/100 ml) 2 required to induce crystal forma-
tion in vitro. Abscissa: initial [Ca] x [P] concentration. Ordinate: final
{Ca] x [P] concentration.
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Gossau, No. 194, containing 10.1 g Ca/kg, 8.5 g P/kg) and
tap water ad libitum. The experiment lasted 10 days. The
groups I (control with DHT alone) and II (control without
DHT) received single s.c. injections of NaCl (0.9%, w/v)
0.2 m1/100 g body weight daily for 9 days. Groups ITI-VI
received the following compounds daily, over a period of
9 days, at doses of 10 mg P/kg body weight: Group I1I —
polyphloretin phosphate (PPP) (AB Leo, Hilsingborg,
Sweden); Group IV — polyoestradiol phosphate (PEP)
(AB Leo); Group V — hexametaphosphate (Benckiser,
Ludwigshafen/Rh, Germany); Group VI - ethane-1-
hydroxy-1,1-diphosphonate (EHDP) (Procter and Gamble
Company, Cincinnati, Ohio, USA). The doses were
administered s.c., a solution containing 5 mg P/ml being
used (== 0.2 ml/100 g body wt.). On day 3, all rats in
groups I, ITI, IV, V and VI received by stomach tube a
single dose of dihydrotachysterol (Wander AG, Berne,
Switzerland) in arachis oil (0.5% w/v; 0.2 ml/ 100 g body
wt., i.e. 10 mg DHT/kg body wt.). On day 4, all rats
were anaesthetized with diethyl ether and hair was com-
pletely removed from an interscapular area of skin
approximately 9 cm?in size. Rats were weighed on days 1
and 10 of the experiment and mortality in each treat-
ment group was recorded. To assess skin calcification in
epilated areas they were removed following sacrifice of the
rat on day 10 and were dried to constant weight at 100°C.
They were then ashed dry at 600°C for 8 h and the ash
was dissolved in 2 ml of 2 N-HCI. The calcium content of
these solutions was measured by atomic absorption
spectrophotometry (Perkin Elmer 290 B). Renal and aortic
calcification was assessed chemically. Kidneys and de-
scending thoracic aortas were removed on day 10 and
subjected to drying, ashing and calcium estimation as for
the skins. Serum calcium was measured on days 4 and 10
of the experiment by atomic absorption spectrophotome-
try.

Calcification in vitro. The model system as previously
described! was used. It consists in the determination of
the minimum concentration of calcium and phosphate
necessary to induce precipitation of calcium phosphate
within 3 days at pH 7.4 and 37°C. The concentration
[Ca] x[P] in the solution before the experiment (initial
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EXPERIENTIA 28/2

Effects of polyphloretin phosphate (PPP), polyoestradiol phosphate (PEP), a polyphosphate and a diphosphonate (EHDP) on calcification

induced by DHT and epilation

Weight change

Serum Ca (mg/100 ml)

Calcium content (mg/g dry wt)

Treatment group (g) during 9 days Survival Kidtne(y d)ry
- ) wt. (ng
of experiment Day 4 Day 10 Skin Aorta Kidney

I Control treated —19.4+ 3.3 17 o 14.54+0.4 13.64-0.2 3204+ 9 74.1 45.9 35.9
with DHT alone (2.4-154.8)  (0.3-331 )} (6.6-75.6)

II NaCl alone without DHT  +28.04- 2.6* 10/0¢ 11.240.2> 11.940.4= 2904-12 0.45 4.3 2.1
(0.3- 0.7)  (0.5-16.5)  (0.3-15.3)

III DHT + polyphloretin —31 4+ 3.7° 9y 14.0-£0.5 12.040.5> 336+ 6 21.7 46.0 23.3
phosphate (PPP) (1.2-62.4)  (6.1-98.7)  (9.6-46.4)

IV DHT + polyoestradiol —21.0+ 2.9 10/ 0¢ 145404 - 12.84+0.2 2684-10¢ 15.6 28.6 23.6
phosphate (PEP) (0.8- 46.7) (1.1-77.6)  (3.1-78.0)

V  DHT + a polyphosphate —6.7 &+ 10.3 UN 13.84-0.5 11.340.2%  278421¢ 3.0 2.9 19.8
, (0.3- 11.9) (1.4~ 7.8)  (0.6-46.0)

VI DHT —+ a diphosphonate —5.6 - 2.4% %10 16.5+1.2 14.341.0 2894-10 0.8 3.5 1.5
(EHDP) (0.3- 1.6) (0.4-10.5) (1.0~ 4.2)

All figures are means -+ S.E. = Difference from control group treated with DHT alone significant at 0.1% level. » Difference from control
group treated with DHT alone significant at 1.0%, level. ¢ Difference from control group treated with DHT alone significant at 5.0, level.
‘When the results do not follow a normal distribution, ranges are given instead of standard errors and significance values.

product) is plotted against the concentration after the
incubation and after filtration through Millipore filters
(final product). The break in the curve indicates the
minimum concentration [Ca]x[P] necessary for the
precipitation to occur. An increase in this product indi-
cates the presence of an inhibitory substance.

Results. The results of DHT-induced changes in rats
are given in the Table. The results of the experiments on
calcium phosphate precipitation in vitro are given in the
Figure. PPP produced a strong inhibition at 10-3, 10-¢
and 10-3M, but not at 10-¢ and 10-"M. PEP did not
inhibit at 10-5 and 10-% M. Higher concentrations of PEP
could not be tested because it precipitated in the test
system. It should be noted that these concentrations
refer to phosphorus content and not to the true molar
concentration of the polymers, which would be some hun-
dred-fold less.

Discussion. Like condensed phosphates?, polyphloretin
phosphate and polyoestradiol phosphate inhibit soft tissue
calcification in vivo, albeit less effectively. This effect
might be due to the inhibitory action on phosphatases,
thus increasing the local concentration of pyrophosphate.
In the case of PPP it could also be due to its inhibition
of crystal formation, although the greater effectiveness of
PEP contrasts with its failure to inhibit crystal forma-
tion in vitro. Other mechanisms of action are possible.
Thus PPP has been shown to have effects on prostaglandin
F,,1% and PEP could conceivably work by releasing oes-
tradiol.

From the therapeutic point of view it is relevant that
none of the phosphatase inhibitors were as active as the
polyphosphates themselves and especially as the diphos-
phonate EHDP. This result supports earlier experiments
showing that diphosphonates inhibit other types of
calcification® 1516 and strengthens the rationale of
using these compounds in man. First results in patients
with myositis ossificans show that they are also active
in human conditions1?»18,

Zusammenfassung. Zwei Phosphatasehemmer (Poly-
phloretinphosphat und Polyoestradiolphosphat), ein
Polyphosphat (Hexametaphosphat) und ein Diphosphonat
(Ethan-1-hydroxy-1,1-diphosphonat) wurden auf "ihre
Fihigkeit untersucht, Verkalkungen zu verhindern, welche
in der Haut, der Aorta und den Nieren von Ratten durch
Dihydrotachysterol (DHT) hervorgerufen wurden. Das
Diphosphonat erwies sich als der stirkste Hemmer;
dann folgten das Polyphosphat und die zwei Phosphatase-
hemmer. Die Phosphatasehemmer wurden zusitzlich auf
ihre Fahigkeit gepriift, die Calciumphosphat-Ausfillung
in vitro zu verlangsamen. Polyphloretinphosphat besitzt
diese Fahigkeit bei Konzentrationen von 103 M und
mehr; Polyoestradiolphosphat ist unwirksam.-
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