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There is now considerable evidence that 
condensed phosphates are able to inhibit 
calcification in vivo as well as in vitro( 1,2, 
3,4). Since these compounds have proved to 
be effective against experimentally-induced 
aortic(3) and skin(4) calcification, it is pos- 
sible that they might be used therapeutically 
to prevent ectopic calcification. In view of 
this possibility we have investigated whether 
the doses required to inhibit pathological 
calcification have an influence of the normal 
mineralization process in bone. 

Two experiments were carried out: the 
first was to test the effect of polyphosphates 
on normal bone formation, the second to in- 
vestigate whether this salt had any effects on 
the healing of rickets with vitamin D. 

Material and mcthods.  Experiment 1. 
A'ormal rats. Eighteen young female rats of 
the Wistar strain, weighing approximately 60 
g, were fed stock rat diet (Altromin, Lage, 
Germany) throughout the experiment. They 
were injected daily with Graham salt (J. A. 
Bencltiser, Ludwigshafen/Rhein, Germany) 
a t  a dose level of 10 mg P/kg body weight 
given subcutaneously. Three animals were 
killed a t  the beginning of the experiment and 
their tissues examined. Subsequently, 3 were 
killed after 2 days of Grahan salt injection, 
and 4 each after 4, 7 and 14 days. 

The upper ends of the tibias were removed. 
One was decalcified, embedded in paraffin, 
and sections were stained either with hema- 
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toxylin-eosin or by the alcian blue or periodic 
acid Schiff (P.A.S.) technique. The other 
tibia was treated for Sudan black staining by 
Irving's method(5) in the following way: 
The  bone was extracted with benzol and after 
decalcification was embedded in gelatin and 
sectioned with a freezing mictrotome. Sections 
were stained with Sudan black and mounted 
in glycerin jelly. 

Experiment 2. Rachtic rats. Forty-eight 
female rats of the Wistar strain, weighing 
from 60 to 80, g, were housed throughout the 
35 days of the experiment in a darkened room 
and fed a high calcium, low phosphate 
rachitogenic diet obtained from Altromin, 
Lage, Germany. The composition of the diet 
is given in Table I .  The animals were divided 
into 3 groups, each of 16 rats, and were 
treated as follows: 

Group 1 .  After 28 days 3 animals were 
killed for examination. The other 13 animals 
were given a single dose of 50 i. u. of vit. D3 
by stomach tube and maintained on the 
rachitogenic diet for a further 7 days. They 
were then killed and examined. 
TABLE I. Coiiiposition of the Rnchitogeiiic TXrt 

(Altroniiii). 
~ 

Soya nical (50%) protein) 30% 
Rice starch 56 70 
Olive oil 2% 
Cellulose. powdcr 4% 
Mi 11 e r:i 1 in i s t u re  * 6 yo 
Vitaiiiiii " t 2% 

* (3) g (in 1000 g of the iliet) contains: CaCO,, 
30 g ;  K-acetate ,  10  g ;  NaCl, 8 g ;  NaHCO:,, 6 g ;  
MgSO, 7H,O, 5 g ; Fe glucoriate 2H,O, 1480 mg ; 
MnSO, 4H,O, 450 mg;  ZiiCO,, 40 mg ; CuSO, - 
iiH,O, 20 m g ;  KI,  .5 mg;  Na,MoO, 2H,O, .5 ing; 
NnF, 10 1ng. 

t 20 g ( in  1000 g of the diet)  co i~ tu ins :  DT1- 
nictliioninc, 1200 ing ;  vitnmiii A, 15000 I.U. ; vita-  
iiiiii  E, 150 nig ; vitamin K,, 10 mg ; vitamiii R, - 
HC1, 20 ing; vi tamin B,, 20 nig ; vitamin B, HC1, 
1.5 mg; vitainiii B,,, 30 p g ;  pantothcnic acid (Ca  
snlt), 50 mg; riicotiriic acid, 50 mg ; choliiie clilo- 
ri(le, 1000 nig;  folic acid, 1 0  nig; bictin, 200 pg ;  
iiiositol, 100 ing ; p-aniinohenzoic acid, 100 mg ; 
vitamin C, 20 nig. 

TotRl Ca 1.28%. Total P =I 0.2670. 
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TABLE 11. Effect of Grahaiii Salt, Vitamin D,, and Graham Salt and Vitamin D, on  Growth 
Rate in Rats. 

Treatment Graham salt Vitamin D, Grnlmm salt and vi t  D, 

Number mt (g) S.D. Numhcr wt (g)  S.D. Kunlher wt (g) S.D. 

Pre-treatment 13 7 3 . 2  9.1 13 75.0 6.4 13 75.9 9.6 
Gain during 13 44.8 13.0 13 3.5.6 9.6 13 37.2 15.3 

Mean Nca11 Mean 

treatment 

Group 2. These rats were given from the 
26th day to the end of the experiment a daily 
injection of Graham salt subcutaneously at a 
dose level of 10 mg P/kg body weight. On 
the 28th day, 3 were killed for examination, 
and the rest were sacrificed 7 days later. 

Group 3. These rats were treated with 
Graham salt in the same way as those in 
Group 2. On the 28th day, 3 were killed 
and examined and the rest given a single dose 
of 50 i. u. of vit. D:{ by stomach tube. Seven 
days later, the remainder were killed and 
examined. 

The treatment with Graham salt in Groups 
2 and 3 was started 2 days before vit. D ad- 
ministration, because this procedure had been 
found to prevent vit. D-induced ectopic cal- 
cification (3,4) . All the animals were weighed 
twice weekly during the experiment. 

The tibias of all animals were removed 
and treated as follows: One was fixed in 
formol-saline, decalcified, embedded in paraf- 
fin and stained with hematoxylin and eosin, 
alcian blue or by the PAS method. The 
other was fixed in 5 %  formaldehyde solution, 
and cut in half longitudinally with a scalpel. 
One half was treated with silver nitrate and 
assessed for rickets or healing using Sobel’s 
method(6), and the other was sectioned on a 
freezing microtome, stained with silver nitrate, 
treated with sodium thiosulfate and mounted 
in balsam. In Sobel’s method, the degree of 
calcification across the metaphysis is assessed 
from 0, or no calcification, to ++++, a 
complete line of calcification. The calcification 
of the metaphysis below the line is assessed 
from 0 to 4, or maximum calcification. 

Results. Experiment 1. Effect of Graham 
salt in normal animals. These rats gained 
weight a t  a normal rate over the experimental 
period, none died, and all appeared healthy. 
The injections of Graham salt had no de- 

tectable effect upon bone formation in the 
epiphyseal region and did not affect the ap- 
pearance with any of the stains, The cartilage 
cell arrangement was unchanged and capillary 
invasion proceeded normally throughout the 
experiment. Sudan black staining of the 
matrix, a procedure which indicates an early 
stage in calcification, was present in all 
sections round the hypertrophic cartilage cells. 
The P.A.S. reaction stained all the sections a 
uniform pink, but the matrix of the epiphyseal 
cartilage and the cores of the trabeculae of 
the primary spongiosa were stained a little 
more deeply. The alcian blue method stained 
the cartilage matrix and the cartilage cores 
faintly in a similar way in all sections. No 
changes, either of a rachitic type, or those 
characteristic of inanition, were seen. Graham 
salt, a t  the level given, had thus had no de- 
tectable effect on the histology of bone for- 
mation. 

Experiment 2 .  Eflect of Graham salt in 
rachitic animals. Two of these rachitic ani- 
mals died at  an early stage of the experiment; 
the rest remained in good health throughout. 
Details of the growth data are given in Table 
11. An analysis of variance showed that the 
increments of growth were not significantly 
different (p>.O5) in the 3 groups. Calcifi- 
cation. Three animals were killed from each 
group at  the 28th day. All showed marked 
rickets as seen by Sobel’s method O( 0).  The 
animals killed at  35 days showed the fol- 
lowing. Group 1. All these animals, treated 
with vit. D:< only, exhibited very marked 
healing of rickets, as indicated by an average 
score of 3.5(++++).  The lowest score, 
seen in 2 animals, was 3 (++++). Group 2. 
Nearly all these animals, given Graham salt 
alone, continued to show marked rickets; their 
average score was 0.5(+). The highest score 
was, in one animal, 1 (++), and 7 had scores 
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FIG. 1. Epiphyses of upper ends o f  tibias stained 
with silver nitrate. All rats were on a rachitogenic 
diet for the 35 days of experiment. a )  Given Graham 
salt from 26th to 35th day. Note advanced rickets, 
O(0) on the Sobel scale(6). b )  Given a single dose 
of vit. D on the 28th day of the experiment. Note 
complete healing of the rickets 4(++++). c) 
Given Graham salt from 26,th to 35th day, and a 
single dose of vit. D on the 28th day. Note healing 
of rickets similar to that in Fig. b, 4(++++). 
Magnification X 15. 

of O (  0) .  Group 3. The healing of rickets in 
these animals, given Graham salt as well as 
vit. D:!, was as marked as that in the animals 
receiving vit. D3 alone. The average score 
was 3.5(++++); the lowest, seen in one 
animal, was 2 (+++) . Typical photographs 
of epiphyses from the 3 groups are shown in 
Fig. 1. Thus Graham salt did not accelerate 
or slow down the healing of rickets. Matrix 
stains. The P.A.S. reaction was similar to 
that observed in the first experiment. In both 
the rachitic and healed animals, whether 
treated with Graham salt or not, the matrix 
between the cartilage cells and the cartilage 
remains in the trabeculae stained a little more 
intensely than the rest of the section. In 
contrast with the appearance in the first ex- 
periment, alcian blue stained all cartilage 
cells a deep blue, both in the rachitic and 
healed animals, and again Graham salt had no 
effect on the staining. 

Discussion. These results, when compared 
with those reported previously( 7 ) ,  show that 
polyphosphates have remarkably different ef- 
fects on ectopic compared with normal calci- 
fication. Thus they are able completely to 
prevent the calcification and associated matrix 
changes in the aorta which are caused by toxic 
doses of vit. D3(3) .  They are also able to 
prevent calciphylaxis in skin(4). In  the 
present experiments polyphosphates were 
given a t  dose levels sufficient to cause the 
above effects. Under these conditions they 
had no inhibitory influence on normal bone 
formation or on the ability of vit. D in phys- 
iological doses to heal rickets. Results ob- 
tained by Dr. I. Antener (personal communi- 
cation) indicate that similar or larger doses of 
Graham salt given subcutaneously do not in- 
hibit the uptake of radio Ca under the in- 
fluence of vit. D. Graham salt alone (Group 
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11) had no effect upon the rachitic status. It 
is not claimed that polyphosphates will not 
a t  higher dose levels inhibit normal calcifi- 
cation. Indeed, calcification of chick embryos 
cultivated in vitro has been found to be in- 
hibited by pyrophosphate(2); but such an 
inhibition was only attained when pyro- 
phosphate was added to the incubating me- 
dium in relatively high concentrations (be- 
tween 4 and 16 p g  P/ml), thus over 20 times 
the concentration normally found in human 
plasma. Such concentrations are not ob- 
tained by injecting rats with the dose of 
Graham salt used in our experiments (un- 
published observations), at  a level which in- 
hibits ectopic calcification but does not affect 
normal calcification. 

There must be some fundamental signifi- 
cance in this difference with respect to tissues 
which normally calcify, and those which only 
do so in pathological circumstances. The 
simplest explanation is that these differences 
reflect variations in the tissue levels of en- 
zymes breaking down condensed phosphates. 
Although pdyphosphates(8,9,10)~ and poly- 
phosphatases( 11,12) have been described in 
mammalian tissues, detailed investigations of 
their distribution in calcifying and non-calci- 
fying tissues are not available. The present 
results suggest that bone, in contrast to soft 
tissues, contains sufficient amounts of these 
enzymes to counteract the inhibitory effects 
of the administered polyphosphates. There 
is some evidence to suggest that one of the 
polyphosphatases of bone might be alkaline 
phosphatase ( 13) since several enzymes with 
classical phosphatase activity are now known 
to be able to function as pyrophosphatase( 14, 
1596).  

These findings that polyphosphates have a 
lesser action on bone calcification may have 
clinical significance. If polyphosphates prove 
to be useful in the treatment of pathological 
calcifications e.g., arteriosclerosis and cal- 

cinosis universalis, it is important to know 
that doses which prevent aortic calcification 
and calciphylactic reactions in skin have no 
effect upon normal calcification sequences in 
bone. 

Rats were given Graham salt 
(a  long chain polyphosphate) a t  dose levels 
which prevent calciphylactic reactions in skin 
and the ectopic calcification of the aorta 
caused by large doses of vit. D. Graham salt 
given at  this dose level to growing rats had no 
effect upon the normal calcification sequences 
in the epiphyses, nor did it affect the cure 
of rickets by physiological doses of vit. D. 
The significance of these results is discussed. 

Summary. 
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