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

Condensed  p h o s p h a t e s  such  as inorgan ic  p y r o p h o s p h a t e  
a n d  long-cha in  p o l y p h o s p h a t e s  a t  c o n c e n t r a t i o n s  as low 
as 10 .6 M are  able  to  b lock  t h e  p r e c i p i t a t i o n  of ca lc ium 
p h o s p h a t e  in  v i t ro  1. T h e y  also p r e v e n t  m i ne r a l i z a t i on  of 
ch ick  e m b r y o  femurs  g rown in t i ssue  cul ture3,  and  b lock  
v i t a m i n  D3-induced aor t ic  ca lc i f ica t ion  3 and  t he  skin  
ca lc i f ica t ion  fol lowing oral  a d m i n i s t r a t i o n  of d i h y d r o t a -  
chys te ro l  a n d  ep i l a t ion  ~ in ra ts .  Since p y r o p h o s p h a t e  
(PPI) is p r e sen t  n o r m a l l y  in  b o d y  f luids 5, i t  has  been  
sugges ted  t h a t  one of i ts  roles is to  p r e v e n t  soft  t i ssue  
calcif icat ion.  The  i n i t i a t i on  of ca lc i f ica t ion  in t i ssues  would  
requi re  t h e  r e m o v a l  of PP I  b y  p y r o p h o s p h a t a s e s  6. Indeed ,  
t he  in j ec t ion  of a lka l ine  p h o s p h a t a s e ,  w h i c h  is k n o w n  to  
possess p y r o p h o s p h a t a s e  a c t i v i t y  7-9 causes  local  sk in  
ca lc i f ica t ion  in rats ,  whereas  h e a t - i n a c t i v a t e d  e n z y m e  
does no t  ~0. I t  was  the re fore  of i n t e r e s t  to  e x a m i n e  w h e t h e r  
e x p e r i m e n t a l l y  i nduced  sof t  t i s sue  ca lc i f ica t ion  could be  
p r e v e n t e d  b y  t he  a d m i n i s t r a t i o n  of p h o s p h a t a s e  inh ib i tors .  
In  these  s tud ies  we h a v e  used  2 such  compounds ,  po lyph lo-  
r e t i n  p h o s p h a t e  (PPP)  a n d  po lyoes t r ad io l  p h o s p h a t e  
(PEP)11,12 aga ins t  ca lc i f ica t ion  induced  b y  d i h y d r o t a -  
chys terol .  Since i t  was  poss ible  t h a t  a n y  effect  of P P P  
a n d  P E P  m i g h t  invo lve  d i rec t  i n h i b i t i o n  of c rys ta l  depo- 
si t ion,  we also t e s t ed  these  c o m p o u n d s  on  t h e p r e c i p i t a t i o n  
of h y d r o x y a p a t i t e  in  vi t ro .  T h e  resu l t s  were c o m p a r e d  
w i t h  those  o b t a i n e d  b y  a d m i n i s t e r i n g  a long-cha in  poly-  
p h o s p h a t e  ( h e x a m a t a p h o s p h a t e )  a n d  a d i p h o s p h o n a t e  
( E H D P )  to t he  ra ts .  T he  d i p h o s p h o n a t e s  are r e l a t ed  in 
s t r u c t u r e  to  t he  condensed  p h o s p h a t e s  b u t  con t a i n  P-C-P  
b o n d s  i n s t ead  of P - O - P  b o n d s  a n d  are the re fo re  r e s i s t a n t  
to  enzymic  a n d  chemica l  hydro lys i s .  T h e y  are also k n o w n  
to i n h i b i t  ca lc ium p h o s p h a t e  p r e c i p i t a t i o n  in v i t ro  13-16 
a n d  to  p r e v e n t  aor t i c  and  k i d n e y  ca lc i f ica t ion  in r a t s  g iven  
large a m o u n t s  of v i t a m i n  D 13, 15,~6. I n  c o n t r a s t  to  con- 
densed  phospha te s ,  t h e y  are  also ac t ive  w h e n  g iven  
orally.  

Materials and methods. Calci/icalion in vivo. 75 female  
W i s t a r  r a t s  we igh ing  be t w een  130 a n d  150 g were b r e d  in 
t h i s  l a b o r a t o r y  a n d  a l loca ted  in to  6 groups.  Al loca t ion  of 
r a t s  to  cages was b y  r a n d o m i z e d  se lec t ion w i t h  3 r a t s  per  
cage. T h r o u g h o u t  t he  e x p e r i m e n t  t h e  a n i m a l s  were fed 
on s t a n d a r d  l a b o r a t o r y  chow d ie t  ad  l i b i t u m  (Nafag, 

Gossau,  No. 194, c o n t a i n i n g  10.1 g Ca/kg,  8.5 g P/kg)  a n d  
t ap  w a t e r  ad  l ib i tum.  The  e x p e r i m e n t  l a s t ed  10 days.  Tile 
groups  I (control  w i t h  D H T  alone) and  I I  (control  w i t h o u t  
D H T )  received single s.c. in jec t ions  of NaC1 (0.9% w/v)  
0.2 ml /100  g b o d y  we igh t  da i ly  for 9 days.  Groups  I I I - V I  
rece ived  t he  fol lowing c o m p o u n d s  daily,  ove r  a per iod  of 
9 days,  a t  doses of 10 m g  P / k g  b o d y  we igh t :  Group  I I I  - 
p o l y p h l o r e t i n  p h o s p h a t e  (PPP)  (AB Leo, Hit ls ingborg,  
Sweden) ;  Group  I V  - po lyoes t rad io l  p h o s p h a t e  (PEP)  
(AB Leo) ;  Group  V - h e x a m e t a p h o s p h a t e  (Benckiser ,  
L u d w i g s h a f e n / R h ,  G e r m a n y ) ;  G r o u p  V I  - e thane-1 -  
h y d r o x y - 1 , 1 - d i p h o s p h o n a t e  ( E H D P )  (Proc te r  and  G a m b l e  
Company ,  Cinc inna t i ,  Ohio, USA).  The  doses were 
a d m i n i s t e r e d  s.c., a so lu t ion  c o n t a i n i n g  5 m g  P / m l  be ing  
used ( =  0.2 ml /100 g b o d y  wt.).  On d a y  3, all  r a t s  in  
groups  I, I I I ,  IV,  V a n d  V I  rece ived  b y  s t o m a c h  t u b e  a 
single dose of d i h y d r o t a c h y s t e r o l  ( W a n d e r  AG, Berne ,  
Swi tzer land)  in  a rach i s  oil (0.5% w/v; 0.2 m l / 1 0 0  g b o d y  
wt.,  i.e. 10 m g  D H T / k g  b o d y  wt.).  On d a y  4, al l  r a t s  
were a n a e s t h e t i z e d  w i t h  d i e thy l  e the r  a n d  ha i r  was  com- 
p le t e ly  r e m o v e d  f rom a n  i n t e r s c a p u l a r  area  of sk in  
a p p r o x i m a t e l y  9 cm 2 in size. R a t s  were weighed on  days  1 
and  10 of t he  e x p e r i m e n t  a n d  m o r t a l i t y  in  each  t r ea t -  
m e n t  g roup  was recorded.  To assess sk in  ca lc i f ica t ion  in 
ep i l a t ed  areas  t h e y  were r emoved  fol lowing sacrifice of the  
r a t  on  d a y  10 a n d  were dr ied  to  c o n s t a n t  we igh t  a t  100 ~ 
T h e y  were  t h e n  a shed  d r y  a t  600 ~ for 8 h and  t h e  a sh  
was d issolved in 2 m l  of 2 N-HC1. The  ca lc ium c o n t e n t  of 
these  so lu t ions  was m e a s u r e d  b y  a t o m i c  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y  (Perk in  E l m e r  290 B). R e n a l  and  aor t i c  
ca lc i f ica t ion  was assessed chemical ly .  K idneys  a n d  de- 
scend ing  thorac ic  ao r t a s  were r e m o v e d  on  day  10 a n d  
sub jec t ed  to drying,  a sh ing  a n d  ca lc ium e s t i m a t i o n  as for 
t he  skins.  Se rum ca l c ium was m e a s u r e d  on days  4 a n d  10 
of t he  e x p e r i m e n t  b y  a t o m i c  a b s o r p t i o n  s p e c t r o p h o t o m e -  
t ry .  

Calci/ication in vitro. The  model  s y s t e m  as p rev ious ly  
descr ibed1 was used. I t  consis ts  in  t he  d e t e r m i n a t i o n  of 
t he  m i n i m u m  c o n c e n t r a t i o n  of ca lc ium a n d  p h o s p h a t e  
necessa ry  to induce  p r ec ip i t a t i on  of ca lc ium p h o s p h a t e  
w i t h i n  3 days  a t  p H  7.4 and  37~ The  c o n c e n t r a t i o n  
ECal • [Pl in t he  so lu t ion  before  t he  e x p e r i m e n t  ( ini t ia l  
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Effect of polyphloretin phosphate (PPP) on the minimum product 
[Ca] • [P] expressed as (rag/100 ml) 2 required to induce crystal forma- 
tion in vitro. Abscissa:initial [Ca] • [P~ concentration. Ordinate: final 
[Ca] x [P] concentration. 
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Effects of polyphloretin phosphate (PPP), polyoestradiol phosphate (PEP), a polyphosphate and a diphosphonate (EHDP) on calcification 
induced by DHT and epilation 

Serum Ca (rag/100 ml) Weight change 
Treatment group (g) during 9 days Survival Kidney dry 

of experiment wt. (nag) 

Calcium content (mg/g dry wt) 

Day 4 Day 10 Skin Aorta Kidney 

I Control treated - -19 .4 i  3.3 17/25 14.5• 13.6ff-0.2 320:]- 9 74.1 45.9 35.9 
with DHT alone (2.4-154.8) (0.3-331) (6.6-75.6) 

II NaC1 alone without DHT +28.0-~: 2.6 ~ l~176 11.2q-0.2 ~ 11.9=[=0.4 �9 290~_12 0.45 4.3 2.1 
(0.3- 0 . 7 )  (0.5-16.5) (0.3-15.3) 

III DHT + polyphloretin --3.1 =E 3.7 b 9/n 14.0j_0.5 12.0+0.5 b 336j_ 6 21.7 46.0 23.3 
phosphate (PPP) (1.2-62.4) (6.1-98.7) (9.6M6.4) 

IV DHT + polyoestradiol --21.0:t: 2.9 a~ 14.5-t=0.4 12.8-}=0.2 268-L10 ~ 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 ~/9 13.8~0.5 11.3q-0.2 ~ 278--21 ~ 3.0 2.9 19.8 
(0.3- 11.9) (1.4- 7.8)  (0.646.0) 

VI DHT + a diphosphonate --5.6 • 2.4 b 9/10 16.5• 14.3• 289~: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, c 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. 

p roduc t )  is p lo t t ed  a g a i n s t  t he  c o n c e n t r a t i o n  a f te r  the  
i n c u b a t i o n  a n d  af te r  f i l t r a t ion  t h r o u g h  Mill ipore f i l ters  
(final p roduc t ) .  T h e  b r e a k  in t he  cu rve  ind ica te s  t he  
m i n i m u m  c o n c e n t r a t i o n  ECa~ •  nece s sa ry  for the  
p rec ip i t a t i on  to  occur. A n  increase  in th i s  p r o d u c t  indi-  
ca tes  t h e  p resence  of an  i n h i b i t o r y  subs t ance .  

Results. Th e  resu l t s  of D H T - i n d u c e d  changes  in r a t s  
are g iven  in t h e  Table .  T h e  resu l t s  of t he  e x p e r i m e n t s  on 
ca l c iu m  p h o s p h a t e  p r e c i p i t a t i o n  in  v i t ro  are g iven  in t he  
Figure .  P P P  p r o d u c e d  a s t r o n g  inh ib i t i on  a t  10 -3, 10 .4 
a n d  10-5M, b u t  n o t  a t  10 .6  a n d  10-7M.  P E P  did no t  
i nh ib i t  a t  10 .5 a n d  1 0 -aM.  H i g h e r  c o n c e n t r a t i o n s  of P E P  
could  no t  be t e s t ed  because  it  p r ec ip i t a t ed  in t h e  t e s t  
s y s t e m .  I t  shou ld  be n o t e d  t h a t  t hese  c o n c e n t r a t i o n s  
refer  to  p h o s p h o r u s  c o n t e n t  a n d  n o t  to  t he  t r ue  m o l a r  
c o n c e n t r a t i o n  of t h e  po lymer s ,  wh ich  would  be some  h u n -  
dred-fo ld  less. 

Discussion. Like  c o n d e n s e d  phospha t e s1 ,  p o l y p h l o r e t i n  
p h o s p h a t e  an d  po lyoes t rad io l  p h o s p h a t e  inh ib i t  sof t  t i s sue  
calcif icat ion in vivo,  a lbe i t  less effect ively.  Th i s  effect  
m i g h t  be due  to t h e  i n h i b i t o r y  ac t ion  on  p h o s p h a t a s e s ,  
t h u s  inc reas ing  t h e  local c o n c e n t r a t i o n  of p y r o p h o s p h a t e .  
I n  t he  case of P P P  i t  could  also be due  to i ts  i nh ib i t i on  
of c rys t a l  f o rm a t io n ,  a l t h o u g h  the  g rea te r  e f fec t iveness  of 
P E P  c o n t r a s t s  w i th  i ts  fa i lure  to  i nh ib i t  c ry s t a l  fo rma-  
t ion  in vi t ro .  O th e r  m e c h a n i s m s  of ac t ion  are possible.  
T h u s  P P P  h as  been  s h o w n  to  h a v e  effects  on p r o s t a g l a n d i n  
F2~16 a n d  P E P  could conce ivab ly  work  by  re leas ing  oes- 
t radiol .  

F r o m  t h e  t h e r a p e u t i c  p o i n t  of v iew it is r e l e v a n t  t h a t  
none  of t h e  p h o s p h a t a s e  inh ib i to r s  were as ac t ive  as  t he  
p o l y p h o s p h a t e s  t h e m s e l v e s  a n d  especia l ly  as t he  d iphos-  
p h o n a t e  E H D P .  Th i s  r e su l t  s u p p o r t s  earl ier  e x p e r i m e n t s  
s howi n g  t h a t  d i p h o s p h o n a t e s  i nh ib i t  o the r  t y p e s  of 
calcification13,15,16 a n d  s t r e n g t h e n s  t he  r a t iona le  of 
u s ing  these  c o m p o u n d s  in m a n .  F i r s t  r esu l t s  in p a t i e n t s  
w i th  m y o s i t i s  oss i f icans  show t h a t  t h e y  are also ac t ive  
in h u m a n  cond i t ions  17, is 

Zusammen[assung. Zwei P h o s p h a t a s e h e m m e r  (Poly- 
p h l o r e t i n p h o s p h a t  u n d  Po lyoe s t r a d io lphospha t ) ,  ein 
P o l y p h o s p h a t  ( H e x a m e t a p h o s p h a t )  u n d  ein D i p h o s p h o n a t  
( E t h a n - l - h y d r o x y - l , l - d i p h o s p h o n a t )  w u r d e n  auf  ihre 
F;dhigkeit  u n t e r s u c h t ,  V e r k a l k u n g e n  zu ve rh inde rn ,  welche 
in der  H a u t ,  der  A o r t a  u n d  den  Nie ren  yon  R a t t e n  d u r c h  
D i h y d r o t a c h y s t e r o l  (DHT)  he rvo rge ru f e n  wurden .  D a s  
D i p h o s p h o n a t  erwies s ich  als der  st~Lrkste H e m m e r ;  
d a n n  fo lg ten  das  P o l y p h o s p h a t  u n d  die zwei P h o s p h a t a s e -  
h e m m e r .  Die P h o s p h a t a s e h e m m e r  w u r d e n  zus~ttzlich auf  
ihre  F~ihigkeit gepri if t ,  die C a l c i u m p h o s p h a t - A u s f ~ l l u n g  
in v i t ro  zu v e r l a n g s a m e n .  P o l y p h l o r e t i n p h o s p h a t  bes i t z t  
diese Fi ih igkei t  bei  K o n z e n t r a t i o n e n  von  10 -5 M u n d  
m e h r ;  P o l y o e s t r a d i o l p h o s p h a t  is t  u n w i r k s a m .  
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