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..-': Fig. 2. Changes of protected amounts (difference between activities 

~!:': .~." of TAA heat-treated in the absence and presence of starch) with 
.~'.".'.: ...: \ digestion time before heat-treatment. Curves 1 2, and a, b, heat- 

":::;):':::"/ X treated at pH 5.6 and 9.0, respectively; curve 3, starch eoncentra- 
,,~(" .." ~ tions at various digestion times before incubation, and also means the 

.~!.~:'..:" ~ amount protected by starch; curves 1', 2', and a', b', amounts pro- 
::f.." ~ 3  teeted by decomposition products from starch, corresponding to 

if'.:" ~ the cases of curves 1, 2, and a, b, respectively. The digestion was 
,:~:::': ~ •  made at pH 7.0 at~0 ~ in all cases. The heat-treatment was made 
':: ~ for 10 min at the temperature shown and at pH 5.6 Or 9.0, inmle- 

i ~ ~ ~  ~0 ~i[l diately after digestion. The protected amount at zero digestion time 
is normalized to unity. The activity was nleasured at pH 5.6. Con- 

Di~S~iO0 time ~)~[Ot'8 inG~'~tiOh eentrations of TAA and starch, 0.036 and 6 mg/ml, respectively. 

concen t ra t ions  employed  in the  p resen t  invest igat ion,  i t  
is possible roughly  to separa te  the  to ta l  p ro tec ted  a m o u n t  
into two pa r t s :  the  a m o u n t  p ro tec ted  by  s ta rch  and t h a t  
p ro tec ted  by  decomposi t ion  products .  These are shown 
in Figure 2, curves 3 and 1' or 2', or a '  or b '  respect ively .  
In  the  shor t  per iod of digestion,  the  pro tec t ion  is main ly  
due to the  s ta rch  effect. The p ropor t ion  of p ro tec t ion  by  
digest ion p roduc t s  to t h a t  by  s ta rch  at  p H  5.6 is larger 
t h a n  t h a t  a t  p H  9.0, as seen in Figure 2. This  means  t h a t  
digest ion p roduc t s  are less effective for the  p ro tec t ion  
f rom hea t  inac t iva t ion  of TAA in pH- inac t i va t ed  or -de- 
na tu red  s tates .  

F u r t h e r  detai ls  will be publ ished in a fu ture  paper.  

Znsammen/assung. Nachweis  eines Schutzes  der  Eiweiss- 
s t ruktur ,  der  Taka-Amylase  A, gegen W/ i rme- Inak t iv ie -  
rung und  -Dena tu r i e rung  dnrch  das Subs t ra t .  Auf Grund  
der  pH-Abh/ tng igke i t  dieser  Schu tzwi rkung  kann  ange- 
n o mmen  werden,  dass  sic die Folge der  Stabi l is ierung der  
Sekund/ i r s t ruk tur  des Pro te ins  durch  E n z y m - S u b s t r a t -  
und  - P r o d u k t - K o m p l e x e  ist. 

G. TOMITA and S. S. KIM 

Institute o/ Biophysics, Faculty o/ Agriculture, 
Kyushu University, Fukuoka (Japan), 
July 12, 1965. 

Inhibition of Skin Calcification (Calciphylaxis)  
by Polyphosphates  

Condensed phospha tes ,  such as inorganic pyrophos-  
pha t e  and long chain po lyphospha t e s  (e.g. Graham salt), 
are able to block col lagen-induced calcium phospha t e  
prec ip i ta t ion  in vi t ro  in concen t ra t ions  as low as 10 6 M 1, 
Condensed p h o s p h a t e s  can also p r e v e n t  t he  mineral iza-  
t ion of chick embryo  femurs  grown in t issue cul ture 2. 
These facts,  t oge the r  wi th  the  presence of p y r o p h o s p h a t e  
in bo th  urine a and plasma* suggest  t h a t  p y r o p h o s p h a t e  
may  p lay  an i m p o r t a n t  role in the  biological regulat ion 
of calcification in vivo. Recen t ly  it has  been  shown t h a t  
p y r o p h o s p h a t e  and long chain po lyphospha te s  can indeed 
inhibi t  calcif icat ion in vivo, as t h e y  are able to block 
v i t amin  Da-induced aortic calcification in ratsS. 

In  the  p resen t  s tudy  we have  inves t iga ted  the  inhibi-  
to ry  effect  of Graham sal t  on ano the r  calcification sys t em 
in vivo. As our model  of calcification, the  calciphylact ic  
skin reac t ion  descr ibed by  SELYE ~ was chosen.  Grah am 
sal t  was used as the  condensed  p h o s p h a t e  because pyro-  
phospha t e  was found to cause skin necrosis a t  the  site of 
injection.  

Material and methods. Female  Wis ta r  ra t s  weighing 
about  130 g were given A l t r o m i n - R  ra t  d ie t  (Altromin, 

Lage, Germany)  and t ap  -water ad l ib i tum t h r o u g h o u t  
the  exper iment .  42 ra ts  were a l lo t ted  to 5 groups  as fol- 
lows: Group I : a  single dose (10 mg/kg) of d i h y d r o t a c h y -  
sterol  (DHT), ob ta ined  f rom "Wander AG, Berne,  Switzer-  
land, was dissolved in arachis  oil and given by  s t o mach  
tube.  24 h later  epi la t ion was pe r fo rmed  under  e the r  
anaes thes ia  on an area of skin of 9 cm 2 in the  in t rascapu la r  
region. On the  7th day  af ter  D H T  the  animals  were killed 
wi th  ether .  Group II  : s imilar  to group I, bu t  the  an imals  
were in addi t ion  given dai ly subcu taneous  in jec t ions  of 
G rah am salt  (J. A. Benckiser,  Ludwigsha fen  a. Rh. ,  
Germany)  a t  a dose of 1 mg P/kg/day, beginning  2 days  
before the  admin i s t r a t ion  of D H T  and  cont inu ing  th rough-  
out  the  course of the  exper iment .  The G rah am sal t  was 

1 H. FLEISCH and W. F. NEUMA~, Am. J. Physiol. 200, 1296 (1961). 
H. FLEISCH, F. STR&UMANN, R. SCHENK, S. BISAZ, and M. ALL- 
GOWER, Am. J. Physiol., in press. 

3 H, FLEISCtI and S. BISAZ, Am. J. Physiol. 203, 671 (1962). 
4 H, FLEISCH and S. Blsaz, Nature 195, 911 (1962). 

H. FLEISCH, D. SCmBLER, J. MAERKI, and I. FROSSARD, Nature 
207, 1300 (1965). 
H. SELYE, Calciphylaxis (University of Chicago Press, Chicago 
1962). 
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Fig. la  Fig. lb 

Fig. 2a ]Fig. 2b 

Fig. 3a ]Fig. 3b 

Fig. 1. Example of the effect of Graham salt on the macroscopic 
appearance of a calciphylactic skirl reaction induced by dihydro- 
tachysterol and epilation. (a) Without Graham salt; (b) with Graham 

salt (10 mg P/kg/day). 

Fig. 2. Example of the effect of Graham salt on histology of a calci- 
phylactic skill reaction induced by dihydrotachysterol and epilation. 

(a) Without Graham salt; (b) with Graham salt (10 mg P/kg/day). 
(AgNO3, x 120). 

Fig. 3. Example of the effect of Graham salt on the X-ray diffraction 
patterns of a calciphylactic skin reaction induced by dihydrotachy- 
sterol and epilation. (a) Without Graham salt; (b) with Graham salt 

(10 mg P/kg/day). 
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i n j ec ted  a t  va r ious  s i tes  on  t he  b a c k  a n d  t he  a b d o m e n ,  
as far  as poss ible  f rom t he  si te  of epi la t ion.  G r o u p  I I I :  
s imi la r  to  g roup  I I ,  b u t  g iven  G r a h a m  sa l t  a t  a dose of 10 
m g  P / k g / d a y .  Group  IV:  these  an ima l s  were g iven  no 
D H T  or  G r a h a m  salt ,  b u t  were sub jec t ed  to  ep i l a t ion  a n d  
ki l led 6 days  later .  Group  V:  con t ro l  an i m a l s  n o t  g iven 
a n y  t r e a t m e n t .  

On  the  d a y  of d e a t h  the  ep i la ted  skin  was cu t  ou t  and  
d iv ided  in to  two por t ions ,  one of wh ich  was t a k e n  for 
h is to logical  e x a m i n a t i o n  and  t he  o t h e r  was  lyophi l ized 
a n d  weighed.  Ash ing  of t he  lyophi l ized skin  was  t h e n  
pe r fo rmed  a t  400 ~ us ing  c o n c e n t r a t e d  hydroch lo r i c  acid, 
followed b y  c o n c e n t r a t e d  su lphur ic  acid a n d  h y d r o g e n  
peroxide.  Calc ium was measu red  b y  t i t r a t i o n  w i t h  E D T A  
in a n  a lka l ine  m e d i u m  uscing calcein as indica tor .  For  
his tological  e x a m i n a t i o n  t he  skin was f ixed in 10% neu-  
t r a l  formol,  e m b e d d e d  in para f f in  and  s t a ined  b y  t he  yon  
Kossa  t e c h n i q u e  modif ied  accord ing  to KRUTSAYT. X - r a y  
d i f f rac t ion  p a t t e r n s  were o b t a i n e d  f rom fresh sk in  a f t e r  
d e h y d r a t i o n  in alcohol  us ing a D ebye - Sche r r e r  camera .  

Results. Genera l  a p p e a r a n c e :  I n  g roup  I ( D H T  and  
epi la t ion)  10 of t h e  12 r a t s  showed  ex tens ive  calci- 
phy lac t i c  lesions, t he  epi la ted  skin  regions  be ing  t r a n s -  
fo rmed  in to  hard ,  wh i t i sh  pa t ches  (Figure la) .  T he  ani-  
ma l s  rece iv ing  t he  low dose of condensed  p h o s p h a t e s  
p r e sen t ed  ca lc iphylac t ic  lesions less f r equen t ly ,  while  
those  which  received 10 mg  P / k g / d a y  were en t i r e ly  nor-  
ma l  (Figure lb ) .  

Chemis t ry :  The  ca lc ium va lues  f rom t he  ep i la ted  skins  
are s u m m a r i z e d  in t h e  Table.  The  skins f rom t he  an ima l s  
of group I ( D H T  a n d  epi lat ion)  h a d  m a r k e d l y  increased  
ca lc ium levels c o m p a r e d  w i t h  those  f rom an i m a l s  of 
g roup  I V  (epi la t ion only) and  V (controls).  I n  g roup  I I  
(DHT,  ep i l a t ion  and  low dose of G r a h a m  salt)  t he  skin  
calcif icat ion was  r educed  in incidence,  t he  skin of 5 of t he  
8 r a t s  now c o n t a i n i n g  n o r m a l  a m o u n t s  of calc ium.  The  
ca lc ium c o n t e n t  of the  skin of those  an ima l s  in  th i s  g roup  
t h a t  did calcify was as h igh  as t h a t  of an i m a l s  rece iv ing  
no  condensed  phospha tes .  W i t h  the  h ighe r  dose (10 m g  
P /kg /day )  of G r a h a m  sal t  (group I I I )  the  skin calcifica- 
t ion  was comple t e ly  p r e v e n t e d  in all t h e  animals ,  t he  
ca lc ium va lues  be ing  s imilar  to  those  of g roup  I V  (epila- 
t i on  only) a n d  V (controls).  

His to logy :  As a l r eady  descr ibed b y  SELYE s t he  calci- 
f ica t ion  a p p e a r e d  to s t a r t  in t he  ha i r  follicles a n d  sur-  
r o u n d i n g  areas  of f ibrous  tissue. As ca lc i f ica t ion  pro-  
ceeded, these  areas  b e c a m e  conf luen t  and  large cal- 
careous  masses  were seen e x t e n d i n g  t h r o u g h o u t  t he  
dermis ,  des t roy ing  i ts  s t r uc tu r e  (Figure 2a). The re  was a 
good cor re la t ion  b e t w e e n  t he  his to logical  a n d  chemica l  

Effect of Graham salt on skin calcification induced by dihydro- 
tachysterol and epilation 

f indings.  T h u s  in all  t h e  an ima l s  of g roup  I I  and  g roup  I I I  
(low and  h igh  dose of G r a h a m  sal t  respect ive ly)  in  wh ich  
skin ca lc i f ica t ion was p r e v e n t e d  as assessed b y  t he  
chemica l  resul ts ,  t h e  h is to logica l  sect ions  showed  a com- 
p le te  lack of ca lc ium depos i t ion  in  t he  h a i r  follicles a n d  
in t he  f ibrous  t issue (Figure  2b) a n d  were ind i s t ingu i sh -  
able  f rom sect ions  f rom the  an ima l s  wh ich  were sub j ec t ed  
to ep i l a t ion  on ly  (group IV). 

X - r a y  d i f f rac t ion :  The  calcified skin  p r e s e n t e d  a n  X-  
r a y  d i f f rac t ion  p a t t e r n  cha rac t e r i s t i c  of h y d r o x y a p a t i t e  
(Figure 3a), in  a g r e e m e n t  w i t h  Moss  and  URIST 9. Af t e r  
h e a t i n g  to  900~ t he  X - r a y  d i f f rac t ion  p a t t e r n  showed  
t he  a p p e a r a n c e  of whi t locki te ,  sugges t ing  t h a t  a p a r t i a l l y  
ca lc ium-def ic ien t  a p a t i t e  was  present .  The  skin  of a n i m a l s  
t r e a t e d  w i t h  G r a h a m  sa l t  showed  only  a col lagen p a t t e r n ,  
w i t h o u t  a n y  sign of a p a t i t e  (Figure 3b). 

Discussion. These  resu l t s  show t h a t  G r a h a m  salt ,  
g iven  subcu taneous ly ,  c an  p r e v e n t  D H T - i n d u c e d  skin  
ca lc i f ica t ion in  rats .  The  i nh ib i t i on  w i t h  l a rger  doses of 
G r a h a m  sa l t  appea r s  to  be  complete ,  and  t h i s  effect  can  
be  seen equa l ly  well  in  t he  genera l  appea rance ,  a n d  b y  
chemica l  analysis ,  h i s to logy  and  X - r a y  d i f f rac t ion .  The  
i n h i b i t o r y  effect  of G r a h a m  sal t  on  pa tho log ica l  calcifica- 
t ions  is un l ike ly  to be  due  to e i t he r  a n  in te r fe rence  w i t h  
t he  hype rca l caemic  ac t ion  of D H T  or to  a complex ing  of 
ca lc ium in t he  ex t race l lu la r  fluid. Indeed ,  in some of t he  
an ima l s  of g roups  I, I I  a n d  I I I ,  where  t o t a l  ca lc ium levels  
in  the  p l a s m a  were measured ,  G r a h a m  sal t  h a d  p r ac t i c a l l y  
no effect  in  r educ ing  t he  h y p e r c a l c a e m i a  i nduced  b y  
D H T .  F u r t h e r m o r e ,  i t  was  found  in a s epa ra t e  s t u d y  t h a t  
t he  a d m i n i s t r a t i o n  of 10 m g  P / k g  of G r a h a m  sa l t  also 
has  no effect  on  t he  level  of ionized ca lc ium in t h e  p l a s m a  
of r a t s  rece iv ing  h igh  doses of v i t a m i n  D 310. I t  is the re fo re  
p robab l e  t h a t  the  condensed  p h o s p h a t e s  p r e v e n t  t h e  ini-  
t i a t i on  a n d / o r  g r o w t h  of ca lc ium p h o s p h a t e  c rys ta l s  b y  
ac t ing  d i rec t ly  a t  w h a t  would  o therwise  be a si te  of 
calcif icat ion.  

I t  is a n  a t t r a c t i v e  poss ib i l i ty  t h a t  th i s  p r o p e r t y  m i g h t  
be  used to p r e v e n t  pa tho log ica l  ca lc i f ica t ions  in  man ,  
especial ly  since t he  doses of p o l y p h o s p h a t e s  r equ i red  to 
p r e v e n t  ectopic  ca lc i f ica t ion are a p p a r e n t l y  u n a b l e  to  
affect  the  n o r m a l  ca lc i f ica t ion  process  in bone  n,12. 

Zusammenfassung. Grahamsa lz ,  ein l angke t t i ge s  Poly-  
p h o s p h a t ,  i s t  bet  s u b c u t a n e r  V e r a b r e i c h u n g  i m s t a n d e ,  
eine pa tho log i sche  V e r k a l k u n g  der  H a u t  (Calciphylaxe)  
bet  der  ]Ratte zu h e m m e n .  Der  W i r k u n g s m e c h a n i s m u s  
dieser  H e m m u n g  wird ku rz  d iskut ie r t .  

D. SCHIBLER and H. FLEISCH 

Laboratorium fi~r experimenteUe Chirurgie, 
Schweizerisches Forschungsinstitut, Davos 
(Switzerland), March d, 7966. 

Group Treatnlent mg (Ca/g 
lyophilized skin 

I DHT 10 mg/kg + epilation 49.5 4- 7.46 (12) 

II DHT 10 mg/kg + epilation + 1 mg 17.6 i 9.13 (8) 
P/kg Graham salt 

tI! DHT 10 mg/kg + epilation + Graham 4.8 • 0.56 (10) 
salt 10 mg P/kg 

IV Epilation only 3.5 ~_ 0.83 (6) 

V Controls, no treatment 2.7 • 0.36 (6) 

All tabulated values shown are means ~- standard error. Nmnber of 
experiments in brackets. 
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