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g r o u n d  s u b s t a n c e  show a n  o r i e n t a t i o n  w h i c h  cor re-  
s p o n d s  to  t he  pe r iod  of co l lagen  f ibres.  

A. ASCENZI and  A. CHIOZZOTTO 

Institute o~ Anatomia .Patologica, University o/ Rome, 
and Istituto Superiore di Sanitg, in Rome, August 26, 7954. 

Rdsumd 

Les a u t e u r s  o u t  6 tud i6  au  mic roscope  61ectronique,  au  
m o y e n  de la  t e c h n i q u e  de la  p s e u d o - e m p r e i n t e ,  la  s t r u c -  
t u r e  de la  s u b s t a n c e  f o n d a m e n t a l e  calcif i6e d 'os  k 
s t r u c t u r e  l ame l l a i r e  ( f6mur  de bovid6) .  I l s  o n t  p u  a ins i  
d 6 m o n t r e r  que  c e t t e  s u b s t a n c e  es t  form6e de  g lobu les  
de  n a t u r e  o r g a n i q u e ,  e n c l a v 6 s  d a n s  u n  f in  r6seau  in-  
o r g a n i q u e .  Le  d i a m 6 t r e  des  g lobules ,  a ins i  que  celui  des  
mai l l es  du  r6seau  i n o r g a n i q u e ,  es t  de  l ' o r d r e  de  200-250  
A. Les  g lobules  o r g a n i q u e s  s o n t  a t ign6es  pa ra l I61emen t  
a u x  f ibr i l les  col lag6nes .  

T h e  E x c h a n g e  o f  B o n e  C a l c i u m  w i t h  Ca ~5 ~ 

Introductory Background. (1) I t  is well  e s t a b l i s h e d  t h a t  
K O H - g l y c o l  a s h e d  b o n e  will  exchange ,  c a l c i u m  ions 
w h e n  s u s p e n d e d  in a c a l c i u m  so lu t i on  t a g g e d  w i t h  Ca 45 ~. 
W h e n  e q u i l i b r i u m  is o b t a i n e d  1 4 - 1 5 %  of t h e  b o n e  
c a l c i u m  is f o u n d  to  e n t e r  i n to  t h e  e x c h a n g e  r e a c t i o n  S . 

(2) Ca l c ium p h o s p h a t e s  w i t h  C a / P  w e i g h t - r a t i o s  
r a n g i n g  f r o m  1.72 t o  2-26 h a v e  b e e n  d e s c r i b e d  as a ser ies  
of de fec t  p s e u d o - a p a t i t e s  w i t h  m o r e  or  less c a l c i u m  
o c c u p y i n g  l a t t i c e  pos i t ions* .  I t  is poss ib le  t o  fill t h e s e  
mi s s ing  p o s i t i o n s  b y  s u s p e n d i n g  t h e  m a t e r i a l  in  l ime  
s o l u t i o n  5. These  p s e u d o - a p a t i t e s  d i f fer  c h e m i c a l l y  a n d  
p h y s i c a l l y  f r o m  t r u e  h y d r o x y a p a t i t e  desp i t e  t h e  fac t  
t h a t  t h e i r  X - r a y  d i f f r ac t i on  p a t t e r n s  are  s imi la r .  T he  
c o m p o u n d  w i t h  t h e  g r e a t e s t  C a / P  (2.26) is s i m i l a r  to  t he  
p r i n c i p a l  i n o r g a n i c  c o m p o n e n t  of bone .  

I f  we p r e p a r e  t h i s  c a l c i u m  p h o s p h a t e  (Ca /P  = 2.26) 
b y  s u s p e n d i n g  a de fec t  p s e u d o - a p a t i t e  in  l ime  so lu t ion ,  
t h e  v a r i o u s  t y p e s  of c a l c i u m  ions in t h e  r e s u l t i n g  solid 
are  : 

(a) t h e  o r ig ina l  9 Ca ions s t o i c h i o m e t r i c a l l y  b o u n d  to  
t h e  p h o s p h a t e s  g roups ,  

(b) t h e  a d d i t i o n a l  1 ~ Ca ions i n c l u d e d  in some  m a n -  
ne r  in  t h e  p s e u d o - a p a t i t e  of  C a / P  = 2.26, 

(c) m o r e o v e r ,  e spec ia l ly  in  t h e  case  of b o n e  sa l t s ,  
some  p h y s i c a l l y  a d s o r b e d  Ca ions.  
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(3) H y d r o c h l o r i c  ac id  can  p r e f e r e n t i a l l y  d isso lve  t he  
Ca ions b o u n d  to  t h e  c a r b o n a t e  in  b o n e  1. I n  t h e  f i rs t  
s t ages  of t h e  ac id  ac t ion ,  t h e  C a / P  r a t i o  of t h e  l iqu id  
p h a s e  is v e r y  h igh ,  d e c r c a s i n g  s lowly  as t h e  f u n d a -  
m e n t a l  p h o s p h a t e  (Ca /P  = 1.94) goes i n to  so lu t ion .  The  
a c t i o n  of HC1 on  b o n e  is j u s t  t h e  r eve r se  of a d d i n g  Ca 
f r o m  l ime  s o l u t i o n  t o  a de fec t  c a l c i u m  p h o s p h a t e  as 
a b o v e .  U n f o r t u n a t e l y ,  t h i s  ac id  a c t i o n  is n o t  qu i t e  
se l ec t ive  a n d  i t  is n o t  poss ib le  to  d i s so lve  t h e  ca l c ium 
ions w h i c h  fill t h e  de tec t s  w i t h o u t  d e s t r o y i n g  t h e  f u n d a -  
m e n t a l  t r i c a l c i u m  p h o s p h a t e  to  some  e x t e n t .  

Experimental procedure. C o m b i n i n g  t h e  t e c h n i q u e s  of 
r a d i o a c t i v e  e x c h a n g e  a n d  HCI a t t a c k ,  we were  ab le  to  
o b t a i n  i n f o r m a t i o n  r e g a r d i n g  t h e  n a t u r e  of e x c h a n g e a b l e  
c a l c i u m  in  b o n e  mine ra l .  T h e  s t a r t i n g  m a t e r i a l  for  our  
e x p e r i m e n t  was  K O H - g l y c o l  a s h e d  b o n e  w h i c h  was 
exposed  for  a m o n t h  to  Ca 4s CI~ s o l u t i o n  a n d  t h e n  f i l t e r -  
ed a n d  d r i e d  to  c o n s t a n t  w e i g h t  a t  I05°C.  T h e  specif ic  
a c t i v i t y  of t h i s  s t o c k  b o n e  a s h  was  9.48 × 10 ~. F r a c t i o n s  
of t h i s  m a t e r i a l  (500 mg) were  s u s p e n d e d  for  10 ra in  in 
25 m l  of v a r y i n g  HC1 so lu t ions .  T h e  a m o u n t  of HCI 
r a n g e d  f r o m  0.2 m E  to  6.25 m E .  T h e  a m o u n t  of HC1 
su f f i c i en t  fu l ly  to  d i sso lve  500 m g  of b o n e  a s h  was 6.85 
m E .  A f t e r  f i l t r a t i o n  a n d  d r y i n g  a t  105°C, e a c h  s a m p l e  
was  w e i g h e d ;  t h e  ca l c ium,  p h o s p h o r u s  a n d  specif ic  
a c t i v i t y  were  d e t e r m i n e d  for  b o t h  t h e  l iqu id  a n d  res idua l  
sol id  phase .  See T a b l e  for  a t a b u l a t i o n  of t h e  resul t s .  

Results and discussion, The  w e i g h t  loss of t he  s amp le s  
in HC1 s o l u t i o n  i nc r ea sed  w i t h  t h e  inc rease  of HCI em-  
p loyed ,  As t h e  HC1 c o n c e n t r a t i o n  inc reased ,  t he  specif ic  
a c t i v i t y  of t h e  l iquid ,  v e r y  h i g h  for  t h e  s m a l l  HC1 
q u a n t i t i e s ,  dec reased .  H o w e v e r ,  t h e  specif ic  a c t i v i t y  was 
a l w a y s  h i g h e r  in  t h e  l i qu id  t h a n  in  t h e  c o r r e s p o n d i n g  
r e s i d u a l  so l id  phase .  F o r  e a c h  e x p e r i m e n t ,  t h e  l i q u i d  
p h a s e  a lways  c o n t a i n e d  more  ca l c ium t h a n  r e q u i r e d  for  
9 Ca p e r  6 P (Ca /P  = 1.94), Th i s  excess  r e p r e s e n t s  t h e  
a d d i t i o n n a l  Ca ion  c o n t e n t  of b o n e  s t r u c t u r e ,  On  t h e  
o t h e r  h a n d ,  t h e  C a / P  w e i g h t - r a t i o  in  t h e  sol id  p h a s e  
d e c r e a s e d  s lowly  u n t i l  i t  r e a c h e d  a v a l u e  of 1.98. 

I n s t e a d  of  r e g a r d i n g  t h e  r a t i o  ( c o u n t s / m ) / t o t a l  Ca, 
wh ich  dec reases  in  b o t h  phases ,  we c a n  c a l c u l a t e  t h e  
r a t i o :  ( c o u n t s / m ) / e x c e s s  Ca. T h i s  t u r n s  o u t  t o  be a 
c o n s t a n t  v a l u e  (61.9 4- 5"2) i n d e p e n d e n t  of t h e  e x t e n t  
of HC1 a t t a c k  on  t h e  solkt,  

We feel that the Ca 4~ exchanged by bone mineral is ex- 
clusively the excess 7 1/,2 moles o/ calcium o/ the saturated 
pseudo-apatite. These  c a l c i u m  ions are  n o t  o n l y  on  t h e  
surface ,  b u t  a re  c o n t a i n e d  in t h e  s t r u c t u r e  of t h e  solid,  
for  t h e y  are  s t i l l  p r e s e n t  a f t e r  severe  HC1 a t t a c k .  T h i s  is 
s u p p o r t e d  b y  a r e c e n t  e x p e r i m e n t  in  t h i s  l a b o r a t o r y  
w h i c h  s t u d i e d  t h e  u p t a k e  of Ca 45 b y  a de fec t  pseudo-  
a p a t i t e  of C a / P  = 1-94. T h e  m a t e r i a l  was  d r i ed  a t  105°C 
a n d  e x p o s e d  to  a s o l u t i o n  c o n t a i n i n g  low c a l c i u m  con-  
c e n t r a t i o n s .  On ly  p s e u d o - a p a t i t e s  w i t h  a C a / P  g r e a t e r  
t h a n  1,94, s u c h  as bone ,  c a n  e x c h a n g e  in t h e  p r e sence  of 
s m a l l  Ca  c o n c e n t r a t i o n s .  

T h e  e x c h a n g e  r e a c t i o n  of t he  Ca in excess  of 9 moles  
pe r  u n i t  cell in  b o n e  m i n e r a l  is r ap id ,  w i t h  a/4 of t h e  
e q u i l i b r i u m  v a l u e  b e i n g  a t t a i n e d  in  10 ra in  a n d  ful l  
e q u i l i b r i u m  b e i n g  a t t a i n e d  in a few hours .  T h u s  these  
excess  Ca pos i t i ons  do no t  b e h a v e  c h e m i c a l l y  in t he  
s a m e  w a y  as t h e  o r ig ina l  9 Ca ions  of t h e  f u n d a m e n t a l  
n e u t r a l  p h o s p h a t e .  
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Soc. Chim. Biol. 30, 65 (1948). 



[15. IV. 1955] Kurze Mitteilungen - Brief Reports 143 

Table 

Liquid Phase 

c/m c/m HCt mE] 
100 mg 

0.04 
0-1 
0-2 
0.4 
0.6 
0.8 
1.0 
1-25 

% dissolved 
material 

5-1 
7-9 

15.4 
30-1 
43.4 
59-1 
70-6 
91.5 

Ca 
mg 

0.96 
2-42 
5.09 

10.54 
15"84 
21-71 
26"54 
33"51 

P 
mg 

0.20 
0.70 
1.91 
4.22 
6.66 
9.35 

11"31 
14-64 

Ca/P 

4"80 
3-30 
2 "66 
2"50 
2.38 
2"32 
2-35 
2"28 

Excess 
Ca mg 

0"57 
1 "07 
1'38 
2"36 
2'90 
3"58 
4"60 
5-11 

total Ca 

30"6 
24-3 
17"57 
14"4 
12"3 
11"36 
10"13 
9"95 

excess Ca 

50"9 
55-1 
64-5 
64"4 
67-2 
68"9 
60.0 
65-3 

Solid Phase 

HC1 mE/ % non dissolved Ca P Ca/P Excess c/m . c/m 
100 mg material mg mg Ca mg total Ca excess Ca 

0"04 
0"1 
0.2 
0"4 
0"6 
0"8 
1"0 
1"25 

94.9 
92-1 
84.6 
69-9 
56.6 
40.9 
29.4 

8.5 

35.13 
33.67 
31.00 
25"55 
20.25 
14.38 
9"55 
2"58 

15.74 
15-24 
14"03 
1I'72 
9.28 
6-59 
4-63 
1.30 

2"22 
2.21 
2.21 
2.18 
2.18 
2-18 
2"06 
1-98 

4 "60 
4"10 
3"78 
2'81 
2"25 
1.60 
0"57 
0"06 

7.83 
8-19 
8.13 
7.35 
6.98 
6-29 
6-08 
5-04 

All milligram values are calculated for 100 mg of bone mineral treated by HCI. 

61.4 
65-1 
65"1 
63"0 
61"0 
55"6 

A ce r t a in  a m o u n t  of Ca in bone ,  above  t h e  10 ~ mole  
value,  is s i m p l y  phys i ca l ly  a d s o r b e d  ( ±  0.2 m g % ) .  This  
e x c h a n g e s  ve ry  r ap id ly  and  reaches  equ i l i b r ium wi th  a 
Ca 4s so lu t ion  in  a few minu t e s .  Minera l ized  bone  a lways  
ach ieves  a h ighe r  specif ic  a c t i v i t y  t h a n  t h e  s a m e  ma-  
te r ia l  l eached  w i t h  a smal l  q u a n t i t y  of HC1 (0.02 
mEHC1/100 m g  ash  d issolves  all t h e  surface  a d s o r b e d  
Ca) w h e n  b o t h  are  i m m e r s e d  in like so lu t ions  of Ca .5. 
Q u a n t i t a t i v e l y  th i s  m a y  be  seen  as fol lows:  (a) a f t e r  a 
long t i m e :  u n t r e a t e d  bone  minera l ,  specif ic  a c t i v i t y  
= 9.13, l eached  bone  8.63; (b) a f t e r  s h o r t  exposu re :  
u n t r e a t e d  bone  mine ra l  0.86 and  0.74, leached  bone  
0.63 a n d  0-59 respec t ive ly .  

Conclusions. The  e x c h a n g e a b l e  Ca of K O H - g l y c o l  
a shed  b o n e  (dried a t  105°C) is only  the  adso rbed  ca lc ium 
and  t h e  ions loca ted  a t  t he  t e n t h  and  the  t e n t h  and  a hal f  
Ca pos i t i ons  in t h e  p s e u d o - a p a t i t i c  s t r uc tu r e .  These  
ca lc ium ions c o r r e s p o n d  to  a b o u t  15 % of t h e  t o t a l  bone  
ca lc ium which  is in a g r e e m e n t  w i t h  t h e  p e r c e n t  e x c h a n g e  
r epo r t ed  in t he  l i t e ra tu re .  

M, J .  DALLEMAGNE, 
CLAUDINE FABRY, a n d  P.  BODSON 

I~stitute o/ Experimenial Therapeutics. University o[ 
LiOge, Belgium, December 23, 1954. 

Rdsumd 

L ' e m p l o i  combin6  de l ' i so tope  r ad ioac t i f  du ca lc ium 
et de la d i sso lu t ion  progress ive  des sels osseux  pa r  HC1 
a pe rmis  de d 6 m o n t r e r  que  le ca lc ium 6changeab le  de la 
s u b s t a n c e  minfirale osseuse c o r r e s p o n d  au ca lc ium ad-  
sorh6 e t  ~ celui qu 'e l l e  r e n f e r m e  en execs  p a r  r a p p o r t  au 
p h o s p h a t e  t r ica lc ique  f o n d a m e n t a l .  

M i c r o r a d i o g r a p h i c  S tudies  of  T e e t h  

In  1933 the  f i rs t  i n t e res t ing  a t t e m p t  was m a d e  to  s t u d y  
t e e t h  b y  m e a n s  of  t he  mic rorad iograph ic  t e c h n i q u e  1. On 
a c c o u n t  of t h e  coarse  gra in ing  in the  f i lm used,  t h e  lack  of  
s ens i t i v i t y  of t he  a p p a r a t u s  and  the  poor  p o w e r  of reso-  
lu t ion  b y  m o d e r n  s t anda rds ,  t he  r ad iog ram cou ld  on ly  
show the  coarses t  s t ruc tu re s  z. 

Fig. l,-Enamel : Retzius' lines (horizontally) and the bands of Hun- 
ter-Schreger (vertically). 100 ×. 

The p ic tures  be low are  of g r o u n d  sec t ions  (15-25 /2) 
of a d u l t  h e a l t h y  t e e t h  p h o t o g r a p h e d  b y  X - r a y s  w i th  
w a v e l e n g t h s  2.4-4.0 A. Ca lc ium has  t he  m a x i m u m  ab-  
so rp t ion  at  3.06 A a, A Mach le t  t y p e  A E G  50 X - r a y  
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Cosmos 76. 1097 (1933), 

2 E. APPLEBAUM, Dental Cosmos 77, 931 (1935); 78, 969 (1936); 
J. Dental Res. 19, 41 (1940); 2e, 7 (1943); Ann. Dent. 7, 1 (1948). - 
F. HOLLANDER, C. F. BfJDEOKER, E. APPLEBAUM, and E. SAFER, 
Dental Cosmos 77, 12 (1935). - F. I'IOLLANnER, Dental Cosmos 78, 
1143 (1936), 

a M. SIECBAt~, Spectroscopie der Rfntgenstrahlen (Berlin. 1924). 


