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ground substance show an orientation which corre-
sponds to the period of collagen fibres.

A. Ascenzi and A. CH10zZOTTO

Institute of Anatomia Patologica, University of Rowme,
and Istituto Superiore di Sanitd in Rome, August 26, 1954,

Résumé

Les auteurs ont étudié au microscope électronique, au
moyen de la technique de la pseudo-empreinte, la struc-
ture de la substance fondamentale calcifiée d'os a
structure lamellaire (fémur de bovidé). Ils ont pu ainsi
démontrer que cette substance est formée de globules
de nature organique, enclavés dans un fin réseau in-
organique. Le diamétre des globules, ainsi que celui des
mailles du réseau inorganique, est de 'ordre de 200-250
A. Les globules organiques sont alignées parallélement
aux fibrilles collagénes.

The Exchange of Bone Calcium with Ca451

Introductory Background. (1) It is well established that
KOH-glycol ashed bone will exchange, calcium ions
when suspended in a calcium solution tagged with Catt2,
When equilibrium is obtained 14-15% of the bone
calcium is found to enter into the exchange reaction3.

{2) Calcium phosphates with Ca/P weight-ratios
ranging from 1-72 to 2-26 have been described as a series
of defect pseudo-apatites with more or less calcium
occupying lattice positions®. It is possible to fill these
missing positions by suspending the material in lime
solution® These pseudo-apatites differ chemically and
physically from true hydroxyapatite despite the fact
that their X-ray diffraction patterns are similar. The
compound with the greatest Ca/P (2-26) is similar to the
principal inorganic component of bone.

If we prepare this calcium phosphate (Ca/P = 2-26)
by suspending a defect pseudo-apatite in lime solution,
the various types of calcium ions in the resulting solid
are:

(a) the original 9 Ca ions stoichiometrically bound to
the phosphates groups,

(b) the additional 114 Ca ions included in some man-
ner in the pseudo-apatite of Ca/P = 2-26,

{c) moreover, especially in the case of bone salts,
some physically adsorbed Ca ions.

1 This work was sponsored by the Air Research and Development
Command, United States Air Force, through its European Office:
contract n° AF 61(514)-647 C, and the Centre Interuniversitaire des
Sciences Nucléaires of Belgium.
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Macy Jr. Fd., New York, 1949, p. 49. - W.F. Ngumax, Proc. Metab-
olic Interrelations Conference {J. Macy Jr. Fd., New York, 1950),
p. 32. - M. Farkenuemm, E, E. Uxperwoop, and H. C. Hooce,
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Macy Jr. Fd., New York, 1949), p. 49. - M. FaLrenueim, E. E.
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{3) Hydrochloric acid can preferentially dissolve the
Ca ions bound to the carbonate in bone!. In the first
stages of the acid action, the Ca/P ratio of the liquid
phase is very high, decrcasing slowly as the funda-
mental phosphate (Ca/P = 1:94) goes into solution. The
action of HCl on bone is just the reverse of adding Ca
from lime solution to a defect calcium phosphate as
above. Unfortunately, this acid action is not quite
selective and it is not possible to dissolve the calcium
ions which fill the defects without destroying the funda-
mental tricalcium phosphate to some extent,

Expevimental procedure. Combining the techniques of
radioactive exchange and HCI attack, we were able to
obtain information regarding the nature of exchangeable
calcium in bone mineral. The starting material for our
experiment was KOH-glycol ashed bone which was
exposed for a month to Ca4® Cl, solution and then filter-
ed and dried to constant weight at 105°C. The specific
activity of this stock bone ash was 9-48 x 103, Fractions
of this material (500 mg) were suspended for 10 min in
25 ml of varying HCI solutions. The amount of HCl
ranged from 0-2 mE to 625 mE. The amount of HCI
sufficient fully to dissolve 500 mg of bone ash was 6:85
mE. After filtration and drying at 105°C, each sample
was weighed; the calcium, phosphorus and specific
activity were determined for both the liquid and residual
solid phase. See Table for a tabulation of the resuits.

Results and discussion, The weight loss of the samples
in HCI solution increased with the increase of HCI em-
ployed. As the HCI concentration increased, the specific
activity of the liquid, very high for the small HCI
quantities, decreased. However, the specific activity was
always higher in the liquid than in the corresponding
residual solid phase. For each experiment, the liquid
phase always contained more calcium than required for
9 Ca per 6 P (Ca/P = 1-94). This excess represents the
additionnal Ca ion content of bone structure. On the
other hand, the Ca/P weight-ratio in the solid phase
decreased slowly until it reached a value of 1-98.

Instead of regarding the ratio (counts/mj}/total Ca,
which decreases in both phases, we can calculate the
ratio: (counts/m)/excess Ca. This turns out to be a
constant value (61:9 £ 5-2) independent of the extent
of HCl attack on the solid,

We feel that the Ca*® exchanged by bone mineval is ex-
clusively the excess 1Y, moles of calcium of the saturated
pseudo-apatite. These calcium ions are not only on the
surface, but are contained in the structure of the solid,
for they are still present after severe HCl attack. This is
supported by a recent experiment in this laboratory
which studied the uptake of Ca%® by a defect pseudo-
apatite of Ca/P = 1-94. The material was dried at 105°C
and exposed to a solution containing low calcinm con-
centrations. Only pseudo-apatites with a Ca/P greater
than 1-94, such as bone, can exchange in the presence of
small Ca concentrations.

The exchange reaction of the Ca in excess of 9 moles
per unit cell in bone mineral is rapid, with 3/, of the
equilibrium value being attained in 10 min and full
equilibrium being attained in a few hours. Thus these
excess Ca positions do not behave chemically in the
same way as the original 9 Ca ions of the fundamental
neutral phosphate.

1 M. A. Locax and H. L. TAvLOR, J. Biol. Chem. 725, 891 (1938).
R. KreMeNT, Z. physiol. Chem. 184, 132 {1929). - R, KremerT and
G. TréMeL, Klin. Wsehr. 12, 292 (1933). — M. J. DALLEMAGNE and
J. MeLoN, Arch. internat. Physiol. 58, 188 (1950). — P. CarT1ER, Bull.
Soc. Chim. Biol. 30, 65 (1948).
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Table
Liquid Phase
HClmE/ 9% dissolved Ca P c Excess ¢fm ¢/m
. a/P TR e -
100 mg material mg mg Ca mg total Ca excess Ca
0-04 5-1 0-96 0-20 4-80 0-57 306 50-9
0-1 79 2-42 070 3-30 1-07 24-3 551
0-2 154 5-09 191 2:66 1+38 17-57 64-5
0-4 30-1 10-54 4.22 2:50 2:36 14-4 644
0-6 434 15-84 666 2:38 2:90 12-3 67-2
0-8 59-1 21-71 9-35 2:32 358 11-36 689
1-0 70:6 26-54 11-31 2:35 4-60 10-13 60-0
1-25 1.5 33:51 14-64 2:28 5-11 995 65-3
Solid Phase
HClmE/ 9, non dissolved Ca P c Excess cfin c/m
> a/P R Sl e
160 mg material mg mg Ca mg total Ca excess Ca

0-04 94-9 35-13 15-74 2:22 4+60 7-83 614
g1 92-1 3367 15-24 2:21 410 8-19 65-1
o2 846 31-00 14-03 2.21 378 813 65-1
0-4 69-9 25-35 1172 2-18 2.81 7-35 63-0
0:6 56-6 20-25 9-28 2-18 2:25 6-98 61-0
0-8 40-9 14-38 6-59 2:18 1-60 6-29 556
1-0 29-4 9-55 4-63 206 057 6-08 —

1-25 85 258 1-30 198 0-06 5-04 -

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

A certain amount of Ca in bone, above the 103, mole
value, is simply physically adsorbed (4 0-2 mg %). This
exchanges very rapidly and reaches equilibrium with a
Cats solution in a few minutes. Mineralized bone always
achieves a higher specific activity than the same ma-
terial leached with a small quantity of HCI (0-02
mEHCI/100 mg ash dissolves all the surface adsorbed
Ca) when both are immersed in like solutions of Cats,
Quantitatively this may be seen as follows: (a) after a
long time: untreated bone mineral, specific activity
= 913, leached bone 8:63; (b) after short exposure:
untreated bone mineral 0-86 and -74, leached bone
0:63 and 0-59 respectively.

Conclusions. The exchangeable Ca of KOH-glycol
ashed bone (dried at 105°C) is only the adsorbed calcium
and the ions located at the tenth and the tenth and a half
Ca positions in the pseudo-apatitic structure. These
calcium ions correspond to about 15% of the total bone
calcium which is in agreement with the percent exchange
reported in the literature.

M. J. DALLEMAGNE,
CLaupiNE FaBry, and P. Bopson

Institute of Experimental Therapeutics, University of
Liége, Belgium, December 23, 1954,

Résumé

L’emploi combiné de l'isotope radicactif du calcium
et de la dissolution progressive des sels osseux par HCI
a permis de démontrer que le calcium échangeable de la
substance minérale osseuse correspond au calcium ad-
sorbé et a celui qu’elle renferme en excés par rapport au
phosphate tricalcique fondamental.

Microradiographic Studies of Teeth

In 1933 the first interesting attempt was made to study
teeth by means of the microradiographic technique®. On
account of the coarse graining in the film used, the lack of
sensitivity of the apparatus and the poor power of reso-
lution by modern standards, the radiogram could only
show the coarsest structures?.

Fig. 1.-Enamel: Retzius' lines {horizontally} and the bands of Hun-
ter-Schreger (vertically). 100 x.

The pictures below are of ground sections {15-25 u)
of adult healthy teeth photographed by X-rays with
wavelengths 2-4-4-0 A. Calcium has the maximum ab-
sorption at 3-06 A%, A Machlet type AEG 50 X-ray
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1143 (1936).

3 M. SiecBAHN, Spectroscopie der Rontgenstrahlen {Berlin, 1924},



