
marked changes in clearance of P-4M and 
creatinine or in TmPAH. 

Rapidity of Calcification i?i  ~ i t r o . +  (19461) 

Most experiments reported in the literature 
on the calcification oi hypertrophic rachitic 
cartilage in vitro depend on 16 to 20 hour in- 
cubation periods. Generally. these have been 
performed with minimal concentrations of 
calcium and inorganic phosphate. \Ye haye 
observed that calcification can proceed with 
unexpected rapidity in organic phosphate 
ester, and that the characteristic line o i  cal- 
cification may be observed after as little as 
5 minutes incubation. 

,V.fethods. Slices of epiphyseal cartilage 
were prepared from bones removed from 
young rats, which had been niade rachitic by 
feeding them a modified Steenbock and Black 
diet No. 2965(1) .  They were shaken in a 
water bath a t  37°C for var:-ing periods of time 
in calcification medium, as described bj- 
Miller, M'aldman, and McLean ( 2 ) .  then 
stained with 2 %  -\gSO:;, and cleared n-ith 
oil of isosafrol. Phosphate was supplied as 
inorganic phosphate, from a stock solution of 
0.1 $1 phosphate buffer, pH 7,4. or as di- 
sodium monophenyl phospha ten Inorganic 
phosphate liberated from the organic e5ter 
11-as determined by the method o i  Goniori (3 )  
-__ ~ _ _ _ _ _ _ _ _  
' These experiments. periornirrl in  1L-lo-7. nere  

-upported by a grant from The Sational Institutes 
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aiter removal of the slices and precipitation 
of the contents of the flask with a.l; equal 
\.olume or' 107; CC13COOH. The  calcifica- 
tion score used is that described b!- Sobel, 
Goldfarb, and Kramer (4) .  

R c s u l f s .  I n  a medium which ccmtained 
only inorganic phosphate a wide line of cal- 
cification was noted in 5 of 6 slices al ter  S 
hours incubation in the highest concentration 
of phosphate, 5.0 mlLI (Exp. 1. Table I ) .  
The  density of the calcium phosphate deposit 
increased after 2 2  hours incubation. Little or 
no calcification was noted up  to this t ime with 
2.0 or 3.0 mil[ inorganic phosphate. I n  the 
presence of organic phosphate ester. however, 
all the slices showed calcification after only 
one hour incubation. At this tinie. the con- 
centration of inorganic phosphate attained in 
the mediuni due to hydrolysis or' disodiuni 
monophenyl phosphate was only 1.7 mM. -1s 
in the experiment with inorganic phosphate, 
the density of the bone salt deposit became 
greater with more prolonged incubation. 

In order to determine how rapidly salt de- 
posit can occur in organic phosphate ester. a 
second experiment was performed with a 
hiFher concentration of Ca-+, 2.0 mM. Flasks 
were removed from the incubator after 17aTi0us 
intervals of time, from 5 to 60 minutes. Be- 
ginning calcification was noted in 1 oi 4 slices 
aiter only 5 minutes, when the iniirganic 
phosphate content of the medium had reached 
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TABLE I. Rate of Calcification of Rat Hypertrophic Rachitic Cartilage Slices in Inorganic and Orgaaie 

-Inorganic phosphat- r-Disodium monophenyl phosphate- 
Inorganic 

EL:. I I ~ ~ * u ~ I : I -  &++, C O ~ C . ,  Conr., P04-liber - 
N J .  5 t i i  mM mM Calcification s a " e  mM C~alcificstion score a t d ,  m M  

Phoaphat P. 

4.3 

'tbst f o r  a discussion of the density of calcifir:atiosh. 

a level of only 0.15 mM (Exp. 2 ) .  The line 
of calcification was very narrow and extremely 
faint, but was characteristic and in the normal 
position. ,After 10 minutes, 3 of 5 slices 
showed a narrow line of calcification extending 
across the provisional zone of calcification 
(4-1. but still lemtrernely faint. Afster 15 
minutes incubation, all the slices exhibited a 
>vide band of calcification which extended 
across the provisional zone of calcification 
arid included the primary tongue of cartilage. 
Both the vvidth of the band of calcification 
and the densi#ty of the calcium phosphate de- 
posit increased wisth time of incubation. -4fter 
one hm-, when calcification was marked: the 
inorganic phosphsate content of the medium 
had reached a level of only 0.86 mM. 

Summary and conclusions. 1. In  the pres- 
ence of organic phosphate ester, calcification 
or' hypertrophic rachitic cartilage slices occurs 
with great ra>pidity and at what appears to 
be an ext reiiiely low concentration of inorganic 
phosphate. Thme estimated concentration of 

inorganic phosphate ester is undoubtedly de- 
ceptive, because it does not indicate the con- 
centration which prevails in the immediate 
vicinity of the slice and in the slice itself. 
This is probably extremely high because of 
degradation of organic phosphate ester by al- 
kaline phosphaltase in the bon'e slice, and the 
limited rate of diffusion of phosphate away 
from the slice, 2 .  Our results also indicate 
that in a very short time the outline of the 
final caicification patt'ern is formed, and the 
density of the bone salt deposit then increases 
with tinae. 
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