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t is a long known though not clearly understood fac 
rated in the skeleton, seem to stay there, sometimes 
e circulation to any great extent ~-e. At the same t 
La falls to a fraction of the value present during t 
:on reached the isotope level which persists for so 1 
mcept has been brought forward that the isotope, eii 
~n, is incorporated in the inner regions of the bone 
or less protected against losses arising from an exc 

n the course of experiments on the uptake of intravc 
r 7, we saw during the first 24 hours following injectic 

femur which we partially ascribed to deposition of 
.stream. Combining these with other data obtained in 
over a longer period the increase in 32p content of 
tion must be quite substantial in the young animal. I 

either oy amuslon or recrysta 
bone mineral crystal and is thl 

exchange with the inactive io~ 

of intravenously injected 32p, report( 
ction a substantial uptake of 8~ 

active bone material from tl 
in this laboratory we calculat( 

the skeleton due to skelet 
In the meantime one of us (C 

used m our experiments, even during a four week perio 
young albino rats stayed almost at the level it had attain( 

owing the injection of radiophosphate s. This led us to tt 
Ls a possible loss of 32p due to exchange with the circulatiI 
.sated by a gain caused by skeletal accretion and that tl 
eally one of dynamic equilibrium. The same could then 1 
rots mentioned in the literature, as practically all of the 
ing animals. 
ve injected rats subcutaneously with ~2p (as NazHP04) ar 
;e in a2p content of the tibia during a I4-day period wil 
~xpected from skeletal accretion alone. To do this one 
by surgery three days after the injection and the tib 

le by a grant trom the Netherland Organization for Pure Reseat 

more 
present in the circulation 2,e. 

In 
earlier 7 
in the 
bloodst 
that  
accretion 
ha6t found that on the diets 
the 32p content ot the tibia of '  
during the first 24 hours followin 
idea that in these experiments a 
phosphate had been compensated 
observed steady state was reall, 
said of most of the experiments 
were done with young, growing 

To test this hypothesis we 
compared the actual increase 
the increase that could be ex 
the hindlegs was removed 

* This work was made possible 
(Z.W.O.). 
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d s  

Fhe experiments were performed with young albino rats, 
ng the rats subsisted on a modified Steenbock-Black diet, co 
Fhe control animals received a protecting amount of calcifen 
etermined by X-ray once a week. At the beginning of the ex 

tibia was around i i  mg in the control group and about h 
animal received a subcutanous injection of 5 ° #C of radioa 
igible amount of carrier phosphate. Three days later one of 
the knee-joint. The tibia was taken out and used for anal: 

peration quite well. Nothing abnormal was observed and the 
~xt fourteen days. After these fourteen days the animals , 
len obtained and analyzed for inorganic P and ssp, which we 
)uring the I4-day experimental period three 0. 4 ml blood sa: 
h animal (Fig. I). In each group these samples were pooled 
sed for P and asp determinations. We did not succeed in cc 

'Inorganic" (acid soluble) P and s2p in plasma and tibia w* 
mribed earlier 7. The results of the radio activity measurem¢ 

activity (s.a.) in °/0 0 dose/mg P. 

+ 

- Rachi t ic  an /mat s  

- -  r . . . . . . . . . . . . . . . . . . .  

and centrifuged for plasma whk 
collecting enough blood during tl 

were determined in the usual wa 
measurements are given in 0/0 o of the tot  

x Control animals 

'2'o 
Days 

zsma inorganic phosphate during the experimental period (3rd u n l  

[7th day after the injection of ssp). 

amputation of the hindleg. 

as described 
dose or as specific 

\ 

o 

~. 

t i i i 

Fig. i.  Specific activity of the plasma inn 
17th 
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als  were  sac r i f i ced  a n d  t h e  o t h e r  

the  specif ic  a c t i v i t y  of t h e  p l a s m a  

~mples f r o m  t h e  ta i l  e v e r y  fou r  c 

~m t h e  s a m e  g r o u p  of an imal s .  T h  

fiae c o m b i n e d  w i t h  t h e  specif ic  act i  

te m a d e  i t  poss ib le  to  ca l cu l a t e  t h  

t i on  d u r i n g  t h e  e x p e r i m e n t a l  pe r  

:e in  s2p. c o n t e n t  a c t u a l l y  f o u n d .  ] 

d u r i n g  t h e  f o r m a t i o n  of t h e  b o n e  

i n o r g a n i c  p h o s p h a t e  or  o t h e r w i s e  
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3~p content in °/o o dose 
3 

17 

difference 

Inorg. phosphate in mg 
3 

17 

difference 
increase/day 

Specific activity o/o o dose/mg P 
17 tibia 
17 plasma 

n T a b l e  I t h e  r e s u l t s  of  t h e  P a n d  82p d e t e r m i n a t i o n s  

) m p a r i s o n  t h e  speci f ic  a c t i v i t y  of t h e  p l a s m a  a t  t h e  er 

m.  T h e  b l o o d  s a m p l e s  c o l l e c t e d  a t  t h a t  t i m e  w e r e  a n a  

a n d  s t a n d a r d  e r ro r s  of  t h e  specif ic  a c t i v i t y  of t h e  : 

an  i d e a  of t h e  a c c u r a c y  of  t h e  w 

1.63 4- o. 12 0.95 4- 0.04 

in  t h e  t i b i a  are  p u t  togethe~ 

e n d  of  t h e  e x p e r i m e n t a l  pe r io  

a n a l y z e d  s e p a r a t e l y  a n d  a v e r a  8 

i n o r g a n i c  p h o s p h a t e  f r a c t i o  

v a l u e s  o b t a i n e d  in  t h e  poole  

ICE OF TIBIA (VALUES 4- STANDARD ERROR) 

Rachitic Control 
°]o o of injected dose 

a hypothetical rate 
[ I mg P/day, calcu- 

32.9 22.8 
;e of 3~p at rate of 
ally found (Table I) 3.5 4- 1.3" 9.1 4- 2.3* 

1.9 4- 0.7 1.7 4- 1.3 
= loss by exchange 1.6 4- 1. 5 7.4 4- 2.7 

dard error of the values 32.9 and 22.8 (see under i) was taken 
te standard errors of the specific activities of the plasma 17 da: 
her blood samples these last samples had not been pooled (see texl 

I n  

F o r  corn 

is g iven .  T h e  blo, 

va lue s  

ca l cu l a t ed ,  w h i c h  g ive  

s a m p l e s .  

8 2 p  BALAN, 

I. Uptake of 8zp at 
of calcification of 
lated from graph i 

2. Calculated uptake 
calcification actuall 

3. Actual uptake of 3~p 
Difference 2 and 3 

* In this calculation the standard 
6 %, this being an average of the 
after injection. Contrary to the other blooc 

R e [ e r e n c e s  p .  5 3 .  

- , - - -  o . . . . . . . . . . . . . . .  

R E S U L T S  

t e r m i n a t i o n s  were  c a l c u l a t e d  as s F 

d dec l ine  is seen  d u r i n g  t h e  e x p e r  

a l w a y s  h i g h e r  t h a n  t h e  co r r e s p o  

TABLE I 

O F  R A C H I T I C  A N D  C O N T R O L  A N I M A L S  

CPERIMENTAL PERIOD (VALUES 2~ STAN 

rachitic con 
(8) (~ 

7.4 :k 0.5 15.6 : 
9.3 4- 0.5 17.3 : 

1.9=t=o.7 1.7: 

5.5 4- 0 . 2  I 1 .2  : 
7.0 4- 0. 4 16.8 : 

I '5 4- 0.45 5.6 : 
o. lO 7 + o.o32 o.4oo : 

1.39 4- 0.035 I .o 4 : 

TABLE n 
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ibiae to occur during the experimental periode,~). C~ 
,, that  this small increase in 3,p content is lower tha t  
mount of phosphate deposited. Especially in the cas 
:e as calculated from the graph is 7.4%o dose higher t] 
means that  the tibiae in the lat ter  group, while be 
" 16°/oo dose (Table I), have lost ca. 7.40/00 or nearly 
'imental period. For the rachitic animals this value i, 
"he most simple manner which offers itself is to ascl 
ions between the tibia and the plasma phosphate. So 
e dissolution of some recently deposited bone mat 
nt of 32p, but  in all probabili ty this effect is compar~ 
ks we stated in an earlier papeff a rapid uptake by 
e skeleton occurs during the first 5 to 15 minutes. " 
:e or loss by  exchange may  be seen as governed by  t 

d (3~p) = k.Cpl .  S (san ~ sa~) 

Cpl means the concentration of the inorganic phc 
=e available for exchange and sap1 and Sab~ stand for 
anic phosphate of the plasma and on the bone crystal 
rst minutes after the administration of the radiopho: 
xnover reactions outside the skeleton, decreases rapk 
ily. After some time the value of sap1 crosses the aver~ 

I here we also lnmcatea tm 
the equation 

phosphate in the plasma, S t[ 
the specific activities of tI  

,stal surface respectively. Durir 
phosphate sap1, governed mainl 

.pidly. Meanwhile Sabs increas, 
average value of sa~ and as sa 

)f 3~p from the tibia sets in. By that  t ime the decrease 
may be expected to follow sapl closely. The rate at whic 
Lange will depend to a considerable extent on the phosphat 
and its rate of renewel by exogenous phosphate whic 

6 have shown tha t  the availability for exchange (in vitr~ 
the skeleton decreases as more days elapse between t t  

.' sacrifice of the animal. This may be explained by assumir~ 
ice of the bone crystals, gradually migrates into the interk 
out evenly. As a mat te r  of fact this state is never reache~ 

tsma, with its specific activity steadily decreasing, star: 
ce of the crystals. At the beginning of the experiment t~ 
al surface, after some weeks we may  expect to find tt  

the centre. 

where 
surface 
inorgamc 
the first 
by turnover reactions 
steadih 
gets smaller than sabs lOSS of 
sa N is much slower and Sabs ma 
the tibia will lose 32p by exchange 
content of the plasma (Cpl) 
influences sap1. 

N E U I ~ A N  AND M U L R Y A N  6 

of 82p taken up in vivo by 
administration ot 8~p and the 
that  32p taken up at  the surface 
until all 32p would be spread 
for in the meant ime the plasma, 
removing 32p from the surfac~ 
32p is si tuated on the crystal 
isotope concentrated more in 
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ff the increase in 32p content whic: 
se values were calculated by evalm 
assumed that  the skeletal accreti~ 

al period. 

DISCUSSION 
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la (around 3 ° microgram/ml against 60 microgram/m 
;ive rise to a lower exchange rate between inactive 
he radioactive phosphate situated at the surface of t 
;omparing our data with the work of NEUMAN .aND M 
e small increase in 32p content seen in our experim~ 
morporated tracer occurs during a comparable experi: 
s, however, are essentially rachitogenic with an abl 
[ in an inadequate supply of phosphorus for the rm 
in extend for the controls. But in both cases the pho 
.ry excretion is negligible. The diet used by NEUMAN AI 
ly Of phosphate. Thus the Sapl will decrease faster d 
mous phosphate. As a result the uptake of 32p by sk 
:he loss by exchange higher. 

similar effect is seen in the work of CoPP gt al. 5 wi 
no skeletal growth was possible dur: 

were even signs of decalcification. This resulted in a 
1 up by exchange. In their controls, fed on a diet wi 
us content, the 45Ca content of the skeleton reache( 
d persisted in the course of the following 16 days. 
I'he recorded data show that in both groups a consi~ 
change between inactive inorganic plasma phosphate 
e bone, was apparently more than compensated by tl 

with 45Ca. On the diets used 
during the experimental perio 

a very rapid loss of 45Ca initial 
with normal calcium and ph¢ 

.ached during the initial exchan 

considerable loss of 32p, ascribak 
)hate and the radioactive phospha 

the incorporation of 32p caus 
tere, as in the experiments recorded elsewhere 7, we do n 
the behaviour of the normal and rachitic skeleton as suc 

lane data can be given based on the difference in plasr 
,.n the rachitic and the control group. This difference th 
ence in skeletal accretion and the difference in the rate 
n by exchange with the plasma phosphate. In both grou 
¢lpensate each other quite well, • 0 that only a slight chan 
~ia is seen during the experimental time. 

ected s u b c u t a n e o u s l y  into rachi t ic  and  control  ra ts .  Af ter  three  d~ 
Lt was  a m p u t a t e d ,  the  t ib ia  t a k e n  ou t  and  i ts  P and  3.,p cont  
ng  I4 -day  expe r imen ta l  period the  specific ac t iv i ty  of t he  plas  

these experiments, 
There 
taken 
phorus 
period 

Th, 
to exchan 
of the 
by accretion of bone salt. Here 
see much difference between 
An explanation of the available 
inorganic phosphate between 
accounts for both the difference 
loss of z2p from the skeleton 
these two effects seem to com 
in net 3ep content of the tibia 

Isotopic  p h o s p h a t e  was  inj 
one of the  h indlegs  of each ra t  
de te rmined .  D u r i n g  the  followiv 
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ct may be increased by the fact tt 
activity is deposited, thus isolatin~ 
r these reasons we may expect tt 
g animal. In our experiments (as 
ever, by a steady decrease of the 
rs the femur by active calcificatio 
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as. Aprbs trois jours,  on ampute  une des pa t tes  post6rieures 
eur en P e t  en 82p du tibia pr61ev~. Pendan t  les 14 jours  
hates  min6raux du p lasma  de chaque groupe est suivie Bur d 
cette p6riode, on sacrifie les ra ts  et l 'on 

La compara ison de la teneur  en P e t  en 3,p des t ibias au dSbut 
ugmenta t ion  de la teneur  en P due h la croissance du sque 
g pour  les t6moins et de I. 5 mg pour  les ra ts  rachitiques. ]~ 
~iblement et beauconp moins que ne pe rmet  de le pr6voir 
uteurs  en concluent  que dans les deux groupes les 6change 
fs du p lasma et les phospha tes  radioactifs des os provoque  
e squelette pendan t  la dur6e de l 'expdrience. La  perte  ~quivaul 
;ttique et la teneur  en 32p du squelette reste donc apparem 
ice. 

Rachitische Ra t ten  und Kontro l l ra t ten  erhielten subkutane  ] 
en wurde eines der Hintcrbeine jeder Rat te  amput ier t ,  das 
~- und 8~P-Gehalt bes t immt .  Wiihrend der folgenden 14 Ta~ 
ische Aktivit~it des anorganischen P lasmaphospha t s  in jeder 
roben aus dem Schwanz verfolgt. Am Ende dieser Periode 

Ein Vergleich des P- und 3~P-Gehalts des Schienbeins am An 
te zeigte einen Anstieg des P-Gehaltes, der einem Skelettzuw 
und yon 1.5 rag in den rachit ischen Tieren zu zuschreiben wa 

~doch nu r  gering und viel geringer als allein auf  Grund des 
e. Das fiihrte uns  zu dem Schluss, dass bei beiden Tiergrupt 
:tes an ~ P  wAhrend der Versuchsperiode auf t ra t ,  der durc 
anischen P l a smaphospha t  und dem radioaktiven Phospha~ 
r V e r l n n t  g l iah  den  .qleelaftz~w~ch~eff~l¢~- ~ nncl v a r n r ~ e h  

Phosphat- isotopinj  ektionen. Nm 
Schienbein he rausgenommen m 

ge der Versuchsperiode wurde d 
Tiergruppe durch den En tzug  w 

wurden die Ra t t en  get6tet  m 

Anfang und am Ende der Versucb 
Skelet tzuwachs yon 5.6 mg in den Kont ro  

war. DaB Ansteigen des 32P-Gehalt 
Skelettzuwachses erwar te t  werd~ 

ppen ein betr/ichtlicher Verlust  d 
dutch den Aus tausch  yon inaktive 
~hat der Knochen verursacht  wir 

:zuwachseffekt aus und verursachte  den scheinbar  kons tan ten  32 
ersuchsperiode. 
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