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Scorn of t h e  Inves t i5a t ions  

The major en~h.3si .s  has been given t o  conparing the  depos i t i on  in and 

removal from bone of the var ious members of t he  a lka l ine  e a r t h  group of e lemnts .  

Throughout these s tud ie s  in v i t r o  c u l t u m s  of embryonic boas were used  a s  the  

t e s t  material. In o r d e r  t o  conpam the  metabolic behavior w i t h  a degree of 

c e r t a i n t y ,  rad io  calcium was incorpora ted  i n t o  the medium w i t h  t h e  a l k a l i n e  

e a r t h  under inves t iga t ion .  The cam?arison of strontiurnmetabolisrn t o  t h a t  of 

calcium received s p e c i a l  emhasis. 

human f e t u s e s  some da ta  was obta ined  on the behavior of t h e s e  elements by 

human bone. 

kinds of sera, temiera turs ,  and s t ab l s  s t ront ium upon t he  strontium-calcium 

r a t i o  was determhed. The removal and uptake of these nucl ides  was observed a t  

several i n t e rva l s  u i t k i r  a 2 b h o u r  per iod t o  attempt t o  a s c e r t a i n  kcw 300n the 

-- 

By c u l t u r i n g  bones from 2 bs-month o ld  

I n  experinents w i t h  embryonic chick bone, t he  inf luence  of var ious 

se l ec t ive  e f f e c t  w a s  o w r a t i v e  and when the se l ec t ion  was occurr ing .  

possible  influence of enaymatic systems was inves t iga ted  by  comparing l i ve  and 

hea t -k i l l ed  bones, 

Sign if  i c  ant  Results 

The 

-- 
A. 3eFnvsstigation of Sr/Ca Ratios in Bone growth in vitro 

Preliminary work in  t h i s  l a o r a t o r y  indicated t h a t  bone could s e l e c t  

-- 

against  strontium i n  the  absence o f  other organs. .%mval uas implicated as 

the  F s s i b l e  s i t e  of s e l e c t i o n  s ince  strontium was found t o  leave  bone a t  a 

r a t i o  1.2 times t h a t  of calcium. This ha8 been rechecked using t i b i a s  from 

9-day o l d  chick embryos c u l t i v a t e d  i n  a medium of dog serum. 

metabolism of t he  ends of the  bones was contrasted t o  t h a t  of the  sha f t s .  The 

data  obtained are :  

I n  a d d i t i o n  the 
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Table 1 

A sr!-a .-- Iiatio - -  in ~ . m i n g  3one 
3nds S h a f t  

Labeled 7 iay3 0.63 0.:5 
Labeled 7 days 
t h e n  non- l ab  led 
raedium f o r  b days 0.59 0.69 

The data  bear  out the s e l e c t i o n  aga ins t  strontium and emphasize t h a t  

the ends of the bone may s e l e c t  aga ins t  s t ront ium mora than t he  sha f t .  By 

ca l cu la t ion  it was detsnnined t h a t  1.12 tirabs as  much strontium as calcima left 

the ends of the bones. The corresponding f i g u r e  for the  sha f t s  was 1.28. About 

50% of the a c t i v i t y  incorporated i n t o  the  ends was l o s t  during this period while 

only 20% was lost fmm the sha f t s .  

9. Cornbardson of Barium and Calcium 

In experiments s i m i l a r  t o  tha t  above, t he  following data  we= observed: 

Table 2 

Sa/Sa 9a t io  in G r o w i n g  Bone 
Ends S h d  ts 

Labsled 7 days K T  o,B8 

Labeled 7 days 
then non- labe le d 
medium f o r  L days 10&7 0.76 

DurinP the m m v a l  phase of the experiment, barium was se lec ted  

aga ins t  by the sha f t s  of bone. The ends appeared t o  hold on t o  barium in pmf-  

erence t o  calcium. Eiouewr, the counts were extremely low and re inves t iza t ion  

U O U ~ ~  be h e l p f u l .  Calculation of t he  da t a  ind ica ted  t h a t  barium l e f t  the s h a f t  

a t  a r a t i o  1.35 t ines  g m a t e r  than calcium. For the ends of the bones only 

0.81 times a s  much barium as  calcium l e f t  during t h i s  period. 

The 2L-hour uptake of barium was invest igated using t i b i a a  f r o m  

12-day old chick Smbryos. The d a t a  a m  graphed in Figurn 1. 3arium d i d  not 

e n t e r  the  ends of the bones a3 r ap id ly  as d i d  calcium; however, w i t i l  t i m  i ts  

accumulation increased, r a i s ing  the Ba/Ca r a t i o .  The t o t a l  uptake of calcllum 

and barium waa very small. Barium appeamd t o  e n t e r  the s h a f t s  a t  a ra te  

t 1 0 8 4 9 9  
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g m a t e r  than t h a t  f o r  calcium. N i t h  t i m  the r a t i o  decreased ind ica t ing  a 

s e l e c t i m  a g s i n s t  barium was poss ib ly  sccu r r -he .  

When bone vas l a b l e d  for 2L houm and then m m v e d  to a nm-labelsd 

medium the process of mmoval could be s tudied .  The d a t a  appear in Figurn 2. 

The turnover in the  end8 of the bones w a s  qu i t e  rapid and the s e l e c t i o n  against  

b a r i u m r a s  maintained. For the  s h a f t s  the  calcium seemed mre m b i l e  than 

barium. A t  Trnsent ,  it is  d i f f i c u l t  t o  reconci le  the  r e s u l t s  of the short- 

t e n  and lone-term studies.  

C . Com?arison --- of 3eryUium and Calcium 

The d r t a  for the  long-term growth s tud ie s  am presented in t he  

f ol lowing  t a b l e  : 

Table 3 

Be/Ca 3a t ios  - in C-rowinq Bone 
Ents S h a f t s  

Ac t iv i ty  f o r  7 days 15.76 2,18 

Act i v i t y  for 7 days 
then  no a c t i v i t y  f o r  
5 days &3. SO 2.L2 

The d a t a  indicate that t i b i a s  fmm 9-day old chick embryos 

accumulated beryll ium t o  a g r e a t e r  ex ten t  than calcium. This was more evident  

Li t k e  ends t k a n  th.e s h a f t  o f  the  bone. 

It was d e t e m i n e d  t h a t  beryl l ium l e f t  at a rate of 0.69 and 0.58 tha t  

of calcium f o r  the  s h a f t  and ends of the bone, respect ively.  

In &hour experimnts with  bones from 12-day old embryos it uas 

noted t h a t  the uptake of beryllium by the  ends rapidly exceeded t h a t  for calcium 

(Figurn 3 ) .  The s h a f t  showed twice a s  much calcium taken up as beryllium. In 

studyinp Emoval (F'imre L) of the a c t i v i t y  f r o m  bone, it was seen t h a t  calcium 

was mobilized from the ends mom rap id ly  than the  berglliwn. For t he  s h a f t s  

t he  r a t i o  mmained cons t an t ,  i nd ica t inp  t h a t  the loss  of berglliam was e q u a l  t o  

t h a t  of calc  in. 

1 t 0 8 5 0  I 
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The tmmsndous accumulation of beryl l ium by t h e  ends of t h e  bone 

f i t s  in well with Sery l l ium's  h o u n  p rope r ty  of e n z p e  inh ib i t i on .  Thus, the  

da t a  f o r  the ends does not dep ic t  the s u i t a b i l i t y  of beqTllium as  a fo-mer 

of bone c r y s t a l .  

s ince  t h e  t i s s u e  is mre hieh ly  c a l c i f i e d .  Havever, mom NO& is needsd on 

t h i s  question. 

The da t a  f o r  the s h a f t  probably expresses t h i s  s u i t a b i l i t y  

D. sr/ca in H- Bone -- _-.- 

The d a t a  f o r  t hese  experiments am contained in Table 4. Fetus No. 1 

was 23 cm long and a negro female. The  bones were large and w e l l  c a l c i i i e d  so 

o n l y  me ta t a r sa l  and metacarpal bones, and sec t ions  of R. B. wen u t i l i z e d .  

Fetus  !h. 2 was 1 2  - lb cm in l eng th  and a negro male. 

t h e  age as about U weeks. 

c2ndition. The bones we= observed t o  increase  in length during the  cultu..cLng 

per iod.  

good and the bones uem not  observed t o  graw in t i s s u e  cu l ture .  

Other es t imates  place 

This vas a suxyica l  abor t ion  and appeared i n  good 

Fetus Xo. 3 w 3 s  about - cm long and negro. The appearance was not  

For f e t u s  No. 1 it can be seen tha t  strontium l e f t  the bones a t  a 

r a t i o  g r e a t e r  than t h a t  f o r  calcium. 

t h e  skeleton i n i t i a l l y  accumulated more st ront ium than calcium, while  the less  

c a l c i f i e d  po r t ions  se l ec t ed  aea ins t  s t ront ium, 

b e a r  out the d i f f e r e n t  metabolic behavior  f o r  t he  l e s s  c s l c i f i s d  po r t ions  of the 

skeleton.  Eowever, fewer i r s t ances  of s e l ec t ion  a g a k s t  s t ront ium during the 

Since it is in doubt t h a t  the bones f r o m  f e t u s  3 

However, t he  m m  ca lcFi ied  po r t ions  o f  

The da ta  f o r  f e t u s e s  2 and 3 

removal phase were o b s e m d .  

we= viable few conclusions can be ma& f r o m  these  data. 

e n e r i m e n t s  are needed. 

Obviously, more 

E. Effec t  of Tem?erature on the Sr/Ca Ratio i n  Chick Bone -- 
Table 5 contains  the d a t a  r e l a t i v e  t o  the Sr/Ca r a t i o  in embryonic 

bone 24 hours a f t e r  exposure t o  a c t i v i t y .  

0 8 5 0 3  
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Table 5 

Temera ture  3nd the  So/Ca ?a t io  -- - 
Tempe r a tum Live Bone 

Ends ShdX - -  
- - 

h' 0.59 1.00 

25 ' 0.73 0.99 

39' 0.69 0.85 

Dead Bone 
shaft - Ends - 

0.52 1.00 

0.56 0.98 

0.63 1.05 

It can be observed t h a t  s e l e c t i o n  occur re^ in the ends of live and dead "one a t  

a11 temperatures. Se lec t ion  in  the  sha f t  took place only i n  live bone a t  =la- 

t i v e l y  physiological  t empera tuns  and ind ica t e s  a p o s s i b i l i t y  t h a t  other than 

phys ica l  processes are involved. 

F. Effec t  of Stable  S tmnt ium on the Se lec t ive  mchanism 

For t h i s  e x p r h n t  t i b i a s  fmm 12-day o ld  embryos yew put into the 

medium c o n t a i n i n g  1.0 mg % s t a b l e  s t r o n t i u m  f o r  varying lengths  of tins. After  

t h i s  , a c t i v i t y  was then added t o  the medium. A t  2& hours the  bones w e r e  har- 

vested. 
Table 6 

- Pre- 'haatment 
Stable  Stmntinm and the  Sr/Ca Ratio 

Ends Shaft  
No j t a b l e  s t ront ium 7T3i m3 
St able s t m n t  ium s i m l t a n e o u s l y  
with a c t i v i t y  

0 0 6 0  0.6L 

Stable stmntium 1 hr.  befors  a c t i v i t y  0.65 0.71 

I1 n 3 hrs.  )I n 0 -67 0.68 

II 11 6 11 I t  I 1  0.67 0.71 

n I t  21) I 1  I1 t l  0.65 0.67 

No e f f e c t  was noted upon the  t o t a l  uptake of a c t i v i t y .  L i t t l e  e f f e c t  could be 

ascr ibed  t o  the s t a b l e  s tmnt ium except t h a t  in  the ends a lessening of s e l e c t i o n  

may h a w  occurred. 
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30 m i n  

7 dags l abe led  

G. Sr’Ca in Bone _ _  as Affected by the  Serum Used in the  Medium 

Table 7 

Bo we - Chicken Sheep Hm.n Dog 

End Shaft End Shaft End Sha f t  End Shaft Ead Shaft 

1.36 0.99 1.35 0.92 0.83 0.91 1.04 0.98 1.37 0.87 

- - - - - - - I _ _ - -  

11 days labe led  0.71 0.68 0.73 0.?3 O.S& 0.70 0.96 0.85 0.89 0.79 

7 days labe led  and) 0.70 0.67 0.59 0.69 0 . u  0.6& 0.98 0.72 0.80 0.72 
days unlabeled 

The da ta  ind ica t e  t h a t  a e h c t i o n  is m l a t i w l y  i n d e p n d e n t  of t h e  sezum 

used for tbe medium and t h e m f o r e  must be a func t ion  o f  the  bone i tself .  The 

b i t l a 1  e n t r y  of s t m n t i u p  in to  the  s h a f t  is a t  l e a s t  equa l  t o  t h a t  of calcium 

and for t he  ends of bone is greater. The loss of s t ront ium from bone ahaft is 

l a r g e r  than t h a t  of calcium in a l l  sera, and t h i s  must be a func t ion  o f  bone 

met abolism. 

H. The Short T i m  Uptake and ,%moval of Calcium and Strontium 

by Live - 3nd 3ead Bone 

For  these  ex?eriments t i b i a s  from 12-day o l d  embryos wers labe led  f o r  

var ious l eng ths  of tima and then assayed. Before l a b e l i n g  h a l i  of the  bones 

w e n  put i n t o  boi l ing  i s o t o n i c  s a l i n e  for 2 minutes t o  kill the bones. Figure 

5 presents  the  d a t a  of t hese  experiments. As can be seen, t he  ends of the bones 

showed more s e l e c t i o n  against s t ront ium than the  s h a f t s .  The dead s h a f t s  

displayed a constant  Sr/Ca r a t i o  throuehout t h e  experiment while the l i v e  s h a f t s  

showed a continuous s e l e c t i o n  a g a i n s t  strontium. 

For studying removal the l ive  bones uem labeled for 24 hours.  %fore being 

put into non-labeled medium, half  of t he  bones were put  into b o i l i n g  i so ton ic  

s a l i n e  f o r  2 minutes.  ?he bones were t b n  put i n to  unlabeled mdium and groups 

of tibias were mmoved a t  predetelmined in t e rva l s .  As seen in Figum 6, tb 
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Sr/Ca r a t i o  of t h e  dead bones mmained constant  while  t h e  se l ec t ion  against 

s t ront ium continued in t he  ends  and shaf t  of the l i v e  bornl Yuch more a c t i v i t y  

w3s mmmd from tha  live bones t h a n  from t h e  heat  Mlled bone. % r t h e r  analysis 

of the d a t a  is bein. c a r r i e d  out t o  determine what compartments are involved in 

these  se l ec t ions .  

I. LoIlgTime iiemoval of Strontium f m m  Bone -- - ---__. 

For t h i s  s tudy  t i b i a s  from 9-day o l d  chick embryos uere c u l t i v a t e d  in 

a labeled medium for 5 days. 

and bones removed a t  i n t e r v a l s  fmm 1 t o  8 days. For both the encband shaft  

of bone the  major mduct ions  in  ths  Sr/Ca r a t i o  c a m  dar ing  the f irst  2 days 

(Figure 7 ) .  

was being used it is poss ib le  t h a t  new bone s a l t  covered up the  labe led  bone 

salt and prevented i t s  removal. 

A t  this poin t  they were changed t o  unlabeled medium 

A veq- s l i g h t  s e l e c t i o n  took p lace  a f t e r  t h a t .  Since l i v e  t i s sw 
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S c i e n t i f i c  Scope 

As s t a t e d  i n  t : : e  o r i s i r a l  p r o ; o s a l ,  t h e  :.a;or o b j e c t i v e s  o f  

t h e  r e s e a r c h  program uere :  

1, T o  compare t h e  m e t a b o l i s x  by bone  o f  t h e  members of  

t h e  a l k a l i n e  e a r t h  g r o u p  o f  e l e m e n t s .  

2 ,  T o  i n v e s t i g a t e  t h e  p h a s e s  o f  m i n e r a l  n e t a b o l i s ?  by 

bone  t o  d e t e r m i n e  what  p r o c e s s e s  a re  enzyme i n f l u e n c e d ,  

3 .  T o  d e t e r m i n e  t h e  r a t e s  o f  s t r o n t i u m  and calcium removal 

and  t o  a t t e m p t  t o  a l t e r  them. 

4. To d e s c r i b e  t h e  mechacism by which  s t a b l e  s t r o n t i u m  

i n h i b i t s  c a l c i f i c a t i o n  and  i n c r e a s e s  t h e  d i s c r i m i n a t i o n  

a g a i n s t  r a d i o a c t i v e  s t r o n t i u m .  

T h i s  r e p o r t  d e t a i l s  t k e  r e s u l t s  o b t a i n e d  i n  f u l f i l l i n g  

t>.ese o b j e c t i v e s .  

AccoEDl i shnen t s  

The m a j o r  emphas i s  was g ive r ,  t o  c o n p a r i n g  t n e  d e p o s i t i o n  

I n  a22 r e z o v a i  f r o z  S o z e  o f  $::e T a r i n s  n e n b e r s  ol" t:;e a1::alir.e 

ear t l .  g r o u p  o f  e l e n e n t s .  Throughout  t h e s e  s t u d i e s  i n  v i t r o  

c u l t a r e s  o f  embryonic  bone  xere  u s e d  as  t h e  t e s t  m a t e r i a l ,  I n  

o r d e r  t o  compare t h e  m e t a b o l i c  b e h a v i o r  u i t h  a d e g r e e  o f  c e r t a i n t y ,  

r a d i o c a l c i u m  was i n c o r p o r a t e d  i n t o  t h e  n e d i u a  w i t h  t h e  a l k a l i r , e  

e a r t h  u n d e r  i n v e s t i g a t i o n .  The compar i son  o f  s t r o n t i u m  m e t a b o l i s m  

t o  t h a t  o f  c a l c i u m  r e c e i v e d  s p e c i a l  emphas i s .  

I 1 0 8 5 1  i 



2, 

E a r l y  w o r k  i n  t?.Ls l a b o r a t o r l ;  I n d L c a t e d  t h a t  b o n e  c o u l d  

s e l e c t  a g a i n s t  s t r o n t i u m  i n  t h e  abser ice  o f  o t h e r  o r g a n s .  

Removal was i n p l i c a t e d  as  t h e  p o s s i b l e  s i t e  of  s e l e c t i o n  s i n c e  

more s t r o n t i u m  was f o u n d  t o  l eave  bone t h a n  c a l c i u m ,  The  d a t a  

o f  T a b l e  1 d e m o n s t r a t e  t h e  s e l e c t i o n  a g a i n s t  s t r o n t i u m  and  

e m p h a s i z e  t h a t  t h e  e n d s  of t h e  bone  may h a v e  a d i f f e r e n t  Sr /Ca 

r a t i o  t h a n  t h e  s h a f t ,  

Table 1 

Sr/Ca 3 a t i o  i n  Growing Bone 

Ends  _I_ S h a f t  

L a b e l e d  7 d a y s  0,69 0.75 

La’seled 7 d a y s  
t h e n  n o n - l a b e l e d  

0.59 0.69 

nedi* .x  f o r  4 d a y s  

337 c a l c u l a t i o n  i t  was d e t e r m i n e d  t h a t  1 . 1 2  t imes  as  much 

s t r c - : t l - i ; ;  a s  c a l c i c r .  left t:-:e e c d s  o f  t k e  bones ;  t h e  c o r r e s p c n d -  

7 IL., m,. TiZiLre Icr t h e  s k a f t s  :?as 1.28. About 50% o f  t h e  a c t i v i t y  

i n c o r p o r a t e d  i n t o  t h e  e n d s  was l o s t  d u r i n g  t h i s  p e r i o d  w h i l e  

only 20% was lost f r o m  t h e  s h a f t s .  
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Table  2 

S r / C a  3 a t i o  t k e  ShaTt  o f  ZoRe Grown ir, Y a r i o u s  S e r a  

S e r a  Human Dog Chicken  S h e e p  Horse  - 
30 m i n u t e s  0 * 9 9  0.92 C . 9 1  0 * 9 8  0.87 

7 d a y s  l a b e l e d  0.72 0.75 C.68 0.74 0 e73 

7 d a y s  l a b e l e d  
and 

4 d a y s  u n l a b e l e d  0.67 0.69 0.64 0.72 0 a72 

T>e d a t a  of T a b l e  2 i n d i c a t e d  t h a t  s e l e c t i o n  was r e l a t i v e l y  

i r d e z e n d e n t  o f  t h e  se rum u s e d  f o r  t h e  medium a n d  t h e r e f o r e  n u s t  

>e  2 fzr.c:?.lcr or" t:- ,.e S c r e  5 l ; s e l f .  TF-e i n i t l a l  e r t r ;  o f  s t r o r t t - c r .  

i n t s  t h e  s : ?a f t  a t  least e q - i a l  t o  tha t  o f  c a l c i L q  w h i l e  t h e  

l o s s  o f  s t r o r t i u m  was g r e a t e r  t h a r ,  t h a t  o f  c a l c i u m  f o r  a l l  s e r a :  

A;alr,, t h e  r e - o v a l  p h a s e  s e e n e d  t o  be r e s p o z s i b l e  f o r  t h e  s e l e c -  

L '  u i o ~  3~z . i r , s t  s t , ror , t ium.  

F i g u r e  1 S ~ O W S  t h e  Sr/Ca Y a t i o s  o f  t h e  e n d s  and  s h a f t s  o f  

l i v e  ar,d d e a d  bone a t  v a r i o u s  t i m e  i n t e r v a l s  a f t e r  immersior ,  

ir. ;..e l a 8 e l e d  EedilAx. As c a n  Se s e e n ,  t : -e  e n d s  o f  t?.e bor,es . t  

s;:c-;;e2 rore s e l e c t < o r .  a g a i r s t  stzor.ti-Lrn t h a r  t h e  s h a f t s  . T;?e 

d e a d  s h a f t s  d i s p l a y e d  a c o n s t a n t  Sr /Ca r a t i o  t h r o u g h o u t  t h e  

e x p e r i m e n t  w h i l e  t h e  l i v e  s h a f t s  showed a c o n t i n u o u s  s e l e c t i o n  

a g a i n s t  s t r o n t i u m .  When l a b e l e d  l i v e  bone  w a s  k i l l e d  a n d  t h e n  

p l a c e d  i n  x n l a b e l e d  medium ( F i g u r e  2 )  t h e  S r / C a  r a t i o  o f  t h e  

dead  b o n e s  r e m a i n e d  c o n s t a n t  w h i l e  t h e  s e l e c t i o n  a g a i n s t  

s t r o n t i u m  c o n t i n u e d  i n  t h e  e n d s  and s h a f t  o f  t h e  l i v e  b o n e ,  
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?:gch Rare a c t i v i t y  x a s  r enoved  f r o m  t h e  l i v e  bone t h a n  f r o m  t h e  

h e a t  k i l l e d  Sone .  

The t o t a l  u p t a k e  o f  r a d i o a c t i v i t y  was g r e a t e r  f o r  t h e  d e a d  

bone  t h a n  f o r  t h e  l i v e  bone and  s i n c e  l i t t l e  s e l e c t i o r ,  was 

e x h i b i t e d  i t  i s  u n l i k e l y  t h a t  s e l e c t i o n  o c c u r s  a s  t h e s e  a l k a l i n e  

e a r t h s  e n t e r  t h e  m i n e r a l  p h a s e  of  t h e  bone .  The s e l e c t i o n  shown 

by l i v e  bone  i s  m o s t  l i k e l y  t h e  r e s u l t  of  t u r n o v e r  of t k e  m i n e r a l  

p h a s e  w i t h  t h e  r e s u l t i n g  g r e a t e r  loss of  s t r o n t i u m  t h a n  calcium. 

The s e l e c t i o n  a g a i n s t  s t r o n t i u m  h a s  l i t t l e  s i g n i f i c a n c e  i f  

i t  o c c u r s  only i n  t h e  a v i a n  s p e c i e s .  T h e r e f o r e ,  it was o f  

i r . t e r e s t  t o  t e s t  e n b r g o n i c  bone  from o t h e r  s p e c i e s  f o r  i t s  

s e l e c t i v e  c a p a c i t y .  The d a t a  f o r  t h i s  s t u d y  a r e  c o n t a i n e d  i n  

Tab le  3 .  

Tab le  3 

The S r / C a  R a t i o  i n  Bone as  a F u n c t i o n  of  S p e c i e s  

Uptake Removal 

Ends  S h a f t  - Ends S h a f t  

Chick  

R a t  

Human 1 

Iiunan 2 

Human 3% 

Sr/Ca R a t i o  for Whole Bone ,  
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n -  7 ---‘e %or.es w e r e  c . ~ l t - : r ~ d  f o r  I da:;s ir. 1 ~ 5 ~ l e 3 .  T.ed5-2: and 

:-:e:- s3:ie were  c o r . t i n u ? d  Ir, m l a j c l e d  medium f o r  5 d a y s  w h i l e  

t:;e r e s t  were  rernoved.  The c h i c k  b o r e  ( T i b i a s )  came f r o n  embryor s  

i n d a b a t e d  f o r  9 d a y s ;  t h e  r a t  bone w a s  o b t a i n e d  f r o m  20 d a y - o l d  

r”et-Ases a n d  c o n s i s t e d  o f  f e n u r s  and  t i b i a s .  M e t a c a r p a l  and  

mz+ ,a%arsa l  b o n e s  were  t h e  hup.an bone  u s e d  and  came from f e t u s e s  

r a n g i n g  i n  s i z e  f r o m  23 C R .  f o r  Human #1 t o  7 cm. f o r  Human # 3 .  

A s  c a n  b e  s e e n ,  s e l e c t i o n  was q l ; i t e  s imi la r  f o r  t h e  c h i c k  

ard r a t  bone  and  t h e  e n d s  of t h e  human m e t a c a r p a l  and meta ta rsa l  

S o n e s .  The s h a f t s  o f  t h e  3llunan bone  a c t u a l l y  e x h i b i t e d  a s e l e c -  

; i o n  i n  f a v o r  o f  s t r o n t i u z  d u r i n g  t h e  l a b e l i n g  e x p e r i n e n t .  How-  

e - ~ ~ r ,  wl?er. p u t  i x t o  u n l a ’ s e l a d  : .edim sone  e v i d e x e  was o b t a i n e d  

02 a s e l e c t i o n  a g a i n s t  s t r o n t i u n  during t h e  t u r n o v e r  o f  bone 

: i r . e ra l .  i k i l s  I s  good e v i i e r c e  %::at a s e l e c t i o n  a g a i n s t  

s t r o n t i u n  d o e s  o c c x r  i n  bone of s p e c i e s  o t h e r  t h a n  t h e  c h i c k e n .  

n 

The s h a f t  o f  t h e  human bone showed a p r e f e r e c c e  2 o r  s t r o n t i u m  

d c r l n g  t h e  l a b e l i n g  phase  tha ;  was more x a r k e d  t h a ?  f o r  t h e  

c::?r s - e c l e s ;  t k e  hxyAar Lone s e e x e d  t o  be ?.ore c a l c l f l e d  t5:ar, 

t k a t  o f  t h e  o t h e r  s p e c i e s .  S i n c e  s e l e c t i o n  was usually more 

i n c e r s e  i n  t h e  e n d s  of  t h e  bone when compared t o  t h e  s h a f t ,  a 

p o s s i b i l i t y  e x i s t e d  t h a t  t h e  a c t u a l  r a t i o  e x h i b i t e d  by bone 

zig:*-t v a r y  w i t h  t h e  d e g r e e  o f  c a l c i f i c a t i o n .  To t e s t  t h i s ,  

c h i c k  b o n e  f rom p r o g r e s s i v e l y  o l d e r  embryos  was c u l t u r e d  f o r  

7 d a y s  i n  a medium c o n t a i n i n g  s t r o n t i u m - 8 9  and calcium-4S. 

, .  



1. A.-.s a a z a  f o r  tkis ex ;e r inen . t  a r e  c o n t a i n s 5  i n  T a b l e  L. 

Table  4 

Sr/Ca R a t i o  i n  Bone as a F u n c t i o n  o f  Age 

Age of 
Embryos Ends S h a f t s  - 

7 Days 0.66 O b 7 5  

9 II 

12 “ 

14 

0.17 0 b 7 9  

A g a i n ,  t h e  e n d s  o f  t h e  b o n e s  t e n d e d  t o  e x h i b i t  a d l f f e r e n t  

r a t i o  t h a n  t h e  s h a f t s .  Xore i n p o r t a n t ,  t h e  bone  e x c i s e d  f r o m  

lb -day  o l d  em’zryos r e s e m S e l e d  t k a t  o f  t h e  human by showing a 

Sr/Ca r a t i o  t h a t  w a s  n e a r  u n i t y  a t  t h e  e r d  o f  a 7 day p e r i o d  

of <rc ; i%h.  The b o n e s  o f  14 dag o l d  exl5r;Jos a r e  f a r  n o r e  

c a l c l - i l e a  t:-ar. t h o s e  05 %:e y o a r i g e r  e n b r y o s  a x d  t h e  ? r c - s a ’ a i i i t y  

i s  i n c r e a s e d  o f  e x c h a z g e  becoming an  i n p o r t a n t  n e c h a n i s y  i n  t h e  

s e q u e s t e r l n g  of  r a d i o i s o t o p e s  by these t i s s u e s ,  The d a t a  o f  

Table 2 and  F i g u r e  1 showed t h a t  t h e  i n i t i a l  r a t i o  o f  s u c h  a 

p r o c e s s  is n e a r  u n i t y .  However, i t  was obse rved  t h a t  t h e  o l d e r  

bones  removed a s i g n i f i c a n t  p o r t i o n  o f  t h e  r a d i o a c t i v i t y  o f  

t h e  r?edi tm,  If s e l e c t i o n  was o c c u r r i n g  t o  t h e  sane e x t e z t  as 
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~ r e s 5 r . t  Ir. %..e - r i r g e r  Sor-es  %: :e  Sr/Ca r a t i o  o f  5 :  5 zeal--. would 

i r . c r z a s e  ari t . . l s  In tcrr. - . ~ o u l d  a i d  t:;e r.cve:er.t o f  Sr-x i r - t o  t k e  

bone .  A l l  c a l c u l a t i o n s  were b a s e d  on t h e  > r e m i s e  t h a t  t h e  S r /Ca  

r a t i o  o f  t h e  medium rema ined  c o n s t a n t  and  s o  t h e  c a l c u l a t e d  r a t i o s  

may be  i n  e r r o r ,  

The e x p e r i m e n t  w i t h  l i v e  and dead  bone t e n d e d  t o  imply t h a t  

a v i t a l  f u n c t i o c  was a s s o c i a t e d  w i t h  t h e  s e l e c t i v e  p r o c e s s .  S i n c e  

l i v i n g  m a t e r i a l  i s  s e n s i t i v e  t o  a l t e r a t i o n s  o f  t e m p e r a t u r e ,  i t  was 

o f  i n t e r e s t  t o  s e e  i f  t h e  s e l e c t L o n  c o u l d  be  m o d i f i e d  by c h a n g e s  

i n  t h e  e n v i r o n m e n t a l  t e m p e r a t u r e .  T h e r e f o r e ,  12 -day  o l d  Sone w a s  

l ncuba tec i  i n  a l a b e l e d  a e d i u E  f o r  24 h o u r s  a t  va rLous  t e x p e r a t u r e s ,  

The r e s u l 5 s  a r e  r r e s e n t e d  i n  Table  5 .  

Tak le  5 

Tempera tu re  and t h e  Sr/Ca R a t i o  

4" 
2 5 "  

39 O 

L i v e  Bone 
S h a f t  

1 .oc 

0.98 

1.05 



8 ,  

It s h o u l d  be rated t k a t  s e l e c t i o r ,  o c c u r r e d  o r , l y  a t  3 9 ' C  with 

l i v i n g  t i s s u e s ,  This would  i n d i c a t e  t h a t  s e l e d t i o n  i s  n o t  m e r e l y  

a p h y s i c a l  phenomenon b u t  must  b e  m e d i a t e d  by l i v i n g  t i s s u e .  I n  

e x p l o r i n g  t h e  e f f e c t  of t e m p e r a t u r e  it was o b s e r v e d  (Table  6 )  t h a t  

t h e  s e l e c t i o n  a g a i n  appea r s  t o  be  m o s t  s i g n i f i c a n t  a t  t h e  r e m o v a l  

?base . 
Table 6 

T e m p e r a t u r e  and t h e  Sr/Ca Ela t io  Dur ing  Uptake and  Removal 

43 h o u r s  

Eiernoval 

2 4  h o u r s  

43 h o - i r s  

4' 

1.11 

0.79 

0.80 

21' 
0.94 

0.90 

0.81 

0.74 

F o r  t h i s  e x p e r i m e n t  12-day embryor,ic c h i c k  b o n e s  were 

i n c u b a t e d  f o r  2 4  and  48 h o u r s  i n  l a b e l e d  mediw. and  4' and 37°C. 

Agair ,  s e l e c t i o n  a g a i z s t  s t r o n t i w  was s e e n  o n l y  a t  37°C; t h e  

s e l e c t i v e  p r o c e s s  a p p e a r e d  t o  be o p e r a t i v e  even  at 48 hour s .  

t 1 0 8 5 1 9  
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T o  b e  n o 2 e d  is t . .a t  p r o l o n g i n g  t h e  t i n e  t h e  S o z e s  were 

exposed. t o  t::e L o  t e n p e r a t - x e  d i d  n o t  c h a n g e  t h e  r e s u l t s  a z d  

l n d i c a t e d  t h a t  t h e  s e l e c t i v e  p r o c e s s  was s t o p p e d  a n d  n o t  j ' i S t  

s lowed down. 

To s t u d y  t h e  e f f e c t  o f  t e n p e r a t u r e  upon t h e  r emova l  of  t h e  

i s o t o p e s !  b o n e s  were f i r s t  l a b e l e d  a t  3 7 "  f o r  2 4  h o u r s  and  t h e n  

t r a n s f e r r e d  t o  u n l a b e l e d  n e d i m  a t  b o  o r  3 7 ° C .  The b o n e s  t h u s  

had an Sr/Ca r a t i o  o f  0.94 a t  t h e  t ime o f  t r a n s f e r .  Af te r  24 

/ 

ho3.v - t h e F e  v a s  no  d i f f e r e n c e  i n  t h e  r a t i o  e x h i b i t e d  by bones  

a t  4" as  compared t o  t h o s e  a t  37'C. However, a t  48 h o u r s ,  t h e  

bcr,es a t  31" e x k i S i t e d  a 1wb<er r a t i o  t h a z  s i n i l a r  bones  a t  h o c  

2r-z 3 o z e s  inc- ;ba ted  f o r  2 4  h o x s  az 37°C. I t  s h o a l d  >e no;ed 

L -  b--az t h e  r a t i o s  cf  bones  k e p t  a t  4" a n d  37°C f o r  24 h o u r s ,  

L u--t::g? -- e q c a l ,  were  n u c h  lower t h a n  '2.94. The d a t a  car! b e  

i n t e r p r e t e d  a s  i n d i c a t l c g  t;?e p r e s e n c e  o f  2 f r a c t i o n s  i n  3or.e 

- -  A - l r z r L .  One f r z c t i o r .  i s  e x t r e - e l y  l a b i l e  a n d  3as a much h i g h e r  

S r / S a  ~ ; i t < ~  : ' - -a~ %:-e l e s s  la ' :L12 r::zse. T S 1 z  - -  -2311, -, I^.rnJ-: . ~ -  __-._ C" is 

easi1;r ICs5 f r o m  b0r.e ty p h j - s i c a l  exchange  p r o c e s s e s  and  t h u s  

e x p l a i n s  t h e  l o w e r i n g  o f  Sr /Ca  r a t i o  s e e n  when t h e  l a b e l e d  bone 

was h c u b a t e d . f o r  2 4  n o w s  a t  4°C. The l e s s  l a b i l e  f r a c t i o n  

n e e d s  t h e  i n t e r c e s s i o n  of  a l i v i n g  p r o c e s s  i n  o r d e r  t o  be l o s t  

f r o n  bone  ar,d s o  a c o n t i n u a t i o n  o f  t h e  l o w e r i n g  o f  t h e  Sr /Ca  

r a t i o  was s e e n  o n l y  i n  b o n e  k e p t  a t  3 7 " .  



Tab le  7 

The Sr /Ca  R a t i o  in t h e  Ends and S h a f t s  o f  Bone Kept 
a t  37 " ar,d 4 ° C  i n  i ' n l a b e l e d  Medium f o r  

L3 Hours  

- Ends Shaft ,%ca-h5 Lost 
From S h a f t  

L a L e l e 2  a t  4 ° C  

C o n t r o l  

4; '- .ns. a t  3 7 " s  

$3 h r s .  a t  4 ° C  

6.73 

0.55 

c * 7 3  

1,06 

0,82 

1 e 1 9  

- 
59 

47 

46 

1c 
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1. . .e r e s u l t s  5: :s ; ;e . l  t ? ? ' J  s e l e c t i o n  ccc>:rred a t  3 7 "  b , -% n o t  at 

$":, :or 50::: t'-.e e r d s  ar.d s'iaZts o f  kDrie. To be  n o t e d  i s  t h e  

g r e a t e r  r e m o v a l  o f  Ca-45 f r o m  t h e  s h a r " t  o f  b o n e  l a b e l e d  a t  4" 
t h a r ,  a t  3 7 ° C .  If k e e p i n g  b o n e  a t  4°C s t o p p e d  a v i t a l  p r o c e s s  i n  

bone  c r y s t a l  t u r z o v e r ,  t h e n  a n y  a c t i v i t y  t h a t  was r e m o v e d  must  

have  b e e n  f r o m  a more a c c e s s a b l e ,  n o r e  l a b i l e  p h a s e .  When b o n e ,  

l a b e l e d  a t  L o ,  was f u r t h e r  i n c u b a t e d  i n  u n l a b e l e d  medium a t  4°C 
a l a r g e r  p r o p o r t i o n  o f  t h e  t o t a l  a c t i v i t y  was removed  t h a r  was t h e  

c a s e  o f  bone  s i m i l a r l y  h a n d l e d  but  l a b e l e d  a t  3 7 ° C .  T h u s  t h e  

s i z e  of  t h e  n o r e  l a b i l e  c o m p a r t n e n t  was g r e a t e r  a t  t h e  l o w e r  

t e z ; e r a t , i r e  and  i n p l i e d  t h a t  t :?e c o r . v e r s i o n  f r o m  t h e  more l a b i l e  

~ - - a s e  t o  t -e  l e s s  l a b i l e  p h a s e  was t e m p e r a t u r e  d e p e n d a n t  as  w e l l  

as r e r o v a l  from t h e  l e s s  l a j i l e  c o m p a r t n e n t s .  I t  a l s o  was n o t e d  

?; . a t  S o n e s  i n c L S a t e d  a t  3 7 "  t o o k  u p  1.65 t i n e s  a s  n u c h  a c t i v i t y  

as 'Zozes a t  5°C. 

Zt ;ias o f  I r t e r e s t  t o  see  i f  the t e m p e r a t u r e  e f f e c t  c o u l d  

'ce s e e n   ex boric was g r o m  I n  a l a b e l e d  n e d i u n  f o r  5 d a y s  b e f o r e  

FLU I L ~ C  a n o n - i a S e l e d  x e d i k m  f o r  3 d a y s  a t  4 o r  37°C. The . .  

d z t a  r y a  ? r e s e n t e d  ir. Table  8. 

i 1 0 8 5 2 2  
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T a b l e  8 

The S r / C a  a a t i o  i n  G r o w i n g  Bone as  A f f e c t e d  by 
T e m p e r a t u r e  D u r i n g  L a b e l i n g  and  

R e s o v a l  S t u d i e e  

S r / C a  R a t i o  

Temp. D u r i n g  Temp, f o r  
G r o u p s  L ab e l  i n a  R e m o v a l  Er.ds S h a f t  

I 

I1 37 O C  --- O e 6 4  c,.79 

111 37 "C 37 e 0.47 0,66 

IV 37 "C L" 0 , 52  C e 7 0  

T h e s e  b o c e s  a c t e d  i n  t h e  s a i e  I--anner a s  d i d  S o n e s  i n c u b a t e d  

f o r  much s h o r t e r  p e r i o d s .  To b e  n o t e d  is t h e  s e l e c t i o n  e x h i b i t e d  

a t  37"  as  op:osed t o  L o  a r d  %::at t h e  e n d s  showed more  s e l e c t i o n  

t h e  s h 2 r " t s .  The ap;arer.t s e l e c t i o r .  s e e r .  ;.i::er t h e  b o c e s  w e r e  

l a b e l e d  a t  37" ard t h e n  h e l d  a t  4 ° C  may a g a i n  be  e x p l a i n e d  on 

t h e  b a s i s  o f  t h e  e x i s t e r c e  o f  t w o  c o m p a r t n e c t s  f o r  bone  m i n e r a l  

w i t h  o n e  compar tmen t  b e i n g  m o r e  l a b i l e ,  n o t  t e m p e r a t u r e  d e p e n d a n t ,  

and havir,,? a :!uc:? h i g h e r  S r / C a  r a 5 i o  tha r :  t h e  o t h e r .  A g a i n ,  t h e  

l o w e r  t e m p e r a t u r e  d e c r e a s e d  t h e  u p t a k e  a n d  r e m o v a l  o f  r a d i o -  

a c t i v i t ; T  f r o n  b o n e .  The r e s a l t s  x e r c  o b t a h e d  using bone f r o n  

12 -dag  o l d  embryos and w e r e  d u p l i c a t e d  u s i n g  bone  f r o m  9-day 

old ernSryos ,  

I 1 0 8 5 2 3  



s - J g g e s t e d  t h a t  sornewhere In t h e  c a l c i f i c a t i o n  n e c h a n i s m  an enzyme 

s y s 5 e n  was o p e r a t l n g .  To g e t  a d d i t i o n a l  i n f o r m a t i o n  b o n e s  f r o m  

9-day old c h i c k  e m b r y o s  were grown f o r  5 d a y s  i n  l a b e l e d  zed ium 

ar,d t h e  air above t h e  medium was r e p l a c e d  by one  of  s e v e r a l  g a s e s .  

The r e s u l t s  a r e  shown i n  T a S l e  9.  

T a b l e  9 

Tlle E Z i e c t  o f  Varlo?;s J a s e s  XFon t h e  S r / C a  R a t i o  an? 
C a l c i u n  Yp take  by Gro'wirg Bone 

c.59 

G .63 

C ,77 

0 . 7 2  

100 

151 

35 

7 

0.72 100  

2 30  

109 

L6 

Air 

c o  

0 .??  

0 .69 

100 

50 

0.85  

0 * 7 3  

100 

78  

I 1 0 8 5 2 4  



1b. 
A ' .  . . - .  . .  - -  _ _  - 3  ~ - v i r ~ . ; ~  t::at u . . e  : ? . : z v < ~ r  o f  t1.2 'cor.es :<as r o 2 5 r a t e d  

-- , _.:.e - 2 s t, 0 *&- . ~ -  c ',. t h e  b c r i e z  w3re e x p o s e d .  L1'+ , , , l e  el 'r 'ec2 x a s  

o b s e r v e d  upon t h e  S r /Ca  r a t i o  b u t  m a j o r  e f f e c t s  were  s e e n  upon t h e  

.mol;r,t o f  Ca-45 t a k e r ,  up. Oxyzen i c c r e a s e d  t h e  u p t a k e  of c a l c i u n  

z a r k e d l y  and  t h i l s  s u g g e s t e d  t h a t  ar. o x i d a t i v e  p r o c e s s  c o u l d  be  

i n v o l v e d  w i t h  c a l c i f i c a t i o n .  The d e p r e s s i o n  o f  c a l c i f i c a t i o n  by 

c a r b o n  x o n o x i d e ,  a n  i n h i b i t o r  or" t h e  cy tochrome  s y s t e m ,  r e i n f o r c e d  

t h i s  s u p 2 o s i t i o n .  However, t h e  b l o c k  w a s  n o t  c o m p l e t e  and  s i n c e  

n i t r o g e n  did.  n o t  have  much e f f e c t ,  i t  i s  p o s s i b l e  t h a t '  a n  a l t e r n a t e  

pathway f o r  t h e  c a l c i f i c a t i o n  mechanism e x i s t s .  

--.  - 
- 

The Z a s e s  o p e r a t e d  f o r  t l i e  n o s t  p a r t  t o  s l o w  o r  s p e e d  t h e  

.-_- ~- ..CPSS b.:.t Froba51 ;T  'rad r@ e r " f e c t  ~ ? o r  in<L71d7Ja l  r .enSers  cf ',?-e 

. . I  s;-.ster:. O t h e r  i n h i b i t o r s  : igz% a l s o  have  ar. e f f e c t  a r d  z?lskt  

p o s s i b l y  l e a d  t o  a change  in t h e  s e l e c t i o r ,  r a t i o  t h a t  .would be 

b e n e f l c l a l ,  T::ereSore, a n c n k e r  o f  e x p e r i n e r t z  ;<e re  p e r f o r x e d  i n  

ir?-ich 5row:r.g bone  was exposed  t o  v a r i o u s  i z h i b i t o r s  a t  s e v e r a l  

c o x c e c t r a t i o ~ s .  The r e s u l t s  a r e  shown ir T a j l e  10. Agab., b o t h  

t k e  S r j C a  r a t l o  a n d  t h e  u p t a k e  o f  Ca-45 were u s e d  as  t h e  c r i t e r i a  

._ a c -. 2 :I e . h -  

0 

I i o 8 5 2 5  
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C o n c e r t r a t i o n  
-2  

i o o 4  N >I 0 I c n i b i t o r  

71 x o r o a c  e t  a t e  S r / C a  0.85 0.83 0 e 7 4  1 e 1 2  
Ca U p t a k e  100  84 62 24 

I o d o  a c e t a t e  S r / C a  C.72 1 . 0 2  1.00 0 e 7 2  
Ca U p t a k e  1 0 0  184 165 174 

1. a1 OR a t  e S r / C a  0.74 6.74 0.78 0.7C 
Ca U p t a k e  100  83 106 73 

S r / C a  0.75 1.co  1 .00  1 .G2 
Ca -!?take l G 0  508  324 141 - -  A r s e n i t e  

PI; 7- 3r : ;e Sr/Ca L.39 r; .65 G .78 0 .a; 

B i s u l f i t e  S r / C a  0.69 0.60 0.64 0.65 

C;.ar,lde S r / C a  0.77 0 .71  0.85 o m  

Ca L c t a k e  1 C C  2 c o  3 9 1  84 

Ca U p t a k e  10C 90 101 80 

C a  U p t a k e  1 0 0  8.5 3 2 0  1L2 

c e 7 7  c.76 0.72 G . j O  DL - Gl 7 c e r 21 d. e i;: d e S r / c a 
Ca Uptal:e 1 0 0  3 2  80 2 3 9  

A= i d e  S r / C a  0 e 7 7  0.64 0.73 0.71 
Ca U F t a k e  IC3 6 C  9 5  9 1  

p 1" nf c-. ?-.: .- :e S r / C a  C.96 0 .72  c .59 
C a  i i p t a k e  160 a 4  1 7  9 

Ca U p t a k e  1 C G  119 103 266 

c 

Guanid i r ,e  S r / C a  0.71 0.69 0.72 0.82 



16. 

- 
I n h i b i t  o r  0 10-4 M 10-3 M 10-2 M 

0.60 
9 2  

P 11 o s ph o e t h a r  o 1 - 
a x i n e  

Sr/Ca 
Ca v p t a k e  

0 * 7 1  
100 

0.58 
40 

0.67 
45 

0.64 
60 

L a c t o s e  S r /Ca  
Ca i p t a k e  

0.77 
1 0 0  

0.73 
95  

L i t h i u m  Sr /Ca  
Ca V p t a k e  

0.79 
100 

0.72 
98 

0 e73 
81 

0 * 7 7  
94 

L e a d  Sr /Ca  
Ca Ccunt  

0.72 
100 

0.78 
7 2  

0.62 
9 

c.69 
1co 

c.55 
53 

0.46 
37 

0 e 6 4  
15 

G.74 
s o  

0.52 
1 c c  

7 
2 e r y  11 ium 0 074 

62  
1.12 
24 

t 1 0 8 5 2 - 1  



ard ;::e S r / C a  r a t i o  o f  b o r e  c o z l d  b e  a l t e r e d  b y  i n c l u s i o n  of 
. .  ~ , - - ~ . - a i t o r  77.9- o l  v a r i c u s  s ~ r t s  ir .  :Le ;:edixm. O f  t h o s e  u s e d ,  m a i o n a t e ,  

c i s u i f i t e ,  D-L g l y c e r a l d e h y d e ,  a z i d e ,  g u a r i d i n e ,  l a c t o s e ,  and  

l i t h i u m  had  l i t t l e  e f f e c t .  It i s  of  i n t e r e s t  t h a t  i o d o a c e t a t e ,  

a r s e n i t e ,  a r s e n a t e ,  a n d  f l u o r i d e ,  ma te r i a l s  w h i c h  i n h i b i t  t h e  

a c a e r o b i c  b r e a k d o w n  o f  g l u c o s e  b e t w e e n  3 - p h o s p h o g l y c e r a l d e h y d e  

azd a c e t a t e ,  i n c r e a s e d  t h e  up5ake  o f  a c t i v i t y  ar,d i n c r e a s e d  t h e  

S r /Ca  r a t i o ;  t h e  i n c r e a s e  i n  t h e  r a t i o  was n o t  t h e  same i n  all 

c a s e s .  This s u g g e s t e d  t 3 a t  s o m e  e m y r n a t i c  p r o c e s s e s  c a n  i n f l u e r c e  

t:--e m l n e r a l i z a t l o n  o f  'zor,e azc! t:?e p r e f e r e r i c e  f o r  c a l c i u m .  z i u o r -  1- 

~ c e t a t e  ar,d x a l o r , a t e ,  5Ekib:;ors o f  %::e K r e b s  c;;c1e, h a d  l l t t l e  o r  

a s l i g h t l y  r , e g a t i v e  e f f e c t  upon t i l e  d e p o s i t i o n  o f  c a l c i u m .  B a r i u m ,  

: ~ r y l l i u n ,  a r d  p h o s p h o e t - a n c l a n i n e  were  i n t e r e s t L n g  i n  t h a t  a l l  

d e c r e a s e d  tkLe S r / C a  r a t i o  a?d t h e  t o t a l  2ptar :e  o l  r a d i o a c t i v i t y  

as  1;ell .  il ,n is  7.ay S e  i m p o r t a r - t  when r e l a t e d  t o  t h e  p r o b l e m  of 

, -ed- :c t ion o f  t c e  'sodzi ' . .7nden of S r - 9 0 .  B a r i u n  a 3 p e a r e d  t o  b e  

. - - -  -.- a ,  

d z ' 2  e:;sc.;lve .CL% - ~ r f ; r t x - a t e l : :  1 s  .cr.owc $ c  b e  -7er;; t o x l c ;  or.  t.3-t 

o-,:?er h a n d ,  p k o s ? h o e t h a n o l a n i n e  h a s  b e e n  fourid i n  t h e  u r i n e  o f  

s o ~ , e  p a t i e n t s  s u f f e r i z g  f r o n  a p e c u l i a r  fo rm o f  o s t e o p o r o s i s .  

The e x p e r i n e n t  w i t k  p h o s p h o e t h a n o l a m i c e  was 2 e r f o r m e d  u s i r g  

l o ~ g  t e r r .  c - J l l , u r e s  and  s o  15 was of  i n t e r e s t  t o  s e e  if an e f f e c t  

:auld 'De s e e n  a t  t h e  er-d o f  a 24-hour  p e r i o d  o f  i n c u 3 a t i o c ,  The 

d a t a ,  T a b l e  11, show t h a t  p h o s p h o e t h a n o l a n i n e  w a s  e f f e c t i v e  ever! 

a t  this s h o r t  i n t e r v a l .  



18. 

Ends  S h a f t s  

S r / C a  Ca-LS S r /Ca  Ca-45 

G ~ o u p  

C o n t r o l  0 . 7 3  1 0 0  0.94 1 0 0  

P-Et M 0.78 64 0 e 9 2  87 

0.78 64 0,88 7 6  

loo2 M 1.12 84 0.94 52 

-3 
10 PI 

T k 3  .-.ecr.ar.is?. b y  ;~:TI1ch phos; ; :oethacolanice a c t s  i s  ,r.kr-o;.in 

as  is ;e c a s e  f o r  o t h e r  i n h i b i t o r s  shown i n  Tab le  10 .  Also, 

fa r ' ,ker  work i s  n e e d e d  t o  d e t e r n i n e  i f  e t k a n o l a n i n e  i t s e l f  may b e  

an a c t i v e  compound, 

The e f f e c t  o f  h g d r o c o r t e s o n e ,  t h y r o x i n e ,  and p a r a t h o r n o n e  

upon t k e  S r /Ca  r a t i o  ar-d t h e  c a l c i u m  c o n t e n t  o f  t h e  bone v a s  

a l s o  t e s t e d .  S i n c e  a r a t u r a l  rea iurn  was u s e d  i t  must  be . m d e r -  

s t c o d .  ;::at t r , e  a,,nour.ts 0,' t k e  ?-or. .cce s t a t e d  were a d d i t l c z s  t o  

w::at z i2 r - t  n o r z a l l y  b e  p r e s e r , t  i n  hunar, se rum.  . .  

Wzer bor,es w e r e  l a b e l e d  f o r  5 d a y s  and t h e n  s h i f t e d  t o  

u n l a b e l e d  nedium f o r  2 d a y s  it was o b s e r v e d  t h a t  added  p a r a -  

thormoce  a t  l e v e l s  o f  0.01, 0.1, 1,O and 10.0 u n i t s  p e r  x i l l i l i t e r  

was w i t h o u t  any s i g n i f i c a n t  e f f e c t ,  On t h e  o t h e r  hand,  b o t h  

h y d r o c o r t i s o n e  a n d  t h y r o x i n e  ( T a b l e  1 2 )  seemed t o  have  a n  e f f e c t .  



Table 1 2  

- Ends S h a f t s  

Ca U p t a k e  Sr/Ca Ca Uptake  Sr /Ca 

7-Day E x p e r i m e n t  

C o n t r o l  0.50 1 0 0  0.78 100 
T h y r o x i n e  .O1 p g / m l  b O b 5 7  1 2 5  0.73 9 4  

I1 0.1 y g / n l b  0.55 110 0.63 62 
I! 0 . 3  p g / m l .  0.56 87 0.65 74 

0.76 1 0 0  0.96 1 0 0  
0 8  7 9  c.96 
98 
94 

Cc?.t=.cl 
T h y r o x i n e  0 b o l  pg/ml 0.69 

0.86 
I! 0.3 p g / r L L b  c b 7 1  8 0  0.86 
11 -.1 ,Lg/ml. Q .65 47 



2 0 .  

c o r t i s o n e  i n  t'ce l o n g - t e r m  e x p e r i n e f i t  w h i l e  t h e  r e v e r s e  vas t r u e  

f o r  t h e  2h -hour  s t u d y .  I n  g e n e r a l ,  t h e s e  hormones a c t e d  t o  

d e c r e a s e  t h e  m i c e r a l i z a t i o n  o f  t h e  b o n e s .  To b e  n o t e d  i s  t h e  

S t i m u l a t o r y  e f f e c t  o f  t h y r o x i n e ,  d u r i n g  t h e  ?-day e x p e r i m e n t ,  

upon t 3 e  c a l c i u m  u p t a k e  of  t h e  ends  o f  t h e  b o c e s  w h i l e  t h e  same 

l e v e l s  d e c r e a s e d  t h e  c a l c i u m  u p t a k e  o f  t h e  s h a f t s ,  Again, t h e  

d a t a  i n p l y  t k a t  a l i v i r , g  s y s t e r ,  I s  i n v o l v e d  in t h e  s e l e c t i o n  o f  

c a l c i u m  o v e r  s t r o n t i u m .  

T a b l e  13 

The Removal Ratios f o r  t h e  A l k a l i R e  E a r t h  Metals f roz Bone 
When CoF.>arei  t o  ',?-e ? e n o v a l  o f  C a l c i u m  



21. 

I n  g e r e r a l ,  f o r  t?.e s h a f t  of b o n e ,  t h e  l a r g e r  t h e  a t o n i c  

n o t  c o n c l u s i v e  s i n c e  t h e  s p e c i f i c  a c t i v i t y  was v e r y  low r e s u l t i n g  

i n  v e r y  low c o u n t s  a r d  a l a r g e  i n c r e a s e  i n  t h e  n i l l i e q u i v a l e n t s  

of a l k a l i n e  e a r t h s  i n  t h e  medium. The s h o r t  h a l f - l i f e ,  2 1  h o u r s ,  

n e c e s s i t a t e d  s h o r t e r  e x p e r i m e r t s  t h a r i  was t h e  case for the  other 

i s o t o p e s .  For  t h e  o t h e r  n u c l i d e s  t h e  d i f f e r e n t  b e h a v i o r  o f  t h e  

e n d s  a n d  s h a f t s  o f  bone s h o u l d  b e  toted and may be i n d i c a t i v e  o f  

a d i f l e r e n c e  i n  t h e  way t h e  m i n e r a l i z a t i o n  i s  c a r r i e d  o u t .  

i n  t h e  c o x r s e  of t h e  s t a d y  o f  Ng-28 a l a r g e  amount o f  t h e  

I s o t o 2 e  was a v a i l a b l e  and s o  e x p e r i m e n t s  were  r u n  on r a t s  t o  

c o n p a r e  t 5 e  - e t a b o l i s n  o f  na;r.esLim t o  c a l c i u r :  i n  t h a t  s p e c i e s .  

Ta'sle 14 co-Fares t h e  d i s t r i b - : t i o n  o f  an i r t r a p e r i t o n e a l  i n j e c t i o r .  

o f  t h e s e  i s o t o p e s  2 $  h o u r s  a f t e r  d o s i n g .  

T a b l e  14 
The D l s 5 r i b c t l o n  c f  a n  I c t r a p e r i t o n e a l  I n j e c t i o n  o f  E q s i m o l a r  

A:onn:s 3: Ca-::- a r d  X g i t  2 4  Fo-Lrs a f t e r  B d r - i c i s t r a t i o n  t o  Young and  . . a t ~ r  .. 
Rats  

CZl-L&5 HE-28 Ng/Ca 
( %  o f  d o s e )  ( $  o f  d o s e )  ( %  o f  d o s e )  

Nean +, s t a n d a r d  e r r o r  o f  t h e  m e a n ,  



2 2  . 
From t h e  d a t a  (Ta'ole lh) it, car,  be s e e n  t 3 a t  t h e  ; I r i n e  was 

Tl?e s o f t  t i s s u e s  showed g r e a t e r  a c c u m u l a t i o n s  o f  magnesium t h a n  

c a l c i u ; ?  w h i l e  bone  snowed a a a r k e d  p r e f e r e n c e  f o r  ca l c ium.  

The e f f e c t  o f  i n c r e a s e d  age was t o  l o w e r  somewhat t h e  u r h a r y  

e x c r e t i o n  o f  magnesium and i n c r e a s e  i t s  f e c a l  e x c r e t i o n ;  however ,  

t h e  t o t a l  r e t e n t i o n  o f  magnesium w a s  g r e a t e r  t h a n  f o r  t h e  young 

r a t s .  T e c a l  c a l c i u m  i n c r e a s e d  markedly  and  t h e  p r e f e r e n c e  o f  bone 

f o r  ca l c iu? .  was i n t e n s i f i e d  i n  t h e  o l d e r  r a t s .  The s o f t  t i s s u e s ,  

when t h e  d a t a  was c o r r e c t e d  f o r  d i f f e r e n c e s  i n  body w e i g h t ,  showed 

a g r e a t e r  a c c u n u l a t i o n  o f  b o t h  c a l c i u m  and  magnesium t h a n  was t h e  

Ir. a n a r r o x e r  Mg;/Ca r a t i o  ir, all s o f t  t i s s u e s  s x c e p t  t 'ze s c l ee r , .  

The D i s t r i b u t i o n  o f  an  Ora l  Dose o f  E q u i n o l a r  Amounts o f  Cas 
and 1,:g-s 24 Y o u r s  a f t e r  b e i n g  A d r i i n i s t e r e d  t o  Young a-d. Old, K a l e  

and F e n a l e  Alb ino  Rats 

Ca-45 Ma-28 Mg/Ca 
( %  o f  d o s e ) ( %  o f  d o s e )  

21.2 + 3.9 

0.L9 + 0.02 

- 0.59 2 0.26l 8 .00  + 1.22 

2.26 +' 0.12 

R 
Younz 0 U r i n e  

7 e c e s  LS.3 t l o ?  36.2 2.1 c.59 +, c . c j  
I 

3one 4.58 +, 0.12 

P o7-m 2 2 U r i n e  0 .,/ 2 <  + cl.24 12.1 + 1.1 39.5 + & e 8  - 
F e c e s  47.4 : 3.9 32.4 + 7.2 0.81 G.06 
Bone 3.69 2 6.32 2.04 f 0.14 0.56 2 0.04 

Old 6 U r i n e  0.62 f 0.27 6.53 +, 0.60 20.5 +, 5.9 
F e c e s  60 .1  + 1.7 h1.0 + 1.3 C.69 2 0.03 

0.44 2 0.03 0.89 5 0.10 c - L Bone 2.04 7 9 0.18 
0 
ca K a t u r e  9 U r i n e  0.81 +, 0.24 10.3 +, 1.5 16.7 t 3.5 
U I  F e c e s  62.2 +, 4.1 47.3 +, 5.0 0.75 + c o o 4  
Lj Bone 2.19 +, 0.14 9 

1.01 +, 0.05 0.46 3 0.01 
Ld 

:.!can + s t a n d a r d  e r r o r  o f  t5-e z e a n .  
9 



23. 

To o b t a i n  i n f o r m a t i o n  on a b s o r p t i o n  f r o m  t h e  i n t e s t i n a l  

5rac-2 ::-.e e: :Forizent  d e s c r i b e d  ba Tab le  15 was p e r f o r m e d ,  S i x  

r a t s  were  u s e d  f o r  e a c n  g r o a p .  From t h e  d a t a  it i s  evicter.5 t h a t  

i,:gClz xas a 5 s o r b e d  t o  a g r e a t e r  e x t e r , t  t h a t  C a C 1 , ;  t:;e amount o f  

a b s o r p t i o n  w a s  g r e a t e r  f o r  t h e  young a n i m a l s  t h a n  f o r  t h e  a d u l t s .  

Again ,  - .x inary  magnesium e x c e e d e d  t h e  u r i n a r y  ca l c ium;  however ,  

t h e  n e t  r e t e n t i o n  o f  magnes iun  s u r p a s s e d  t h a t  of  c a l c i u m  i n  all 

g r o u p s .  The bone  m i r r o r e d  t h e  g r e a t e r  a b s o r p t i o n  o f  magnesium, and 

r e e n 7 k a s i z e d  t:ie p r e f e r e n c e  o f  t h e  bone f o r  c a l c i u m .  E v i d e n t  

a l s o  w a s  t h e  i n c r e a s e d  s e l e c t i o n  f o r  c a l c i u m  by t h e  bone  o f  t h e  

o l d e r  ar , izals .  The g r e a t e r  ca l c ium-4s  u p t a k e  by t h e  femurs of  

t:ze young ,:ale r a t s  r e s u l t e d  i n  a Mg/Ca r a t i o  w i d e r  t h a n  t h a t  

- o r  b.:e y o - x g  f e x a i e  r a t s .  A t  t h i s  t h e  it i s  n o t  known i f  .@ L' 

t h i s  vi11 Le r e p r o d u c i b l e .  

The d i s c r i m i n a t i o n  f a c t o r s  i n v o l v e d  i n  t h e s e  e x p e r i m e n t s  

were c a l c u l a t e d  f r o n  t h e  d a t a  ar.d a r e  shown i n  T a b l e  16. 

TaSle  1 6  

Magnesium-Calcium Observed  R a t i o s  ( O . R . )  and 
3 L s c r l x l r a t i o c  Fac',ors (3*?') f o r  t k e  3 a t  

3 o u t e  o f  
Dose O , R .  r e t a i n e d -  D*F. D.F. Ab- D.F. 

G r  O - L p  d o s e  f e c a l  s o r p t i v e  Yr lna ry  

Young 1.P. 0.77 0 094 ---- 0.82 Q 
0.87 1.00 ---_ 

---- 1.26 - -- - 
X a t u r e  9 I.P. 0.87 

Young 6 O r  a1 1.03 



- 
2 ~ 0 7 .  ::-&e f&c :o r s  i t  I s  e v i d r - z t  t h a t  l i t t l e  s 2 1 e c t i o n  was 

s..T~;JT‘ Ir, t - . 2  n c v e - 5 r . t  of t --e a1kLir .e  eart?.s f r o m  % : - e  b o d y  i n t o  

:--.e < I - . ; ~ S L : K ~  (2.2 . ) . So::e s e l e c t i o r ,  aSa<r.st, r,:agr,esiun 

was e v i d e r t  i n  t:?e young a n i m a l s  b u t  n o t  i n  t h e  m a t u r e  females .  

7 

f e c a l  

T:ce k i d n e y  ;Jas a z a j o r  s i t e  o f  s e l e c t i o n  a g a i n s t  magnesium as 

i n d i c a t e d  by D 

seemed t o  d e c r e a s e  w i t h  a g e .  The n o s t  i m p o r t a n t  s e l e c t i o n  Was 

inary v a l u e s  o f  0.82 and 0.87. The v a l u e  

s e e n  a t  t k e  a b s o r p t i v e  p h a s e  w i t h  t h e  s e l e c t i o n  b e i n g  i n  f a v o r  

of  magnesium o v e r  c a l c i u m .  

S i n c e  t h e  p r o p o r t i o n  02 c a l c i u m  t o  magnesium i n  t h e  t e s t  

dose was k e p t  c o n s t a n t ,  i t  was o f  i n t e r e s t  t o  see what  e f f e c t  

L ,..ere .- w o u l t  5 e  i f  t h e  p r o p o r t l o p s  were  v a r i e d .  The d a t a  o f  t k i s  

e::TeriT?r: z1-2 s’  :-:;E F r  TaSle  1 7 ;  f o r  this st7id;r t?-e % o t a l  ncnl:er 

coCs ta r , t .  

TaBle 17 

The E f f z c t  o f  t h e  P r o p o r t i o r i s  o f  C a l c i u n  axd Magnesium i n  
t3-e Test J o s e  Gpon t h e  D i s t r i b u t l o n  o f  Ca-45 o r  Mg-25 i n  t h e  R a t  

2 4  :ours A f t e r  ar. C r a l  Dose 

Exper imen t  a1 C a l c u l a t e d  

Dosin.: S o l u t i o n  Feinur U r i n e  F e c e s  Femur U r i n e  
- r,, .I- 1-c - ( a  iose) ( $  d o s e )  ( g  d o s e )  ( 5  d o s e )  ( g  d o s e )  

( 1.1 ii 1 i n  o i e s ) 
ME-28 C o n t e n t  

C 0.26 1.19 +, 0.07 15.9 47 01 1 e 1 9  15.9 
e 1 3  0.13 1.96 + 0.10 14.1 38.0 1.54 9.3 

0.195 0.055 1.75 z 0.07 11.5 34 07 1 . 7 3  5.5 
Ca-45 C o n t e n t  

0.26 o 3.40 + 0.35 0.33 47 0 . 5  3 040 0 . 3 8  
0.13 0.13 4.01 0.18 0.70 45 09 3 .51 0.20 
0.065 0.195 4.30 f, 0.54 1.10 40.5 3.86 0 r l l  - 

t 1 0 8 5 3 5  



25  . 
F o r  i n t e r p r e t a t i o n  o f  %.:e r e s u l t s  i t  was c e c e s s a r y  t o  c a l c u l a t e  

3r::a; t:-.e femur u-, ' ;a.~e o ?  t ' e  r a d i o n u c l i d e  w c u i d  be j a s e d  *i--on t h e  

-.. l . .pr;ire.:ent i n  r e t e r . c , l o r .  3c:n x:;er. t - e  s p z c L f i c  a c t l v l t y  was i r , c r e a s e d .  

Co : : ;~ rLr . ;  t'e c a l z L 1 a t e l  :'cY:L=. c o r 5 e n t  x i t h  t h e  o 3 s e r v e d ,  i t  i s  s e e n  

t h a t  t h e  i x c l u s i o r ,  o f  ca lc iL;n  i n  t h e  t e s t  d o s e  r e s - L l t e d  i n  n o r e  

Ng-28 S e i n g  i n c o r ; o r a t e d  i n t o  bone  t h a n  e x p e c t e d  when t h e  Ca: FIg 

r a t l o  xas u n i t y .  Tne i : :c luslon o f  s t a b l e  magnesium ir ,  t:?e t e s t  

d o s e  a l s o  i n c r e a s e d  t h e  u p t a k e  o f  c a l c i u m - 4 5  by t h e  bone .  From 

t k e  c a l c n l a t e d  ul- lne v a l c e s ,  It i s  e v i d e n t  t k a t  i n c r e a s i n g  t h e  

s t a b l e  c a l c i u m  c a u s e s  more magnesium t o  b e  l o s t  i n  t h e  u r i n e  and  

v i c e  v e r s a .  The d a t a  i n d i c a t e d  t h a t  t h e  calcium-magnesium r a t i o  

x a s  ver;7 i m p o r t a z t  ar.d t h a t  it must  b e  t a k e n  i n t o  a c c o u n t  when 

d l s c r i n i c s t l o r !  r ' a c t o r s  a r e  dLsc-Lssed.  

7.. I 
A L - S  ; 3 ~ o ; e c t  xas t e r z l n a t e j .  a t  t?-:s p o k t  dlie t o  t k e  r e s i g n a -  

t i o r  o f  t r i e  s e n i z r  i c v e s t l g a t o r .  

Sur?,r;;lary 

The d a t a  deve loped  d u r i n g  t h e  c o u r s e  o f  t h i s  s t u d y  demon- 

s ; r a t e d  t h a t  boze l t s e l i  was r e s p o r - s i b l e  f o r  ',he s e l e c t i o r ,  a g a i n s t  

s ; r a n t i u x  i r .  i 'avcr o ?  c a l c i - c . .  The d e g r e e  02 s e l e c t i o n  ;ras more 

? r o n o ~ x c e d  i n  t k e  e z d s  o f  ',:?e b o n e  t h a r  i n  t k e  s h a f t s .  D i s c r i n -  

i n a t b o p  a?,peareZ t::rc-:y?o-:t t ' i e  a l k a l i n e  e a r t h  s e r i e s  o f  F - e t a l s  

ar,d it a p p e a r e d  t h a t  t 3 e  e l e n e n t  w i t h  t h e  s m a l l e r  a t o m i c  number 

was p r e l ' e r r e d  t o  op,e w i t h  a h i g h e r  a t o m i c  number. 



26. 

Evider-ce was o b t a i ~ e l ? ,  %:-‘at an enzyme s y s t e r ?  ;ras d i rec : ly  o r  
. . - .  . _. -r : -ye ; t , l ;  a s s c c l a t e l  -,v-<;-- : .e  2 ? l c c $ i o n  p r c c e s s .  ..eat ~ : - - i r g  

0: : t: .:or.ez, l o w  t e - F Z r a t - r e s ,  er.zI;ne i n h i b i t o r s ,  a z i  .:crxories 

were  f o u n d  c a p a b l e  o f  i n t e r f e r i n g  w i t h  t h e  s e l e c t i o n .  The amount 

of c a l c i u x  d e p o s i t e d  as  w e l l  as the c o n p a r t n e c t  i n t o  u h i c k  i t  was 

s e q u e s t e r e d  seemed t o  be a f f e c t e d .  The i n i t i a l  e n t r y  of c a l c i u m  

o r  s t r o r , t i a n  seemed t o  be i n t o  ac e x t r e m e l y  l a b i l e  p h a s e  and 

s e e n e d  t o  be a p u r e l y  p h y s i c a l  p r o c e s s .  The s u b s e q u e n t  movement 

i n t o  a l e s s  l a b i l e  p h a s e  w a s  k e a t  s e n s i t i v e .  Tne r emova l  o f  

n i n e r a l  f r o m  t h e  l e s s  l a b l l e  p h a s e  was t e m p e r a t u r e  dependan t  

w 3 i l e  novernerit f r o m  t h e  l a b i l e  p k a s e  was n o t .  

. 1  

O t h e r  d a t a  w e r e  d e v e l o p e d  t?-at d e s c r t b e d  t h e  d i s t r i b c t i o n  o f  

c a l c l l l x  a-2 -1agnesium i n  t3.e r a t  and t h e  d i s c r i m i n a t i o n  f a c t o r s  

0’ t ; - e  v a r i o u s  s i t e s  o f  s e l e c t i o n ,  

P u b l i c a t i o n s  

‘??e : A e ~ r , ’ s o l i s m  o f  l ;agr ,es iui l  and Calc ium by t h e  Rat. F. W. Lengemann 

subri i ; ted T o r  p u S l l c a t l o z  t c  ;::e A r c h i v e s  o f  3 l o c h e ~ i s t r 7  and 

3 i o p h y s i c s  ( D e c e n b e r ,  1 9 5 8 ) .  

Ot!-.sr ? u b l l c a t i o n s  d e v e l o p e d  f r o ?  t h e  d a t a  d e s c r i S e d  h e r e i r .  a r e  ir ,  

r ‘ r o y e s s  o r  c o n t e n p l a t e d .  The p r o v i s i o n  o f  f u x d s  b:: t h e  A . 9 . C .  

t o  c a r r y  o u t  t h i s  p r o j e c t  w i l l  be acknowledged  and  c o p i e s  o f  s u c h  

p-G-a l ica t ions  s u ’ m i t t e d  t o  t t e  A.3  .C, -7 

I 1 0 8 5 3 1  
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I n c  i d e  n t  Report 

Zr, %:.e r e r i o d  J u n e l ,  1953 t ? z o u , - h  E a r c h  2 3 ,  1959 no ir.:=ider,ts 

R a d i o i s o t o p e  P u r c h a s e  R e p o r t  

N u c l i d e  PIC C a t a l o g  P r i c e  D i s c o u n t  P r i c e  S a v i n g s  

8.00 Sr -8  9-P 5 1 0  .oo 2 .oo 

Ca-45-P-2 5 25.00 5.00 2c.00 

I n  s u b m i t t i n g  t h e  b u d g e t  f o r  t h i s  y e a r s  work ,  t h e  c o s t  of 

r a c i i o i s o t o p e s  w a s  b a s e d  o n  t h e  u s e  o f  t h e  A, E. C. d i s c o u n t .  

1 0  P e r c e n t  Vouche r  

S i n c e  t h e  p r o j e c t  i s  b e i n g  t e r m i n a t e d  s h o r t  o f  t h e  c o t t r a c t e d  

d a t e  and  s k c e  funds still r e m a i n  i n  t h e  a c c o u n t ,  it i s  c o n t e m p l a t e d  

t k a t  t h e  10 P e r c e n t  v o u c h e r  w i l l  n o t  be s u b m i t t e d .  

I 1 0 8 5 3  



2 0  

S a l a r i e s  

Equ ipmen t  

S u p p l i e s  

T r a v e l  

C i l I G I I I A L  EXPEilDITURES ESTIMATE TOTAL R Z N A I N  I N C  ~- ~ 

B U D G X T  TO DATE THROUGH 3-23-59 EXPEN- BALANCE 
DITURES 3-23-59 

Overhead  and  I n d F r e c t  C o s t s  ( I n c l u d i n g  2 e t l r e : : e n t )  S,061,18 531 .CO 404.05 3,93S,Os 1,126.1. 

T o t a l s  

L e s s :  Y n i v c r s i t y  
C o n t r L - s c t l o n  as 
P e r  S t a t e n e n + - -  

T o t a l  A p p l i c a b l e  t o  ALEC 

Less :  FZenainicZ 10% 
N o t  B i l l e d - -  

616*336.CtO 99, 201.63 $1,080.69 $10,252.32 $6,053.6. 

AJ3C Funds  R e c e i v e d  t o  Date  

Z s t i n a t e d  Refucd  as p e r  A 2 C  Statenent 

7 , 7 2 2  ,OO 

x. 

e x p e n d i t u r e s  t n r o u g h  March 23, 1 9 5 9 .  

r e p o r t  t o  i n d i c a t e  t h e  e x a c t  s t a t u s  as of March 23, 1959. 

T h i s  s t a t e r ? , e n t  was p r e p a r e d  by Xr. C. 8.  T i p t o n  and i s  an e s t i m a t e  o f  t h e  

I * k ,  T i p t o n  w i l l  L t e r  s u b m i t  a f i n a l  

c? L \  e .  %lft\,\--- 
0,  W, Hyman, V i c e i P r e s i d e n t  
i n  Charge o f  M e d i c a l  U n i t s  


