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C e p e n d a n t ,  le r a c c o u r c i s s e m e n t  a p p a r e n t  des f ibres fuso- 
r imes  ne  s ' a c c o m p a g n e  d ' a u c u n e  a u g m e n t a t i o n  de leur  
6paisseur  ou de leur  densi t6 .  L a  z6ne cen t ra l e  de la cellule 
qu i  a p p a r a i s s a i t  u n i f o r m ~ m e n t  t r a n s p a r e n t e  en  r e&a-  
phase  s u b i t  des  t r a n s f o r m a t i o n s  p ro fondes :  au d 6 b u t  du  
m o u v e m e n t  a n a p h a s i q n e  a u c u n  c h a n g e m e n t  n ' e s t  per-  
cept ib le ,  l ' e space  qu i  s6pare  les c h r o m o s o m e s  es t  non  
a b s o r b a n t  (Fig. 1). Au fur  e t  k mesure  que  les deux  
groupes  s '61oignent  l ' u n  de  I ' au t r e  d a n s  leur  r6puls ion 
sym6 t r i que ,  l ' e space  i n t e r m 6 d i a i r e  d e v i e n t  progress ive-  
mer i t  p lus  dense  (Fig. 4). L e  r accou rc i s s emen t  a p p a r e n t  
des  f ib res  c h r o m o s o m i q u e s  ne  s ' a c c o m p a g n a n t  d ' a u c u n e  
a u g m e n t a t i o n  de  dens i t6  (done  de  masse)  p o u r r a i t  s 'ex-  
p t ique r  p a r  u n e  d e s t r u c t i o n  t o t a l e  ou par t ie l le  de la  f ibre 
au  p o i n t  d ' a t t a c h e  du  c h r o m o s o m e  p rog re s san t  en  mSme 
t e m p s  que  le c h r o m o s o m e  lu i -m~me.  Ce t te  mani~re  de  
vo i r  t r o u v e  une  c o n f i r m a t i o n  d a n s  le fa i t  que  la dispar i -  
t i on  p rogress ive  du  fuseau  au  cours  du  c h e m i n e m e n t  des  
c h r o m o s o m e s  s ' a c c o m p a g n e  d ' u n e  a u g m e n t a t i o n  para l -  
l~le de la  dens i t6  d a n s  la  z6ne cen t r a l e  qu i  les s6pare. 

L ' a n a l y s e  m i c r o r a d i o g r a p h i q u e  conf i rme  l ' op in ion  6mise 
p a r  STICH*. L ' a u t e u r  pense  qu ' i l  y a de s t ruc t i on  progres-  
s ive des  f ibres  fusor ia les  au  cours  de la  m i g r a t i o n  des 
c h r o m o s o m e s :  le c e n t r o m ~ r e  p r o v o q u e r a i t  la  d6sint~gra-  
t i on  locale des  h6 t6 ropro t6 ides  en  son p o i n t  & a t t a c h e  e t  
a r r i v e r a i t  j u s q u ' a u  p61e p a r  d e s t r u c t i o n  progress ive  de 
la  fibre.  

L ' & u d e  m i c r o r a d i o g r a p h i q u e  de l ' 6vo lu t ion  du fuseau 
au  t o u r s  de  la  m6iose de  Listera ovata p e r m e t  d ' a b o u t i r  
a u x  conc lus ions  s u i v a n t e s :  

1 ° Le fuseau  a p p a r a l t  en  m & a p h a s e  form~ p a r  les fibres 
ind iv idne l l e s  de  c h a q u e  c h r o m o s o m e  c o n v e r g e a n t  vers  les 
p61es e t  cons t i t u6es  p a r  des  s u b s t a n c e s  de densi t6  rela-  
t i v e m e n t  61ev6e. 

2 ° Les  f ibres  c h r o m o s o m i q u e s  d i s p a r a i s s e n t  au  fur  e t  
m e s u r e  de ta  p rogress ion  des  c h r o m o s o m e s  vers  les p61es. 

J. DIETRICH 

Laboratoire de Phytogdndtique, Institut de Botanique, 
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4 H. STICH, Chromosoma 6, 199 (1954). 

Zusammen/assung 

M i k r o r a d i o g r a p h i s c h e  U n t e r s u c h u n g e n  an  de r  Sp inde l  
w~ihrend de r  Meiose v o n  Listera ovata f i ih ren  zu fo lgenden  
E r g e b n i s s e n :  

1. Die Sp inde l  e r s c h e i n t  in  d e r  M e t a p h a s e  aus  d e n  
ind iv idue l len ,  s t a r k  a b s o r b i e r e n d e n  F a s e r n  jedes  e inze lnen  
C h r o m o s o m s  gebi lde t .  

2. Die Sp inde l f a se rn  v e r s c h w i n d e n  w/ ih rend  d e r  Pol-  
w a n d e r u n g  d e r  C h r o m o s o m e n .  

The Sod ium and P o t a s s i u m  of Bone  Mineral  

T h e  ob jec t  of t h e  p r e s e n t  i n v e s t i g a t i o n  was  to  s t u d y  t h e  
n a t u r e  of t h e  s o d i u m  a n d  p o t a s s i u m  of b o n e  b y  e x h a u s -  
t ive  acid ex t r ac t i on ,  us ing  some of t h e  b o n e  m a t e r i a l s  a n d  
t echn iques  w h i c h  were used  in p rev ious  w o r k  on  t h e  
m a g n e s i u m  of bone  m i n e r a l  1. I n  t h e  f i rs t  series of exper i -  
m e n t s  5 g samples  of 300 m e s h  (B. S.) fa t - f ree  ox i -bon¢  
powder  were e x t r a c t e d  w i t h  12 successive 150 ml  po r t i ons  
of 0.01 N hydroch lo r i c  acid b y  s h a k i n g  for 15 ra in  fol lowed 
b y  cen t r i fuga t ion .  Cor t ica l  bone  f rom ca l c ium-dep le t ed  
hens  2 was t r e a t e d  in t h e  s ame  way.  Samples  of t h e  u n -  
dissolved res idues  ~nd  a l iquo ts  of t h e  e x t r a c t s  were ana l -  
ysed for sod ium a n d  p o t a s s i u m  a t  e ach  s tage  of t h e  frac- 
t i ona t i on  w i t h  a n  E E L  f lame p h o t o m e t e r .  

A single 5-g sample  of e ach  t y p e  of bone  was e x t r a c t e d  
once w i t h  150 ml  0,01 N n i t r ic  acid a n d  t h e  a m o u n t  of 
chlor ide  e x t r a c t e d  was d e t e r m i n e d .  V i r t u a l l y  al l  t h e  chlo-  
r ide p r e s en t  was  e x t r a c t e d  b y  t h i s  p rocedure .  

T h e  a m o u n t s  of sod ium,  po t a s s ium,  a n d  ch lor ide  dis-  
so lved in  t h e  twe lve  e x t r a c t i o n s  a n d  t h e  t o t a l  a m o u n t s  
dissolved a re  g iven  in T a b l e  I ,  t o g e t h e r  w i t h  t h e  a m o u n t s  
or iginaUy p re s en t  in  t h e  samples .  T h e  p re f e r en t i a l  re lease  
of sod ium a n d  p o t a s s i u m  d u r i n g  t h e  f i rs t  e x t r a c t i o n  was  
ve ry  marked ,  p a r t i c u l a r l y  w i t h  t h e  hen -bone .  A l m o s t  9 0 %  
of t h e  t o t a l  p o t a s s i u m  p re s en t  in  t h i s  bone  a p p e a r e d  in  t h e  
f i rs t  ex t rac t ,  t o g e t h e r  w i th  38% of t h e  t o t a l  sod ium.  If ,  

t T. G. TAYLOR, J. aerie. Sci. 52, 207 (1959). 
T. G. TAYLOR and J. H, MOORE, Brit. J. Nutr. to, 250 (1956). 

Table I 
Weights (rag) of sodium, potassium, and chloride dissolved from 5 g ox- and hen-bone in 12 successive extractions with 150 ml 0.01 N 

hydrochloric acid and weights present in the original bone sam )les 

Ox-bone Hen-bone 
Extract No. C1 .......... 

Na K Na K 

1 7-00 3"43 3"50 13'43 21"30 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

4.25 
2-02 
0.90 
0.65 
0-65 
0.55 
0.50 
0.45 
0.40 
0-38 

0.80 
0.30 
0-12 
0-07 
0.07 
0.07 
0.07 
0.07 
0-07 
0-07 

3.86 
1.90 
1.08 
0.97 
0.96 
0-77 
0.70 
0.70 
0.65 
0.60 

C1 

5.40 
2.06 
0.32 
0.15 
0.14 
0-13 
0-11 
0-I1 
0-11 
0.09 
0.07 

, 0.07 , - -  , 

24-67 5.40 

25.00 5.40 

Total 1-12 

Contained in 5-g original bone 
Weight  sodium equivalent  to C1 present 
Weight  soluble sodium 
Weight  insoluble sodium 

0.38 

18-13 

30.20 
2.30 

12.70 
17.50 

0"07 

5'21 

5.40 

3"50 

3'50 

0"60 

26-22 

35.00 
3.50 

14.35 
20.65 
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Table I I  
Percentage composition of the ash of ox- and hen-bone before and after twelve extractions with 0.0I N hydrochloric acid 

Ox-bone [ Hen-bone 

Ca P Na K [ ('a P Na 
I 

Before extract ion 37.1 17.1 0.89 0.16 36.3 17-6 1.37 
After extract ion 38.2 17.9 0.39 0-03 37-9 18.0 0'56 

K 

0.78 
0-04 

as  seems p robab le ,  all  t h e  ch lor ide  e x t r a c t e d  b y  t h e  0.01 N 
n i t r i c  acid was  de r i ved  f rom t i s sue  f luid r e m a i n i n g  in  t h e  
b o n e  samples ,  i t  m a y  be  c a l c u l a t e d  t h a t ,  i n  e a c h  case,  tess 
t h a n  ha l f  of t h e  s o d i u m  disso lved  in  t h e  f i r s t  e x t r a c t i o n  
could  h a v e  been  assoc ia ted  w i t h  t h i s  chlor ide .  (Table  I). 
F u r t h e r  ev idence  t h a t  on ly  a sma l l  p r o p o r t i o n  of t h e  t o t a l  
bone  s o d i u m  was de r ived  f rom t h e  t i ssue  f luid was  ob-  
t a i n e d  b y  r e m o v i n g  t h e  o rgan ic  m a t t e r  f rom a sample  of 
t he  o r ig ina l  ox -bone  w i t h  e t h y l e n e  d i a m i n e  (80% v /v )  
acco rd ing  to  t he  m e t h o d  of WILLIAMS a n d  IRVINg 3. W h e n  
th i s  was  done ,  i t  was  found  t h a t  on ly  5% of t he  sodium,  
t o g e t h e r  w i t h  25% of t h e  p o t a s s i u m  a n d  100% of t h e  
ch lor ide  was  e x t r a c t e d .  T h e  p e r c e n t a g e  of s o d i u m  a n d  
p o t a s s i u m  p r e s e n t  in  t h e  a s h  of t h e  t w o  samples  of b o n e  
before  a n d  a f t e r  t i le  t w e l v e  e x t r a c t i o n s  is g iven  in  T a b l e  I I .  
I t  will  b e  seen  t h a t  t h e  e x t r a c t e d  m a t e r i a l s  were  v e r y  low 
in p o t a s s i u m ,  b u t  t h e y  s t i l l  r e t a i n e d  s u b t a n t i a l  a m o u n t s  
of sod ium.  

I t  a p p e a r s  f rom these  e x p e r i m e n t s  t h a t  t he  s o d i u m  of 
b o n e  occurs  in  two  forms,  one r e l a t i ve ly  so luble  a n d  t h e  
o t h e r  r e l a t i ve ly  inso lub le  in  acid,  a conc lus ion  s imi la r  to  
t h a t  r e a c h e d  for  t h e  m a g n e s i u m  of b o n e L  If  t h e  a m o u n t s  
of s o d i u m  r e m a i n i n g  in t h e  b o n e  powde r s  a f t e r  twe lve  
ac id  e x t r a c t i o n s  a re  t a k e n  as  m e a s u r e s  of t h e  ac id- in-  
so luble  f rac t ions ,  wh ich  a re  re leased  o n l y  w h e n  t h e  b o n e  
c ry s t a l s  t h e m s e l v e s  a re  d issolved,  i t  c an  b e  c a l c u l a t e d  t h a t  
4 2 %  a n d  4 1 %  of t h e  t o t a l  s o d i u m  was o r ig ina l ly  p r e s e n t  
in  t h i s  f o r m  in  t h e  ox-  a n d  h e n - b o n e  respec t ive ly .  A b o u t  
6 0 %  of t h e  t o t a l  bone  s o d i u m  was  f ree ly  so luble  in  d i lu t e  
acid a n d  i t  would  seem r e a s o n a b l e  to  sugges t  t h a t  t h i s  
r e p r e s e n t s  t h e  e x c h a n g e a b l e  f r ac t ion  of EDELMAN, JAMES 
a n d  MOORE 4, a n d  t3AUER ~ aS d e t e r m i n e d  b y  t h e  use  of 
r a d i o a c t i v e  sod ium,  a n d  t h a t  t h e  f r ac t ion  w h i c h  does n o t  
e x c h a n g e  in vivo is t h a t  p o r t i o n  w h i c h  c a n n o t  be  d i sso lved  
p r e f e r en t i a l l y  b y  acid,  T h i s  e x c h a n g e a b l e  s o d i u m  is p r o b -  
a b l y  loca t ed  in t he  h y d r a t i o n  l aye r  of t h e  b o n e  c ry s t a l s  
a n d  as  s u r f a c e - b o u n d  ions  6. 

I n  a n  a t t e m p t  to  ef fec t  a more  c o m p l e t e  r e m o v a l  of  
s o d i u m  f r o m  bone ,  a second  e x t r a c t i o n  t e c h n i q u e  was  
employed ,  Using bo i l ing  d i lu te  l ac t i c  ac id  as  e x t r a c t a n t .  
T h r e e  d i f f e ren t  s amples  of b o n e  were  t r e a t e d  in  t h i s  way ,  
t h e  h e n - b o n e  used  p rev ious ly ,  a n d  two  samples  of calf  
bone ,  one cor t ica l  a n d  t he  o t h e r  cancel lous ,  w h i c h  h a d  
b~en t r e a t e d  w i t h  e t h y l e n e  d i a m i n e  to  r e m o v e  t h e  o rgan ic  
m a t r i x  3. The  p e r c e n t a g e  c o m p o s i t i o n  of t h e  a sh  of t h e  
b o n e  samples  before  a n d  a f t e r  e x t r a c t i o n  is g iven  in  
T a b l e  I I I .  W h i l s t  t h i s  e x t r a c t i o n  t e c h n i q u e  was  more  
e f fec t ive  in  r e m o v i n g  s o d i u m  t h a n  t h e  p r e v i o u s  one, sub-  
s t a n t i a l  a m o u n t s  r e m a i n e d  in t h e  b o n e  ma te r i a l s .  T h e  

3 j .  B. WILLIAMS and J. W. IRVINg, Science 119, 771 (1954). 
4 I. S. EDELMA~r, A. H. JAMES, and F. D. MOORE, Trans. Many 

Conference on Metabolic Interrelations 4, 240 (195~). 
5 G. C. H. BAImR, Acta physiol, stand. 31, 334 (1954). 
s W. F. NEt~Mm~ and M. W. NEUMAN, The Chemical Dynamics o/ 

Bone Mineral (University of Chicago Press, 1958}. 

r e m o v a l  of m a g n e s i u m  f rom t h e  b o n e  w as  far  more  com-  
p le t e  a n d  i t  is c l ea r  t h a t  a f r ac t i on  of t h e  s o d i u m  was  e v e n  
m o r e  f i rmly  c o m b i n e d  t h a n  t h e  m a g n e s i u m .  I f  t h e  re-  
l a t i ve Iy  inso lub le  f r ac t i on  of  t h e  m a g n e s i u m  occurs  as  
Mg 2+ ions  t h i s  is t h e  oppos i t e  of w h a t  wou ld  be  expec t ed ,  
s ince  t h i s  ion, b y  v i r t u e  of  i t s  sma l l  r ad ius  (0.065 mt~) 
a n d  i ts  doub le  pos i t ive  charge ,  wou ld  be  e x p e c t e d  to  be 
more  s t r o n g l y  a d s o r b e d  t h a n  t h e  l a rger  N a÷  ion (0-098 m ~  
rad ius )  w i t h  i t s  s ingle charge .  I t  wou ld  appear ,  the re fore ,  
t h a t  whe reas  t h e  m a g n e s i u m  is p r e s e n t  who l ly  in  t h e  
h y d r a t i o n  shel l  of t h e  b o n e  c rys ta l s  a n d  as ions  a d s o r b e d  
on  t h e  c ry s t a l  surfaces ,  a s u b s t a n t i a l  p a r t  of t h e  s o d i u m  
replaces  sur face  ca l c i u m ions of t h e  c r y s t a l  l a t t i ce  as  sug-  
ges ted  b y  HARRISON ~ a n d  HENDRICKS 8. 

Table I I I  
Percentage composition of the ash of bone samples before and after 

lactic acid extraction 

Bone 

H e n  . . . 

C o r t i c a l . .  
Calf . . . 
C o r t i c a l . .  
Calf . . . 
Cancellous 

Before or 
after ex- 
traction 

before 
after  
before 
after  
before 
after  

Ca Mg 

36.3 0-84 
38-7 0.16 
35-9 0"55 
39"1 0"02 
36.0 0-55 
39-1 0-06 

Nv K P 

1"37 0'78 17"6 
0-38 0.05 18.1 
1.21 0.29 17-0 
0.25 0.06 18-6 
1.23 0.42 17.1 
0-28 0.08 18-6 

T h e  p o t a s s i u m  of bone  is so h i g h l y  so luble  t h a t  i t  seems  
p r o b a b l e  t h a t  all of i t  is in  t h e  h y d r a t i o n  layer .  P o t a s s i u m  
ions would  be  e x p e c t e d  to  be  less s t r o n g l y  a d s o r b e d  t h a n  
s o d i u m  ions owing  to  t h e i r  g r ea t e r  ionic r ad i i  a n d  t h i s  is 
r e f l ec ted  in t h e  h i g h e r  so lub i l i ty  of p o t a s s i u m  in  t he se  
e x p e r i m e n t s .  T h e  fac t  t h a t  t h e  s a m p l e s  of cor t ica l  a n d  
cance l lous  ca l f -bone  c o n t a i n e d  0-29 a n d  0 .42% p o t a s s i u m  
r e s p e c t i v e l y  a f t e r  t h e  c o m p l e t e  r e m o v a l  of t h e  o rgan ic  
m a t r i x  m a k e s  i t  a p p e a r  c e r t a i n  t h a t  p o t a s s i u m  is a t r u e  
c o n s t i t u e n t  of t h e  b o n e  m i n e r a l  a n d  n o t  s i m p l y  a c o n s t i t u -  
e n t  of t h e  b o n e  cells. 

T.  G. TAYLOR 

Department o[ Physiological Chemistry, The U,ziversity, 
Reading (England), Augus t  19, 1959. 

Z u s a m m e n f  assung 

F r a k t i o n i e r u n g s e x p e r f i n e n t e  a n  K n o c h e n p u l v e r  zeigten,  
dass  d a s  K a l i u m  in  v e r d f i n n t e r  S~ure  l e i ch t  u n d  fas t  vol l -  
st~indig 15slich ist.  E i n  w es en t l i ch e r  Tei l  des  N a t r i u m s  
b l e i b t  aber ,  soga r  n a c h  s t~trkster  B e h a n d t u n g  m i t  S~ure,  
unge l6s t .  
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