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On the basis of the lack of cons tancy  of certain elemental  ratios, there is no evidence of a 
defective crystal  lattice other  t han  the p roxy  of Ca for Na and AI for Si. Tha t  is, there is no evidence 
of vacant  posit ions in the lattice. Nevertheless, precisely this type  of evidence (lack of cons tancy  
of Ca/P ratios) has been used by numerous  non-mineralogists  in order to demons t ra te  "defects"  
in the lattice of apat i te  when considering the mineral subs tance  of tooth  and bone. Thus,  for example,  
the so-called "defect series" of apat i tes  postula ted by POSNER, FABRY AND DALLEMAGNE 1 is com- 
pletely meaningless in the sense in which they  have a t t empted  to use it to describe these s t ructures .  
T h a t  extensive isomorphic subs t i tu t ion  does take place in the apat i te  s t ruc ture  was clearly demon- 
s t ra ted  by the wri ter  in 19382, and has been confirmed by numerous  investigators3,~, 5. 

There are two glar ing omissions in their  experimental  results on the "defect"  hydroxy-apa t i tes  
wi th  various rat ios Ca/P, namely, (i) de terminat ion  of the water  content  and (2) determinat ion of 
the carbon dioxide. These omissions should be quickly recognizable in view of the isomorphic subst i-  
tu t ions  involving PO43 ---~ H40,4 , ~3PO479- -+ E4CO3~ 8 and Ca 2+ --~ H30+ or H20, as suggested ~,7. 
Francoli te  f rom Staffel, it will be recalled, contains F, CO 2 and H20 (above 300 ~' C) in the amoun t s  
4. i i, 3.36 and o.90 weight  per  cents, respectively 8. The quan t i ty  of fuo r ine  alone is slightly in excess 
of the a m o u n t  required to fill all fluorine posi t ions of the fluorapati te structure.  

The quest ion of how the carbonate  ion occurs within the crystal  lattice of mineral carbonate-  
apat i tes  has not  been demons t ra ted  rigorously, bu t  a hypothesis  tha t  qual i tat ively fits all of the 
exper imen ta l  da ta  has been presented63. Certainly it mus t  be fully as obvious now as it was in I937 s 
t ha t  the carbonate  group does not  subs t i tu te  for fuor ine  of f luorapati te and, whatever  the s t ruc tura l  
formula for carbonate-apat i te  may  be, it cannot  be Cal0CO3(PO4) 6. Fur thermore ,  it should be obvious 
tha t  cons tan t  rat ios of C : P : C a  would not  be expected, and the fact t ha t  they are not  found does 
not  demonst ra te  either a defect s t ruc ture  or the presence of more than  one phase. 

The quest ion of the existence of a carbonate-apat i te  probably  first arose in I822, when HAOY 9 
ques t ions  the validity of V~;ERNER'S supposi t ion tha t  certain apat i tes  were not nierely mixtures.  
Dur ing the intervening I33 years, there has been no s t ra ight forward  demonst ra t ion  tha t  small, 
water-clear  crystals  of francolite consist of more than  a single phase. The conclusion of POSNER 
AND DUYCKAERTS TM, tha t  two phases  are indicated by  their infrared absorpt ion  data  is a non sequitur, 
and mus t  be disregarded completely in view of the fact tha t  such data  as they  present  cannot  possibly 
yield information concerning the configuration of other  a toms  in the vicinity of the CO 3 groups. 

There have been m a n y  a t t em p t s  to demons t ra te  the presence of two phases, bu t  all have been 
complete ly  unsuccessful in demonst ra t ing  even a trace of any solid form of CaCO 3. I t  must,  further-  
more,  be recalled t ha t  the carbonate  content  of [rancolite is sufficient to require about  IO % of CaCO a. 
In  light of the fact t ha t  impurit ies amoun t ing  to less t han  0. 5 % are readily detectable in many  
clear, colorless crystals, it mus t  be concluded tha t  some of these persons are quite naive with regard 
to mineralogical mat ters .  I t  should be emphasized,  moreover,  tha t  the propert ies  of francolite differ 
from those of f luorapati te in several i m p o r t a n t  respects, and these differences cannot  be explained 
b y  assuming the presence of a second phase.  One of these differences is a distinctly smaller lattice 
periodicity for the a direction of francolite as compared with fluorapati te ~. Optical differences have 
been reported by  m a n y  mineralogists ~. 

Tha t  certain non-mineralogists  are likely to make fundamenta l  contr ibut ions to knowledge on 
the  mineral, francolite, t h rough  the complete  disregard of well-established mineralogical concepts 
seems highly unlikely, a l though there appears  to be no in ter rupt ion  in the ou tpu t  of their  misleading 
in terpre ta t ions  on these matters .  DUNCAN McCONNELL 
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The participation of the oxidative pathway in the 
glucose metabolism of mouse tumors 

Following the pioneer invest igations of \VARBURG AND DICKENS, the existence of an oxidative 
p a t h w a y  in glucose metabol ism as distinct  from the glycolytic pa thway ,  seems now well established 
for a n u m b e r  of normal  animal  tissues 1 s. 
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A r e c e n t  c o m n m n i c a t i o n  d e a l i n g  w i t h  t h i s  e x t r a g l y c o l y t i c  r o u t e  in l l e p a t o m a s  5 p r o m p t e d  u s  
t o  r e p o r t  o n  s i m i l a r  f i n d i n g s  m a d e  in o u r  l a b o r a t o r y .  

B y  c o m p a r i n g  t h e  p e r c e n t a g e  14C r e c o v e r i e s  in  l~COi a f t e r  i n c u b a t i o n  of  f r e sh  t u m o r  s l i ces  
w i t h  g l u c o s e - ~ : 4 C  a n d  g l u c o s e - 6 A 4 C  in K r e b s - R i n g e r  p h o s p h a t e  bu f fe r ,  e v i d e n c e  o f  t h e  p a r t i c i p a t i o n  
of  t h e  o x i d a t i v e  p a t h w a y  in t h e  g l u c o s e  m e t a b o l i s m  of  al l  t u m o r s  s t u d i e d  so far ,  h a s  b e e n  o b t a i n e d  
( T a b l e  I). T h i s  m e t h o d  is b a s e d  on  t h e  c o n s i d e r a t i o n  t h a t  t h e  c a r b o n  d i o x i d e  o r i g i n a t i n g  f r o m  t h e  
b r e a k d o w n  of  s p e c i f i c a l l y  l a b e l l e d  g l u c o s e  is i n i t i a l l y  r i c h e r  in c a r b o n  a t o m  I t h a n  c a r b o n  a t o m  o. 
if t h e  o x i d a t i v e  p a t h w a y  is o p e r a t i v e .  T h e  c a r b o n  a t o m s  t a n d  0 a r e  e x p e c t e d  t o  a p p e a r  in e q u a l  
r a t e s  in t h e  c a r l ) o n  d i o x i d e  if t h e  g l y c o l y t i c  s c h e m e  is t h e  o n l y  r o u t e  a h m g  w h i c h  g l u c o s e  b r e a k d o w n  
s t a r t s .  T h e  r a t i o  R 6 / R  l w a s  f o u n d  t o  be  0 .7  ° fo r  m o u s e  l i v e r  a n d  ~.r fo r  r a t  d i a p h r a g m ,  in a c c o r d  
w i t h  p r e v i o u s  f i n d i n g s  l, 5. 

T A B L E  I 

INCORPORATION OF CARBON ATOMS 1 AND 0 OF SPECIFICALLY LABELLEI) GLUCOSE INTO C O  0 

I g of  s l i ces  w e r e  i n c u b a t e d  fo r  i h o n r  a t  3 7 ' C .  T h e  m e d i u m  c o n s i s t e d  of  5 m l  of  K r e b s - R i n g e r  
p h o s p h a t e  b u f f e r  ( p H  7.4) c o n t a i n i n g  3 m g  of  t h e  l a b e l l e d  g l u c o s e .  T h e  spec i f ic  a c t i v i t y  of  b o t h  
. . . . . . . . . . . . . . . . .  g l u c o s e - J A 4 C  a n d  g lucose-6-1~C 

Substrate R, a m o u n t e d  t o  5..5" lOa c . p . n l .  
Tumor G -n-C'4* Rn** R~ w h e n  a s s a y e d  as  a n  i n f i n i t e l y  

n per cent t h i c k  l a y e r  of  B a C O  a o n  , c m  2 

T 4 9 9 8 5  - 0 3.3 3.7 3 .9  o .47  ' 0 .44  , o .47  a r e a .  i n c u b a t i o n  f l a s k s  of 7 o m l  
m a m m a r y  c a r c i n o m a  1 7.1 8. 4 8.2 p r o v i d e d  w i t h  a c e n t e r  wel l  a n d  

0 3.7 - . 6  2. 4 0 .42  , 0 .37  , 0 .32 ch ) sed  w i t h  a r u b b e r  s e r u m  
t 8. 7 0.8 7.4 b o t t l e  c a p  w e r e  u s e d .  G a s  p h a s e  

IOO°o O ~ . . \ t  t h e  e n d  of  t h e  
S p o n t a n e o u s  ( C a n )  ~, 2.8 o ,54  e x p e r i m e n t  0. 5 ml  * N N a O H  
m a m m a r y  c a r c i n o m a  L 5.2 w a s  i n j e c t e d  t h r o u g h  t h e  r u b b e r  

T 2 6 4 7 3 - h e p a t o m a  0 0 .80  0 .92 1.8 o ,36,  0 .35 ,  0 .49  c a p  i n t o  t h e  c e n t e r  well  a n d  0.2 
m l  o. 5 N HCI i n t o  t h e  m e d i u m .  1 2. 4 2 .0  3-7 
A f t e r  4 - 5  h o u r s  a l a y e r  of  to l -  

T 5 4 4 I - o v a r i u n 1  t u m o r  0 1.8 2 .0  o .09 ,  o .7  o u e n e  w a s  i n j e c t e d  i n t o  t h e  (:ell- 
( g r a n u l o s a  cel l  t y p e )  l 2.0 3 .7  t e r  well ,  t h e  c a p s  w e r e  r e m o v e d  

T 2 6 5 6 7 - o v a r i u m  t u m o r  6 5.7 5 . l  o .50  , o .49  a n d  t h e  c o n t e n t s  o f  t h e  c e n t e r  
well  w e r e  t r a n s f e r r e d  t o  a BaCI2 ( s a r c o m a t o i d  t y p e )  ~ ~o. i 1o.3 
s o l u t i o n .  T h e  r e s u l t i n g  B a C O  a 

l ! \ : 2 5 0 - s a r c o m a  0 3.1 2. 7 o .05 ,  0-43 w a s  a s s a y e d  for  r a d i o a c t i v i t y  
l 4 .8  0-3 w i t h  a n  e n d - w i n d o w  G e i g e r -  

. . . . . . . . . . . . . . . . . . . . . . .  Mfi l ler  c o u n t e r .  
* G = g l u c o s e ,  n = p o s i t i o n  l a b e l l e d  w i t h  14C. 

** R a d i o a c t i v i t y  r e c o v e r e d  as  14CO2. 

I n  o r d e r  t o  c o l l e c t  m o r e  q u a n t i t a t i v e  i n f o r m a t i o n  r e g a r d i n g  t h i s  p a t h w a y  in n e o p l a s t i c  t i s sues ,  
l a c t i c  a c i d  w a s  i s o l a t e d  b y  s i l i cage l  c h r o m a t o g r a p h y  6 f r o m  t h e  i n c u b a t i o n  m i x t u r e s  t o  w h i c h  g l u c o s e -  
1-14C w a s  a d d e d .  A f t e r  t i t r a t i o n  w i t h  o. i N N a O H ,  s o d i u m  l a c t a t e  w a s  i s o l a t e d  an t i  c o n v e r t e d  t o  t h e  
f ree  a c i d  w i t h  t h e  a i d  o f  D o w e x - 5 o .  H a l f  t h e  q u a n t i t y  of  t h i s  l a c t i c  a c i d  w a s  c o m b u s t e d  d i r e c t l y  7, w h i l e  
t h e  o t h e r  p a r t  w a s  c o n v e r t e d  t o  t h e  z inc  sa l t ,  p u r i f i e d  a n d  c o m b u s t e d ,  i d e n t i c a l  spec i l i c  a c t i v i t i e s  
w e r e  f o u n d  a n d  c o r r e c t i o n s  w e r e  m a d e  f o r  a n y  l a c t i c  a c i d  e n d o g e n o u s l y  p r o d u c e d  o r  a l r e a d y  p r e s e n t .  

f f o l l o w i n g  t h i s  p r o c e d u r e  i t  w a s  c a l c u l a t e d ,  o n  t h e  a s s u m p t i o n  t h a t  n o  i n t e r m e d i a t e s  d u r i n g  
t h e  c o n v e r s i o n  o f  g l u c o s e  t o  h i ( t i c  a c i d  w e r e  los t ,  t h a t  a p p r o x i m a t e l y  7 0 %  of  t h e  g l u c o s e - l J ~ C  
m o l e c u l e s  g i v i n g  r i se  t o  l a c t i c  a c i d  h a d  f o l l o w e d  t h e  o x i d a t i v e  p a t h w a y  in t h e  c a s e  of  t h e  t r a n s p l a n t e d  
m a m m a r y  c a r c i n o m a s  ( a v e r a g e  of  3 e x p e r i m e n t s )  a n d  3o- o/..o in  t h e  c a s e  of  t h e  o v a r i u m  t u m o r s  o f  
t h e  s a r c o m a t o i d  t y p e  ( a v e r a g e  o f  5 e x p e r i m e n t s ) .  
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