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into a four-membered ring ether, as well as by the fact 
a cyclic benzylidene acetal only formed from ecgoninol 
and not from pseudo-ecgoninol. 

The third logical step for establishing the configura- 
tions of the ecgonines consisted of a direct proof oI the 
position of the C2-COOCH 3 group in cocain to the ring 
nitrogen, This was realized by intramolecular  cyclization 
of N-carbamyl-nor-cocain into an ureide. 

The configuration of cocain as 2fl-carbomethoxy-3fl- 
benzoxy-tropane,  and tha t  of psicain as 2a-carbo- 
methoxy-3fl-benzoxy tropane, are therefore unequi- 
vocally proved. For the " th i rd  racemate"  of ecgonine, 
the structure of 2a-carboxy-3e-hydroxy-tropane has 
been predicted, based upon its ready dehydrat ion due to 
trans-elimination. The way to the synthesis of the two 
hi ther to unknown diastereomers of cocain is now 
disclosed. 

In order to establish the configurations of the t ropane 
alkaloids carrying oxygen function(s) at  the ethylene 
bridge (scopolamine, oscine, valeroidine, meteloidine) 
theoretical  deductions, as well as a new method,  have 
been adopted. 

(a) The ready conversion of scopolamine into oscine 
was interpreted in terms of an internal rearward nucleo- 
philic a t tack of the anti-placed C~-OH group toward the 
syn-plaeed epoxide ring at Cn,,. As a control of this 
deduction, hydrogenolysis of scopolamine into dl-3,6- 

dihydroxy-tropane has been achieved; the levorotatory 
form of the lat ter  proved identical with the alkamine 
from vMeroidine. 

(b) All the alkaloids mentioned have at C~(7) syn- 
placed oxygen function(s) to the ring nitrogen as indi- 
cated by the use of a new method. The ter t iary  bases 
were converted by means of e thyl  iodoacetate into the 
qua ternary  salts of the lactones derived from N-carboxy- 
methyl-oscine, 3 ,6-dihydroxy-tropane and teloidine, 
respectively. These intramotecular  bridge formations 
supply unambigous evidence for the neighbourhood of 
the C~!7) OH groups to the ring N or, more strictly 
speaking, to the unbound electron pair of this atom. 

The selective and " reverse"  quaternerizat ion of 
tropines has been interpreted in terms of the Pitzer 
effect of the ethylene bridge upon the N-CH a group, 
which favours the position of this group as inclining to 
the piperidine ring. The quantummechanical  concept of 
the tetrahedral  valency orientation of t r icovalent  nitrogen 
was taken into consideration. 

I t  is hoped tha t  the investigations reported may help 
to make possible a more profound analysis of the mode 
of action of tropane alkaloids of different steric struc- 
ture on the appropriate bioreceptors. Perhaps the shape 
of prosthetic groups of some of these receptors may also 
be visualised on the basis of the knowledge of the mor- 
phology of these reactants.  

Br6ves c o m m u n i c a t i o n s  - K u r z e  M i t t e i l u n g e n  
Brevi c o m u n i c a z i o n i  - Br ie f  Reports  

Les auteurs sont seuls responsaMes des opinions exprim~es dans ees communications. - Ffir die kurzen Mitteilungen ist ausschliesslich 
der Autor verantwortlieh. - Per le brevi eomuaieazioni ~ responsabile solo l'autore. - The editors do not hold themselves responsible for 

the opinions expressed by their correspondents. 

E l e c t r o n  M i c r o s c o p y  o f  t h e  B o n e  G r o u n d  
S u b s t a n c e  U s i n g  t h e  P s e u d o - R e p l i c a  T e c h n i q u e  

The nltrafine morphology of the bone ground sub- 
stance and its relationship to the inorganic or crystalline 
fraction, has been so far incompletely invest igated by 
electron microscopy. The problem has already been 
approached by one of us (ASCENZI 1, ASCENZI and 13~NE- 
DETTI 2) observing bone tissue t reated in the Waring 
blendor. 

In order to bring a more adequate  contr ibution to 
this subject, a specific s tudy has been carried out using 
the pseudo-replica technique (see "WVCKOFF a) "SO tha t  
a very thin layer of material  is directly investigated. 

Material and method.-From ox femur diaphysis (fresh 
or fixed in 10 °//o formol solution), rectangular  samples 
(5 × 1 × 1 cm) were prepared, the maximal  dimension of 
which being orientated parallel to the longitudinal axis of 
the bone. 

1 A. AscE~zl, Rendic. Ist. super. San. 12, 893 (1949). 
2 A. AscEtczI and E. L. BENEI)ErTI, Arch. Sci. biol. 38, 234 (1954). 
3 R. W. G. WYcKm~F, Electron Microscopy, Technique and appli- 

cations (Intersciencc Publ:, New York, 1949), 

The pseudo-replicas were prepared as fl)Ilows: 
(1) One surface of the sample was highly polished. 
(2) The surface was etched either with a 1% HNO3 

solution, or with a 0-5 % trypsin solution, pH 8-5, at 
37°C. The optimal t ime was 10 s for HNO 3 and 45 rain 
for trypsin. 

(3) The surface was washed with distilled water  and 
allowed to dry. 

(4) The surface was metal-shadowed by oblique eva- 
porat ion of chromium. 

(5) A Formvar  solution (500 mg Formvar  in 100 ml 
dioxan) was dropped on to the surface and the excess 
liquid was drained off. Then the film was allowed 
to dry thoroughly. 

(6) Some isolated drops of gelatine solution (10 g 
gelatine in 80 ml water) were placed on the formvar 
film and allowed to dry. The shrinking of the dried 
gelatine drops facili tated the stripping off of the pseudo- 
replica. 

(7) The pseudo-replica was str ipped off at the level 
of the gelatine drops using a very fine knife. 

(8) The pseudo-replica together  with the gelatine 
drops was then floated (replica side up) on hot  distilled 
water at 60°C. In this way only the gelatine drops were 
removed.  
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(9) F ina l ly  the  pseudo-repl ica ,  f loa t ing  face up, was 
m o u n t e d  on the  s u p p o r t i n g  disc of the  e lec t ron micro-  
scope, 

For  e x a m i n a t i o n  of une tched  bone surface,  the  second 
and th i rd  steps were omi t t ed .  

We ob ta ined  s o m e w h a t  sharper  s t ruc tu ra l  detai ls  
using KOSSA'S m e t h o d  of s ta in ing  a f te r  s tep 3, the  bone  
surface  be ing  e t ched  wi th  HNO3 solut ion.  

The  pseudo-repl icas  were  e x a m i n e d  under  the  e lec t ron  
microscope of the  " I s t i t u t o  Super iore  di S a n i t g "  in 
Rome .  

Results. (A) In  pseudo-repl icas  of une tched  bone,  the  
calcif ied g round  subs tance  has a poor ly  g ranu la t ed  
s t ruc tu re  (see also ROUILLER, HUBER, and  RUTISItAU- 
SER1). No  c rys ta l l ine  fea tures  can be obse rved  (see also 
RUTISHAUSER and ~IAJNO2). 

(B) In  pseudo-repl icas  ob ta ined  f rom bone p rev ious ly  
e t ched  wi th  H N O  a (Fig. 1), the  ground subs tance  is made  
up of  smal l  g lobules  or  par t ic les  a p p a r e n t l y  spher ical  in 
shape.  The  par t ic les  are  f r e q u e n t l y  a r r anged  e i the r  end 
to end,  bu i ld ing  up  single fibres, or  side to  side, fo rming  
a two or th ree -d imens iona l  ne twork .  I t  is possible to de- 
mons t r a t e  a re la t ionship  be tween  the  globules  of the  
g round  subs tance  and the col lagen fibres. In F igure  2 

under  the  e lec t ron  microsope.  In  fact,  F igure  3B shows 
a thin f r agmen t  of d iges ted  bone which  was acc identaI ly  
r emoved  from the  sample  in s t r ipp ing  off t he  rep l ica ;  i ts 
s t ruc ture  has the  appea rance  of a v e r y  fine f r amework  
del imi t ing  round spaces. The  l a t t e r  can be regarded  as 
the  spaces p rev ious ly  occupied  by  the  spher ical  granules  
of the  ground substance .  
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Fig. ~.-Magnifieation, 4%000 v The preferential oblique orientation 
(from above to bottom and from left to right) of the organic ground 

substance appears to eorrespon(t to the collagen period. 

(D) Pseudo-repl icas  obta ined  from bone d iges ted  by 
t ryps in  and s ta ined wi th  KossA'S method,  d e m o n s t r a t e  
a v e r y  fine f ramework ,  s imi lar  in eve ry  respect  to t h a t  
of  pseudo-repl icas  f rom uns ta ined  bone b u t  s o m e w h a t  
sharper .  

Fig. 1.-Magnification, 36,000 ×. 

(left and  downwards)  t he  globules  appea r  a l igned in 
a g r e e m e n t  wi th  the  col lagen period.  The  d i a m e t e r  of 
single globules  ranges  f rom 200 to 250 A. 

The  a b o v e - m e n t i o n e d  fea tures  of  t he  g round  subs tance  
can  also be observed  in p repa ra t ions  of decalc i f ied  bone 
t r e a t e d  in the  W a r i n g  b lendor  (AscENZI and BENEDETTI a). 

(C) Pseudo-rep l icas  p repa red  f rom bone p rev ious ly  
d iges ted  by  t ryps in  show a s t ruc tu re  consis t ing  of a 
v e r y  fine f r a m e w o r k  (Fig. 3A). The  meshes  are  i r regular  
in shape  and  de l imi t  spaces  f rom 200 to  250 A in dia- 
mete r .  The  th ickness  of the  single meshes  is abou t  150 A. 
This  pa r t i cu la r  s t ruc tu re  can be regarded  as t h a t  of the  
inorganic  bone f rac t ion  ob ta ined  a f te r  r e m o v a l  of the  
g round  subs tance  by  t ryps in  digest ion.  No e v i d e n t  
c rys ta l l ine  fea tures  could be de t ec t ed  anywhere .  

The  pseudo- rep l ica  p a t t e r n  is v e r y  s imilar  to  the  
s t ruc tu re  of the  t ryps in -d iges ted  bone,  d i rec t ly  observed  

X CH. ROUILLER, L. HUBER and E. RUTISHAUSER, Acta anat. 16, 
16 (195~). 

E. RUTISUAUSER and G. MAJNO, Bull. Hosp. Joint. Dis. (H. L. 
JAFFE, anniversary volume) 12, 468 (1951). 

a A. ASCENZI and E. L. BENEDEITI, Arch. Sci. biol. 88,234 (1954). 

Fig. :L-Magnification, 40,000 ×. 

Conclusion.-With the  pseudo- rep l ica  me thod ,  we h a v e  
shown tha t  the  calcif ied g round  subs tance  of bone has a 
g ranu la r  s t ruc tu re  due  to  the  organic  g round  subs tance  
enclosed in t i le meshes  of a v e r y  fine f r amework  der iv ing  
f rom the  inorganic  f ract ion.  The  granules  of organic  
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g r o u n d  s u b s t a n c e  show a n  o r i e n t a t i o n  w h i c h  cor re-  
s p o n d s  to  t he  pe r iod  of co l lagen  f ibres.  

A. ASCENZI and  A. CHIOZZOTTO 

Institute o~ Anatomia .Patologica, University o/ Rome, 
and Istituto Superiore di Sanitg, in Rome, August 26, 7954. 

Rdsumd 

Les a u t e u r s  o u t  6 tud i6  au  mic roscope  61ectronique,  au  
m o y e n  de la  t e c h n i q u e  de la  p s e u d o - e m p r e i n t e ,  la  s t r u c -  
t u r e  de la  s u b s t a n c e  f o n d a m e n t a l e  calcif i6e d 'os  k 
s t r u c t u r e  l ame l l a i r e  ( f6mur  de bovid6) .  I l s  o n t  p u  a ins i  
d 6 m o n t r e r  que  c e t t e  s u b s t a n c e  es t  form6e de  g lobu les  
de  n a t u r e  o r g a n i q u e ,  e n c l a v 6 s  d a n s  u n  f in  r6seau  in-  
o r g a n i q u e .  Le  d i a m 6 t r e  des  g lobules ,  a ins i  que  celui  des  
mai l l es  du  r6seau  i n o r g a n i q u e ,  es t  de  l ' o r d r e  de  200-250  
A. Les  g lobules  o r g a n i q u e s  s o n t  a t ign6es  pa ra l I61emen t  
a u x  f ibr i l les  col lag6nes .  

T h e  E x c h a n g e  o f  B o n e  C a l c i u m  w i t h  Ca ~5 ~ 

Introductory Background. (1) I t  is well  e s t a b l i s h e d  t h a t  
K O H - g l y c o l  a s h e d  b o n e  will  exchange ,  c a l c i u m  ions 
w h e n  s u s p e n d e d  in a c a l c i u m  so lu t i on  t a g g e d  w i t h  Ca 45 ~. 
W h e n  e q u i l i b r i u m  is o b t a i n e d  1 4 - 1 5 %  of t h e  b o n e  
c a l c i u m  is f o u n d  to  e n t e r  i n to  t h e  e x c h a n g e  r e a c t i o n  S . 

(2) Ca l c ium p h o s p h a t e s  w i t h  C a / P  w e i g h t - r a t i o s  
r a n g i n g  f r o m  1.72 t o  2-26 h a v e  b e e n  d e s c r i b e d  as a ser ies  
of de fec t  p s e u d o - a p a t i t e s  w i t h  m o r e  or  less c a l c i u m  
o c c u p y i n g  l a t t i c e  pos i t ions* .  I t  is poss ib le  t o  fill t h e s e  
mi s s ing  p o s i t i o n s  b y  s u s p e n d i n g  t h e  m a t e r i a l  in  l ime  
s o l u t i o n  5. These  p s e u d o - a p a t i t e s  d i f fer  c h e m i c a l l y  a n d  
p h y s i c a l l y  f r o m  t r u e  h y d r o x y a p a t i t e  desp i t e  t h e  fac t  
t h a t  t h e i r  X - r a y  d i f f r ac t i on  p a t t e r n s  are  s imi la r .  T he  
c o m p o u n d  w i t h  t h e  g r e a t e s t  C a / P  (2.26) is s i m i l a r  to  t he  
p r i n c i p a l  i n o r g a n i c  c o m p o n e n t  of bone .  

I f  we p r e p a r e  t h i s  c a l c i u m  p h o s p h a t e  (Ca /P  = 2.26) 
b y  s u s p e n d i n g  a de fec t  p s e u d o - a p a t i t e  in  l ime  so lu t ion ,  
t h e  v a r i o u s  t y p e s  of c a l c i u m  ions in t h e  r e s u l t i n g  solid 
are  : 

(a) t h e  o r ig ina l  9 Ca ions s t o i c h i o m e t r i c a l l y  b o u n d  to  
t h e  p h o s p h a t e s  g roups ,  

(b) t h e  a d d i t i o n a l  1 ~ Ca ions i n c l u d e d  in some  m a n -  
ne r  in  t h e  p s e u d o - a p a t i t e  of  C a / P  = 2.26, 

(c) m o r e o v e r ,  e spec ia l ly  in  t h e  case  of b o n e  sa l t s ,  
some  p h y s i c a l l y  a d s o r b e d  Ca ions.  

1 This work was sponsored by the Air Research and Development 
Command, United States Air Force, through its European Office: 
contract n ~ AF 61(514)-647 C, and the Centre Interuniversitaire des 
Sciences Nucl6aires of Belgium, 

2 H. C. HODGE, Proc. Metabolic Interrelations Conference (J. 
Macy Jr. Fd., New York, 1949, p. 49.- W. F. NEL'MA~G Proe. Metab 
olie Interrelations Conference (J. Macy Jr. Fd., New York, 1950), 
p. 3'2. - M. FALKENIIEIM, E. E. UNDERIVOOD, and H. C. HODOE, 
J. Biol. Chem. 188,805 {1951). - E. E. UNDERWOOD and H. C. HODGE, 
J. Dent.  Res. 31, 64 (1952). - W. MINDER and T. GORDONOVV, 
Schweiz. Med. Wschr. 63, .~95 (19,53). ~ W. F. NItUMAN, Chem. Rev. 
53, 1 (1953). 

8 H. C. HODOE, Proc. Metabolic Interrelations C(mference (J. 
Maey Jr. Fd., New York, 1949), p. 49. M. FALKENHEIM, E. E. 
UNDERWOOD, and H. C. HODGE, J. Biol. Chem. lSS, 805 (1951). 

4 A. S. t)OSNtgR, C. FABRY, and M. J. DALLEMAGNE, Biochim. 
Biophys. Acta 15, 304 (1954). - M. J. DALLEMAGNE, C. FABRY, and 
A. S. POSNER, J. Physiol. 126, 18 (1954). 

fi C. FABRY, Biochim. Biophys. Aeta In401 (1954); ibidem 1.%4 
(in print). 

(3) H y d r o c h l o r i c  ac id  can  p r e f e r e n t i a l l y  d isso lve  t he  
Ca ions b o u n d  to  t h e  c a r b o n a t e  in  b o n e  1. I n  t h e  f i rs t  
s t ages  of t h e  ac id  ac t ion ,  t h e  C a / P  r a t i o  of t h e  l iqu id  
p h a s e  is v e r y  h igh ,  d e c r c a s i n g  s lowly  as t h e  f u n d a -  
m e n t a l  p h o s p h a t e  (Ca /P  = 1.94) goes i n to  so lu t ion .  The  
a c t i o n  of HC1 on  b o n e  is j u s t  t h e  r eve r se  of a d d i n g  Ca 
f r o m  l ime  s o l u t i o n  t o  a de fec t  c a l c i u m  p h o s p h a t e  as 
a b o v e .  U n f o r t u n a t e l y ,  t h i s  ac id  a c t i o n  is n o t  qu i t e  
se l ec t ive  a n d  i t  is n o t  poss ib le  to  d i s so lve  t h e  ca l c ium 
ions w h i c h  fill t h e  de tec t s  w i t h o u t  d e s t r o y i n g  t h e  f u n d a -  
m e n t a l  t r i c a l c i u m  p h o s p h a t e  to  some  e x t e n t .  

Experimental procedure. C o m b i n i n g  t h e  t e c h n i q u e s  of 
r a d i o a c t i v e  e x c h a n g e  a n d  HCI a t t a c k ,  we were  ab le  to  
o b t a i n  i n f o r m a t i o n  r e g a r d i n g  t h e  n a t u r e  of e x c h a n g e a b l e  
c a l c i u m  in  b o n e  mine ra l .  T h e  s t a r t i n g  m a t e r i a l  for  our  
e x p e r i m e n t  was  K O H - g l y c o l  a s h e d  b o n e  w h i c h  was 
exposed  for  a m o n t h  to  Ca 4s CI~ s o l u t i o n  a n d  t h e n  f i l t e r -  
ed a n d  d r i e d  to  c o n s t a n t  w e i g h t  a t  I05°C.  T h e  specif ic  
a c t i v i t y  of t h i s  s t o c k  b o n e  a s h  was  9.48 × 10 ~. F r a c t i o n s  
of t h i s  m a t e r i a l  (500 mg) were  s u s p e n d e d  for  10 ra in  in 
25 m l  of v a r y i n g  HC1 so lu t ions .  T h e  a m o u n t  of HCI 
r a n g e d  f r o m  0.2 m E  to  6.25 m E .  T h e  a m o u n t  of HC1 
su f f i c i en t  fu l ly  to  d i sso lve  500 m g  of b o n e  a s h  was 6.85 
m E .  A f t e r  f i l t r a t i o n  a n d  d r y i n g  a t  105°C, e a c h  s a m p l e  
was  w e i g h e d ;  t h e  ca l c ium,  p h o s p h o r u s  a n d  specif ic  
a c t i v i t y  were  d e t e r m i n e d  for  b o t h  t h e  l iqu id  a n d  res idua l  
sol id  phase .  See T a b l e  for  a t a b u l a t i o n  of t h e  resul t s .  

Results and discussion, The  w e i g h t  loss of t he  s amp le s  
in HC1 s o l u t i o n  i nc r ea sed  w i t h  t h e  inc rease  of HCI em-  
p loyed ,  As t h e  HC1 c o n c e n t r a t i o n  inc reased ,  t he  specif ic  
a c t i v i t y  of t h e  l iquid ,  v e r y  h i g h  for  t h e  s m a l l  HC1 
q u a n t i t i e s ,  dec reased .  H o w e v e r ,  t h e  specif ic  a c t i v i t y  was 
a l w a y s  h i g h e r  in  t h e  l i qu id  t h a n  in  t h e  c o r r e s p o n d i n g  
r e s i d u a l  so l id  phase .  F o r  e a c h  e x p e r i m e n t ,  t h e  l i q u i d  
p h a s e  a lways  c o n t a i n e d  more  ca l c ium t h a n  r e q u i r e d  for  
9 Ca p e r  6 P (Ca /P  = 1.94), Th i s  excess  r e p r e s e n t s  t h e  
a d d i t i o n n a l  Ca ion  c o n t e n t  of b o n e  s t r u c t u r e ,  On  t h e  
o t h e r  h a n d ,  t h e  C a / P  w e i g h t - r a t i o  in  t h e  sol id  p h a s e  
d e c r e a s e d  s lowly  u n t i l  i t  r e a c h e d  a v a l u e  of 1.98. 

I n s t e a d  of  r e g a r d i n g  t h e  r a t i o  ( c o u n t s / m ) / t o t a l  Ca, 
wh ich  dec reases  in  b o t h  phases ,  we c a n  c a l c u l a t e  t h e  
r a t i o :  ( c o u n t s / m ) / e x c e s s  Ca. T h i s  t u r n s  o u t  t o  be a 
c o n s t a n t  v a l u e  (61.9 4- 5"2) i n d e p e n d e n t  of t h e  e x t e n t  
of HC1 a t t a c k  on  t h e  solkt,  

We feel that the Ca 4~ exchanged by bone mineral is ex- 
clusively the excess 7 1/,2 moles o/ calcium o/ the saturated 
pseudo-apatite. These  c a l c i u m  ions are  n o t  o n l y  on  t h e  
surface ,  b u t  a re  c o n t a i n e d  in t h e  s t r u c t u r e  of t h e  solid,  
for  t h e y  are  s t i l l  p r e s e n t  a f t e r  severe  HC1 a t t a c k .  T h i s  is 
s u p p o r t e d  b y  a r e c e n t  e x p e r i m e n t  in  t h i s  l a b o r a t o r y  
w h i c h  s t u d i e d  t h e  u p t a k e  of Ca 45 b y  a de fec t  pseudo-  
a p a t i t e  of C a / P  = 1-94. T h e  m a t e r i a l  was  d r i ed  a t  105°C 
a n d  e x p o s e d  to  a s o l u t i o n  c o n t a i n i n g  low c a l c i u m  con-  
c e n t r a t i o n s .  On ly  p s e u d o - a p a t i t e s  w i t h  a C a / P  g r e a t e r  
t h a n  1,94, s u c h  as bone ,  c a n  e x c h a n g e  in t h e  p r e sence  of 
s m a l l  Ca  c o n c e n t r a t i o n s .  

T h e  e x c h a n g e  r e a c t i o n  of t he  Ca in excess  of 9 moles  
pe r  u n i t  cell in  b o n e  m i n e r a l  is r ap id ,  w i t h  a/4 of t h e  
e q u i l i b r i u m  v a l u e  b e i n g  a t t a i n e d  in  10 ra in  a n d  ful l  
e q u i l i b r i u m  b e i n g  a t t a i n e d  in a few hours .  T h u s  these  
excess  Ca pos i t i ons  do no t  b e h a v e  c h e m i c a l l y  in t he  
s a m e  w a y  as t h e  o r ig ina l  9 Ca ions  of t h e  f u n d a m e n t a l  
n e u t r a l  p h o s p h a t e .  
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