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d i s t r i b u t e d  s t r i a t e d  musc le  f ibres  a lone  r e m a i n i n g .  T h e  
bu lk  of t h e  t r a n s p l a n t  is c o m p o s e d  of m e s e n c h y m e  
p r o b a b l y  de r i ved  f rom t h e  d e - d i f f e r e n t i a t i o n  of the  ta i l  
t issues.  A m o n g  t h e m  are  a lso  to  b e  f o u n d  m a n y  pig- 
m e n t e d  cells. W h e r e  e x t e r n a l l y  t h e  a p p e a r a n c e  of t h e  
t r a n s p l a n t  m o s t  r e s e m b l e s  a l imb,  i n t e r n a l l y  n o d u l a r  or  
e longa t ed  masses  of h e a l t h y  ca r t i I age  cells are  f o u n d  in 
the  p roces s  of o r g a n i z a t i o n  t o  fo rm ske l e t a l  s t r uc t u r e s .  
In  t h o s e  s p e c i m e n s  in  w h i c h  s u c h  o r g a n i z a t i o n  h a s  
r eached  a m a x i m u m ,  i t  is poss ib le  t o  d i s t i n g u i s h  t h e  
a p p r o p r i a t e  p a r t s  of t h e  p e c t o r a l  girdle ,  s t i lo-  a n d  zeugo- 
podia,  c a r p u s  a n d  d ig i t a l  ca r t i l ages .  S u r r o u n d i n g  t h e  
ex i s t ing  p a r t s  of l i m b  ske l e ton  a re  b u n d l e s  of musc le  
fibres, a l m o s t  c e r t a i n l y  t h e  d e v e l o p i n g  l i m b  m u s c u l a t u r e .  
More o f ten ,  howeve r ,  t h e  g i rd le  is a b s e n t ,  t h e  ske le ta l  
c o m p o n e n t s  are  r e d u c e d  in size a n d  n u m b e r ,  a n d  t h e  
m u s c u l a t u r e  m a y  be  lack ing .  

(2) W h a t  c an  b e  sa id  of t h e  m e c h a n i s m  b y  which  
these  c h a n g e s  a re  e f fec ted  ? As h a s  b e e n  sa id  p rev ious ly ,  
the  p rog re s s ive  t r a n s f o r m a t i o n  o u t l i n e d  a b o v e  can  on ly  
occur  if t h e  g r a f t  is m a d e  i n t o  t h e  l i m b  field of t h e  host .  
F r o m  i ts  f i rs t  a p p e a r a n c e  t h e  l i m b  field possesses  capa -  
c i ty  for  i n d u c t i o n ,  as has  b e e n  s h o w n  b y  t he  p r e s e n t  
work. P r o b a b l y  c h e m i c a l  s u b s t a n c e s  e l a b o r a t e d  b y  t he  
field pass  i n t o  t h e  graf t .  I n  m o s t  s p e c i m e n s  no  meso-  
d e r m a l  cells f r o m  t h e  h o s t  were  to  be  f o u n d  in t he  
t r a n s p l a n t ;  in  t h e  r e m a i n d e r  t h e y  were  p r e s e n t  in ex-  
t r e m e l y  s m a l l  n u m b e r s .  U n d e r  t h e  in f luence  of t h e s e  
s u b s t a n c e s  t h e  f i r s t  s t ages  of d e g e n e r a t i o n  a re  p e r h a p s  
in i t i a t ed  in  t h e  d o n o r  ta i l ,  a n d  s u b s e q u e n t l y  t h e  pro-  
cesses of r e o r g a n i z a t i o n  w h i c h  r e s u l t  in  t h e  f o r m a t i o n  of 
the  l i m b  f r o m  t h e  ta i l .  I n  c o r r o b o r a t i o n ,  i t  shou ld  b e  
no ted  t h a t  w h e n  t h e  g r a f t  is m a d e  i n t o  a reg ion  o t h e r  
t h a n  t h e  l i m b  field, t a i l  d e g e n e r a t i o n  does  n o t  occur .  In -  
s tead  t h e  ta i l  m a i n t a i n s  i t s  s h a p e  a n d  i n t e r n a l  s t r u c t u r e  
well b e y o n d  t h e  pe r iod  of m e t a m o r p h o s i s  of t h e  A n u r a n  
hos t  1. 

F r o m  w h a t  m a t e r i a l  is t he  l i m b  f o r m e d  ? A s t u d y  of 
h i s to logy  d i r ec t s  a t t e n t i o n  to  t h e  d i f f e r e n t i a t e d  mesen -  
c h y m a l  cells a m o n g  w h i c h  a re  some  t h a t  wou ld  n a t u r a l l y  
form t h e  v e r t e b r a l  car t i l ages .  I t  is p r o b a b l e  t h a t  t h e  
l imb s k e l e t o n  d i f f e r e n t i a t e s  f rom such  cells u n d e r  t h e  
i n d u c t i v e  in f luence  of t h e  l i m b  field. T h e  c a u d a l  m u s c u -  
la ture  p r o b a b l y  r e d i f f e r e n t i a t e s  to  fo rm t h e  l i m b  m u s c u -  
la ture .  

(3) R e c e n t l y  HOLTFRETER 2 has  o b t a i n e d  s imi l a r  
resul ts  to  t h o s e  o u t l i n e d  above .  H e  ha s  o b s e r v e d  t h a t  
tails o b t a i n e d  b y  i n d u c t i o n  ( f rom t r a n s p l a n t s  of pieces of 
mouse  k i d n e y  i n to  t h e  b l a s tocoe l  of Triton alpestris) a n d  
which  f ind  t h e m s e l v e s  in  t h e  h o s t  l i m b  field, are  t r a n s -  
formed i n t o  l imbs .  H e  d id  n o t  o b t a i n  t h e  s a m e  r e su l t s  
from d i r e c t  t r a n s p l a n t s  of t h e  t a i l  buds .  I t  is poss ib le  
t h a t  t h e  e x p l a n a t i o n  of t h e  l a t t e r  r e s u l t  is t h a t  t h e  
d i rec t  t r a n s p l a n t s  were  h o m o p l a s t i c .  X e n o p l a s t i c  g ra f t s  
pe rhaps  i n c r e a s e  t h e  i n d u c t i v e  c a p a c i t i e s  of t h e  l i m b  
field, as  is s h o w n  b y  t h e  f r e q u e n t  a p p e a r a n c e  of supp le -  
m e n t a r y  l imbs .  

N. FAR INELLA-FERRUZZA 

Zoological Institute,  Universi ty  o/ Palermo, Italy,  
Apri l  30, 1956. 

Riassunto 

B o t t o n i  c auda l i  di  T r i t o n  e di A xo l o t l  t r a p i a n t a t i  sul 
c ampo  d e l l ' a r t o  d i  Discoglossus  (allo s t a d i o  di neuru la )  
si d i f f e r enz i ano  in  code,  le qua l i  t a l v o l t a ,  a l l ' epoea  del ia  
me t amor fo s i  de l l ' o sp i t e ,  si t r a s f o r m a n o  in  ar t i .  Viene  
discusso il m e c c a n i s m o  di t a le  t r a s f o r m a z i o n e .  

2 j .  HOLTFRETER, J. exper. Zool. 1~9, 623 (1955). 

On the  I n t e r p r e t a t i o n  of  the  L o w - A n g l e  Sca t t er  
of  X - R a y s  f r o m  B o n e  T i s s u e  

ENGST~/5,~ a n d  FINEAN t d e m o n s t r a t e d  t h a t ,  in  ad -  
d i t i o n  to  t h e  w ide -ang le  X - r a y  d i f f r a c t i o n  p a t t e r n ,  b o n e  
t i s sues  also g ive  a d i f fuse  l o w - a n g l e  s c a t t e r .  T h e  s a m e  
authors-" a s s u m e d  t h a t  t h e  l o w - a n g l e  s c a t t e r  cou ld  be  
t r e a t e d  as  a p a r t i c l e  s c a t t e r  p e r t a i n i n g  t o  t h e  i n o r g a n i c  
or  m i n e r a l  f rac t ion .  I n  t h i s  w a y  t h e y  c o n c I u d e d  t h a t  t h e  
pa r t i c l e s  a re  r o d - s h a p e d ,  t h e  long  ax i s  of  t h e  r o d s  b e i n g  
a l igned  in t h e  d i r e c t i o n  of  t h e  l o n g i t u d i n a l  ax i s  of  t h e  
bone,  a n d  para l le l  to  t h e  co l l agen  f ibres .  I n  t h e  i n t a c t  
h u m a n  b o n e  t h e s e  pa r t i c l e s  a p p e a r  to  h a v e  a d i a m e t e r  
of a b o u t  73 ]k, a n d  a l e n g t h  of a b o u t  210 ]k. 

R e c e n t l y  ROBINSON a n d  WATSON 3 h a v e  c r i t i c i zed  t h e  
conc lus ions  of ENGSTROM a n d  FINEAN, b e c a u s e  o b s e r v a -  
t ions  w i th  t h e  e l e c t r o n  m i c r o s c o p e  do  n o t  s u p p o r t  t h e  
v iew t h a t  t he  i n o r g a n i c  pa r t i c l e s  a re  r o d - s h a p e d .  

The  f ind ings  w h i c h  one  of us p u b l i s h e d  in t h i s  j o u r n a l  
(see ASCENZ[ a n d  CHIOZZOTTO) 4 on  t h e  e l e c t r o n  mic ro -  
scopy  of t he  o rgan ic  b o n e  s u b s t a n c e ,  us ing  t h e  p seudo-  
repl ica  t e c h n i q u e ,  i n d u c e d  us to  r e p e a t  a n d  p o s s i b l y  to  
i m p r o v e  on  t he  i n v e s t i g a t i o n s  m a d e  b y  ENGSTROM a n d  
FINEAN in o rde r  to  f ind  a m o r e  a d e q u a t e  i n t e r p r e t a t i o n  
of t he  low-angle  d i f f r a c t i o n  p a t t e r n ,  

Material and method.-- L o n g i t u d i n a l  a n d  cross  s ec t ions  
(0-2 m m  th ick)  of t h e  f e m o r a l  d i a p h y s i s  of c a t t l e  w e r e  
p r e p a r e d  b y  g r ind ing .  T h e  low-ang le  s c a t t e r  was  r eco rd -  
ed f rom t h e  u n t r e a t e d  s e c t i o n s  as  wel l  as  f rom s i m i l a r  
sec t ions  f rom w h i c h  t h e  osse in  h a d  b e e n  r e m o v e d  ac-  
co rd ing  to  GABRIEL'S m e t h o d  (bo i l ing  in  g lyce ro l  w i t h  
6 %  K O H ) .  Th i s  p r o c e d u r e  is u n a b l e  t o  p r o d u c e  a n y  
c h a n g e  in t h e  c r y s t a l l i n e  s t r u c t u r e  of t h e  i n o r g a n i c  b o n e  
f r ac t i on  5 or  increase  in t h e  size of  t h e  c r y s t a l l i t e s  ~. 

A low-angle  s c a t t e r  a p p a r a t u s ,  s o m e w h a t  s i m i l a r  to  
t h a t  e m p l o y e d  b y  FINEAN 7 WaS used .  T h e  s c a t t e r  w~s 
r eco rded  us ing  Ni f i l t e red  C u K e  r a d i a t i o n  (~ = 1-54 A)8. 
T h e  m a x i m a l  r eco rded  s c a t t e r i n g  s p a c e  c o r r e s p o n d e d  t o  
250 A. The  i n t e n s i t y  v a r i a t i o n  of t h e  l o w - a n g l e  s c a t t e r  
was  m e a s u r e d  us ing  a Leeds  a n d  N o r t h r u p  a u t o m a t i c  
r ecord ing  m i c r o p h o t o m e t e r .  

Results and d iscuss ion . - -The  l ow-ang le  s c a t t e r  of X -  
r ays  f rom l o n g i t u d i n a l  s ec t ions  of b o n e  shows  a m a r k e d  
a s y m m e t r y  (Fig. a), i n d i c a t i n g  a n  e l o n g a t i o n  of t h e  
e l emen t s  or  u n i t s  r e s p o n s i b l e  for  t h e  s c a t t e r  a l o n g  t h e  
l o n g i t u d i n a l  axis  of t h e  bone .  O n  t h e  c o n t r a r y ,  t h e  low- 
angle  s c a t t e r  o b t a i n e d  f rom c ross - sec t ions  of b o n e  (Fig. 
b) r evea l s  no  a p p r e c i a b l e  o r i e n t a t i o n .  

Th i s  b e h a v i o u r  sugges t s ,  in  a g r e e m e n t  w i t h  ENG- 
STROM a n d  FINEAN, t h a t  t h e  s c a t t e r i n g  e l e m e n t s  a re  
well a l igned  a n d  s y m m e t r i c a l  a r o u n d  t h e i r  long  axes .  
T h e r e [ o r e  t h e  s a m e  e l e m e n t s  a p p e a r  as  if t h e y  we re  
l ike e l l ipsoids  of r e v o l u t i o n ,  t h e  long  axes  b e i n g  

i A. ENGSTR6M and J. B. FINEA~, Nature 171, 56-1 (1953). 
• z j .  tL FINEAN and A. t':NGSTR/JM, Biochem. biophys. Acta 11, 178 

{1953); Exper. lO, 63 {195-1). - R. CA~LSTRb.~ and J. B. I:INEAN, Bio- 
ehim. biophys. Aeta 13, 183 (195t). 

a R. A. ROBINSON and M. L. WATSON, Ann. New York Aead. Sei. 
60, 596 0955). 

4 A. ASCE~ZI and A. CulOZZOTTO, Exper. 11, 140 (1955). 
5 M. J. DALLEMAGNE, J. Physiol. 43, 4'25 (l~JSl). 
6 R. KLEMENT and G. TRbMEL, ttoppe-Seylers Z, physiol. Chem. 

213, 263 (1932); Kiln. Wsehr. 12, 29~ (1933), - E. BRANDENBERGER 
andH. R. SCHINZ, Helv. reed. Aeta, SuppL 16, 12 (I945). 

J. B. FINEAN, J. sci. Instr. 30, 60 (1953). 
s j .  B. FINEAN and A. E~GsrR6~t have observed that with a 

system of the type existing in the bone tissue, the use of Ni-filtered 
radiation (CuK~) does not entail more substantial errors than the 
use of monochromatic radiation, 
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aligned in the direction of the longitudinal axis of the 
bone. The diameters of the ellipsoids calculated by ap- 
plying GUINIER'S theory come very close to the results 
obtained for the human bone bYoENGsTR6M and FINEAN. 
The short diameter  is about  70 A and the tong one about  
200 h. 

a b c 

Still in agreement  with the results of ENaSTR6M and 
FINgAN, the low-angle scat ter  from the longitudinal 
sections of bone wi thout  ossein is much more sym- 
metrical (Fig. c) than tha t  obtained from untreated 
bone. This feature suggests tha t  the shape and dimen- 
sions of the scattering elements are changed. In fact the 
short  diameter  of the ellipsoids is about  80 .~k, while the 
long diameter  is reduced to about  130 .~. In  addition, the 
intensi ty of diffraction seems great ly increased by the 
removal  of ossein. 

The results provide the basis for the arguments  in 
the following discussion. 

The low-angle X-ray  scatter  might  be interpreted 
either in terms of the holes irregularly placed inside a 
homogeneous body or in terms of a particle scatter, when 
inter-part icle interference is not taken into considera- 
tion. In  the general equat ion adopted by GT-TINIER in 
t reat ing the scat ter  from such systems, the intensi ty of 
the scattered radiat ion appears as a function of the 
square of the difference of the electron densities per- 
taining to the single components  responsible for the 
scatter  (particles and surrounding medium or homo- 
geneous body and holes). Such a condition does not 
enable us to establish, a priori, to which of the two afore- 
said systems a low-angle scat ter  is related. In this 
respect the choice of the system is suggested by evidence 
derived from the data  of other  investigations. 

The ident i ty  of the low-angle X-ray diffraction pat tern  
pertaining, respectively, to the bone, collagen tissue s 
and calcified collagen ~° does not permit  the acceptance 
of the theory tha t  the scattering units pertain to in- 
organic particles, these la t ter  being completely  missing 
in collagen tissue. Therefore, the scat ter ing units must  
be considered as related to ellipsoidal entities (200 × 70 
.~) pertaining to the collagen and oriented in parallel. In 
bone and calcified collagen, the calcium salts, enclosing 
the organic ellipsoids, increase the difference in electronic 
density between the same organic particles of collagen 
and the surrounding medium. 

This interpreta t ion of the low-angle X-ray scatter  
from bone tissue in terms of holes (containing the organic 
particles) irregularly placed inside a homogeneous body 
(the inorganic bone fraction) is also supported by the 
following arguments : 

(a) SCHMIDr, 20 years ago, s tudying the form bire- 
fringence of the bone, furnished evidence tha t  the in- 
organic fraction should most likely be considered as a 

B A. C. T. NORTH, P. M. COWAN, and J. T. RANDALL, Nature 174, 
1142 (t954), 

10 A. E~'GS~'ROM and J. B. FIt4EA~ in: hTaturc and structure o] 
collagen (Discussion E) (London 1953), p. 152. 

homogeneous body with very fine holes occupied by the 
micelles belonging to the ground substance n.  

(b) A bone system resulting from inorganic particles 
or crystallites, dispersed in the ossein, according to 
ENGSTROM and FINEAN, could not exist when ossein had 
becn removed, since the particles would break down into 
an " incoherent  powder".  On the contrary, bone without  
ossein exists as a coherent structure,  though its resist- 
ance is greatly decreased. In addition, the polariz- 
ing microscope and the low- and the wide-angle 
X-ray diffraction pat terns  demonstra te  tha t  the struc- 
tural  orientat ion of the inorganic fraction is unmodified. 
Finally, the form birefringence curve can be recorded 
from the bone wi thout  ossein ~2. 

(c) Electron microscopical investigations ~3 have con- 
firmed the results of SCHMIDT'S investigations. Accord- 
ing to ASCENZI and CHIOZZOTTO, the maximal  diameter 
of the holes ranges from 200 to 250 ~.  According to 
]~3ARBOUR, the diameter  of the same structures ranges 
from a min imum of 62 tk to a max imum of 225 ,~k. 

(d) And lastly, it is very impor tan t  to remark that  
the change observed in the low-angle scat ter  of the 
bone from which ossein has been removed appears as new 
evidence of the necessity to in terpret  the low-angle 
scat ter  of the bone as due to organic ellipsoidal particles 
enclosed in the holes circumscribed by the inorganic frac- 
tion. Indeed, such a change is nei ther  related to the 
orientat ion nor the physical state of the inorganic crystal- 
lites, both conditions being unmodified by GABRIEL'S 
t reatment ,  according to the X-ray  diffraction patterns. 
Therefore it is more plausible to maintain  tha t  in the 
homogeneous body pertaining to the inorganic bone frac- 
tion, the removal  of the ground-substance from the 
holes results in an ar rangement  of the mater ial  delimit- 
ing the same holes. This view finds ready support  in the 
existence of the chemical bonds between ossein and the 
inorganic bone fraction ~4. 

C o n c l u s i o n s . - T h i s  a r r ay  of arguments  supports the 
view tha t  the inorganic bone fraction may probably be 
regarded as a homogeneous body with holes occupied 
by the micelles of the organic substance. The holes cor- 
respond to ellipsoids of revolution and are aligned with 
the axis of the bone. The present in terpreta t ion appears 
to be in agreement  with the properties of the bone and 
not in contradict ion to the knowledge derived from the 
wide-angle diffraction pat tern.  This last corresponds to 
the crystalline units. From their  aggregation derives the 
homogeneous body with holes responsible for the low- 
angle X-ray diffraction pat tern.  

V. CAGLIOTI, A.  ASCENZI and A. SANTORO 

[s t i tu to  di Ch imica  Generale ed Inorgan ica  e I s t i tu to  di 
Ana torn ia  Patologica,  Univers i th  di R o m a ,  November  30, 
1955. 

R ia s sun to  

Gli Autori  dimostrano che lo spettro di diffrazione a 
basso angolo del tcssuto osseo ~ determinato  da micelle 
elissoidali (elissoidi di rivoiuzione) delle dimensioni di 
200 × 70 /~, per t inent i  all 'osseina e accolte in iucavi 
del imitat i  dalla frazione inorganica. 

11 W. J. SCHMIDT, Bet. oberhess. Ges. Nat. u. HeiIk., Naturw. 
Abt., Giessen 15, 219 (I933). 

12 M. J. DALLEMAGNE and J. MELON, J. "Washington Acad. Sci. 
86, 181 (1946). - A. ASeENZI, Science 112, 84 (1950). 

13 A. ASCENZt and A, CHIOZZOTTO, Exper. 11, 140 (1950). - E. P. 
BARBOUR, Amer. J. phys. Anthrop. 8, 315 (1950). 

1~ V. CAGLIOTr, A. ASeENZI, and M. SCROCCO, Exper. 10, 37I 
(1954), 


