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T h e  G r o w t h  of  C a r t i l a g i n o u s  E m b r y o n i c  C h i c k  

B o n e s  A f t e r  F r e e z i n g  

I. Introduction.--  A l t hough  cons ide r ab l e  p rogress  h a s  
b e e n  m a d e  in  t h e  d e v e l o p m e n t  of t e c h n i q u e s  for  f reez ing  
cells a n d  t issues ,  a t t e m p t s  to  p r e se rve  a d u l t  h u m a n  
c a r t i l a g e  a t  t e m p e r a t u r e s  be low 0°C h a v e  fa i led/ .  S ince  
ca r t i l age  u n d e r g o e s  c o n s i d e r a b l e  m o d i f i c a t i o n  in  i t s  
s t r u c t u r e  a n d  m e t a b o l i s m  d u r i n g  m a t u r a t i o n  t h e  e f fec t  
of f reez ing  o n  e m b r y o n i c  ca r t i l age  is of in t e res t ,  a n d  in  
t h i s  p a p e r  t he  r e su l t s  of p r e l i m i n a r y  work  o n  t h e  freez-  
ing  of c a r t i l a g i n o u s  t i b i a e  f rom 6 -7  d a y  old  c h i c k  
e m b r y o s  is desc r ibed .  T h e s e  c a r t i l a g i n o u s  r u d i m e n t s  
g row a n d  d i f f e r e n t i a t e  in  t i s sue  c u l t u r e  ~, a n d  t h e r e f o r e  
t h e i r  r e sponse  in vitro p r o v i d e s  a v e r y  c o n v e n i e n t  t e s t  
of v i a b i l i t y  a f t e r  t h a w i n g .  

I I .  Material  and Methods.--  The  t i b i ae  f r o m  6 a n d  7 
d a y  old  ch i ck  e m b r y o s  were  used  in th i s  work .  T h e  
bones  c o n t a i n e d  in s m a l l  t e s t  t u b e s  were  cooled to  
- -79°C in  a b o u t  40 m i n  u s ing  t h e  f reez ing  t e c h n i q u e  
desc r ibed  b y  SMITH s. Af t e r  t h e  r equ i s i t e  pe r iod  a t  -- 79 ° 
Celsius h a d  e lapsed  t h e  b o n e s  were  r a p i d l y  t h a w e d  b y  
i m m e r s i o n  of t h e  t u b e s  in  a w a t e r  b a t h  a t  37°C. T h e  
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bones  were  t h e n  r emoved ,  r insed  in T y r o d e  so lu t ion  a n d  
t r a n s f e r r e d  to  t h e  sur face  of t h e  c l o t t e d  p l a s m a  in t h e  
c u l t u r e  dishes.  

T h e  e x p l a n t s  were  c u l t i v a t e d  a t  37°C us ing  t h e  w a t c h  
glass m e t h o d  for  solid m e d i a  4, some  b o n e s  b e i n g  k e p t  for  
3 d a y s  a n d  o t h e r s  for  6 days ,  I f  t h e  t e s t  l a s t ed  m o r e  t h a n  
3 d a y s  t h e  m e d i u m  was  renewed .  T h e  m e d i u m  cons i s t ed  
of 0-01 ml  of 6 .5% glucose so lu t ion ,  0-375 m l  fowl 
p l a s m a  a n d  0,125 ml  of a n  e x t r a c t  in  T y r o d e  of a m i n c e d  
c h i c k  e m b r y o .  T h e  e x t r a c t  was  p r e p a r e d  f rom a 13 d a y  
e m b r y o  in  t h e  f i r s t  e x p e r i m e n t  a n d  f r o m  a 9 clay e m b r y o  
in  t h e  second.  

T w o  t r e a t m e n t s  were  used in each  e x p e r i m e n t  a n d  
the se  were a l l o t t e d  a t  r a n d o m  to one  or  o t h e r  of t h e  t w o  
t i b i a e  f rom e a c h  e m b r y o .  D r a w i n g s  were m a d e  w i t h  a 
c a m e r a  lnc ida  of t h e  b o n e s  in i t i a l ly  a n d  agai~a on  t h e  
f i rs t  a n d  s i x t h  d a y s  of c u l t i v a t i o n .  F r o m  t h e s e  t h e  
l e n g t h  a n d  m a x i m u m  w i d t h  of e a c h  cp iphys i s  were  de-  
t e r m i n e d .  T h e  a v e r a g e  e p i p h y s e a l  w i d t h  of e a c h  bone  is 
de f ined  as t h e  m e a n  of t h e  t w o  m a x i m u m  e p i p h y s e a l  
wid ths .  T h e  s t a t i s t i c a l  ana ly se s  fol low s t a n d a r d  proce-  
d u r e s  a n d  h a v e  b e e n  m a d e  a f t e r  t r a n s f o r m a t i o n  of t h e  
d a t a  to  t h e  l o g a r i t h m i c  scale. 

I I I .  Results.--(1) T h e  t i b i ae  f rom f ive ch i ck  e m b r y o s  
(7 d a y s '  i n c u b a t i o n )  were  used in t h i s  e x p e r i m e n t .  T h e  
t w o  t r e a t m e n t s  c o m p a r e d  were  (a) s t o r ag e  a t  -- 79°C for 
1.5 h afteT f reez ing  in 1 5 %  glycerol  sal ine,  .and subse -  
q u e n t  cu l tu re ,  a n d  (b) c u l t u r e  w i t h o u t  f reez ing  (con t ro l  
t r e a t m e n t ) .  
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Fig. l.--Epiphysis of a tibia cultivated for 3 days after freezing. Fig. 2.--1)iaphvsis of ;/ tibia cultivated fnr 3 days after freezing. 
x 126. x 5o0. 
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The effect of freezing on the length and average epiphyseal width of 
7 day old embryonic chick tibiae after 8 days' cultivation. 

l Mean log length 

IzfitiaI Final 

0.616 0-800 
0-622 0-676 

Treatment Difference 
(d) 

Unlrozen . . 0-184 
Frozen 0-054 

Standard error of d: 0.015, 8 D.F. 

Treatment Difference 
(d) 

Unfrozen . . 
Frozen . . . 

Mean log epiphyseal width 

Initial Final 

0.124 0.200 
0.122 0.206 

0~076 
0.084 

Standard error of d: 0.012, 8 D,F. 

The  measu remeh t s  ob ta ined  f rom the  c a m e r a  luc ida  
drawings  m a d e  af te r  3 days '  cu l t i va t ion  are  summar i zed  
in the  Table .  The  resul ts  d e m o n s t r a t e  t h a t  a l t hough  the  
frozen bones e longa ted  to  a s igni f icant  degree  (tls / = 3.60, 
0.01 > P > 0.001), t h e  e x t e n t  of t he  e longa t ion  was  
m u c h  less t h a n  t h a t  obse rved  on the  unf rozen  controls .  
The  Table  also shows t h a t  cons iderable  and  equa l  
g rowth  of t h e  epiphyses  occur red  in b o t h  the  f rozen and  
unfrozen bones.  

His to logica l  e x a m i n a t i o n  of t he  exp tan t s  showed t h a t  
t h e  m a j o r i t y  of the  rounded  ep iphysea l  and  f l a t t ened  
cells su rv ived  the  freezing,  a l though  in m o s t  spec imens  
some ceils in the  cen t re  of the  epiphys is  were  dead  
(Fig. 1). I n  cont ras t ,  however ,  a large n u m b e r  of t he  
cells in the  d iaphys is  were  dead.  A few were  a l ive  and  
hyper t roph ied ,  b u t  t h e y  appeared  v e r y  d i s to r ted  (Fig. 2). 
The  per ios teum and  the  zone of per ios tea l  oss i f ica t ion 
was normal .  I n  some specimens,  cu l t i va t ed  for 6 days  
af ter  freezing, mi to t i c  figures were  found  in t he  out-  
g rowth  of f ibroblasts ,  the  pe r ios t eum and a m o n g  t h e  
chondrocy tes  of the  epiphysis .  

(2) The  t ib iae  f rom six ch ick  embryos  (6 days '  incuba-  
tion) were employed .  The  two t r e a t m e n t s  were s torage 
for 1 h a t  - -79°C  and subsequen t  cu l ture  a f te r  (a) freez- 
ing in no rma l  saline, and (b) f reezing in 15% g l y c e r o l  
saline. 

Af t e r  3 days '  cu l t i va t ion  al l  the  bones f rozen in n o r m a l  
saline were  dead. All  the  bones f rozen in glycerol  saline,  
however ,  su rv ived  the  freezing, The  degree of e longa t ion  
var ied  f rom specimen to  specimen.  Two  of the  bones  
doubled  the i r  l eng th  and  r ema ined  n o r m a l  in shape,  
while the  o thers  e longa ted  to a lesser degree  accompan ied  
by  some dis tor t ion.  I n  MI spec imens  the  ep iphysea l  and  
f l a t t ened  cells were  n o r m a l  in appea rance  and  showed  
mi to t i c  ac t iv i ty .  No  necrosis was seen in  these  regions.  
Only  a few cells were  dead  in t he  diaphysis ,  t he  m a j o r i t y  
being hyper t roph ic .  I n  some regions of t he  diaphysis ,  
howeverTthe-ma~crixwas a b n o r m a l  in s t ruc ture ,  a l t hough  
i t  s ta ined me tach roma t i ca l l y  wi th  to lu id ine  blue.  

IV.  Discuss ion . -The  results  show t h a t  i t  is possible to 
freeze, and  subsequen t ly  revive ,  all par t s  of the  car t i lagi -  
nous t ib iae  f rom 6 d a y  old chick embryos ,  p rov ided  
glycerol  is p resent  in t he  freezing med ium,  I n  cont ras t ,  
on ly  the  epiphysis  of the  t ib iae  f rom 7 d a y  old embryos  
surv ive  to any  ex ten t .  Thus,  dur ing  a per iod of 24 h 
normal  g rowth  and d i f fe ren t ia t ion  the  m a j o r i t y  of t he  
cells in the  diaphysis  become sensi t ive to  t he  effects of 

f reezing and are  no t  p r o t e c t e d  by  glycerol .  A t  th is  stage 
of e m b r y o n i c  d e v e l o p m e n t  t he  t ib ia  undergoes  rapid 
d i f fe ren t ia t ion ,  t he  mos t  spec tacu la r  change  being the 
h y p e r t r o p h y  of the  d iaphysea l  cells. 

T h e  causes of  ce l lu lar  d a m a g e  on freezing,  and  the  
m e c h a n i s m  of t he  p ro t ec t i ve  ac t ion  of glycerol  which is 
found wi th  a lmos t  all  t issues s tud ied ,  has  been  analysed 
f rom a genera l  po in t  of v i ew b y  LOVELOCK 6. I t  is con- 
ce ivable  t h a t  t h e  fai lure  of glycerol  to  p ro t ec t  the  did- 
physea l  cells is due  to  increased suscep t ib i l i ty  to  raised 
e lec t ro ly te  concen t r a t i ons  or  to  t he  h igh  glycerol  con- 
cen t ra t ions .  Changes  in t h e  pe rmeab i l i t y  of t he  cell 
m e m b r a n e s  m a y  also be invo lved .  Al t e rna t ive ly ,  the  
f o r m a t i o n  of  m a t r i x  m a y  re t a rd  the  p e n e t r a t i o n  of 
glycerol .  

The  resul ts  of f reezing t ib iae  f rom 7 d a y  old embryos  is 
also of in te res t  f rom a morphogene t i c  po in t  of view,  for 
t he  effect  is to  des t roy  d i f fe ren t ia l ly  the  zone of hyper-  
t roph ic  d iaphysea l  cells. I n  th is  zone, un l ike  the  zones 
of ep iphysea l  and  f l a t t ened  cells, mi toses  are  rare ly  
seen ~. Thus ,  t he  fac t  t h a t  e longa t ion  of t he  bone is 
suppressed when  the  h y p e r t r o p h i c  zone is des t royed  
d e m o n s t r a t e s  e x p e r i m e n t a l l y  t h a t  t he  process of hyper-  
t r o p h y  p lays  an  i m p o r t a n t  role in de t e rmin ing  the  shape 
of  the  deve lop ing  car t i l ag inous  rud imen t .  

J .  D. BIGGERS 

Department o/ Physiology, Royal  Veterinary College, 
London, August  5, 1957. 

Zusammen/assung 

Tib ien  yon  sechs Tage  a t ten  H i i h n e r e m b r y o n e n  fiber- 
leben eine Ahkf ih lung  an t  - -79°C.  I m  Gegensa tz  dazu 
werden  die h y p e r t r o p h i s c h e n  Zel len der  Diaphyse  yon 
Tib ien  s iebent i ig iger  E m b r y o n e n  durch  Gefr ieren weit-  
gehend  zers t6r t ,  w/ ihrend der  R e s t  der  R u d i m e n t e  fiber- 
lebt.  
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Uraci l  M e t a b o l i s m  in Neurospora crassa 

T h a t  a r e d u c t i v e  p a t h w a y  for py r imid ine  ca tabol i sm 
exis ts  was f irs t  sugges t  by  FINK et al. 1. Later ,  by  t racer  
e x p e r i m e n t s  in  vitro and  in  vivo ~, by  c h r o m a t o g r a p h y  3, 
and by  e n z y m e  s tudies  4, i t  was  es tabl ished b e y o n d  doubt  
t h a t  t h y m i n e  o r  urac i l  m a y  be deg raded  to  r - amino  
acids  v i a  t he  cor respond ing  d ihyd ropy r imid ines  and 
fl-ureido acids  in an ima l  t issues.  
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