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f loat ing cells are seen, p robab ly  due to  overgrowth .  
F u r t h e r  ove rg rowth  resul ts  in r e t rac t ion  and  rolling up of 
t he  cell sheet .  The  ma jo r i t y  of the  ceils have  the  diploid 
(2n = 36) n u m b e r  of chromosomes .  They  have  been  
s tored  in 10% d im e thy l  su lphoxide  in med ium in l iquid 
n i t rogen (-196~ and  successfully resusci ta ted .  S t u d i e s  
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on the  infect ion of the  cells wi th  arboviruses  are in 
progress.  

Rdsumd. On dGcrit une mGthode pour  l 'Gtabl issement  
d ' une  cul ture  de cellules du c rapaud  a griffes sudafricain,  
Xenopus laevis, afin de l ' in fec ter  avec des arbovirus .  Les 
cellules (XTC-2) on t  subi  une cul ture cont inue  p e n d a n t  
3 ans. Elles ont  un nombre  diploide de chromosomes .  
Elles fu ren t  cultivGes aux tempGratures  de 22~ et  de 
28~ dans  un milieu de cul ture dilu6 de NCTC 109 avec 
10% de sGrum de veau foetal.  
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Extended  Surv iva l  of the  Chick  E m b r y o  in v i tro  

Recen t  work has  sugges ted  t h a t  warm-b looded  centra l  
ne rvous  t i s sues ,  cul tured in isolat ion unde r  in vi t ro  
condit ions,  preserve  m a n y  of the  funct ional  proper t ies  
responsible  for normal  p rena t a l  behavior  pa t t e rn s  in 
si tu 1. I t  would b e d e s i r a b l e  to compare  th is  deve lopmen t  
wi th  t h a t  of s imilar  p repara t ions  cul tured in a more  
na tu ra l  env i ronment .  Chorio-al lantoic t r ansp l an t a t i on  ~ 
offers op t ima l  condit ions,  a t  least  for av ian  t issues,  bu t  
s ince ' i t s  use in ovo would  place severe res t r ic t ions  upon 
physiological  expe r imen ta t i on  it was decided to adap t  
th is  me thod  for use in vitro.  Techniques  for cul tur ing 
chick embryos  in vi t ro  w i th  p rese rva t ion  of the  ex t ra-  
embryon ic  circulat ion are in wide use now, using egg 
a lbumin  as a source of nut r ients ,  b u t  survival  has been 
for only a few days  3, 4. Because me thods  wh_ich utilize the  
yolk toge the r  w i th  the  a lbumin  offer much  improved  
surviva l  5,a we chose these  as the  s t a r t ing  po in t  for 
devis ing a sui table long- te rm cul ture  system.  

Methods. Fert i l ized whi te  leghorn chicken eggs were 
incuba ted  in ovo for 2 days  a t  38-39~ and  abou t  65% 
relat ive humid i ty .  This p re - incuba t ion  p r i o r  to t rans-  
ferr ing the  embryos  t o  in v i t ro  condi t ions  (using sterile 
precaut ions)  improved  the  percen tage  of p repa ra t ions  
a t t a in ing  advanced  stages of deve lopment .  Specially 
designed dishes were used for th is  s tudy,  of such  shape 
and  size t h a t  t he  egg con ten t s  largely filled the  vessel, 
w i th  t he  yolk s inking down to occupy the  b o t t o m  port ion.  
The o u t w a rd  t aper ing  walls of the  dish ensured t h a t  the  
a lbumin  formed a pool which submerged  the  germinal  
area, and t h a t  a large area (-4- 8 cm in diameter)  would 
be available for gas exchange  at  the  upper  surface. These 
geometr ic  cons idera t ions  are appa ren t l y  cri t ical  for 
survival  of these embryos  wi th in  impermeab le  conta iners  
(R. DEHAAN, personal  communica t ion) .  The p repa ra t ion  
was covered wi th  a steri le plast ic  pe t r i -d i sh  and placed 
inside a po lye thy lene  bag, which was then  closed off 
t ight ly .  All cul tures  were t rans fe r red  to an incuba tor  for 
p r ema tu re  babies,  ma in ta in ing  the  same t e m p e r a t u r e  and  
h u m i d i t y  as dur ing the  ini t ial  incuba t ion  in ovo, and  in 
which a special ly cons t ruc ted  rack  enabled  easy dai ly  
individual  examinat ion .  

Results. A first  wave of mor ta l i t ies  s t ruck a t  s tage 25 
and  las ted t h ro u g h  s tage 307, c la iming a lmos t  50% of the  
cultures.  Of 37 cases followed thereaf ter ,  only  1 d e a t h  
occurred before s tage 34, b u t  21 p repara t ions  were then  
lost  be tween  stages 35 and 38. The remain ing  15 all 
a t t a ined  embryonic  s tage 40, and  5 of these  survived in to  
s tage 41 (Figure 1). The earlier fatal i t ies  were corre la ted 
wi th  the  degree 0 f yolk leakage b u t  the  final  wave  of 
dea ths  affected m a n y  cases where the  yolk sac appeared  
in tac t  and  the  a lbumin  t r anspa ren t .  The mos t  clearly 
re levant  differences f rom the  na tu ra l  i n  ovo s i tua t ion  

Fig. 1. Photograph of a cultured embryo, explanted after 2 days of 
incubation in ovo, which attained normal stage 41 after development 
for 15 days in vitro. 
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are: 1. lack of a calcium source, normal ly  ob ta ined  f rom 
the  eggshell~; 2. the  much lower carbon  dioxide concen- 
t ra t ion  as compared  with the  normal  egg, where the  CO 2 
is known to  reach a very  high level towards  the  end of 
incubat iong;  and 3. the  al tered geomet ry  of the  chorio- 
al lantoic membrane .  

Cul tured embryos  were motor ica l ly  responsive  to 
tact i le  s t imula t ion ,  and  also d isplayed ' spon taneous '  
mot i l i ty  which  was  qui te  s imilar  in charac te r  to  t h a t  
descr ibed in ovo ~o Most of the  oldest  p repa ra t ions  in fact  
were in a lmos t  cont inuous  movement ,  as is no rmal  for 
t h a t  s tage of d e v e l o p m e n t a l  

The chorio-al lantoic  m e m b r a n e  was p repa red  for 
graf t ing of isolated neural  t issues according to  the  
s t an d a rd  procedure  3. In  mos t  of the  expe r imen t s  to  date,  
spinal  cord segments  of 1 or 2 somites  in l eng th  were  
d issec ted  out  f rom donor  embryos  of abou t  the  same age 
as the  hos t  (4-7 days).  The neural  t issue was cleaned of 
adher r ing  mesode rm and  then  placed onto  the  membrane .  
The graf ts  became  quickly vascular ized and  usual ly 
surv ived  for as long as did the  hos t  embryo.  E x p l a n t e d  
t issues were f ixed in si tu af ter  va ry ing  periods of cul ture  
(up to  12 days) and  then  si lver s ta ined  ~n to to  using the  
Bodian  method .  Despi te  the  absence  of any  readi ly  
recognizable h i s to typ ic  o rgan iza t ion  in these  f l a t t ened  
pieces of spinal  cord, an extens ive  neuri t ic  ou tg rowth  was 
found to have  t aken  place and  nerve  cells in var ious  
stages of d i f ferent ia t ion  could be ident i f ied  (Figure 2). 

Rdsumd. On ddcri t  une t echn ique  pour  obten i r  la 
survie prolongde des embryons  du poule t  in vitro,  et  son 
emploie pour  cul t iver  des t issus isolds du syst~me ne rveux  
centrale.  
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Fig. 2. An abundant, well-fasciculated, outgrowth of nerve fibres from 
a monolayer cluster of neurons and neuroblasts in various stages of 
development (lower left). Isolated at 6 days of incubation and cul- 
tured for 10 days on the chorio-aliantoic membrane (background 
cells) in vitro. Bodian's protargol-silver staining method, magnified 
x 500. 

s p. M. JOHNSTON and C. L. CO.MAR, Am. J. Physiol. 183, 365 (1955). 
9 A. H. J. VISSCHEI)IjK, Br. Poultry. Sci. 9, 197 (1968). 

10 V. HAMBIJROER, Q. Rev. Biol. 38, 342 (1963). 
n M. A. CORNER and A. P. C. BOT, Progr. Brain Res. 26, 214 (1967). 
12 Acknowledgments. We are grateful to Prof. S. M. CRAIN, of the 

Albert Einstein Medical College in New York, for having first 
called our attention to the possibility of obtaining such prolonged 
survival oi chick embryos in vitro. Our thanks are also due to 
Miss JoKE ST~O~S ol the Mobaeh pottery works in Utrecht, who 
made for us the ceramic dishes used in this study. 

Cel l  Cyc l e  D e t e r m i n a t i o n  of  P h y t o h e m a ~ g l u t i n i n - S t i m u l a t e d  L y m p h o c y t e s  f r o m  t h e  O p o s s u m ,  D i d -  
e l p h i s  v i r g i n i a n a  

Due to a n u m b e r  of r emarkab le  cy togene t ic  character-  
istics, t he  opossum (Didelphis virginiana) has  been uti l ized 
recent ly  to inves t iga te  chromosomal  morphology,  nucleic 
acid metabol i sm,  and sex ch roma t in  phys io logy  1 4. The 
l y m p h o c y t e  cul ture t echn ique  was employed  exclusively 
in these  inves t iga t ions  due to  the  ease of ob ta in ing  large 
number s  of d ividing cells in a very  shor t  per iod of t ime.  
Since inves t iga t ions  of nucleic acid syn the t i c  p a t t e r n s  
require  a knowledge of the  cel t  cycle and  its c o m p o n e n t  
par ts ,  a genera t ion  t ime  (PLM) curve was cons t ruc ted  for 
opossum lymphocy te s  in vitro.  

Materials and methods_ L y m p h o c y t e s  ob ta ined  f rom 
ei ther  thoracic  duc t  l y m p h  or cardiac blood of 8 opossums 
(7 males and  i female) were cul tured  according to  modif ica-  
t ions of the  t echn ique  of MOORHEAD et a l )  (see SCHNEI- 
DER a n d  RIEKE 2, for details).  FollOwing 36 h of incuba-  
t ion,  the  cul tures were pulse-labeled for 30 rain w i th  
1 tzC/ml of H~- thymidine  (spec. act.  6.05 C/mM, New 
Eng land  Nuclear).  The ceils were subsequen t ly  washed  
and  replaced in fresh med ia  conta in ing  120 t imes  excess 
n o n - r a d i o a c t i v e  thymid ine .  Cultures were ha rves t ed  a t  
in tervals  from 0-28 h. Slides were coated wi th  l iquid 
K o d a k  NTB 2 emulsion,  exposed  1-3 days  a t  4~ 
developed and  stained.  Be tween  100 and  600 mi to t ic  
f igures  were scored at  each interval .  

Results and discussion. The Figure  is t h e  PLM curve 
der ived  f rom opossum l y m p h o c y t e s  in t issue culture.  
Labeled  mi to t ic  figures f i rs t  a p p e a r e d  1.5 h af ter  admin-  
i s t ra t ion  of H3-thymidine.  The ascending l imb of the  first  
peak  approached  100% labeled mi to t ic  figures at  7 h. Tile 
descending l imb, which  was skewed s o mew h a t  to  the  
r ight ,  d ipped  only s l ight ly below 50% labeled mitoses  
before immed ia t e ly  giving rise to  a second similar,  b u t  
m u c h  lower, peak. A th i rd  peak appeared  at  ap p ro x i ma t e l y  
22 h af ter  in t roduc t ion  of isotope, followed by  a general  
t rai l ing off of the  curve to  28 h. Bo th  thoracic  duc t  and  
blood l ymphocy te s  p roduced  the  same basic cul~ve 
configurat ion.  

The following cycle t imes  m a y  be der ived f rom the  
curve:  mean  T c (generat ion t ime) = 10.5 h, mean  G~ = 
2.75 h and  mean  S = 9.5 h. T m (mi to t ic  t ime),  calcula ted 
f rom the  mi to t ic  index,  was ap p ro x i ma t e l y  30 rain. I t  
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