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P R O  E X P E R I M E N T I S  

Differentiation of Dissociated Neurons from Chick Embryo Cerebral Hemispheres  Cultivated 
in ROSE Chambers With and Without Cellophane Membrane 

The use of t he  :Rose mul t ipu rpose  chambe r  i for long- 
t e r m  cultures of t he  nervous  sy s t em has two  basic advan-  
tages  compa red  to  the  Max imow chamber .  Firs t ,  t he  
poss ib i l i ty  of changing  the  nu t r i en t  m e d i u m  rap id ly  makes  
the  chamber  ideal  for the  s tudy  of t he  effects of var ious  
chemical  factors  on neurona l  morpho logy  and  growth.  
Second, i t  allows op t ima l  phase -con t r a s t  neurocytological  
and  c inematograph ic  s tudies  2, a. 

The technique ,  which  a t  f i r s t  was used for cu l t iva t ing  
t issue explants ,  makes  use of a ce l lophane s t r ip  as an 
anchor ing  agent  for t he  exp[ants .  The cel lophane mem-  
brane,  p r e s u m a b l y  by  f l a t t en ing  the  exp lan t  and  t h e r e b y  
es tabl i sh ing  a be t t e r  con tac t  be tween  the  cells and  the  
subs t r a t e  p romotes  g rowth  and d i f fe ren t ia t ion  ~,5. This 
was also descr ibed by  RAIBORN and  MASSEY 6, who used 
the  ce l lophane s t r ip  in roller t ube  cul tures  for exp lan t s  of 
chick embryo  spi~al cord. 

The t echn ique  of t he  R o s e  c h a m b e r  w i th  cel lophane was 
la ter  used for cu l t iva t ing  dissocia ted spinal  ganglia cells 7 
and dissocia ted cerebral  hemisphere  cells s. 

The use of the  cel lophane strip,  however ,  can p resen t  
difficult ies in the  cu l t iva t ion  of dissociated neuronal  cells 
ob ta ined  f rom the  cerebral  hemispheres .  The ques t ion  
arose, therefore ,  as to  whe the r  there  was a real need for the  
cel lophane in the  dissociated cell cultures.  In  these  cul- 
tures,  in con t ras t  to  the  t issue explants ,  t he  cells g rav i t a te  
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Fig. 1-4. Phase-contrast mierographs of dis- 
sociated cerebral hemisphere cells from 7-day- 
old chick embryos, cultivated in the Rose 
chamber. • 250. 1. 6 days in culture, with 
cellophane. Fusiforme cell (arrow). 2. 6 days 
in culture, without cellophane. Multipolar 
neurons with clear nuclei and distinct nueleoli 
(arrows). 3. 21 days in culture with cello- 
phane. 4. 21 days in culture without cello- 
phane. 
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Fig. 5-8. Histoehemical studies of dissociated 
cerebral hemisphere cells from 7-day-old chick 
embryos, cultivated in the RosE chamber with- 
out cellophane. 5. 7 days in culture, Holmes 
impregnation. • 1000. 6. 14 days in culture, 
thionine staining. • 1000. 7. 1 month in cul- 
ture, acetylcholinesterase activity, x 250.8. 1 
month in culture, acetylcholinesterase activ- 
ity. • 1000. 

to  t he  covers l ip  a n d  t h u s  e s t ab l i sh  good con t ac t  w i t h  t h e  
subs t r a t e .  

Material and methods. Cerebra l  hemisphe re s  f rom 5-, 7- 
a n d  10-day-old ch ick  e m b r y o s  were d issoc ia ted  a n d  t h e  
cells c u l t i v a t e d  on  a layer  of col lagen in t he  R o s e  c h a m b e r  
b y  t he  m e t h o d  descr ibed p rev ious ly  s. The  n u t r i e n t  m e d i u m  
used  cons is ted  of Eag le ' s  basa l  m e d i u m  for t i f i ed  w i t h  2 0 % 
feta l  calf  serum. I n  ha l f  of t he  cul tures ,  t h e  ce l lophane  
s t r ip  was o m i t t e d  f rom the  R o s s  c h a m b e r  assembly .  

The  cu l tures  were obse rved  b y  p h a s e - c o n t r a s t  mic ro-  
scopy. Some p r e p a r a t i o n s  were s t a ined  b y  t he  modi f ied  
Ho lmes  i m p r e g n a t i o n  m e t h o d L  some w i t h  t h ion ine  1~ 
to  show 1%issl fo rmat ion ,  whi le  o the r s  were used  for 
ace ty lcho l ines te rase  r eac t ions  1L 

Results and discussion. I n  b o t h  types  of cul tures ,  w i t h  
a n d  w i t h o u t  ce l lophane  m e m b r a n e ,  t he  g r o w t h  of t he  ne rve  
f ibres  s t a r t e d  a f t e r  a b o u t  12 h in  cul ture .  The re  was  no  
g rea t  di f ference obse rved  in su rv iva l  b e t w e e n  cells cul t i -  
v a t e d  b y  t he  two  methods .  I n  cu l tu re  w i t h o u t  ce l lophane,  
the re  were a larger  n u m b e r  of long f ibres  a n d  of g r o w t h  
cones. The re  was also an  apprec iab le  dif ference be tween  
t h e  genera l  a p p e a r a n c e  of t he  cu l tu res  in  those  w i t h o u t  
ce l lophane.  The  cells were sp read  ou t  even ly  t h r o u g h o u t  
t h e  cul ture ,  whereas  in  t he  cu l tu res  w i t h  cel lophane,  cell 
f ibre  g r o w t h  seemed to  be  conf ined  to  areas  w i t h i n  t h e  
p r epa ra t i on .  

Af te r  6 days  in cul ture ,  d i f f e r en t i a t i on  of n e u r o n a l  ele- 
m e n t s  was  in genera l  more  a d v a n c e d  in t h e  cu l tu res  w i th -  

o u t  cel lophane.  Mul t ipo la r  n eu ro n s  a p p e a r e d  w i t h  large, 
wel l -def ined nucle i  a n d  d i s t i nc t  nucleol i  (Figure  2): I n  t h e  
cu l tu re  w i t h  ce l lophane  m o s t  of t h e  cells r e m a i n e d  lust-  
fo rmed  a t  t h i s  s tage  (Figure  1). 

B y  t h e  2nd week  in cul ture ,  t h e  n eu ro n s  a t t a i n e d  a wel l  
d i f f e ren t i a t ed  s tage in b o t h  cu l tu re  condi t ions .  I n  t h e  
cul tures  w i t h o u t  ce l lophane,  however ,  t h e r e  were m a n y  
more  large  neu rons  an d  more  f ibres,  m a n y  of w h i c h  fo rmed  
fascicles a n d  ne tworks .  I n  t h e  cu l tu res  w i t h  ce l lophane  a 
g rea t  n u m b e r  of m a c r o p h a g e s  were observed .  

B o t h  t ypes  of cu l tu res  deve loped  well  d u r i n g  t h e  3rd 
week  in  cul ture .  Af te r  t h e  3rd week, a p a r t  f r om t h e  pre-  
sence of m a n y  m a c r o p h a g e s  in t h e  cu l tu res  w i t h  cello- 
phane ,  t he re  was no  s t r i k ing  di f ference b e t w e e n  t h e  two 
types  of cu l tu res  (Figures  3 an d  4). 

H i s t o c h e m i c a l  s tudies  of some of t h e  cu l tu res  h a v e  
d e m o n s t r a t e d  t h a t  in  t h e  neu rons  d i f f e r en t i a t ed  w i t h o u t  
ce l lophane  t h e r e  was  a n o r m a l  d e v e l o p m e n t  of neuro -  
f ibr i l la r  m a t e r i a l  (Figure  5), of Nissl  bodies  (Figure 6) a n d  
of ace ty lcho l ines te rase  a c t i v i t y  (Figures 7 a n d  8). 

The  resul t s  of t h i s  s t u d y  show t h a t  t h e r e  was no  h inder -  
ing of d i f f e r en t i a t i on  of d issocia ted  ce rebra l  h e m i s p h e r e  
ne rve  cells f rom y o u n g  chick  e m b r y o s  w h e n  t h e  ce l lophane  

M. K. WOLF, J. Cell Biol. 22, 279 (1964). 
i0 D. E. FLETCHER, J. Neuropath. exp. Neurol. 6, 299 (1947). 
11 M. J. KARNOVSKY and L. Roo~s, J. Histoehem. Cytochem. 12, 219 

(1964). 



15.7. 1973 Specialia 907 

m e m b r a n e  was omi t t ed .  On the  contrary ,  in m a n y  cases 
there  was a def in i te  i m p r o v e m e n t  of d i f ferent ia t ion.  Our 
f indings indica te  t h a t  t he  ce l lophane m e m b r a n e  can be 
omi t ted ,  when  dissociated cerebral  cort ical  cells f rom 
young chick embryos  are cul t ivated,  thus  s impl i fy ing  the  
t echn ique  of cul ture  in R o s e  chambers .  

The R o s z  c h a m b e r  cul ture  sys t em affords advan tages  
for t e s t ing  the  effect  of g rowth  factors.  I t  is there fore  ne- 
cessary to  be able to  cu l t iva te  the  nerve  cells w i th o u t  
ce l lophane m e m b r a n e  when  some factors  are unable  to 
dia lyze t h rough  th is  membrane .  

The sy s t em  of cu l t iva t ing  dissociated nerve  ceils offers 
new possibi l i t ies  for e lectro-physiological  s tudies.  These 
studies, as previously performed by CRAIN, PETERSON and 
BORNSTEIN I~ on explants, were done ill Maximow assembly. 
Rose chambers with cellophane were used for this pur- 
pose with some difficulties. Stripping out the cellophane, 
what is necessary in these experiments, could evoke a 'me- 
chanical shock' of the cells and influence their membrane 
potential and functional abilities (LODIN, personal com- 
munication) la. 

Zusammen/assung .  Dissoziierte Nervenzel len  der Gehirn-  
hemisph~ren  yon H i i h n e r e m b r y o n e n  wurden  in RosE-  

K a m m e r n  mi t  und  ohne Ce l lophanmembran  kul t ivier t .  
Die Differenzierung der  Neurone  wurde  mi t  Phasenkon-  
t r a s t  und  h i s tochemischen  Methoden  un te r snch t .  
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A S imple  Method for the De terminat ion  of the Growth  Rate in H u m a n  Fibroblas t  Cell Cultures 

A var ie ty  of m e thods  are avai lable for measur ing  the  
ra te  of mul t ip l ica t ion  of cells in culture,  the  mos t  commo n  
among  t h e m  being based  on cell counts  af ter  t ryps in iza-  
t ion  and  resuspension,  or p ro te in  de t e rmina t ions  a t  
regular  intervals1,  2. E a c h  of these  m e t h o d s  has its 
advan tages  and  d isadvantages ,  bu t  we found  t h a t  ne i ther  
was sui table  for compara t i ve  g rowth  s tudies  of a large 
n u m b e r  of h u m a n  f ibroblas t  cell lines wi th  ch romosome  
anomal ies  3. 

The m e t h o d  f inal ly chosen was based  on the  t echn ique  
originally used by PUCK, MARCUS, and  CIECURA 4 to  
measure  the  clonal g rowth  of H e L a  cells. They  depos i ted  
single cell suspensions  in nu t r i en t  m e d i u m  ill Pe t r i  dishes 
and  counted  the  n u m b e r  of cells in some of the  resul t ing 
clones a t  var ious  t ime  in terva ls  thereaf te r .  However ,  
unlike heteroploid  cells such as H e L a  ce l l s  which are 

epi thel ial  in na tu re  and which  usually r emain  toge the r  
af ter  cell division to  form a discrete  colony, h u m a n  
f ibroblas ts  have  a p ronounced  t en d en cy  to migrate ,  and 
af ter  t he  two-  or three-cel led s tage it is impossible  to  
recognize indiv idual  colonies a t  t he  concen t ra t ions  needed 
for op t imal  growth.  Therefore,  ins tead  of count ing  the  cells 
in a single colony, we coun ted  the  n u m b e r  of cells in t he  
same del imi ted  area daily, t hus  measur ing  the  n u m b e r  of 
cells ill colonies in i t ia ted  f rom single cells less those  cells 
which  migra ted  out  of the  del imi ted  area. We made  the  
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Fig. 1. Representative growth curves, L 205 ceils. Open circles: 9th 
passage, 20,000 cell inoculum. Closed circles: 17th passage, 10,000 cell 
inoeulum. Open squares: 13th passage, 15,000 cell inoculum. 
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Fig. 2. Growth of Ll116 cells. Closed circles: 13th passage, 10,000 cell 
inoculum. Open circles, 14th passage, 20,000 cell inoeulum. 


