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over  t he  cu l t u r i ng  area.  T he  p r e p a r a t i o n  was left  s t a n d i n g  
a t  r oom t e m p e r a t u r e  for  20 rain,  a f t e r  w h i c h  t h e  cel lular  
su spens ion  was  i n t r o d u c e d  in to  t he  c u l t u r i n g  c h a m b e r .  

M e t h o d  2: t he  d e n a t u r a t e d  col lagen was mixed  w i t h  
b a l a n c e d  sa l t  so lu t ion  (BSS) in va r ious  p r o p o r t i o n s  (1 to  
50%).  The  m i x t u r e  was i n t r o d u c e d  in to  t h e  c u l t u r i n g  
c h a m b e r  a n d  lef t  s t a n d i n g  for a t  l eas t  12 h, a f t e r  wh ich  i t  
was  rep laced  b y  t h e  cel lular  suspens ion .  T he  p resence  of a 
t h i n  l aye r  of col lagen was es~,ablished in some con t ro l  
e x p e r i m e n t s  b y  s t a i n i n g  w i t h  an i l in  b lue -o range  G-acet ic  
acid accord ing  to  t h e  m e t h o d  of HEIDENI-IAIN s. 

Results. The  resu l t s  descr ibed  in  t he  p r e s en t  c o m m u n i c a -  
t i on  h a v e  f i rs t  been  i nd i ca t ed  to  us  b y  a p rev ious  series of 
e x p e r i m e n t s  in  which  we p r e p a r e d  over  100 cu l tu res  of 
d i ssoc ia ted  cerebra l  h e m i s p h e r e  cells in R o s e  chambers .  
Fo r  t h e  pu rpose  of t h e  expe r i m en t s ,  on ly  a smal l  p o r t i o n  of 
each  covers l ip  was p r e p a r e d  w i t h  r e c o n s t i t u t e d  col lagen 
accord ing  to  t h e  m e t h o d  of BORNSTEIN 2. I t  was  not iced ,  
however ,  t h a t  in  all  t h e  cu l tu res  cel lular  d i f f e r en t i a t i on  
p roceeded  on  t he  en t i r e  surface  of t he  coversl ip .  W e  
p o s t u l a t e d  t h a t  some col lagen r e m a i n i n g  in t he  d e n a t u r a t -  
ed s t a t e  m u s t  h a v e  been  t r a n s f e r r e d  to t h e  u n c o v e r e d  
surface  d u r i n g  t he  w a s h i n g  procedure .  C o n s e q u e n t l y  we 
r easoned  t h a t  t he  r e c o n s t i t u t i o n  process  was no t  necessa ry  
a t  all, a n d  we pe r fo rmed  over  200 e x p e r i m e n t s  to  p rove  it. 

W e  found  t h a t  b o t h  m e t h o d s  of s u b s t r a t e  p r e p a r a t i o n ,  
descr ibed  above ,  gave  rise to  good cel lular  d i f fe ren t ia t ion ,  
b u t  t h a t  t he  a p p e a r a n c e  of t h e  cu l tu res  d u r i n g  t he  f i r s t  
4 d a y s  was d i f fe ren t  a n d  d e p e n d e d  on  t h e  c o n c e n t r a t i o n  
of t h e  d e n a t u r a t e d  collagen.  W i t h  a 100% col lagen 
(me thod  1) m a i n l y  i so la ted  neu r ons  d i f f e r en t i a t ed  d u r i n g  
t he  f i r s t  4 days  (Figure  1) a n d  t h e  gl ia  on ly  s t a r t e d  to  
m u l t i p l y  a n d  to  fo rm a m o n o l a y e r  a f t e r  t h e  4 th  day.  
W i t h  a lower  p e r c e n t a g e  of d e l l a t u r a t e d  col lagen (1 to  
50%,  m e t h o d  2), t h e  f l a t t e n i n g  of t h e  gl ia  s t a r t e d  a l r e ady  
a f t e r  24 h a n d  t h e  neu r ons  d i f f e r en t i a t ed  on  t h e  glial  
l ayer  (Figure  2). Th i s  was  a n  i m p r o v e m e n t  in  c o m p a r i s o n  
w i t h  cu l tu res  on  p las t i c  a lone  where  t h e  a b o v e - m e n t i o n e d  
process  s t a r t e d  on ly  a f t e r  3 days.  Af te r  a b o u t  1 week, 
w h e n  t h e  comple t e  glial  l ayer  ha s  been  formed,  t h e r e  were 
no  d iscern ib le  di f ferences  b e t w e e n  t h e  cu l tu re s  p r e p a r e d  
b y  t h e  2 m e t h o d s  us ing  t he  d e n a t u r a t e d  col lagen (Figures  
3 a n d  4). 

Discussion. A p a r t  f rom t h e  s impl i f ied  p rocedure  for 
b o t h  of t h e  m e t h o d s  descr ibed,  t he  second of t h e m  (viz, 
u s ing  B B S - d e n a t u r a t e d  col lagen mix tu re )  has  a f u r t h e r  ad-  
v a n t a g e .  As t h e  r e su l t  of on ly  a t h i n  f i lm of d e n a t u r a t e d  
col lagen,  t h e  cu l tu res  c a n  be  used for  b iochemica l  in-  
ve s t i ga t i ons  equa l ly  well  as those  on  p las t i c  subs t ra t e s .  
W i t h  n o r m a l  col lagen s u b s t r a t e  p r epa ra t i ons ,  ce r t a in  of 

these  i nves t i ga t i ons  h a v e  p r o v e d  to  be  d i f f icul t  because  of 
t h e  in te r fe rence  of t h e  excessive a m o u n t  of col lagen w i t h  
t h e  p r o t e i n  d e t e r m i n a t i o n s  ~. 

The  m e t h o d  i n c o r p o r a t i n g  t he  s impl i f i ca t ions  ha s  been  
equa l ly  successful  on  glass a n d  on  p las t ic  surfaces  a n d  is 
the re fo re  app l icab le  to  cu l tu res  in  R o s e  chambers ,  in  
p las t i c  P e t r i  d ishes  a n d  in p las t ic  flasks.  LI:DUENA 10 ha s  
c u l t i v a t e d  d issoc ia ted  gangl ionic  n e u r o n s  on  ge la t in  
s u b s t r a t e  w i t h  success. I t  is p r o b a b l e  t h a t  t he  d e n a t u r a t e d  
r a t  ta i l  col lagen used  in our  e x p e r i m e n t s  is s t r u c t u r a l l y  
v e r y  s imi la r  to  t he  ge la t in  used b y  t h e  a b o v e - m e n t i o n e d  
author. 

Rdsumd. Nous  a v o n s  s implif i6  !a m 6 t h o d e  de p r @ a r a -  
t i on  du  s u b s t r a t  ,collag6ne~> pou r  la cu l tu re  de cellules 
ne rveuses  dissoci6es. On  o b t i e n t  u n e  f i xa t i on  e t  une  
d i f f6renc ia t ion  r ap ide  d e s  cellules sur  ce s u b s t r a t .  Les 
cu l tu res  c o n v i e n n e n t  p o u r  des 6 tudes  morpholog iques ,  
b ioch imiques  e t  61ectrophysiologiques.  
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A S i m p l e  M e t h o d  of S t u d y i n g  the  Effects  of  D r u g s  

A v a r i e t y  of ways  h a v e  been  descr ibed  for c u l t u r i n g  
cells in  vi t ro1,  2. Before  t e c h n i q u e s  for t h i n  sec t ion ing  
were  developed,  severa l  i n v e s t i g a t o r s  grew cells oil fo rm-  
v a r - c o a t e d  cover-s l ips  a n d  e x a m i n e d  t h e m  a f t e r  f i xa t i on  
u n d e r  t he  e lec t ron  microscope  a. A d o u b l e - e m b e d d i n g  
p rocedure  was deve loped  b y  GAY a n d  modi f ied  b y  
HOWATSON a n d  ALMEIDA 4. M a n y  workers  now  e m p l o y  
s t a n d a r d  m e t h o d s  to  cu l tu re  cells a n d  t h e n  t r e a t  t h e  
cu l tu re  w i t h  a che la t ing  a g e n t  or w i t h  a n  e n z y m e  in order  
to  d i saggrega te  t h e  ceils so t h a t  t h e y  can  be  cen t r i fuged  
d o w n  in to  a pel le t  for  e m b e d d i n g  in epoxy  res in  1, 5. Such  
procedures ,  however ,  m a y  adve r se ly  a l t e r  t h e  m o r p h o l o g y  

and C y t o t o x i c  A g e n t s  at the  U l t r a s t r u c t u r a l  Level  

of t he  cell. W e  h a v e  found  i t  c o n v e n i e n t  to  grow H e L a  
cells in  ' B E E M '  capsules  (E rnes t  F. Fu l lam,  Inc. ,  Schenec-  

1 j .  PAUL, Cell and Tissue Culture, 4th edn. (E. and S. Livingstone, 
Edinburgh 1970). 

2 R. C. PARKER, Methods of Tissue Culture, 3rd edn. (Pitman 
Medical Publishing Co. Ltd., London 1961). 

3 K. R. PORTER, A. CLAUDE and E. M. FULLAM, J. exp. Med. 8/, 233 
(1945). 

4 A. F. HOWmSON and J. D. ALM~IDA, J. biophs, biochem. Cytol. d, 
115 (1958). 

5 j .  H. T. C~AXG, Tissue Cell d, 561 (1972). 



254 Speeialia EXP~RIEI~TIA 31/2 

t ady ,  New York,  USA)  which  are  p o l y t h e n e  capsules  pre-  
s h a p e d  to  p roduce  spec imen  blocks  w i t h  one end  p o i n t e d  
like a t r u n c a t e d  py ramid .  I n  our  s tudies  of cy to tox ic  sub- 
s tances  e x t r a c t e d  f rom sponges,  t he  e x t r a c t  is i n t r o d u c e d  
in to  the  capsules  c o n t a i n i n g  t he  cell cul ture .  The  cells 
m a y  t h e n  be exposed  to t he  e x t r a c t  for d i f fe ren t  l eng ths  of 
t ime  a f te r  which  t h e  whole  capsule  is i m m e r s e d  in f ixa t ive  
to  f ix t h e  ceils. These  m a y  t h e n  be  processed for e lec t ron  
microscopy.  This  c o m m u n i c a t i o n  descr ibes  t h e  m e t h o d  
employed  b y  us. 

B E E M  capsules,  s ter i l ized in 70% e thanol ,  were inoc- 
u l a t ed  w i t h  H e L a  cells (S t r a in  E, C o m m o n w e a l t h  Se rum 
Labora to r ies ,  Austra l ia)  in McCoy 5a  (modified, GIBCO)  
med ium.  The  ceils were al lowed to grow for 24 h a t  37 ~ 

a f te r  wh ich  t h e  m e d i u m  in t h e  capsules  were replaced  
w i t h  f resh m e d i u m  c o n t a i n i n g  t h e  t e s t  subs tance .  Af te r  
t h e  requ i red  t i m e  of exposure  to  t h e  chemica l  or drug,  
each  capsule  was opened  a n d  gen t ly  immersed  in f ixa t ive  
cons i s t ing  of 4 %  g l u t a r a l d e h y d e  in 0.1 M Sorensen ' s  
p h o s p h a t e  buffer  a t  p H  7.3 in a glass vial .  T h e  f i xa t i ve  
was d e c a n t e d  off a f te r  2 mil l  an d  f resh  f ixa t ive  p i p e t t e d  
in to  t h e  capsule  a n d  lef t  to  s t a n d  a t  4~ for i h. T h e  
f ixa t ive  was d e c a n t e d  a n d  t h e  cells were r insed  gen t ly  w i t h  
2 changes  of p h o s p h a t e  buffer .  The  t i ssues  were pos t -  
f ixed in 1% o s m i n u m  t e t r o x i d e  ~ for 1 h. P r io r  to  use, t he  
o s m i u m  so lu t ion  was cen t r i fuged  a t  1500 •  for 5 ra in  as 
a p r e c a u t i o n  to r emove  glass par t ic les  wh ich  m a y  o ther -  
wise be  i n t r o d u c e d  in to  t h e  cul ture .  The  t i ssue  was t h e n  

Fig. 1. Control culture of HeLa 
cells grown in BEEM capsules 
showing good preservation of the 
nucleus (N) with prominent nu- 
cleoli (Nu), mitochondria (M) and 
other cytoplasmic organelles. 
• 8400. 
Fig. 2. HeLa cells grown in BEEM 
capsules treated with an alcoholic 
extract of a sponge, Suberites 
inconstans6 showing rupture of the 
nuclear membrane (arrow) and 
disruption of cytoplasmic or- 
ganelles (C) together with loss or 
nuclear material (N) although the 
nueleolus is still present (Nu). 
X 8400. 
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d e h y d r a t e d  in a scend ing  series of ace tone  b e g i n n i n g  w i t h  
a 25% solut ion.  Th i s  was  fol lowed b y  in f i l t r a t i on  w i t h  
a r a ld i t e - abso lu t e  ace tone  mix tu re .  The  i n f i l t r a t i o n  was  
a l lowed to  con t inue  o v e r n i g h t  in  a dess ica tor  because  the  
cover  of t he  B E E M  capsule  was l lot  comple t e ly  a i r t igh t .  
N e x t  morn ing ,  t h e  a ra ld i t e -ace to l l e  m i x t u r e  was p o u r e d  
a w a y  and  p u r e  a ra ld i t e  was  gen t ly  p i p e t t e d  in to  t h e  
capsule.  Af te r  2 changes  of pure  a ra ld i te ,  t he  capsule  was 
p laced  in a n  e v a c u a t i o n  c h a m b e r  a t  50~ for 1 h a f te r  
wh ich  t i m e  t he  c h a m b e r  was g e n t l y  e v a c u a t e d  for  a b o u t  
10 min.  The  capsule  was t h e n  r e m o v e d  and  p laced  in a n  
oven  a t  60~ for 24 h for t h e  resill  to  po lymer ize .  Before  
sect ioning,  t he  b locks  were r e m o v e d  f rom the  capsule  b y  
m a k i n g  a l o n g i t u d i n a l  cu t  a long  t he  side of t he  capsule  
w i t h  a knife.  The  b locks  were t h e n  cut ,  w i t h o u t  an y  
t r i m m i n g ,  w i t h  a d i a m o n d  knife  on  a Porter-131um MT- 
2B u l t r a m i c r o t o m e .  The  knife  a n d  b lock  were a l igned a t  a 
smal l  angle  so t h a t  t he  sec t ions  cu t  would  be  less t h a n  a 
comple t e  sec t ion  of t h e  t r u n c a t e d  t ip  of t he  p y r a m i d a l  
block.  The  smal l  a reas  of dense  g r o w t h  can  be  v isual ized  
u n d e r  t he  b inocu la r s  of t h e  u l t r a m i c r o t o m e  a n d  t h e  por-  
t i on  to  be  cu t  c an  t h e n  be  selected.  Ul t ra th i I1  sect ions  
were doub le - s t a ined  w i t h  u r a n y l  a ce t a t e  a n d  lead c i t r a t e  
and  v iewed w i t h  a H i t a c h i  HS-8  e lec t ron  microscope.  

Good p r e s e r v a t i o n  of cytological  de ta i l s  were o b t a i n e d  
(Figure  1) b y  th i s  me thod .  M i t o c h o n d r i a  and  o t h e r  cyto-  
p la smic  organel les  were wel l -preserved.  The  m o r p h o l o g y  
of t he  nuc leus  a n d  i ts  m e m b r a n e  could be  d i s t i nc t l y  seen. 
Af te r  exposure  to  a cy to tox ic  s u b s t a n c e  7, t h e  va r ious  
effects on  the  cy top l a smic  organel les  a n d  nuc leus  were 
easi ly s tud ied  (Figure  2). W e  found  th i s  m e t h o d  of pre-  
p a r i n g  H e L a  cells for e lec t ron  mic roscopy  a n d  its appl ica-  
t i on  to  t h e  s t u d y  of d rugs  a n d  cy to tox ic  subs t ances  on  
ceils in  cu l tu re  to  be  s imple  and  rel iable,  a n d  t h e  resu l t s  

are reproducib le .  I t  does n o t  requi re  t h e  cells to  be  
d i saggrega ted  e i the r  b y  chemica l  or m e c h a n i c a l  m e a n s  in 
order  to  be cen t r i fuged  d o w n  in to  a pel le t  p r io r  to  e m b e d d -  
ing in epoxy  resin.  One d i s a d v a n t a g e  of th i s  me thod ,  how- 
ever,  is t h a t  i t  will be  imposs ib le  to  m o n i t o r  t h e  ac t ion  on  
t h e  d rugs  or chemica l  u n d e r  test .  B u t  i t  has  been  cus tom-  
m a r y  for us to  s t u d y  t h e  effects  of t h e  t e s t  s u b s t a n c e  b y  
p h a s e  c o n t r a s t  mic roscopy  on  cells wh ich  are g rown  on 
covers l ips  before  s t u d y i n g  t h e m  a t  t h e  u l t r a s t r u c t u r a l  
level. This  shou ld  give a d e q u a t e  in fo rma t io l l  r ega rd ing  
t h e  effects of dose a n d  t i m e  of exposure  in a p a r t i c u l a r  
ex p e r i men t .  W i t h  th i s  i n f o r m a t i o n  avai lable ,  i t  would  be  
possible  to  select  t h e  desired cond i t ions  of t h e  e x p e r i m e n t  
a n d  a p p l y  t h e m  to t h e  ceils g rown in B E E M  capsules  for 
e lec t ron  mic roscopy  s, 9 

Zusammen/assung. A n g a b e  e iner  e i l l fachen Me t hode  
zur  U n t e r s u c h u n g  y o n  c y t o t o x i s c h e n  S u b s t a n z e n  a n  
H e L a  Zellen u n d  Mhgl ichkei t ,  H e L a  Zel len zu ku l t iv ie ren .  
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Zeitsparende automatische Mitostatikazufuhr bei der Leukozytenkultur zur 
Chromosomendarste l lung 

Timesaving  Automatic  Supply of Mitostatica to Leucocyte Cultures for Chromosome Preparation 

I n  z u n e h m e n d e m  MaBe werden  zy togene t i sche  U n t e r -  
s u c h u n g e n  routinem~issig bei  Mensch  u n d  Tier  durchge-  
f i ihr t .  N a c h  er fo lg ter  K u l t u r / i b e r  48 bis  72 h muss  d em 
K u l t u r a n s a t z  ein M i t o s t a t i k u m  wie z.B.  Colcemid zur  
A r r e t i e r u n g  der  Ze l l te i lung  in der  M e t a p h a s e  zugef t ihr t  
werden.  Die Co lcemide inwi rkungsze i t  be t r / ig t  2 bis  4 h ;  
ansch l iessend  k a n n  m i t  der  A u f a r b e i t u n g  der  K u l t n r  
b e g o n n e n  werden.  Zumei s t  erfolgt  der  Zusa t z  yon  Colcemid 
zu A r b e i t s b e g i n n  a m  Morgen,  u n d e s  muss  d a n n  die 
e l l t sp rechende  Zei t  a b g e w a r t e t  werden,  u m  m i t  der  Auf-  
a r b e i t u n g  b e g i n n e n  zu k6nnen .  Diese d a u e r t  d a n n  
e r fahru l lgsgem~ss  f iber den  Nii t tag h inaus .  N a c h  der  
e r s t en  F i x i e r u n g  k a n n  a b e t  ers t  der  Arbe i t sp rozess  
u n t e r b r o c h e n  werden  u n d  die Prh .para te  k 6 n n e n  im 
K t i h l s c h r a n k  a u f b e w a h r t  werden.  U m  den  Nach te i l  der  
ve rz6ge r t en  A u f a r b e i t u n g  zu beheben ,  hubert wi t  ein 
kleines  u n d  e infaches  Gerg t  gebaut ,  das  die Colcemid- 
z u f n h r  a u t o m a t i s c h  ill die f r t ihen  M o r g e n s t u n d e n  zu 
verlegell  e r l aub t .  D a m i t  k a n n  die A u f a r b e i t u n g  zeitge- 
r ech t  b e g o n n e n  werden  und  der  Arbe i t sprozess  bis  zur  
He r s t e l l ung  der  O b j e k t t r / i g e r p r g p a r a t e  a m  V o r m i t t a g  
abgesch lossen  werdell .  Dies  f i ih r t  zu e iner  wesen t l i chen  
V e r e i n f a c h u n g  des Laborab lau fes .  

Gertitebeschreibung. U m  das  Gerg t  in  e inem B r u t s c h r a n k  
u n t e r b r i n g e n  zu kOnnen, wurde  eine m6g l i chs t  p la tz -  

spa rende  R u n d f o r m  gew~hl t  (Figur  1). D a  eine Pe r son  
in e inem A rb e i t s g an g  n i c h t  m e h r  als 8 bis 10 K u l t u r e n  
gle ichzei t ig  a u f a r b e i t e n  kann ,  wurde  das  Fas sungsve r -  
m 6 g e n  auf  12 K u l t u r e n  beschr~tnkt ;  d a m i t  k611nen 

Fig. 1. Photographische Aufnahme des Kultursystems mit dem 
automatisehen Pipettierger~it. 


