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T h e n  t he  follicle can  be e x a m i n e d  w i t h o u t  d i f f icul ty  
u n d e r  t he  microscope a t  all  levels. 

The  F igure  shows a p a r t  of a tes t ic le  follicle f rom 
Oncopeltus /asciatus (He te rop te ra )  t r e a t e d  in t h e  way  
descr ibed.  The  nucle i  ( secondary  spe rma togon ia )  are seen 
to be  a r r a n g e d  in  cysts  of d i f fe ren t  size. I n  t he  nuclei  t he  
sex ch romosomes  are  recognizable  as h e t e r o c h r o m a t i c  
bodies.  W i t h  t he  help  of t he  descr ibed  m e t h o d  i t  was  
possible  to  show t h a t  in Oncopeltus ~ t h e  t r a n s f o r m a t i o n  
of t he  second sex c h r o m o s o m e  in to  t h e  h e t e r o c h r o m a t i c  
s t a t e  t a k e s  place fol lowing t h e  6 th  ( =  last)  m i t o t i c  d iv i s ion  
of the  s econda ry  spe rma togon ia ,  i.e. du r ing  t he  f o r m a t i o n  
of t h e  64-cell-cyst  (Pub l i ca t ion  in p repa ra t ion ) .  Af te r  t h a t ,  
t he  p r i m a r y  s p e r m a t o c y t e s  deve lop  f rom t he  spe rma to -  
gonia. 

Th i s  m e t h o d  has  t h e  cons iderab le  a d v a n t a g e ,  c o m p a r e d  
w i t h  t he  e x a m i n a t i o n  b y  aid of series sect ions  2, t h a t  no 
t i m e - c o n s u m i n g  p r e p a r a t i o n  m u s t  be  done  and  t h a t  no 
s u m m a r y  of t he  i n t e r p r e t a t i o n  of single sect ions  is 
necessa ry  to  o b t a i n  t he  result .  I n  addi t ion ,  if c o m p a r e d  
w i t h  t h e  s q u a s h - p r e p a r a t i o n s  a, t h i s  m e t h o d  is super ior  

where  t he  p r o b l e m  is t h a t  t he  nuclei  are to  be  coun t ed  or 
t he  succession of t he  single m i to t i c  or meiot ic  s tages  in  a 
tes t ic le  follicle is to  be  examined .  

Zusammen/assung. A m  Beispiel  von  Hodenfo l l ike ln  yon  
Oncopeltus ]asciatus (He te rop te ra )  wi rd  eine M e t h o d e  
beschr ieben ,  die bei  gefi i rbten,  u n g e q u e t s c h t e n  O b j e k t e n  
eine Hch tmikroskop i sche  U n t e r s u c h u n g  in a l len E b e n e n  
zul~isst. 

H. MESSTHALER 4 

Lehrstuhl [i~r Spezielle Zoologie der Ruhr- Universittit, 
D-463 Bochum (German Federal Republic, BRD), 
77 December 7974. 

2 B. ROMEIS, Mikroskopische Technik (R. Oldenburg Verlag, 
~finchen 1968). 

a C. D. DARLI~GTON, L. F. LA COUR, Methoden der Chromosomen- 
untersuchung (Franekhsehe Verlagshandlung, Stuttgart 1963). 

4 Present address: Biologische Station der Fa. Celamerek GmbH, 
D-6501 Sehwabenheim/Selz, Germany. 

A Technique for Chromosome Analysis  of Small  Rodents Without Sacrificing the Animal 

I n  m a n y  e x p e r i m e n t a l  designs i t  would be  g rea t ly  
c o n v e n i e n t  to  h a v e  i n f o r m a t i o n  on  t he  c h r o m o s o m a l  
c o n s t i t u t i o n  of smal l  roden t s  w i t h o u t  k i l l ing t he  specimen.  
Thus  far, l eukocy te  or  skin  1-8 cu l tu res  h a v e  been  t he  
mos t  c o m m o n  m e t h o d s  employed  to  s t u d y  t he  chromo-  
somes of l iv ing  animals .  However ,  b o t h  t y p e  of cu l tu res  
are diff icul t  or even  imposs ib le  to  o b t a i n  in  rodents .  

Leukocy t e  or skin  cu l tu res  f rom var ious  species of vole 
mice of the  genus  A k o d o n  ( R o d e n t i a  Cricet idae)  con- 
s t a n t l y  fail to  yield su i t ab le  a m o u n t s  of mi tos i s  for 
cy togene t i c  analysis .  Thus ,  we decided to  e m p l o y  a 
mod i f i ca t ion  of t h e  in  v ivo  c h a m b e r  t e c h n i q u e  used to 
s t u d y  t he  k ine t ics  of a n t i b o d y  response  or to  grow t u m o u r  
cells 4, 5. The  m e t h o d  bas ica l ly  consis ts  in :  a) to  ineroduce 
a m i c r o c h a m b e r  cha rged  w i t h  an  an t i gen  in to  t h e  ab- 
domina I  c a v i t y  of t he  a n i m a l  to  s tudy,  b) to  e x t r a c t  t he  
m i e r o c h a m b e r  w h e n  i t  is s u r r o u n d e d  b y  an  ac t ive ly  
d iv id ing  p o p u l a t i o n  of i m m u n o c o m p e t e n t  cells ( the 
a n i m a l  is colchicinized 3 h before  e x t r a c t i n g  t he  micro-  
chamber ) ,  c) to  h a r v e s t  t he  i m m u n o c o m p e t e n t  cells b y  
m e a n s  of t he  e n z y m e  pronase ,  d) to  p r epa r e  m e t a p h a s e  
spreads  b y  h y p o t o n i c  shock  a n d  a i r  d ry ing  procedures .  

Materials and method. Diffuss ion c h a m b e r s  (0.18 m l  
capac i ty)  were c o n s t r u c t e d  b y  c e m e n t i n g  a c i rcular  
Sar to r ius  f i l ter  (0.2 [xm pore  size) to  each  side ot a n  acryl ic  
r ing  w i t h  a n  e x t e r n a l  and  i n t e r n a l  d i a m e t e r  of 14 and  
12 m m  respec t ive ly  ( the c e m e n t  employed  is M F  C e m e n t  
Mill ipore Co). C h a m b e r s  a re  p laced  in  open  Pe t r i  d ishes  
a n d  s ter i l ized a t  80~ for  48 h. P e t r i  d ishes  are covered  
a n d  t h e  s te r i l iza t ion  is comple t ed  b y  p lac ing  t he  dishes 
a t  37~ for 24 h a n d  a t  80~ for a n o t h e r  48 h. 

The  ster i l ized c h a m b e r s  are filled w i t h  t o t a l  b lood f rom 
a n  he te ro logous  species ha l f  d i lu ted  w i t h  H a n k s  or Ear l e  
sal ine (for A k o d o n  we usual ly  employ  mice or r a t  blood).  
The  c h a m b e r  f i l l ing is pe r fo rmed  w i t h  a needle  a n d  a 
syr inge  t h r o u g h  a hole pe r fo rmed  in t he  wal l  of t h e  
acryl ic  r ing.  T h e n  t h e  hole is sealed w i t h  a d rop  of steri le 
paraff in .  

R e c e p t o r  an ima l s  are  a n a e s t h e t i z e d  w i t h  1 [zg/g body  
we igh t  of Na  p e n t o b a r b i t a l  ( the N a  p e n t o b a r b i t a l  so lu t ion  
is p r e p a r e d  b y  d issolv ing 550 m g  of t he  d rug  in a m i x t u r e  
of p ropy l ene  glycol 20 mI, abso lu te  e t h a n o l  10 hal, dis t i l led 
w a t e r  80 ml). A f t e r w a r d s  t h e  a b d o m e n  is opened,  1 or 2 

m i c r o c h a m b e r s  are  p laced  in to  t he  pe r i t onea l  c a v i t y  and  
t he  a b d o m i n a l  wal l  is su tu red .  Whi l e  t h e  a n i m a l  is be ing  
opera ted ,  t he  b lood-charged  m i c r o c h a m b e r s  are ma in -  
fiained in s ter i le  H a n k s  solut ion.  

We  h a v e  t r i ed  va r ious  t ime- lapses  to  d r aw  micro-  
chambers .  H o w e v e r  we h a v e  found  t h a t  t he  p e a k  of 
m i to t i c  a c t i v i t y  in  t h e  i m m u n o c o m p e t e n t  cells wh ich  
s u r r o u n d  t he  m i c r o c h a m b e r  appea r s  a t  a b o u t  8 days  a f t e r  
t he i r  i n t r o d u c t i o n  in  t h e  r ec ip i en t  an imal .  Accordingly ,  a t  
t h i s  m o m e n t  t he  m i c r o c h a m b e r s  are  t a k e n  f rom the  
pe r i tonea l  c a v i t y  of an imals .  3 h before  r e m o v i n g  ehe 
m i c r o c h a m b e r s  t he  an ima l s  are i n j ec t ed  i.p. w i t h  1 [xg/g 
body  we igh t  of colchicine (0.04% solu t ion  in dist i l led 
water) .  

I m m e d i a t e l y  a f t e r  be ing  r e m o v e d  t he  m i c r o c h a m b e r s  
are p laced  in a 0.5% so lu t ion  of p ronase  (Calbiochem) in 
n o r m a l  sal ine and  gen t ly  s h a k e d  for 10 to 15 m i n  to free 
t he  cell coat  wh ich  covers  t h e m .  The  p ronase  so lu t ion  is 
cen t r i fuged  a t  600 r p m  for 7 m i n  and  t he  cell pe l le t  
o b t a i n e d  r e suspended  ill a 0.7 M so lu t ion  of KC1 a t  37 ~ 
for 15 min .  T h e n  ceils are  cen t r i fuged  aga in  a n d  f ixed in 
3/1 abso lu te  e thano l /g lac ia l  acet ic  acid. Af te r  one wash ing  
in fresh f ixa t ive ,  c h r o m o s o m e  spreads  a re  p r e p a r e d  b y  air  
d ry ing  a n d  s t a ined  w i t h  carbol - fuchs in ,  giemsa,  acet ic  
orcein or a n y  o the r  c h r o m o s o m a l  s ta in .  

Results and discussion. W e  h a v e  s tud ied  w i t h  t he  above  
p rocedure  a large n u m b e r  of r a t s  a n d  mices a n d  more  t h a n  
50 spec imens  of A k o d o n  be long ing  to 3 d i f fe ren t  species. 
In  all cases we were able  to  o b t a i n  a cons iderab le  a m o u n t  
of good m e t a p h a s e s  su i t ab le  for c h r o m o s o m e  ana lys i s  or 
b a n d i n g  procedures .  D u r i n g  t he  f i rs t  t r i a l s  30% of 
an ima l s  died a f te r  t he  r emova l  of m i c r o c h a m b e r s  (no 
a n i m a l  d ied  d u r i n g  or a f t e r  t h e  f i rs t  opera t ion) .  However ,  
as we ga ined  exper ience  t he  m o r t a l i t y  decreased  to  zero 
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levels. Tile cr i t ica l  m o m e n t  for  t he  a n i m a l  is t i le e x t r a c t i o n  
of t h e  m i c r o c h a m b e r .  A t  t h e  8 th  d a y  t h e  m i c r o c h a m b e r  
is covered  b y  a coa t  fo rmed  b y  cells and  pe r i t onea l  
secre t ions ;  occas ional ly  t he re  can  also exis t  f ib r ine  
adhe rences  to  t i le p e r i t o n e u m  or in tes t ine .  I f  micro-  
c h a m b e r s  are carelessly t a k e n  off t he  a n i m a l  recovers  f rom 
the  a n a e s t h e s i a  to  die s ho r t l y  a f t e r  ill shock.  Th i s  p r o b l e m  
can  be  p r e v e n t e d  b y  careful  h a n d l i n g  of m i e r o c h a m b e r s  
or b y  in j ec t ing  t he  a n i m a l  w i t h  1 m g  of hyd roco r t i sone  
a f t e r  t i le second opera t ion .  

I n  some cases i t  m a y  be  adv i sab le  no t  to  in jec t  t i le 
r o d e n t  wi t t l  colchicine.  I n  these  cases, a f t e r  r e m o v i n g  t he  
m i c r o c h a m b e r s  are  i n c u b a t e d  for 3 h a t  37~ in H a n k s  
so lu t ion  c o n t a i n i n g  0.2 tzg/ml of colchicine.  Af t e rwards  t he  
p rocedure  is fol lowed as descr ibed  above  6. 

Resumen. Se descr ibe  u n a  t6cnica  que  hace  pos ib le  el 
e s tud io  c romosdmico  de pequefios roedores  s in sacr i f icar  
el an imal .  E1 m 6 t o d o  cons is te  en:  a) se i n t roduce  u n a  
microcAmara  de di fus i6n ca r gada  con u n  an t igeno  en la 

c a v i d a d  a b d o m i n a l  de1 a n i m a l  a es tudiar ,  b) se ex t r ae  la 
microcAmara  cuando  estA r o d e a d a  p o t  u n a  pob lac idn  de 
c61ulas i n m u n o c o m p e t e n t e s  en  divis idn a c t i v a  (el a n i m a l  
se colchin iza  3 h an t e s  de sacar  la microcAmara) ,  c) se 
co lec tan  las c61ulas adhe r idas  a la c s  m e d i a n t e  
t r a t a m i e n t o  enzimAtico con P ronasa ,  d) se p r e p a r a n  las 
me ta fa ses  p a r a  es tudio  eromos6mico,  n l ed i an t e  shock  
h ipotdnico ,  f i jac i6n y p r e p a r a c i 6 n  de ex tend idos  p o t  
secado al aire. 
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Simple Method for M ~ i u m - C e l l  e~_paration 
A rap id  progress  in  t he  b i o c h e m i s t r y  of euca ryo t i c  cells 

depends  to a g rea t  e x t e n t  on  t he  d e v e l o p m e n t  of new 
techniques .  Tissue  cu l tu re  is t he  m o s t  useful  mode l  for 
cytological  and  b iochemica l  s tud ies  of eucaryo t ic  cells 1 

For  s e p a r a t i o n  of cells f rom cu l tu re  me~tium, 2 m e t h o d s  
h a v e  been  used up  to now. T he  f i rs t  one employs  centr i f -  
uga t i on  of cell suspens ions  followed b y  washing .  This  
m e t h o d  is no t  su i t ab le  for t a k i n g  samples  a t  v e r y  sho r t  
in te rva l s ,  as well  as t he  fac t  t h a t  fragile ceils can  be  
d a m a g e d  d u r i n g  t he  procedure .  The  second one, a r ap id  
s amp l ing  t echn ique ,  used in special  cases uses t he  ab i l i ty  
of n e u t r o p h i l s  to  adhe re  to  glass 2. N e u t r o p h i l  cells are 
al lowed to  adhe re  to  a covers l ip  a n d  t h e n  are easily 
washed.  

I n  t he  p r e sen t  paper ,  a n o t h e r  s imple  m e t h o d  for 
medium-ce l l  s epa ra t i on  w i t h  b r o a d  s p e c t r u m  of appl ica-  
t ion  is descr ibed.  

Material and methods. 1. W h a t m a n  3MM p a p e r  str ips,  
size shown  in F igure  1.2.  P h o s p h a t e  buffered  sal ine (PBS) 
or al ly phys io logica l  m ed i um .  3. Vessel  v a r y i n g  in l e n g t h  
accord ing  to  t he  n u m b e r  of processed samples .  

A l iquo t s  of cell suspens ion  (in our  case 0.1 ml  samples  
were w i t h d r a w n )  are d ropped  in t he  midd le  of W h a t m a n  
3MM paper ,  a n d  one end  of t h e  s t r ip  is i m m e d i a t e l y  
d ipped  in to  t i le vessel  filled w i t h  cold PBS.  A f ixa t ion  
of t h e  oppos i te  end  of p a p e r  should  assure  a n  ascend ing  
f low of t he  fluid. All ex t race l lu la r  soluble  m a t e r i a l  
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Fig. 1. Schematic representation of the method described. 

( including r ad ioac t iv i ty )  moves  r ap id ly  w i t h  t he  f ron t  
of soak ing  solut ion,  while  cells r e m a i n  a t  t he  same  place 
(Figure  2). B y  th i s  p rocedure  t he  ceils are washed  
w i t h i n  2-3 min,  du r ing  wh ich  t i m e  f u r t h e r  samples  can  be 
t aken .  The  zone w i t h  t he  spo t t ed  sample  can  be  cu t  ou t  of 
t he  wet  or dr ied  s t r ip  a n d  r a d i o a c t i v i t y  m e a s u r e d  in 
d ioxane  or to luene  sc in t i l a t ion  l iquid,  respect ively .  
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Fig. 2. Radioactivity tracing on paper strip after processing. 1. Zone 
where suspension of mouse thymus cell labelled by 1~C uridine 
(spec. act. 0.1 mCi/0.46 mg) was spotted. 2. Radioactivity separated 
from the cell sample by soaking PBS. 


