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level  w i t h i n  t h e  complex ,  y ie ld ing  t he  r eac t ive  t r i p l e t  
s t a t e  of B b y  dissocia t ion .  

F r o m  a t h e r m o d y n a m i c  p o i n t  of v iew i t  is c e r t a i n l y  
c o n v e n i e n t  to  e m p l o y  a s t e a d y  s t a t e  c o n s t a n t  r e l a t ed  to  
t he  c o n s t a n t  of q u e n c h i n g ,  as an  a l t e r n a t i v e  to  t he  more  
c o n v e n t i o n a l  use of col l is ional  cross sections3~,3L T h e  
t r a n s f e r  of e x c i t a t i o n  e n e r g y  b e t w e e n  d i f f e ren t  e n e r g y  
levels  of t h e  s y s t e m  is t h e n  c a p a b l e  of c lea re r  de f in i t ion  ss. 
I n  pa r t i cu l a r ,  t h e  p r o b a b i l i t y  t e r m  P in t h e  di f fus ion-  
e n c o u n t e r  t r e a t m e n t  m a y  be  co r r e l a t ed  w i t h  t r a n s i t i o n s  
b e t w e e n  a v a i l a b l e  exc i t ed  levels  in A a n d  B 2~ F ina l ly ,  
t h e  c o n c e p t  p rov ides  a n  i n t e r e s t i n g  a n a l o g y  b e t w e e n  
p h o t o e x c i t e d  s y s t e m s  a n d  e n z y m e  s y s t e m s  where  t h e  
h y p o t h e s i s  of t h e  s t e a d y  s t a t e  'MICHAELIS c o m p l e x '  39 h a s  
p r o v e d  so f ru i t fuD °m.  

Zusammen/assung. Die K i n e t i k  h o m o g e n e r  P h o t o r e a k -  
t ionen ,  we lche  f iber  e inen  E x c i m e r - K o m p l e x  ver laufen ,  
wi rd  u n t e r s u c h t .  E s  e rg ib t  sich, dass  in  I ) b e r e i n s t i m m u n g  

m i t  zah l r e i chen  13eobach tungen  eine K o n z e n t r a t i o n s -  
abh~.ngigkei t  ~hn l ich  de r  v o n  LANGMUIR-HINSHELWOOD 
ffir die h e t e r o g e n e  K a t a l y s e  abge l e i t e t en  zu e r w a r t e n  ist. 
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C o m b i n e d  A c t i o n  o f  Rous  S a r c o m a  Virus  and C h e m i c a l  C a r c i n o g e n  in Rat s  

T h e  c o m b i n e d  ef fec t  of oncogenic  v i ruses  a n d  chemica l  
ca rc inogens  ha s  been  e x t e n s i v e l y  s tud ied  in r e c e n t  yea r s  
(for rev iew see DURAN-I~EYNALS 1, a n d  SALAMAN a n d  
R o w  2). T h e  poss ib i l i t i es  w i t h  t h e  c o m b i n e d  ac t ion  c a n  be  
s u m m a r i z e d  as :  (1) e n h a n c e m e n t  of t he  oncogen ic  ef fec t  
of t h e  v i r u s ;  (2) e n h a n c e d  oncogenic  effect  of t h e  c h e m i c a l  
c a r c inogen ;  (3) s imple  a d d i t i v e  effect  of t h e  2 agen ts .  

T h e  f i r s t  a l t e r n a t i v e  was  m o s t  o f t en  o b s e r v e d :  v i r a l  
t u m o u r s  a p p e a r e d  ear l ie r  a n d / o r  in  g r ea t e r  n u m b e r ,  grew 
m o r e  r a p i d l y  or  pe rs i s t ed  for  a longer  t i m e  in  ca rc inogen-  
t r e a t e d  a n i m a l s  t h a n  in  t h e  con t ro l s  w h i c h  h a d  o n l y  b e e n  
t r e a t e d  w i t h  virus .  E n h a n c e d  ef fec t  of t h e  chemica l  
ca r c inogen  b y  v i rus  h a s  r a r e ly  b e e n  obse rved .  

F e w  inves t i ga t i ons  h a v e  been  ca r r i ed  o u t  on  t h e  effect  
of IZous s a r c o m a  v i rus  (RSV)  in a n i m a l s  t r e a t e d  w i t h  
chemica l  carc inogens .  CARR a inj ec ted  m e t h y l c h o l a n t h r e n e  
a n d  R S V  in to  ch i ckens  be long ing  t o  a s t r a i n  of low v i r a l  
suscep t ib i l i ty .  Smal l  t u m o u r s  a p p e a r e d  in t h e  b r e a s t  
musc les  a t  t he  si te  of v i rus  inocu la t ion ,  whe reas  a large  
swell ing deve loped  in  t h e  m e t h y l c h o l a n t h r e n e - i n j e c t e d  
leg. T h e  swel l ing s lowly subs ided  a n d  t u m o u r s  subse-  
q u e n t l y  a p p e a r e d  in  va r ious  p a r t s  of t h e  leg, wh ich  were  
h i s to log ica l ly  i nd i s t i ngu i shab l e  f rom those  i nduced  b y  t h e  
RSV.  I n  y o u n g  r a b b i t s  i .v. ~RSV h a s  been  s h o w n  to  
localize to  t h e  s i te  of i .m. i n j ec t ed  h y d r o c a r b o n s ,  p r o d u c i n g  
f i b r o m a t o u s  nodules*.  I n  a d d i t i o n  m a n y  r a b b i t s  showed  
nodu les  in  t h e  lungs  a n d  l iver,  occas iona l ly  also in t he  
sp leen  a n d  k idneys .  T h e  nodu les  were l a rger  a n d  more  
n u m e r o u s  t h a n  in  r a b b i t s  n o t  t r e a t e d  w i t h  h y d r o c a r b o n .  

T h e  p r e s e n t  e x p e r i m e n t s  were  ca r r ied  o u t  to  i n v e s t i g a t e  
t h e  ef fec t  of i .v.  R S V  in ra ts ,  wh ich  h a d  b e e n  i n j ec t ed  
i .m. w i t h  a ca rc inogen ic  h y d r o c a r b o n .  

T h e  R o u s  v i r u s  wa s  of t h e  s t r a i n  S c h m i d t - R u p p i n  
( R S V - S R )  w h i c h  is ab le  to  i n d u c e  t u r n o u t s  in  a w ide  
v a r i e t y  of m a m m a l s  as well  as  in  b i rd s  5. Poo l s  of cell-free 
v i ru s  suspens ion  were  p r e p a r e d  f rom r ap i d l y  g rowing  
t u m o u r s  i nduced  in  t h e  chicken.  To do  t h i s  f ine ly  m i n c e d  
ch i cken  s a r c o m a  was  s u s p e n d e d  1 : 5  in  H a n k ' s  so lu t ion  
w i t h  an t i b io t i c s  a n d  h o m o g e n i z e d  for 5 ra in  in  a n  U l t r a -  
t h u r r a x  h o m o g e n i z e r  (24,000 rpm)  in t h e  cold;  t h e  sus- 
p e n s i o n  was  t h e n  cen t r i f uged  for  30 ra in  a t  3000 g. T h e  
s u p e r n a t a n t  was  p i p e t t e d  off a n d  s to red  a t  -- 70 °C. Two 

pools  were used in t h e  e x p e r i m e n t s .  The  t i t e r  of t h e  v i rus  
was  1.5-2.4 × 10 ~ F F U / m l  t e s t ed  on  m o n o l a y e r s  of ch i ck  
f ibroblas t s .  T h e  r a t s  were w h i t e  ones,  k e p t  as  a c losed 
co lony  for  m a n y  yea r s  a t  t he  i n s t i t u t e .  7, 12 -Dime thy l -  
b e n z ( a ) a n t h r a c e n e  (DMBA) d isso lved  in a r a c h i s  oil or  
t r i o c t a n o i n e  was  used  as  a ca rc inogen .  

One  m g  D M B A  was  i n j ec t ed  i .m. i n to  t h e  lef t  t h i g h  of 
41 ra t s ,  2 weeks  of age. 10-12 d a y s  la ter ,  28 of t he  r a t s  
were  g iven  1 m t  of t h e  v i rus  pool  i .v.  v i a  one  of t h e  ta i l  
ve ins .  T h e  s ame  a m o u n t  of v i rus  was  i n j ec t ed  i n to  16 r a t s  
of t h e  s a m e  age w h i c h  h a d  n o t  b e e n  t r e a t e d  w i t h  t h e  
ca rc inogen .  The  r a t s  were  e x a m i n e d  once  a week  for  
4 m o n t h s  a n d  t h e n  killed. 

No t u r n o u t s  were  o b s e r v e d  in a n y  of the  r a t s  w h i c h  h a d  
b e e n  g i v e n  t he  v i rus  alone,  n o r  d id  t h e y  show a n y  
h e m o r r h a g i c  cys ts  in  t he  l y m p h  nodes  wh ich  is a c o m m o n  
f ind ing  w h e n  R S V - S R  is i nocu la t ed  i n to  n e w - b o r n  ra ts .  

Seven  of t h e  13 r a t s  wh ich  h a d  been  in j ec t ed  w i t h  
D M B A  a n d  h a d  no t  h a d  a n y  f u r t h e r  t r e a t m e n t ,  deve loped  
a t u m o u r  a t  fl~e si te  of in jec t ion .  The  f i rs t  t u m o u r  
a p p e a r e d  a p p r o x i m a t e l y  12 weeks  a f t e r  t h e  i n j ec t i on  a n d  
h a d  o f t en  r eached  a cons ide rab le  size b y  t h e  t i m e  t h e  
r a t s  were  sacrif iced.  A few of t he  t u m o u r s  h a d  p r o d u c e d  
u l ce ra t i on  of t h e  ove r ly ing  skin.  T h e y  h a d  t h e  h i s to -  
logical  a p p e a r a n c e  of va r i ous  t y p e s  of s a r c o m a s :  sp ind le  
cell s a rcomas ,  p o l y m o r p h o u s  cell s a rcomas ,  m y o s a r c o m a s  
a n d  a n a p l a s t i c  sa rcomas .  No m e t a s t a s e s  were  seen in a n y  
of t h e  i n t e r n a l  o r g a n s  or  in  t he  l y m p h  nodes.  

F i f t e en  of t h e  28 r a t s  t h a t  h a d  been  exposed  to  t he  
c o m b i n e d  effect  of D M B A  a n d  R S V - S R  deve loped  
t u m o u r s  in  t h e  lef t  t h i g h  a t  t h e  s i te  of t h e  i n j ec t ed  h y d r o -  
ca rbon .  T h e  t u m o u r s  a p p e a r e d  a t  a b o u t  t h e  s a m e  t i m e  
as  in  t h e  r a t s  t r e a t e d  w i t h  D M B A  a lone  a n d  were  of t h e  
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s a m e  h is to logica l  type .  E l e v e n  of t h e  28 r a t s  deve loped  
t u m o u r s  a t  d i s t a n t  s i tes  wh ich  h a d  no  t o p o g r a p h i c a l  
r e l a t i on  to  t h e  i n j ec t ed  h y d r o c a r b o n .  These  t u m o u r s  were  
local ized t o  t h e  l iver  (4 ra ts ) ,  t o  t h e  c h e e k  i n v a d i n g  t h e  
o r b i t  (3 ra ts) ,  to  t h e  base  of t h e  r i g h t  ea r  (1 ra t ) ,  t o  t h e  
b a c k  of t h e  n e c k  (1 ra t ) ,  to  t h e  r i g h t  s ide of t h e  sp ine  
(I ra t )  a n d  to  t h e  a b d o m i n M  sk in  (1 ra t ) .  T h r e e  of t h e s e  
t u m o u r s  a p p e a r e d  in r a t s  w h i c h  h a d  n o t  deve loped  a 
t u r n o u t  a t  t he  s i te  of i n j ec t ed  h y d r o c a r b o n .  One  r a t  
showed  a 1 × 1 c m  sized t u m o u r  a t t a c h e d  to  t h e  sp ine  a n d  
a smal l  t u m o u r  nodu le  in  t h e  l iver.  A n o t h e r  h a d  a l iver  
t u m o u r  2 × 2 X 3 c m  in  size a n d  in a d d i t i o n  n u m e r o u s  
t u m o u r  nodu les  in  t h e  o m e n t u m ,  o n  t he  p e r i t o n e u m  a n d  
a 0.5 cm t u m o u r  nodu le  a t t a c h e d  to  t he  u p p e r  surface  of 
t h e  d i a p h r a g m .  T h e  t u m o u r s  h a d  a h a r d  cons i s t ency  a n d  
g r a y i s h - w h i t e  cu t  surface.  Microscopica l ly  t h e y  al l  h a d  
t h e  a p p e a r a n c e  of f ib rosa rcomas ,  t h e  m a j o r i t y  h i g h l y  
d i f f e r en t i a t ed .  

T h e  t u m o u r  in t h e  a b d o m i n a l  sk in  a p p e a r e d  9 weeks  
a f t e r  t h e  v i ru s  inocu la t ion ,  t h o s e  o n  t h e  h e a d  a n d  n e c k  
a f t e r  12 weeks.  T h e y  grew s lowly b u t  p rogress ive ly .  T h e  
l ive r  t u m o u r s  were de t ec t ed  a t  au topsy .  

Two  of  t h e  r a t s  s h o w e d  in  a d d i t i o n  to  t h e  t u m o u r s ,  
t h i n - w a l l e d  cys t s  filled w i t h  h e m o r r h a g i c  f luid.  One  of 
t h e m  h a d  a t h y m i c  cys t  a n d  2 × 2 × 2 cm sized t u m o u r  
on  t h e  b a c k  of t he  neck,  t h e  o t h e r  h a d  a p a r t  f r om a l iver  
t u m o u r ,  n u m e r o u s  t i n y  h e m o r r h a g i c  cys t s  in  t h e  lungs,  a 
h e m o r r h a g i c  effusion in b o t h  p l eu ra l  cav i t ies  a n d  n u m e r -  
ous smal l  cys t s  in  t he  a b d o m i n a l  cav i ty .  T h r e e  of t h e  
r a t s  showed  h e m a n g i o m a - l i k e  cys t s  in  t h e  lungs  a n d  
sp leen  or on  t he  p e r i t o n e u m ,  a p a r t  f rom t h e  s a r c o m a  a t  
t h e  s i te  of t h e  h y d r o c a r b o n .  

A s c h e m a t i c  s u m m i n g  u p  of t h e  r e su l t s  of t h e  exper i -  
m e n t s  is g iven  in t h e  Figure .  

D M B A  g i v e n  o ra l ly  to  y o u n g  r a t s  h a s  b e e n  s h o w n  to  
i n d u c e  t u r n o u t s  a t  va r i ous  s i tes  ~. I t  m i g h t  t he r e fo re  b e  
a r g u e d  t h a t  t h e  genera l ized  t u m o u r s  in  o u r  e x p e r i m e n t s  
a re  due  o n l y  to  D M B A  a n d  t h a t  t h e  i n j ec t ed  R S V  is of 
n o  i m p o r t a n c e .  

T h e  fol lowing fac t s  are  a g a i n s t  th i s  a s s u m p t i o n .  
(1) No d i s t a n t  t u m o u r s  were  seen in  r a t s  i n j ec t ed  w i t h  

D M B A  alone.  
(2) Some r a t s  w i t h  d i s t a n t  t u m o u r s  showed  h e m o r r h a g i c  

cys t s  wh ich  is a c o m m o n  f ind ing  in r a t s  i nocu la t ed  w i t h  
R S V -  S R  w h e n  new-born ,  

(3) T h e  d i s t a n t  t u m o u r s  h a d  t h e  s ame  microscopicM 
s t r u c t u r e  as  t h e  f i b ro sa r comas  w h i c h  a p p e a r  a t  t h e  s i te  of 
i n j e c t i o n  of lq.SV-SIq, in  n e w - b o r n  ra ts .  T h e  p i c tu re  was 
a l m o s t  iden t i ca l  in  t h e  d i f fe ren t  r a t s  i r r e spec t ive  of t h e  
loca l iza t ion  of t h e  t u m o u r s  a n d  di f fered f rom t h e  v a r i e d  
h is to logica l  s t r u c t u r e  of t h e  D M B A - i n d u c e d  sa rcomas .  I t  
shou ld  b e  e m p h a s i z e d  t h a t  th i s  also appl ies  t o  t h e  l iver  
t u m o u r s  w h i c h  o the rwi se  m i g h t  be  i n t e r p r e t e d  as m e t a -  
s t ases  f r o m  t h e  D M B A - t u m o u r .  

(4) I n  add i t ion ,  t h e  R S V - S R  could  b e  r ecovered  f rom 
t h e  l iver  s a r c o m a  in  I of t h e  ra ts .  Minced  m a t e r i a l  f rom 
t h e  t u m o u r  was  t r a n s f e r r e d  s.c. to  6 n e w - b o r n  r a t s  a n d  
p r o d u c e d  r a p i d l y  g rowing  t u m o u r s  in  e v e r y  an imal .  One  
of t h e  t u m o u r s  was f ine ly  minced  a n d  suspended  1 :5  in 
H a n k ' s  so lu t ion  w i t h  an t ib io t i cs .  One  cm ~ of t h e  suspen-  
sion was  in j ec t ed  i n to  t h e  b r e a s t  musc le  of 3 chickens ,  
3 weeks  of age. Two weeks la ter ,  2 of t h e  ch ickens  showed  
seve ra l  p rogress ive ly  growing  t u r n o u t s  a t  t h e  s i te  of t h e  
inocu la t ion .  The  t u m o u r s  showed  t h e  usua l  p i c t u r e  of a 
s l imy  R o u s  s a r c o m a  a n d  could  be  t r a n s m i t t e d  to  new  
ch i ckens  b y  m e a n s  of cell-free s u p e r n a t a n t  f r o m  h o m o -  
genized t u m o u r  ma te r i a l .  E a r l i e r  a t t e m p t s  to  d e m o n s t r a t e  
t h e  p resence  of t h e  v i ru s  g e n o m e  in  8 o t h e r  genera l ized  
r a t  t u m o u r s  h a d  failed. T u m o u r  m a t e r i a l  was  in  t h e s e  

cases t r a n s f e r r e d  d i rec t ly  to  t he  wing  webs  of y o u n g  
chicks,  w h i c h  were  o b s e r v e d  for  3 m o n t h s .  I t  is possible  
t h a t  t h e  v i ru s  c o n t e n t  is low in  v e r y  f ib rous  R o u s  r a t  
sa rcomas ,  as in  s lowly growing  I l ous  s a r c o m a s  in  ch ickens ,  
a n d  t h a t  i t  increases  w h e n  t he  t r a n s f e r r e d  r a t  t u m o u r  
ceils r a p i d l y  p ro l i fe ra te  in  n e w - b o r n  ra ts .  

T h e  i m m n n o - d e p r e s s i v e  effect  oi chemica t  ca rc inogens  
is well  d o c u m e n t e d  v a n d  i t  is q u i t e  conce ivab le  t h a t  t he  
t u m o u r s  a t  d i s t a n t  s i tes  in t h e  D M B A - R S V  ra t s  a re  due  
to  a r educed  i m m u n e  r e a c t i o n  to  t h e  v i ru s  or to  a n  a n t i g e n  
in t h e  neop las t i c  cells. A s imi la r  effect  m i g h t  be  p r o d u c e d  
b y  o t h e r  i m m u n o - d e p r e s s i v e  agen ts .  W e  have ,  however ,  
n o t  b e e n  ab le  to  r e p r o d u c e  t he  resu l t s  in  cor t i son ized  
r a t s :  no  t u m o u r s  or  cys ts  were seen in' 15 r a t s  i n j ec t ed  a t  
3 weeks  of age w i t h  2.5 m g  h y d r o c o r t i s o n e  s,c. a n d  w i t h  
1 ml  R S V - S R  pool  i.v. No resu l t s  h a v e  so fa r  b e e n  
o b t a i n e d  in r a t s  i n j ec t ed  w i t h  non-ca rc inogen ic  h y d r o -  
carbons .  

A n o t h e r  poss ib le  m e c h a n i s m  is t h a t  t h e  chemica l  a g e n t  
a c t s  on  t h e  t a r g e t  cell, e n h a n c i n g  t h e  effect  of t h e  v i ru s  
or  f a c i l i t a t i ng  t h e  e n t r y  of t h e  v i rus  i n t o  t h e  cell. A syner -  
gis t ic  m u t a g e n i c  effect  of R S V - S R  a n d  c y t i d i n e - t r i p h o s -  
p h a t e  o n  h u m a n  leucocy tes  h a s  b e e n  d e m o n s t r a t e d  s. 
D M B A  h a s  b e e n  s h o w n  to  decrease  i n t e r f e r o n - p r o d u c t i o n  
a n d  to  e n h a n c e  t h e  c y t o p a t h i c  effect  of p o l y o m a - v i r u s  in  
t i ssue  cu l tu res  9. 

I t  is of i n t e r e s t  to  n o t e  t h a t  t h e  t u m o u r s  showed  a long 
pe r iod  of l a t ency ,  in  some r a t s  as long  or  e v e n  longer  
t h a n  t h e  D M B A - i n d u c e d  t u m o u r s .  No sa t i s fy ing  exp l ana -  
t i o n  can  be  g iven  as to  t h e i r  d i s t r i bu t ion .  W e  h a v e  n o t  
b e e n  able  to  d e m o n s t r a t e  loca l iza t ion  of t h e  v i rus  to  t h e  

4 m0nths 

• lumor 8t the site ot the injected DrlBA 
@ Tumo~ at other sites 
0 1-18morrnagic cyst 

RNi.v. 
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Schematic diagram showing the occurrence of tumours and cysts in 
rats receiving i.v. RSV (upper group), i.m. DMBA (middle group), 
or a combination of the 2 (lower group). 

6 ,~VL GRONSTEIN, D. R. MERANGE and M. B. SHIMKIN, Cancer Res. 
27, 205 (1967). 
J. STJER~SWXRD, J. natn Cancer Inst. 35, 885 (1965). 

8 W. NIchoLs, A. LEVA~, W. A. H~NEEN and M. PELVS~, Hereditas 
54, 213 (1965). 
E, DE MA~YER and J. DE ~{AEYER'GuIGNARD, Virology 20, 536 
(1963). 
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s i te  of t h e  i n j ec t ed  D M B A  as was  t h e  case in r a b b i t s  a n d  
chickens .  T r a n s f e r  of l iv ing  cells f r om t h e  D M B A - t u m o u r s  
i n t o  ch ickens  d id  n o t  el ici t  a n y  t u m o u r s .  E x p e r i m e n t s  
u n d e r w a y  ind i ca t e  t h a t  i .m. i n j ec t i on  of R S V - S R  in to  
D M B A - t r e a t e d  ra t s ,  4 weeks  of age, i nduces  t u m o u r s  a t  
t h e  s i te  of t he  v i ru s  in j ec t ion  wh ich  do  n o t  occur  in un-  
t r e a t e d  r a t s  ~0. 

Zusammen/assung. Zwei bis  drei  W o c h e n  a l te  R a t t e n  
w u r d e n  e iner  k o m b i n i e r t e n  E i n w i r k u n g  yon  7,12-Di-  
m e t h y l b e n z { a ) a n t h r a z e n  u n d  R o u s - S a r k o m a - V i r n s  aus-  
gese tz t .  Das  chemische  K a r z i n o g e n  w u r d e  i .m.,  das  V i rus  
dagegen  i.v.. zugefahrt. Viele der  R a t t e n  e n t w i c k e l t e n  
3 -4  M o n a t e  sp/ i ter  F i b r o s a r k o m e n  u n d  Z y s t e n  o h n e  
t o p o g r a p h i s c h e  B e z i e h u n g  zu d e m  lokal  d e p o n i e r t e n  K a r -  

zinogen,  I n  e inem F i b r o s a r k o m  der  L e b e r  k o n n t e  der  
R o u s - S a r k o m a - V i r u s  nachgewie sen  werden .  Vi rus  a l le in  
wa r  n i c h t  i m s t a n d e ,  T u m o r e  u n d  Z y s t e n  in g le icha l t r igcn  
R a t t e n  h e r v o r z u r u f e n .  Das  chemische  K a r z i n o g e n  er- 
zeugte  T u m o r e  n u t  a m  P la t ze  de r  i .m. I n j e k t i o n .  

C. G. AHLSTR6M a n d  JULIET HEATON 

Institute o] Pathology, University of Lund 
(Sweden), 27 November 1967. 
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P R O  E X P E R I M E N T I  S 

A Method for Cytogenetic Study of Planarians 

I n v e s t i g a t i o n  of c h r o m o s o m e s  of p l a n a r i a n s  in  mi tos i s  
a n d  meiosis  is of p a r t i c u l a r  i m p o r t a n c e  for  t he  knowledge  
of t h e  p r o b l e m  of p o l y p l o i d y  a n d  i ts  m e c h a n i s m  in  
an ima l s .  U p  to  t h e  p resen t ,  for t h e  ana lys i s  of ch r omo-  
somes,  s q u a s h  m e t h o d s  w i t h  d i s so lvab le  cover  sl ips a n d  
ace t ic -orce in  h a v e  b e e n  app l i ed  on  gonads  a n d  cocoons  
b y  MELANDER l 3. BENAZZI 4 ha s  c o m b i n e d  t h e  acet ic-  
c a r m i n e  s q u a s h  m e t h o d  w i t h  colchic ine  as m e d i u m  on t h e  
b l a s t e m a .  

W e  h a v e  modi f ied  t he  ace t ic -orce in  m e t h o d  b y  pre-  
t r e a t m e n t  used in t h e  cu l tu re  of m a m m a l i a n  cells in  v i t ro .  
B y  a p p l y i n g  colcemide  a n d  h y p o t o n i c i t y  i t  is poss ib le  to  
ana ly se  t i le c h r o m o s o m e s  of sexua l ly  m a t u r e  a n i m a l s  more  
precisely.  T h e  modi f ied  m e t h o d  also fac i l i t a t es  t h e  s t u d y  
of t h e  m e c h a n i s m  of meiosis.  

Methods. T w o  species of t h e  endemic  genus  Neodendro- 
coelum S t a n k  5, N. grande a n d  N. maculatum, were  t a k e n  
o u t  of t h e  well  of t h e  L a k e  of Ohr id .  T h e  t i s sues  for  
c h r o m o s o m e  ana lys i s  were  t h e  t e s t e s  a n d  ovar ies  of 
sexua l ly  m a t u r e  an imals .  T h e  n e o b l a s t s  of t h e  r e g e n e r a t i v e  
b l a s t e m a  in p l a n a r i a n s  show reg iona l  d i f ferences  in  
chromosome se ts6;  th i s  s om a t i c  t i s sue  was  n o t  t a k e n  for  
analys is .  

Fo r  t h e  p r e t r e a t m e n t ,  co lcemide  Ciba  was  employed .  
A t  t h e  sugges t ion  of Dr.  Y. ~V[ELANDER lOW c o n c e n t r a t i o n s  
of co lcemide  was  used in  o rde r  to  p r e v e n t  t h e  a p p e a r a n c e  
of i n d u c e d  po lyp lo id iza t ion .  T h e  c o n c e n t r a t i o n  of 12 y/ml 
gave  t h e  b e s t  resul ts .  Th i s  c o n c e n t r a t i o n  was  s t r o n g  
e n o u g h  to  give a c o n t r a c t i o n  ef fec t  on  t h e  c h r o m o s o m e s  
b u t  d id  n o t  p r o d u c e  po lyp lo idy .  Colcemide  was  d isso lved  
in wel l  w a t e r  in  w h i c h  t h e  a n i m a l s  could  s u r v i v e  t h e  pre-  
t r e a t m e n t .  Two  p l a n a r i a n s  a t  a t i m e  were  p laced  in  a 
P e t r i - d i s h  c o n t a i n i n g  16 c m  * of co lcemide  so lu t ion ,  a n d  
t h e n  t r a n s f e r r e d  i n to  a t h e r m o s t a t  a t  a t e m p e r a t u r e  of  
15-16°C.  T h e  p l a n a r i a n s  were  k e p t  in  a t h e r m o s t a t  for  
4 -5  h.  

I n  c o n s i d e r a t i o n  of t h e  low os m o t i c  p re s su re  of t h e  
p l a n a r i a n  t i s sues  7, d is t i l led  w a t e r  w as  used  for  t h e  h y p o -  
t on i c  p r e t r e a t m e n t .  F r o m  t h e  co lcemide  so lu t ion ,  a p l an -  
a r i a n  was  p l aced  on  a slide. U n d e r  a mic roscope  (ob jec t ive  
× 3) 2 l a t e r a l  pieces  f r o m  t h e  t es t i s  a n d  t h e  o v a r y  

a p p r o x i m a t e l y  1 m m  in  l e n g t h  were  d issected  us ing  a 
microsca lpe l .  T h e  2 d i ssec ted  pieces  of g o n a d s  were  p u t  
i n t o  a P e t r i - d i s h  w i t h  d is t i l led  w a t e r  a n d  i n c u b a t e d  a t  

20°C for  30 min .  I t  shou ld  be  p o i n t e d  o u t  t h a t  t h e  
t e m p e r a t u r e  for  h y p o t o n i c i t y  was  a decis ive  f ac to r  b o t h  
for  t h e  effect  of h y p o t o n i c i t y  a n d  for  t h e  p r e v e n t i o n  of 
d e c o m p o s i t i o n  of t issues.  

Af te r  t h e  h y p o t o n i c  t r e a t m e n t ,  t h e  pieces of tes t i s  a n d  
o v a r y  were  t r a n s f e r r e d  b y  a m i c r o p i p e t t e  to  50% ace t ic  
acid.  F i x a t i o n  l a s t ed  for  4 -7  rain,  a n d  t h e  f i xa t i ve  was  
c h a n g e d  twice.  

T h e  pieces of g o n a d s  were  t r ans fe r r ed ,  1 b y  1, f r om t h e  
f i x a t i v e  to  a sl ide a n d  m a c e r a t e d  w i t h  t h e  w a t c h m a k e r ' s  
forceps  in to  a m i l k y  cell suspens ion  8. A few d rops  of 2 %  
ace t ic -orce in  in  60% acet ic  ac id  were a d d e d  to  t he  sus- 

Table I. Chromosome number of N. grande 

Mitosis No. of animals 

testes ovaries 

No. of chromosomes 2 n = 32 2 n = 32 

No. of cells analysed 12 10 4 

Table II. Chromosome number of N. maculatum 

Meiosis No. of animals 

testes ovaries 

No. of chromosomes n = 16 n = 16 

No. of cells analysed 11 21 9 
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