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Fig. 1. Chromosomenbriicken quer dureh eine sieh bildende Zellwand Fig. 2. C-mitotische Chromosomen nach Kultur in 200 ~tg/ml Afla- 
naeh Kultur in 100 ptg/ml Aflatoxin B 1 (46,5 h). × 1100. toxin B 1 (47 h). × 1100. 

f o r m a m i d  (DMF) (Serva)  e i n g e t a u c h t  u n d  n a c h  4,24 u n d  
48 h e n t n o m m e n .  Zu r  Kon t ro l l e  w u r d e n  die W u r z e l n  m i t  
0 ,3% D M F  ohne  Z u s a t z  b e h a n d e l t .  Die C h r o m o s o m e n  in 
den  m e r i s t e m a t i s c h e n  Zellen de r  W u r z e l s p i t z e n  w u r d e n  
m i t  Karminess igsAure  (Chroma,  S t u t t g a r t )  d u t c h  ErwAr- 
m e n  u n d  Q u e t s c h e n  13 daxgestel l t .  

Ergebnisse. V e r k l e b u n g e n  e inze lner  C h r o m o s o m e n  w~ih- 
r e n d  de r  A n a p h a s e ,  die sogar  q u e r  d u r c h  neu  geb i lde te  
ZellwAnde ve r fo lg t  w e r d e n  k o n n t e n  (F igur  1), waxen die 
auff~illigsten Sch~d igungen .  D a n e b e n  ze ig ten  e inze lne  
Zel len a u c h  C-mi to t i s che  C h r o m o s o m e n  w/ ih r end  de r  Me- 
t a p h a s e  (F igur  2). Alle A b e r r a t i o n s f o r m e n  t r a t e n  gehAuff  
auf,  w e n n  die Zwiebe lwurze ln  48 h l ang  m i t  200 btg/ml 
Af l a tox in  B 1 b e h a n d e l t  w o r d e n  waxen (e twa  50% al ler  
Meta-  bzw. A n a p h a s e n  geschgdigt)  u n d  n a h m e n  in d e m  
MaBe ab,  wie T o x i n k o n z e n t r a t i o n  u n d  E i n w i r k u n g s z e i t  
h e r a b g e s e t z t  wurden .  Zus~itzlich wurde  bei  A. cepa die all-  
g e m e i n e M i t o s e r a t e  h e r a b g e s e t z t  : Mi tose index  (Anzah l  de r  
Mi tosen  in  P r o z e n t  de r  GesamtzeHzahl )  : D M F - K o n t r o l l e n :  
12%,  200 ~g /ml  A f l a t o x i n  B 1 : 3%.  Ahu l i che  V e r m i n d e r u n -  
gen  de r  Mi toseh / iu f igke i t  u n t e r  d e m  Ein f luss  y o n  Afla-  
t o x i n  B 1 w u r d e n  a u c h  bei  m e n s c h l i c h e n  Lungenze l l en  x°, 
m e n s c h l i c h e n  L e u k o z y t e n  9 sowie bei  Wurze lze l l en  yon  
Viola [aba 8 fes tgeste l l t .  I n  de r  D M F - K o n t r o l l e  e n t s t a n -  
den  bei  A. cepa ke ine  Chromosomensch~id igungen .  

C h r o m o s o m e n b r i i c k e n  w u r d e n  a u c h  n a c h  E i n w i r k u n g  
yon  Af l a tox in  au f  Viola /aba-Wurzeln s sowie n a c h  Be-  
h a n d l u n g  v o n  Zwiebe lwurze ln  m i t  d e m  c h e m i s c h  ver-  
w a n d t e n  C u m a r i n  al, 1, b e o b a c h t e t .  Z u m i n d e s t  fiir A. cepa 
k a n n  a n g e n o m m e n  werden ,  dass  die b e o b a c h t e t e n  Aber -  
r a t i o n e n  n i c h t  fiir A f l a t o x i n  B1, s o n d e r n  v i e l m e h r  ftir e ine 
G r u p p e  c h e m i s c h  v e r w a n d t e r  S u b s t a n z e n  spezif isch ist.  

Summary. After  t r e a t m e n t  of roo t s  of Allium cepa w i t h  
a f l a t o x i n  B 1 in  0 .3% d i m e t h y l f o r m a m i d e ,  c h r o m o s o m e  
br idges ,  C-mi tose  c h r o m o s o m e s  a n d  a r e d u c t i o n  of t h e  
mi t o t i c  i n d e x  were obse rved .  T h e  a b e r r a t i o n s  occu r red  
especia l ly  f r e q u e n t l y  w h e n  t h e  roo ts  h a d  g rown  in 200 ~g/  
ml  t o x i n  for  48 h. I n  i t s  c y t o t o x i c  effect  on  Allium cepa 
roo t  t ips,  a f l a t o x i n  B l ac t s  s imi la r ly  to  t h e  chemica l ly  re- 
l a t ed  coumaxin .  
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The Phase Numbers  and Their Variation under Different Treatments  

I n  o rde r  to  s t u d y  t h e  d y n a m i c s  of a m e r i s t e m a t i c  
popu la t i on ,  indices  h a v e  b e e n  i n t r o d u c e d  w h i c h  r e l a t e  
t h e  n u m b e r  of  cells  in  mi tos i s  to  t h e  n u m b e r  go ing  
t h r o u g h  t h e  i n t e r p h a s e l ,  *. Theore t i ca l ly ,  t h e  p a r t i a l  
m i t o t i c  indices,  a p a r t  f r om t h e  p h a s e  indices,  do  no t  
a lways  express  t he  k ine t ics  of a cell p o p u l a t i o n  going  
t h r o u g h  t h e  d iv i s ion  cycle, a n d  for t h i s  r eason  we need  
a f igure  w h i c h  wil l  r e l a t e  one  t y p e  of i n d e x  to  t h e  o ther ,  
g iv ing  a r e s u l t a n t  w h i c h  expresses  v a r i a t i o n  or  n o r m a l i t y  

in  t h e  p r o p o r t i o n a l  r e l a t i o n s h i p  b e t w e e n  t h e  cells a t  
d i f f e r en t  s t ages  in  t h e  d iv i s ion  cycle. 

T h e  idea  of t h e  p h a s e  n u m b e r  is t h a t  i t  s h o u l d  r e p r e s e n t  
t h e  p e r c e n t a g e  of cells in  e a c h  of t h e  p h a s e s  of t h e  
d iv i s ion  cycle  w i t h i n  t h e  m e r i s t e m a t i c  popu la t i on ,  a n d  
i t  m u s t  necessar i ly  ref lec t  a n y  mo d i f i c a t i o n  t h a t  c an  be  
d e t e c t e d  in t h e  d y n a m i c s  of t h a t  p o p u l a t i o n .  I t  m a y  be  
d e t e r m i n e d  b y  a d i r ec t  count ,  to  f ind  o u t  t h e  p e r c e n t a g e  
of cells in  each  one of t h e  a c t u a l  phases  w i t h i n  t h e  
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popu la t i on ,  or b y  r e l a t i ng  t h e  p r o d u c t  of t h e  m i t o t i c  
i n d e x  a n d  each  of t h e  p h a s e  indices  as a p e r c e n t a g e  
acco rd ing  to  t he  f o r m u l a  

MI × P h i  
P h  N = 1~0 ; P h  N = p h a s e  n u m b e r ;  

MI  = m i t o t i c  i ndex ;  P h  I = p h a s e  index,  so t h a t  t h e  
p h a s e  n u m b e r  would  ref lec t  t h e  d e v e l o p m e n t  of a cell 
p o p u l a t i o n  w i t h i n  t he  d iv i s ion  cycle  more  sa t i s fac tor i ly .  
T h e  m a t e r i a l  used  was  t h e  m e r i s t e m  of A l l i u m  cepa. 
T h e  bu lbs  were  g rown  in t he  d a r k  a t  a c o n s t a n t  t e m -  
p e r a t u r e  of 15 + 0.5 °C in cy l indr ica l  recep tac les  of 70 cm 3 
capac i ty ,  w i t h  t a p - w a t e r  wh ich  was r enewed  eve ry  24 h 
a n d  w i t h  c o n s t a n t  b u b b l i n g ,  a t  t h e  r a t e  of 10 to  20 c m  3 
of a i r ]min .  S q u a s h  p r e p a r a t i o n s  of roo t  t i p s  were m a d e  
a f t e r  be ing  s t a i n e d  w i t h  ace t ic  orce in  3. 

Phase numbers  in  untreated root meristems. T he  p h a s e  
n u m b e r s  s tud ied  h o u r l y  in  A U i u m  roo t  m e r i s t e m s  r e m a i n  
r o u g h l y  c o n s t a n t  t h r o u g h o u t  t h e  e x p e r i m e n t .  T he  va r i a -  
t i on  f rom b u l b  to  b u l b  is n o t  la rger  t h a n  w i t h i n  t he  bu lb .  

Phase numbers  in  the course o[ an interphase blockage. B y  
us ing  t h e  d r u g  5 - a m i n o u r a c y l  (5-AU) a t  0.5 m M  con-  
cen t r a t i on ,  a t  w h i c h  i t  h a s  a b l o c k i n g  effect  on  S pe r iod  4 
a n d  s t u d y i n g  t h e  p h a s e  n u m b e r s  o b t a i n e d  f rom 2 h 
before  we b e g a n  t he  t r e a t m e n t  up  to  6 h af ter ,  we h a v e  
b e e n  ab le  to  d r a w  up  a t a b l e  of p h a s e  n u m b e r  va lues  
w h i c h  is s h o w n  in  F igu re  1. F r o m  th i s  we obse rve  a 
d r o p  in t h e  p h a s e  n u m b e r s  f rom t h e  2nd h a f t e r  t he  
b e g i n n i n g  of t h e  t r e a t m e n t .  Now, s ince t he  p h a s e  n u m b e r  
can  be  k e p t  c o n s t a n t  on ly  if t h e  s a m e  n u m b e r  of cells 
e n t e r  t h e  p h a s e  as l eave  it,  t h i s  d rop  in  t h e  n u m b e r  of 
p r o p h a s e s  f rom t h e  2nd  h o n w a r d s  can  on ly  be  in te r -  
p r e t e d  as a decrease  in t h e  n u m b e r  of cells e n t e r i n g  upon  
mitos is ,  a n d  as t h e  d u r a t i o n  of t h e  cycle a t  t he  t e m -  
p e r a t u r e  t e s t e d  is 30 h 5 a n d  t h e  d u r a t i o n  of G,  is a b o u t  

4 h ( u n p u b l i s h e d  da ta ) ,  t h e  phase  n u m b e r  cu rve  also 
ind ica t e s  a depress ive  ef fec t  on  Go. 

The  h e a v y  d rop  in t h e  n u m b e r  of p r o p h a s e s  b e t w e e n  
the  4 th  a n d  6 th  h would  a p p e a r  to  p o i n t  to  a s t r o n g l y  
i n h i b i t i v e  effect  of t he  d rug  in the  i n t e rphase ,  wh ich  
would  be  in a g r e e m e n t  w i t h  t he  f ind ing  of a pe r iod  
p a r t i c u l a r l y  sens i t ive  to  5-AU 4. 
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Fig. 2. Phase number from 2 h before and during the first 6 h of 
t reatment  with a drug blocking the transition from prophase to 
metaphase (ethidium bromide 100 [~g/ml). 
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Fig. 1. Phase number from 2 h before and during the first 6 h of 
an interphase blockage (5-aminouracilo, 0.5 mM). 
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Fig.  3. Phase n u m b e r s  f r o m  2 h be fo re  and in  the course o f  a 
metaphase blockage (0.05% colchicine). 
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Phase numbers in the course o/a blockage in the transition 
from prophase to metaphase. Using  va r ious  i n h i b i t o r s  of 
nucle ic  ac id  s y n t h e s i s  in  mer i s t ems ,  i t  was  found  t h a t  
e t h i d i u m  b r o m i d e  a t  10 tzg/mt 6 inc reased  t h e  p r o p h a s e  
i n d e x  d u r i n g  t h e  t r e a t m e n t ,  whi le  t h e  m i t o t i c  indices  
r e m a i n e d  n o t a b l y  c o n s t a n t .  

Ana lys i s  of t h e  p h a s e  n u m b e r s  in  t h e  course  of con-  
t i n u o u s  t r e a t m e n t  w i t h  t h i s  d r u g  shows a n  increase  in  
t he  p r o p h a s e  n u m b e r  c o m p a r e d  w i t h  o t h e r  p h a s e  n u m b e r s ,  
w h i c h  al l  t e n d  to  be  r educed  to  0 (Figure  2). T h e  fac t  
t h a t  t h e  m i t o t i c  i ndex  r e m a i n s  n o r m a l  d u r i n g  t h e  f i rs t  
6 h of t h e  t r e a t m e n t  seems to  i nd i ca t e  t h a t  al l  t h e  cells 
are  b locked  a t  t h e  t r a n s i t i o n  f rom p r o p h a s e  to  m e t a p h a s e ,  
i.e. t h a t  t h e y  a c c u m u l a t e  in  t h e  p rophase .  Th i s  seems  
to  be  p r o v e d  c lear ly  b y  t he  o b s e r v e d  k ine t i c s  of t he  
p r o p h a s e  n u m b e r .  

Phase numbers in the course o/a metaphase blockage. I t  
h a s  been  k n o w n  since 1934 ~ t h a t  colchic ine  ac t s  u p o n  
d iv id ing  cells b y  a c c u m u l a t i n g  t h e m  in t h e  m e t a p h a s e ,  
a n d  t he  increase  in  t h e  n u m b e r  of cells in  m e t a p h a s e  pe r  
u n i t  of t i m e  ha s  b e e n  used b y  severa l  a u t h o r s  as a w a y  
of m e a s u r i n g  t he  speed of t he  cell d iv i s ion  cycle. Ana lys i s  
of t he  mi to t i c  indices  u n d e r  0 .05% colchic ine  t r e a t m e n t  s 
shows t h e m  to  be n o r m a l  d u r i n g  t h e  f i rs t  4 h of t r e a t m e n t  
(Figure  3), whi le  t h e y  increase  s u b s e q u e n t l y  t h r o u g h  t he  
a c c u m u l a t i o n  of d iv id ing  cells. I f  we ana lyse  t h e  p h a s e  
n u m b e r s  u n d e r  t h i s  t r e a t m e n t ,  we f ind  t h a t  t h e  p r o p h a s e  
n u m b e r  r e m a i n s  c o n s t a n t ,  a n d  t h a t  t h e  increased  m i t o t i c  
i n d e x  is due  to  t h e  l a rger  n u m b e r  of m e t a p h a s e s .  T h e  
n u m b e r  of cells i n i t i a t i n g  mi tos i s  is p r ac t i ca l l y  c o n s t a n t  
t h r o u g h o u t  t h e  t r e a t m e n t ,  b u t  4 h a f t e r  i t  h a s  b e g u n  
t h e r e  are p rac t i ca l l y  none  issuing f rom it. T he  d y n a m i c s  

of t h e  m e t a p h a s e  n u m b e r  c lear ly  show t h e  a c c u m u l a t i n g  
ef fec t  of colchic ine  f rom t h e  f i r s t  h o u r  of t r e a t m e n t .  

I n  shor t ,  t h e  3 effects  s t ud i ed  - b lockage  in t h e  in te r -  
phase ,  in  t he  p r o p h a s e  a n d  in  t h e  m e t a p h a s e  - are  eas i ly  
d e t e c t a b l e  b y  t h e  use  of p h a s e  n u m b e r s  a n d  t h e i r  ana lys i s  
in  sequence .  T h e  i n f o r m a t i o n  t h u s  o b t a i n e d  m a y  b e  of 
use  w h e n  a new  d r u g  is to  b e  tes tedg ,  1°. 

Resumen. Se d e t e r m i n a n  los nf imeros  de fase en  pob la -  
clones mer i s t emAt icas  en  equi l ib r io  dinAmico, d o n d e  per-  
m a n e c e n  c o n s t a n t e s  a 1 o largo del  t i empo .  Se e s tud i a  su 
evo luc i6n  en  p resenc ia  de  t r e s  t r a t a m i e n t o s  que  p r o d u c e n  
b loqueo  en  t i e m p o s  d i fe ren tes  del  ciclo de d iv i s i6n  ce lu la r  - 
in ter fase ,  p rofase  y meta fase .  
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I n  v i t r o  C u l t u r e  o f  Toxoplasma I n f e c t e d  C a t  I n t e s t i n e  

R e c e n t  i nves t i ga t i ons  b y  H u x c m s o N  e t  al.*, FRENKEL 
e t  al. ~ a n d  SHEFFIELD a n d  MELTON s h a v e  s h o w n  t h a t  
Toxoplasma gondii u n d e r g o  sch izogony  a n d  g a m e t o g o n y  in  
t h e  ca t  i l eum g iv ing  r ise  to  oocys t s  in  t h e  faeces of t h e  
in fec ted  an ima l .  The  oocys t s  are  h i g h l y  r e s i s t a n t  t o  
chemica l  t r e a t m e n t  a n d  can,  there fore ,  b e  o b t a i n e d  in 
bac te r io log ica l ly  s ter i le  c o n d i t i o n  b y  w a s h i n g  t h e  faeces 
w i t h  va r ious  chemicals .  T he  o t h e r  i n t e s t i n a l  fo rms  of t h e  
p a r a s i t e  are, however ,  no t  r e s i s t a n t  to  chemica l s  a n d  as 
such  c a n n o t  be  o b t a i n e d  in s ter i le  cond i t i on  f rom t he  
l u m e n  of t h e  bowel  l ike t he  oocysts .  To o v e r c o m e  t h i s  
p r o b l e m  we h a v e  used t h i s  m e t h o d  of o r g a n  c u l t u r e  
i n v o l v i n g  t h e  Toxoplasma in fec ted  c a t  i l eum a n d  f ind  
t h a t  t h e  m e t h o d  is p a r t i c u l a r l y  su i t ab l e  for  o b t a i n i n g  
bac te r i a - f r ee  merozo i t e s  in  large  n u m b e r s .  

T h e  s t r a i n  of Toxoplasma used  in  t h i s  w o r k  was  f i r s t  
i so la ted  f rom a M a l a y a n  t r ee  sh rew (ZAMAN a n d  GoH4). 
The  ca t s  used v a r i e d  in  age f rom 5-8  weeks  a n d  were  
r ea red  in t h e  l abo ra to ry ,  u n d e r  p a t h o g e n  free condi t ions .  
The  in fec t ive  m a t e r i a l  cons i s ted  of pooled mice  b r a i n  
c o n t a i n i n g  a large n u m b e r  of cysts .  T he  b r a i n  t i ssue  was  
f i r s t  chopped  in to  sma l l  b i t s  w i t h  scissors a n d  fed to  each  

* W. M. HUTCHISON, J. F. DUNAOHIE, J. CHR. SIIM and K. WORK, 
Br. Med. J. l, 142 (1970). 
J. K. FRENKEL, J. P. DUBEY and N. L. MILLER, Science 167, 
893 (1970). 

s H. G. SHEFFIELD and M. L. MELTON, Science 167, 892 (1970). 
4 V. ZAMAN and T. K. GoH, Trans. R. Soc. trop. Med. Hyg. 64, 

462 (.1970). 

c a t  b y  i n t r a g a s t r i c  i nocu l a t i on  us ing  a p o l y t h e n e  tube .  
T h e  faeces f rom each  ca t  were  col lec ted  da i ly  a n d  e x a m i n e d  
mic roscop ica l ly  a f t e r  z inc s u l p h a t e  f lo ta t ion .  6 ca t s  pas s ing  
a h e a v y  c o n c e n t r a t i o n  of oocysts ,  7 days  a f t e r  t h e  d a t e  
of infec t ion ,  were  used  for  t h e  s tudy .  

L a p o r o t o m y  was p e r f o r m e d  on  these  a n i m a l s  a n d  4 -5  
inches  of lower  i l eum was  r e m o v e d  u n d e r  s ter i le  condi-  
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Fig. 1. GR, glass rod; EG, everted gut; M, medium. The container 
is kept at am angle in the roller drum to allow the everted gut to 
come in contact alternately with the medium and air in the tube. 


