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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-  

1,4 I'//z 

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. 
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t ions.  Th i s  p a r t  of t h e  i n t e s t i n e  was  t h e n  f lushed  w i t h  
s ter i le  500 ml  of E a r l e ' s  b a l a n c e d  so lu t ion  (BSS) b y  
i n s e r t i n g  a s ter i le  p a s t e u r  p i p e t t e  in  one  end  of t h e  l u m e n  
a n d  a l lowing  t h e  so lu t ion  to  f low o u t  f rom t h e  o t h e r  end.  
Th i s  p r o c e d u r e  c l eansed  t he  i n t e s t i n e  of al l  food c o n t e n t s  
a n d  mucus .  T h e  s e g m e n t  was  t h e n  d r o p p e d  i n to  a f lask  
c o n t a i n i n g  200 ml  of B S S  W 500 u n i t s  B a c i t r i c i n / m l  q- 
50,000 ~tg N ~ o m y c i n / m l .  I t  was  lef t  in  t h e  a n t i b i o t i c  
so lu t ion  for 5 -10  ra in  a n d  t h e n  t r a n s f e r r e d  to  a s ter i le  
pe t r id i sh ,  where  i t  was  cu t  in to  5 s e g m e n t s  each  a b o u t  a n  
i nch  long. These  s e g m e n t s  were  t h e n  e v e r t e d  i.e. t h e  
m u c o u s  m e m b r a n e  was  t u r n e d  ins ide  ou t .  Va r ious  t ech-  
n i q u e  for  eve r s ion  were  t r ied .  T h e  m o s t  s imp le  one  was  to  
use a t h i n  ' a l l i ga to r '  forceps b y  w h i c h  t h e  cu t  ends  of t h e  
s e g m e n t  were  he ld  f rom one  side a n d  t h e n  t h e  forceps 
was  gen t ly  p u s h e d  i n to  t h e  l u m e n  t i l l  i t  emerged  f rom 
t h e  o t h e r  side,  t h e r e b y  e v e r t i n g  t h e  s egmen t .  As long as  
t h e  s e g m e n t s  of t h e  i n t e s t i n e  were  n o t  too  long  evers ion  
could  be  accompl i shed  w i t h  n o  d i f f i cu l ty  a n d  w i t h  v e r y  
l i t t l e  v i s ib le  t r a u m a .  T h e  e v e r t e d  i n t e s t i n e  was  aga in  
t r a n s f e r r e d  to  a n o t h e r  f lask  c o n t a i n i n g  200 ml  of B S S  ~- 
500 u n i t s  B a c i t r i c i n / m l  q- 50,000 ~g N e o m y c i n / m l ,  I t  was  

lef t  in  t h e  f lask for 5 -10  min,  fol lowed b y  3 t r a n s f e r s  
of a b o u t  5-10 m i n  each  i n to  200 ml  B S S  q- 100,000 
un i t s  P e n i c i l l i n / m l  q- 100,000 Ezg S t r e p t o m y c i n / m l .  
F ina l ly ,  t h e  sec t ions  were passed  twice  i n to  B S S  
a lone  w i t h o u t  an t ib io t i c s .  A t  th i s  s tage  t h e  s e g m e n t s  
were  r e a d y  for  in  v i t r o  cu l tu re .  

a l  

Fig. 2. M, merozoite~. Alcohol fixed, Giemsa stained smears. × 1000. 

hi 

. " e ( 

CL.-nH 

Fig. 3. M, merozoites; DH, degenerating host 
cell. Electronmicrograph. × 4400. 

Fig. 4. M, merozoite; N, nucleus; P, paired 
organelle. Electronmierograph. × 13,200. 
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T h e  bo t t l e s  used  for  in  v i t r o  cu l t u r e  were u n i v e r s a l  
c o n t a i n e r s  ( ' M c C a r t n e y '  bo t t les ) .  T he  secrew cap  of  t he se  
bo t t l e s  was  rep laced  b y  r u b b e r  b u n g  to  w h i c h  were  
a t t a c h e d  glass rods.  T h e  glass  rods  e x t e n d e d  to  t h e  lower 
o n e - t h i r d  of t he  bo t t l e .  T h e  eve r t ed  i n t e s t i n e  was t h e n  
s l ipped  on  t he  glass rods.  As long  as t he  glass rods  were  
of t h e  r i g h t  d i a m e t e r  t h e  i n t e s t i n a l  s e g m e n t  did  no t  s l ip 
off a n d  r e m a i n e d  a t t a c h e d  to  t he  glass rod.  Tissue  cu l tu re  
m e d i u m  w h i c h  was  t h e n  a d d e d  to  each  b o t t l e  cons i s ted  
of 5 -6  ml  of m e d i u m  199 in  B S S  (Difco) + 25~'o fe ta l  calf  
s e r u m  + 25,000 U Pen i c i l l i n /ml  + 25,000 ~g S t r e p t o m y -  
c in]ml .  T h e  b o t t l e s  were  p l aced  in  a ro l le r  d r u m  a n d  
a l lowed to  r o t a t e  s lowly a t  a speed  of a b o u t  1 r e v o l u t i o n  
pe r  2 min .  The  angle  in  the  t u b e  was such  t h a t  t h e  f luid 
covered  on ly  one  side of t h e  in tes t ine ,  a t  a n y  g iven  t ime ,  
as s h o w n  in F igure  1. Th i s  a l lowed a l t e r n a t e  exposure  of 
t he  m u c o u s  m e m b r a n e  to  t he  m e d i u m  a n d  t he  a i r  in  t he  
tube .  The  m e d i u m  was c h a n g e d  eve ry  12h  a n d  a t  t he  
s a m e  t i m e  e x a m i n e d  for  t h e  p resence  of bac t e r i a l  g rowth .  
On ly  occas iona l ly  were  t h e  t u b e s  f o u n d  t u r b i d  due  to  
b a c t e r i a l  or  funga l  g rowth ,  w h i c h  were  t h e n  d i scarded .  
T h e  m e d i u m  f r o m  t h e  c lean  t u b e s  was  cen t r i f uged  a n d  
t h e  s e d i m e n t  e x a m i n e d  for t h e  p re sence  of pa ras i t e s .  

T h e  e x a m i n a t i o n  cons i s ted  of o b s e r v a t i o n s  in t h e  l i gh t  
mic roscope  u n d e r  p h a s e  c o n t r a s t  a n d  a lcohol  f ixed 
G i e m s a  s t a i n e d  smears .  T he  pooled  s e d i m e n t s  were also 
processed  for  e lec t ron  microscopy .  

T h e  l i gh t  mic roscopy  showed  t h e  p resence  of merozo i t e s  
in large  n u m b e r s  u p  to  3 d a y s  of t h e  cul ture .  T he  mero-  
zoi tes  were  mo t i l e  a n d  could  be  d i s t i ngu i shed  w i t h o u t  
a n y  di f f icul ty .  G i e m s a  s t a i n e d  s m e a r s  showed  t h e  mor -  
pho logy  of  t h e  merozo i t e s  clear ly.  T h e y  were c rescen t ic  
bod ies  7-10  t~m b y  2.5-3.5 txm w i t h  a p o i n t e d  a n t e r i o r  
end  a n d  a r o u n d e d  pos te r io r  end.  T h e  nuc leus  was ovoid  
a n d  genera l ly  loca ted  t o w a r d s  the  pos t e r io r  end  (Figure  2) 
I n  a d d i t i o n  to t h e  merozo i t e s  oocys t s  a n d  m a c r o g a m e -  
t ocy t e s  were also obse rved .  All  these  s tages  were  iden t i ca l  
in  a p p e a r a n c e  to  t h e  fo rms  desc r ibed  p rev ious ly  (ZAMAN 
a n d  COLLEY~). The  n u m b e r  of merozo i t e s  fell s h a r p l y  

a f t e r  3 d a y s  b u t  a few pa ra s i t e s  c o n t i n u e d  to  a p p e a r  
up  to 7 days .  

S e d i m e n t s  m a d e  f rom 12-h-old cu l tu re s  and  e x a m i n e d  
b y  e l ec t ron  mic roscope  showed  i n d i v i d u a l  hos t  ceils 
c o n t a i n i n g  d i f f e ren t  s tages  of pa ras i t e s .  Some  of t he  
p a r a s i t e s  were  d e g e n e r a t i n g  b u t  m a n y  were in exce l l en t  
s tage  of p r e se rva t i on .  As in t he  l i gh t  mic roscop ic  obser-  
v a t i o n  t h e y  were  p r e d o m i n a n t l y  merozoi tes .  A p p a r e n t l y  
t h e  h o s t  ceils c o n t a i n i n g  t he  m a t u r e  sch izon t s  b r e a k  off 
f rom t h e  m u c o u s  m e m b r a n e  a n d  l i be ra t e  t h e  merozo i t e s  
in  t h e  m e d i u m .  F i g u r e  3 shows a d e g e n e r a t i n g  h o s t  cell  
c o n t a i n i n g  merozoi tes .  F igu re  4 shows  a merozo i t e  ly ing  
ou t s ide  t he  hos t  cel l  a n d  showing  a nuc l eus  a n d  t he  pa i red  
organel les .  

The  t e c h n i q u e  desc r ibed  is a s imple  m e t h o d  for ob-  
t a i n i n g  merozo i t e s  of Toxoplasma gondii in b a c t e r i a  free 
condi t ions .  The  b u l k  of t he  pa ra s i t e s  were o b t a i n e d  
d u r i n g  t h e  f i r s t  3 days ,  i n d i c a t i n g  t h a t  t he  d e v e l o p m e n t  
of t h e  p a r a s i t e  d id  no t  c o n t i n u e  for a longer  t i m e  in t h e  
m e d i u m  used.  I t  is, however ,  poss ib le  t h a t  f u r t h e r  modi f i -  
c a t i ons  of t h e  m e d i u m  would  e n a b l e  t h e  p a r a s i t e s  to  
c o n t i n u e  t h e i r  life cycle  for a longer  pe r iod  of t ime .  

Rdsumd. Une  t echn ique ,  p a r  l aque l le  l ' i n t e s t i n  du  c h a t  
infect6  p a r  le Texoplasma est  ddbarass6  des bac t6 r i e s  p a r  
l ' a n t i b i o t e  e t  ensu i t e  cu l t iv6  d a n s  des 6 p r o u v e t t e s  est  
decriv6e.  D a n s  ces cond i t ions ,  on  p e u t  o b t e n i r  des m6ro-  
zoites en  g r a n d e  q u a n t i t 6  d u r a n t  3 jours .  Les m f r o z o i t e s  
son t  e x e m p t s  de bac t6 r ies  e t  v iables .  Cet te  t e c h n i q u e  
p e u t  6 t re  app l iqu6e  ~ d ' a u t r e s  esp6ces de  coccidies.  
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In  v i t r o  A n t i - T u m o r  A c t i v i t y  o f  L i p i d  E x t r a c t s  f r o m  a G r o u p  A Streptococcus  a g a i n s t  E h r l i c h  A s c i t e s  
C a r c i n o m a  i n  M i c e  

I n  1955, KOSHtMURA et  al.  ~ r e p o r t e d  t h a t  w a s h e d  cells  
of a g roup  A Streptococcus, w h e n  p r e m i x e d  w i t h  t u m o r  
cells before  inocu la t ion ,  c o m p l e t e l y  suppres sed  t h e  devel -  
o p m e n t  of asci t ic  t u m o r s  in  mice.  T h e i r  o b s e r v a t i o n s  
h a v e  been  c o n f i r m e d  a n d  e x t e n d e d  b y  m a n y  research-  
ers2-5. However ,  t he  n a t u r e  of t he  f a c t o r  r espgns ib le  for  
t h e  in v i t ro  a n t i - t u m o r  a c t i v i t y  of t he  o r g a n i s m s  ha s  
as ye t  been  la rge ly  obscure .  T he  p r e s e n t  p a p e r  gives 
d a t a  on  t h e  in  v i t ro  a n t i - t u m o r  effect  of l ip id  e x t r a c t s  
de r i ved  f rom a g roup  A Streptococcus hemolytieus, s t r a i n  
Su, a g a i n s t  E h r l i c h  asc i tes  c a r c i n o m a  cells in  mice.  

S t r ep tococc i  were g r o w n  a t  37°C in 10 1 lo ts  of WOOD 
a n d  GUNSALUS ~ m e d i u m .  Af te r  12 h i n c u b a t i o n ,  t he  
o r g a n i s m s  were h a r v e s t e d  b y  c e n t r i f u g a t i o n  a n d  w a s h e d  
t h o r o u g h l y  in  sal ine.  The  p a c k e d  cells were  t h e n  e x t r a c t e d  
3 t i m e s  (twice for  2 h a n d  f ina l ly  ove rn igh t )  w i t h  20 
vo lumes  of c h l o r o f o r m - m e t h a n o l  (2:1) b y  s t i r r ing  a t  
r o o m  t e m p e r a t u r e .  The  c o m b i n e d  e x t r a c t s  were evapo-  
r a t e d  a t  40 °C u n d e r  a s t r e a m  of n i t rogen .  T he  c rude  l ip id  
e x t r a c t s  t h u s  o b t a i n e d  were  red i s so lved  in ch lo ro fo rm-  
m e t h a n o l  a n d  w a s h e d  w i t h  sa l ine  to  r e m o v e  non- l ip id  
m a t e r i a l s  as  desc r ibed  b y  FOLCH e t  al.L U p o n  concen-  

t r a t i o n  fol lowed b y  d r y i n g  in  v a c u o  of t h e  ch lo ro fo rm 
layer ,  t h e  res idua l  oi ly  m a s s  ( to ta l  l ipids) was  b r o u g h t  
to  a k n o w n  v o l u m e  w i t h  c h l o r o f o r m - m e t h a n o l  a n d  t h e n  
f r a c t i o n a t e d  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  on  p la t e s  
( 2 0 × 2 0  cm) covered  w i t h  si l ica gel H (1 m m  thick) ,  
u s ing  c h l o r o f o r m - I n e t h a n o l - w a t e r  (65 : 25:4)  8 as a scend ing  
s o l v e n t ;  t he  l ip id  e x t r a c t s  were app l i ed  as a n a r r o w  b a n d  

I S. KOSHIMURA~ K. MURASAWA, E. NAKAGAWA~ M. UEDA, Y. BANDO 
and R. HIRATA, Jap. J. exp. Med. 25, 93 (1955). 
E. A. CHRISTENSEN, Acta path, microbiol, scand. 46, 285 (1959). 

a H. F. HAVAS, A. J. DONNELLY and A. V. PORRI~CA, Cancer Res. 
23, 700 {1963). 

4 ~I. g .  FERTMANN, g.  FERTMANN and A. FURST, Proc. West. 
pharmae. Soc. 6, 27 (1963). 
H. OKAMOTO, S. SHOIN, S. KOSmMVRA and R. SulmZU, JaP" 
J. Mierobiol. lI, 323 (1967). 
A. J. WOOD and I. C. GUNSALUS, J. Bact. rid, 333 (1942). 
J. FOLeH, M. LEES and G. H. SLOAN STANLEY, J. biol. Chem. 226, 
497 (1957). 

8 H. WAGNER, L. H6~HAMMER and P. ~VoLF~, Biochem. Z. 334, 
175 (1961). 


