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Chromatid aberrations and centromerie elongation induced by different concentrations of netropsin sulfate (NtS) and netropsin hydrochloride 
(NtHy) in Ehrlich ascites tumour  cells of the mouse in vitro 

Concentration Number  of Metaphases Types of aberrations Cells with Percentage of Percentage of 
tested (Mol[1)  metaphases with per 100 cells centromeric metacentric telocentr~c 
(treatment time analyzed aberrations (%) elongation (%) B-chromosomes chromosomes 
21 h) withcentromeric with centromeric 

elongation (%) elongation (%) 
g b t m,a .  

NtS 1 �9 10 _4 
5 �9 10 -~ 

2.5 - 10 -5 
1 �9 10 -s  

NtHy 1 10 -5 
5 10 -4 
1 10 ~4 

7.5 10 _5 
5 10 -5 
1 10 -5 

Control 

250 9.6 0.8 2.4 2.8 0.4 90.0 100 18.5 
100 8.0 2.0 6.0 3.0 0 20.0 85.0 2.6 
100 2.0 1.0 2.0 0 0 5.0 60.0 2.1 
250 2.4 1.2 2.0 0.8 0 2.0 0 2.3 

No mitosis 
100 4.0 0 0 4.0 0 91.0 100 18.7 
300 4.0 2.0 2.7 2.3 0 33.0 87.9 2.3 
100 2.0 4.0 2.0 0 0 18.5 67.6 2.6 
100 2.0 2.0 2.0 0 0 13.0 69.2 2.1 
200 2.5 0.5 2.5 1.0 0 Not determined 

300 0 0.7 0 0 0 0 0 0 

b i n d i n g  c o n s t a n t ,  n e t r o p s i n  s h o u l d  be  ab l e  t o  r e m o v e  
p r o t e i n s  t h o u g h t  to  be  r e s p o n s i b l e  for  c h r o m a t i n  c o m -  
p a c t n e s s ,  e s p e c i a l l y  h i s t o n  H 1 .  T h i s  e f f ec t  w a s  i n d e e d  de -  
m o n s t r a t e d  in  e x p e r i m e n t s  w i t h  ca l f  c h r o m a t i n  1~ a n d  
c o u l d  be  a m o l e c u l a r  r e a s o n  for  t h e  h e t e r o c h r o m a t i n  de -  
c o n d e n s a t i o n  o b s e r v e d .  N e t r o p s i n  b i n d i n g  to  o t h e r  t h a n  
s a t e l l i t e  D N A  c a n  be  i n f e r r e d  f r o m  t h e  o b s e r v a t i o n  t h a t  
n e t r o p s i n - t r e a t e d  c h r o m o s o m e s  s t a i n  m u c h  less  t h a n  u n -  
t r e a t e d  c h r o m o s o m e s  w i t h  a c e t o - o r c e i n .  I n  t h i s  r e s p e c t  
i t  is  i m p o r t a n t  t o  n o t e  t h a t  t h e  b i b e n z i m i d a z o l  d e r i v a t i v e  
' H o e c h s t  33258 ' ,  a n o t h e r  h i g h l y  A T - s p e c i f i c  c o m p o u n d  

w h i c h  c a u s e s  c e n t r o m e r  u n c o i l i n g  in  s o m e  m o u s e  cell  
l i nes  ls,~6 b u t  n o t  in  h u m a n  c h r o m o s o m e s  ~,  is  w i t h o u t  
d e t e c t a b l e  e f f ec t  o n  a s c i t e s  c h r o m o s o m e s  of  cel ls  g r o w n  in  
a p e r m a n e n t  o r  t h e  s h o r t - t e r m  s u s p e n s i o n  c u l t u r e  d e -  
s c r i b e d  h e r e  u n d e r  t h e  c o n d i t i o n s  u s e d  b y  K i m  a n d  
G r z e s c h i k  16 ( u n p u b l i s h e d  r e s u l t s ) .  

14 C. Zimmer, G. Luck and E. Sarfert, Biol. Zbl. 95, 157 (1976). 
15 J. Hilwig and A. Gropp, Exp. Cell Res. 81, 474 (1973). 
16 M.A.  Kim and K. H. Grzeschik, Exp. Cell Res. 88, 406 (1974). 

N e u r a l  i n d u c i n g  capac i ty  of cyc l i c  A M P  o n  p o s t - n o d a l  p i ece s  of ear ly  c h i c k  b l a s t o d e r m s  1 
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Summary. Cyc i i c  A M P  (0.5 m M )  i n d u c e d  n e u r a l  d i f f e r e n t i a t i o n  in  p o s t - n o d a l  p i e c e s  o f  e a r l y  c h i c k  b l a s t o d e r m s ,  a t  l e a s t  
in  p a r t ,  t h r o u g h  p r o m o t i n g  cel l  m o v e m e n t ,  t i s s u e  c o n d e n s a t i o n ,  a n d  a s s e m b l y  of  m i c r o t u b u l e s .  

H e n s e n ' s  n o d e  h a s  l o n g  b e e n  r e c o g n i z e d  as  t h e  c e n t e r  fo r  
t h e  p r i m a r y  o r g a n i z a t i o n  o f  t h e  c h i c k  e m b r y o .  P i e c e s  
i s o l a t e d  f r o m  r e g i o n s  m o r e  t h a n  0.5 m m  p o s t e r i o r  t o  t h e  
n o d e ,  r e g a r d l e s s  o f  c u l t u r e  t e c h n i q u e s  a n d  d u r a t i o n  o f  
c u l t i v a t i o n ,  do  n o t  d e v e l o p  w e l l - d e f i n e d  a x i a l  s t r u c -  
t u r e s  2-10. T h u s  p o s t - n o d a l  p e i c e s  ( P N P s )  h a v e  f r e q u e n t l y  
b e e n  u s e d  for  t e s t i n g  t h e  i n d u c i n g  c a p a c i t y  o f  v a r i o u s  
a g e n t s .  
E x p e r i m e n t s  p r e v i o u s I y  c o n d u c t e d  in  o u r  l a b o r a t o r y  11 
s h o w e d  t h a t  cyc l i c  A M P  a n d  s e v e r a l  r e l a t e d  n u c l e o t i d e s  
c o u l d  i n d u c e  d i f f e r e n t i a t i o n  in  P N P s .  T h e  i n d u c i n g  ca -  
p a c i t y  o f  t h e s e  n u c l e o t i d e s  v a r i e d  a n d  w a s  c o n c e n t r a t i o n  
d e p e n d e n t .  D i f f e r e n t i a t i o n  w a s  u s u a l l y  m a n i f e s t  b y  t h e  
f o r m a t i o n  of  n e u r a l  t i s s u e ,  b u t  c o n c e n t r a t i o n s  u s e d  w e r e  
u n p h y s i o l o g i c a l l y  h i g h  ( 3 - 1 8  m M )  a n d  m a n y  P N P  cel ls  
s h o w e d  s i g n s  of  m i l d  c y t o l y s i s .  T h u s  a q u e s t i o n  w a s  r a i s e d  
w h e t h e r  t h e  o b s e r v e d  d i f f e r e n t i a t i o n  w a s  a c o n s e q u e n c e  
of  cyc l i c  A M P  t r e a t m e n t  o r  s u b l e t h a l  d a m a g e .  S o m e w h a t  
d i f f e r e n t  r e s u l t s  w e r e  r e c e n t l y  r e p o r t e d  b y  D e s h p a n d e  
a n d S i d d i q u i  1~ w h o  f o u n d  t h a t  cyc l i c  A M P ,  a t  a l o w e r  
c o n c e n t r a t i o n  (0.5 m M ) ,  i n d u c e d  t h e  f o r m a t i o n  o f  h e a r t -  

l ike  p u l s a t i l e  t i s s u e s  in  7 4 %  of  t h e  P N P s .  T h e  p r e s e n t  
s t u d y  w a s  u n d e r t a k e n  t o  r e i n v e s t i g a t e  t h e  i n d u c i n g  
c a p a c i t y  of  cyc l i c  A M P  o n  P N P s .  
Materials a n d  methods. U n i n c u b a t e d  f e r t i l e  W h i t e  L e g h o r n  
e g g s  w e r e  o b t a i n e d  f r o m  t h e  S h a m r o c k  P o u l t r y  a n d  

1 This s tudy  was supported in par t  by grants from the Rutgers 
University Research Council. 

2 M.E .  Rawles, J. exp. Zool. 72, 271 (1936). 
3 N . T .  Spratt,  Jr, J. exp. Zool. 120, 109 (1952). 
4 J . M .  Butros, J. exp. Zool. 143, 259 (1960). 
5 J . M .  Butros, J. exp. Zool. 149, 1 (1962). 
6 J . M .  Butros, J. exp. Zool. 152, 57 (1963). 
7 S .P .  Chauhan and K. V. Rao, J.  Embryol. exp. Morph. 23, 71 

(1970). 
8 H. Lee and M. C. Niu, in: The Role of RNA in Reproduction and 

Development, p. 135. Ed. M. C. Niu and S. J. Segal. North- 
Holland 1973. 

9 H. Lee and G. W. Kalmus, J. exp. Zool. 193, 37 (1975). 
10 A . K .  Deshpande and M. A. Q. Siddiqui, Nature 263, 588 (1976). 
11 H. Lee, G. W. Kalmus and R. G. Nagele, Jr, In  Vitro 12, 286 

(1976). 



1214 Specialia EXPERIENTIA 33/9 

Breeding Fa rm,  N o r t h  Brunswick,  N . J .  They  were incu- 
b a t e d  for 17-19 h a t  37.5 ~ to ob ta in  embryos  a t  s tage 4 
of d e v e l o p m e n t  12. B la s tode rms  were isolated f rom the  
yolk and vitel l ine membrane ,  excess yolk was removed,  
and the  area opaca  was t r i m m e d  off. The remain ing  area 
pel lucida was t h e n  t r ansec t ed  at  0.6 m m  pos ter ior  to 
Hensen ' s  node as prev ious ly  descr ibed S, 9. The pos ter ior  
por t ion  (PNP) thus  ob ta ined  was used in th is  s tudy .  
2 P N P s  were placed,  ven t r a l  side upward,  on Ringer -agar  
plus yo lk -a lbumen  ex t r ac t  med ium ( =  basic medium) 
using Sp ra t t ' s  13 exp l an t a t i on  technique.  A drop  (about  

0.03 ml) of chick Ringer ' s  solut ion (adjusted to p H  7.2 
using 10% NaHCOs) wi th  or w i t h o u t  0.5 mM cyclic AMP 
(Sigma Chem. Co., St. Louis, Mo.) was added  di rec t ly  onto  
each P N P .  Culture vessels were  kep t  a t  room t e m p e r a t u r e  
(22-24~ for 3-4 h, followed by  incuba t ing  at  37.5 ~ for 
2 days.  P N P s  were r insed several  t imes  in chick Ringer ' s  
solut ion and  subcul tured  for 2 days  on fresh basic medium.  
Af te r  incubat ion ,  P N P s  were  examined  under  a dissect ing 
microscope to de te rmine  the  presence of pulsat i le  t issue. 
Some were f ixed in Bouin ' s  fluid, serially sec t ioned a t  
4 vm, and s ta ined wi th  Delaf ield 's  hema toxy l in  and 

Fig. 1. Transverse section of untreated control PNP cultured for 4 days. All germ layers remained undifferentiated. • 30. 
Fig. 2. Low magnification electron micrograph showing general features of control ectodermal cells. J, cell junction; N, nucleus; V, vesicle. 
• 6000. 
Fig. 3. Electron mierograph of control ectodermal cells showing relatively smooth adjacent cell membranes and a few randomly arranged 
microtubules (MT). x 17,600. 
Fig. 4. Transverse section of PNP treated for 2 days with 0.5 mM cyclic AMP, followed by subeulturing for 2 days on basic medium. Note 
well-defined neural tube (NT). • 60. 
Fig. 5. Electron mierograph of induced neural tube. Note luminal surface is convoluted with cytoplasmic extensions ; adjacent cell membranes 
are interdigitated; microtubules (MT) are abundant and usually oriented in cell's long axis. L, lumen. • 21,900. 
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eosin. O t h e r s  were f ixed for 1 h in  ha l f  s t r e n g t h  Kar -  
n o v s k y ' s  14 f ixa t ive ,  t h o r o u g h l y  r insed  in 0.08 M cacody-  
la te  buffer ,  a n d  pos t f ixed  for  1 h i n  1% o s m i u m  te t rox ide .  
Af te r  f ixa t ion ,  spec imens  were s t a ined  en  bloc w i t h  1% 
u r a n y l  a ce t a t e  for 1 h, d e h y d r a t e d  in g raded  e t h a n o l  
series, a n d  e m b e d d e d  in S p u r r ' s  15 resin.  Sect ions  (si lver/  
pa le  gold) were c o n t r a s t e d  wi th  u r a n y l  ace t a t e  a n d  lead 
c i t r a t e  a n d  e x a m i n e d  w i th  a J E M  100B e lec t ron  micro-  
scope. 

Results. Our  p rev ious  s tud ies  s,9,11 showed  t h a t  P N P s  
t r e a t e d  w i t h  va r ious  i nduc ing  agen t s  a lways  h a d  t h e  mos t  
comp l i ca t ed  and  wel l -def ined s t r u c t u r e s  (neural  tube ,  
n o t o c h o r d ,  nephr ic  tubu les ,  somi te  mesoderm,  and  pulsa-  
t i le  t issue)  a f t e r  4 days  of i ncuba t i on .  Therea f t e r ,  m a n y  
s t r u c t u r e s  a p p a r e n t l y  u n d e r w e n t  ded i f f e r en t i a t i on  a n d / o r  
d i s in t eg ra t ion .  B y  t he  10th d a y  on ly  neu ra l  t i ssue  and  

n e p h r i c  t u b u l e s  were h is to logica l ly  ident i f iab le .  T h u s  t he  
r e su l t s  descr ibed  below are  based  on  t he  e x a m i n a t i o n  of  
P N P s  cu l tu red  for  4 days.  
Of t he  42 con t ro l  P N P s ,  41 r e m a i n e d  u n d i f f e r e n t i a t e d  
(figure 1). Here,  e c t o d e r m a l  cells were more  or less 
r o u n d e d  w i t h  h i g h l y  v a c u o l a t e d  c y t o p l a s m  and  a large 
nuc leus  c o m p a r e d  to t he  overa l l  cell size (figure 2). The  
cell  surface  was r e l a t ive ly  s m o o t h ;  m i c r o t u b u l e s  were 
few a n d  r a n d o m l y  a r r a n g e d ;  m ic ro f i l amen t s  were no t  
wel l  deve loped  (figure 3). B y  con t ras t ,  27 ou t  of 58 ex- 
p e r i m e n t a l  P N P s  acqu i red  t he  c a p a c i t y  to  unde rgo  dif- 
f e r e n t i a t i o n  in t he  fo rm of neu ra l  t i s sue  (figures 4 and  5). 
Pu l sa t i l e  t i ssue  and  n o t o c h o r d  were obse rved  in 4 of these  
P N P s .  The  induced  n e u r o e p i t h e l i u m  e x h i b i t e d  m o r p h o -  
logical  cha rac te r i s t i c s  iden t i ca l  to  t h a t  of s tage 10 ch ick  
e m b r y o s  19. Briefly,  t he  wal l  of t he  n e u r a l  t ube  cons is ted  
of a pseudos t r a t i f i ed  c o l u m n a r  ep i the l ium.  A d j a c e n t  cell 
m e m b r a n e s  were i n t e r d i g i t a t e d ;  m i c r o t u b u l e s  were nu-  
merous  a n d  were usua l ly  a r r a n g e d  para l le l  to  t h e  cell 's 
long axis ;  m ic ro f i l amen t s  were assoc ia ted  in to  dense  
b u n d l e s  (figure 5). 

Discussion. The  p r e sen t  s t u d y  showed t h a t  cyclic A M P  
(0.5 mM) could induce  d i f f e r en t i a t i on  in P N P s  w h i c h  was 
a lways  m a n i f e s t  b y  t h e  f o r m a t i o n  of neu ra l  t i s s u e .  
D e s h p a n d e  a n d  Siddiqui  1~ r epo r t ed  t h a t  cyclic AMP,  a t  
t he  same concen t r a t i on ,  i nduced  hea r t - l ike  pu lsa t i l e  t is-  
sues in  74% of t he  P N P s .  I d e n t i c a l  s t ruc tu re s  were also 
n o t e d  in th i s  s tudy ,  b u t  t h e  f r equency  of a p p e a r a n c e  was 
m u c h  lower  ( abou t  7%).  This  d i s c r epancy  m a y  be  due  to  
difference in cu l tu re  t e c h n i q u e s  a n d / o r  m e t h o d s  of t r e a t -  
men t .  Our  resul ts ,  however ,  were n o t  su rp r i s ing  and  
agreed w i t h  m a n y  inves t iga to r s  who  r epo r t ed  t h a t  cells of 
t he  p r e s u m p t i v e  ep idermis  or of n e u r o e c t o d e r m a l  origin 
were r e l a t ive ly  sens i t ive  to  cyclic A M P  as a n  inducer  of 
cell d i f f e ren t i a t ion  16-19. F u r t h e r m o r e ,  P N P s  w i t h  recog- 
n izable  s t r u c t u r e s  were usua l ly  more  c o m p a c t  t h a n  those  
showing  no d i f fe ren t ia t ion ,  sugges t ing  t h a t  cyclic A M P  
induced  d i f f e r en t i a t i on  in P N P s ,  a t  leas t  in pa r t ,  b y  pro-  
m o t i n g  cell m o v e m e n t s  a n d  t i ssue  condensa t ion ,  even t s  
t h a t  are cons idered  essent ia l  to  d i f f e ren t i a t ion  in ea r ly  
ch ick  b l a s t o d e r m s  5,19. Since mic ro tubu l e s  are k n o w n  to 
be  respons ib le  for cell e longa t ion  d u r i n g  n e u r u l a t i o n  9~ 
t he  poss ib i l i ty  exis ts  t h a t  cyclic A M P  induces  neura l  
d i f f e ren t i a t ion  in t he  p r e s u m p t i v e  ch ick  ep idermis  also b y  
s t i m u l a t i n g  t he  a s sembly  of mic lo tubu les .  

12 V. Hamburger and H. L. Hamilton, J. Morph. 88, 49 (1951). 
13 N.T. Spratt, Jr, Science 706, 452 (1947). 
14 M.J.  Karnovsky, J. Cell Biol. 27, 137A (1965). 
15 A.R. Spurt, J. Ultrast. Res. 26, 31 (1969). 
16 H.L. Wahn, L. E. Lightbody and T. T. Tchen, Science 788, 366 

(1975). 
17 H.L.  Wahn, L. E. Lightbody, T. T. Tchen and J. D. Taylor, 

J. exp. Zool. 196, 125 (1976). 
18 M.C. Willingham, Int. Rev. Cytol. 44, 319 (1976). 
19 N.T. Spratt, Jr, and H. Haas, J. exp. Zool. 144, 139 (1960). 
20 P. Karfunkel, Int. Rev. Cytol. 38, 245 (1974). 

Effect  of c h o l i n e s t e r a s e  in h ib i tor s  on di f ferent iat ion of cu l tured  s y m p a t h i c o b l a s t s  
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Summary. The  2 cho l ines te rase  inh ib i to r s ,  eserine a n d  B W  2 84 C 51, i n h i b i t e d  t he  n e r v e  f ibre g r o w t h  a n d  d i f f e ren t i a t ion  
of i m m a t u r e  s y m p a t h i c o b l a s t s  a t  low concen t r a t i ons .  The  effect  was n e r v e  cell-specific and  a p p e a r e d  in t he  course of 
t h e  in  v i t ro  deve lopm en t ,  i nd i ca t i ng  t h a t  chol ines te rases  m i g h t  p l ay  an  i m p o r t a n t  role in t h e  ear ly  d i f f e ren t i a t ion  of 
s y m p a t h i c o b l a s t s .  

I n  a d d i t i o n  to ace ty lcho l ines te rase  a c t i v i t y  in t he  p l a sma-  
l emma,  p r o b a b l y  d i rec t ly  c o n n e c t e d  w i t h  n e r v o u s  t r a n s -  
miss ion,  s y m p a t h e t i c  n e u r o n s  also show in t r ace l lu l a r  
ace ty lcho l ines te rase ,  t he  role of wh ich  is no t  ful ly  unde r -  
s tood  1. The  a p p e a r a n c e  of cho l ines te rases  in t be  sym-  
p a t h i c o b l a s t s  ear ly  d u r i n g  t h e  d i f f e r en t i a t i on  9-4 suggests  
t h a t  cho l ines te rases  m i g h t  p l a y  a role in t he  m a t u r a t i o n  
of t h e  s y m p a t h e t i c  neurons .  
Tissue  cu l tu re  of  i m m a t u r e  s y m p a t h e t i c  gangl ia  ~ p rov ides  
a n  o p p o r t u n i t y  to  eva lua t e  t he  s ignif icance of t he  cho-  
l ines te rases  b y  s t u d y i n g  t he  effect  of cho l ines te rase  inhi -  
b i t i on  on  t he  d i f f e ren t i a t ion  of s y m p a t h i c o b l a s t s .  
Materials and methods. L u m b a r  s y m p a t h e t i c  gangl ia  of 
7-day-old  ch ick  e m b r y o s  were  cu l tu red  for 2-7 days  in a 
t r i c ine -buf fe red  m e d i u m  c o n t a i n i n g  1 I U / m l  ne rve  
g r o w t h  fac to r  (Bur roughs  a n d  Wel lcome)  5 w i t h  and  

w i t h o u t  chol ines te rase  inh ib i to rs ,  Eser ine  ( l ' - m e t h y l p y r -  
ro l id ino(2 '  : 3 ' :  2 : 3) 1, 3 -d imethy l indo l in -5 -y l  N - m e t h y l c a r -  
b a m a t e ,  Merck) or B W  284 C 51 ( l : 5 - b i s ( 4 - a l l y l d i m e t h y l  
a m m o n i u m p h e n y l ) p e n t a n - 3 - o n e  d ib romide ,  Wel lcome  
Resea rch  Labora to r ies )  were added  to  t he  cu l tu res  in  
10-s -10  -a M c o n c e n t r a t i o n s  for t he  whole  cu l tu re  per iod  
b e g i n n i n g  a t  t he  t ime  of e x p l a n t a t i o n .  The  acu te  effect  of 
t he  inh ib i to r s  was t e s t ed  b y  24 -h - t r e a tmen t .  Phase -  
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