
15.9. 1977 Specialia 1215 

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). 
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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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c o n t r a s t s  e x a m i n a t i o n  a n d  p h o t o g r a p h y  of t he  l iv ing 
cu l tu res  was p e r f o r m e d  wi th  a Wi ld  microscope a n d  
K o d a k  T r i - X - p a n  film. A l toge the r  179 cu l tu res  were used 
in t h e  s tudy .  
Results. Eser ine  a t  a c o n c e n t r a t i o n  of 10 ~ M h a d  no  effect  
on  e i t he r  f ibre  g rowth  a n d  f o r m a t i o n  of t he  ne rve  plexuses  
(figures 1 and  2) or on t he  increase  in the  d i a m e t e r  of t h e  
p e r i k a r y a  (figure 5). A t  c o n c e n t r a t i o n s  of 1 0 - 5 - 1 0  - 4  M a 

c o n c e n t r a t i o n - d e p e n d e n t  decrease  was obse rved  in t h e  
n u m b e r  a n d  e x t e n t  of t he  ne rve  fibres. The  g r o w t h  of t h e  
n e r v e  f ibres  was  severa ly  i n h i b i t e d  b y  10 .4 M eser ine 
(figure 2) as c o m p a r e d  to t he  cont ro l s  (figure 1), a n d  t h e  
n e r v e  p lexuses  showed  a b n o r m a l  m o r p h o l o g y  (figures 3 
a n d  4). The  g r o w t h  of t he  s y m p a t h i c o b l a s t  p e r i k a r y a  was 
also i n h i b i t e d  a n d  signs of degene ra t i on  were widespread .  
S y m p a t h i c o b l a s t s  in  smal l  c lus ters  were d i s t i nc t l y  more  
seve ra ly  af fec ted  t h a n  those  in t he  larger  a n d  t h i ck e r  
exp lan t s .  C o n c e n t r a t i o n s  h igher  t h a n  10 .4 M of eser ine 
p r o v e d  to be  l e tha l  for t h e  cu l tu res  w i t h i n  a few days.  
The  o the r  inh ib i to r ,  B W  284 C 51, caused  changes  in t h e  
m a t u r a t i o n  in cu l tu re  para l le l  to  those  induced  b y  eserine,  
b u t  was  effect ive  a t  s o m e w h a t  lower concen t r a t i ons .  A t  
10 .5 M c o n c e n t r a t i o n  on ly  a few ne rve  f ibres  were ob- 

served  b e t w een  t h e  ne rve  cell pe r ika rya ,  wh ich  t h e m -  
selves were m a r k e d l y  smal le r  (figure 6) t h a n  those  in t he  
con t ro l  cu l tu res  (figure 5). T h e  10 -4 M c o n c e n t r a t i o n  of 
B W  284 C 551 caused  t o t a l  i n h i b i t i o n  of f ibre  g rowth  a n d  
d e g e n e r a t i o n  of t h e  cu l tu res  w i t h i n  3 days .  
The  2 4 - h - t r e a t m e n t  of m a t u r e  cu l tu res  wi th  10 ̀ 5 or 10-4M 
of e i the r  i n h i b i t o r  h a d  no  acu te  effect  on t h e  s y m p a t h e t i c  
n eu ro n s  as obse rved  b y  l igh t  microscopy.  Ne i the r  of t he  
inh ib i to rs ,  even  a t  t h e  h i g h es t  concen t r a t i on ,  seemed to  
affect  s y m p a t h i c o b l a s t s  du r ing  t h e  f i rs t  12 h af te r  exp lan-  
ra t ion .  
The  non-neura l ,  m e s e n c h y m a l  e l ement s  in  the  cu l tu res  
showed n e i t h e r  vacua l i za t i on  n o r  degene ra t i ve  g ranu la -  
t ion  w h e n  cu l tu red  w i th  the  i n h i b i t o r s  (figure 4). 
Discussion. The  poss ib i l i ty  c a n n o t  be d i s regarded  t h a t  
some p rev ious ly  u n k n o w n  effect  of t h e  inh ib i to r s  n o t  
re la ted  to ehol ines te rase  i n h i b i t i o n  m i g h t  be respons ib le  
for the  changes  obse rved  in t h e  p r e s en t  s tudy .  However ,  
a l t h o u g h  t h e  concen t r a t i on ,  a t  wh ich  eser ine  d i s t inc t ly  
in t e r fe red  w i t h  t h e  g r o w t h  a n d  d i f f e ren t i a t ion  of t he  
s y m p a t h i c o b l a s t s  is a b o u t  10 t imes  h ighe r  t h a n  t h a t  
needed  for t o t a l  i n h i b i t i o n  of cho l ines te rases  in f ixed t is-  
sues or in t i ssue  h o m o g e n a t e s  1 i t  is st i l l  a b o u t  1/100 of t h a t  

Figures i and 2 are dark-field photomicrographs (• 55) and figures 3 6 are phase-contrast photomicrographs (• 275) showing 3-day-old 
cultures of sympathetic ganglia of 7-day-old chick embryos. 
Fig. i. Nerve fibre growth from an explant (E) in a control culture. 
Fig. 2. Poor and uneven fibre growth from a large explant (E) in a culture with i0 4 M of eserine. 
Fig. 3. Plexus of nerve fibres in a control culture. Flat mesenchynlal cells (F) are observed underneath the nerve fibres. 
Fig. 4. Nerve fibres form short and thick trunks (T) with only a few individual fibres with growth cones (arrows) in a culture with 10 -4 M of 
eserine. Note the normal morphology of the flat mesenchymal cells (F). 
Fig. 5. Sympathicoblasts and nerve fibres in a control culture. 
Fig. 6. Sylnpathicoblasts in a culture with 10 -5 M of BW 284 C 51. The perikarya are rounded and smaller than in controls. Degenerative 
signs are observed (arrows). Nerve fibres are not as noticeable as in control cultures. 
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causing inh ib i t ion  of non-chol ine  es terases  6,~. This indi- 
cates  tha t ,  a t  a concen t r a t i on  of 10 .4 M, it is specifically 
chol ines terase  t h a t  is inhibi ted ,  suggest ing t h a t  the  higher  
concen t ra t ion  would be needed  for t he  pene t r a t i on  of the  
inh ib i to r  t h r o u g h  the  in t ac t  cell m e m b r a n e  and  for the  
ma in t enance  of an effect ive in t racel lu lar  concen t ra t ion  of 
t he  inhib i tor  b roken  d o w n  by  chol inesterases  s. 
The 2 inh ib i tors  used in t he  p re sen t  s t u d y  caused ident ica l  
effects  in t he  d i f fe ren t ia t ing  sympa th icob las t s ,  thus  
fu r the r  emphas iz ing  the  role of ace ty lchol ines terase  inhi- 
b i t ion  as the  basic cause for the  changes.  
The m e s e n c h y m a l  e lements  in the  cul tures  p resen ted  an 
in te res t ing  o p p o r t u n i t y  to  compare  the  effects of the  in- 
h ib i tors  on sym pa th i cob l a s t s  and non-neura l  cells in the  

same culture.  The effects  p roved  to be neuron-specif ic .  
Moreover,  is seemed no t  to be a ques t ion  of an acute  toxic  
inf luence of the  inhib i tors  on nerve  ceils, b u t  of an inhibi-  
t ion  of g rowth  and d i f fe ren t ia t ion  of sympa th i cob la s t s  
appear ing  in the  course of d e v e l o p m e n t  in culture.  The 
resul ts  of the  p resen t  s t u d y  s t rongly  suggest  t h a t  cholin- 
esterases p lay  a s ignif icant  role in the  ear ly  d i f fe ren t ia t ion  
of t he  sympath icob las t s .  

6 L.H. Easson and E. Stedman, Biochem. J. 37, 1723 (1937). 
7 B. Mendel, D. B. Munde/1 and H. Rudney, Biochem. J. 37, 473 

(1943). 
8 L.C. Post, Biochim. biophys. Acta 250, 121 (1971). 

L y s o s o m a l  e n z y m e  re l ease  a s s o c i a t e d  w i t h  the  i n v a s i o n  of rat  l iver  by  N o v i k o f f  h e p a t o m a  
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Summary. The lysosomes of b o t h  Novikoff  h e p a t o m a  and  l iver f rom Novikoff  h e p a t o m a - b e a r i n g  ra ts  were found to  
be re la t ively  i n t ac t  s t ruc tura l ly ,  lower in acid p h o s p h a t a s e  ac t iv i ty ,  grea t ly  deple ted  in n u m b e r  b u t  w i th  near ly  normal  
m e m b r a n e  in tegr i ty  when  compared  wi th  normal  liver. 

Mount ing  evidence indica tes  t h a t  lysosomal  enzyme  re- 
lease m a y  a c c o m p a n y  ma l ignan t  g rowth  and  invasion.  
On the  basis  of enzyme  ac t iv i ty  s tudies  pe r fo rmed  on 
mouse  in te rs t i t i a l  t u m o r  fluid, Sylv6n has pos tu la ted  
t h a t  leakage of ac t ive  lysosomal  enzymes,  f rom t u m o r  
and /o r  host ,  cells, m a y  occurK Pure  lines of cu l tured  
t u m o r  cells release or secrete  enzymic  p ro te ins  a and  
Carevid et  al. have  d e m o n s t r a t e d  t h a t  acid p h o s p h a t a s e  
release accompanies  t he  course of progressive inf i l t ra t ion 
of the  liver by  leukemia  4. Our objec t ive  was to charac ter ize  
release poss ibly  associa ted  wi th  the solid form of Novikoff  
h e p a t o m a  (an ex tens ive ly  documen ted ,  h ighly  invas ive  
t u m o r  5), b y  compar ing  the  levels of the  lysosomal  marker ,  
acid phospha tase ,  in cont ro l  l iver with the  levels in t u m o r  
and  t u m o r - i n v a d e d  r a t  liver. These act ivi t ies  were corre- 
la ted  wi th  lysosomal  pe rmeabi l i ty ,  to p rov ide  a measure  
of m e m b r a n e  leakage. Final ly ,  a h i s tochemica l  approach  

enabled  us to corre la ted  the  d i s t r ibu t ion  of lysosomes in 
tumor ,  t u m o r - i n v a d e d  l iver and no rma l  liver w i th  the  
cellular d i s t r ibu t ion  of acid phospha t a se  ac t iv i ty .  
Materials and methods. Male Sp rague -Dawley -Ho l t zman  
ra ts  weighing 250-350 g were p rov ided  w i t h  Pur ina  Lab  
Chow and wa te r  ad l ib i tum.  Over a per iod of 11 weeks, 
Novikoff  h e p a t o m a  (kindly p rov ided  by  Dr E rn es t  Borek, 
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Balance, p. 271. University of Chicago Press, Chicago 1967. 
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Free, total and unsedimentable acid phosphatase activities in whole liver homogenates of normal and Novikoff hapta-bearing rats and in 
whole tumor homogenates. Lysosomal membrane permeability to substrate (alpha-napthol acid phosphate) and to acid phosphatase for the 
same 3 tissues 

Tissue homogenate Acid phosphatase activity Lysosomal membrane 
([/.moles P[15 min/g wet weight) permeability 

Free ~) Total b) Unsedimentable c) Enzyme a) 
(acid P'ase) 

Control liver* 1580 ~: 241 (44)  2070 i 292 (44)  60.3 :t: 6.9 (29) 2.9 ! -- 0.53 
Liver of rat bearing Novikoff hepatoma* 423 4- 38 (48) 552 -4- 34 (49)  46.7 =E 12.1 (29) 8.5 • 2.3 
Novikoff hepatoma** 60.5 =~ 3.2 (51) 90.0 =[: 4.5 (51) 9.76 ~ 1.2 (26) 10.8 -4- 1.4 

Substrate e) 
(T-napthol P) 

75.5 _L 16.3 
74.6 ~ 9.6 
63.2 -4- 5.6 

Values for enzyme activity are computed as means • SEM. Numbers of experiments in parentheses. * 1 test animal utilized in each experiment. 
�9 * Duplicate experiments performed on each test animal. ~) Free activity - enzyme activity in 0.25 M sucrose homogenate; b) total activity - 
enzyme activity following homogenization in 0.25 M sucrose containing 1% Trition X-100 detergent, to cause complete release of enzyme 
activity from the lysosomes ; e) unsedimentable activity - the 0.25 M sucrose homogenate was centrifuged at 270,000 • g for 1 h, and the enzyme 
activity was measured in the supernatant fraction, a) The ratio of unsedimentable to total activity (expressed in percent) gives the lysosomal 
membrane permeability to acid phosphatase, e) The ratio of free minus unsedimentable activity to total minus unsedimentable activity 
(expressed in percent) gives the lysosomal membrane permeability to ~-napthol acid phosphate. 


