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Effect of  d ibutyry l  c A M P  and t h e o p h y l l i n e  on  cu l tured  rat  e m b r y o n i c  sh ie lds  
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Summary. Effec ts  of N 6, O 2 d ibu ty ry l  adenosine  3' ,5 '-cyclic m o n o p h o s p h a t e  (rib-cAMP) and  theophyl l ine  (Th) on 
cu l tured  r a t  embryonic  shields were s tudied.  Af ter  add i t ion  of d b - c A M P  to the  cul ture  medium,  an increase of the  
weigh t  of exp lan t s  and  of t he  incidence of the  skeletal  muscle  was observed.  Theophyl l ine  seems to be ineffective.  

Cyclic nucleot ides  are k n o w n  to  contro l  tile g rowth  of 
m a m m a l i a n  cells in cell cul ture  1 and  the  d i f ferent ia t ion  
of d i f ferent  embryon ic  cells~, db -cAMP can s t imula te  
t he  cell g rowth  and  accelerate  the  appearence  of g a m m a -  
crys ta l l ins  in the  monolayer  cul ture  of ra t  lens epi thel ia l  
cells ~. In  mouse  neu rob l a s toma  cells in vitro,  the  same 
cyclic nucleot ide  i r revers ibly  induces  several  d i f fe ren t ia ted  
func t ions  charac ter i s t ic  of ma tu r e  neurons  4. F ina l ly  a 
neural iz ing influence of d b - c A M P  on the  u n d e t e r m i n e d  
a m p h i b i a n  5 or chick 6 ec tode rm has  recen t ly  been observed.  
Tile modif ied organ cul ture  of ra t  embryon ic  shields was 
shown to provide  favourable  condi t ions  necessary  for the  
d i f fe ren t ia t ion  of main  t issues 7. However ,  the  histological  
d i f fe ren t ia t ion  in exp lan t s  p roved  inferior to t h a t  ob- 
t a ined  in homogra f t s  of t he  same shields under  the  k idney  
capsule.  The purpose  of t he  p re sen t  expe r imen t  was to  
f ind ou t  w he the r  the  add i t ion  of db -cAMP and /o r  Th  
to  t he  cul ture  m ed ium can improve  the  p h e n o t y p i c  
express ion  of whole r a t  embryon ic  shields as descr ibed 
above  for d i f fe rent  ve r t eb ra t e  cells in vi tro.  
Materials and methods. Female  ra t s  of the  inbred  Fischer  
s t r a in  were killed af ter  9 days  of p regnancy  and  the  
egg-cyl inders  a t  tile p r imi t ive  s t reak  s tage were isolated.  
The ex t r aem bryon i c  p a r t  was cut  off a t  tile level of the  
amnion  and  the  shields were p u t  on the  lens pape r  sup- 
po r t ed  by  a s tainless  steel  grid placed in an embryologica l  
w a t c h  glass as descr ibed prev ious lyL The liquid m e d i u m  
cons is ted  of Eag le ' s  m i n i m u m  essent ia l  med ium sup- 
p l e m e n t e d  wi th  40% of r a t  serum. F r o m  5 to 14 days  
db-cAiVfP (Sigma), Th  or b o t h  agents  toge the r  were added  
to  t he  m e d i u m  in the  concen t r a t ion  of 10 -8 M. Af te r  14 
days  the  exp lan t s  were fixed, and  histological  sect ions 
were examined .  
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Incidence of tissues found in explants of rat embryonic shields 
af ter  2 weeks of culture. Control series = 112 explants; 10 -8 M 
db-cAMP = 62 explants; 10 -3 M theophylline= 63 explants; 
db-cAMP and Th = 77 explants. 

Results and discussion. F r o m  the  figure one can see t h a t  
the  gu t  ep i the l ium appears  more  f r equen t ly  in t he  t r ea ted  
series t h a n  in controls  (Z 2 = 7.4; p < 0.01). However ,  
before  the  eva lua t ion  of th is  result ,  previous  d a t a  have  
to  be t aken  into considerat ion.  In  all u n t r e a t e d  series, 
ob ta ined  so far  (from 350 e x p l a n t s )  the  pe rcen tage  of 
t he  gu t  ep i the l ium was the  same as in t he  series t r ea t ed  
w i t h  d b -cA MP (60%). This resul t  m u s t  therefore  be 
in t e rp re t ed  wi th  grea t  caution,  in spi te  of the  fac t  t h a t  
we cu l t iva ted  paral lel  series wi th  and  wi thou t  rib-cAMP. 
On the  o ther  h a n d  the  skeletal  muscle,  which  also appears  
more  f r equen t ly  in the  t r ea t ed  series t h a n  in controls  
(Z 2 = 40.65; p < 0.001), seems to  ref lect  the  real  s i tua-  
t ion.  Our previous  exper imen t s  are in full ag reemen t  wi th  
r ecen t  cont ro l  series. The skeletal  muscle  is a lways rare, 
i ts  incidence never  exceeding 20% (in 400 explants) .  
Bu ty r i c  acid e i ther  h a d  a toxic  effect  (10 -2 M) or had  
no effect  wha t soeve r  (10 -a M). For  t he  t ime being i t  is 
diff icult  to give any  plausible  exp lana t ion  for th is  act ion 
of d b -cA MP on the  appearance  of t he  skeletal  muscle. 
Theophyl l ine ,  which  is known to increase tile intracel lular  
pool  of cyclic A M P  through  phosphod ies te rase  inhibi t ion,  
usual ly  acts  in tile same way  as t he  add i t ion  of db-cAMP,  
while in our  s y s t em Th  seems to  have  been ineffective.  
However ,  resul ts  s imilar  to ours have  been ob ta ined  in 
d i f fe rent  sys tems  when  Th had  no visible effect  3,6. 
Fu r the rmore ,  d b - c A M P  and Th p roved  to  inh ib i t  the  
cell g rowth  and  the  fusion of mononue lea t ed  myob las t s  
in to  mul t inuc lea ted  my o t u b es  in a monolayer  culture s. 
In  our exper iment ,  we ob ta ined  jus t  the  opposi te  effect. 
The percen tage  of my o t u b es  in exp lan t s  af ter  addi t ion  
of d b -cA MP was h igher  t h a n  in controls .  
Similar  resul ts  were recent ly  publ i shed  and  i t  was claimed 
tha t ,  under  the  p roper  condit ions,  expe r imen ta l  e levat ion 
in cAMP can in fact  s t imula te  m y o b l a s t  fusion 9. 
Dur ing  our exper iments ,  we observed  t h a t  the  surface 
of t he  histological  sect ions of t r e a t ed  series was  larger 
t h a n  t h a t  in controls .  Therefore  we weighed  some exp lan t s  
before f ixat ion.  The weight  of the  contro l  series was 
0.217 • 0.25 g (n = 29), and in the  presence  of db -cAMP:  
0.401 -4- 0.022 g (n = 27). The difference is s ta t is t ica l ly  
h igh ly  s ignif icant  (t = 5.79; p < 0.001). In  our previous 
expe r imen t s  we h a d  observed tha t ,  dur ing  t h e  f irs t  week 
of culture,  t he  g rowth  of exp lan t s  was clearly visible, 
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while  in  t h e  second week  t he  e x p l a n t s  g r a d u a l l y  b e c a m e  
smaller .  W h e n  m e a s u r i n g  t h e  a m o u n t  of DNA,  R N A  a n d  
pro te in ,  t h e  cu rve  i n d i c a t e d  t h e  same decl ine d u r i n g  t h e  
second week  (unpub l i shed  results) .  The  a c t i o n  of db-  
c A M P  m i g h t  the re fo re  be  exp la ined  b y  t he  i n h i b i t i o n  of 
cell d e a t h / o r  t h e  s t i m u l a t i o n  of cell p ro l i fe ra t ion .  W e  

m u s t  bea r  in  m i n d  t h a t  t h e  g r o w t h - p r o m o t i n g  effects  of 
c A M P  are some t imes  c la imed  to  be  due  to  t h e  r e s t o r a t i on  
of t h e  pu r ine  nuc leo t ide  pool  a n d  n o t  to  a specific in-  
f luence 1% 
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Dif ferences  in c y t o c h a l a s i n  D - i n d u c e d  sur face  a l t e r a t i o n s  b e t w e e n  chron ic  
l y m p h o c y t i c  l e u k a e m i c  and n o r m a l  l y m p h o c y t e s  1 
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Summary. Cytocha l a s in  D (CD) causes  a n  u n u s u a l  surface  a l t e r a t i o n  in n o r m a l  l y m p h o c y t e s  cons i s t ing  of t h e  f o r m a t i o n  
of focal  i r r egu la r  c l u b - s h a p e d  cell processes.  L y m p h o c y t e s  f rom chron ic  l y m p h o c y t i c  l eukaemic  cases d id  n o t  show 
th i s  c h a n g e  on  exposure  to  CD. There  was e i the r  no  surface  c h a n g e  or, in  some cases, c lear  d o u b l e - m e m b r a n e  l ined 
vesicles were  fo rmed  and  a p p e a r e d  to be  d i s c h a r g e d  f rom t h e  cell. This  d i f ference in response  m a y  be  r e l a t ed  to  t he  
changes  in cell m e m b r a n e s  k n o w n  to  occur  in  m a l i g n a n t  t r a n s f o r m a t i o n .  

The  effect  of c y t o c h a l a s i n s  on  m a m m a l i a n  cells are  
n u m e r o u s  a n d  are  t h o u g h t  to  be  b r o u g h t  a b o u t  b y  a n  
a l t e r a t i o n  of t he  cell  m i c r o f i l a m e n t  func t i on  e-5. S tud ies  
w i t h  t r i t i a t e d  c y t o c h a l a s i n  D (CD) s u p p o r t  th i s  co n cep t  
as i t  is t a k e n  up  a n d  b o u n d  to  t he  s u b p l a s m a l e m m a l  
mic ro f i l amen t s  or  cell m e m b r a n e %  Prev ious  u l t r a s t r u c -  
ru r a l  s t u d y  on  t h e  effects  of CD on t he  m o r p h o l o g y  of 
cu l t u r ed  t u m o u r  cells showed  cy top l a smic  p ro jec t ions  
t h o u g h t  t o  b e  s imi la r  to  zeiot ic  b l e b s L  The  p r e s e n t  s t u d y  
of t he  effects  of CD on n o r m a l  h u m a n  pe r iphe ra l  b lood  
l y m p h o c y t e s  show t h e  morpho log ica l  surface  a l t e r a t i o n s  
to  cons is t  of u n u s u a l  cy top l a smic  processes.  These  pro-  
cesses were  focal  a n d  did  n o t  unde rgo  r epea t ed  p r o t r u s i o n  
a n d  r e t r a c t i o n  in c o n t r a s t  to  t he  p h e n o m e n o n  of zeiosis s. 
The  change  seen was in keep ing  w i t h  t he  concep t  of t h e  
ac t ion  of t h e  cy tocha l a s in s  on  t h e  mic rof i l aments .  I n  t h e  
cases of chron ic  l y m p h o c y t i c  l e u k a e m i a  (CLL) t he re  was  
e i t he r  no  m a r k e d  surface  change  or, in  a few cases, t he re  
was f o r m a t i o n  of doub le  m e m b r a n e  l ined vesicles a t  t h e  
cell surface.  The  r ea son  for  t he  d i f fe ren t  morpho log ica l  
response  in t h e  chron ic  l y m p h o c y t i c  l eukaemic  l y m p h o -  
cytes  was  n o t  a p p a r e n t  f rom th i s  s tudy .  

Materials and methods. CD was dissolved in d i m e t h y l -  
sul foxide (DMSO).  L y m p h o c y t e s  were o b t a i n e d  f rom 
n o r m a l  donors  a n d  f rom cases of CLL.  The  fol lowing 
l y m p h o c y t e  p r e p a r a t i o n s  were used. 1. L y m p h o c y t e s  in  
l eucocy te - r i ch  p l a s m a  w i t h o u t  f u r t h e r  man ipu l a t i on ,  2. 
l y m p h o c y t e s  s e p a r a t e d  on  a F i co l l -H y p aq u e  g rad ien t ,  
w a s h e d  a n d  suspended  in g r o w t h  m e d i u m  (GM) con-  
s i s t ing  of Eag le ' s  m e d i u m  w i t h  10~o fe ta l  calf  serum,  3. 
l y m p h o c y t e s  s e p a r a t e d  on a F i co l l -H y p aq u e  g rad ien t ,  
w a s h e d  w i t h  GM a n d  r e suspended  in p lasma.  Cell sus- 
pens ions  a t  a c o n c e n t r a t i o n  of 1 mi l l ion  cells per  ml  were 
i n c u b a t e d  for  40 m i n  a t  37 ~ w i t h  a f ina l  c o n c e n t r a t i o n  of 
1. CD, 1 ~xg/ml a n d  2. CD, 15 vg/ml .  T h e  c o n c e n t r a t i o n  of 
DMSO was 0 .5%. Contro ls  w i t h  a n d  w i t h o u t  0 .5% DMSO 
were also p repa red .  U n f i x ed  we t  p r e p a r a t i o n s  were 
s tud ied  i m m e d i a t e l y  a t  t h e  en d  of t h e  40 mi n  i n c u b a t i o n  
b y  phase  microscopy.  The  cell suspens ions  were t h e n  
f ixed in ice-cold 2% g l u t e r a l d eh y d e  for s cann ing  e lec t ron  

Fig. 1. Arrows point to focal cytoplasmic irregularities at 1 pole of 
normal lymphocytes exposed to CD 15 Exg/ml, unfixed wet specimen. 
• 550. 

Fig. 2. TEM of above preparation showing surface irregularities to be 
cytoplasmic, club-shaped processes. • 21,000. 


