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Effects of cytochalas in  H on the e m b r y o n i c  e n d o d e r m a l  cells  of Microhyla  ornata  
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Summary. Cytocha la s in  H (CH) like CB causes  d i saggrega t ion  of e m b r y o n i c  e n d o d e r m a l  cells an d  reduces  the i r  ad-  
he s iv i t y  to  t he  glass surface.  These  cells r eaggrega te  on  r emo v a l  of t h e  d rug  f rom the  med i u m.  Revers ib i l i ty  depends  
on t he  d u r a t i o n  of d r u g  t r e a t m e n t .  The  m e c h a n i s m  of d rug  ac t ion  is expla ined .  

Cy tocha l a s in  B (CB), a funga l  me tabo l i t e ,  ha s  been  
shown  to af fec t  a n u m b e r  of biological  processes.  I t  is 
k n o w n  to  i n h i b i t  cy tok ines i s  2-4, cell m o v e m e n t ~ ,  5-' ,  
mucopo ly saccha r ide  syn thes i s  s, to  b r ing  a b o u t  enuclea-  
t ion  9,1~ and  d i saggrega t ion  of e m b r y o n i c  cells n .  
Cy tocha la s in  H (CH) ha s  r ecen t ly  been  i so ta ted  f rom t h e .  
fungus  P h o m o p s i s  paspa l i  b y  Pendse  :2. S t r u c t u r a l l y  CH 
is d i f fe ren t  f rom CB in t h a t  CB be longs  to  t he  g roup  of 24 
o X a  (14) cy tocha la s in s  whi le  CH belongs  to a d i f fe ren t  
s t r u c t u r a l  Sub-g roup  11 cy tocha la san .  CH is s imi lar  to  
cy tocha las in  D (CD). Biological  effects of CH h a v e  been  
s tud ied  in our  l a b o r a t o r y  on a v a r i e t y  of organisms.  I t  is 
found  t h a t  CH like CB causes  d i saggrega t ion  of e m b r y o n i c  
cells. E m b r y o n i c  e n d o d e r m a l  cells of t he  frog Microhy la  
o r n a t a  are used in s t u d y i n g  i ts  effects, a n d  obse rva t i o n s  in  
u n d e r s t a n d i n g  t he  m e c h a n i s m  of i ts  ac t ion  are com- 
m u n i c a t e d  in t he  p r e s e n t  note.  
Materials and methods. Fresh ly  laid eggs of t he  frog Micro- 
hy l a  o r n a t a  were col lected f rom n a t u r a l  ponds  a n d  al- 
lowed to  deve lop  f u r t h e r  in H F / 1 0  m e d i u m  til l  ea r ly  
gas t ru l a  s tage  (Dorsal  lip Crescent)  was ob ta ined .  The  
eggs were t h e n  deje l l ied  and  vi te l l ine  m e m b r a n e  was re- 
moved.  These  eggs were t h e n  t r an s f e r r ed  t6 a m e d i u m  
(HF/10)  c o n t a i n i n g  CH (1.5 txg/ml). The  p H  of t h e  
m e d i u m  was found  to be  6.7. E q u a l  n u m b e r  of eggs were 
k e p t  in H F / 1 0  c o n t a i n i n g  DMSO w i t h o u t  CH. These  
served  as controls .  S tock  so lu t ion  of cy tocha la s in  H (CH) 
was p r e p a r e d  b y  d issolv ing 1.0 m g  of c o m p o u n d  in 1.0 ml  
of d i m e t h y l  sulfoxide (DMSO) and  was s to red  in the  deep  
freeze c o m p a r t m e n t  of t he  ref r igera tor .  F r o m  th i s  solu- 
t ion,  f resh work ing  so lu t ion  h a v i n g  1.5 ~g/ml  concen t r a -  
t ion  was p r e p a r e d  in Ho l t f r e t e r ' s  so lu t ion  (HF/10) .  
D i saggrega t ion  of cells s t a r t ed  w i t h i n  25 to  30 rain  of t h e  
t r e a t m e n t  of CH. The  e n d o d e r m a l  cells were t he  f i rs t  to  
d isaggregate .  W i t h i n  1.5 h a l m o s t  all t h e  e n d o d e r m a l  
cells were loose, fo rming  an  unorgan i sed  h e a p  of cells. The  
con t ro l  e m b r y o s  deve loped  n o r m a l l y  and  no  disaggrega-  
t ion  was caused.  To t e s t  t he  r eve r s ib i l i ty  of t he  ac t ion  of 
CH on e n d o d e r m a l  cells, t h e  d u r a t i o n  of exposure  to  CH 
was e x t e n d e d  up  to  2.5 h. E n d o d e r m a l  cells were p i p e t t e d  
ou t  and  washed  3-4  t imes  in f resh H F / 1 0  m e d i u m  wi th -  
o u t  CH and  f ina l ly  p laced  in a M a x i m o v  depress ion  slide 
c o n t a i n i n g  H F / 1 0  med ium.  The  M a x i m o v  slide was s h a k e n  
occas ional ly  in  a g y r a t o r y  m o t i o n  to fac i l i ta te  cell to  cell 
collisions and  e v e n t u a l  aggrega t ion .  Since t he  e n d o d e r m a l  
cells are incapab le  of ac t ive  locomot ion ,  such  a g y r a t o r y  
m o t i o n  was fe l t  necessary .  The  cells were obse rved  a t  def- 
in i te  i n t e rva l s  a n d  p h o t o g r a p h e d .  The  e x p e r i m e n t s  were 
done  in 3 d i f fe ren t  sets.  
Results and discussion. I t  was  obse rved  t h a t  loose endo-  
d e r m a l  cells in  t he  m e d i u m  c o n t a i n i n g  CH do no t  s t ick  to 
glass surface  read i ly  a n d  could be  p i p e t t e d  o u t  easily.  
However ,  t he  cells w h e n  t r a n s f e r r e d  to  m e d i u m  w i t h o u t  
CH show t e n d e n c y  to s t i ck  to glass as well  as to  o t h e r  
cells w i t h  cons iderab le  rap id i ty .  A t  t imes,  du r ing  t h e  
wash ing  procedure ,  m a n y  cells are  lost  because  t h e y  a re  
s tuck  to t he  glass b o t t o m  of t he  M a x i m o v  slide or to  t h e '  
wal l  of the  p ipe t te ,  a n d  on ly  ceils wh ich  were no t  s t uck  
could be k e p t  u n d e r  o b s e r v a t i o n  for t h e i r  aggrega t ion  ca- 

Fig. 1. Endodermal cells disaggregated in CH for i h 40 mitt kept for 
aggregation. • 24. Fig. 2. Same after 30 h. • 24. Fig. 3. Endodermal 
cells disaggregated in CH for 2.5 h and kept for aggregation. • 24. 
Fig. 4. The same after 24 h. • 24. 

pac i ty .  I t  t he re fo re  seems t h a t  CH modif ies  or in some 
way  a l t e r s  the  cell surface  of t h e  d i saggrega ted  cells, a n d  
w h e n  these  ceils are b r o u g h t  b a c k  in to  m e d i u m  w i t h o u t  
CH, cell surface recovers  to  t h e  or ig inal  condi t ion .  The  
t ime  requ i red  for the  r ecove ry  of these  cells varies,  de-  
p en d i n g  on  t h e  degree of the  cell surface modif ica t ion .  
The  cells wh ich  were less a f fec ted  showed qu ick  recovery  
an d  rap id  a d h e s i v i t y  to  glass, whi le  those  wh ich  were af- 
fected more,  r equ i red  longer  t i m e  for t h e  recovery.  Ad- 
he s iv i t y  of the  E h r l i ch  asci tes  cells to  glass was shown to  
be reduced  on  CB t r e a t m e n t  13. 
I t  is f ound  t h a t  t h e  loose e n d o d e r m a l  cells (figure 1) w h e n  
b r o u g h t  t o g e t h e r  could fo rm smal l  aggrega tes  w i th in  4-5  h 
an d  these  aggrega tes  grew in size, i n c o r p o r a t i n g  more  a n d  
more  cells in 24 h (figure 2). T h u s  showing  t h a t  the  effect  
of CH is revers ible .  Reve r s ib i l i t y  of CB effect  on  a v a r i e t y  
of ceils has  been  shown 2, ~, 14. T h e  reve r s ib i l i ty  depends  on  
the  d u r a t i o n  of t h e  t r e a t m e n t .  I f  t h e  exposure  to  CH was 
p ro longed  to 2.5 h, t h e  d i saggrega ted  cells (figure 3) 
n e i t h e r  showed s t ickiness  to  glass n o r  d id  t h e y  form ag- 
gregates  (figure 4). Such  loose cells showed  t e n d e n c y  to 
degene ra t e  a f te r  48 h. B y  2.5 h exposure  to  CH, the  cell 
surface of these  cells was  p r o b a b l y  modif ied  beyond  re- 
covery.  
The  ac t ion  of CB, especial ly  on cy tok ines i s  an d  cell move-  
men t ,  is a t t r i b u t e d  to the  d i s r u p t i o n  of t h e  con t rac t i l e  



15.7. 1977 Specialia 957 

microf i lament  mach ine ry  z, 4,14-~7. However ,  i t  is diff icult  
to  explain  i ts  p r o p e r t y  of d isaggregat ing embryonic  ceils 
on the  above hypothes is .  E x p e r i m e n t s  by  Sanger  and  
Hol tzer  s have  shown the  act ion of CB on the  cell surface 
mater ia l  which  holds  the  cells toge ther ,  while Schaeffer  
e t  al. ~ have  proposed  an a l te ra t ion  of cell surface charge 
causing disaggregat ion of embryonic  cells. Our observa-  
t ions  of the  behav iour  of endodermal  cells, With and wi th-  
out  CH t r e a t m e n t ,  the  rapid recovery  of some of the  cells 
which  s t ick to  glass surface suggests  the  possibi l i ty  t h a t  
CH like CB acts  by  br inging abou t  the  a l te ra t ion  of cell 
surface charge as suggested b y  Schaeffer  e t  al. n.  How-  
ever, the  possibi l i ty  of the  inhib i t ion  of the  s y n t h e s i s  of 
mucopolysacchar ides  by  CH, as r epor ted  for CB b y  
Sanger and  Hol tze r  s, c anno t  be excluded.  
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Summary. An extens ive  cy toplasmic  fibrillar sys tem has  been  observed in f ibroblast- l ike cells of regenera t ing  tendon .  
I t  consists  of bundles  of act in  f i laments ,  which  of ten show a cross-s t r ia ted  appearance  due to electron dense bodies 
occurr ing t h r o u g h o u t  the i r  length.  The funct ional  role of this  contract i le  appa ra tus  seems to  be re la ted to  the  process 
of m o v e m e n t  and  or ien ta t ion  of t he  newly  formed cells and  to  the  re t rac t ion  of the  regenera t ing  tendon.  

Recen t  u l t r a s t ruc tu ra l  and immunof luorescen t  studies3-7 
have  allowed the  d i s t inc t ion  be tween  2 d i f ferent  types  of 
f ibroblasts ,  name ly  a) the  typ ica l  f ibroblast ,  conta in ing  
few r a n d o m l y  dispersed cy toplasmic  f i laments ,  p ro b ab l y  
endowed wi th  contract i le  ac t iv i ty ,  and  b) the  so-called 
myof ibroblas t ,  which  is p rov ided  wi th  an extens ive  
fibrillar sys t em made  up of bundles  of parallel  ac t in  fila- 
ments .  This  la t te r  t ype  of cell, which  can be considered 
as i n t e rmed ia t e  be tween  typica l  f ibroblas t  and  smo o t h  
muscle cell, has  been  observed in the  granula t ion  t issue 
of heal ing wounds*,5,  7, in the  chicken aor ta  s, in the  ra t  
ovary  o, in the  pa lmar  nodules  of D u p u y t r e n  disease 6, and  
in the  t enocy tes  of newborn  r abb i t  calcaneal  t endo n  1~ 
In  the  cu r ren t  s tudy,  evidence is p rovided  for the  pres-  
ence of large a m o u n t s  of ac t in  a r ranged  in bundles  of 
f i laments  in the  cy top lasm of regenera t ing  cells dur ing  
the  early s tages of morphological  recovery  of tendon.  

Material and methods. Adul t  male  New Zealand rabb i t s  
were used in the  exper iments .  U n d e r  general  anaes thes ia  
and  asept ic  condit ions,  the  r igh t  calcaneal  t endon  was 
exposed  t h rough  a shor t  incision of t he  skin and  per i ten-  
dineous tissues. The t endon  was t h e n  cut  t r ansverse ly  
wi th  a scalpel. A gap resul ted  be tween  the  2 ends  of t he  
severed t endon  due to re t rac t ion  of the  p rox imal  s tump,  
a t t r ac t ed  b y  the  t r iceps  surae muscle ; 7 days  af ter  opera-  
t ion  tile newly  formed t issue br idging the  gap was 
removed.  The cont ro la te ra l  t e n d o n  was used as control .  
For  the  morphologica l  s tudy,  the  newly  formed t issue and 
t h e  contro l  t endon  were f ixed  for 10 min  wi th  3% para-  
fo rma ldehyde  - 1% g lu ta ra ldehyde  in Millonig buffer  p H  
7.4 by  an ' in vivo '  d r ipp ing  method .  The t issue was then  
removed,  t r i m m e d  into  small  pieces, placed in the  same 

f ixat ive for 2 h and  pos t f ixed  in 1% OsO 4. Specimens  
were d e h y d r a t e d  and  emb ed d ed  in Epon.  L igh t  micro- 
scopic observa t ions  were pe r fo rmed  on 1 ~tm th ick  sec- 
t ions  s ta ined  wi th  buffered Toluidine blue (pH 8) or w i th  
buffered Blue de U n n a  (pH 7). For  the  u l t r a s t ruc tu ra l  
s tudy,  t h in  sect ions were s ta ined wi th  lead hydrox ide  and  
uranil  acetate ,  and examined  in a Siemens E lmiskop  101 
electron microscope.  

1 Work was supported by grant C. N. R. n. 75.01224.04-115.5479 
from Consiglio Nazionale delle Ricerche, Italy. 

2 The authors are grateful to Dr G. F. Bottazzo, Dept. Immunol- 
ogy, Middlesex Hospital, London, for carrying out the ab- 
sorption experiments with purified actin and to Miss M. Rita 
Nicotra, Miss Laura N. Vassallo and Mr Mario Termine for their 
technical assistance. 

3 Send reprint requests to C. De Martino, Istituto Regina Elena 
Viale Regina Elena 291, 00161 Rome, Italy. 

4 G. Gabbiani, G. B. Ryan and G. Majno, Experientia 27, 549 
(1971). 

5 G. Gabbiani, B. J. Hirschel, G. B. Ryan, P. R. Statkov and G. 
Majno, J. exp. Med. 735, 719 (1971). 

6 G. Gabbiani and G. Majno, Am. J. Path. 66, 131 (1972). 
7 G. Majno, G. Gabbiani, B. J. Hirschel, G. B. Ryan and P. R. 

Statkov, Science 173, 548 (1971). 
8 N.S. Moss and E. P. Benditt, Lab. Invest. 22, 166 (1970). 
9 J .D .  O'Shea, Anat. Rec. 167, 127 (1970). 
10 E. Ippolito, P. G. Natali, F. Postacchini, L. Accinni and C. De 

Mart ino, Clin. Orthop, in press. 
11 G.F. Bottazzo, A. Florin-Christensen, A. Fairfax, G. Swana, D. 

Doniaeh and O. Groeschel-Stewart, J. clin. Path. 29, 403 (1976). 


