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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.  
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Some of t h e  r eg ene ra t i ng  t e n d o n s  were used  on ly  for 
i m m u n o f l u o r e s c e n t  s t udy .  T e n d o n s  were r emoved ,  f rozen 
in a d r y  ice-acetone  m i x t u r e  and  cu t  in 4 ~xm th i c k  
c ryos t a t - s ec t ions .  Sect ions were t h e n  f ixed 10 m i n  in 
ace tone ,  a i r -dr ied and  s t a ined  b y  ind i rec t  i m m u n o f l u o r e s -  
cence w i th  a h u m a n  s e r u m  c o n t a i n i n g  h igh  t i t e r s  of an t i -  
s m o o t h  musc le  an t ibodies .  The  s e r u m  speci f ic i ty  for ac t in  
was  assessed  b y  abso rp t ion  e x p e r i m e n t .  P r e i n c u b a t i o n  of 
the  s e r u m  wi th  pure  ac t ine  was  able  to r e m o v e  t he  
a r te r ia l  wall  an d  m e s a n g i a l  s t a i n ing  de t ec t ab l e  on m o u s e  
k i d n e y  sect ions.  The  s e r u m  was  freed b y  low t i t e r s  of  
c o n t a m i n a t i n g  an t i nuc l ea r  an t ibod ies  b y  abso rp t i on  wi th  
insoluble  nucleoproteins12,  un t i l  nuc lea r  f luorescence  was  

no longer  de t ec t ab le  on n o r m a l  m o u s e  k i d n e y  a n d  l iver 
c r y o s t a t  sect ions.  F luoresce in  labelled a n t i s e r u m  to hu -  
m a n  IgG was  p u r c h a s e d  f rom Cappel  L a b o r  (Downing-  
t o w n  PA. USA).  
Results. In  s e m i - t h i n  sect ions,  the  r e g e n e r a t i n g  t i s sue  was  
m a d e  up  of rare  m a c r o p h a g e s  a n d  p o l i m o r p h o n u c l e a r  
cells a n d  b y  a large n u m b e r  of f ibroblas t - l ike  cells, t he  
d i spos i t ion  of w h ic h  va r ied  f rom a h a p h a z a r d  to paral le l  
a r r a n g e m e n t  a long  t he  t e n d o n  m a j o r  axis  (figure 1). On 
e lec t ron  microscopic  e x a m i n a t i o n ,  t he  f ibroblas t - l ike  
cells showed  a s m o o t h  or s l igh t ly  w a v y  nuc lea r  contour ,  
a b u n d a n t  r o u g h  e ndop l a smic  r e t i cu lum,  n u m e r o u s  mi to -  
c hond r i a  a nd  a wel l -developed Golgi a p p a r a t u s .  More- 

Fig. 1. 7-day-old regenerating tendon tissue. In some areas the fibroblast-like ceils are arranged parallel to the major tendon axis, while in 
others (right side) in which the tissue is less compact, they are oriented haphazardly (left side). • 400. Fig. 2. A Iarge bundle of densely 
packed thin filaments is visible in the cytoplasm of a myofibroblast. Note the electron dense areas arranged along the bundle (asterisks): 
Straight arrows point to microtubules, while curved arrows indicate isolated thin filaments. E, dilated cisternae of ergastoplasm; IS, inter- 
cellular space. • 42.000. Figs. 3 and 4. Indirect immunofluorescence of regenerating (figure 3) and control (figure 4) tendons treated with 
human anti-smooth muscle antibodies. The fluorescence in the cells of the regenerating tissue appears uniformly distributed and more intense 
than in the control tissue. • 250. 
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over, in the  cort ical  cy toplasm,  th in  f i laments  usually 
a r ranged  in large bundles,  runn ing  parallel  to the  long 
axis of the  cell, were of ten de tec tab le  (figure 2). The fila- 
m e n t s  measured  50-70 A in d iamete r  and often the  
bundles  showed a cross-s t r ia ted appearance  due to the  
presence  of e lec t ron-dense  bodies t h r o u g h o u t  the i r  length.  
Numerous  micro tubules  were also visible. 

In  indi rec t  immunof luorescence ,  t he  cells of the  regener-  
a t ing  t issue d isplayed an in tense  reac t ion  to  h u m a n  anti-  
smoo th  muscle ant ibodies  (figure 3). S ta in ing appeared  
more  in tense  t h a n  in t h e  cont ro la te ra l  t endon  (figure 4). 
The f luorescent  cells were  un i formly  d i s t r ibu ted  b o t h  in 
the  per iphera l  pa r t  and in the  cent re  of the  regenera t ing  
tissue. No fluorescence was de tec tab le  when  normal  
h u m a n  sera were employed  in the  same test .  

Discussion. In  a previous  s t u d y  10 t enocy tes  were shown 
to have  morphological  and  immunochemica l  charac ter i s -  
t ics of contract i le  cells. These f indings suggested t h a t  
t enocy tes  m a y  be considered myof ibrob las t s  and t endon  
a contrac t i le  organ. Our observa t ions  d e m o n s t r a t e  t h a t  
cont rac t i le  s t ruc tures  are also p resen t  in the  cells of the  
granula t ion  t issue dur ing the  ear ly  stages of t en d o n  
regenera t ion  in an a m o u n t  by  far larger t i tan in normal  
tendon.  

In  adul t  tenocytes ,  the  contrac t i le  appa ra tus  has been 
considered to be involved in the  modu la t ion  of the  con- 
t rac t i le  and  re t ract i le  ac t iv i ty  of t he  musc le- tendon func- 
t ional  uni t  1~ Since dur ing  the  early s tages of the  regenera-  
t ion  th is  modula t ion  is t e m p o r a r l y  in te r rup ted ,  contrac-  
tile s t ruc tures  could then  p lay  a d e t e r m i n a n t  role in 
a) the  process of adhesion,  m o v e m e n t  and or ien ta t ion  of 
the  newly d i f ferent ia ted  cells, and b) in the  re t rac t ion  of 
t he  regenera ted  tissue. These new funct ions  could require 
a contract i le  appa ra tus  more  developed t h a n  t h a t  neces- 
sary  for the  normal  m o d u l a t o r y  act ivi ty .  A sys tem of 
cy top lasmic  contract i le  f i laments  similar to those  de- 

scribed in th is  s t u d y  has been  observed in amoebala  and  
in cul tured  chick embryo  fibroblasts14, where  t h e y  seem 
to be cri t ical  for cel l -adhesion and mobil i ty .  I t  is l ikely 
t h a t  such contrac t i le  s t ruc tures  p lay  a similar  role in the  
myof ib rob las t s  of regenera t ing  tendon .  In  fact,  be tween  
the  2 ends  of a cut  t endon ,  a large gap is fo rmed which  is 
ini t ial ly filled wi th  f ibrin clot  and blood cells. Succes- 
sively, cells of the  per i tendineous  shea ths  prol i ferate  and  
progress ively  invade  the  blood clot 15,16. The main  role of 
the  contrac t i le  appa ra tu s  could, therefore ,  be re la ted to  
the  ameboid  m o v e m e n t s  which  allow the  cells of t he  
per i t end ineous  sheats  to invade  and subs t i t u t e  the  init ial  
blood clot. A t  th is  stage, a r e t rac t ion  of the  newly  formed 
t en d o n  p ro b ab l y  occurs. The contrac t i le  appa ra tu s  migh t  
a t  th is  t ime  play an i m p o r t a n t  role, as has  been shown to  
be the  case in the  wound  con t rac t ion  descr ibed by  Gab- 
biani  eL al. 4, 5, 7. Only  a t  la ter  s tages when  the  cells of t he  
regenera ted  t issue acquire  t he  morphologica l  and  func-  
t ional  character is t ics  of adul t  t enocy tes  17, the  fibrillar 
sys tem would assume the  funct ion  p layed  in normal  
tendon.  
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Summary, Plasma  pro te in  and tocophero l  concentra t ions ,  haema toc r i t  and  59-iron incorpora t ion  into e ry th rocy tes  have  
been  measured  in v i t amin  E-def ic ien t  and supp lemen ted  mice before and af ter  exposure  to  500 R of 260 kVp X-ray .  
Supp lemen ted  animals  had  grea ter  haematocr i t ,  p lasma tocopherol  and prote in  levels initially. Af ter  i r radia t ion  p lasma  
tocopherol  concen t ra t ion  decreased dras t ica l ly  ill the  v i t ami n  E - s u p p l e m e n t e d  mice, 

The haematopo ie t i c  sys t em is par t i cu la r ly  sensi t ive to 
ionizing radia t ion  1. In  view of the  role of a lpha  tocophero l  
in p ro tec t ing  cell m e m b r a n e s  f rom perox ida t ion  2, pro-  
t ec t ing  red blood cells f rom hemolys is  a,4 and its role in 
haematopo ies i s  5, the  tocopherol  s t a tu s  of an organism 
m a y  be expec ted  to have  a grea t  inf luence on the  radia t ion-  
response  of t h a t  organism.  

Several  s tudies  have  been  carr ied ou t  to t e s t  the  modi-  
fy ing influence of v i t amin  E on rad ia t ion  damage  ~-9 and  
the  resul ts  have  been  confl ict ing.  This  m a y  be due  to  t he  
fac t  t h a t  t issue tocophero l  levels are no t  readi ly  increased 
by  in ject ion of some forms of tocophero110 and fu r the rmore  
normal  lab diets  are suff ic ient ly  h igh  in tocopherols  t h a t  
fu r the r  supp lemen ta t i on  wi th  v i t amin  E has li t t le effect  
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