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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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Changes in blood parameters following X-irradiation of vitamin E-supplemented and vitamin E-deficient mice 

EXPERIENTIA 33/7 

Time post Haematocrit (%) Plasma protein (mg/ml) Serum tocopherol (~xg/ml) 59-Iron activity (cpm • 10 -a) 
irradiation (days) Supplemented Deficient Supplemented Deficient Supplemented Deficient Supplemented Deficient 

0 40 -4- 2.3 * 35 i 2.2 46 ~z 13 * 30 -r 8 30 1.0 195 ~ 10 182 • 24 
2 3 6 •  2.2 35 =~ 2.3 4 7 •  7 43 4- 14 18 0.9 40-4- 22 54-t- 25 
4 34-1- 2.4 30 2L4.3 43 • 8 3 8 •  9 15 0.9 0 0 
6 27 ~- 1.7 29=L4.3 3 6 i  6 * 30 Jz 5 10 0.9 105 -4- 95 127 4- 50 
8 27-r 1.7 27=~ 2.5 4 6 ~  5 * 3 7 •  6 10 0.9 138:~ 86 97-1-69 

10 27 -~ 3.8 23 ~ 3.3 43 • 12 41 4- 13 9 0.9 132 -1- 64 * 241 4- 55 

* Significant (p < 0.05) differences between supplemented and deficient groups compared by t-test. SD are indicated in the table (n = 5). 

w i th  respect  to rad ia t ion  response.  In  addi t ion  to  modi-  
fying the  init ial  rad ia t ion  damage ,  i t  is conceivable  t h a t  
tocophero l  levels pos t  i r rad ia t ion  m a y  influence recovery  
processes.  Therefore  th is  s t u d y  will evalua te  the  combined  
influence of these  2 effects  on blood pa rame te r s  in irra- 
d ia ted  mice. 
Mater ials  and methods. After  weaning,  male  Swiss albino 
mice (Canadian Breeding  F a r m  and  Labora tor ies  Ltd) 
were ma in t a ined  on v i t amin  E-def ic ien t  and  v i t amine  
E - s u p p l e m e n t e d  (200 mg dl-~- tocopherol  per  kg diet) 
ra t ions  for 110 days  pr ior  to  i r rad ia t ion  as prev ious ly  
descr ibed 4. Food  and  wa te r  were p rov ided  ad l ibi tum. 
Haematoc r i t ,  p l a sma  tocophero l  and 59-iron incorpora-  
t ion  in to  red blood cells were  measured  in groups  of 5 
animals  before exposure  to  500 R of 260 kVp X - r a y  a t  
20 R / m i n  genera ted  f rom a Muller MG-300 X - r a y  machine  
and  a t  2-day- in tervals  for 10 days  pos t - i r radia t ion .  Ani- 
mals  were in jec ted  i .p.  w i th  0.7 aCi 59FEC13 in 0.9% NaC1 
(NEN) 2 days  pr ior  to sacrifice. Blood was r emoved  in a 
hepar ized  syr inge by  cardiac  punc ture .  Blood cells were 
washed  twice by  cen t r i fuga t ion  and the  pro te in  c o n t e n t  
de t e rmined  by  Biure t  test .  P l a sma  was combined  f rom 
5 animals  for se rum tocophero l  de t e rmina t i on  using the  
Desai  modification11 of t he  Quaife and Harr i s  m e t h o d  1~. 
Results.  H a e m a t o c r i t  decreased following i r rad ia t ion  
(table). V i t amin  E - s u p p l e m e n t e d  animals  had  s ignif icant ly  
h igher  pre- i r rad ia t ion  h a e m a t o c r i t  b u t  th is  decreased b y  
2 days  pos t  i r rad ia t ion  (p < 0.05, t - tes t ) .  Thereaf ter ,  the re  
were no s ignif icant  differences in h a e m a t o c r i t  be tween  
v i t amin  E - s u p p l e m e n t e d  or def ic ient  animals.  
P l a sma  pro te in  levels were s ignif icant ly  h igher  in v i t amin  
E - s u p p l e m e n t e d  mice before i r rad ia t ion  and f rom day  6 to 
8 a f te r  i r radia t ion.  However ,  t h e  mos t  dras t ic  v i t amin  effect  
was in changes  in p lasma  tocophero l  concent ra t ion .  Before 
i r radiat ion,  the  tocophero l - supp lemen ted  group had  30 
t imes  the  concen t ra t ion  of t he  def icient  group. Fol lowing 
i r radiat ion,  t he  tocophero l  concen t ra t ion  in the  supple-  
m e n t e d  animals  decl ined Mold by  the  6th day  whereas  
no decline was  observed  in t h e  de l ic ien t  animals .  Incor-  
pora t ion  of 59-iron in to  e ry th rocy t e s  was no t  s ignif icant ly 
d i f fe rent  unde r  the  2 d i e t a ry  regimes before i r radiat ion.  
Af ter  i r radia t ion,  t he  up take  of 59-iron decl ined to  zero 
by  the  4th d a y  and  thence  recovered in b o t h  groups;  on 
the  10th day  the re  was a s ignif icant  (p < 0.05) increase 
in up take  by  the  v i t amin  E-def ic ien t  group.  
Discussion.  The ini t ia l ly lower haema toc r i t  in v i t amin  
E-def ic ien t  mice is cons i s t en t  wi th  observa t ions  t h a t  
tocophero l  reduces fragi l i ty  and  plays  a role in haeme  
synthes i s  a-5. The increased p lasma  pro te in  concen t ra t ion  
of tocophero l  supp l emen ted  mice m a y  be cons i s ten t  w i th  
r epor t s  of increased humora l  i m m u n i t y  w i th  v i t ami n  E 
supp l emen ta t i on  is, 14 i 

The rapid  decline in p lasma  tocophero l  concen t ra t ion  in 
Vitamin E - s u p p l e m e n t e d  mice af ter  i r rad ia t ion  m a y  re- 
f lect  reduced  consumpt ion  of t e s t -d i e t  as some anorexia  
would  be expec ted  at  t he  dose employed.  K a y d e n  and 
Bj ornsen 15 repor ted  a 50 % reduc t ion  in p lasma  tocopherol  
concen t ra t ion  in h u m a n s  fas t ing for 64 h following prior  
ingest ion of 3 g tocopherol  daily.  Also, in tes t ina l  absorp-  
t ion of ingested d ie t  m a y  be impai red  following i r radiat ion.  
I t  is also possible t h a t  p lasma tocophero l  is mobil ized 
in to  radiosensi t ive  t issues d amag ed  b y  the  rad ia t ion  
stress.  I t  seems unl ikely t h a t  the  decline reflects in situ 
des t ruc t ion  of tocophero l  since similar declines were no t  
observed  in the  animals  on def icient  diet .  
The ve ry  s imilar  response of the  v i t amin  E - s u p p l emen ted  
and  def icient  groups to rad ia t ion  seems to indica te  t h a t  
tocopherol  supp lemen ta t i on  does no t  reduce damage  to 
the  e ry th ropo ie t i c  sys t em nor  does i t  enhance  its recovery.  
A l though  it is conceivable  t h a t  some difference in the  
ra te  of recovery  be tween day  4 and day  6 m a y  occur or 
t h a t  t he  response  m a y  differ af ter  10 days,  t he  results  
are s o m e w h a t  u n e x p e c t e d  in view of repor t s  ~, 4, s, ~ of 
s ignif icant  r ad iopro tec t ion  by  v i t amin  E in several  tes t -  
sys tems .  I t  is well es tabl ished t h a t  reducing oxygen  ten-  
sion in t issues reduces  radiosens i t iv i ty .  I t  is possible t h a t  
the  sl ight  anaemia  of v i t amin  E-def ic ien t  mice reduces 
the  oxygen  effect  and t h e r e b y  masks  any  p ro tec t ion  or 
en h an ced  recovery  in v i t ami n  E - s u p p l e m e n t e d  animals.  
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