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f ibr inolyt ic  ac t iv i ty  of d i f fe rent  groups  of veins was 
compared  by  the  Wi lcoxon r ank  sum tes t  s 

The resul ts  are given in t he  Table.  In  the  rats,  i r rad ia ted  
wi th  1000 fads  and  killed 1 m o n t h  la ter  (group B), t he  
f ibr inolyt ic  ac t iv i ty  in the i r  vessel walls t e n d e d  to be 
decreased.  In  t he  group C, killed 2 m o n t h s  af ter  i r radiat ion,  
t he  decrease was h ighly  s ignif icant  (p < 0.001). 

The f indings  indica te  a decrease in t he  ac t iv i ty  of 
t he  cells p roduc ing  the  p lasminogen  ac t iva to r  enzyme.  
This  is in ag reemen t  w i th  f indings by  SVANB~R~ et  al. 9 
of a decreased f ibr inolyt ic  ac t iv i ty  in a case of ovar ian  
t u m o u r  examined  betore and  af ter  i r radia t ion.  The 
decreased ac t iv i ty  is p robab ly  a man i fes t a t ion  of a 
damage  to  the  vascular  endothe l ium.  I t  is known  t h a t  
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th is  is followed la ter  by  f ibrot ic  changes  in the  vessel 
wails, which  m a y  expla in  w h y  the  ddcrease in the  fibri-  
nolyt ic  ac t iv i ty  was larger af ter  2 m o n t h s  t h a n  af ter  1. 

Tumours  possess f ibr inolyt ic  ac t iv i ty  which  can be 
re la ted  to the i r  vascular i ty% The f ibr inolyt ic  ac t iv i ty  in 
the  vessel wails is of impor t ance  for the  p a t e n c y  of vessels. 
The p resen t  expe r imen ta l  f indings  m a y  help to  explain 
the  complex  effect  of i r rad ia t ion  on t u m o u r  growth.  

Zusammen]assung. Bei bes t r ah l t en  IRatten wurde  die 
f ibr inolyt ische Akt iv i t / i t  ve rsch iedener  Gef/isse histo-  
chemisch  n n t e r s n c h t  und  mi t  denen  einer  Kontro l l -  
g ruppe  vergl ichen.  Es wurde  eine H e r a b s e t z u n g  der  
f ibr inoly t i schen  Akt iv i t / i t  der  bes t r ah l t en  GefS.ssege- 
iunden,  welche durch  Besch/ idigung der  Gef/ issendothel-  
zellen erkl/irt  werden  k6nnte .  
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E n h a n c e m e n t  of Hemopo ie t i c  C o l o n y - F o r m a t i o n  
with  Carbon Part ic les  

Accumula t ed  da t a  suggests  t h a t  s t romal  e lements  p lay  
an i m p o r t a n t  role in hemopoie t i c  regenera t ion  ~-~. In  t he  
previous  s t u d y  we have  also been  able to d e m o n s t r a t e  
t h a t  hemopoie t i c  s t em cells which  had  been i r rad ia ted  in 
vii!o,  recovered  more  effect ively in the  R E S - b l o c k a d e d  
hos t  mice t h a n  in the  contro l  hos ts  7 and  have  concluded 
t h a t  th is  p h e n o m e n o n  could be responsible  for the  
increased survival  and  enhanced  recovery  of hemopoie t i c  
sys t em of the  i r rad ia ted  mice by  the  b lockade of IRES 
wi th  carbon par t ic les  s-l~. These f indings  s t rongly  suggest  
t h a t  t he  R E S - b l o c k a d e d  mice provide  a favorable  micro-  
e n v i r o n m e n t  for the  s l ight ly  damaged  hemopoie t i c  s t em 
cells to  recover.  Concerning the  possible  contro l  mechan i sm 
through some humoral factor, IVIETCALF et ai.~2,13 re- 
ported that the release of the colony-stimulating factor 
was greatly stimulated by the treatment of animals with 
bacterial endotoxin. It may he possible that carbon 
particles have a similar effect on the release of such 
factor(s), since both carbon particles and bacterial 
endotoxin are known to be most effective radioprotectants 
and stimulate hemopoietic recovery after irradiation ii, 15. 

In order to clarify whether the above-mentioned 
favorable effect of carbon-treatment of host mice on the 
recovery of irradiated colony-forming cells is due to 
humoral factor(s), extramedullary hemopoietic colony- 
formation was studied in the host mice either treated with 
carbon partic]es or with bacterial endotoxin. 

Materials and methods. Detai ls  of the  m e t h o d  for 
co lony- fo rmat ion  on macrophage  layer  were r epo r t ed  by  
SEKI1% A cellulose ace ta te  (CA) m e m b r a n e  (20 • 20 ram) 
was inser ted  in to  the  per i tonea l  cav i ty  of 9-week-old 
male mice of D D D  strain.  4 days  later,  t h e y  were in jec ted  
i.v. e i ther  wi th  10 mg of  ca rbon  par t ic les  (Pelikan Ind ia  
ink Cl l /1431  a, Germany)  or w i th  20 ~g bacter ia l  endo- 
tox in  ( l ipopolysaccharide J3 f rom E. coli 0 111 :B4, Difco, 
USA).  24 h af ter  the  t r e a t m e n t ,  the  animals  were i r radia t -  
ed wi th  680 IR of X-rays ,  and t h e n  in jec ted  i.p. wi th  

in the Mouse  Peri toneal  Cavity by  the T r e a t m e n t  

f reshly  ha rves t ed  bone mar ro w  cells 1~ 7 days  af ter  the  
in ject ion of the  bone mar row cells, the  CA m e m b r a n e s  
were t aken  out  and colonies formed on the  mac rophage  
layer  were coun ted  af ter  t he  v isual iza t ion  procedure  by  
the  peroxidase  react ion.  In  order  to inves t iga te  the  effect  
of hos t  m i c ro en v i ro n men t  on the  recovery  of i r rad ia ted  
hemopoie t i c  s t em cells, o ther  groups of hos t  mice, in to  
which  the  CA m e m b r a n e  was also inser ted,  were exposed  
to 480 R of X-rays ,  and  t h e n  in jec ted  wi th  t he  bone  
mar row cells. 1 h la ter  t h e y  were i r rad ia ted  again wi th  
200 IR of X-rays .  Thus,  the  hos t  mice received 680 R of 
X-rays ,  while the  graf ted  bone  mar row cells were exposed 
only to  the  second dose of 200 R in s i tm Other  procedures  
were the  same as in those  for co lony- format ion  wi th  the  
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Effect of the treatment of host mice with carbon particles on the hemopoietic colony-formation on macrophage layer formed iu the peritoneal 
cavity of mice 

No. of colonies/4 cm2/106 bone marrow (BM) cells 

Normal BM cells ill the host 200 R-irradiated BM cells in the host 

N ~ C ET N C ET 

Experiment 1 16.3 ~ 4.4 31.2 ~ 11.5 23.3 ~ 4.4 4.9 • 1.9 8.8 -4- 2.1 6.2 ~z 1.1 
Ratio 1 2.0 1.5 0.29 0.54 0.38 

1 1.8 1.3 
Experiment 2 18.7 ~ 3.4 18.8 • 3.8 NT b 5.3 • 2.1 10.9 • 3.1 6.9 ~z 2.6 
Ratio 1 1.0 -- 0.29 0.58 0.37 

1 2.0 1.3 

N, normal host mice; C, carbon-treated host mice; ET, endotoxin-treated host mice. b NT, not tested. 

no rmal  bone mar row ceils. All mice were given 275 mg/1 
of ch lor te t racyc l ine  (Takeda Co., Japan)  dissolved in 
dr ink ing  water  f rom I week before the  s t a r t  of expe r imen t s  
unt i l  sacrifice. 

Results and discussion. SEKI ~n has  successfully achieved 
the  fo rmat ion  of t lemopoiet ic  colonies on mac rophage  
layer  which  covered CA m e m b r a n e  inser ted  in t he  peri-  
tonea l  cav i ty  of mice. This  ex t r amedu l l a ry  colony- 
fo rma t ion  has  made  i t  possible  to examine  the  carbon-  
induced  changes  a t  t he  level of humora l  factor  which  
poss ibly  cont ro l  t he  prol i fera t ion  of t he  colony-forming 
cells. Resul ts  are summar ized  in t he  Table.  

Al though  the  f luc tua t ion  of the  d a t a  is great ,  it  seems 
plausible  to assume t h a t  survival  of the  i r rad ia ted  bone  
mar row cells was app rox ima te ly  twice as h igh in the  
ca rbon- t r ea ted  hos t  mice  as t h a t  in t he  contro l  hosts .  Such 
increase in t he  survival  was also grea te r  t h a n  t h a t  in the  
hos t s  t r ea t ed  w i t h  bacter ia l  endotoxin .  

In  the  case of non- i r rad ia ted ,  no rmal  bone mar row cells, 
i r reproducib i l i ty  of the  da ta  p r even t ed  us f rom drawing  a 
conclusion, b u t  our f indings  t h a t  the  serum f rom carbon-  
t r ea t ed  mice enhanced  the  endogenous  spleen colony- 
fo rmat ion  in i r rad ia ted  mice (to be publ i shed  elsewhere),  
and  the  da t a  of the  o ther  workers  t h a t  bacter ia l  endo tox in  
s t imula tes  the  p roduc t ion  of co lony-s t imula t ing  factor  1", 
seem to suppor t  the  similar  poss ibi l i ty  as those  wi th  the  
i r rad ia ted  bone  m ar row  cells. 

Before in t e rp re t ing  these  data ,  two  factors  should be 
t aken  into account .  Firs t ly ,  more  t h a n  90 % of the colonies 
were myelo id  cell t y p e  is and,  accordingly,  only  the  my-  
eloid ceil colonies were coun ted  in t h e  p resen t  exper iments .  
In  t he  case of spleen colonies, however ,  e ry thro id  colonies 
were shown to be more  d o m i n a n t  1. Our previous  discussion 
was also focused essent ial ly  on the  regenera t ion  of 
e ry th ro id  coIony-forming cells r a t he r  t h a n  myelo id  
cellsT, 1~ Since carbon  par t ic les  are known to  cause a 
hyperp las ia  of t h e  lymphore t i cu la r  t issues, poss ib ly  as 
some sor t  of i n f l a m m a t o r y  responsea~ is, the  p resen t  
resul ts  m a y  no t  be surpr iz ing if t he  colony fo rma t ion  wi th  
no rma l  bone  mar row cells are also augmented .  Secondly,  
the  colonies were formed on the  maerophage  layer  which  
m a y  act  as a feeder layer.  A l though  the re  was no de tec t -  
able up t ake  of i.v. in jec ted  carbon  par t ic les  by  these  
macrophages ,  the  poss ibi l i ty  c anno t  be excluded t h a t  t he  

macrophages  which  were ac t iva ted  by  the  carbon-  
t r e a t m e n t  p rov ided  a favorable  effect  by  the  di rect  con- 
t ac t  w i t h  t he  co lony-forming s tem cells. 

Regardless  of these  l imi ta t ions ,  p resen t  da t a  toge the r  
w i th  the  o ther  f indings 7,10 indica te  t h a t  the  blockade 
of R E  S wi th  carbon par t ic les  induces  an enhanced  release 
or p roduc t ion  of some humora l  factor(s),  as endo tox in  
does, which  consequent ly  is a t  least  pa r t l y  responsible  for 
increasing the  survival  or pro l i fe ra t ion  of i r rad ia ted  he- 
mopoie t ic  s t em ceils 19. A possibil i ty,  however ,  should no t  
be exc luded  t h a t  there  m a y  be concomi t an t  pyrogenic  
subs tance  such as endo tox in  in t he  suspension of ca rbon  
par t ic les  we used. If  so, it  m a y  well explain  the  s imi lar i ty  
of the  effect  of ca rbon  par t ic les  and  t h a t  of the  endotoxin .  

Zusammen/assung. N a c h  Vorbehand lung  mi t  Kohle-  
pa r t ike ln  wird  fiber die e rh6hte  Anzahl  der  in die Bauch-  
h6hle inj iz ier ten und  in vivo bes t r ah l t en  h/ imatopoie-  
t i schen  Kolonien bei M~usen ber ichte t .  Dieser  Ef fek t  
k o m m t  offenbar  n ich t  durch  Ste igerung d e r  S t rahlen-  
res is tenz  der  Zellen selbst,  sondern  durch  i rgendeinen 
humorMen Mechanismus,  durch  welchen die Kohle-  
pa r f ike lbehand lung  die Regenera t ion  von  koloniebi lden- 
den  Zellverbiinden verbesser t ,  zus tande.  
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