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Reticuloendothel ia l  S y s t e m  Blockade  as an Effective Method of Radioprotect ion  

'B lockade '  of r e t i cu loendo the l i a l  s y s t e m  (RES)  ha s  
been  d e m o n s t r a t e d  to  resu l t  in an  increased  su rv iva l  of 
sub l e tha l l y  i r r ad i a t ed  mice  ~,2. I t  has  also been  shown  
t h a t  such  a f avorab le  effect  of R E S - b l o c k a d e  m a y  be  a t  
leas t  p a r t l y  a t t r i b u t a b l e  to  t he  func t iona l  b lockade  of 
R E S  as well  as t h e  s u b s e q u e n t  s t i m u l a t i o n  of hemo-  
poiesis3, 4. I n  ca r ry ing  ou t  these  s tudies ,  t he  ques t ion  
occurred  w h e t h e r  such  a n  effect  is solely due  to I~ES- 
b lockade  and  no t  due  to  some ac t ion  cha rac t e r i s t i c  to  
c a r b o n  par t ic les  wh ich  were used to b lockade  R E S  in t he  
earl ier  s tudies .  

In  the  p r e sen t  expe r imen t s ,  p o l y s t y r e n e  l a t ex  par t ic les  
an d  glycogen were emp loyed  as o the r  chemica l ly  i ne r t  
foreign par t ic les  in order  to  o b t a i n  f u r t h e r  ev idence  t h a t  
a n y  non- tox ic  p a r t i c u l a t e  ma te r i a l s  can  p r o t e c t  an ima l s  
f rom r a d i a t i o n  l e t h a l i t y  t h r o u g h  non-speci f ic  R E S -  
b lockade.  

Mater ia ls  and methods. Male mice  of I C R - J C L  s t ra in ,  
7 weeks old a t  t h e  s t a r t  of t h e  expe r imen t s ,  were used. 

R E S - b l o c k a d e .  P o l y s t y r e n e  l a t ex  par t ic les  of d i a m e t r e  
of 0.109 ~: 0.0027 # m  were p u r c h a s e d  f rom Dow Chemica l  
Co., U S A  a n d  10 m g  of t h e  par t ic les  were i n j ec t ed  in to  
mice i.v. 24 h p r io r  to  i r r ad ia t ion .  Glycogen  was dissolved 
in physiological  sal ine and  a l iquo ts  of 10 m g  were in jec ted  
in to  each  mouse  of a n o t h e r  g roup  24 h before  i r rad ia t ion .  

I r r ad ia t ion .  Mice were exposed to 600 R to 700 R of 
who le -body  X- i r r ad ia t ion ,  us ing  200 K V P  --  20 m A  
uni t ,  w i t h  a f i l ter  of 0.5 m m  A1 + 0.5 m m  Cu, and  a t  a 
dose r a t e  of 100 R / m i n .  
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Survival of X-irradiated mice which have received 10 mg of poly- 
styrene latex particles 24 h before irradiation. Open circles, 650 R- 
irradiated control; open triangles, 700 R-irradiated control; solid 
circles, 650 R-irradiated after latex injection; solid triangles, 700 R- 
irradiated after latex injection. 

E n d o g e n o u s  spleen colony. As p rev ious ly  descr ibed  a, 
mice  were i r r ad i a t ed  w i t h  a p p r o p r i a t e  doses of X-rays .  
24 h before  i r r ad ia t ion ,  t h e y  were in jec ted  e i the r  w i t h  
10 m g  l a t ex  par t ic les  or w i t h  10 m g  glycogen.  Con t ro l  
mice  were in jec ted  w i t h  t he  same  a m o u n t  (0.5 ml)  of 
saline.  All  mice  were g iven  275 mg/ l  ch to r t e t r acyc l ine  
(Takeda  Co., J a p a n )  d issolved in d r i n k i n g  w a t e r  f rom 
7 days  before  t he  s t a r t  of t he  e x p e r i m e n t  un t i l  sacrifice. 
Su rv ivo r s  were ki l led on d a y  10, a n d  t h e i r  spleens were 
scored for colonies a f t e r  be ing  f ixed in  Bou in ' s  so lut ion.  

Results.  The  F igure  shows t h e  su rv iva l  of i r r a d i a t e d  
mice  a f t e r  t r e a t m e n t  w i t h  l a t ex  par t ic les .  All con t ro l  
mice  died w i t h i n  17 days  a f t e r  t he  exposure  to  700 1R of 
X - r a y s  a n d  14 mice  ou t  of 15 died  a f te r  i r r a d i a t i o n  w i t h  
650 R. P r e t r e a t m e n t  of mice  w i t h  10 m g  l a t ex  pa r t i c les  
p ro t ec t ed  t h e  an ima l s  f rom dea th .  12 a n d  14 mice  
su rv ived  t he  dose of 650 R a n d  700 R, respec t ive ly .  

E n d o g e n o u s  spleen co lony - fo rma t ion  was also e x a m i n e d  
to  i n v e s t i g a t e  t he  effect  of IRES-blockade on  t he  s u r v i v a l  
of hemopo ie t i c  s t em cells. As s u m m a r i z e d  in T a b l e  I, 
a p p r o x i m a t e l y  2 colonies were obse rved  a t  10 days  a f t e r  
t he  exposure  of mice  to 650 R of X-rays .  Su rv iva l  of 
hemopo ie t i c  s t em cells was  r e m a r k a b l y  increased  b y  t he  
p r e t r e a t m e n t  of mice  w i t h  l a t ex  par t ic les ,  t h e  su rv iva l  
be ing  10 t imes  as h i g h  as t h a t  of t h e  con t ro l  mice. 

On t he  o t h e r  h a n d ,  su rv iva l  of i r r ad i a t ed  mice  was 
scarcely  af fec ted  b y  t h e  p rev ious  t r e a t m e n t  w i t h  glycogen 
(Table  II) .  I n  t he  mice i r r a d i a t e d  w i t h  600 R of X-rays ,  
t he  s u r v i v a l  seems s l igh t ly  increased  b y  t he  t r e a t m e n t ,  
whereas  those  i r r a d i a t e d  w i t h  more  t h a n  650 R showed  
no di f ference a t  all  in  t h e i r  su rv iva l .  As is also s h o w n  in 
Tab le  I I ,  n u m b e r  of spleen colonies was increased  b y  t he  
t r e a t m e n t  f rom 1.4 in  t h e  con t ro l  mice  to  4.8 in  t h e  mice  
exposed  to 600 R, i n d i c a t i n g  a s l igh t ly  f avo rab l e  effect  on  
hemopo ie t i c  recovery .  

Discussion.  The  p r e sen t  e x p e r i m e n t s  d e m o n s t r a t e  t h a t  
a d m i n i s t r a t i o n  of po ly s ty r ene  l a t ex  pa r t i c les  to  mice  
s t rong ly  p r o t e c t  t h e  an ima l s  f rom r a d i a t i o n - i n d u c e d  
dea th .  I t  is also shown  t h a t  t h e  ' b lockade '  of R E S  w i t h  
l a t ex  par t ic les  resu l t s  in  a f avorab le  m i c r o e n v i r o n m e n t  
for  t he  hemopo ie t i c  s t e m  ceils to  recover  a f t e r  i r r ad ia t ion .  
These  resu l t s  are s imi la r  to  t he  d a t a  o b t a i n e d  w i t h  t h e  
c a r b o n  par t ic les  1-3. 

The  m e c h a n i s m  of r a d i o p r o t e c t i o n  b y  R E S - b l o c k a d e  
w i t h  c a r b o n  par t ic les  ha s  been  ex t ens ive ly  s tud ied  l -L 
The  resu l t s  p o i n t  to  t h e  fac t  t h a t  t h e  p r o t e c t i o n  is a t t r i b u t -  

1 K. J. MORI and S. NAKAMURA, Experientia 26, 1386 (1970). 
2 S. NAKAMURA, Radiat. Res. 52, 130 (1972). 
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4 S. NAKA~URA and K. J. MORI, J. Radiat. Res. 15, 14 (1974). 
5 K. J. MogI, A. SETO and Y. IT0, submitted to Experientia. 

K. J. MORI and Y. ITO, submitted to Radiat. Res. 
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Table I. Effect of RES-blockade on endogenous spleen colony-formation in irradiated mice 

Treatment of mice 

580 R-irradiated 650 R-irradiated Latex �9 + 650 R Latex ~ + 700 R 

No. of colonies per spleen 4.5 :~= 1.6 1.8 ~= 0.8 Numerous (30) 24.7 ~= 3.2 

Mice were injected i.v. with 10 mg polystyrene latex particles 24 h prior to irradiation. 
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Table II. Effect of glycogen-treatment on survival and endogenous spleen colony-formation in irradiated mice 
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Treatment Survival dose of X-irradiation 

600 R 650 R 700 R 

No. of colonies per spleen 
(600 R4rradiated) 

Control 9/25 (56%) 2/15 (13%) 2/15 (13%) 1.4 • 0.8 

Glyeogen-treated~ 13/25 (54%) 2/15 (13%) 1/15 (7%) 4.8 ~ 1.3 

Mice were injected with 10 mg glycogen i.v. 24 h prior to X-irradiationo 

ab le  to  a func t iona l  b lockade  of IRES i n  the f i r s t  s tep  a n d  
to  t h e  s u b s e q u e n t  e n h a n c e m e n t  of hemopo ie t i c  recovery .  
The  l a t t e r  ha s  also been  shown  to  be  t h e  r e su l t  of t h e  
e n h a n c e m e n t  of t h e  r ecove ry  as well  as of t h e  su rv iva l  of 
hemopo ie t i c  s t e m  cells poss ib ly  t h r o u g h  h u m o r a l  factor(s)  
a n d  d i rec t  con t ro l  b y  for t i f ied  IRESS, s. Again ,  i t  is sug- 
ges ted  t h a t  r e i n f o r c e m e n t  of IRES b y  b l o c k a d i n g  w i t h  p a r -  
t i cu l a t e  ma te r i a l s  p lays  a n  i m p o r t a n t  role in  con t ro l i ng  t h e  
p a r e n c h y m a l  ceils to  m a i n t a i n  t h e i r  n o r m a l  func t i on  s. 

The  d a t a  p r e s e n t e d  he re in  p rov ides  ev idence  w h i c h  
suppo r t s  t he  h y p o t h e s i s  t h a t  a n y  foreign par t ic les  wh ich  
will  be  p h a g o c y t i z e d  b y  R E  cells, such  as macrophages ,  
c an  be used as a n  effect ive  r a d i o p r o t e c t a n t  on ly  if t h e y  
are  n o t  tox ic  to  t he  an imals .  

One f ind ing  to  be  n o t e d  is t h a t  a l t h o u g h  glycogen did  
n o t  p r o t e c t  mice  ef fec t ively  f rom r a d i a t i o n  l e tha l i ty ,  i t  
also h a d  a s l igh t ly  b u t  s ign i f i can t ly  f avo rab l e  effect  on  t h e  

s K. J. MoRI and Y. ITO, Proc. Soc. exp. Biol. Med., in press (1974). 
9 y. KONO and M. Ho, Virology 25, 162 (1965). 

10 S. H. CHAN and D. METCALF, Blood 40, 646 (1972). 
11 This work was supported in part by US Public Health Service 

Contract No. 1-CP-33290 within the Virus Cancer Program of the 
National Cancer Institute. 

hemopo ie t i c  r ecovery  as m a n i f e s t e d  b y  an  increase  in  t h e  
n u m b e r  of endogenous  spleen colonies. I t  seems, therefore ,  
t h a t  a n y  s u b s t a n c e  can  s t i m u l a t e  R E S  non-specif icMly,  
w h e n  phagocy t i zed ,  to  release some factor(s)  such  as 
i n t e r f e ron  9 a n d  c o l o n y - s t i m u l a t i n g  fac to r  ~0 as well  as to  
p rov ide  a f avo rab l e  e n v i r o n m e n t .  The  degree of such  
effects  is l ike ly  to  d e p e n d  on  t h e  size a n d  dose of t h e  
p a r t i c u i a t e  ma te r i a l s  a n d  on  t h e  pers i s tence  of t h e m  in 
t h e  IRE S n.  

Zusammen/assung. Die i.v. I n j e c t i o n  von  L a t e x p a r t i k e l n  
a n  M~Lusen, 24 h vo r  e ther  B e s t r a h l u n g  m i t  650 oder  700 R, 
b i e t e t  e inen  b e m e r k e n s w e r t e n  S t r a h l e n s c h u t z .  Es  wi rd  
m i t  Hi l fe  der  e n d o g e n e n  K o i o n i e b i l d u n g s m e t h o d e  a u c h  
nachgewiesen ,  dass  die S t r ah l en re s i s t enz  u n d / o d e r  die 
R e g e n e r a t i o n  der  h g m a t o p o e t i s c h e n  S t a m m z e l l e n  d u r c h  
die re t icu lo-h is t iocytXre  S y s t e m b l o c k a d e  ges te iger t  wor-  
den  ist. 
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Interaction of Thrombasthenic  Platelets with Subendothel ium: Normal  
Adhesion,  Absent Aggregat ion 

Adhes ion  of b lood p l a t e l e t s  t o  ex t r ace l lu l a r  connec t ive  
t i ssue  r ep resen t s  t he  f i rs t  obse rvab le  s tep  in h e m o s t a s i s  
and  th rombos i s .  S u b s e q u e n t  to  adhes ion,  p l a t e l e t  aggrega-  
t i on  resu l t s  in  t h e  f o r m a t i o n  of a h e m o s t a t i c  p lug  or a 
m u r a l  p l a t e t e t  t h r o m b u s .  BAUMGARTNER1 has  r ecen t l y  
deve loped  a pe r fus ion  c h a m b e r  for s t u d y i n g  t he  i n t e r a c t i o n  
of p la t e l e t s  in  a n t i c o a g u l a t e d  whole  b lood  w i t h  t he  
subendo the l iM surface  of r a b b i t  a o r t a  u n d e r  con t ro l led  
f low cond i t ions  t h a t  are s imi la r  to  those  in  ar ter ies .  
P l a t e l e t  adhes ion  to  s u b e n d o t h e l i u m  was s ign i f i can t ly  
reduced,  c o m p a r e d  w i th  con t ro l  va lues  in  YON WILLE- 
BRAND'S disease2 a n d  t he  BERNARD~SOULIER s y n d r o m e  a. 
A defect  in  p l a t e l e t  adhes ion  p r o b a b l y  accoun t s  for t he  
p ro longed  b leed ing  t i m e  in p a t i e n t s  w i t h  these  disorders .  

I n  t h i s  c o m m u n i c a t i o n  we r e p o r t  our  f ind ings  on  
p l a t e l e t  i n t e r a c t i o n  w i t h  s u b e n d o t h e l i u m  in  t he  pe r fus ion  
c h a m b e r  us ing  b lood  f rom 2 sub jec t s  w i t h  classical  
GLANZMANN'S t h r o m b a s t h e n i a ,  a h e m o r r h a g i c  d i a thes i s  
cha rac t e r i zed  b y  p ro longed  b leed ing  t ime,  a b s e n t  p l a t e l e t  
agg rega t ion  a n d  m a r k e d l y  i m p a i r e d  clot  r e t r a c t i o n  4. 
P rev ious  i n v e s t i g a t i o n s  sugges ted  t h a t  t he  adhes ion  of 
p la t e l e t s  in  p l a t e l e t - r i ch  p l a s m a  to  c o n n e c t i v e  t i ssue  is 
n o r m a l  in  t h r o m b a s t h e n i a  ~-7. 

Materials and meLhods. Clinical  a n d  l a b o r a t o r y  f ind ings  
of t he  2 p a t i e n t s  M.C. a n d  lVLM. ( the l a t t e r  s tud ied  t h r o u g h  
t he  cou r t e sy  of Dr.  MARJORIX 13. ZUCKER) h a v e  been  
descr ibed  p rev ious ly  S, 9. All  9 con t ro l  sub jec t s  (ages 
25-44) showed  second phase  aggrega t ion  w i t h  ep inephr ine  
in p l a t e l e t - r i ch  p l a s m a  on t h e  day  s tudied .  P a t i e n t s  and  
cont ro l s  were asked  no t  to  t a k e  a n y  m e d i c a t i o n  for 1 week  
pr io r  to  t h e  expe r imen t .  
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