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The purpose  o f  this i a v e s t i g a t i o n  i s  t o  e v a l u a t e  :he 

r e s p o n s e  o t  c a p i l l a r y  e n d o t h e l i a l  c e l l s  t o  n e g a t i v e  p i  mesons.  

X model 113s been deve loped  a t  Colorado S t i t s  U n i v e r s i t ? '  u s i n g  

the eyeso f  b e a g l e  dogs to examine effects of  bet3 and x 

r a d i n t i 9 n  on c a p i l l a r y  endo the l ium a t  t h e  l i n b u s .  T h i s  - i n  

v i v o  - exTer imenia1  sys tem c3n b e  used t o  e s t i zns t e  t l ie RBE 

o f  'nigh LET r a d i a t i o n  for e n d o t h e l i a l  c e l l s .  Th i s  has k ? o r -  

tar'.% c l i n i c a l  i m p l i c a t i o n s  because  e f f e c z s  oil c a p i l l J r i e s  m y  

d e r e r a i n e  t h e  res?onse o f  dependefit  t i s s u e s  l a t e  a f t e r  a 

c o u r s e  of  r a d i a t i o n  t!ierspy. A d d i t i z n a l  s t r e s s  t o  irradiated 

tissues may cause i n j u r y  t o  f i n c  v a s c u l a t u r e  l e a d i n g  t o  

d e g e n e r a t i o n  a n d  n e c r o s i s .  I t  is d i f t ' i c u l  t t o  s t u d y  r i3ia: ior :  

dose r e s p o n s e  and r e p a i r  c a p a b i l i t y  of  n o n p r o i i f e r a c i n g  o r  

s l c w l y  p r o l i f e r a t i n g  mammalian t i s s u e s .  However, knorsicdge 

a b o u t  radiation repair by norna l  t i s s u e s  becomes c r i t i c a l  

when c o n s i d e r i n g  u s e  of  r a d i a t i o n  t n e r z p v  t e c h n i q u e s  uh i s l i  

may a l t c r  t h i s  c a p a b i l i t y .  

During tile p a s t  two y e a r s  s i n g l a -  3nd s p l i t - d o s e  tccliniquL's 
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Bean Xre3: X East 

Seaa Requirements:  
7 1  ~ i i e s e  r e q u i r c a e n t s  are 3s p r e v i o u s l y  e s t 3 D l i s h e d  for 

human r a d i o b i o i o g y  e x p e r i z e n z s  on tile b io -ned  c h a n n e l .  

T h i s  has been d i s c Q s s e d  w i t h  J i m  Sradbilry on February 15, 

1975 v i a  phone c o n v e r s s t i c n .  T!ie pe3k r e g i o n  of t h e  

p ion  be3m s h o u l d  be st tke s u r f s c e  sf t h e  e y e .  These 

e x p c r i n e n t s  shou ld  be done when a dose-rate o f  a7prox i -  

macely S O  r a u s  per minute  i n  t h e  peak is a v a i l a b l e .  

Running T i n t  R e q u i r e d :  

i n s t a l l 3 t i o n  T i a e :  2 h o u r s ,  Expe r inen t  I ;  4 hours ,  Exper inent  f 

Data Runs: 6 hours, Ex?erir;,ent 1; 9 h o u r s ,  Experisen;  1 

Schedu l ing :  1 day i n  O c t o b e r ,  1073 o r  a s  be3n o f  r e q u i r e a  

i n t e n s i t y  i s  a v a i l a b l e  f o r  Experiment I ;  2 days  

a p p r o x i x a t e l y  one month l a t e r  for Exper i aen t  2 .  

Space Requi red :  

I. 1 0 '  I 10' area to.perform s u r g i c a l  p r o c e d u r e s .  

L .  I.1. fIoLland, H-4, has been  c o n t a c t e d  c o n c c r n i n g  

s p e c i a l  equipmen: nnci a n e s t h e s i o l o g y  s u p p o r t .  

2 .  Housing t ' 3c i I i t i e s  f o r  1 5  Jogs  f o r  1 clay f o r  Exper i  

ment I ;  1 d3ys for EsTcrincnt 2 .  
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1. Pur7ose :  

The long-term g o a l s  a r e  ta d e t e r n i n e  s i t e r a t i o n s  i n  tne 

r e s p c n s e  o f  t a p i l l a r y  e n d o t h e l i a l  c t l l s  induce.' by hisii LET 

as compared to low LET r a d i a t i o n .  

v a s c L l a t u r e  may be t h e  d e t e r x i n i n g  f 3 ; t o ~  i n  l a t e  r e sTonse  

or' o r g a n s  coniposed ma in ly  o f  s l o ~ l y - o r  n o n - p r o l i f e r a t i n g  

c e i l s .  E n d o t L e l i a 1  r e s?onse  t o  p i o n  i r r a d i a z i o z  ; d i l l  be 

e v a l u a t e d  f o r  e q o s u r e s  b e f o r e  ani a f t c r  s t i n u l z t i o n  of 

c a p i l l a r y  p r o l i f e r a t i o n .  

R a d i i t i o i i  e f f e c t s  on f i n e  

.A c o n p a r i s o n  of t h e s e  d a t a  wick 

t h o s e  for b e z 3  and x-ray e s 7 c s u r c  a r e  c f  Trine i n t c r e s ; .  

S p l i t - d o s e  studiEs w i l l  be per:crzed 1 3 Z e r  to e s t a b l i s h  che  

r e p a i r  c a p a b i l i t y  cf e n d o t h e l i a l  c e l l s  exposed t o  f r a c t i o n a t e d  

doses.  

2 .  Background: 

The l i t e r a t u r e  on r a d i a t i o n  p a t h o l o g y  has been 'based 

l a r g e l y  on r e s p o n s e s  t o  e i = h e r  l arge  s i n g l e  d o s e s  o f  r d i a t i c i l ,  

p r o t r a c t e d  r a d i a t i o n  within 3 narrow dosc  r ange  a r  07; c l i n i c a l  

o b s e r v a t i a n s  fo l lowin :  r a i i o t h e r z 7 y .  T h i s  m a t e r i a l  does  nct 

lend i t s e l f  to c r i t i c a l  sssay o f  dose r e s p o n s e  or of c3p3- 

b i l i t y  of mammalian t i s s u e s  t o  r e ? a i r  r a d i s r i o n  Jamage. The 

l a t t e r  p o i n z  is extremely im7:rtinc i n  r a d i o t ! i c r ~ p y  since t n e  

a s s u m p t i o n  of r e p a i r  c a ; ) a b i l i t y  or' n o r n o l  t i s s u e s  is ciic b a s i s  

f o r  f r a c t i c n a t c d  dosc  r c g i z c > s .  

i n  r e c d n t  years rc l . i ia t ion rcsi>onoe ! u s  k c e n  i c z Z r 2 i n e d  

f o r  r a p i d l y - p r o l i f c r a z i n ;  t i s s u e s  i n  r a d c n t ;  such ds boric 
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. . -  -. marrow, skin. gut and s p e r n a t o g o n l a  ( l , - , ~ , J , s ) .  S k i ~  and 

gut a?pear  t o  have 3 l a r g e  c z y a b i l i t y  to r e p a i r  r a d i a t i c n  

dartage. Techniques f o r  s i r n i l a r  s c u c i e s  o f  n o n p r o l i f e r a c i n :  

o r  s l o w l y  proliferating t i s s t l e s  ?.re mac!i a o r e  d i f f i c s l t  to 

develop .  ' 

Late c o m p l i c a t i o n s  from r a d i a t h e r a p y  may be t h e  r e s u i :  

of e i t h e r  c o n t i n u a l  d e g e n e r a t i o n  o r  r e g r c s s i c n  o f  f i n e  v a s -  

c u l a t u r e  anu;or  i o n t i n u e d  p r o l i f e r s z i c n  and c o n d e n s a t i o n  of 

f i b r o u s  t i s s u e  in t h e  i r r a d i a t e d  3re3 [GI. !larked changes 

i n  dependent  : i s s u e s  c3n be caused b y  r a d i a t i o n  induced 

chlanzes i n  Z L E ~  vssi:lat:re and i i i r e r s t i t i a i  c i s sac .  T!iis 

damage i n s t i r u t e d  by i r r a d i a t i 3 n  nay 3 J l t l 3 3 t e l y  lover r e -  

s i s t a n c e  t~ a d d i t i o n a l  injury. Aided i n j u r y  s u c h  as sub-  

C .  

s e q u e n t  trsuna or i n f e c t i o n  m3y c3use t i s s u e s  to undergo 

a c u t e  n e c r o s i s  long z f t e r  i r t a d i a : i c n .  B r a i n .  h e a r t ,  and 

kidr.ey a r e  c r i c i c 3 1  organs c o m o n l y  i n  r s d i a i i o n  t h e r a p y  

f i e l d s  ar.d whose s e n s i t i v i t y  may be deter inined by tile sen-  

s i t i v i t y  o f  c a p i l l a r y  e n d o t h e l i a l  s e l l s .  

In r ecwt  years  t e c h n i q u e s  ha-.*e been d e v i s e d  t o  s tudy  

t h e  e f f e c t s  o f  r s d i a c i o n  on  e n d o t h s l i s l  c e l l s .  Van den  

Brenk -- e t  31. io) used the Szylc pouch t ec i in iquc  t o  stimulate 

angiozenesis and ::rowth of  t h e  r e p a i r  blastema i n  r a t s .  

They a c a s u r e d  r a d i o s e n s i t i v i t y  o f  Lapillar:' b lood  t - e s s c l s  

in- t k c  s u b c u t i s .  They o b t a i a t 3  a Do o f  2 4 9  rads bzsed on  

 SOLO^^ c o u n t s  302 ;i r e c o v e r y  i ; l p x b i I i t y  3: !SJ i a J S  based on 

s p l i t - J o s c  r d i 3 : i o r !  s t u d i c o .  Tilers rias r;a s i g n i f i c a n t  

dir ' t 'crcnce i n  resF,onsc ta jingle: doses c i  r a j i 3 t i a n  z i i - t n  

00133509.005 



- 6 -  

e i t h e r  s h o r t l y  befcre  o r  a f z e r  r a i s i n g  tile pouches, however,  

3 del3)' of  t w o  or t h r e e  weeks b? i@re  t3 i sFr .g  the pouches 

caused an  i n c r e a s e  i n  the d o s e  r e q u i r e d  t o  produce a s i v c n  

e f f e c t  by S j O - G t S  r a d s  f o r  s i n g i e  doses i n  the range of  1303- 

1800 r a d s  g i v e n  t o  i n t a c t  s k i n .  T h i s  amount of "repair"  

c o u l d  h3ve been i n f l u e n c e d  by a number of fac tors  i n c l u d i n g  

t h e  p o s s i b i l i t y  of e n d o t h e l i a l  p r o l i f e r a t i o n  induced by 

r a d i a t i o n .  

Reinhold  and 8uisrnm ( 9 )  s tc id ied  v a s c u i a r i r a t i o n  i n  sub-  

c u t a n e o u s  a i r  pouches i:: r a t s .  TIicv obtained a q u a n t i t t t i v e  

i n d i c a t i o n  o f  t h e  vascclar index  r e l a t e d  t o  t h e  l o c a l  amount 

of  on intravenously injec:ed tracer. A ''survival curve"  

based on t!ic amount of t racer  as 3 f u n c t i o n  o f  r a d i a t i o n  

dose gave a Do value o f  a b u t  170 r o d s  and a D o f  340 rads.  
9 

Irradiation was done immedia te ly  f o l l o w i n g  s t i n u l a t i o n  or' 

ca?iflary p r o l f f e r z t i o n .  

i n i t i a l  dose o f  500 r a d s  fo l lowed  by a v a r i a b l e  t e s t  dcse 

Spl i t -dose  expe r imen t s  w i t h  an 

1 4  hours l a t e r  g3vc a D2 - D1 of about 290 rads. When t!iey 

i r rad ia te : !  p r i o r  t o  s t i m u l a t i o n  of p r o l i f e r a t i o n  t h e y  o b t a i n e d  

a Do of 237 rads ( 9 ) .  

A t  Colorado S t a t e  U n i v e r s i t y  3 method has been developed 

t o  a s s a y  r e s p o n s e  of p r o l i f e r a t i n g  and n o n p r o l i f e r a t i n g  cnao-  

:!;cli31 c e l l s .  X lamellar ker3tcctDny is pcriormcd i n  the 

c e n t e r  o f  the cornea t o  induce  s u p e r f i c i a l  neovascul3ri:a- 

t i c c .  S e o v a s c ~ l a r i : 3 t i o n  is L c t c c t e i  by n rcJncss of  :!:e 

l imbus proiluccd bv thc presence of i ~ l o o d  i n  the neuty  f o r m i  

vessc ls .  1rr:idia:lon o f  t!ie l i gous  w t s  done e i t h e r  Scr'are 
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w i t h  neovascu la r i :3 t  i o n  \<i:hin o n e  week fo1lowi;lg surger;. '  

was p l o t t e d  a g a i n s t  dose. 

o u t  t o  d e t e r a i m  t h e  r a d i a t i o n  r e p a i r  c a p a b i i i t y  o f  encathe- 

l i a l  c e l l s .  

i n d u c t i o n  8f c a p i l l a r y  e n d o t h e l i a l  p r o l i f e r a t i o n  i n d i c a t e d  

that the r a d i a t i o n  r e p a i r  capabi l izcy v a s  a p p r o x i a o t e l y  5-10 

r a d s  i n  e i t h e r  case. 

S p l i t - d o s e  s t u c i e s  uerc c a r r i e d  

S p l i t - d o s e  s t u d i e s  done e i t h e r  b e f o r e  cr  a f t e r  

Nethods have now been deve loped  t o  u t i1 i : e  3 modi f i ed  

Chalkley p o i r r t - h i t  type e v a l u a t i o n  t o  d e t e r n i n e  s u r v i v a l  

c u r v e s  following r a d i a t i o n  (10). H i s t o l o g i c  s e c t i o n s  are 

made from s u p e r f i c i a l  l aye r s  of t h e  co rnea  n e a r  tiis l i n k s .  

The newlv formed c a p i l l a r i e s  3 r b  ? r e s e n t  i n  t h i s  t i s s u e  

i n  l e s s  t h a n  one week f o l l o w i n g  t h e  p a r t i a l  k e r a t e c t a n y .  

estimate i s  made or' t h e  p e r c e n t a g e  surface srei  occup ied  by 

c a p i l l a r i e s . .  T h i s  has been  found t o  be i n v e r s e l y  pro2or-  

t i o n a l  to r a d i a t i o n  dose and i s  ?robably r e l a t e d  t a  t h e  nun- 

b e r  of  e n d o t h e l i a l  cells s u r v i v i n g  i r r a d i a t i o n .  Expe r i ence  

a t  Co lo rado  S t a t e  U n i v e r s i t y  was o b t a i n e d  in t h i s  t y p e  or' 

anilysis on a s t u d y  of t h e  m i c r o v a s c u l a t u r e  o f  turncrs a t  

An* 

v a r i a b l e  intervals f o l l o w i n g  i r r a d i a t i o n  ( 1 1 , 1 2 ) .  

l o w  t i 3 3  00133509.007 
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aets  rad ia t ion  Jose-cffcct curve iiiiich i s  r e l a t c d  t o  endothel i a i  
~ 2 1 1  s u r v i v a l .  C a p i l l a r y  space rcprcscnts  the l o g  O F  :?IC mean sf 
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?NDjc Values for S i n q l e  Dose Beta lrradiatioa 
After Inauction of Caaillary Endothelial SrDLiIezation 

W3jo (rads) 9 f 3  Confidence LFzi i ts  Tiae ~ f t 3 r  1nd;;rction 
! hoar 1 1 

0 9 5 4  75 3-15 2 

789-1209 
8 6 4  660-  939 
1397 1179-1635 

6 1000 
24 
4 2  

WIDjO Valuer for Singis 3ose Seta Izridiation 
Befars Izduction of Caaillary Eneothel ia l  Proliferation 

TLsle B e f  are iz6uction NVD50 (r3ds) 95% Confidence Lizni t s  

24 1475 1236-1679 
d a  13 91 1136-1629 

(boars) 

TABLE 111 

Salit-3ose XVXljO Values for Beta i r r a d i a t i o n  aefere 
an6 After ‘1ndr;ction of Capillary Zndothelial Proliferation 

T h e  of D1 Time  o f  D, EN3 (rads) 9 5 %  CoRfidence Lini t s  
*”+ D-) - (hour3 (hours) - ( Y .  

0 sostinduction 6 Fostiaduction 1355 1126-1560 
4 3  preindc=tion 24 preinduction i74C 1545-1912 
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f 
k. 

X i 3  4 3  hours a f t e r  i n d u c t i o x  \cas 132:  rnJs. A11 ::lese 

p o s t i n d u c t i o n  h3T.l- s 3 r e  w i t h i n  approsixstel:: ;he same r 3 n g c  

except  t h e  4s-hour ?IVD;O. 

?iC'DjO nay have been due t o  c e l l u l a r  p r o l i f e r s t i o n  and 3 

g r e a t e r  number o f  c e l i s .  

5 0  

30 
The h i g h e r  J8-!1our postinduction 

I r r a d i a t i o n  was done p r i o r  t o  surgery t o  d e t e r m i n e  t h e  

The Fivi)30 1 4  h o x s  response of s l o w l y - p r o l i f e r a t i n g  cells. 

p r e i n d u c t i o n  was 1475 rads (Table 11). 

p r e i n d u c t i o n  xas 1591 rads. 

higher t h 3 n  t h o s e  folLowing s u r g e r y  e x c e p t  for t h e  i S - n c u r  

p o s t i n c h c t i o n  !;\.'3jo. 

e i t h e r  some capability for r a d i a t i o n  r e p a i r  o r  a d e c r e a s e d  

s e n s i t i v i t y  of  s l o w l y - p r o l i f e r a t i n g  e n d o t k e l i i l  c e l l s  possibly 

The hT3jo 43  hours 

The hlf l ) fos  3re s i g n i f i c i n z l y  

These s i n g l e  dose expe r imen t s  i n d i c a t e  

due t o  a n  i n c r e a s e d  Do. 

X s p l i t - d o s e  study w3s done i n  which a f i r s t  dose of  

500 rads was given immediately p o s t  surgically and v a r i a b l e  

second d o s e s  were g i v e n  6 hours  a f t e r  s u r g e r y .  

was 1 3 5 5  rads (Table 111). T h i s  was a p p r o x i m a t e l y  3j i l  r a d s  

g r e a t e r  than e i t h e r  t h e  i x m c d i a t e  p o s t  s u r g i c a l  o r  6-licur 

post s u r g i c a l  s i n g l e - d o s e  W D 5 0 s .  

before i d u c t i o n  of  cndo t f i e l  ia1 p r - l i f e r a t i o n  was dorie. 

f i r s t  dose of 300  ads was g i v e n  48 hours before induction 

and t h e  v a r i a b l e  second doses g i v c n  24 hours  p r c i n d t i c t i o n .  

T!iis s p l i t - d o s e  S Y D z 0  was 1746 ~ 3 d s .  T h i s  was 2 7 1  an3 3 5 3  

rads g r c a t t r  t!inn the 24-hour and 4s -:tour singlc-dose XYD j'3s- 

T S c r c i 3 r c .  the r q s i r  c:3gabilit:; 3prc3rs t o  be :fbouz 733 f3GJ  

ns d e t e r a i n e c !  e i t h e r  b e f o r e  o r  af;cr i n z t l c t i o n  of endothelial 

F r o l i f c r s t i o n .  

. 

The &TiljD 

X s p l i t - d o s e  c z p e r i m c n t  

The 

S i n g l e - d o s e  SV3505 for r=cl?o ? r i o t  t o  in2cc"- . L Y E  

C3"rl; FOR 
*?:.y rbb 1 
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of ~ 3 p i l l ; z r : ~ ~  proliferat i o n  nay indicate an increascri resis- 

tance of  t h e  s l o w l y - p r o l i f e r a t i n :  c e l l s .  

Recently, 3 m o d i f i c a t i o n  o f  t h e  Chalkley point-hit 

method f o r  d e t e r m i n i n g  th.c p e r c e n t a g e  s u r f a c e  3re3 oc:u?ieci 

by c s p i l l a f i e s  near the lirnbus of the eye has been useG t o  

o b t a i n  d 3 t 3  f o r  s u r v i v a l  curves.  The m t h o d  i s  t o  remove a 

tissue l a y e r  from t h e  co rnea  and make a cross section p a r a l l e l  

t o  t h e  l i n b u s  o f  the e y e .  The p e r c e n t a g e  c a p i 1 1 3 r y  s u r f a c e  

a r e 3  is i n v e r s e l y  p r o p o r t i o n a l  t o  dose .  The sections a r e  

e v a l c s c t d  u s i n g  a l i g h t  n i c r o s c o p t .  The e y e s  were  i rr3J ia t td  

w i t h  b e t a  p a r t i c l e s  from a ''5, source. 

d e t e r m i n e d  6 hour s  a f t e r  i n d u c t i o n  o f  p r o l i f e r a t i o n  has a 

Do of 260 rGds (Fig. 1). 

c u r v e s  following x i r r a d i a t i o n ,  and a re  p r e s e n t l y  b e i n g  

The s a r v i v a l  c u r v e  

Data has been o b t a i n e d  f o r  s x r v i v a l  - 

anal  y'; ed . 
4 .  Nethods  To Be Used: 

Nalc and female b e a g l e  dogs between 3 and 14 months 

o f  age will be  randomly selected t o  examine t h e  r e sponse  o f  

conjunctival e n d o t h e l i a l  cells t o  ne3;ztive p i  neson i r r i d i a -  

t i o n .  

e x p o s u r c  o f  fou r  t o  six eyes a t  tach dose. Thc  r3tigC i s i l l  be 

f r o 3  25'3 t o  1003 r a d s .  

It is proposed  t o  use f ive  l c v c l s  of r a d i a t i o n  ..iit!i 

Tlrc f i r s t  e x p e r i x c n t a l  protocol w i l l  be t o  i r r n d i a t z  

the eyes JS hours p r i o r  ts laaellar k e r a t z c t o m i c s .  An . 
3 an riimctcr sentr;!  !::i:cllar k c r a t a c t o n y  with r i  C O T : : C ~ ?  

t r c p h i n c  set r o  .I t;.;:h o -  : 0.3 nm nroduccs  s u p e r f i c i a l  

n c c v a s c u l a r i a t i o n  ;it chc l i n b u s  o f  thc  eye. X f mn d i s t a n c r  

- .  .: . .-  . 2 !  - :  . . . . . . . .  
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The c o r n e a l  c p i z k c l i u n  t i i l l  b e  scrs7eu f r c n  t h e  ics ior.  

each i 3 v  t o  i n s u r e  c a p i l l a r y  i n f i l t r a t i o n .  Ca rnea l  t i s s ~ o  

w i l l  be collected 1 0  days  p o s t - i n d u c t i o n  3rd sections ;?re- 

pared for  microscop ic  examinat ion  of c s ~  i l l z r y  i n v a s i o n .  

Data  a n a l y h i s  w i l l  i n c l u d e :  (1) Dose-response c u r v e s ,  

( 2 )  

(jj Comparison of t h e s e  data  w i t h  t h o s e  from beta  and I- 

i r i a d i a t i o n  s t u d i e s .  

Dose r e q u i r e d  t o  r educe  t h e  c a p i l l a r y  r a t i o  by SOOi (COjG!, 

F o r  Esperinenc 2 ,  a fanstant dose of 3 2 3  r3is xi11 be 

given t 3  each  eve 1S hours p r i o r  t o  i n d a c t i o n  c f  c i? i113ry  

p r o l i f e r a t i o n .  Variable s t c c n d  doses w i l l  be given 11 hcurs 

l a t e r  in t h e  range bf 200 t o  900 r a d s  t o  d s t e r a i n e  r e p a i r  

c 3 9 3 b i l  ity. 

4. F a c i l i t i e s  and Equipment acquired: 

Space w i l l  be r e q u i r e d  f o r  3 s u r g e r y  table, 035 3iles- 

t k e s i a  machine and 3n  operat ion  microscope .  A11 of .the e q u i p -  

ment w i l l  be f u r n i s h e d  by Colorarlo S t a t e  U n i v e r s i t y .  The 

:corking area need not be nore t h a n  abou t  10  f e e t  square. ?emporary 

f a c i l i t i e s  w i l l  be r e q u i r e d  far hous ing  15  b e a s i e  t o g s .  

00 133509.01 2 
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