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6. I?,equirsment and/or J u s t i Z i c a t F o n  
As i n  p rev ious  years there 1s no ciecrcase i n  world 

t h e  p o s s i b i l i t y  of n u c l e a r  v a r f a r e  on any scale. 
of disarmament d i s c u s s i o n s  t e n s i o n s  nay be i n c r e a s i n g  as 
c u r r e n t  d i s c u s s i o n s  concerning ALN Cefenses. 
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I n  t h i s  p r e s e n t  and con t inu ing  s i t u a t i o n  of crisis it is 
necessary  t o  pursue  w i t h  inc reased  d i l i g e n c e  t ! e  s c i e n t i L i c  
i n v e s t i g a t i o n s  of a c u t e  r a d i a t i o n  cf f e c t s  and the attcnciazt 
t r e a t m e n t  p o s s i b i l i t i e s  i n  t h e  hunan being. The chanyes t o  La 
i n v e s t i g a t e d  con t inue  to be (1) those of the c r i t i c a l  orsm 
systems such as the bone IT.arr0f.i and y a s t r o - e n t e r i c  t ract  and ( 2 )  
d e c i s i o n  making arocesses. The tine s san  of i n t e r e s t  con t inu r s  
t o  be t h e  early period of about  3 days b u t  with t h e  emergence cf 
some in2roved t h e r a p e u t i c  cons iLe ra t ions  a t i n e  of about G tree:.s 
need be considered. 

T h i s  study c o n t i n u e s  i t s  erqhasis on i n v e s t i 5 a t i o n  of tf-c 
human be ing . .  I n  order t o  e v a l u a t e  these e a r l y  chan9e.s one ca:: 
only  u t i l i z e  human data a l though h e l p f u l  concepts  nay -2 
c o n t r i b u t e d  by anirnal r e s e a r c h .  Data oLtclineci from these s tu t i i  2 z 
t r i l l  con t inue  t o  Se correlated !.-it11 i n fo rma t ion  obtained fro:, 
human r a d i a t i o n  a c c i d e n t s  . 

The pro2oscd s t u d i e s  c o n t j  nu? the i n v e s t i g a t i o n  of chanfjc? 
i n  metabolism of W I i i  and I:;?,, and a6cI e v a l u a t i o n  of bone nar ro  
r e s e r v e  and Lmuno log icn l  cor~e tcncy .  T h e  poss ib i l i t : ?  7 f 



e s t i m a t i n g  e f f e c t s  of conbined i n j u r y  by conparison of u r ina ry  
e x c r e t i o n  of m i n o  acids and c e r t a i n  nuc leos ides  i n  'uurncc vs. 
i r r a d i a t e d  ind iv i i i ua l s  becOi:.zs a 2 o s s i b i l i t y .  The s t u d i e s  of 
psychologica l  e f f e c t s  and cocjnitj.ve f u n c t i o r s  t r i l l  cont inue.  

These s t u d i e s  rlrc :?erforxcl  an  p a t i e n t s  \.:!io arc given 
t o t a l  or 2 a r t i a l  body racl iz t ion ZR t rant incnt  for m e t a s t e t i c  
malignancy. T h i s  t;ieraL3y i s  baing; used i n  p l a c e  of systei:.ic 
ciienotheraFy. I n  t h e  ? a t i c n t s  v:ii2re r c d i a t i o n  of t h i s  tyFc 
is used our d a t s  sugigcsts t:..zt i t  may Le q u a l  o r  su?e r io r  
t o  c u r r a n t  cl1e~ot!~era;!cut5.c zsas\Ircs . The s tudy cicsfsn IISS 
kecn ap9rovcJ h y  t h e  2er;aarc:l C o m i t t e c  of the C o l l q e  or' 
i i cd is inc  i n  regarci t o  i t s  t;iera;>eutic v a l u s  and ir.fox,l,eci 
conseii t  of the s u b j e c t s  under stuu;.. 

A reassessrwht of ou r  ear l ie r  work sugges t s  t h a t  s t u d i e s  of 
" b i o l o g i c a l  i n d i c a t o r s "  rbajf r e 1 1  o f f e r  more proinise than  
p rev ious ly  suspectad.  S ince  most Iiuian exposures are non un i fo rn  
both i n  r ega rd  t o  d i s t r i b u t i o n  of r a d i a t i o n  and also i n  a 
m i l i t a r y  s i t u a t i o n ,  non u n i f o r n  i n  regard t o  types  of r a d i a t i o n  
(garma and neut ron)  and energy,  an expres s ion  of n e t  biological  
effect  i s  an i n p o r t a n t  gos.1. P o s s i b l e  i n d i c a t o r s  micjht he m i n o  
acids, nuc leos ide  fragments ,  enzyme changes o r  chromosoxe 
a b e r r a t i o n s .  S ince  the e x c r e t i o n  levels of sone of t h e s e  
corqounds are affected by burns ,  c o n p r i s o n  of e x c r e t i o n  levels 
under  va ry ing  c i rcumstances  of i n j u r y  w i l l  he of i n t e r e s t  i n  
endeavoring t o  evaluate re la t ive e f f e c t s .  

Com2arison of whole and v a r i o u s  t y p e s  of p a r t i a l  bociy 
exposure t i i l l  c o n t i n u e  t o  provide  u s e f u l  estinates of weapons 
e f f e c t s .  

The use  of marrow t r a n s f u s i o n ,  i n i t i a l l y  autologous,  w i l l  be 
used both f o r  s u p p o r t  of t h e  i r r ad ia t ed  subject and as a ,nossiblc 
i x p o r t c n t  f u t u r e  method of t r e a t m n t .  Xitli t h e  ra?iS i n c r e a s e  of 
unders tanding  of t i s s u e  c o n p a t i b i l i t y  anti t echniques  f o r  a n a l y s i s  
of t h e s e  factors,  t h e  F o s s i b i l i t y  of t h e  u s e  of homologous narro:: 
even only  as a temporary suppor t  u n t i l  r e g e n e r a t i o n  of an 
i n d i v i d u a l ' s  ovm tissue becomes of i n c r e a s e d  i n f e r c s t .  
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These s t u d i e s  are, des igned  t o  o b t a i n  d a t a  f r c n  whole and 
p a r t i a l  body r a d i a t i o n  i n  the .hunan  being.  The e f f e c t s  being 
s t u d i e d  are c l i n i c a l ,  hemato logica l ,  biocher,iical, ir;rmunological 
and behav io ra l .  Eva lua t ion  of s t o r a g e  and r e i n f u s i o n  of 
au to logous  bone marrow is  be ing  carried ou t .  

9. Approach: 

a. S e l e c t i o n  of P a t i e n t s  

P a t i e n t s  s e l e c t e d  f o r  s tudy  w i l l  be those  who are t o  
r e c e i v e  p a r t i a l  or t o t a l  body i r r a d i a t i o n  i n  t h e  t r ea tmen t  of 
metastatic malignancy from v a r i o u s  p r i n a r y  sites, excluding 
neoplzsms which are treated by i n t e r n a l  r a d i a t i o n  , e . g. carcinona 
of t h e  thy ro id .  They w i l l  have stable hematologic va lues  and nay 
have received local r a d i a t i o n  p rev ious ly .  

Experimental  Design 
*¶ 

- The design of t h e  s tudy  is such t h a t  t h e  p a t i a n t  
s e r v e s  as his am control. For t h i s  c o n t r a c t  p e r i o d  t h e r e  w i l l  
be two groups. I n  t h e  f i r s t ,  pre- theragy s t u d i e s  w i l l  be 
completed w i t h i n  one week and inmunological s t u d i e s  w i l l  be 
omit ted .  It  h a s  been found t h a t  t o o  many su.jects were lost 
e i t h e r  f o r  p e r s o n a l  o r  n d i c a l  reasons  because of the 2 1  day pre- 
i r r a d i a t i o n  s t u d y  g e r i o d .  A second group :or p a t i e n t s  who can 
t o l e r a t e  the 2 1  day p r e - i r r a d i a t i o n  1.511 be  cont inued vhenever 
p o s s i b l e .  The p o s t - i r r a d i z - t i o n  p r i o d  s t u d i e s  con t inue  as long 
as t h e  c l i n i c a l  course of t h e  r j a t i c n t  a l lo t~s .  because of thc 

. ;s 
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careruL a e s i g n  of the  s tudy  i t  is possible t o  make betireen 
p a t i e n t  comparisons. 

Three t o  f i v e  o b s e r v a t i o n s  are made i n  tile prc- 
i r r a d i a t i o n  per iod .  P o s t - i r r a d i a t i o n  s p e c i m n s  arc  tlien obtained 
a t  t h r e e  day i n t e r v a l s  o r  o f t e n e r  u n t i l  c l in ica l  anC l abora to ry  
f i n d i n g s  become stable.  

Some of the  patients !:ill be h o s D i t s l i z e d  on t h e  TuTor 
and S u r g i c a l  Ilards of t h e  hosi3ital .  Other g a t i e n t s  w i l l  be i n  
t h e  enlarged C l i n i c a l  Research C e n t e r  v i t h i n  tile ncv Cincinnati 
Ccneral i l o s ? i t a l ,  The  n e v  h o s p i t a l  L u i l a i n g  w i l l  b e g i n  r ece iv ing  
p a t i e n t s  i n  n id  1 9 6 9 .  I n  some s i t u a t i o n s  the i r r ad ia t ed .  
i n d i v i d u a l  \;ill be followed on an o u t - p a t i e n t  basis. 

During '  the  p r e - i r r a d i a t i o n  pe r iod ,  the p a t i e n t ' s  
r eco rds  are reviewed by t h e  phys ic i ans  t o  be c e r t a i n  tha t  the 
c o n t r i b u t i o n  of the unde r ly ing  disease can be eva lua ted .  Two o r  
more shCm i r r a d i a t i o n s  are g iven  t o  pe rmi t  a c c u r a t e  dosiizetry, 
o b t a i n  cooFcra t ion  by t h e  p a t i e n t  and e v a l u a t e  psych ic  f a c t o r s .  
The s h m  t r e a t n e n t s  w i l l  be randomized between t h e  a c t u a l  
r a d i a t i o n .  There is no d i s c u s s i o n  of p o s s i b l e  s u b j e c t i v e  
r e a c t i o n s  r e s u l t i n g  from t h e  treatrctent. Other  phys i c i ans ,  
nu r ses ,  t e c h n i c i a n s  a d  ward p r s o n n c l  are i n s t r u c t e d  n o t  t o  
d i s c u s s  synptons  or  r e a c t i o n s  v i t h  t h e  p a t i e n t ,  

C. Pararwcerg t o  be I n v e s t i g a t e d  

1, 

2, 

3. 

C l i n i c a l  Firidin5s 

(a) Complete h i s t o r y  and p h y s i c a l  examination 
(b) T a p e r a t u r e ,  pulse and r e s p i r a t i o n  
(c) Body weight  a t  s t anga rd  tes t  t h e s  

Hematology and other Laboratory Tes tr; 

(a) Hgb. , RBC, KBC, D i f f e r e n t i a l ,  t i e m t o c r i t ,  
Platelets, R e t i c u l o c y t e s ,  Erythrocyte 
Sedimenta t ion  Rate, Ctioa5olanolone for 
marrow reserve. 

(b) Bone narrow-szear and bloc!< for  micro- 
scopic pa t i lo log ica l  a n a l y s i s  a t  regular 
in te rva ls  . 

(c) U r i n a l y s i s  
(a) Other c l i n i c a l  l a h o r a t o r y  tes ts ,  e.g. 

Serun urea  Xi t rogen ,  e l e c t r o l y t e s ,  etc., 
will be ob ta ined  if needed. 

(e) Pra- and p o s t - r a d i a t i o n  karyotyping 
for b i o l o g i c  closirnetry. 

Biochcciicnl s t u d i c s  i n c l u d i n g  trecer s t u d i e s  
of i s o t o p i c a l l y  tagged n u c l c o t i d e s .  Add i t iona l  
c n z p e  studies. Comparison w i t h  ; ? a t i e n t s  
suf f eri.ng burns and o t h e r  trama. 



4, Bone narrow s t o r a g e  and r e i n f u s i o n  

5 . Inmunoloc,cy 

6 . Psyc1;iatric eva lua t ion  anC tec t i n g  

(a) Five ninu'ce verbal scmr>les 
( b ) C 1 i n i c ci 1 p s ;;' c ! ~  i a t  r i c i n t s r v  i ev* s and 

r a t i n g  scales 

i:ork U n i t s :  

T h i s  program is  based on t h e  concoFt of ob ta in ing  a l l  
possible u s e f u l  in format ion  fron each subject s t u d i e d .  Althouch 
t h i s  s t a t e n e n t  nay seem t o  be a t r u i s n ,  one should understand 
that  a p ? r o p r i a t e  s u b j e c t s  are  some*Aiat d i f f i c u l t  t o  o b t a i n  QS 
comi>ared to non-hunan s t u d i e s  and t h a t  once a given subject i s  
started it is  d e s i r a b l e  to d e r i v e  a l l  possible data f o r  the 
e f f o r t  r equ i r ed .  

T h e r e  are two major c l o s e l y  r e l a t e d  :;.ark u n i t s :  

A) Radia t ion  exposure, c l i n i c a l  and l a b o r a t o r y  
e v a l u a t i o n  and b i o c h e n i c a l  and immunological 
s t u d i e s  

B) P s y c h i a t r i c  and p y c h o l o g i c a l  s t u d i e s  

b?ork U n i t  A: 

The techniques  of a d m i n i s t r a t i o n  of r a d i a t i o n  w i l l  be as fo1loI.r;: 

1. 

2. 

B i d i r e c t i o n a l  r a d i a t i o n .  € h l f  of tile dose is  g iven  
from each side as before. 

a. Whole body 
b. 
C. Trunk and tho rax  r a d i a t i o n  u s i n g  t h e  supra- 

Par t ia l  body us ing  tho xiphoid  as the boundary 

s t e r n a l  no tch  and s y n p h i s i s  pub i s  as the boundar:? 

U n i d i r e c t i o n a l  r a d i a t i o n .  I n  selected i n s t a n c e s  t i e  tctal 
Jose will be given  frw. an anterior, p o s t e r i o r  or s i n g l e  
lateral f i e l d .  

I n  previous studies t h e  r a d i a t i o n  beam ha's been directeci  
h o r i z o n t a l l y  a t  a w a l l  338 cr ai:fiy with the p a t i e n t  mid l ine  a t  
282  cn from t h e  source. Under t.icso circur!istances t he  beam area 
for the 504; isodose curve 3t L:;* p a t i e n t ' s  mid l ine  has been a 
square  f i e l d  7 5  :c 75  cm, The ? a t i r r . t  is ?laced i n  a s i t t i n g  
p o s i t i o n  v i t h  l e g s  raised and h c ~ d  tilted s l i g h t l y  fonrard .  2ach 
l a te ra l  p o r t a l  receives half t . :e  c o s 6 .  



P, new Cobal t  6 0  tClet!icrep:r u x i t  (Thcratron :;ode1 8 ,  >.to?ic 
Energy of Ccnsda, L t c i )  '.:as i n s t a l l e d .  The close r a t e s  as used ~ 1 ;  

the p a s t  of 3-6 R/r.iin t r i l l .  cont inuc.  iiie sourcs  t o  rniLli!!e-txuy.;.: 
d i s t a n c e  f o r  this u n i t  i s  2 8 6  c z ,  T h e  f i e l d  s i z e  at 266 cx "cr 
t h i s  u n i t  is  100 cn (90;: isodose l i n 2 . )  cor.l;,s.red t o  7 5  cm ( . S ! J ; ,  
i s o c ~ o s ~  l i n e )  f o r  prev ious  i ldoracio 8 L'r,it, t!-ius i>roviCiny 2 
l a r g e r  and a r?.ore iior.:oger,nous r z d i a t i o n  f i e l d .  

Dosinetry s t u d i e s  a r c  i n  p rogress  t o  cie t crx _i. nz 
e>:?erI:-.cnt:ally 'I a c t i v e "  Lonc i.:?.rro:. ciose u n d e r  s i n u l a  t e t i  \:,:oLc- 
k02.l 3.nd iialZ-body Co-60 c:<;:os1:re cvnd i t ions .  ~ h e r ~ o l u n i n ~ s c ~ n c s  
dosir .?ctcrs  (LiF) are t c i n g  ?laced I 1 1  sclcctcci  bone s ~ z c c s  of zn  
idcierson :!ando uhantoa and t h e  ? h a l t o n  tken i r raci ia tec ,  ur.C.cr 
s i n u l a t e c  p a t i e n i  exposure con<.it ions.  These " a c t i v c "  bone 
narro:r 6oses v i 1 1  he r e l a t e 6  t o  tile !ier.:atologic f inciings obscrvec; 
f o r  :.:hole-Lociy i r r a d i a t i o n  and f o r  o t h e r  cond i t ions  of p a r t i a l  
body i r r z c l i a t i o n .  These  d a t a  ! r i l l  aici in i n t e r 2 r e t a t i o n s  of t::c 
effects  oE s h i e l d i n g  p o r t i o n s  of " a c t i v e "  bone marrow. 

C l i n i c a l  and l a b o r a t o r y  obse rva t ions  t r i l l  con t inue  as 
i n d i c a t e d  above. T h e r e  t r i l l  be 3-5 obse rva t ions  made befo re  
r a d i a t i o n ,  dai1.r o b s e r v a t i o n s  af terviards  fo r  3 days mil t h e n  
evcry 3 days as long as deemed neccssar;'. 

Coaparisons v i 1 1  be nade f o r  y r t i a l  VS. whole body, p a r t i a l  
upper VS. p z r t k a 1  l o v e r  and t runk  vs. n a r t i n l  irradiatxon.1 ' The 
frerluency of prodromal s p ~ t o m s  , h e n a t o l o g i c a l  changes and 
hiochenj.cal  changes vi11 be f o l loved  . \!henever posssi!, l e  
u n i d i r e c t i o n a l  r a d i a t i o n  w i l l  be at tezlpted s i n c e  t h i s  type of 
exposure i s  of m i l i t a r y  i n t e r e s t .  

As i n d i c a t e d  above, t h e  doses  f o r  p a r t i a l  body r a d i a t i o n  
t r i l l  be inc reased  so as t o  determine t h e  e f f e c t  of 2ose on t::e 
s e v e r i t y  of prodronal  syrqkorns. I n  2rev ious  s t u d i e s  (10)  it has 
been noted - t h a t  c l i n i c a l  sy:nptoris w i t h  p a r t i a l  body zadiati-orr a r e  
p r o p o r t i o n a l  t o  the dose r ece ived  al though hematological  c!lancjes 
a r e  either n i n i n a l  o r  a b s e n t .  I n  one p a t i e n t  r e c e i v i n g  300 rad 
of partial body r a d i a t i o n ,  a s i g n i f i c a n t  drop i n  wh i t e  cell 
e l e n e n t s  t;as:notcd, These chanGes w i l l  be eva lua ted  i n  ref ercncc' 
t o  bone marrow reserves by e t i ccho lano lone ,  S ince  some of tilesc 
p a t i e n t s  expe r i ence  t h e r a ? e u t i c  b e n e f i t  froin t h e  r a d i a t i o n ,  t:ie 
u s e  of h i g h e r  doses of p a r t i a l  body i r r a d i a t i o n  is both jus t i r ' i ec .  
and d e s i r a b l e ,  This effort w i l l  seek t o  i G c n t i f y  t h e  dose rari.;e 
caus ing  ..hematological changes sir.51ar t o  those  observed wi L-. 
p r e v i o u s l y  observed l e v e l s  of vhole  body r a d i a t i o n .  

, I  

. 

IIma t o  logy 

Et iocholanolone ,  a n a t u r a l l y  c c c u r r i n g  s t e r o i d  me tabo l i t e  ci T -  

produces an e l e v a t i o n  i n  the \llij.ise Slood ce3.1 count  by m o b i l k t i r .  
granuloclr tc  r e s e r v e s  . A t  a dose of 0.10 n i l l i g r a n  cf 
e t i o c h o l m o l o n e  p r  1:iloTran 0: i:od:f i:eF2ht the a v e r q e  maxi. 
c?-,anc,.c i n  q ranu locy te  count  ic Fcn is 5850 i 770 F e r  cu  ITLI. 2: .- 
i n  iion-rn 6700 t 1 4 0 0  pa r  cu mi. 

t e s t o s t e r o n e ,  is a p o t e n t  s t i r i u l i l s  t o  l eukocy tos i s  i n  man. A L  



The inmediate  e f fec t  of whole  body r a d i a t i o n  on t h e  k i n e t i c  
of bone marr0’r.r granuloc:7te r e s e r v e s  a r e  n o t  k;no:.rn. 1~ is 
proposed t o  i n v e s t i G a t c  e t i c c h o l a n o l o n c - ~ r o d u c a i  g ranc locy tos i s  
both hef ore and a t  d a i l y  intf3rVzllS af tcr  p a t i e n t s  t : i  t i l  
n e t a s  t c t i c  tumors have rece ivcd  therapcutic v!;ole body raZ j .at ion.  
The s e q u e n t i a l  nensurcr.ent of t!lc rndiat ion-induced chancje ic 
granulocyte  r e s e r v c s  :;ill cot O P L J  y i e l d  b a s i c  c luan t i t a t ive  data  
on r a d i a t i o n  e f f e c t s  b u t  :.:a:’ provide a b i o l o g i c  d o s i c c t e r  \:lien 
tlle e x a c t  tine of racl ia t i  on is ::no-i:n. 

Tlle  q r a n u l o c y t o s i s  indcccd Ly  c t iocho lano lonc  nay a l so  be of 
va lue  i n  the early evaluation of %!-.e c f f c c t i v s n c s s  of bone marroir 
t r a n s p l a n t s  a f t e r  r a d i a t i o n ,  before tibe p s r i p h c r a l  g ranulocyte  
count has a c t u a l l y  r i s e n  a s  a r e s u l t  OC the transL3lant. 

Rxi ia t ion-inhuced chrornosorx! &errat ions both i n  vivo and in 
v i t r o  have been enployed as dosir . ieters of r a d i a t i o r  uarnaqc b u t  
‘-specificity of these cliangcs has  never  beer: quest ioned.  
S i n c e  v i c t i r i s  of n u c l e a r  w e q o n s  :-.-ill be e q c s e d  t o  b l a s t  ciid 
thernal i n j u r y  as well as r ac l i a t ion ,  \.:e also plan t o  Scrform 
karyotypes on ;>a t i en t s  who have s u s t a i n e d  severe burns anC/or 
trauma. 

- 

Reference: 

Vogel, J.:i. , et .a l .  Tho e f f e c t  of Zt iocholanolone  on Granulocyte 
Kine t i c s .  Blood - 3 0 :  474 ,  1967. 

Bioc!?exical S t u d i e s  

T h e  i n v e s t i g a t i o n s  of DITA n e t a b o l i s n  have been p x s u e d  both 
i n  man and i n  the rat .  Sone r e s u l t s  and plans f o r  t h e  
fo r thcon ing  c o n t r a c t  pe r iod  follow: 

I,  Animal S t u d i e s  

I t  is d e s i r a b l e  t o  c a r r y  o u t  sone animal s t u d i e s  i n  
suppor t  of human s t u d i e s .  (These \ r i l l  b e  of l imi ted  c o s t  t o  t h e  
c o n t r a c t )  . 

The r e s u l t s  obtaineC f r o n  p rev ious  r a t  expe r inen t s  
i n d i c a t e  t h a t  radiat ion can cause a c o n s i l c r a b l e  i n c r e a s e  i n  t h e  
amount of deoxycyt id ine  (CCi3). i n  tSe blood and u r i n e .  however, 
s t u d i e s  on irradiated 2 a t i c n t s  :;it:? v a r i o u s  ky?cs cf cancer  
r e v e a l  that CdR-uria i s  n o t  sensi t ive anci s p s c i t i c  t o  r a d i a t i o n  
(1) 

The d i f f e r e n c e  i n  r a d i o s e n s i t i v i t i  of CUR-uria i n  r.iari 
an6 r a t s  is  of i n t e r e s t  t e c a u s c  upderstanc?ing of t h e  cause of 
this d i f  f e r c n c e  may provicic f u r t h e r  in;ic,rht i n t o  t h e  rnetzLolic 
o r i s i n  of r a d i a t i o n  induced u r i , i . x y  Cci!! and na.1 vel1 lead t o  
o b t a i n  n o r e  s e n s i t i v e  S io loc j ica l  i n d i c a t o r s  of r a d i a t i o n  i n j u q r  
i n  man. O u r  c o n p a r a t i v e  s t u d y  of CJi! deaminase a c t i v i t y  i n  r a t  
and Iiuaan seru13s sugges t  t h a t  CC:: i s  i , ietabolized d i f f e r e n t l i p  i n  
t h e s e  b ~ o  s 2 c c i c s  ( 2 ) .  Reccr!tl-p, :IC uscrl CdR spec i f i ca l l :T  



labeled w i t h  3ii on the carbon-5 of the cy tos ine  t o  s tudy  tlie 
effect  or' r a d i a t i o n  on tiie c a t a h o l i s n  of CtiR by ra ts .  It 
was found t h a t  i r r a d i a t e d  r a t s  (200?.) cxc re t sd  e t o u t  21;@ of 
t o t a l  r a d i o a c t i v i t y  i n  jectcc.  1:hcres.s u n i r r a d i a t e u  rats 
excreter! on ly  13,: of r ac l ioac t iv l t ;~ .  The raciioactive 
cor.l.;)ouncis excreteci i n  u r i c z s  :.'ere ana1;rzeu by ti;c use of . 
anion and c a t i o n  c::c:;nnce coLuz.na, c i i x c o a l  abso rp t i cn  a,-U 
?a_ncr clironatogra:l!i:p. O n l y  a b o u t  1,; of t he  t o t a l  cui<- 3;' 
i n j e c t c d  i n t o  t h e  r a t s  KCS e x c r c t c 5  .es Cd;? vihctiier o r  ilot 
the r a t  v . : e s  i r rac ia teu .  '..'he rer. iairdsr ~ l "  the radioactive 
.;ut s :.;\:ices excre tmi  i n  tile irracXateC and u n i r r a d i a t e u  v c r c  
n o t  absorbed on eitiier c a t i o n  o r  anion exchange colunns.  

. They i;ere ctbsorb=id on rJhclrcca1 c7r.d were analyzed by pa,ner- 
chror1!atoq-apiiy af t a r  e l u t i o n  from c::arc a l .  TIE r a d i o a c t i v e  
t r a c i n g  of tile p a p r  c!iro:iatocjrari of YIi-l&eleci conpouncs 
excretec:. i n  t!ie ' u r i n e  of u n i r r a d i a t d  r a t s  showecl two _~ea::s 
corrcs?onding t o  u r a c i l  and Ceox:-cyticine; vherezs, t h a t  of 

3~ la5elcd compound from irracliatcd r a t s  gave an add i t iona l  
pea!: mig ra t ing  slover t h s n  u r a c i l  an2 u r i d i n e  ( 3 )  . Fur the r  
i d e n t i f i c a t i o n  of t h e  exc re t ed  r a d i o a c t i v e  comgounc?~ i s  
unCler\.:ay a t  p r e s e n t ,  b u t  t h e  7 re l imina ry  r e s u l t s  i n d i c a t e  
t h a t  C c X  i n  t h e  i r r ad ia t ed  r a t  i s  ca t abo l i zed  d i f f e r e n t l y  
and cccretcd i n t o  u r i n e  as d i f f e r e n t  end-products other t h a n  
CGP. as cocpared t o  t h e  p a t t e r n  i n  t h e  u n i r r a d i a t e d  ra t .  The 
unknotm compound behaves chromatographical ly  as c y t o s i n e  b u t  
i s  n o t  absorbed on i o n  exchange colunns.  

I t  seem t h a t  CdR is  n o t  an  end-product of 
2 y r i n i d i n e  rnetaholisn i n  Dan. I f  Cd2 is  f u r t h e r  xnetabolizea 
v i a  deoxyur id ine  by the a c t i o n  of Cd,? deaminase, one might 
ex?ect an i n c r e a s e  of u r a c i l  l e v e l  i n  u r i n e  by i r r a d i a t i o n  
provided t h a t  t h e  p a t t e r n  of Cd2 catabolisn i s  n o t  a l tered 
by i r r a d i a t i o n  because u r a c i l  has been shown to be a 
s p e c i f i c  end-product of pyrimidine metabolisl!i i n  man ( 4 ) .  
On t h e  o t h e r  hand, it has been r e p o r t e d  t h a t  &a lan ine  and 

& a n i n o i s o b u t y r i c  acids are t h e  major end-products of 
c y t o s i n e - u r a c i l  or thymine catabolism (5)  . 

11.. S t u d i e s  w i t h  l a b e l e d  nuc leos ides  i n  human 
be ings  

S t u d i e s  w i l l  be  done us ing  3, labeled 
deoxycy t id ine  given in t ravenous  117 b e f o r e  and a f t e r  therapy 
t o  de termine  changes i n  e l i n i n a t i o n  as an e f f e c t  of 
i r r ad ia t ion  as compared t o  s i r i l n r  s t u d i e s  i n  the ra t .  
Ea r l i e r  work i n  t h i s  l a l>ora to ry  done i n  u n i r r a d i a t e d  
s u b j e c t s  showed t h a t  about  QO:; of CUR r a d i o a k t i v i t y  was 
e l i n i n a t e d  breath as 14C02 : : i thin 2 hours  &nd about 205  
i n  ur i r i  over  48 hours.  I n  t>,?.t ::or]; t h e  biocher:,ical n a t u r e  
of the C i n  t h e  u r i n e  vas n o t  c-.ctermined. Th i s  a s p e c t  of 
t h e  i n v e s t i g a t i o n  t r i l l  a i6 i n  t. c e v a l u a t i o n  of possible new 
s p e c i f i c  u r i n a r y  connmen t s .  - . ,c  c x c r e t e d  con3ounCs w i l l  be 
analyzed h y  column and pa:ier-c: .L'.'J: katcsra_nliy. 

Doses of 5-10 u C i  c,f ' l i  CcX? w i l l  be  given 
intravcnousll: heforc and az t a r  irr:di?.tion. Tficse dose l e v e l s  
are  I-elo:! :'PD l e v e l s  f o r  thc :.c:;'-llation at l a r g e  and ;lave 
been anproved by tiic I tadiat ion S.-.fct:* Ozf i cc r .  

i n  
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111. Scrun Enzymes 

R e c e n t  tlork under this c o n t r a c t  has siiown e l e v a t i o n  of 
C ~ T :  deaninase  i n  t h e  semn of three cancer  pat5.cr.ts a f t z r  
i r r a d i a t i o n  (3 )  . I t  has  !Jeen dezons t r a t cZ  t ! i a t  rIiany enz:.;.ie 

c- a c t i v i t i e s ,  espec ia l l ;?  t h e  a c t i v i t i e s  of lysosonal h:rdrolases, 
are  e l e v a t e d  t:? :'.-rey i r r a d i a t i o n .  Increases of a';.lase I anti 
I)!Jasc I1 a fcti hours  a f t c r  i r r a z i a t l o n  i n  the .'icrur.h a116 i n  tllc 
u r i n e  ~f a n i c a l s  Iinvc keen re;iortrc! (6). :.:e intcnil  to stadir t:le 
r a d i a t i o n  clfcct: on t;;e SCL'UTT. eiiz:v:.:ntic a c t i v i t i e s  in-rolvcci i n  
t h e  c a t a j o l i s r i  of D J R  such as i)l!asc:, nuclco t iCasc ,  l>?hos;)i:orylasc 
and nilos:>:iataEc, s i n c e  these cnzyrics  soulC Le r e s p o n s i b l e  f o r  the 
rad ia t ion  induced dcTradation of DXA.  Furt!ierciore, t h e  assay of 
se run  cnzyne a c t i v i t i e s  i s  u s u a l l y  si:qler an2 Kcre  s e n s i t i v e  
than  t h a t  of u r i n a r y  r x t a h o l i t e s .  

These s t u d i e s  w i l l  Le of v a l u e  i n  provid ing  Let ter  
unders tanding  of t h e  n a t u r c  of tile b ioc l ien ica l  l e s i o n  i n  nan and 
perha9s i n  sugges t ing  ways t o  provide  p r o t e c t i v e  o r  t h e r a p e u t i c  
agen t s  f o r  t h e  a c u t e  r a d i a t i o n  syndrone. They nay also bs 
h e l p f u l  i n  i d e n t i f y i n g  b i o l o g i c a l  i n d i c a t o r s  of r a d i a t i o n  danaye. 

Various enzyme a c t i v i t i e s  w i l l  be  measured by the  
convcnt iona l  methods v i t h  t h e  excep t ion  of CGR 'deaminase and 
DNases. Radioac t ive  C d X  has been used as a s u h t r a t a  for  CdR 
deaminase ( 2 )  . For t h e  a s say  of DNase, lsibelcd DXA w i i l  be 
prepared fron Zsche iciiia c o l i  s t r a i n  To grovn i n  a mcdiuii 
con ta in ing  l a b e l e d  'k: thymine. ( 7 )  . These radioactive substrates 
p rov ide  i n c r e a s e d  s e n s i t i v i t i e s  as cocparecl t o  convent iona l  
rmthods. 

IV. A n  a t t empt  t o  e v a l u a t e  the e f f e c t s  of c o d i n e i  _I 

i n  j u r y  

Our p rev ious  s t u d i e s  of aminoaciduria  (DASA-1844) 
i n d i c a t e d  i n c r e a s e d  e x c r e t i o n  of Zi'X3.3. and t a u r i n e  undcr 
c o n d i t i o n s  which seerned i n d i c a t i v e  of non-spec i f ic  "stress" 
r a the r  t h a n  due to r a d i a t i o n  ;Ser se. S i m i l a r l y  t h e  u r i n a r y  
e x c r e t i o n  of C d 2  i h  several 7 a t i e n t s  s u f f e r i n g  from thermal burns 
has Leen elevated and prolonged. Thus it seecs p o s s i b l e  t h a t  
cooipxisons  of t h e s e  subs t ances  i n  burned VS. r ad ia t e t i  y t i e n t s  
n i g h t  p rov ide  a beginning of i n s i s h t  i n t o  the mechanisn or' 
c o r . ~ i n e d  i n  jury .  

We plan t o  assay 24 hour u r i n e s  on a nunber of 
p a t i e n t s  with burns  of vary ing  e x t e n t  and degree,  p a t i e n t s  w i t h  
s e v e r e  trauma and t h o s e  \?it!i i r r a d i a t i o n  PS noted' above. T::ese 
f i n d i n g s  t r i l l  be compared v i t h  tSose of chromosome s t u d i e s  (Scc 
I i ~ a t o l o ~ ; r )  . Although t h e  exact: form of ana1ysi.s is  uncicfirtetl, 
hopcfull:? some coqxar i sons  of r e l a t i v e  netabolic e f f e c t  a t  a 
hurnan l e v e l  nay provicle an i n s i 9 h t  i n t o  t!iis obscurc  F?robleli!. 



Bone ::arrow Storage  and Reinfusion 

A l l  p a t i e n t s  t o  be 5iVen 159 rad or more of t o t a l   sod:^ 
r a d i a t i o n  w i l l  have autologous tiarrov s t o r e d  unde r  sterile 
cond i t ions  a t  4 degrees C. On t!:e day p r i o r  t o  i r r a d i a t i o n  
or j u s t  p r i o r  t o  i r r a d i a t i o n .  Peinfusion w i l l  be done 
beginning 6 h o u r s  a f t e r  i r r a d i a t i o n .  

Three groups of i m t i e n t s  w i l l  r e c e i v e  or  $;ill nave 
rcceivccl 150 - 200  rad t o t a l  body i r r a d i a t i o n  as treatr;.eEt 
f o r  n o t a s t a t i c  mal ignancy .  The firs% group (Croup I)  w i l l  
i nc lude  p a t i e n t s  who have a1send:r been irradiate2 a t  t h e  
150-200 r ad  dose level and did n o t  r e c e i v e  Lone marrov 
i n f u s i o n .  X second group (Groui3 11) w i l l  be given f i l t e r e d  
autologous bone marrow t ~ o  weeks a f t e r  i r r a d i a t i o n .  The  
t h i r d  group of p a t i e n t s  (Croup 111) w i l l  be treated w i t h  
150-200 r a d  t o t a l  body i r r a d i a t i o n ,  followed by i n f u s i o n  
through f i l t e r s  of t h e i r  prev ious ly  s t o r e d  marrow on the 
second day a f t e r  i r r a d i a t i o n .  I n  view of t h e  l i f e  
t h r e a t e n i n g  hematologic abnorma l i t i e s  [:e have encountered i n  
p a t i e n t s  r e c e i v i n g  150-200 r a d  (226  t o  336 R )  t o t a l  body 
r a d i a t i o n ,  marrow s t o r a g e  i s  f e l t  t o  be mandatory. 

The Croup I11 p a t i e n t s  w i l l  t e s t  the hypothes is  tha t  
bone marrow " take"  i s  best obta ined  e a r l y  a f t e r  radiation 
when presunably t h e  marrow space is r e l a t i v e l y  erlpty and can 
accest v i a b l e  cells  mork r e a d i l y .  

a p p a r e n t l y  v i a b l e  nuc lea t ed  marrow cells infused  a t  va r ious  
tines a f t e r  i r r a d i a t i o n ,  it has  n o t  been p o s s i b l e  t o  
e s t a h l i s h  clear evidence of a hematological  response.  The recent 
exper ience  of Wald et.al. i n  t h e  P i t t s b u r g h  a c c e l e r a t o r  
episode of Qctober 1967 shoved a marrow res2onse a f t e r  the  
i n f u s i o n  of 9 x 109 cells given without  storage from an 
i d e n t i c a l  twin  to the p a t i e n t .  The success  of this therapy 
could  have been due wholly or i n  part t o  the  s e v e r a l  f a c t o r s  
- the  volume of cells, t h e  lack of s t o r a g e ,  s t a t e  of health 
of donor and r e c i p i e n t  and the l e v e l  of i r r a d i a t i o n .  I t  
w i l l  be possible to evaluate these f a c t o r s  i n  t h i s  and 
succeec ing  study periods. 

I n  ou r  prev ious  t r a n s f u s i o n s  of 1.1 x l o 9  - 4 x 109 

Theso s t u d i e s  are ciesigned t o  s tudy  t h e  effect of 
i r radiat ion on the prirnary i r a u n a  rcs2onse i n  man.  

There are few data on t h e  ezfect of i r r a d i a t i o n  a lone  
on t!ie nechanism of t h e  immune res9onse i n  man. idost of the 
Cata has been ob ta ined  fron t o t a l  and p a r t i a l  body 
i r r a d i a t i o n  i n  anhaals .  Two phenoncna have been described. 
. (1) i'nhanccnent of t h e  p r i c in ry  in-iuna response.  T h i s  
occurs when t h e  an t igen  is given at varying tilies t o  
i r r a d i a t i o n .  ( 2 )  Depress ion of the prj-rmry ir.muiie 
rcsponse.  T h i s  occu r s  tthen tile aiiinal is  exposed t o  the 

prior 



an t igen  a f t e r  i r r a d i a t i o n .  O t h e r  cxL>crimental Gats S:?C*.,S 
t h a t  tSe r e s sonsc  is also  d.e;>endent U~XXI  the t;l?e of 
ant igen .  For  i n s t a n c e ,  i? particulate ant rgen  y ivcs  rise t o  
m!isnccr.ent, th.o c l o s z r  i t  is given t o  t!le er:;>osure t::z..n a 
s o l u k l a  s n t i s c n  ;:hicii re-:uires 2 1onC;cr i n t i u c t i o ?  tir..:e. 

The irm.uno1ocjical studies r e q u i r e  t:lc use of ti o 
P ! I ~ ~ O S .  12 on]-!' o m  $taC:c is usad t o  riecs:i.re t h e  ii.1Ttiur.2 
rcsiionze 1iot:l sbcforc enci a f t e r  i r r a d i a t i o n  t : b %  seconci 
injccticn would nroducc an anxinr=s t ic  (scco.rlr?ar;.v) resi3onsc. 
f  nus 1 '  it v o u l d  n o t  be p o s s i b l e  t o  evaluate t h e  r ad ia t i cn  
cffect .  Iicnce t h e  use of tlic crozsovcr desic;.n as descriked 
belo!: 1:ecozes csscntial.  

\!ark over  t h e  ? a s t  years i a  D r .  1:css's l a b o r a t o r y  has 
r e s u l t e d  i n  t h e  develop-beat of s a f c  $ iages  which have been 
tested repeatcdl l r  i n  hucnn bcin5,s anL anirlials. The use of 
tk.cse agen t s  and t h i s  cxy?crir::entc?l clesiyn h s s  h e n  a?proved 
by t h e  2escarch Committee of the Co l l egs  of 2:edicine. 

I n  order t o  s tugy  thu  srinar:? res20nset t he  p a t i e n t  
t r i l l  r e c e i v e  an i n j e c t i o n  of T2 phase 22 l a y s  prior t o  
i r r a d i a t i o n .  h t i b o d y  t i ters v i11  be ohtainccl at 2 ,  5 ,  7,  
1 0 ,  1 4  and 2 1  d a y s .  On t h e  day of i r r a d i a t i o n  cbX 174 phage 
w i l l  be i n j e c t e d  e i t h e r  12 hours  before i r r a d i z t i c n  or 2 4  
hours  post i r r a d i a t i o n ,  Antibody t i ters t o  6:: 174 \/ill L e  
ob ta ined  on days 2, 5 8  7,  1 0 ,  14, 2 1 ,  2 8 ,  35 atid 42. 

Doth phnqes are potent a n t i g e n s  and a n t i b o d i e s  can :,e 
neasured e a s i l y .  The order of use w i l l  be varied i n  matdied 
F a t i e z t s  as follotm: 

Experimental  c;roup 1 - T2 phage 21  days pro-treatment  
+X 174 phase 12 h r s .  pre-treatr.icnt 

Cxper inen ta l  group 2 - dC Phx je  2 1  days pre-treatrent 
T 2  phage 12 hrs.  p r e - t r e a t x e n t  

Along w i t h  an t ibody t i t e r s  the ~ patter?$ of iimuna 
rcsponse w i l l  be measured i n  terns of ' S  and S antikocliea 
u s i n g  2-nercaptoothanol  t e s t i n c ;  and sucrose g r a d i e n t  ultra- 
c e n t r i f u g a t i o n  and column clxor; .atc~ra~:::r  i n  sclectei sera. 

Previous  work done under t1ii.s c o n t r a c t  has i n d i c a t e d  
a l t e r a t i o n  i n  gama g l o b u l i n  of Lrrac?iatad y t i a n t s  (Luzzio, 
A * J .  8 Friedman, 2.1. , Koreiakcs,  J.5, and Saenger, E . L .  8 

,s:->ecir'ic P r o t e i n s  i n  Scrun of 'io tal-l;o<iy I r radiatrd dunans,  
J o u r ,  1.ununolog:y Vol. 96:64-G7, 156G). Prol in imrLt  c h t a  
fro:i e a r l i e r  s t u d i e s  here S : , C _ ~ Z -  t t k n t  var ious  serological 



factors appear  a f te r  i r r a d i a t i o n .  T i i e s s  substances vi11 he 
eva lua ted  fu r t l l e r .  

.I 

L;. P s y c h i a t r i c  i ;-=aluation - 
r o l l o w i n s  exposlire t o  acute ::hole o r  p a r t i a l  LOGY 

r a d i a t i o n  it is p o ~ s i l j l c  t1iat tilers x i 1 1  Le s i ~ r . i f i c a n t  
i r ;sairnent  of the c ? c c i s i o n  r.a;:j.r!g cc7:)chili t:/ 02 );ey 
p e r s o n n e l  who hsve mi j o r  c o i ; ~ ~ z . ~ l i  rcs ; )msiLi l i  t i e s  , Y k i s  
concern has b e c o x  zorc i r y o r t a n t  i n  recent yezrs 3 inc,? t i ,? 
f inAinc i s  t h a t  coin?lc:.: c1cctro:lic S ~ * S ~ ~ : . I S  can  , b e  r e n d t r c d  
i n o ? e r a t i v c  ! i i r  very h i c h  U O S ~ S  of radiation. Tiius i t  i s  
necessary t o  n o i n t z i n  dc:mic:cnce on the  hunan baing. ~t is 
q u i t e  p o s s i b l e  ths . t  even E.oderatel:p h i g h  doses o r  doss ra tes  
could  nroduce i n p a i r n c n t  of c o g n i t i v e  Srocesses c i t h z r  02 an 
obvious o r  of i! su l ; t i e  n a t u r e  rv;hicli i n  nonmts of stress 
would i rneni r  or defeat a r51 i t a r j r  ope ra t ion ,  I n  o r d e r  t o  
g a i n  unders tanding  of such 2ossii;le ciian5;js it i s  riecessnry 
' to seck changes i n  ' cogn i t ive  ? roccsses  and dcc reasc  i n  t he  
capabi1 i t : j  t o  perf orni iIiShli7 t e c h i c a l  processes .  

These p r o b l e m  are S i f f i c u l t  t o  s o l v e ,  The s t u d i e s  can 
only he carried c u t  u s ing  I!urLan s u b j e c t s .  There arc 
re lat ivcl :?  fe:. tests which see3 capaSlc of y i e l d i n g  use fu l  
i n f  orr,iation. 

In c o o ~ e r a t i u 1 1  b : i t l i  t h e  Departrient of Psyc l i in try  a 
program has been s tar t& which nay y i e l d  some of these 
ansv.rcrr, The  tests are adr, i inistered i n  t h e  same way as i n  
iiorl; U n i t  -1, i ,e.  i n  t h e  pre- and p o s t - r a d i a t i c n  pe r iods ,  
During the p r e - r a d i a t i o n  p e r i o d  t h e  tests are done i n  
con j u n c t i o n  wi th  the ei3isoclcs of slim i r r a c i a t i o c .  

C e r t a i n  psycho log ica l  tests arc p x f o r n e d  in order t o  
o b t a i n  a n  estimate of t h e  s u b j e c t ' s  i n t e l l i g e n c e  and 
p e r s o n a l i t y  s t r u c t u r e .  These i n c l u d e  t h e  Re i t an  T r a i l  
'Inking T e s t ,  Hechsler-Bellevue I n t c l l F y e n c e  Scale, t h e  PhT 
and Par test. 

Changes i n  c o g n i t i v e  though p rocesses  are be ing  studit??. 
by a nethod of verbal sanpling.  This  technique  i s  
p a r t i c u l a r l y  useful s i n c e  it r s q u i r e s  no t r a i n i q  o r  
adaptation by the subject. A t  each i n t e r v i e v  t h o  subject 
merely talks for f ive  minutes about any th ing  of i n t e r e s t  cr 
concern and the material i s  rec3rdc:l on ta?c for  suhsequciit 
a n a l y s i s .  These intervie; :s  ilre then  analyzed for 
depres s ion ,  hope, anxiety and c l i n i c a l  irn->ressj.on. 

m.70 such i n t e r v i e i s  arc oI~taincci p r i o r  t o  an;' 
i r rsdiat ioi i  event .  They are o;:t<- ir.ed inrr,ediately b e f o r e  acd 
a f t e r  each sham i r r a d i a t i o n  ?.:IC s i n i l a r l y  at the t.im (si' 
a c t u a l  exposure. The tes ts  a r c  .-,kinis term: agaill h t 0  w.;ee::s 
a f t e r  r ad i  a ti on. 
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