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?reject T i t l e :  l l ed i ca l  
17. Opera t ing  Costs ( i n  

Research - 6120 
thousands of Es t imated  
d o l l a r s )  1959 

Labor ( f n t l u c i i n g  b e n e f i t s )  
M a t e r i a l s ,  T rave l ,  e t c .  
Development Subcon t rac t s ,  S p e c i a l  Proc,  24 

T o t a l  D i r e c t  817 

612 
1 8 1  

S p e c i a l  Power -0- 
Reactor and/or Acce le ra to r  Usage 46 
Techn ica l  S e r v i c e s  (from BNL S e r v i c e  Un i t s )  104  
Genera l  81 Adminis t ra t ive  Overhead 428 

T o t a l  1,395 

Zs t imated  
1960 

674 
209 

1 9  
902 
-0- 

54 
98 

436 

1 ,490  

Estimated 
1961 

743 
215 

18 
976 
-0- 

50 
104 
420 

1 ,550  

.8. P l a n t  8~ Equipment D i r c c t l y  Required 
(Shown he re  f o r  in format ion  on ly )  

:A) Cons t ruc t ion  

(e) Equipmen ( i n  thousands of d o l l a r s )  

Estimated Zs ti ma t cd 
1959 1960 

90 90 

Estimated 
1961  

90 

19. D i r e c t  Man Power Es t imated  Es t imated  Es t imated  
1959 1960 1961 

40. of  Man Years 

S c i e n t i s t s ,  Research Assoc ia t e s  22.0 22.0 23.0 

V i s i t i n g  S c i e n t i s t s  6 -0 6.9 6.5 

S c i e n t i s t s -  Total 28.0 
r e c h n i c a l  56.5 2; 22 
Adminis t ra t ive  & j e r v i c e  9.0 10.0 9.5 

Tota l  93.5 95.5  9n.5 
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6. Method and Time of  i l epor t ing  
P r o g r e s s :  Q u a r t e r l y  & S p e c i a  

The r c s c a r c h  program o f  t h e  Medxcal Department concerns  i t s e l f  w i t h  the  
biologicel  c f f c c t s  of  r c d i n t i o n  and i n  p a r t i c u l a r  wi th  p a r t i c l e  r a d i a t i o n  of 
' c ry  s h o r t  rnnge  o r  s i t u a t i o n s  wherein t h e  eriergy r e l e a s e  i s  over  n very s h o r t  
: rack.  Thc rcsearchcs  t h u s  a r e ,  cnd m u s t  be concerned i t i h e r e n t l y  with s t u d i e s  
I f  p r c c i s c  i s o t o p e  l o c a l i z a t i o n ,  kine t i c s  o f  d i s t r i b u t i o n  and r e d i s t r i b u t i o n ,  
ie tabol ism of  organic  compounds, f u n c t i o n s  of i n o r g a n i c  compounds, i n d  t h e  
i f f e c t s  of e x c i t e d  atoms on t h e  s t a b i l i t y  of l a r g e  molecuLLs or  complexes. 
tdvciitege i s  sought  of s p e c i a l  s i t u a t i o i t s  wherein s p e c i f i c  p r o d u c t s  o r  d e v i c e s  
ire concerned which inay be a p p l i c a b l e  t o  medical  therapy .  D i e g n o s t i c  s t u d i e s  i n  
:he widest sense  a r e  c a r r i e d  o u t  on s u i t a b l e  d i s e a s e  s t e t e s  under s t u d y  i n  the 
i o s p i t a l .  Such s t u d i e s  a r e  concerned p r i m e r i l y  w i t h  e l u c i d a t i o n  of  t h e  iinture 
)f t h e  d i s t u r b a n c e  and t h e  proper  s e l e c t i o n  o f  i i i d i v i d u a l s  i n  a g e n e r a l  p o p u l a t i o u  
'or a uniform response r a t h e r  t h a n  w i t h  s p e c i f i c  d i a g n o s t i c  r o u t i n e s  f o r  use  i n  ri 
.arge g e n e r z l  medical  c l i n i c ,  a l though t h e  l a t t e r  i s  k e p t  i n  mind. 

Thc o v e r - a l l  scope  of t h e  medical  program w i l l  n o t  change through any budget 
rear; however, i n  eny g iven  year  t h c  a4 iphas is  w i l l  be i n  those  p o r t i o n s  o f  t h e  pro- 
;ram f o r  which unusual  c a p a b i l i t i e s  e x i s t  i n  t h e  s taff  a t  t h a t  time o r  fo r  which 
nost promising l e n d s  have been developed.  S ince  t h e  work i s  p a r t  o f  t h e  Deport- 
nent ' s  cont inuing  program, break-throughs w i l l  be e x p l o i t e d  when warronted w i t h  
imaginat ion and de termina t ion .  I n  o t h e r  i n s t a n c e s ,  t h e  knowledge w i l l  be brought  
t o  the r ? t t e n t i o n  o f  c o l l a b o r z t o r s  o r  o t h c r s  f o r  f u r t h e r  development e lsewhere.  

S p e c i f i c a l l y ,  t h e  program c o n t a i n s  s e v e r a l  component p a r t s  which r e l a t e  
the  g e n e r a l  s ta tement  a s  c i v e n  above t o  t h e  s e v e r a l  f i e l d s  o f  medicine.  Thil con- 
t inu ing  i n t e n s i v e  e x p l o r a t i o n  o f  p a r t i c l e  r a d i a t i o n  of s h o r t  range h a s  brought  o u t  
the  n e c e s s i t y  f o r  f u r t h e r  d o s i m e t r i c  and i n s t r u m e n t a l  developments. I n  t h e  appl i -  
c a t i o n  of  a t h e r a p e u t i c  procedure  such  as neut ron  c a p t u r c  t h e r a p y ,  i t  becomes 
important  t o  know t h e  e f f e c t  of c s i n g l e  f i s s i o n  e v e n t  on a s i n g l e  c e l l  SO t h o t  
t h e  p r o b a b i l i t y  of b i o l o g i c a l  e f f e c t  can  be e s t i m a t e d  by a summation o f  knowledge 
3f the  p r o b a b i l i t y  of t h e  c a p t u r e  r e a c t i o n  o c c u r r i n g  t o g e t h e r  w i t h  t h e  probable  
atomic d i s t r i b u t i o n  of t h e  boron i n  t h e  t i s s u e  of i n t e r e s t .  Thus, i t  becomes 
important  t o  know dose  e f f e c t s  i n  terms not  of  t i s s u e  volumes b u t  of  c e l l  popula- 
t i o n  of vary ing  types ,  c l s s e l y  i n t e r m i n g l e d ,  and f o r  t h e  l a r g e r  p a r t  of t h e i r  
metabolism, c a r r y i n g  on i d e n t i c a l  biochemical  r e z c t i o n s .  
g r e a t e r  emphasis must be p l a c e d  upon d i f f e r i n g  p a r t i c l e  bombardments ranging  from 
cosmic r?.ysI through boron-10 neut ron  c a p t u r e  w i t h  slow n e u t r o n s ,  t o  n e u t r o n  and 
charged p a r t i c l e  bombardment i t s e l f .  

Hence, from time t o  time 

To e l u c i d a t e  e f f e c t s ,  a n  i n t i m a t e  knowledge must be o b t a i n e d  of c e l l ,  o r g a n ,  
or t i s s u e ,  and of e n t i r e  manunalien metabolism so t h c t  n o t  on ly  i s  t h e  s p e c i f i c  
r e a c t i o n  known and i d e n t i f i a b l e ,  b u t  i t s  r e l a t i o n  end i n t o r r a l n t i o n s h i p  t o  a whole 
hos t  o f  o t h c r  r e a c t i o n s  i s  c l e a r l y  known, t lh i lo  t h i s  is nacoorary t o  Q I O Q l O  
e f f e c t s ,  o t h e r  knowledge, t o g e t h a r  w i t h  a p r e c i s e  s t a t e m e n t  o f  t h e  laws  governing 
passage a c r o s s  c e l l  membranes, must be sought  ou t  and e s t a b l i s h e d  t h a t  s p e c i f i c  
i s o t o p e s  may be p l a c e d  i n  s p c c i f i c  s i t u a t i o n s  th7.t s p e c i f i c  e f f e c t s  may be 
obscrved.  
we have eppl ied  t h e  te rm " s e l e c t i v e  k i n e t i c s " .  

To thc  g e n e r a l  a r e a  of knowledge concerned w i t h  such t c r g e t  placement ,  

10. Persons i n  Charge: 

L. 8. F a r r ,  t4.D. 

(SEE CONTIiWATI311 SHEET) 
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I t  i s  c l c a r  t h c t  c a p a c i t y  t o  p l a c e  and f i x  an atom on a s p e c i f i c  c e l l u l a r  
. a r g c t  wi thout  d i v e r s i o n ,  wcndering, o r  d c l a y  i inp l ies  i? c o n c i s e  knowledge which 
n t h c  r c v c r b c  could bt employed t o  r m o v c  an atom from a c e l l ,  o rgan  s r  t i s s u e  
f f e c t i v e l y  and e x p e d i t i o u s l y  and w i t h o u t  engendering harm t o  t h e  body as  a whole 
)r  i t s  c o n s t i t u e n t  p a r t s .  While much work w i l l  b e  concerned w i t h  s p e c i f i c  body 
: o n s t i t u e n t s  added under  exper imenta l  c o n d i t i o n s ,  i t  i s  c l e a r  t h a t  z d d i t i o n a l  
I se fu l ,  extremely a c c u r a t e ,  and r a p i d  a n a l y t i c a l  methods are necessary .  I n  p a r t  
:hey w i l l  be p ioneered  through t h e  f u r t h e r  a d a p t a t i o n  o f  machines ,  d e v i c e s ,  and 
) roducts  o f  n u c l e a r  p h y s i c s  t o  t h e  s o l u t i o n  o f  s p e c i f i c  b i o l o g i c a l ,  a n a l y t i c a l  
)roblems. The c x p l o r a t i o n  and dcveloprnent of  a c t i v a t i o n  a n a l y s i s  i s  an example 
)f this  e f f o r t .  

By agreement w i t h ,  and a t  t h e  r e q u e s t  of t h e  D i v i s i o n  o f  Uiology and hledicine 
the incdical r c s c a r c h  prograin IIOW i n  e x i s t o n c e  c o v c r s  t h e  f o l l o w i n g  broad l i n e s  o f  
tnves t ign t ior i ,  a l l  of which a r e  c l o s e l y  i n t e g r a t e d  o p c r a t i o n a l l y .  

Neutron Capture  Therapy 

Maps o f  Metal Pathways w i t h  E s p e c i a l  Reference t o  Trace  Meta ls  and t o  
C c n t r n l  Ncrvoiis System Diseases .  

Rndionct ivc Elemcnts i n  Organs and T i s s u e s  o f  Man 

Radiuac t ivc  I s o t o p i c a l l y  Labeled C e l l s  f o r  P r e d i c t i o n s  of L i f e  Span, 
Funct ions  and Progeny 

Hcinatology of Radia t ion  

Radia t ion  F f f e c t s  o f  Immunity and Allergy 

Vitamin end Amino Acid bletabolism i n  Neoplasiz  and Normali ty  

Lebeled P r o t e i n s  f o r  lrietabolic Observa t ion  i n  Cancer Evalua t ion  

Xadio iso topic  Trac ing  of T o t a l  and I n t e r m e d i a t e  C x b o h y d r a t e  
Metabolism 

Radio iso topes  f o r  Study of P r a t e i n  2nd Ni t rogen  bktabol i sm 

S e l e c t i v e  S i n g l e  Elemental  and C o l l i g a t i v e  A c t i v a t i o n  

C l i n i c a l  Mrnagement of i h d i a t i o n  I n j u r y  

R a d i o i s o t o p i c  Label ing of  Hormones t o  Determine Act ion S i t e s  

S p e c i a l  P r o j e c t s  

The l a s t  n o t a t i o n ,  under  t h e  heading of "Spec ia l  Projects',';' g i v e s  d e t a i l s  
of c e r t a i n  s e l f - c o n t a i n e d  p r o j e c t s  c a r r i e d  o u t  by t h e  Department ,  such  a s  t h e  
o p e r a t i o n  of  an o c c u p a t i o n a l  medicine c l i n i c ,  e d u c c t i o n a l  conference ,  and the  con- 
t i n u i n g  medical  s t u d y  of t h e  Marsha l l  I s l a n d e r s .  While v e r y  impor tan t  and s i g n i f i  
c a n t  i n  t h e i r  own r i g h t ,  t h e y  d e r i v e  from s t a f f  competence ga ined  by Brookhaven 
exper ience  r a t h e r  t h a n  b a s i c a l l y  provid ing  t h a t  exper ience  for tho s c i e n t i n t e  con- 
cerned. 
genera l  and a d m i n i s t r a t i v e  c o s t s  of the  Labora tory  and are d i s t r i b u t e d  a s  I n d i r e c t  
Expensc, 
s t u d i e s  arc inc luded  i n  t h e  c o s t s  of Radia t ion  E f f e c t s  w i t h  t h e  major expense 
being borne by .4.EC A c t i v i t y  6120. 

C o s t s  for o p e r n t i n g  t h e  o c c u p a t i o n a l  medical  c l i n i c  nre  inc luded  i n  t h e  

On t h e  o t h e r  hand, c o s t s  f o r  such S p s c i a l  Pro jec ts  as t h c  Marsha l lese  

The program of  t h e  Medical Department can be d i v i d e d  i n t o  two components, 
(1)  which may be c a l l e d  t h e  i n t r a m u r a l  program which i s  c a r r i e d  o u t  by t h e  
r e g u l a r  f u l l  t ime s t a f f  a t  Brookhaven and, ( 2 )  t h e  ex t ramura l  program which is a 
j o i n t  venture  between the  r e g u l a r  f u l l  time s taff  a t  Brookhaven and a non-sn lar ied  
r e s e a r c h  c a l l a b o r a t o r  s ta f f  working par t - t ime i n t e r m i t t e n t l y  n t  Brookhaven b u t  
c a r r y i n g  on much o f  t h e i r  r e s e a r c h  a t  t h e i r  home i n s t i t u t i o n s .  Inc luded  i n  t h e  
ex t ramura l  program a r e  t h e  e d u c a t i o n a l  a c t i v i t i e s  of the  Department. These 
range f rom l e c t u r e s  given t o  i n s t i t u t i o n s  and s o c i e t i e s  to  an annual  conclave 
i n  which a t tendence  is by i n v i t a t i o n  only  and one person  from a s p e c i f i c  d i s c i -  
p l i n e  i n  each  medical  school  of the United S t a t e s  and Conada i s  i n v i t e d .  
endeavor p a r t i c u l a r l y  wel l  emphasizes  the p n i n t  t h z t  i n  p u b l i c i z i n g  i t s  r e s e a r c h  

T h i s  

(See Cont inua t ion  Shee t )  
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the Lkpar tmcnt  i n e x t r i c a b l y  b lends  i t s  i n v e s t i g a t i v e  work i n t o  i t s  e d u c a t i o n a l  
)rogrzm. The conclaves  cover  s p e c i f i c ,  c l i n i c a l ,  f i n a n c i a l ,  and e d n i i n i s t r e t i v e  
iliascs :f t h i s  new a rea  of medical  s c i e n c e  on  w h i c h  the  Department c2n o f f e r  
:uidancc and counsel .  

In 1952 t h e  d e f i n i t i v e  p lan  f o r  t h e  u l t i m a t e  s t a f f i n g  of t h e  Medical Depart- 
icnt was p re sen ted  and approved i n  p r i n c i p l e .  S i n c e  t h a t  time a d d i t i o n s  t o  the  
, t a f f  have been made t o  f u l f i l l m e n t  o f  t h a t  p lan .  
~ i e n t i s t s  on t h e  Senior  S t a f f .  Dy June 30, 1957,  t h e  Senior  S t a f f  had i n c r e a s e d  
0 15 and d u r i n g  f i s c a l  1958, t o  16. I n  1952 t h e  t o t a l  s c i e n t i f i c  s t a f f  was 19 ,  
it t h e  end of  f i s c a l  year  1957, i t  was 34 ,  and by t h e  c-rd of f i s c a l  1959, i t  i s  
xpccted t o  be 44 .  The i n c r e a s e  i n  staff t o  f i n a l  s i z e  should be a s  r a p i d  a s  
) o s s i b l e  t h a t  t h e  p o t e n t i a l i t i e s  o f  t h e  new medica l  c e n t e r  may be promptly rea l ized  
The a d d i t i o n a l  f a c i l i t i e s  provided by t h e  new b u i l d i n g  lend  s i g n i f i c a n t  energy t o  
.he p r o v i s i o n s  of  t e c h n i c a l  a s s i s t a n c e  and equipment r e q u i r e d  t o  main ta in  t h e  
namerituni achieved i n  t h c  r e s e a r c h  progrcm. R e a l i s t i c  e s t i m a t e s  of c a p i t a l  equip- 
wnt  a r e  c o n s t a n t l y  rcviewcd so t h a t  itcms coi ls idered most useful i n  t h e  program 
i r e  a v a i l a b l e  es  t h e  r e s e a r c h  r e q u i r e s .  

I n  1952 t h e r e  were f o u r  

Thc Medical Departmerit h a s  now dcvcloped i t s  program i n  o u t l i n e .  During 
1960 t h e r e  s11ould ~ 0 ~ : i C o l l y  bc an i n c r e a s e  i n  i n t e n s i t y  of work on  most of t h e  
n s i c  d i v i s i o n  uf i n v e s t i g a t i o n  p a r t i c u l a r l y  t h e  f u l l o w i n c :  (1) Neutron c a p t u r e  
therapy and IlBE s t u d i e s  of  tienvy p a r t i c l e s ;  ( 2 )  t h e  s t u d y  d f  k i n e t i c s  of d i s t r i b u -  
t ion of m e t a l s  as p ioneered  by work i n  bln56; ( 3 )  t h e  a p p l i c a t i o n  o f  mathematics 
to d e s c r i p t i o n  o f  k i n e t i c s  of d i s t r i b u t i o n  f o r  f u r t h e r  development o f  t r a c e r  
theory w i t h  i t s  manifold immediate a p p l i c a t i o n s  such  a s  c a p a c i t y  t o  a l t e r  f i x a t i o n  
;r t o  remove f i x e d  i s o t o p e s ;  ( 4 )  t h e  u s e f u l n e s s  of  s h o r t - l i v e d  i s o t o p e s  i n  g a i n i n g  
i b e t t e r  unders tanding  of  c a n c e r  therapy;  (5)  t h e  e f f e c t s  of  r a d i a t i o n  a s  c 
: a rc inogenic  and mutagenic agent  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  u s e f u l n e s s  of 
vhole body count ing  techniques  o f  de te rmining  whole-body burdens and t h e i r  r e l a t i o i  
to f a l l o u t ;  (6) the  e f f e c t s  of r a d i a t i o n  o n  hematopoie t ic  t i s s u e  and mcthods for 
) r e v e n t i o n  or a m e l i o r a t i o n ;  ( 7 )  i n t e n s i v e  s t u d y  o f  s p e c i f i c  metabol ic  r e a c t i o n s  
lo th  f o r  placement of r a d i o a c t i v e  i s s t o p e s  and f o r  unders tanding  and c o n t r o l  of 
nechanisms involved  t h e r e i n ;  (8)  t h e  e f f e c t s  of r r d i a t i o n  on p r o d u c t i o n  af a n i t -  
m d i e s  and a l l e r g i e s .  

T h i s  l i s t  could be cxtcndeG u s c f u l l y ,  bu t  i t  may be more d e s i r a b l e  t o  
summarize t h e  e f f o r t  t o  two main a r e a s ;  (1) t h e  b i o l o g i c a l  e f f e c t s  and medica l  
i m p l i c a t i o n  o f  r a d i a t i o n  exposure;  ( 2 )  t h c  e f f ec t  of development O f  r e a c t o r s  on 
ncdica l  concepts  of t h e i r  use  and hazards .  The p lanned  i n c r e a s e  i n  s t a f f  year  by 
year t o  a t o t a l  of 49 s c i e n t i s t s  i s  t o  augment and i n t e n s i f y  the  e f f o r t  i n  t h e s e  
a r e a s  and tc, f i l l  i n  t h e  impor tan t  segments of t h e  s ta ted program. The importance 
o f  t h e  f i r s t  i s  c u r r e n t l y  cxcmpl i f icd  by t h e  p r e s e n t  cont roversy  on the  e f f e c t s  of 
f a l l o u t .  One o r  two s u i t a b l e  whole-body counters, a m i l t i p l e - f o c i  chrono- 
i n t e n s i t y  de t ec to r ,  and a d d i t i o n a l  animal  f a c i l i t i e s  w i l l  e n a b l c  t h e  i n c r e a s e d  
s t a f f  p r o d u c t i v e l y  t o  work on t h e s e  problems. The importance of  t h e  problem 
regard ing  r e a c t o r s  i s  p o i n t e d  up by t h e  number of  r e a c t o r s  b u i l t ,  b u i l d i n g  O r  

p lanncd for  t h e  United S t a t c s  and t h e  world,  Some a d d i t i o n a l  i n s t r u m e n t a t i o n  and 
o p e r a t i n g  personnel  a g a i n  could p r o f i t a b l y  b u i l d  on t h e  p r e s e n t  s o l i d  foundat ion .  
The c o s t  increment  w h i l e  s i g n i f i c a n t  i n  terms of p r e s e n t  budget i s  very  small i n  
terms of e x p e n d i t u r e s  making t h e s e  s t u d i e s  of  importance. 
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Estimated 1-17. 9pcrat i r lg  C o s t s  ( i n  thousands of E s t  imatcd Est imated 
d o l l a r s )  1959 1960 1961 

Labor ( i n c l u d i n g  b e n e f i t s )  1 ,073  1 ,319  1 , 5 3 1  
I d a t e r i a l s ,  T r a v e l ,  etc. 283 36 8 400 
Development S u b c o n t r a c t s ,  S p e c i a l  Proc. 36 28 28 

T o t a l  D i r e c t  1 , 392 1 ,715  1 ,959  

Ceactor  and/or A c c e l e r a t o r  Usage 80 108 108 
r e c h n i c a l  S e r v i c e s  (from BNL S e r v i c e  U n i t s )  1 7 3  184 20 7 
General  & Adminis t ra t ive  Overhead 7 30 833 846 

T o t a l  2 ,375 2,840 3.120 

i 

S p e c i a l  Power -0- -0- -0- 

- - 

8. P l a n t  8 Equipment D i r e c t l y  l e q u i r e d  
(Shown here f o r  i n f o r m a t i o n  o n l y )  

E s t  h a t e d  Est imated 
1959 1960 

A )  Const ruc t ion  

:B) Equipment ( i n  thousands of d o l l a r s )  170  195 

E s  t imatcd  
1961 

180 

19. D i r e c t  Man Power 

lo. of Man Years 

S c i e n t i s t s ,  Research A s s o c i a t e s  

V i s i t i n g  S c i e n t i s t s  

S c i e n t i s t s  - T o t a l  
re  c h n i c  a1  
! idminis t ra t ive  & S e r v i c e  

Tot a1  

Es t imated  Est imated Es tima t c d  
1959 1960 1961 

I '  - ,  

. .  . ,) ..... I '  
20. Comments .. .... 

,,',,,; , ,i' !' * ! # '  
I 'i. 

, 
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1. P r o j e c t  T i t l e :  
Radioac t ive  Elements i n  Organs and Tissues of Nan 

10. Persons  i n  Charge 
J. S. Robertson, S. H ,  Cohn, 

C. J. Shc l l aba rge r  

2. Dzte: 
May 1959 

11. S t a r t i n g  Dzte:  

Cont inuing  

3. Uudget Ac t iv i ty  4.  Budget Item 5 .  C o n t r a c t o r ’ s  
110: 6120-1 ilo : No. 

P. Y. 1959 F. Y. 1960 P. Y. 1961 

6. Clethod and Time of Reporting 
Progress: Q u a r t e r l y  & Spec ia l  

Cost ( i n  thousands of d o l l a r s )  140 14 5 150 

7. Con t rac to r :  Assoc ia ted  U n i v e r s i t i e s ,  Inc.  8. Working Locat ion:  
Broolrhavsn Naf ioiial  Laboratory Upton, New York 

D i r e c t  Man-Years 

S c i e n t i f i c  3.2 3.3 3.6 
Othdrs  6.9 7 n o  7.1 

T o t a l  10.1 10.3 10.7 

)aclrpround, S t a t u s  and Future  P lans :  

The human body normally c o n t a i n s  r a d i o a c t i v i t y .  The s i g n i f i c a n c e  of t h e  
: ad ia t ion  exposure cornink from t h e s e  r a d i o i s o t o p e s  i s  dependent upon t h e  e lement ,  
tts biochemical e f f e c t s ,  i t s  c e l l u l a r  l o c a t i o n ,  and t h e  n a t u r e  of i t s  r a d i o a c t i v e  
m i s s i o n s .  Since e v o l u t i o n  has  occurred  i n  t h e  presence  of smal l  amounts of 
cad ia t ion ,  t h e  exposure r e s u l t i n g  from t h e s e  s o  c a l l e d  n a t u r a l l y  o c c u r r i n g  rad io-  
x t i v e  i s o t o p e s  i s  presumed t o  be w i t h i n  t o l e r a n c e  limits. I t  i s  c l e a r ,  howcver, 
t h a t  w i t h  t h e  development of atomic energy man’s environment i n  terms of r a d i a t i o n  
?xposurc i s  changing. Pu r the r  contaminat ion  of t h e  environment by a wide spectrum 
sf r a d i o a c t i v c  e lements ,  some of which w i l l  Lain access to t h e  i n t e r i o r  of t h e  
body, w i l l  undoubtedly occur.  The s i b n i f i c a n c e ,  o r  i ndeed  t h e  presence  of t h i s  
body contaminat ion  remains t o  be d iscovered .  To de termine  t h e  amount, and a t t empt s  
t o  deduce t h e  s i g n i f i c a n c e  of r a d i o a c t i v e  i s o t o p e s  i n  t h e  human body from whatever 
source i s  t h e  concern of t h i s  study. 

9. Cont rac t  i b :  
AT-30-2-GEN-l( 

( a )  Whole-Body Counting F a c i l i t y  and Radiochemistry Labora tory  
J. S. Robertson, S .  13. Cohn, R. L .  Cranny 

Cons t ruc t ion  of t h e  whole-body counting f a c i l i t y  wa8 completed and t h e  Barnma 
spec t rometer  was c a l i b r a t e d .  The f i r s t  s t u d i e s  w i t h  t h i s  f a c i l i t y  concerned t h e  
de te rmina  n of t h e  turnover  t ime of 1131 l abe led  P r o t e i n  compounds and the  U P -  
t ake  of I i3?. A number of  c o n t r o l  p a t i e n t s  were surveyed i n  o rde r  t o  provide  a 
base l i n c  f o r  t he  norrpal l e v e l s  of i n t e r n a l l y  d e p o s i t e d  r ad ionuc l ides .  

A low-level rad iochemica l  l a b o r a t o r y  was s e t  up, and a number of  rad iochemica l  
procedures  were s t anda rd ized .  
co inc idence  type  b e t a  coun te r  i s  now under c o n s t r u c t i o n  by t h e  Ins t rument  Branch. 

I n  a d d i t i o n  t o  t h i s  f a c i l i t y ,  a low-level a n t i -  

S t u d i e s  on s k e l e t a l  erowth and mine ra l  metabolism were performed. I t  was 
determined t h a t  x - i r r a d i a t i o n  dec reases  t h e  r a t e  of a c c r e t i o n  of r ad ios t ron t ium 
i n t o  t h e  non-exchangeable f r a c t i o n  c f  bone and i n c r e a s e s  t h e  exchangeable f r a c t i o n  
of bone calcium. 

A survey  o f  r e p r e s e n t a t i v e  groups of persons  w i t h  t h e  wholc-body pama spec t ro -  
meter w i l l  be undertaken i n  o rde r  t o  provide  d a t a  on the  l e v e l  of i n t e r n a l l y  de- 
pos i t ed  r ad ionuc l ides  i n  the  popula t ion .  C l i n i c a l  s t u d i e s  u t i l i z i n  
spec t rometer  I ‘11 be cont inued  employine gamma e m i t t e r s  such a s  S r  Na5’y:nd 
hope fu l ly ,  Ca4$o  Emphasis w i l l  be p laced  on s k e l e t a l  mine ra l  metabolism i n  va r iou :  
d i 5 E 6 S 1 3  s t a t e s  of t h e  p a t i e n t .  I n  a d d i t i o n ,  a number of c o l l a b o r a t i v e  s t u d i e s  
w i l l  con t inue ,  i nvo lv ine  t h e  de t e rmina t ion  of t h e  tu rnove r  r a t e s  o f  l a b e l e d  p r o t e i !  

and o t h e r  r ad ionuc l ides  i n  v a r i o u s  d i s e a s e  states. The low l eve l - r ad iochemis t ry  

E5the 

(See  c o n t i n u a t i o n  s h e e t )  
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P r o j e c t  T i t l e :  Radioac t ive  Elements i n  Organs and T i s s u e s  of Man - 6 1 2 6 1  (Cont 'd) 
i 1- 

I 
(a) Whole-Body Countinc P a c i l i t y  and Radiochemistry Labora tory  (Continued) I 
s e r v i c e  w i l l  be cont inued ,  p r i m a r i l y  f o r  t h e  de t e rmina t ion  of  l e v e l s  o f  Sr90. 
S tud ie s  on t h e  growth and metabolism of  bone w i l l  be cont inued  us ing  animals.  
The e f f e c t  of bo th  e x t e r n a l  r a d i a t i o n  and r a d i a t i o n  from i n t e r n a l l y - d e p o s i t e d  
r a d i o n u c l i d e s  (Sr90)  on t h e  rates of  a c c r e t i o n  and exchange of t h e  s k e l e t o n  w i l l  
be pursued. 
i ng  by s u i t a b l e  mod i f i ca t ion  of t h e  whole body coun t ing  f a c i l i t y  t o  u t i l i z e  t h e  
Bremsstrahlung e f f e c t .  
coun t ing  which w i l l  be s u i t a b l e  f o r  a popu la t ion  survey s i m i l a r  t o  t h a t  planned 
f o r  gamma-emitting r ad ionuc l ides .  P r e r e q u i s i t e  f o r  t h i s  de t e rmina t ion  i s  t h e  
a c c u r a t e  measurement of t h e  low energy reg ion  of t h e  gamma s p e c t r a  of  i n t e r n a l l y -  
depos i t ed  i so topes .  (Success fu l  development of t h i s  technique  r e q u i r e s  t h e  
s e r v i c e s  of o. p h y s i c i s t  w i t h  cons ide rab le  exper ience  i n  gamma spectroscopy.) 
of t h c  b i o l o g i c a l  ha l f - t imes  f o r  r a d i o n u c l i d e s  i n  t h e  whole body Bnd i n  v a r i o u s  
t i s s u c s  shoultl be re -eva lua ted .  Whenever a p p r o p r i a t e ,  t h i s  problem w i l l  be in-  
v c s t i c a t c d  w i t h  t h e  use of t h c  whole-body and gamma spec t rometer  f a c i l i t i e s .  

I n v e s t i g a t i o n  w i l l  be made of t h e  p o s s i b i l i t y  of  i n  v ivo  S r90  count- 

The o b j e c t  i s  t o  deve lop  a technique  f o r  e x t e r n a l  Sr9' 

Many 

Rela ted  r e sea rch  i n  t h e  Brookhaven Na t iona l  Labora tory  program concerns  t h e  
Marshall I s l a n d  Survey. 
measurements were made w i t h  t h e  whole-body g a m a  spec t rometer  of t h e  body burdens 
of i n t e r n a l l y  depos i t ed  f i s s i o n  products  among 235 Marshal lese  persons  i n h a b i t i n g  
t h r e e  i s l a n d s  i n  t h e  P a c i f i c .  
Marshol lesc  people ,  and samples of p l a n t s  and an imals  c o l l e c t e d  on t h ?  Marsha l l  
I s l a n d s  a r e  p r e s e n t l y  be inr  ana lyzed  for t h e  presence  o f  Sr9' and o t h e r  radio- 

A s  p o r t  of t h e  1959 Marshall. I s l a n d  Medical Survey, 

One liundred u r i n e  samples ob ta ined  from the  

I nuc l ides .  

( b )  Gastric S e c r e t i o n  of Halides J. S. Robertson 

P rev ious  and as y e t  unpublished d a t a  ob ta ined  i n  s t u d i e s  of t h e  r a t e s  of 
s e c r e t i o n  o f  C1, B r ,  k t  and I by t h e  g a s t r i c  mucosa i n  rats i n d i c a t e d  t h a t  t h e  
d i f f e r e n c e s  observed i n  t h e  appa ren t  s e c r e t i o n  r a t e s  might be as much due t o  
d i f f e r e n c e s  i n  r a t e s  of r eabso rp t ion  as t o  a c t u a l  d i f f e r e n c e s  i n  rates O f  
S6i3CC<t 100 

Completion of c a l c u l a t i o n s  based  on t h e  p rev ious  d a t a  and i n i t i a t i o n  of  a 
program extending  t h e s e  s t u d i e s  t o  human be ings  i s  contemplated.  

( c )  The Mathematical  Bas i s  f o r  t h e  I n t e r p r e t a t i o n  o f  t h e  Behavior of  T r a c e r s  
J. S .  Robertson 

App l i ca t ion  of  mathematical  models i n  t h e  i n t e r p r e t a t i o n  of t h e  k i n e t i c s  of 
even t s  observed i n  t h e  bone marrow d u r i n p  t r a c e r  s t u d i e s  w i t h  t r i t i a t e d  thymidine 
was a t t empted ,  bu t  c o n s t r u c t i o n  of a comple te ly  s a t i s f a c t o r y  model i s  y e t  t o  be 
achieved .  The complexity of problems of this n a t u r e  and o t h e r s  which have been 
encountered in t roduce  h igher  o rde r  e q u a t i o n s  which exceed t h e  power of a n a l y s i s  
i n  te rms  of s imple  models which can be ana lyzed  by desk-typc computations.  Thc use 
O f  e l e c t r o n i c  ana log  computers i n  t h e  s y n t h e s i s  and a n a l y s i s  of a p p r o p r i a t e  model 
systems p rov ides  a way t o  cope w i t h  t h e s e  d i f f i c u l t i e s .  A four-compartment ana log  
computer has been used i n  some ana lyses ,  b u t  t h i s  i n s t rumen t ' s  c a p a c i t y  i s  ex- 
tremely l imi t ed .  An eight-compartment ana log  computer which w i l l  p rovide  g r e a t l y  
i n c r e a s e d  f l e x i b i l i t y  i s  under cons t ruc t ion .  

I t  i s  expec ted  t h a t  t h e  ana log  computer w i l l  be completed and i t s  use a p p l i e d  
t o  t h e  back log  of  e x i s t i n g  problems as w e l l  a s  t o  new ones  which a r i s e .  ' A d d i t i o n  
ai equipment, such as a widescreen o s c i l l o s c o p e  and a mapnctic t a p e  i n p u t ,  i S  
d e s i r e d  t o  promote maximal u s e f u l n e s s  of t h e  ana log  computer. 
f i n i n g  c a l c u l a t i o n s  made wi th  t h e  ana log  computer by use of d i g i t a l  computers w i l l  
be developed. 

(d )  Rad ia t ion  Induced Carc inoFenes is  - C. J. S h e l l a b a r g e r ,  V. P. Bond 

Proprams for re- 

E, P. Cronki te ,  S. W. L ipp inco t t  

A t  l e a s t  a probable  consequence of  r a d i a t i o n  exposure  t o  man i s  ca rc inogenes i s  
The fundamental ques t ion  of t he  presence  o r  absence of a t h re8ho ld  f o r  r a d i a t i o n  
exposurc b e f o r e  harmful e f f e c t s  occur ,  i s  of  Crea t  importance,  bo th  p r a c t i c a l  and 
t heor e t i c a  1. 

I t  i s  f e l t  t h a t  t h e  s tudy  of t h e  dose-response of c a r c i n o g e n e s i s  and r a d i a t i o r  
can be s t u d i e d ,  a t  t h i s  time and i n  p a r t ,  by u t i l i z i n g  t o t a l  and p a r t i a l  body x- 

(See c o n t i n u a t i o n  s h e e t )  
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(d) Radia t ion  Induced CarcinoF:enesis (Continued) 

and gamma-radiation, recogniz ing ,  however, t h a t  t h e  response of v a r i o u s  s p e c i e s  
t o  p a r t i c l e  and e lec t romaGnet ic  r a d i a t i o n  may d i f f e r .  The n e o p l a s t i c  response  of 
t he  r a t  b r e a s t  t o  t o t a l  and p a r t i a l  body exposure has proven t o  be unequivocal 
and reproducib le .  T h i s  system has  y i e l d e d  t h e  followin(;  d a t a :  

1. T o t a l  body r a d i a t i o n  induces  n e o p l a s i a  of t h e  b r e a s t  i n  i n t a c t  o r  Conad- 
ectomized female and male r a t s .  

2. The inc idence  o f  fernale r o t s  w i t h  one o r  more neoplasms of t h e  b r e a s t  
followini;  400 r of gamma rad ia t ic jn  reaches  a m a x i m u m  of 90 per c e n t ,  \vhile non- 
exposed females do ncjt exceed 50 per cen t .  

Exposed males have an i nc idence  of a t  least 50 percent ,  wh i l e  non-exposed 3 .  
m a l u s  have un inc idence  that  does not  exceed 10 par cent,, 

4. P a r t i a l  body exposure exper iments  sugces t  t h a t  the  b r e a s t  t i s sue  m u s t  
be i r r a d i a t e d  i n  o rde r  f o r  t h e  n e o p l a s t i c  response t o  occur. 

5 .  A l i n e a r  dose response  was observed i n  the  i n t a c t  female r a t  between t h e  
l i m i t s  of 25 and 400 r o f  t o t a l  body r a d i a t i o n .  

The followinl:  s t u d i e s  have been s t a r t e d  (1-4)  and scheduled  (5-9). 

1. The s tudy  of  hormonal i n f l u e n c e s  on t h e  n e o p l a s t i c  response  of t h e  b r e a s t  
t o  t o t a l  body i r r a d i a t i o n ,  includinG t h y r o i d  status, precnancy, and l a c t a t i o n .  

The e f f e c t s  of i n c r e a s i n g  d o s e s  of p a r t i a l  body i r r a d i a t i o n  on t h e  in- 2. 
duc t ion  of neoplasms i n  t h e  exposed and nonexposed a reas .  

3 .  A pa tho log ic  s tudy  of the  endoc r ine  organisms i n  tumor and non-tumor bear- 
i n g  r a t s .  

4.  The e f f e c t  of f r a c t i o n a t i n c  t h e  t o t a l  body d o s e s  r.n t h e  n e o p l a s t i c  re -  
sponses  of t h e  b r e a s t .  

5 .  P o s s i b l e  i n t e r a c t i o n s  of known chemica l  ca rc inogens  and mutagens w i t h  
r a d i a t i o n  on t h e  i n d u c t i o n  uf b r e a s t  neoplasms. 

6. A s tudy  of t h e  i n t e r a c t i o n  of X-ray exposure and 1131 i r r a d i a t i o n  on t l lyro 
func t ion  and ca rc inocenes i s .  

7. h i n v e s t i c a t i o n  of t h e  carc inoLenic  e f f e c t  of neu t rons  on t h e  b r e a s t  
t i s s u e  of r a t s .  

8. Attempts t o  s tudy  t h e  n e o p l a s t i c  response  of t h e  ra t  b r e a s t  t o  t o t a l  body 
doses  below 25 r r  

9. The only  known experiment i n  which t h e  d a t a  sugges t  t h a t  t h e  t h r e s h o l d  
m i C ; l i t  no t  e x i s t  f o r  t h e  ca rc inocen ic  e f f e c t s  of i r r a d i a t i o n  i s  t o  be r e p e a t e d  
and expanded. 
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Backeround, S t a t u s  and Future  P lans :  I 
Man and a l l  m a m m a l s  came u l t i m a t e l y  from a s i n c l e  ce l l .  During embryonic 

crowth and c o n t i n u i n c  u n t i l  m a t u r i t y ,  c e l l  d i f f e r e n t i a t i o n  i s  predominant as w e l l  
as m u l t i p l i c a t i o n .  The s p e c i f i c  f a c t o r s  a f f e c t i n r  c e l l  d i f f e r e n t i a t i o n  a r e  un- 
known b u t  are  b e l i e v e d  t o  be c o n t r o l l e d  by s p e c i f i c  chemica l  s u b s t a n c e s .  These 
subs tances ,  whi le  n o t  n e c e s s a r i l y  i d e n t i c a l  w i t h  t h e  Lenet ic  m a t e r i a l ,  may i n t e r -  
a c t  w i t h  i t  t o  produce new c e l l  t y p e s ,  t h e r e a f t d r  c o n s i s t e n t l y  reproducinG. I t  
i s  of t h e  t rea tes t  importance t o  l e a r n  how t h i s  L e n e t i c  mater ia l  i s  t r a n s m i t t e d  
from one c e l l  t o  a n o t h e r  anc: how i t  may be a l t e r e d  so  t h a t  i n  t h e  one i n s t a n c e  a 
new s p e c i e s  ar ises  whereas  i n  t h e  o t h e r  a neoplasm arises.  R a d i o i s o t o p i c  l a b c l i n g  
provides  a p o s s i b l e  means but  i t  must be f i r m l y  e s t a b l i s h e d  t h a t  t h e  r a d i o i s o t o p i c  
l a b e l  i t s e l f  does n o t  a f f e c t  t h e  p r c c e s s  observec!. Varieties of l a b e l s  provid ing  
q u i t e  d i f f e r e n t  enerLy i n p u t s  may Give i n s i c h t  i n t o  t h e  answers  t o  b o t h  q u e s t i o n s .  

(n) ' t h  [I3 Thymidine. H3 C y t i d i n e .  nnd S3504 
E. C r o n k i t e ,  V ,  Bond, S. Kil lnann ,  P. R e i z c n s t e i n ,  E. Usenik, 
J. Bateman, L. FeinendeLen, N. Ordartchenko,  and A. Tsuya. 

LabelinL c e l l s  w i t h  H3 thymidine at  t h e  t i m e  o f  s y n t h e s i s  of  DNA p r i o r  t o  
m i t o s i s  t h u s  e n a b l e s  one t o  s t u d y  m i c r a t i o n ,  pathways, c e l l  t r a n s f o r m a t i o n ,  
p r o l i f e r a t i o n  r a t e s  and c a p a b i l i t i e s ,  l i f e  span,  and f u n c t i o n  of  t h e s e  c e l l s  i n  
human beinLs and animals .  P a r t i c u l a r  a t t e n t i o n  h a s  been i i v e n  t o  normal liena- 
t o p o i e s i s  and s e l e c t e d  leukemias and lymphomatous d i s e a s e s  of  m a n  and dogs .  

Label ing RNA w i t h  H3 c y t i d i n e  e n a b l e s  one t o  f o l l o w  t h e  r e l a t i o n s h i p  of  RNk 
tu rnover  t o  c e l l  p r o l i f e r a t i o n ,  f u n c t i o n ,  and t r a n s f o r m a t i o n  p a r t i c u l a r l y  i n  
hematoDoiesi5 and d u r i n g  i n d u c t i o n  of  a n t i b o d y . f o r n a t i o n .  
are notedr  

The fo l lowing  f i n d i n g s  

1. Label in6  of  normal hematopoie t ic  c e l l s  i n  mice,  Guinea p i g s ,  ra t s ,  d o c s ,  
and p a t i e n t s  w a s  shown t o  be wi thout  demonstrable  e f f e c t  immediately. 

2. Upper l i m i t s  have been e s t a b l i s h e d  for  averaLe stay of t h e  g r a n u l o c y t e  
i n  p e r i p h e r a l  blood of man. 

3. The turnover  r a t t e r n  of hemopoiet ic  c e l l s  o f  human marrow and i n  p e r i p h e r a  
blood of man has  been e s t a b l i s h e d  i n  p a r t .  Small  lymphocytes are l o w  l i v e d ,  
perhaps more than 100 days. 
g e n e r a t i o n  time for t h e  l as t  normoblast  m u l t i p l i c a t i o n  i s  a b c u t  22 hours .  
Lenera t ion  time of g r a n u l o c y t e s  i s  i n  t h e  v i c i n i t y  of 18-30 hours. 

Liedium and la rCe  lymphocytes turnover  r a p i d l y .  The 
The 

M i t o t i c  index  

(See c o n t i n u a t i o n  s h e e t )  
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(a) h Vivo s- ' t h  H 3  Thv w e -  . .  H3 Cvt id ine ,  an* ~ 3 5 0 4  (Continued) 

If normal human marrow between 8 a.m. and 12 noon i s  8.97/1000. 
. i u r n a l  v a r i a t i o n  i n  m i t o t i c  index  of human marrow. 

There  i s  a 

4 .  Under normal c o n d i t i o n s  a small pe r  c e n t  of c i r c u l a t i n g  c e l l s  a r e  synthes-  
z ing  DNA i n  a l l  mammals inc lud ing  man so f a r  s tud ied .  

5 .  There i s  a c o n t i n u a l  outpourin[! of immature DNA s y n t h e s i z i n g  c e l l s  from 
.ymphatic v e s s e l s  i n t o  t h e  blood stream. T h e i r  fa te  and func t ion  a r e  obscure.  

6 .  No leulcemia o r  blood d y s c r a s i a  s t u d i e d  so f a r  has a g r e a t e r  l a b e l i n g  index  
:han normal hematopoie t ic  t i s s u e  hence t h e  g e n e r a t i o n  t ime i s  probably longer  i n  
: h e x  d i s e a s e s .  
.mately 1:5000 c e l l s  and 1 per c e n t  l abe l in t ;  wi th  thymidine suCL;ests a doublinG 
: h e  of perhaps as lonL as 300 days.  S i m i l a r  o b s e r v a t i o n s  have been made i n  
:hronic  lymphocytic and myelocyt ic  leukemia. In t h e  a c u t e  t e r m i n a l  b l a s t  c r i s i s  
if ch ron ic  myelocytic leukemia, t h e  rioublinL time of t h e  very  immature mye lob la s t s  
r e ~ i n  t o  approach that  of t h e  normal Granulocyt ic  p recu r so r s .  

I n  t h e  c a s e  of m u l t i p l e  myeloma t h e  low m i t o t i c  index of approx- 

7. S t u d i e s  on the  r o l e  cf c e l l  p r o l i f e r a t i o n  vs. c e l l  t r ans fo rma t ion  i n  
Intibody pruduct ion  were i n i t i a t e d  and a u t o r a d i o c r a p h i c  p r e p a r a t i o n s  a r e  under 
itudy. 

Cancer therapy  has, i n  gene ra l ,  been p r e d i c a t e d  upon t h e  a s supp t ion  of  a b e r r a n  
i cce l e ra t ed  growth. 
: e r t a i n  n e o p l a s t i c  d i s e a s e s  respond t o  r ad io the rapy  and v a r i o u s  chemical a g e n t s  
n a manner t h a t  sugges t s  t h e  p r e d i c a t i o n  i s  c o r r e c t .  O the r s  do not  respond. 
hften the l imi t in[ :  f a c t o r  i n  therapy  i s  t h e  suppres s ion  of normal hematopoics i s ,  
'he u s u a l  exp lana t ion  i s  t h a t  of d i f f e r e n t i a l  s e n s i t i v i t y  t h e  neoplasm being l e s o  
i e n s i t i v e  than  the  normal t i s s u e  t h u s  t h e  a n t i m i t o t i c  and a n t i  DNA s y n t h e t i c  
igents  may produce more damage t o  normal c e l l s  t h a n  t o  t h e  n e o p l a s t i c  c e l l .  
lowever wi th  i d e n t i c a l  i n t r i n s i c  s e n s i t i v i t i e s ,  more c e l l s  w i l l  be k i l l e d  i n  t h e  
: i s sue  i n  which a g r e a t e r  p ropor t ion  of i t s  g e n e r a t i v e  c y c l e  i s  spen t  i n  DNA 
synthes is  and mi tos i s .  Hence t h e  c h a r a c t e r i z a t i o n  of  t h e  v a r i o u  s t a g e s  of t h e  
: e l l  Eene ra t ive  c y c l e  f o r  normal c e l l s  and mal ignant  ce l l s  i s  e s s e n t i a l  f o r  select  
ton of therapy and d e s i j y  of r e sea rch  f o r  f u r t h e r  d e v e l o p e n t  of a n t i c a n c c r  a&entS  

Chemical agen t s  a r e  aimed a t  m i t o s i s  and DNA syn thes i s .  

I n  a d d i t i o n  t o  t h e  p r a c t i c a l  problems of d e f i n i n g  Growth p o t e n t i a l s  of cancer  
: e l l s ,  t h e r e  remains many problems on t h e  n a t u r e  of nc;rmal hematopoies i s ,  e:., 
i d e n t i f i c a t i o n  of stem c e l l s ,  d e t e c t i o n  of c e l l  t r ans fo rma t ion ,  f u n c t i o n  and fa te  
tha t  a r e  y e t  t o  be reso lved .  

The n a t u r e  of t h e  c c l l u l o r  response- -ce l l  p r o l i f e r a t i o n  VS. c e l l  t ransforma-  
t ion--in an t ibody pruduct ion  rcmnins uncnswered. The combination of DNA l a b c l i n g ,  
RNA l a b e l i n g ,  au toradiography end c y t s c h e n i c a l  s t u d y  of  lymph nodes,  sp leen ,  and 
bonc narrow may r e s o l v e  t h i s  problem. 

Cont inua t ion  of a l l  above work i s  proposed. C l i n i c a l  s t u d i e s  on leukemias 
and lymphomatous d i s e a s e s  w i l l  be accentua ted .  

( b )  The E f f e c t  of I n t r a c e l l u l a r  I n c o r p o r a t i o n  of T r i t i a t e d  Thymidine 
(HjTh) on Mammalian C e l l  S u r v i v a l  and C e l l  Cytolo[!y 

R. M. D r e w  and R. B. P a i n t e r  

A de te rmina t ion  of t h e  cy to loGicn1 and l e t h a l  e f f e c t s  of i n t r a n u c l e a r  thymidir 
i s  needed t o  (A)  study t h e  mechanism of  a c t i o n  of  s h o r t  range p a r t i c l e  r a d i a t i o n  
and (B) e v a l u a t e  t h e  p o t e n t i a l  hazard from $Th, now widely used i n  chemical and 
b i o l o g i c a l  i n v e s t i g a t i o n s .  T h i s  s tudy  u t i l i z e s  t h e  t i s s u e  c u l t u r e  of HeLa c e l l s .  

The l e t h a l  a c t i o n  of t h i s  r a d i o a c t i v e  i s o t o p e  on d i v i d i n g  mammalian c e l l s  has 
been demonstrated and been shown t o  be a func t ion  o f  t h e  dose and s p e c i f i c  a c t i v i i  
A s  a r e s u l t  of r a d i a t i o n  damaEe t h e r e  is a marked a l t e r a t i o n  i n  t h e  cy to loCica1  
appearance of t h e  c e l l s  and a b o r t i v e  c o l o n i a l  growth. H3Th c o n c e n t r a t e s  rad io-  
a c t i v i t y  w i t h i n  the  r a d i o s e n s i t i v e  r eg ion  ( n u c l e u s ) ;  t h e r e f o r e  the  k i l l i n g  e f f e c t  
i s  reasonably a t t r i b u t e d  t o  nuc lea r  damage by b e t a  i r r a d i a t i o n .  

The above s t u d i e s  w i l l  b e  cont inued  and extended t o  inc lude  m u t a t i o n a l  e f f e c t s  
a t  low doses of i n t r a n u c l e a r  r a d i a t i o n .  

(See c o n t i n u a t i o n  s h e e t )  
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( c )  The Temporal Re la t ionsh ips  of Deoxyribonualeic kcid S y n t h e s i s  t o  
Mi tos i s  and the  Gciicrative Cyclc i n  I h m m  Cancer C e l l  (HcLa) C u l t u r e s  

R. M .  Drew and R. B. P a i n t e r  

The i n v e s t i g a t i o n  of time r e l a t i o n s h i p  of t h e  s e v e r a l  components of t h e  
c e n e r a t i v e  cyc le ,  u t i l i z i n c  t i s s u e  c u l t u r e  of HeLa c e l l s  w i t h  H3Th, y i e l d  d a t a  on 
the  a c t i v i t y  and p r o l i f e r a t i o n  of c e l l  popu lz t ions  and se rve  a s  a model to  study 
r a d i a t i o n  e f f e c t s  on c e l l  cyc les .  

Informat ion  concern ing  t h e  v a r i a b i l i t y  i n  c e l l  DNA s y n t h e t i c  time wi th in  
d i f f e r e n t  popu la t ions  of mammalian c e l l s  h a s  been ob ta ined .  The DNA s y n t h e t i c  
t ime,  t h e  r e s t i n g  phasc between DNA s y n t h e s i s  and m i t o s i s  and the  pos t -mi to t ic  
res t in{:  phase f o r  HeLa ond t h e  HcLa S3 c lone  c e l l s  have been determined. I n  
cornparin[ the  a s p e c t s  of DNA physiology of 53 and HeLa c e l l  c u l t u r e s ,  t h e  l a t t e r  
h a s  shown, r epea ted ly ,  t h e  r e r s i s t e n c e  of a very sma l l  pe rcen tace  of c e l l s  w i t h  
extremely lonL DNli syn t l i e t i c  time. 

These s t u d i e s  w i l l  be cont inued  on normal rand maliCnant c e l l s ,  and t h e  in- 
formation ob ta ined  w i l l  s e rve  a s  a mule1 f a  experinicnts t e s t i n L  t h e  e f f e c t s  of 
c x t e r n d l  i r r a d i a t i o n  on DNfi s y n t h e s i s .  

(a )  Dynamics o f  1ncor l )orc t ion  of Nucleic kc id  P r e c u r s o r s  i n t o  C e l l u l a r  
Cvmponcnts 
V. P. Dond, L. Feinendegen, R. 8. F a i n t e r ,  W, Shreeve. 

The concern of  t h i s  s t u d y  i s  t o  measure, by au to rad iog raph ic  and b iochemica l  
techniques ,  t h e  time r a t e  of i n c o r p o r a t i o n  of t r i t i um- labe led  n u c l e i c  a c i d  pre- 
c u r s o r s  i n t o  s u b c e l l u l a r  s t r u c t u r e s  of c e l l s  because  t h e s e  d a t a  a r e  va luab le  as  
b a s i c  s t u d i e s  on C e l l  a c t i v i t y  and p r o l i f e r a t i o n ,  and as models f o r  s tudying  
i r r a d i a t i c n  e f f e c t s  on t h e  c e l l  cyc le .  

Standard biochemical procedures  have not  allowed c l e a r  d e f i n i t i o n  of  the  
p r e c i s e  s i t e  and time of s y n t h e s i s  of  DNA, RNL, and p r o t e i n  w i t h i n  t h e  c e l l .  
High r e s o l u t i o n  au toradiography w i t h  t r i t i u m  l a b e l e d  p r e c u r s o r s ,  and c e l l  f r a c t i o n .  
a t i o n  and o t h e r  b iochemica l  t echn iques ,  make i t  p o s s i b l e  t o  l o c a l i z e  a c c u r a t e l y  
t h e  s i t e s  of s y n t h e s i s  w i t h  t h e  c e l l .  

HeLa and Osgood t i s s u e  c u l t u r e  c e l l s  have been used t o  d a t e ,  and t h e  time 
cour se  of d i s t r i b u t i o n  of  l a b e l  a f t e r  a d m i n i s t r a t i o n  of t r i t i u m  l a b e l e d  c y t i d i n e  
h a s  been c h a r a c t e r i z e d  by au to rad iog raph ic  qnd b iochemica l  t echn iques .  P re l imina r  
work on o t h e r  p recu r so r s  ( l a b e l e d  r i b o s e ,  deoxyr ibose ,  ace ta ldehyde  and thymidine) 
and on shor t - te rm c u l t u r e s  of hematopoie t ic  c e l l s  has  been done. 

R a d i o a c t i v i t y  from l a b e l e d  c y t i d i n e  has been shown t o  GO f i r s t  t o  t h e  nuc leus ,  
then  t o  the  n u c l e o l i ,  and then  t o  t h e  cytoplasm and o u t  t o  t h e  medium. The above 
work w i l l  be cont inued  and extended on c y t i d i n e  and o t h e r  p r e c u r s o r s ,  i n  an e f f o r t  
t o  c h a r a c t e r i z e  t h e  course  of  RNA, DNA, and p r o t e i n  s y n t h e s i s  i n  normal and m a l -  
i p a n t  c e l l s .  

( e )  DNA Syn thes i s  and C e l l  Turnover k c t i v i t y  i n  t h e  Mouse Embryo 
V. P. Bond 

h t t empt s  t o  e s t a b l i s h  t h e  c e l l  t u rnove r  t ime of  embryoloLica1 t issues i s  b e i n s  
s t u d i e d  u t i l i z i n G  t r i t i a t ed  thymidine as an e s t i m a t e  of DNA s y n t h e s i s  rate. 

No i n c o r p o r a t i o n  of H 3  thymidine was noted  p r io r  t o  t h e  os t ab l i rhmen t  of 
embryonic c i r c u l a t i o n  followinl;  which time va ry inc  d e t r e e s  of i n c o r p o r a t i o n  i n  
t h e  materna l  and f e t a l  s t r u c t u r e s  24 hours  a f t e r  H3-thymidine i n j e c t i o n  were noted  

The i n v e s t i c a t i o n s  w i l l  be ex tended  t o  s tudy  uptake  of H3-thymidine i n  em- 
hryonal  tissues i n  f e t u s e s  of d i f f e r e n t  debrees  of m a t u r i t y  as a f u n c t i o n  of  
h o u r s  fo l lowing  11 Th a d m i n i s t r a t i o n  t o  t h e  mother. 
of t h e  turnover  rates f o r  i n d i v i d u a l  t i s s u e s .  

3 T h i s  w i l l  a l l o w  a n  e s t i m a t i o n  

( f )  I n t r a n u c l e a r  I r r a d i a t i o n  w i t h  T r i t i um 
J. S.  Robertson 

Because of  i t s  extremely s h o r t  rance  i n  t i s s u e s ,  t h e  t r i t i u m  beta p a r t i c l e  
can  be used t o  achieve  s e l e c t i v e  i r r a d i a t i o n  of c e l l  nuc le i .  C a l c u l a t i o n s  were 
made ex tending  r r e v i o u s  c a l c u l a t i o n s  of t h e  dose  rates about a p o i n t  source  o f  
t r i t i u m  t o  e x p l a i n  v a r i a t i o n s  i n  r e s o l u t i o n  and imate  spread  seen  i n  au to rad io -  
graphs  of t i s s u e  s e c t i o n s  l a b e l e d  wi th  t r i t i a t e d  thymidine. 

(See c o n t i n u a t i o n  s h e e t )  

Ex tens ive  c a l c i i l a t i o r  

- I 
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w i l l  be made d i r e c t e d  toward comparinL t h e  i o n i z a t i o n  d i s t r i b u t i o n  i n  c e l l  n u c l e i  
i r r a d i a t e d  w i t h  t r i t i u m  w i t h  t h a t  of c e l l  n u c l e i  i r r a d i a t e d  w i t h  X- and [,anma rays 
i s  contemplated as p a r t  of t he  i n v e s t i ; a t i o n  of  t he  RBE of i r r a d i a t i o n  w i t h  t h e  
t r i t i u m  b e t a  p a r t i c l e .  

(c) S t u d i e s  on t h e  Cytochemical Mechanisms of Bone Growth and Repai r  During 
ARinC, and S k e l e t a l  FatholoCy Inc lud ing  Tumor and Cancer Formation 

B. P. Cronk i t e  

These s t u d i e s  a r e  d i r e c t e d  a t  o b t a i n i n g  fundamental  i n fo rma t ion  on t h e  bio- 
chemistry o f  c e l l s  t ak ing  p a r t  i n  v i t a l  a c t i v i t i e s  l e a d i n g  t o  t h e  growth and re- 
pair of  bone and at  a s c e r t a i n i n g  t h e  d e v i a t i o n  of  t h e  normal b iochemis t ry  of t h e s e  
c e l l s  D s  a r e s u l t  of s k e l e t a l  pathology. I n  a t t empt s  t o  a l l e v i a t e  many of  t h e  
pa tho log ica l  cond i t ions  which a r e  a s s o c i a t e d  wi th  t h e  s k e l e t a l  system, t h e r e  i s  
t h e  need of o b t a i n i n g  fundamental  cy tochemica l  i n fo rma t ion  on t h e  r o l e  of bone 
c e l l s  and t h e i r  a c t i v i t i e s  i n  t h e  normal animal,  and which i n  t u r n ,  t h i s  inform- 
a t i o n  can  be used as a base l i n e  f o r  comparison and a b e t t e r  s tudy  of s k e l e t a l  
pathology. 
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1. P r o j e c t  T i t l e ;  
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I I 

2. Date: 
May 1959 

- 

P. Y .  1959 F. Y, 1960 P. Y .  1961  

3. Budget A c t i v i t y  4 .  Budget I t w  5 .  Cont rac to r ' s  6. Method and Time o f  Repor t in t  
N o :  6120-3 I No: N o  : Progres s :  Quar t e r ly  & Specia l  

Repor t s  
9. Can t r ac t  No: 

I 
7. Con t rac to r ;  Assoc ia t ed  U n i v e r s i t i e s ,  Inc.  8. Working Locat ion:  

Brookhaven Nat iona l  Labora tory  Upton, N e w  York i~T-30-2-GEN-lt 
- 

10. Persons  i n  Charge: 51. S t a r t i n g  Date: 

E. P. Cronk i t e  Continuing 

Cost ( i n  thousands of  d o l l a r s )  20 21  22 

D i r e c t  Man-Years 

Sc ien t  i f i c  0.2 0.2 0.2 
Othe r s  1.3 1.4 1.5 

T o t a l  1.5 1.6 1.7 

Background, S t a t u s  and Pu tu re  P lans :  

One of t h e  major f i n d i n g s  fo l lowing  r a d i a t i o n  exposure is t h e  profound de- 
p re s s ion  of formed e l emen t s  of the  blood. Understanding of t he  f a c t o r s  t h a t  
c o n t r o l  t h e  c i r c u l a t i n g  l e v e l s  of t h e  formed e le r ren ts  of t h e  blood must go hand- 
in-hand wi th ,  o r  proceed ,  t h e  unders tanding  of  t h e  e f f e c t  of r a d i a t i o n  on t h e s e  
p rocesses  i n  h e a l t h  and d i seased  s t a t e s .  

High l e v e l s  of a p h y s i o l o g i c a l l y  a c t i v e  subs tance ,  s e r o t o n i n ,  are found i n  
blood p l a t e l e t s  and p a r t s  of t he  g a s t r o i n t e s t i n a l  t r a c t .  
t i s s u e s  and p l a t e l e t s  w i l l  be measured co lo r inhe t r i ca l ly  from t i s s u e s  of normal 
and i r r a d i a t e d  an imals  and p l a t e l e t  p r e p a r a t i o n s  t o  a s s e s s  f u r t h e r  the r o l e  of 
t h i s  subs tance  i n  r a d i a t i o n  i n j u r y  and t h e  e f f e c t i v e n e s s  of p l a t e l e t  p r e p a r a t i o n s  
i n  c o n t r o l l i n g  r a d i a t i o n  hemorrhage. 

Se ro ton in  l e v e l s  of  

Ur ine  l e v e l s  of 5-hydroxyindoleacetic ac id ,  t h e  exc re t ed  m e t a b o l i t e  of 
s e r o t o n i n ,  w i l l  be measured i n  normals, l e u k k m i c s ,  and o t h e r  blood d y s c r a s i a s .  

Hemostasis i n  i r r a d i a t i o n  i n j u r y  by t r a n s f u s i o n  of f r e s h  p l a t e l e t s  is Bn 

accomplished f a c t .  
S 3 a 4  l a b e l i n g  of  p l a t e l e t s ,  coupled w i t h  au to rad iog raph ic  t echn iques  s u g g e s t s  
t h a t  a d e f i n i t e  p l a t e l e t - e n d o t h e l i a l  i n t e r a c t i o n  may  occur. 

The mechanism of a c t i o n  of t h e  p l a t e l e t s  remains obscure.  

Attempts t o  l a b e l  p l a t e l e t  RNA w i t h  H3 cy tod ine  have bean bdgud ' in ' an  e f f o r t  
s t u d y .  t h i s  problem. 

A 
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3ackground. S t a t u s  and Pu tu re  Plans:  

Rad ia t ion  d e p r e s s e s  an t ibody product ion  wh i l e  a t  t he  same time anaphy lac t i c  
i l l e r g y  is enhanced. During t h e  recovery pe r iod  of an t ibody product ion  a n a p h y l a c t i  
i l l e r g y  may dec rease  t o  normal l eve l s .  Presumably a s i n g l e  system of p r o t e i n  
syn thes i s  and c e l l  r e a c t i v i t y  is r e spons ib l e  <or t h i s  paradox, The concern of 
t h i s  s tudy  i s  t o  i n v e s t i g a t e  antibody product ion ,  p a r t i c u l a r l y  i n  regard  t o  t h e  
I f f e c t s  of r a d i a t i o n .  

( a )  Mechanism of  Immune Reaction 
R. D. S toner ,  S, Killmann, V, P. Bond, E. P. Cronk i t e  

These s t u d i e s  have a d u a l  func t ion :  ( a )  t o  shed  l i g h t  on the  fundamental  
problems of immunity and anaphylaxis  and (b )  t o  p rov ide  in fo rma t ion  on t h e  e f f e c t s  
3f r a d i a t i o n  on t h e s e  p rocesses  p a r t i c u l a r l y  i n  r ega rd  t o  t h e  dep res san t  e f f e c t s  
of  r a d i a t i o n  on an t ibody product ion  and t h e  enhancing e f f e c t s  of r a d i a t i o n  on 
anaphylaxis.  The fo l lowing  s t u d i e s  have been c a r r i e d  out :  

1. Comparative R a d i o s e n s i t i v i t y  of the  Frimary and Secondary Antibody 
Response. Pre l iminary  f i n d i n g s  i n d i c a t e  t h a t  t h e  primary tetanus a n t i t o x i n  re- 
sponse i n  mice i s  more sensitive t o  r a d i a t i o n  t h a n  i a  t he  secondary a n t i t o x i n  
response,  Graded d o s e s  of r a d i a t i o n  a r e  be ing  used t o  compare t h e  r a d i o s e n s i t i v i t )  
of t h e  antibody-forming mechanism i n  normal mice and i n  mice t h a t  have exper iencec  
a primary an t ibody response.  

2 .  Depressant  B f f e c t  of Acute, Div ided  Acute and Chronic Exposure t o  
Radia t ion  on Antibody Formation. 
animals i n  a s i n g l e  a c u t e  exposure ,  d i v i d e d  a c u t e  exposures and ch ron ic  exposure.  
The secondary t e t a n u s  a n t i - t o x i n  response  is used t o  measure the  d e p r e s s a n t  e f f e c t  
of r a d i a t i o n  under t h e s e  cond i t ions .  

Equal t o t a l  d o s e s  of  r a d i a t i o n  are g iven  t o  

3. Radia t ion  and Time of Ant igenic  S t imulus .  The depres san t  e f f e c t  O f  

A d e t a i l e d  atudy is being  made 
r a d i a t i o n  on t h e  secondary an t ibody response is c l o s e l y  a s s o c i a t e d  w i t h  t h e  time 
of i n j e c t i o n  o f  t h e  secondary a n t i g e n i c  s t i m u l u s .  
of t h e  secondary a n t i g e n i c  s t i m u l u s  i n  r e l a t i o n  t o  a c u t e ,  d i v i d e d  a c u t e  and chronic 

exposure t o  r a d i a t i o n .  

4 .  Enhancing E f f e c t  of Radia t ion  on Anaphylaxis. Although an t ibody  pro- 
duc t ion  i s  suppressed  fo l l swing  exposure t o  r a d i a t i o n  an i n c r e a s i n g  s u s c e p t i b i l i t y  
t o  f a t a l  anaphylaxis  appears  a f t e r  r a d i a t i o n .  A con t inu ing  s tudy  i s  be ing  made i n  
an  a t tempt  t o  exp la in  t h i s  phenomenon. 

(See c o n t i n u a t i o n  s h e e t )  
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P r o j e c t  T i t l e :  Rad ia t ion  E f f e c t s  on Immunity and Al le rgy  - 6120-4 (Cont'd) 

I 
-_.___-~---..- -.-- 

( a )  Mechanism of Immune Reaction (Continued) 

5 .  R a d i o s e n s i t i v i t y  of T i s s u e ,  Work i s  con t inu ing  i n  s tudy  of t he  sen- 
s i t i v i t y  of i n t r a o c u l a r  t r a n s p l a n t s  of an t ibody forming tissues t o  b e t a  and gamma 
r a d i a t i o n .  The secondary an t ibody response  from t h e  t r a n s p l a n t e d  t i s s u e  i s  used 
t o  measure t h e  r a d i o - s e n s i t i v i t y  of t h e  v a r i o u s  tissues. 

6. E f f e c t  o f  I n t e r n a l  Rad ia t ion  on Antibody Formation. Cont inuing  ex- 
periments a r e  being c a r r i e d  on t o  s t u d y  t he  e f f e c t s  of  yttr ium-90 on t h e  secondary 
an t ibody response i n  mice. These s t u d i e s  w i l l  be extended to  e v a l u a t e  the  e f f e c t s  
of strontium-90 on immune mechanisms. 

7. C e l l  P r o l i f e r a t i o n  i n  Lymphoid T i s sue  During t h c  Antibody Response. 
T r i t i um l abe led  thymidine i s  being used i n  s tudy  of  t h e  c e l l s  t h a t  may a r i s e  o r  
p r o l i f e r a t e  du r ing  t h e  secondary an t ibody response.  
being c a r r i e d  on a t  t h e  p r e s e n t  time. 

P re l imina ry  exper iments  a r e  

A l l  s t u d i e s  i n d i c a t e d  above w i l l  be con t inued  wi th  p r i o r i t y  dec reas ing  i n  
o r d e r  of i n c r e a s i n g  number. I 

' 

( b )  Acquired Immune Tolerance  t o  C r y s t a l l i n e  Bovine Serum Albumin i n  Mice 
G. T e r r e s  

g lobu l in  p r e c i p i t a t e d  w i t h  ammonium s u l f a t e .  
c i p i t a t e d  (an t igen-ant ibody complexes) was determined. 
s e n s i t i v i t y  and t h e  per  c e n t  of  1131 p r e c i p i t a t e d  w i t h  ammonium s u l f a t e  was 
s i g n i f i c a n t l y  lower i n  mice exposed t o  t h e  a n t i 8 e n  du r ing  t h e  f i r s t  two weeks of 
l i f e .  
had been p o s t n a t a l l y  exposed t o  t h e  an t igen .  k l s o ,  t h e  development of s e n s i t i v i t y  
w i t h  t i m e  w i l l  be more a c c u r a t e l y  d e f i n e d  i n  mice exposed t o  t h e  a n t i g e n  a t  b i r t h .  
Various t i s s u e s  from immunolo i c a l l y  t o l e r a n t  mice w i l l  be i s o l a t e d  and t e s t e d  
fo r  BSA using 1131 o r  €13 labeTed a n t i b o d i e s  and radioautography. 

The per c e n t  r a d i o a c t i v i t y  pre- 
The inc idence  of anaphylac t  

These o b s e r v a t i o n s  w i l l  be extended by t e s t i n g  t h e  serum of o l d e r  mice whict  

( c )  Immune Decrada t ion  
G o  T e r r e s  and W. Wolins 

I 

(d) Antibody Absorption on  Guinea P ig  Ileum 
G. T c r r e s  

The n a t u r e  of the  b inding  between an t ibody and t issue is being s t u d i e d  to 
l e a r n  more about  t h e  q u a n t i t a t i v e  r e l a t i o n s h i p  between t h e  amount of an t ibody 
absorbed and t h e  deg ree  of  s e n s i t i z a t i o n .  

Here, an t ibody i s  l a b e l e d  w i t h  11-31, NOr!!EIl gu inea  p i g  i leum is soaked i n  
t h e  p r o t e i n  and t h e  amount of r a d i o n c t i v i t y  absorbed  is measured as w e l l  as t h e  

(See c o n t i n u a t i o n  s h e e t )  
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P r o j e c t  Ti t le : :  Rad ia t ion  E f f e c t s  on Immunity and Al le rgy  - 6120-4 (Cont 'd )  - -.- 
( d )  Antibody Absorption on Guinea Pip Ileum (Cont inued)  

degree  of s e n s i t i z a t i o n  t h u s  a t t a i n e d ,  
Schultz-Dale r eac t ion .  

The s e n s i t i z a t i o n  i s  measured by t h e  

I t  has  been found t h a t  t h e  amount of an t ibody is p r o p o r t i o n a l  t o  t h e  concen- 
The s e n s i t i v i t y  t r a t i o n  of p r o t e i n  used and conforms t o  a Lanemuirilan isotherm. 

as determined by t h e  Schultz-Dale r e a c t i o n  i s  p r o p o r t i o n a l  t o  t h e  amount of p r o t e i r  
( a i n t i b o d y )  absorbed. 

I t  i s  in tended  to  measure nore a c c u r a t e l y  t h e  p r o t e i n  absorbed by us ing  auto- 
radiography. Thus t h e  amount of p r o t e i n  absorbed pe r  type  of c e l l  can be determinc 
r e l a t i v e  t o  t h e  dec ree  of  s e n s i t i v i t y  imparted.  

( e )  An Attempt t o  Show t h e  Ex i s t ence  of Normal Auto-Antibodies 
W. Wolins, G. T e r r c s  and C. .T. She l l aba rge r  

Seve ra l  d i s e a s e  s t a t e s  i n  man have been shown t o  be consequent t o  auto- 
immune mechanisms. Other  d i s e a s e d  s t a t e s  f o r  which au to -an t ibod ie s  have no t  8s 
y e t  bcen demonstrated a r e  be l i eved  t o  be auto-immune i n  o r i g i n .  I t  seems con- 
c e i v a b l e  t h a t  au to -an t ibod ie s  may bc normally formed r a t h e r  t han  a s t a t e  of immune 
un-responsiveness t o  ones own t i s s u e s ,  and that t h e s e  a n t i b o d i e s ,  by v i r t u e  of 
q u a n t i t a t i v e  o r  q u a l i t a t i v e  d i f f e r e n c e s ,  induce  n o  path6logy. 

One can modify t h e  concept  of immune t o l e r a n c e  to  i n c l u d e  degrees  of auto- 
immune r e a c t i v i t y  and p o s t u l a t e  t h a t  pathology dependent on  a n  a l t e r e d  immune 
s t a t e .  T h i s  r e a c t i v i t y  t o  au to -an t igens  may be p r e s e n t  from t h e  o n s e t  of t h e  
an t ibody producing responses  b u t  t h e  presence  of au to -an t ibod ie s  i s  inappa ren t  
because t h e y  u n i t e  r a p i d l y  wi th  t h e i r  cor responding  an t igen .  An excess  o r  an 
a l t e r a t i o n  i n  t h e  n a t u r e  of t h e  a n t i g e n  can then  induce  d i sease .  

(1) Athyreot ic  female ra ts  a r e  bred ,  pregnancy ma in ta ined  w i t h  thyroxin .  
(2) Newborn ra t s  a r e  made a t h y r e o t i c  by 1131 i n  d o s e s  adequate  t o  produce t h y r o i d  
a b l a t i o n ,  (3) Growth and d e v e l o p c n t  of t h e s e  rats are main ta ined  by exogenous 
thy rox in ,  (4 )  kit m a t u r i t y  rats a r e  t o  be g iven  whole body r a d i a t i o n  adequate t o  
suppres s  t h e  immune response  for s e v e r a l  weeks. 
from normal rats a r e  t o  be in t roduced  i n t o  t h e  a t h y r e o t i c  i r r a d i a t e d  group. 
( 6 )  Afte r  s e v e r a l  weeks t h e s e  rats a r e  t o  be b l ed  and t h e  presence  of a n t i -  
bodies  d i r e c t e d  a g a i n s t  t hy rog lobu l in  or t h y r o i d  e p i t h e l i u m  are t o  be de te rmined  
by t h e  s e n s i t i v e  tanned red  c e l l  t echnique ,  o r  by complement f i x a t i o n .  

( 5 )  Implan t s  of lymph nodes 

- - 
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Carbohydrate metabolism may be modi f ied  i n  v a r i o u s  d i s e a s e  states, and by some 
hormones and drugs. 
i n  t h e  s tudy  of t h e  rate and me tabo l i c  pathways of  t he  s y n t h e s i s  and degrada t ion  
of carbohydra tes .  S ince  ca rbohydra t e  metabolism and f a t  metabolism a r e  i n t e r -  
r e l a t e d ,  a new program h a s  been s t a r t e d  t o  i n v e s t i g a t e  t h e  hormonal r e g u l a t i o n  of 
f a t  metabolism i n  t h e  r a d i a t i o n  syndrome. Fur the r  s t u d i e s  on t h e  k i n e t i c s  and 
molecular s p e c i f i c i t y  o f  sugar  t r a n s f e r  through c e l l  membranes u t i l i z i n g  l a b e l e d  
m a t e r i a l s  a i d  t h e  unders tanding  of carbohydra te  metabolism. 

The u t i l i z a t i o n  of C14 o r  t r i t i u m  l a b e l e d  ca rbohydra t e s  a i d s  

(a) S t u d i e s  on Diabe t i c  and Non-diabetic Human S u b j e c t s  

Experimental  s t u d '  s were conducted wi th  these p a t i e n t s  us ing  l-C14-acetate, 
T o t a l  i s o t o p e  used was about 500 microcur ies .  

w. Shreeve and R. DeMeutter 

2-C14-acetate, or 2-Ci2-pyruvate. 
With t h e  p a t i e n t s  i n  v a r i o u s  s t a t e s  of  d i a b e t e s ,  f a s t i n g ,  o r  c o r t i c o s t e r i o d  excess ,  
t he  r a t e  and pathways of g lucose  format ion  were e s t i m a t e d  by C14 a n a l y s e s  of  blood 
g lucose .  
by a n a l y s i s  of c14 i n  b r e a t h  co2  and blood b i ca rbona te ,  plasma t r i g l y c e r i d e s  and 
c h o l s s t e r o l ,  plasma alpha-keto a c i d s ,  and u r ina ry  be ta -ke to  a c i d s .  P o s i t i v e  f i n d -  

i n g s  inc luded  an  i n d i c a t i o n  of  an unusual pathway of g lucose  format ion  form 
pyruvate ,  dep res sed  CO2 forniation from a c e t a t e  as a n  e f f e c t  o f  c o r t i c o s t e r o i d  
a d m i n i s t r a t i o n ,  and decreased  c h o l e s t e r o l  and t r i g l y c e r i d e  format ion  from a c e t a t e  
i n  the  e l d e r l y ,  s t a b l e  type  of d i a b e t i c .  
C14 ana lyses  of blood g lucose  f o r  i n t e r p r e t a t i o n  of rate and pathways of h e p a t i c  
g lucose  formation. The e f f e c t s  of i n s u l i n ,  s u l f o n y l u r e a s ,  and g lucose  load  On 
t h e s e  p rocesses  are being s t u d i e d  i n  each  d i a b e t i c  p a t i e n t .  
s t a n d  more f u l l y  t h e  f a t e  of l a c t a t e  and pyruvate  i n  r e l a t i o n  t o  g l u c o s e  format ion  

Pind- 
i n g s  s o  f a r  i nc lude  a q u i t e  d e f i n i t e  dec rease  i n  format ion  of  C14-labeled blood 
g lucose  as an e f f e c t  of i n s u l i n ,  and f u r t h e r  i n d i c a t i o n s  that  me tabo l i c  r e a c t i o n s  
forming g lucose  from l a c t a t e  or pyruvate  are more d i v e r s e  than  supposed. 

I n  a d d i t i o n  t h e  r a t e  of t h e  l abe led  compounds was s t u d i e d  more widely 

Other  s t u d i e s  wi th  d i a b e t i c s  i nc luded  

I n  o r d e r  t o  under- 

b rea th  a32  and blood l a c t i c  a c i d  have a l s o  been ana lyzed  f o r  1214 con ten t .  

It is expected t h a t  the  program w i t h  human d i a b e t i c s  w i l l  con t inue  a t  a b o u t  
t h e  same pace and i n  t h e  same d i r e c t i o n  as t h e  p rev ious  year. F indings  on bo th  
r a t e  and pathways of g lucose  fo rma t ion  under v a r i o u s  hormonal, n u t r i t i o n a l ,  and 
drug i n f l u e n c e s  need t o  be confirmed and en lerged .  
hampered i n  i t s  estimate o f  t h e  rate of o x i d a t i o n  of  l a b e l e d  i n t e r m e d i a t e s  by 
depending on i n t e r m i t t e n t  a n a l y s i s  o f  b r e a t h  samples b y  a rather c rude  method. 
A cont inuous  C1%2 reco rd ing  in s t rumen t  f o r  b r e a t h  a n a l y s i s  w i l l  b e  acqui red .  
Immediate and cont inuous  r eco rds  of r e s p i r a t o r y  C14 a c t i v i t y  and cumula t ive  C l 4  
e x c r e t i o n  w i l i  u l t i m a t e l y  be a v a i l a b l e .  Lat-r a d d i t i o n  o f  o t h e r  equipment W i l l  

provide C34/c 202 r a t i o s  and t h u s  s p e c i f i c  d 4 0 2  a c t i v i t i e s .  

The program has  been g e n e r a l l y  

I (See c o n t i n u a t i o n  s h e e t )  
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( b )  Animal S t u d i e s  of Sugar Metabolism 
W. Shrceve and R. De Meutter 

In t h i s  year a l s o  there w a s  completed a s tudy  (begun i n  the  p rev ious  two yea r s  
)f r i b o s e  and deoxyribose format ion  from C14-labeled g l y c i n e  i n  r e g e n e r a t i n g  ra t  
. i ve r .  R e s u l t s  i n d i c a t e d  t h a t  a t  l e a s t  p a r t  of deoxyr ibose  i n  DNA had an o r i g i n  
l i f f e r e n t  from t h a t  of ribose i n  RNA. There  has  been some work t h i s  year on t h e  
ietabolism o f  pentoses.  Along w i t h  t h e  nuc leos ides ,  T-thymidine and T-cyt id ine ,  
iome l a b e l e d  suga r s  (T-deoxyribose and ~ 1 4 - r i b o s Q  have been p resen ted  t o  t i s s u e  
: u l t u r e  c e l l s  followed by rad ioautography and chemical a n a l y s e s  of n u c l e i c  g c i d  
r r ac t ions .  
ras a poor p recu r so r  of DNA, whi le  r i b o s e  was conver ted  e x t e n s i v e l y  t o  both  RNA 
md DNA 

With regard  t o  suga r s  t h e  e s s e n t i a l  f i n d i n g  has  been t h a t  deoxyr ibose  

Research c o l l a b o r a t o r s  from Columbia U n i v e r s i t y  spen t  two months of  t h i s  yea r  
.n t h e  Biochemistry Div i s ion  g e t t i n g  s t a r t e d  on a s tudy  w i t h  C14 Of the  pathways 
)f carbohydra te  u t i l i z a t i o n  i n  t h e  e l e c t r i c  ee l  i n  o r d e r  t o  r e l a t e  t he  unique form 
if energy produced t o  t h e  n a t u r e  of t he  metabolism producing i t .  P resen t  f i n d i n g  
.nd ica t e  a n  e x t e n s i v e  use of t he  g lucose  o x i d a t i v e  pathway i n  t h i s  spec ie s .  

There  i s  some p o s s i b i l i t y  t ha t  t h e  s t u d y  of pen tose  format ion  w i l l  be renewed 
i s ing  ra t  l i v e r  and t i s sue  c u l t u r e  c e l l s .  A survey of v a r i o u s  s p e c i a l  and common 
labeled p r e c u r s o r s  f o r  r e l a t i v e  format ion  of  deoxyribose of DNA and r i b o s e  of 
N A  i s  contemplated.  

( c )  Rad ia t ion  Physiology of Blood L ip ids  and Adipose T i s s u e  
1. Schwartz 

E f f e c t s  of  r a d i a t i o n  on t h e  s t o r a g e  and t r a n s p o r t  forms of body f a t  r e p r e s e n t  
r i r t u a l l y  unexplored f a c e t s  o f  r a d i a t i o n  physiology. Because f a t  i s  one of man's 
irimary metabol ic  f u e l s  and a major c o n s t i t u e n t  o f  h i s  body, an i n v e s t i g a t i o n  of 
ihe changes i n  l i p i d  metabolism and l i p i d  s t r u c t u r e  r e s u l t i n g  from v a r i o u s  forms 
)f r a d i a t i o n  o f f e r s  promise of new i n s i g h t  i n t o  t h e  n a t u r e  of r a d i a t i o n  t o x i c i t y .  

Standard methods of l i p i d  a n a l y s i s  have been set up. A prepa ra t ion  of  
iluminum-bound C14 pa lmi t i c  a c i d  has been prepared  to se rve  as a t r a c e r  f o r  t h e  
?ocil of non-es t e r i f i ed  f a t t y  a c i d s .  

Pollowing t o t a l  body i r r a d i a t i o n  i n  dags  and l abora to ry  mammals, measurements 
>f r a d i a t i o n  e f f e c t s  on t h e  composition of s e l e c t e d  blood l i p i d s  w i l l  be made. 

Rad io i so top ic  Analys is  of L i p i d  Metabolism and Transpor t  i n  t h e  Blood ( d )  
I .  Schwartz 

The a v a i l a b i l i t y  of i s o t o p i c  f a t t y  a c i d s  has  g r e a t l y  f a c i l i t a t e d  t h e  s t u d y  
>f t h e  mob i l i za t ion ,  t r a n s p o r t  and u t i l i z a t i o n  of  body f a t .  O n l y  r e c e n t l y  i t  has  
Decorne c l e a r  t h a t  t h e  non-es t e r i f i ed  f a t t y  a c i d  (NEPA) f r a c t i o n  of plasma is a 
highly  impor tan t  metabol ic  f u e l  which a lone  can  supply  as much as 50% of t h e  t o t a l  
energy  requirement of f a s t i n g  human beings.  ( T h i s  f a c t  was e s t a b l i s h e d  d i r e c t l y  
by de t e rmina t ion  of ~ 1 %  i n  exp i r ed  a i r  a f t e r  a d m i n i s t r a t i o n  of C14-labeled 
gEFA t o  man and dogs). g h u s  t h e  NBPA f r a c t i o n  of plasma i s  capable  of d e l i v e r i n g  
energy t o  working c e l l s  a t  a r a t e  e q u a l  t o  And poss ib ly  exceeding  t h e  c a l o r i c  
f l u x  8 v a i l a b l e f r o m  glucose.  What i s  even more i n t e r e s t i n g  i s  t h e  f a c t  t h a t  
d e l i v e r y  of NEFA from s t o r a g e  i s  r e g u l a t e d  t o  supply  c a l o r i c  d e f i c i t s  a r i s i n g  wher 
the t o t a l  energy requirement exceeds the  energy made a v a i l a b l e  from ca rbohydra t e  
metabolism. T h i s  r e g u l a t i o n  i s  r a p i d ,  s e n s i t i v e ,  and i nvo lves  v e r s a t i l e  a t t r i bu tc  
of ad ipose  t i s s u e  t h a t  were unsuspected u n t i l  very r e c e n t l y .  I t  i s  of cons iderabl  
importance t o  make use of i s o t o p i c  f a t t y  a c i d s  t o  c h a r a c t e r i z e  t h e  n a t u r e  O f  t h i s  
r e g u l a t i o n  not  on ly  because of i t s  c e n t r a l  p o e i t i o n  in c a l o r i c  homaoStatii3, b u t  
a l s o  because of t h e  h igh  p r o b a b i l i t y  t h a t  an  unregula ted  flow of  NEFA from s toragc  
i s  t h e  c a r d i n a l  d e f e c t  which causes  d i a b e t i c  k e t o s i s .  For t h i s  r eason ,  s t u d i e s  
o f  t he  r e g u l a t i o n  of plasma NBFA l e v e l s  have been combined. 

The n a t u r e  of t h e  i n  v ivo  e l e v a t i o n  of plasma NEFA l e v e l s  by ep inephr ine  and 
thy ro id  hormones i n  human s u b j e c t s  and an imals  w i l l  be i n v e s t i g a t e d .  

(See  c o n t i n u a t i o n  s h e e t )  
- - 
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( e )  Trans fe r  of Me tabo l i t e s  Through C e l l  Membranes 

P. Le Fcvrc ,  G. McGinniss 

K i n e t i c s  of  Sugar T r a n s f e r  - New t h e o r e t i c a l  c a l c u l a t i o n s  d e r i v e d  from a l t e r n -  
a t i v e  c u r r e n t  i n t e r p r e t a t i o n s  of k i n e t i c  data on n e t  sukar  t r a n s f e r s  i n  the  red  
c e l l  have l e d  t o  a p rev ious ly  u n r e a l i z e d  a p p l i c a t i o n  of i s o t o p i c  t r a c e r  methods, 
p rovid ing  d e c i s i v e  means f o r  d i s c r i m i n a t i n g  between t h e  proposed hypotheses.  
Previous  k i n e t i c  s t u d i e s  i n  t h i s  a r e a  have a l l  d e a l t  w i t h  n e t  t r a n s f e r s  i n  re- 
sponse t o  gross  conccn t r a t ion  g r a d i e n t s .  The s a t u r a t i o n  k i n e t i c s  found wi th  
D-glticose and r e l a t e d  monosaccharides has  been a t t r i b u t e d  e i t h e r  t o  o p e r a t i o n  of 
a s p e c i a l  sugar  c a r r i e r  system, o r  t o  non-spec i f ic  dep res s ion  of c e l l  pe rmeab i l i t y  
by s u r f a c e  a l t e r a t i o n s  a t  h i s h  sugar  c o n c e n t r a t j o n s .  The l a t t e r  hypo thes i s  
p r e d i c t s  a t r a c e r  g l u c o s e  exchange r a t e  which i s  on ly  a sma l l  f r a c t i o n  of t h a t  
p red ic t ed  by c a r r i c r  theory .  
i o n s  was s t u d i e d  i n  t h i c k  suspens ions  of human e r y t h r o c y t e s .  The speed o f  t r a c e r  
e q u i l i b r a t i o n  i n  comparison wi th  the  spced of ne t  t r a n s f e r  was 50-100 t imes  g r e a t e r  
than would be found i n  a d i f f u s i o n  p rocess ;  t h e s e  h igh  f l u x e s  a r e  c o n s i s t e n t  w i t h  
thc  c a r r i e r  thcory--provided t h a t  a g lucose -ca r r i e r  a f f i n i t y  apprec i ab ly  h ighe r  
than  t h a t  prev ious ly  es t imated  be assumed, 

Thc re fo re ,  C14-glucose e q u i l i b r a t i o n  i n  bo th  d i r e c t -  

Molcculnr S p c c i f i t y  i n  Sugar  T r a n s f e r  Systems: Thc l i k e l y  ex tens ion  of t h e  
confromat iona l  type of b i o l o g i c a l  s t e r e o - s p e c i f i t y  d iscovered  i n  t h e  human red 
c e l l  t o  o t h e r  monosaccharide t r a n s f e r  systems was i n v e s t i e a t e d ,  w i t h  s p e c i a l  
o t t c n t i o n  t o  the  mouse Krebs asc i t e s  t u m o r  c e l l .  T h i s  c e l l  i s  not adap tab le  t o  
the  Orskov dens i tome t r i c  procedure used f o r  t he  e r y t h r o c y t e  s t u d i e s ,  and appropr in t  
chemica l  methods have been developed f o r  improved q u a n t i f i c a t i o n  of t h c  p a r t i a l  
r e s u l t s  r epor t ed  from C o r i ' s  l a b o r a t o r y  i n  1956. Es t ima t ion  of t he  s p e c i f i c  
c a r r i e r  c o n s t a n t s  i n  t h i s  c e l l ,  which w i l l  pe rmi t  c o n s i d e r a t i o n  of t h e  c o r r e l a t i o n  
w i t h  molecular  conformat iona l  s t a b i l i t i e s ,  i s  beginning. 

The r e l a t e d  problem of the  r e v e r s i b l e  combination of these  systems, i n  
e r y t h r o c y t e s  and a s c i t e s  tumor c e l l s ,  w i t h  p h l e r e t i n ,  s t i l b e s t e r o l ,  h e x e s t r o l ,  
and o t h e r  such d ipheno l i c  compet i t ive  i n h i b i t o r s ,  has  been e x t e n s i v e l y  s tud ied .  
Various c o r r e l a t i o n s  have been drawn i n  r e s p e c t  t o  minor rear rangements  i n  t h e s e  
d ipheno l i c  molecules and a l t e r a t i o n s  i n  the  composition of t he  medium, a s  f a c t o r s  
i n  t h e  degree  t o  which t h e  a e e n t s  become f i x e d  t o  t h e  c e l l s .  These c o n s i d e r a t i o n s  
may assist i n  i d e n t i f i c a t i o n  o f  the  r e a c t i v e  groups  i n  t h e  presumed c a r r i e r ,  8 
ma t t e r  which h a s  t h u s  far d e f i e d  a t t a c k  i n  s e v e r a l  l a b o r a t o r i e s .  

P r o j e c t e d  S t u d i e s  Inc lude :  

1. S t e r o s p e c i f i t y  i n  t h e  mouse Krebs a s c i t e s  tumor c e l l  (and r e l a t e d  c e l l  
t ypes )  suga r - t r ans fe r  systems, a s  i n i t i a t e d  above. 

2. Extens ion  of above s t u d i e s  on s p e c i f i c  i n a c t i v a t i o n  of c a r r i e r ' s  r e a c t i v e  
groups ,  and the  a s s o c i a t e d  f i x a t i o n  of i n h i b i t o r s ;  a t tempt  t o  d e l i n e a t e  c r i t i c a l  
molecular assembly involved. 

3. Systemat ic  dens i tome t r i c  s tudy  ( w i t h  esmometric q u a n t i t a t i v e  c o n t r o l )  of 
a b s o l u t e  r a t e  c o n s t a n t s  from t r a n s f e r  of  s u g a r s  wi th  wide range of c a r r i e r  
a f f i n i t y ;  s i n c e  pre l iminary  e s t i m a t e s  sugges t  r a t e  c o n s t a n t  may be i n v a r i a n t ,  
t h i s  would c o n s t i t u t e  s t r o n g  new evidence f o r  c u r r e n t  working model f o r  c a r r i e r  
system. 

4. C14-ribose ( o r  o t h e r  l ow-a f f in i ty  suga r )  tracer e q u i l i b r a t i o n  r t u d i e e ,  
f o r  c o n t r a s t  wi th  above e lucose  t r a c e r  s t u d i e s ;  i f  c o n s i s t e n t  wi th  t h e o r e t i c a l  
p r e d i c t i o n ,  c e r t a i n t y  of i n t e r p r e t a t i o n  o f  g lucose  t r a c e r  behavior  would be 
g r e a t l y  s t rengthened .  

!.. 
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Background. S t a t u s  and Fu tu re  P lans :  

5 . 5  5.6 5.9 
6.6 6.7 6.8 

12.1 12.3 12.7 
- 

The use  of l a b e l e d  p r o t e i n s  f o r  an  e v a l u a t i o n  of t h e  n u t r i t i v e  s t a t e  of i n t a c t  
organisms w i l l  con t inue  t o  be explored ,  
i n fo rma t ion  on a n u t r i t i v e  c o n d i t i o n  and food u t i l i z a t i o n ,  and f u r t h e r  demarcate 
broad pathways i n t o  which come and go many o t h e r  e lements ,  For example, t r i t i u m  
emi ts  very weak b e t a  p a r t i c l e s  w i th  a range l e s s  t h a n  c e l l u l a r  dimensions.  
t h i s  i s o t o p e  i s  u s e f u l  f o r  l o c a t i n c  l a b e l e d  compounds as w e l l  as poss ib ly  l o c a l -  
i z i n g  r a d i a t i o n  e f f e c t s  w i t h i n  a g iven  c e l l  o r  p a r t  of a g iven  c e l l .  

C14 and t r i t i u m  l a b e l e d  conpounds L ive  

Thus, 

I ( a )  Mechanisms of  DNA S y n t h e s i s  
W. L. Hughes 

The mechanism of r e -dup l i ca t ion  and subsequent C iv i s ion  of  t he  g e n e t i c  m a t e r i a l  
of c e l l s  can be s t u d i e d  u t i l i z i n e  t r i t i u m  labcllec! thymidine a s  a t r a c e r  f o r  DNA, 
the  c h i c f  component of t he  g e n e t i c  m a t e r i a l .  

The primary cause  of r a d i a t i o n  i n j u r y  w i t h i n  t h e  c e l l  i s  presumably t h e  e f f e c t  
on DNA. The p rev ious  s t u d i e s  on the  mechanism of DNA d u p l i c a t i o n ,  u t i l i z i n c  
t r i t i u m  l a b e l e d  compounds i s  t o  be con t inued  and extended u t i l i z i n e  deuter ium 
compounds as they a r e  syn thes i zed  and become a v a i i a b l e  f o r  w e . .  

( b )  The P r e p a r a t i o n  and Use of T r i t i z t e d  Compounds f o r  Bio-medical S t u d i e s  
Vi. L. Hughes, H. A. Johnson, R. B. P a i n t e r ,  L. Feinendegen 

T r i t i a t e d  thymidine has  become a va luab le  a i d  i n  the  s tudy  of i n t r a n u c l e a r  
r a d i a t i o n  damace. k wide v a r i e t y  of exper imenta l  material has been used t o  a s s e s s  
t h e  r a d i a t i o n  d a m g e  t h a t  may occur  as the  r e s u l t  of p l ac inb  r a d i o a c t i v i t y  w i t h i n  
t h e  nuc leus .  S p e c i f i c  a t t empt s  t o  study t h i s  problem inc lude :  1) U t i l i z a t i o n  
of t i s s u e  c u l t u r e  techniques  t o  a s s e s s  the  r a d i a t i o n  e f f e c t s  on c e l l u l a r  d i v i s i o n ,  

2 )  Attempts t o  r e l a t e  r a d i a t i o n  dosage t o  chromosome breakage ,  u t i l i z i n g  p l a n t  
m a t e r i a l  i n  coope ra t ion  w i t h  c o l l a b o r a t o r s ,  3)  I n  i n t a c t  an ima l s ,  u t i l i z i n e  
rad ioautographic  t echn iques  t o  l o c a t e  the  s i t e s  o f  i n c o r p o r a t i o n  of t r i t i a t e d  
thymidine and e s t i m a t i o n  of t h e  dosage d e l i v e r e d ,  anc! then  s e a r c h i n g  f o r  r a d i a t i o n  
e f f e c t s .  
some thymic weiLht loss a r e  t h e  only e f f e c t s  observed  so f a r .  Data of t h i s  n a t u r e  
a r c ?  of cour se ,  q u i t e  impor tan t  i n  a s s e s s i n g  the  p o t e n t i a l  haza rds  from contamina- 
i o n  with iodo  (I131) deoxyur id i  
i n  DNA s y n t h e s i s  makes p o s s i b l e  the  t r a c i n L  of DNA s y n t h e s i s  w i t h  a gamma emi t t i% 
ieo tope ,  which can  be counted from Outs ide  t h e  body i n  i n t a c t  o r tan isms .  
t h i s  compcund w i l l  be explored  as t o  i t s  u s e f u l n e s s  

d i v i s i o n ,  o r  where chemotherapeutic a g e n t s  m i l h t  be expected t o  dep res s  c e l l  
d i v i s i o n .  5 )  Radia t ion  induced c a t a r a c t  for.nation presumably resu l t s  from e f f e c t s  
upon t h e  ep i the l ium of t h e  l ens .  

The r a d i a t i o n  e f f e c t s  appear t o  be small, temporary s t e r i l i z a t i o n  and 

wi th  t h i s  m a t e r i a l .  4 )  Replacement o f  thymidine 

Thus 
i n  l o c a t i n f  d i v i d i n r  C e l l s ,  

' i n  tumors, f o r  example, o r  i n  a s s e s s i n e  r a d i a t i o n  damage where i t  depres ses  c e l l  

S t u d i e s  on t h e  renewal of t hc  l e n s  ep i the l ium 
I (See c o n t i n u a t i o n  s h e e t )  
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( b )  Thc P repa ra t ion  and Use of T r i t i a t e d  Compounds f o r  t h e  Bio-medical S t u d i e  

(Continued) 

have been i n i t i a t e d  u t i l i z i n c  t r i t i a t e d  thymidine. 6 )  Other t r i t i a t e d  components 
such a s  c y t i d i n e  and a r g i n i n e  have been produced. 
t i s s u e  c u l t u r e  have been i n i t i a t e d .  I n  a d d i t i o n ,  serum albumin l a b e l e d  w i t h  
t r i t i u m  and t h i s  m a t e r i a l  w i l l  be used  t o  s t u d y  s i t e s  of  a n t i t e n  an t ibody r e a c t i o n  
by use of  au toradiography,  

S t u d i e s  of t h e s e  components i n  

I I l l 3 8 3  

(C)  Plasma P r o t e i n  Metabolism 
W. L. Hughes 

Scruin albumin has  bccn l abe led  with t r i t i u m ,  and serum l i p o p r o t e i n s  have been 
1nbelt.d witli r ad io iod ine .  
ccwntin: t echniques  and the a i  t e s  of ca t abo l i sm w i l l  be l o c a l i z e d  by rad ioauto-  
Lraphy, as p a r t  of t he  f c n e r n l  proLram on t h e  replacement of serum p r o t e i n s .  

Thc turnover  of th2ae  compounds w i l l  be s t u d i e d  by 

( d )  Metabolism of  C14-labeled amino a c i d s  by T r i c h i n e l l a  S p i r a l i s  Larvae 
I,. V .  Hankcs, R. D. S toner  

I n v e s t i g a t i o n  of t h e  problems of t r i c h i n o s i s  a s  s t u d i e d  w i t h  r a d i o a c t i v e  
compounds y i e l d s  in iormat  ion on hos t -pa ras i t e  r e l a t i o n s h i p s .  S p e c i f i c a l l y ,  the  
e f f e c t s  of an a c t i v e  t r i c h i n e l l a  i n f e c t i o n  on hos t  metabolism i s  be inc  i n v e s t -  
i t ;ated.  I n  v i t r o  turnover  s t u d i e s  of l a b e l e d  p r o t e i n s  and ca rbohydra t e s  a r e  
b c i n t  s t u d i e d  i n  T r i c h i n e l l a  l a r v a e ,  u t i l i z i n c  l a r v a e  c u l t u r e s  i n  chemically 
def ined  medial  c o n t a i n i n &  Cr4-labeled amino ac ids .  
feeding  of CI4-labeled amino a c i d  d i e t s  t o  T r i c h i n e l l a  i n f e s t e d  mice. T i s s u e  and 
blood components were ana lyzed  f o r  C14 t o  assess t he  e f f e c t s  of p a r a s i t i c  i n f e c t -  
i o n  on hos t  metabolism. These s t u d i e s  are t o  be cont inued .  

I n  v i v o  s t u d i e s  inc lude  the  

( e )  S t u d i e s  on t h e  Glycopro te in  Orosomucoid 
E. A. Popenoe and M. Maxfield 

h o n E  t h e  plasma p r o t e i n s ,  t h e  low molecular  w e i c h t ,  a c i d i c  p l y c o p r o t e i n s  a r e  
more o r  less unique i n  t h a t  no s p e c i f i c  f u n c t i o n s  have y e t  been a t t r i b u t e d  t o  them 
I t  i s  u n l i k e l y ,  however, t h a t  they  a r e  mere chance c o n s t i t u e n t s .  The c o n c e n t r a t i o  
i n  t h e  plasma of t h e  b e s t  c h a r a c t e r i z e d  of t h e s e  g l y c o p r o t e i n s ,  orosomucoid, i s  
markedly e l e v a t e d  i n a n u m b e r  of appa ren t ly  u n r e l a t e d  c o n d i t i o n s  inc lud ing  pregnanc 
rheumatoid a r t h r i t i s  and v a r i o u s  n e o p l a s t i c  d i s e a s e s .  I n  t h e  l a t t e r  d i s e a s e s ,  i n  
f a c t ,  t h e  plasma orosomucoid l e v e l  can be used as a n  i n d i c a t i o n  of a p a t i e n t ' s  
response  t o  therapy. Where t r ea tmen t  h a s  been s u c c e s s f u l  t he  l e v e l  drops.  Be- 
cause  orosomucoid i s  i n h e r e n t l y  an i n t e r e s t i r q  subs t ance  from t h e  p r o t e i n  chemist '  
po in t  o f  vicw and because i t  i s  becominc inc reas inL ly  impor tan t  c l i n i c a l l y ,  a 
s tudy  o f  i t s  s t r u c t u r e  has been undertaken and i s  con t inu ing .  
i s  about f o r t y  per  c e n t  carbohydra te  and s i x t y  pe r  c e n t  p r o t e i n .  The carbohydra te  
p o r t i o n  c o n t a i n s  about  17 residues of s i a l i c  a c i d  p e r  p r o t e i n  molecule and each  of 
t h e s e  r e s idues  has  been shown t o  be " te rmina l" ,  t h a t  i s ,  l i nked  t o  t h e  r e s t  of 
t h e  molecule th rou rh  a s i n & l e  E lycos id i c  bond. An enzyme produced by the  micro- 
orkanism Clos t r id ium w e l c h i i  c a n  remove a l l  of t h e s e  s i a l i c  a c i d  r e s i d u e s  wi thou t  
any o t h e r  d e t e c t a b l e  e f f e c t  on t h e  g lycopro te in  molecule.  Each s i a l i c  a c i d  r e s i d u  
has  been found t o  be l i nked  t o  a Galactose re s idue ,  probably t o  the number 3 corbo 
atom. Experiments seem t o  i n d i c a t e  t h a t  t h e  ca rbohydra t e  p o r t i o n  of the  glyco- 
p r o t e i n  i s  a s i n g l e  polysacchar ide  u n i t ,  and s i n c e  i t  has  a t  l e a s t  17 "end groups" 
t h i s  po lysacchar ide  m u s t  have a h ighly  branched s t r u c t u r e .  

T h i s  g l y c o p r o t e i n  

The "turnover" s t u d i e s  w i l l  be cont inued  and ex tended  t o  as many p a t i e n t s  as  
seems adv i sab le  and p r a c t i c a l .  The probinb i n t o  t h e  s t r u c t u r e  of Orosomucoid 
w i l l  con t inue .  I t  would appear now t h a t  t h i s  s tudy  w i l l  i nvo lve  (1) an enzymatic 
approach using g lycos idases  from v a r i o u s  dourcea t o  e f f e c t  s p e c i f i c  c l eavacea  and 
(2) a t t empt s  t o  d c s t r o y  t h e  polypept ide  p a r t  of t h e  molecule by v a r i o u s  chemical 
t r ea tmen t s  i n  such a way  t h a t  on ly  those  amino acids l i n k e d  d i r e c t l y  t o  t h e  

' polysacchar ide  remain. , carbohydra te - to-pro te in  l i n k  which i s  as y e t  unknown. 
Thc purpose of t h i s  l a t t e r  approach i s  t o  d i scove r  t h e  

( f )  Radio iso topes  f o r  Study of P r o t e i n  and Ni t roFen  S t u d i e s  of  Col lagen  
D. D. Van Slyke, 0. P. Poss ,  E. Popenoe, L. Commerford 

Collagen i s  t h e  s t r u c t u r a l  p r o t e i n  t h a t  b inds  t i s s u e  components t o g e t h e r ,  I t  
compr ises  a l a r g e  p a r t  ( i n  t h e  r a t  f o r t y  per  c e n t )  o f  mammalian body p ro te in .  I t  
i s  involved  i n  t h c  chances o f  t h e  "co l l acen  d i seases"  and o f  aging. The c o n d i t i o r  

I (See con t inua t ion  s h e e t )  
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( f )  Radio iso topes  f o r  Study o f  P r o t e i n  and Ni t rocen  S t u d i e s  of C o l l a g e n  (Con'c  I 
o f  co l l agen  formation and turnover  a r e  being s t u d i e d  i n  rats. 
s t u d i e s  i s  provided by t h e  amino a c i d ,  hydroxylys ine ,  which i s  unique i n  t h a t  i t  
occur s  only  i n  co l l agen .  
and hydroxylysine i n  t h i s  Labora tory ,  t h e  only  sou rce  of t h e  hydroxylys ine  i n  
co l l agen  i s  l y s i n e ,  which i s  absorbed from d i g e s t e d  p r o t e i n s  and hydroxyla ted  
when, o r  s h o r t l y  a f t e r ,  i t  i s  inco rpora t ed  i n t o  co l lagen .  Administered hydro- 
x y l y s i n e  i t s e l f  i s  not  i nco rpora t ed .  
p rocesses  of i n c o r p o r a t i o n  and hydroxyla t ion  of l y s i n e  i n  co l l agen ,  t h e  turnover  
r a t e  of co l l agen  a t  d i f f e r e n t  ages  and i n  d i f f e r e n t  t i s s u e s ,  and t h e  f u n c t i o n  O f  

hydroxylysine i n  t h e  co l l agen  molecule,  
hydroxylysine i n  c o l l a g e n  appears  t o  be f r e e ,  twenty- f ive  pe r  c e n t  o r  more i n  
co l l agcn  from d i f f e r e n t  t i s s u e s  be ing  masked by c o o r d i n a t e  o r  o t h e r  type  o f  bond- 
ing ,  which may be e s s e n t i a l  t o  t h e  s t r w t u r e  o f  t h e  c o l l a g e n  molecule. I t  i s  
in tended  t h a t  t h e  s t u d i e s  on t h e  above f a c t o r s  under normal c o n d i t i o n s  w i l l  be 
l a t e r  exicndcd t o  cover the  e f f e c t s  of p a t h o l o g i c a l  c o n d i t i o n s  and r a d i a t i o n  
i n j u r y .  

A t o o l  f o r  such 

A s  shown by exper iments  w i th  C14- and H3-labeled l y s i n e  

S t u d i e s  a r e  i n  p rogres s  concern ing  the  

Only p a r t  of t h e  hydroxyl groups o f  

( 6 )  R e l a t i o i i s h i p s  among Urinary Mucoproteins 
M. M a f i e l d  

The molccular weight ,  s i ze  and shape of t h e  DiFe r ran te  u r i n a r y  mucoprotein 
which had been ob ta ined  from l i g h t  s c a t t e r i n g  s t u d i e s  have been confirmed by 
u l t r a c e n t r i f u g e  and v i s c o s i t y  s t u d i e s .  The u r i n a r y  mucoprotein of Tamm and 
H o r s f a l l  has been s t u d i e d  i n  water  s o l u t i o n  wi th  u l t r a c e n t r i f u g e  and v i s c o s i t y ,  
conf i rming  t h e  p rev ious ly  determined molecular weight  of 25 X lo6. 
weight i s  i n  agreement w i t h  t h e  l i g h t  s c a t t e r i n g  s t u d i e s  i n  water  s o l u t i o n  and 
w i t h  e l e c t r o n  microscope p i c t u r e s .  I t  has  been shown t h a t  t h i s  form of the  
mucoprotein of T m  i s  i n  r e v e r s i b l e  equ i l ib r ium w i t h  i h e  7 X 106 molecular  weight 
form repor t ed  by Tamm. I n  d i s t i l l e d  water  t h e  25 X 10 form e x i s t s  a lone .  Upon 
d i l u t i o n  wi th  water, t h e  muc p r o t e i n  d i s s o c i a t e s  i n t o  the  7 X lo6 form. 

t h e  t a c t o i d s  f u r t h e r  aggrega te  i n t o  a ge l .  
s o c i a t e d  i r r e v e r s i b l y  by c e t y l  i n t o  a homogeneous component of 1.6 X lo6 molecular  
weight.  
Of t h e  va r ious  forms d e s c r i b e d ,  t h e  Tam and t h e  Dipe r ran te  mucoproteins a r e  
a c t i v e  v i r u s  i n h i b i t o r s .  

T h i s  molecular  

In t h e  

The mucoprotein of Tamm may be d i s -  
presence of s a l t ,  t h e  7 X 10 8 form i s  i n  equ i l ib r ium wi th  t a c t o i d s .  Upon s t and ing ,  

T h i s  i s  one-half of t h e  molecular  weight o f  t he  Dipe r ran te  mucoprotein. 

Continued i n v e s t i g a t i o n  of t h e  v a r i o u s  forms of u r i n a r y  mucoprotein i s  pro- 
posed. 
forms of mucoproteins and t h e  r e l a t i o n s h i p  of t h e  mucoprotein t o  t h e  format ion  
of  kidney stones w i l l  be i n v e s t i g a t e d  fUrtl1er. 

A n  e f f o r t  w i l l  be made i o  de te rmine  t h e  a n t i v i r a l  a c t i v i t y  of each O f  t h e  

( h )  E f f e c t  of Radia t ion  on Mucoprotein Physiology- 
M. Maxfield 

Normally, t h e  amount of mucoprotein exc re t ed  i n  t h e  uriae of normal dog3 i s  
similar t o  t h a t  of man, as i s  t h e  s p e c i f i c  v i s c o s i t y .  
a measure of axial  r a t i o  of t h e  mucoprotein molecule).  
from one dog which r ece ived  550 r whole body r a d i a t i o n  were s tud ied .  
s i n g l e  example t h e  amount of u r i n a r y  mucoprotein excreted end tho s p e c i f i c  
v i s c o s i t y  were both reduced during t he  period of t h s  acu ta  r a d i a t i o n  syndrome. 
T h i s  i n d i c a t e s  t h a t  i n  t h i s  dog an abnormal type of  u r ina ry  mucoprotein was 
exc re t ed  due t o  t h e  i r r a d i a t i o n .  

(The s p e c i f i c  v i s c o s i t y  i s  
D a i l y  samples of u r i n e  

I n  t h i s  

T h i s  l i n e  oE s tudy  w i l l  be cont inued .  
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3.  Budget A c t i v i t y  
No: 6120-7 

Therapy of t h e  acu te  r a d i a t i o n  syndrome, u t i l i z i n g  whole blood t r a n s f u s i o n s ,  
a n t i b i o t i c s ,  f l u i d s ,  and i n t e n s i v e  nu r s ing  c a r e  i n d i c a t e s  t ha t  i t  is p o s s i b l e  t o  
save e s s e n t i a l l y  a l l  dogs exposed a t  X-ray dose  l e v e l s  apprcxirnately 1.6 t imes  t h e  
a 5 0  dose. 

The s u c c e s s f u l  t r ea tmen t  of dogs r e c e i v i n g  a p o t e n t i a l l y  l e t h a l  dose of 
r a d i a t i o n  thus  provides  an e x c e l l e n t  approach t o  t h e  s tudy  of r e g e n e r a t i v e  
c a p a c i t y  of hematopoie t ic  t i s s u e s .  
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S t u d i e s  on t h e  Regenera t ive  Capac i ty  of Hematopoietic Tissue 
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E. Y. Cronl t i te ,  V. P .  Bond, E. Usenik 

7. Cont rac tor :  Assoc ia ted  U n i v e r s i t i e s ,  Inc. 8. Working Locat ion;  
Brookhaven Na t iona l  Labora tory  Upton, New York 

Trea ted  dogs s u r v i v i n g  400 r a c u t e  t o t a l  body r a d i a t i o n  have been s t u d i z d  

b lye lopoie t ic  and e r y t h r o p o i e t i c  r egene ra t ion  
for a t  l e a s t  6 months. Regenera t ion  of hematopoie t ic  t i s s u e  was mani fes ted  by 
r i s i n g  p e r i p h e r a l  blood counts .  
i n  the bone marrow was o f t e n  ev iden t  a t  40 d a y s  post-exposure. Although t h e  
onse t  of r egene ra t ion  of the  d i f f e r e n t  c e l l  l i n e a g e s  appeared  t o  be s imul taneous ,  
t h e  r a t e s  of r egene ra t ion  were no t  i d e n t i c a l .  

These s tud ie s  are t o  be cont inued ,  t o  f u r t h e r  demonst ra te  t h e  r e g e n e r a t i v e  
c a p a c i t y  of t h e  formed elements of the  blood and t o  assess t h e  long-term e f f e c t s  
of dogs t h a t  have recovered  from l a r g e  doses  of  r a d i a t i o n .  
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1. Budget A c t i v i t y  4. Budget Item 
NO: 6120-8 I No: 

5 .  C o n t r a c t o r ' s  6. Method and Time of Repor t ing  
P rogres s :  Q u a r t e r l y  & S p e c i a l  No : 

I 

I 

P. Y. 1959 P. Y. 1960- F. Y. 1961 

Reno r t  s 

Cost ( i n  thousands of d o l l a r s )  70 71  72 

'. Cont rac to r :  Assoc ia ted  U n i v e r s i t i e s ,  Inc .  
Brookhaven Na t iona l  Labora tory  

8. Working Locat ion:  
Upton, New York 

D i r e c t  Man-Years 

S c i e n t i f i c  
O the r s  

T o t a l  

9. Cont rac t  No: 
At-30-2-GEN-16 

2.2 2.2 2,2 

5 .0 5.1 5.2 
2.8 - 2.9 3.0 - 

b. Persons  i n  Charge: 
I .  Schwartz 

ackground, S t a t u s  and Future  P lans :  

11. S t a r t i n g  Date: 
Con t i  nuing 

The mechanism of a c t i o n ,  p a r t i c u l a r l y  a t  t h e  molecular  l e v e l  of  homones remains 
bscure.  The d e f i c i e n c y ,  excess ,  o r  q u a l i t a t i v e  abnormal i ty  of hormones is 
o r r e l a t e d  wi th  major d i s e a s e  p r o c e s s e s  such as d i a b e t i c  k e t o s i s ,  a the rogen ic  
hanges i n  blood l i p i d s ,  and d i a b e t e s  i n s i p i d u s  secondary t o  r a d i a t i o n  o r  o t h e r  
a c t o r s .  The p r e p a r a t i o n  of hormones l a b e l e d  wi th  low energy ,  a lpha  or beta- 
m i t t i n g ,  i s o t o p e s  would make i t  p o s s i b l e  t o  s tudy ,  a t  the  s u b c e l l u l a r  and molecula 
e v e l ,  t h e  c r u c i a l  ques t ions  i n  cndocr inolo&y unde r ly ing  these  impor tan t  c l i n i c a l  
Iroblems. 

Mechanism of Hormone Act ion  
1. Schwartz,  A. Debons, C. Fong 

The development o f  l a b e l i n g  p rocedures  is planned i l l  8 x 1  a t t empt  t o  obtain 
iorrnone p repa ra t ions  wi th  high s p c c i f i c  a c t i v i t y ,  double labels ( t r i t i u m  and 
u l f u r - 3 5  f o r  example), wi thout  changing t h e  b i o l o g i c a l  a c t i v i t y  of t h e  hormone. 
lormones of known chemica l  s t r u c t u r e  have been s e l e c t e d  t o  begin  t l lese s t u d i e s ,  
l a sopres in  and oxytocin.  



1. P r o j e c t  T i t l e :  

Spec ia l  P r o j e c t s  

i I I f 3 8 1  

2. Date: 
May 1959 
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3.  BlJdeet A c t i v i t y  4. Budget Item 5. C o n t r a c t o r ’ s  6 .  Method and ‘Time of Repor t in t  

No: 6120-9 1 NO: I No: 1 Progres s :  Q u a r t e r l y  & Specia l  

7. Con t rac to r :  Assoc ia ted  U n i v e r s i t i e s ,  Inc. 
Brcokhaven National Labora tory  

8. Working Location: 
Upton, New York 

9. Cont rac t  No: 
AT-30-2-GEN-lt 

F, Y .  1959 P. Y. 1960 
S p e c i a l  P r o j e c t s  - Summary 

Cost ( i n  thousands o f  d o l l a r s )  10 5 155 

Di rec t  Man-Years 

S c i e n t i f i c  
O t h e r s  

T o t a l  

1.9 1.9 
2.2 2b2 

4.1 4.1 
- - 

P. Y. 1961 

17 0 

1.9 
2.2 
4.1 

These p r o j e c t s  a r e  summarized unde r  t h e  fo l lowing  headings: 

1. Educa t iona l  Conferences  

2. Marsha l lese  Survey 

3 .  Summer Student  I n s t i t u t e  

4 .  Occupat iona l  Medicine C l i n i c  

1. Educa t iona l  confe rences  
Persons i n  Charge: L. E. Farr and S .  W. L i p p i n c o t t  

F. Y. 1959 F. Y. 1960 F. Y. 1961 

Cost ( i n  thousands of d o l l a r s )  20 25 25 

- -- Direc t  Man-Years I 

Background, S t a t u s  and Future  Plans:  

.A s t a t e d  e d u c a t i o n a l  e f f o r t  o f  t h e  Department i s  t h e  o r g a n i z a t i o n  of a t  
l e a s t  one s p e c i a l  conference  each year  i n  con juoc t ion  w i t h  t h e  D i v i s i o n  of Biology 
and Medicine of t he  Atomic Energy Commission. 
f o r  educa to r s  t o  examine w i t h  a c t i v e  i n v e s t i g a t o r s  s p e c i f i c  r e s p o n s i b i l i t i e s  i n  
the  f i e l d  of atomic medicine. The exac t  format of t h e  conference  i s  a l t e r e d  i n  
each  c a s e  t o  meet t h e  s p e c i f i c  needs of t h e  group concerned. 

These confe rences  are,  i n  gene ra l ,  

The t h i r d  of t h e s e  confe rences  was he ld  on December 15  and 16,  1958 t o  
which a l l  Deans of Medical Schools i n  t h e  Uni ted  S t a t e s  and Canada were i n v i t e d  
t o  d i s c u s s ,  and hear d i s c u s s e d  by BNL personnel  and eminent authorities se lected  
from v a r i o u s  o r g a n i z a t i o n s ,  “The Impact of Atoms on Medical Sc ience  and Educat ion” ,  
Approximately 75 per  c e n t  of  t he  i n v i t e e s  a t t e n d e d  and the  confe rence  was adjudged 
most success fu l .  

(See c o n t i n u a t i c n  s h e e t )  
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2. Marsha l lese  Survey 
Person i n  Charge: R ,  A. Conard 

F. Y. 1959 F. Y. 1960 F. Y. 1961 

a5  115 110 Cos t  ( i n  thousands of d o l l a r s )  

D i r e c t  Man-Years 

S c i e n t i f i c  
Others  

T o t a l  

1.9 1.9 1.9 
2.2 2.2 2.2 

4.1 4.1 4.1 
- - 

Background, S t a t u s  and Fu tu re  P lans :  

I n  March 1954 fo l lowing  t h e  d e t o n a t i o n  of  a nuc lea r  dev ice ,  239 Marsha l l e se  
people were a c c i d e n t a l l y  i r r a d i a t e d  w i t h  f a l l o u t .  
c a r e  of and s tud ied  i n i t i a l l y  and annual ly  by medica l  teams under t h e  a u s p i c e s  of  
t h e  Div i s ion  of Biology and Medicine of  t h e  Atomic Energy Commission. 
s t u d i e s  a r e  under t h e  sponsorsh ip  of t h e  Medical Department, Brookhaven Na t iona l  
Laboratory and Dr. Robert  A. Conard has  been appo in ted  by t h e  Labora tory  as c h i e f  
of the  Marsha l l  I s l a n d s  s tudy  p r o j e c t ,  and i s  i n  charge  of o rgan iz ing  and c a r r y i n g  

o u t  the annual medica l  su rveys  of t h e s e  people  i n  t h e  Marshall I s l ands .  
va luab le  informat ion  has  been and i s  bein@ o b t a i n e d  on t h e  e f f e c t s  of  f a l l o u t  
r a d i a t i o n  on human b e i n c s  which i s  being made a v a i l a b l e  t o  t h e  medica l  p r o f e s s i o n  
and s c i e n t i f i c  world throueh  p u b l i c a t i o n s .  

These people have been t aken  

These 

Much 

The f i v e  year  post-exposure survey  was c a r r i e d  o u t  i n  Pebruary-March 1959 

The r e s u l t s  of  t h e  f o u r  yea r  post-exposure survey  completed i n  
and has  j u s t  been completed. The d a t a  frcm t h i s  su rvey  is i n  t h e  p t o c e s s  of 
being analyzed. 
March 1958 a r e  now be ing  publ i shed  i n  complete form under t h e  t i t l e  "Medical 
Survey of ROngelap People ,  March 1958, 4 Years A f t e r  Exposure t o  Fa l lou t "  as BNL 
Report  No, 534 (T-135). 
publ i shed  i n  Rad ia t ion  Research ( E f f e c t s  o f  F a l l o u t  Rad ia t ion  on a Human Popu la t io r  
Proceedings of t h e  I n t e r n a t i o n a l  Congress of Rad ia t ion  Research, Supplement 1, 
page 280, 1959. 

I n  a d d i t i o n  t h i s  r epor t  i n  abbrev ia t ed  form has been 

P l a n s  a r e  now be in6  made f o r  t h e  next  annua l  medica l  survey  t o  t ake  P lace  
i n  March 1960 a t  6 y e a r s  post-exposure.  S i n c z  t h e  acute e f f e c t s  of t h e  r a d i a t i o n  
exposure i n  these  people  have l a r g e l y  subs ided ,  e f f o r t s  i n  t h e  f u t u r e  w i l l  be 
concen t r a t ed  p r i m a r i l y  on p o s s i b l e  l a t e  e f f e c t s  of r a d i a t i o n  and on the  r a d i a t i o n  
e c o l o g i c a l  a s p e c t s  of  t h e i r  l i v i n g  i n  a low l e v e l  contaminated  environment. 
a d d i t i o n  t o  t h e  r o u t i n e  p h y s i c a l  examinations and hemato log ica l  work, emphasis 
w i l l  be p laced  on examinat ions  f o r  degene ra t ive  d i s e a s e ,  ca rc inogenes i s ,  a & i n c  
e f f e c t s  and o t h e r  l a t e  e f f e c t s .  R e s u l t s  of  envi ronmenta l  contaminat ion  i n  t h e  
people  w i l l  be s tud ied  by gamma r a y  spec t roscopy of  i n d i v i d u a l s  u s ing  t h e  s t e e l  
room and rad iochemica l  a n a l y s e s  of u r i n e ,  food, s o i l ,  and marine Samples. S t u d i e s  
of t h e  r a d i c a l  homngeneity of t h e s e  people and g e n e t i c a l l y  i n h e r i t e d  c h a r a c t e r i s t i c  
w i l l  be cont inued  i n  view of  t h e i r  importance i n  i n t e r p r e t a t i o n  of  f i n d i n c s  which 
may or nay not  be r e l a t e d  t o  r a d i a t i o n  e f f e c t s .  P a r t i c i p a t i o n  i n  t h e s e  surveys  by 
s c i e n t i s t s ,  medica l  s choo l s ,  u n i v e r s i t i e s ,  and governmental  o r g a n i z a t i o n s  w i l l  be 
encouraged i n  o rde r  t h a t  d e s i r a b l e  pe r sonne l  may & a i n  f i r s t - h a n d  knowledge of 
r a d i a t i o n  e f f e c t s  on human b e i n c s  by s tudy ing  t h e s e  people ,  
f u t u r e  surveys  may be reduced somewhat i n  scope when it i s  p o s i t i v e  t h a t  t he  a c u t e  
e f f e c t s  of exposure have unques t ionahly  subs ided .  
f u t u r e  surveys  on a l t e r n a t i n g  y e a r s  may be cons ide red .  However, a t  t h i s  t ime i t  
i s  bc l ieved  t h a t  annua l  su rveys  a r e  i n d i c a t e d  p a r t i c u l a r l y  s i n c e  medical c a r e  and 
c o l l e c t i o n  of d a t a  on t h e  Islands o r d i n a r i l y  a r e  no t  s a t i s f a c t o r y  and t h e  p r o j e c t  
would s u f f e r  from extended  i n t e r s u r v e y  pe r iods  a t  t h i s  t i m e .  

I n  

I t  i s  p o s s i b l e  t h a t  

P o s s i b l y  a t  some time i n  t h e  

-- - 
3. Summer S tudent  I n s t i t u t e  

Persons i n  Charee: L. E. F a r r  and W. W. Shreeve 

F e  Y. 1959 F. Y. 1960 F. Y. 1961 
I 

' C o s t  ( i n  thousands uf d o l l a r s )  

1 Direc t  Man-Years 
, 

-0- 

- 
15 

- 
35 

- 

Background, S t a t u s  and Fu tu re  P lans :  

The r o l e  of t h e  Brookhaven Nat iona l  Labora tory  i n  medica l  educa t ion  has  been 
eva lua ted  as follows: 

_- (See c o n t i n u a t i o n  sheet)  - 
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3 .  Summcr S tudent  I n s t i t u t e  (Continued) 
- 

__I___ 

: m l c  
the 

BNL should c e n t e r  i t s  major educa t iona l  e f f o r t s  upon phys ic i ans  of f a c u l t y  
because thereby  informat ion  i s  m u l t i p l i e d  and young f a c u l t y  members may,  as 

r c s u l t  of such expe r i ences ,  e l e c t  a research-academic c a r e e r  as c o n t r a s t e d  t o  
i practice-academic c a r e e r .  
that  f o r  t he  e x c e p t i o n a l  s t u d e n t  o p p o r t u n i t i e s  t o  p a r t i c i p a t e  i n  the  work of t h e  
3NL medica l  program w i l l  remain open. 

T h i s  program m u s t  be c a r r i e d  o u t  i n  such a f a sh ion  

C a r e f u l  s tudy  and c o n s i d e r a t i o n  of t h e  problems f o r  s e v e r a l  y e a r s  has  l e d  
LO t h e  conc lus ion  t h a t  f o r  medical s t u d e n t s  t h e  most e f f e c t i v e ,  a p p r o p r i a t e  and 
: f f i c i e n t  ex tens ion  of Brookhaven t o  undergraduate  medica l  educa t ion  would be 
lccomplished by Civin6: a h igh ly  modi f ied  ve r s ion  of a bledical School c o u r s e  a t  
jrookhaven. 
l uc t ion  t o  t h e  broad problems of nuc lea r  medicine from p u b l i c  h e a l t h  t o  p a t i e n t  
: a r e ,  frum nuc lea r  phys ics  t o  d i s e a s e  pro[:nosis. I f ,  however, such a c o u r s e  
re re  g iven  by Brookhaven S t a f f  a lone  i t  would d i v e r t  BNL phys ic i ans  from t h e i r  
3 a s i C  research .  The re fo re ,  t h e  course  should  be Eiven by a Facu l ty  assembled 
from Medical School F a c u l t i e s ,  by men s k i l l e d  i n  conduct ing  t e a c h i n e  of  medica l  

The Facu l ty  i n  

Dy t h i s  means can  t h e  s t u d e n t  be Given a s u i t a b l e  and proper i n t r o -  

:udents  and by men i n t e r e s t e d  i n  t h e  f i e l d  of a tomic  energy. 
Irn w i l l  bc Resuarch C o l l a b o r a t o r s  i n  t h e  Medical Department p a r t i c i p a t i n g  with 
.(L s c i e n t i s t s  i n  r e s e a r c h  as do a l l  o t h e r  Research C o l l a b o r a t o r s  i n  t h e  Department 
icreby d i v e r s i o n  i s  prevented  and an a c t u a l  re inforcement  of  program i s  a t t a i n e d .  
.nce the  cour se  w i l l  be a r e s p o n s i b i l i t y  of Facu l ty  and i t  i s  the  d e c i s i o n  of 
le School t o  g r a n t  c r e d i t  f o r  t he  same, i t  i s  i n  e x a c t l y  t h e  same r e l a t i o n s h i p  
) Brookhaven t h a t  t h e  Ph.D. s tuden t  i s  when he i s  doing h i s  t h e s i s  r e s e a r c h  a t  
:ookhaven. By c o n t r o l  of cour se  c o n t e n t ,  i t  can be assu red  t h a t  proper experience 
:e &iven  ranging  from l a b o r a t o r y  manipula t ions  o f  r a d i o i s o t o p e s  t o ' w n s t e  d i s p O s Q 1 ,  
) t  laundry and pe r sona l  p h y s i c a l  examinations.  By encourac ing  use of Brookhaven 
: d i c a l  Department pe r sonne l  i n  l e c t u r e s  bu t  l i m i t i n g  l e c t u r e s  by any g iven  
id iv idua l  t o  two, t h e  main r e l i a n c e  cannot  be p l aced  on BNL S t a f f  y e t  t h e i r  
t c tu re s  w i l l  Give t h e  r e a l  impact t o  t h e  course.  U t i l i z a t i o n  of wards by the  
i c u l t y  f o r  s t u d e n t  rounds inc lud ing  whole body c o u n t e r  usage w i l l  be wholesome 
it a l l .  F o r t i c i p a t i o n  should be by a l lo tmen t  t o  Medical Schools  on some b a s i s  
i i c h  w i l l  be e s t a b l i s h e d  and which w i l l  be r o t a t e d  i n  a manner t o  provide  v a r i o u s  
zd ica l  s choo l s  w i th  a chance t o  p a r t i c i p a t e .  Obviously some exper ience  must be 
l t a i n e d  t o  determine in s t rumen ta t ion  needs,  dep th  of cour se  and hours  r equ i r ed  Of 
i e  Faculty.  

I t  i s  clear t h a t  no f i r m  commitment should  be made i n  r e g a t d  t o  any new 
3 r i a n t  of t h e  summer s tuden t  program wi thout  expe r i ence  t h a t  would i n d i c a t e  t h e  
s lue  of t he  new approach. I t  i s  equa l ly  c l e a r  t h a t  such  an  experiment cannot  
D c a r r i e d  o u t  j o i n t l y  w i t h  8 5  medical s choo l s  bu t  t h a t  t h e  b e s t  exper imenta l  
pproacli i s  t o  f i n d  one mcdical s choo l  which i s  favorab le  t o  the  i d e a  and then t o  
Kplore i t  f o r  one yea r  a f t e r  which conc lus ions  may be drawn and a cour se  f o r  
J r t h e r  a c t i o n  p l o t t e d .  
f anyth ing  were t o  be accomplished du r ing  t h e  summer of  1959, i t  m u s t  be done 
i t h  a s i n g l e  medica l  s choo l  ready and w i l l i n g  t o  p a r t i c i p a t e  i n  such  an education1 
xperiment. 
exas ,  du r ing  t h e  Conclave i n d i c a t e d  a w i l l i n g n e s s  t o  c a r r y  on t h e  necessa ry  
xper imenta l  s tudy .  On February 4 ,  1959 i n  Galves ton ,  Texas,  t h i s  ma t t e r  was 
u r t h e r  explored  w i t h  Dean Truslow and members of h i s  Facu l ty .  On March 2, 1959, 
r. Robert Cooley, P r o f e s s o r  and Chairman of t h e  Department cf Radiology, v i s i t e d  
rcokhavcn f o r  a d d i t i o n a l  conve r sa t ions .  The d i s c u s s i o n  was mcst e n t h u s i a s t i c a l l y  
ece ived  by t h e  Texas  Medical Facul ty .  k t h r e e  m a  c u r r i c u l a  committee from Texas 
i a i t e d  Brookhaven March 30 th  and 31s t  t o  e s t ? . b l i s h  j o i n t l y  wi th  Brookhaven Medical 
epattment members cur r icu lum con ten t .  BrookhQvenws f a c i l i t i e s  m u s t  be proper ly  
sed and t h e  hi,h q u a l i t y  of  a l l  Brookhaven's a c t i v i t i e s  m u s t  be maintained. A 
r e l i m i n a t y  s t u d e n t  s e l e c t i o n  has been mode. 
nd t h r e e  f a c u l t y  members w i l l  be chosen f o r  t h e  f i r s t  joint-BNL-Medical School 
c u r s e  i n  P r i n c i p l e s  o f  Nuclear Medicine t o  run  June 28 t o  J u l y  31, 1959 a t  
'rookhavcn. 

The many d e t a i l s  r e q u i r i n g  aereement made i t  c l e a r  t h a t  

Conver s t ions  he ld  w i t h  Dr. John Truslow, Dean of  t h e  U n i v e r s i t y  of 

B ich t  s t u d e n t s  heve been chosen 

- (See c o n t i n u a t i o n  s h e e t )  
1 3 ~ ~  6000-28 
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4 ,  occupa t iona l  Medicine C l i n i c  
l c r s o n s  j n  CharCc: R. LGVC and C1. Hagaman 

P r o j e c t  T i t l e :  S p e c i a l  P r o j e c t s  - 6120-9 (Cont 'd )  
- .-. . - -. -. - 

The l a r c e s t  Laboratory-supported a c t i v i t y  of t h e  Medical Department i s  t h e  
T h i s  o r g a n i z a t i o n  p rov ides  t o  t h e  Labcra tory  as a Occupat iona l  Medicine C l i n i c .  

whole t h e  necessary  i n d u s t r i a l  medica l  s e r v i c e s  f o r  proper  ope ra t ion .  
of t h e  c l i n i c  has  r i s e n  s t e a d i l y  w i t h  each  year  o f  the Labora tory ' s  ope ra t ion  and 
the  u l t i m a t e  size of  t h e  o p e r a t i o n  cannot ye t  be de te rmined .  The t o t a l  number 
of v i s i t s  t o  t h e  occupa t iona l  medicine c l i n i c  d u r i n g  F i s c a l  1958 was 10,692. 
S i m i l a r l y ,  t h e  t o t a l  number G f  x-ray examinat icns  i n c r e a s e d  from 1,780 t G  2,005. 
Man-years and c b s t s  a r e  no t  inc luded  above, bu t  a r e  p a r t  of t h e  Genera l  and 
Admin i s t r a t ive  c o s t s  of t h e  Labdra tc ry  and a r e  d i s t r i b u t e d  as I n d i r e c t  Expense. 

The work 

___-_I ._- __ 
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, Pro-iect  T i t l e :  Cancer Research - 6310 
117. Opera t ing  Cos ts  ( i n  thousands of Es t imated  Es t imated  E s t  h a t  ed 

1959 1960 1961 d o l l a r s )  

27 3 406 477 
6 1  100 112 

Labor ( i n t l u d i n g  b e n e f i t s )  
M a t e r i a l s ,  T rave l ,  e tc .  ~ ~ 

Development Subcon t rac t s ,  S p e c i a l  Proc. 7 6 6 
T o t a l  D i r e c t  341 512 595 
Spec ia l  Power -0- -4- -Q- 
Reactor and/or Acce le ra to r  Usage 20 34 35 

-- 

Technica l  S e r v i c e s  (from BNL Se rv ice  Un i t s )  40 54 62 
General & Admin i s t r a t ive  Overhead 17 9 250 258 

T o t a l  580 850 9 50 

.8. P l a n t  & Zquipmerit D i r e c t l y  Required 
(Shown he re  f o r  informat ion  o n l y )  

Es t imated  Es t imated  9s t ima tcd  
195 9 1960 1961 

:A) Cons t ruc t ion  

(e) Zquipment ( i n  thousantis of d o l l a r s )  60 80 65 

19. D i r e c t  hian Power 

40. of  &an Years 

Estimated 
1959 

S c i e n t i s t s ,  Research Assoc ia t e s  9.5 

V i s i t i n g  S c i e n t i s t s  2.0 

S c i e n t i s t s  - T o t a l  
Technical 
Adminis t ra t ive  8a Serv ice  

To ta l  

11.5 
27.5 

4.0 

43.0 

Estimated E s t  h a t e d  
1960 1961 

1300 15.0 

2.0 2.0 

15.U 17.0 
36.0 44.5 

5.5 6.0 
56.5 67.5 

I .- - 
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PROPOSAL AND AWORIZATION 
FOR RESEARCH OR DEVELOPMENT 

1. P r o j e c t  T i t l e :  2. Date: 

ReDor ts 

P. Y. 1959 P .  Y. 1960 F. Y. 1961 

Cost ( i n  thousands o f  d o l l a r s )  395 5 60 630 

Di rec t  Man-Years 

S c i e n t i f i c  9. a 12.5 14.0 

3. Budget A c t i v i t y  4. Budget Item 5. Cont rac to r ’ s  
NO: 6310-1 No : I No: 

Othe r s  

I , 

6. Method and Time o f  Repor t in [  
P rogres s :  Liuarterly & Specia l  

Tot a1 

Brookhaven Na t iona l  Labora tory  Upton, New York 

19.6 
28.8 
- 

AT-30-2&3N-lt 

2 5 . 2  
37.7 
- 

10. Persons  i n  Charge: L .  E. P a r r  
J. S. Robertson, E. E. S t i c k l e y  

31.5 
45.5 
- 

11. S t a r t i n g  Date:  

Cont inuing  

I Background, S t a t u s  and Pu tu re  P lans :  

Neutron Capture Therapy (neu t ron  d i s t r i b u t i o n  i n  t i s s u e ,  pharmacology of 
t a r g e t  e l emen t s ,  t e s t  o f  tumor d e s t r u c t i o n ,  medica l  r e a c t o r  technology, t r i a l  
therapy  and c l i n i c a l  e v a l u a t i o n ,  complementary s t u d i e s  w i t h  a c c e l e r a t o r s ) .  I n  
t h i s  r e s e a r c h  e f f o r t  s i g n i f i c a n t  p r o g r e s s  has  been made i n  t r i a l  therapy  of 
tumors of  t h e  c e n t r a l  nervous system. 
a spec t s  of  pharmacology, as a s c i e n t i f i c  d i s c i p l i n e  have emerged a s  w e l l  a s  
s p e c i f i c  p r o j e c t s ,  such a s  p a r t i c u l a r l y  t h e  tox ico logy  of  boron. With t h e  
new medical r e a c t o r ,  s t u d i e s  w i l l  be markedly extended on t h e  c l i n i c a l  evnlua- 
t i o n  of neu t ron  c a p t u r e  therapy  f o r  t h e  c o n t r o l  of  i n t r a c r a n i a l  neoplasms. 
Already e x p l o r a t i o n s  have been done looking  toward t h e  use  of  t h i s  procedure  
i n  c o n t r o l  of n e o p l a s i a  i n  o t h e r  r eg ions  of  t h e  body,  an advance made p o s s i b l e  
only  by t h e  new r e a c t o r .  S t u d i e s  o f  t h e  e f f e c t s  of  nau t rons  both  thermal and 
epithermal on t h e  c e n t r a l  nervous system and o t h e r  s y s t e m s  of  t h e  body w i l l  be 
cont inuing .  Complementary s t u d i e s  of  t i s s u e  r a d i a t i o n  by p a r t i c l e s  d e r i v e d  
from a c c e l e r a t o r s  w i l l  be cont inued  i n  expe r imen ta l  animals.  

I n  t h e  cour se  o f  t h e s e  s t u d i e s  new 

( a )  Neutron Capture Thercpy of Gl ioblas toma Multiforme 
L. E. F a r r ,  Y. L. Yamamoto, 0. D. Eas t e rday ,  E. B. S t i c k l e y  
J. S. Robertson, S. W. L ipp inco t t  

Neutron c a p t u r e  the rapy  i s  an exper imenta l  r a d i a t i o n  t r ea tmen t  which uses  
e n e r g e t i c  heavy p a r t i c l e s  c r e a t e d  i n s i d e  t h e  d i s e a s e d  s t a t e ,  I t  is based on 
l o c a l i z i n g  a s u i t a b l e  t a r g e t ,  non-rad ioac t ive  boron-10, i n  the  in t ended  s i t e  of 
t rea tment  and then  d i r e c t i n g  a s t ream of slow neu t rons  through t h a t  r eg ion ,  I n  
the  cnse  o f  b r a i n  tumors,  t h e  phenomenon o f  t h e  blood-brain b a r r i e r ,  by r e t a r d -  
ing  the  appearance of boron i n  normal b r a i n  t i s s u e ,  enhances t h e  s e l e c t i v e  

, k i n e t i c s ,  o r  f a v o r a b l e  c o n c e n t r a t i o n  r a t i o  s i n c e  t h e  b a r r i e r  does  no t  e x i s t  i n  
t h e  tumor, For b e s t  e f f e c t s  t h c  t a r g e ,  element is so chosen t h n t  t h e  decoy of 
the  e x c i t e d  i s o t o p e  i s  immediate and r e s u l t s  i n  e n e r g e t i c  heavy p a r t i c l e s ,  

The a p p l i c a t i o n  o f  thermal  neu t ron  c a p t u r e  r e a c t i o n s  t o  therapy  o f  malignan 
tumors remains very a t t r a c t i v e ,  Baron-10 a s  a c a p t u r e  element appears  s a t i s -  
f a c t o r y  f o r  t r i a l s .  The procedure i s  s t i l l  compl ica ted ,  and va r ious  n l t e r n a t i v  
rrinncuvers m u s t  be t r i e d  t o  de te rmine  which is most e f f i c a c i o u s .  

I 
1 
I 
I ’ 
1 

I n t r a - a r t e r i a l  i n j e c t i o n s  through t h e  i p a e l q t e r a l  i n t e r n a l  c a r o t i d  a r t e r y  
were used. Sodium pen tabora t e  was used and a dose  of  35 mg/kg seemed a s  
e f f e c t i v e  a s  50 mg/kg used previous ly .  When t h e  r e a c t o r  l oad ing  was changed 
from n a t u r a l  t o  enr iched  uranium, t h e  troublesome s k i n  l e s i o n  problem p rev ious -  
l y  e l imina ted  r e tu rned  a l though t h e  f l u x  remained t h e  same. The f i r s t  p a t i e n t  
e x p l o r a t i o n  i n  t h e  Medical Reseerch Reac tor  has  occur red ,  but i t  i s  too  e a r l y  
t o  g ive  any r e s u l t s .  Complete p a t h o l o g i c a l  s t u d i e s  w i l l  be done, and u n t i l  

(See Con t inua t ion  S h e e t )  
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Neutron Capture Therapy of Gl ioblas toma Multiforme (Continued) 

these a r e  completed, d e f i n i t e  conclus ions  cannot  be made. These procedures  w i l l  be 
zontinued dur ing  t h e  coming year  t o  o b t a i n  a comparative t e s t  o f  t h e  Idedical 
Srsearch  Reactor.  

(b) Neutron Capture Therapy E f f e c t i v e n e s s  and T i s sue  E f f e c t s  of  Thermal 
Neutron Exposures. 
L.  E. F a r r ,  Y. L. Yamamoto, S.  W. Lipp inco t t  

Extens ive  h i s t o l o g i c a l  s t u d i e s  a r e  r e q u i r e d  i n  t h e  e x p l o r a t i o n  o f  t h i s  new 
t h e r a p e u t i c  modal i ty  f o r  not o n l y  must t he  e f f i c a c y  of c o n t r o l  of t h e  tumor be 
e s t a b l i s h e d ,  but t h e  harmlessness  o f  t he  procedure  i n  r e l a t i o n  t o  a l l  o t h e r  c e n t r a l  
nervous system s t r u c t u r c s  must be unequivoca l ly  demonstrated.  P h y s i o l o g i c a l  end 
c l i n i c a l  s t u d i e s  w i l l  u l t i m a t e l y  f i n d  t h e i r  suppor t  i n  c a r e f u l  h i s t o l o g i c a l  docu- 
mentation. Br tans ive  methodology development i s  s imul taneous ly  r equ i r ed .  For f u l l  
eva lua t ion  i t  i s  necessa ry  t o  know both the  a l t e r z t i o n s  which may be encountered 
i n  c e n t r a l  nervous system s t r u c t u r e s  of  so c a l l e d  normal man and t h e  e f f e c t s  cf a 
tumor on a l l  o t h e r  s t r u c t u r e s  of t h e  b r a i n  a s  we l l  a s  f o r  comparison o f  t h e  e f f c c t s  
of o t h e r  t h e r a p e u t i c  procedures  which a r e  used. 

During t h e  p a s t  year  19 b r a i n s  hnve been embedded i n  c e l l o i d i n  and s e c t i o n e d  
by t he  g u i l l o t i n e  technique  a t  l e v e l s  of about 1 cm. .my p c s s i b l e  e f f e c t  of t h e  
neutron c a p t u r e  procedure i n  e i t h e r  t h e  neoplasm o r  t h e  remainder o f  t h e  non- 
involved  b r a i n s  can  thus  be s t u d i e d  by t h e  con jo in t ed  e f f o r t s  of t h e  neuroanatom- 
is ts  snd p a t h o l o g i s t s  p a r t i c i p a t i n g  i n  t h i s  s tudy .  I n  g e n e r a l ,  i t  i s  f e l t  t h a t  
t h e  procedure h a s  not  damaged t h e  normal t i s s u e s ,  whereas v a r i o u s  a l t e r a t i o n s  n t  
t h e  c e l l u l a r  l e v e l  i nc lud ing  t h e  v a s c u l a t u r e ,  a s  w e l l  a s  n e o p l a s t i c  c e l l s ,  have 
occurred  wi th in  some i r r a d i a t e d  tumors a s  compared t o  c o n t r o l  (comparative) neo- 
plasms not t r e a t e d  i n  t h i s  manner. 
i n g s  a r e  now under c o n s i d e r a t i o n  wi th  p a r t i c u l a r  r e f e r e n c e  t o  t h e  n a t u r a l  h i s t o r y  
of t h e  d i sease .  

The e v a l u a t i o n  and s i g n i f i c a n c e  o f  t h e s e  f ind-  

( c )  Neutron Capture  Therapy Procedures  i n  Con t ro l  o f  Tumor 
L. E. Far r  

A tumor induced through t h e  use  of  methyl cho lan th rene  i n  t h e  b r a i n  Of t he  
mouse i s  t r a n s p l e n t a b l e  and i s  h igh ly  invas ive .  
a t  BNL as a t e s t  tumor i n  t h e  s tudy  of mcineuvcrs f o r  neu t ron  cap tu re  therapy  and 
t h e  e v a l u a t i o n  of c e r t a i n  concepts  i n  t h i s  t h e r a p e u t i c  procedure.  

For seven y e a r s  i t  has  been used 

During t h e  p a s t  yea r  t h i s  t r a n s p l a n t a b l e  tumor h a s  been used bo th  a s  an 
i n t r a c e r e b r a 4  t r a n s p l a n t  and as cn in t ra -muscular  t r a n s p l a n t .  
neutron expss'ure has  been explored w i t h  v a r i a t i o n s  i n  (1) t ime sf exposure a f t e r  
boron i n j e c t i o n ,  ( 2 )  t c t a l  neut ron  exposure,  ( 3 )  t o t o 1  dose  of boron. T h i s  is i n  
an a t tempt  t o  determine t h e  parameters  which may be expec ted  t o  be r e q u i r e d  fcr  
s u c c e s s f u l  conclus ion  of p a t i e n t  therapy .  E f f e c t i v e n e s s  does  n o t  p a r a l l e l  tumor- 
b r a i n  r a t i o .  
30 minutes p o s t - i n j e c t i o n .  
throughout t h e  tumar f o r  a cure .  
50 mg/kg gave a 100% cure .  

E f f e c t i v e n e s s  sf 

k tumor boron Concent ra t ion  is most e f f c c t i v e  i n  t h e  p e r i o d  of 20 t o  
To ta l  neu t ron  exposore ,  10" p e r  cm2 i s  r e q u i r e d  

F. boron dose o f  25 mghg  gave a 96% c u r e  and 

Thus, success  has  begun t o  appear.  These f i n d i n g s  sugges t  a p o s s i b i l i t y  
of achiev ing  c o n t r o l  w i th  a sma l l e r  boron dose and of t h e  same o r d e r  a s  p r e s e n t l y  
being g iven  t o  p a t i e n t s .  These s t u d i e s  w i l l  con t inue  du r ing  t h e  coming year .  

(d) bledical Research Reac tor  S t u d i e s .  
E. E. S t i c k l e y ,  S .  Fine 

Cons t ruc t ion  of t h e  Medical Research Reactor h a s  been completed and i t  has  
been brought i n t o  ope ra t ion  wi th  t h e  e x t e n s i v e  he lp  and coctperation of t h e  BNL 
Nuclear Engineering and Reactor Opera t ions  Departments. The e a r l i e s t  phase Of i t s  
use has  inc luded  measurement o f  t h c  emergent neut ron  f l u x  and t h e  c h a r a c t e r i z a t i o n  
of t h e  s e v e r a l  r a d i a t i o n  components p r e s e n t  a t  t h e  v a r i o u s  t r ea tmen t  a reas .  There 
has a l s o  been con t inu ing  development of dev ices  and a c c e s s o r i e s  s p e c i f i c a l l y  
adapted  t o  t r ea tmen t  of p a t i e n t s  and t h e  p a r a l l e l  s t u d i e s  w i t h  sma l l  animals.  

A s  of A p r i l ,  c a l i b r a t i o n  t e s t s  were begun and on May 15  t h e  f i r s t  p a t i e n t  
e x p l o r a t i o n  w a s  made. F u l l  e x p l o i t a t i o n  o f  t h e  new and unique  c a p a b i l i t i e s  of t h e  
Medical Research Reactor w i l l  be undertaken. The work of f i r s t  importance w i l l  be 
e s t ab l i shmen t  of procedures  and equipment t o  be used i n  t h e  nex t  s e r i e s  of  neut ron  

(See Cont inua t ion  Shee t )  
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led ica l  Research Reactor S tud ie s .  (Continued) 

a p t u r e  therapy exper iments .  Dos imet r ic  a n a l y s i s  o f  t i s s u e - e q u i v a l e n t  phantoms 
rill be c a r r i e d  ou t  us ing  t echn iques  of f o i l  a c t i v a t i o n ,  i o n i z a t i o n  chambers, and 
I ther  d e t e c t o r s  s u i t a b l e  f o r  p a r t i c u l a r  s i t u a t i o n s .  Apparatus f o r  producing and 
ixp lor ing  the  d i a g n o s t i c  and t h e r a p e u t i c  p o s s i b i l i t i e s  of very  s h o r t - l i v e d  rad io-  
i c t i v i t i e s  w i l l  be developed and improved. These w i l l  be used w i t h i n  t h e  same 
m t i e n t  and animal t rea tment  rooms, ho ld ing  d e l i v e r y  and a p p l i c a t i o n  t imes t o  a 
unimum. The t h i r d  major u se  of the  bIRR i s  i n  a c t i v a t i o n  a n a l y s i s ;  he re  i t  w i l l  
become p o s s i b l e  t o  emphasize even f u r t h e r  t h e  advantages  of s h o r t - l i v e d  radio- 
i c t i v i t i e s  by s e t t i n g  up the  handl ing  and ana lyz ing  equipment a t  t h e  f a c e  of  t h e  
reac tor .  The broad beam c e l l  b u i l t  t o  provide  whole-body r a d i a t i o n  f o r  smal l  
inimals is t o  be app l i ed  i n  s t u d i e s  of t h e  hazards  and gene ra l  e f f e c t s  of  t h e  
i eve ra l  c o n s t i t u e n t s  of  r e a c t o r - o r i g i n a t e d  and reac tor -media ted  r a d i a t i o n  complexes 

( e )  Genera l  Rad ia t ion  E f f e c t s  of  Acce le ra to r  Generated Neutrons 
J. L.  Bateman and H .  A .  Johnson 

Acce le ra to r  neut ron  s t u d i e s  have progressed  through a f u l l - s c a l e  p i l o t  run 
i s ing  the  3 Mev V a n  de Graaf f  machine i n  t h e  Phys ics  Department. 
~ x p e r i m e n t a l  approach d i r e c t e d  toward r e so lv ing  t h e  q u e s t i o n  o f  t h e  comparative 
i i o l o g i c a l  d e s t r u c t i o n  caused by neu t rons  throughout t h e  complete energy range. 
ihese s t u d i t s  c o r r e l a t e  t h e  r e s u l t s  ob ta ined  from r e a c t o r  neu t rons ,  bo th  i n  the  
: i s s i o n  spectrum and i n  t he  the rma l i zcd  energy range, w i t h  those  ob ta ined  from 
;ulc-cted n c c c l e r a t o r  t a r g e t  r e a c t i o n s ,  c o n t r i b u t i n g  d e f i n i t c  b i o l o g i c a l  in format io i  
)f c r i t i c a l  va lue  a s  t o  the  i n f l u e n c e  of  neu t rons  i n  t h i s  p rev ious ly  unexplored 
:nergy r eg ion  of presumed g r e a t e s t  hazard .  2xposure ho lde r s  f o r  mice have been 
nadc t o  provide  r a d i a t i o n  i n  t h e  f r ac t iona l -megavo l t  energy  range; t h e  exper iments  
included s t r e s s e d  and u n s t r e s s e d  c o n t r o l  popu la t ions  a s  w e l l  a s  equ ivn len t  s tandarc  
c-ray exposures.  B i o l o g i c a l  end-poin ts  were sp l een ,  thymus, t e s t i s ,  and whole- 
iody weights ,  wi th  a d d i t i o n a l  s t u d i e s  on c e l l  damage i n  the  g e n e t i c  m a t e r i a l .  

T h i s  i s  a unique 

~, 

These s t u d i e s  a r e  t o  be expanded du r ing  t h e  next  year .  

(f) Toxic i ty  and Pharmacology of  Ta rge t  Zlements and Compounds 
0. D. Eas te rday  

The t o x i c i t y  and pharmacology of t h e  t a r g e t  e lements  and t h e i r  pa ren t  com- 
pounds which a r e  employed i n  t h e  neu t ron  cap tu re  therapy  r e sea rch  have assumed an 
important p o s i t i o n  r e l a t i v e  t o  t h e  exper in ien ta l  i n v c s t i g a t i o n s  of t h i s  t h e r a p e u t i c  
procedure. The o b j e c t i v e  of t h e  t o x i c o l o g i c a l  and pharmacological i n v e s t i g a t i o n s  
is t o  s tudy  and eva lua te  new e lcments  and compounds c o n t a i n i n g  t h e s e  e lements  
employing t h e  techniques  and p r i n c i p l e s  of t h i s  s c i c n t i f i c  d i s c i p l i n e  f o r  p o s s i b l e  
use i n  the  neut ron  c a p t u r e  therapy  program. These s t u d i e s  a r e  r equ i r ed  f o r  s eve r& 
reasons :  
cap ture  the rapy ,  (2) t o  de te rmine  t h e  degree  of s a f e t y  a s s o c i a t e d  wi th  t h e  new 
m a t e r i a l ,  ( 3 )  t o  de te rmine  i t s  gene ra l  pharmacology 2nd ( 4 )  t o  u t i l i z e  pharnia- 
c o l o g i c z l  mechanism and p r i n c i p l e s  t o  man ipu l i t e  or d i r e c t  t h e  m a t c r i a l  t o  t h e  
rlesircd locus .  

(1) t o  de te rmine  i f  t h e  element o r  compound has  p o s s i b i l i t y  f o r  neutron 

Severa l  of t h e  accomplishments t h a t  may be c i t e d  a re :  t h e  pharmacology and 
t o x i c i t y  of a new compound, sodium pen tabora t e  decahydra t e ,  have been cont inued .  
The i n v e s t i g a t i o n s  o f  sodium pen tabora t e  decahydra te  have p rogres sed  t o  t h e  p o i n t  
where expanded s t u d i e s  concerned wi th  e v a l u a t i n g  i t s  e f f e c t i v e n e s s  i n  tumor-bearin 
animals and i n  p a t i e n t s  having i n t r a c r a n i a l  neoplasms are c u r r e n t l y  i n  progress .  
Complexing agen t s  o t h e r  than  d-glucose have been i n v e s t i g a t e d  nnd t h e  datr .  a r e  
c u r r e n t l y  being eva lua ted ,  n new s e r i e s  of compounds c o n t a i n i n g  t h e  tn rget  element 
l i t h i u m  and boron, Ere being s t u d i e d  t o x i c o l o g i c a l l y .  Add i t iona l  i nd t rumen ta t iona  
developments were made on the  remotely c o n t r o l l e d  i n j e c t i o n  equipment used to  
admin i s t e r  t he  neut ron  c a p t u r e  agent  t o  t h e  p a t i e n t s .  

The o b j e c t i v e s  f o r  t h e  next  f i s c a l  y e a r ( s )  w i l l  be as fo l lows :  t o  con t inue  
t h e  t o x i c o l o g i c a l  and pharmacological e v a l u a t i o n  of  t h e  l i thirim-boron-containing 
compounds. Fur ther  i n s t r u m e n t a t i o n a l  developments on the  i n j e c t i o n  equipment w i l l  
be made as  t h e s e  a r e  demanded by the  employment of t h e  medical r e sea rch  r e a c t o r  i n  
neut ron  c a p t u r e  therapy. New s t u d i e s  a r e  plcnned which w i l l  be concerned w i t h  
i n v e s t i g a t i n g  t h e  spec t roscopy of t h e  p r e s e n t l y  employed d rugs  and t h e i r  complexee 
To commence p h y s i c a l ,  chemical,  t o x i c o l o g i c a l  and pharmacological s t u d i e s  on a new 
s e r i e s  of o rgan ic  compounds con ta in ing  the  t a r g e t  element boron. 

(See Con t inua t ion  Shee t )  
__ __---.-- 
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P r o j e c t  T i t l e :  i k u t r o n  Capture Therapy (Continued) 

( g )  S o l u b i l i t y  of Organo-Boron Compounds 
J.  S .  Robertson 

I n  t h e  e x p l o r a t i o n  of t h e  use of various boron compounds f o r  neu t ron  c a p t u r e  
i e r apy ,  i t  i s  h ighly  d e s i r a b l e  t o  know t h e  op t ima l  r a t i o  o f  t h e  c o n c e n t r a t i o n s  Of 
ie boron compounds and o t h e r  subs t ances  i n  t h e  s o l u t i o n  t o  be i n j e c t e d .  Phase 
ystem s t u d i e s  of  t h e  Na-borate-glucose-water system were conducted i n  t h e  lower 
3ncen t r a t ion  reg ion  (up t o  10 grams each  of Na-bor?.te and g lucose  i n  100 m l  of 
n t e r ) .  I n v e s t i g a t i o n  of t h e  phase system f o r  h ighe r  c o n c e n t r c t i o n s  of t h e  Na- 
) r a t e s  and of o the r  organo-boron compounds i s  proposed. 
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3ackground, S t a t u s  and Future  P l a n s :  

There i s  ev idence  t h a t  t h e  u r i n a r y  l e v e l s  of m e t a b o l i t e s  of  c e r t a i n  v i tamins  
nay vary  i n  s e v e r a l  n e o p l a s t i c  d i s e a s e s .  
: u r t h e r ,  i t  has  been sugges ted  t h a t  c e r t a i n  o f  t h e s e  me tabo l i t e s  posscs s  carc ino-  
:enic a c t i v i t y .  
idvanced by t h e  s y n t h e s i s  of H3 and C14 l a b e l e d  i n t e r m e d i a t e s  so t h a t  t h e  metaboli: 
If t ryp tophan  could  be b e t t e r  unders tood ,  i n  h e a l t h  2nd d i s e a s e  and t h e  p o s s i b l e  
sa rc inogenic  a c t i v i t y  of t h e  compounds t e s t e d  i n  an imal  experiments.  Also,  t he  
> r i g i n  and n a t u r e  of  compounds found i n  t h e  u r i n e  of p e t i e n t s  w i t h  c e r t a i n  d i sease5  
sould be s t u d i e d  b e t t e r  i f  l abe led  compounds were a v a i l a b l e ,  s p e c i f i c a l l y ,  t h e  
I en tose  sugar  found i n  pen tosu r i a .  

The m e t a b o l i t e s  of t ryp tophan  a r e  example 

The s t u d y  of t h e  metabolism of t ryptophan  t o  n i a c i n  would be  

(a) Metabolism of  Tryptophan 
L .  V. Hankes 

A metabol ic  d e r i v a t i v e  of t ryp tophan  i s  a v i t a m i n ,  n i a c i n ,  whi le  o t h e r  
me tabo l i t e s  a r e  thought  t o  be carc inogens .  The s tudy  of t ryp tophan  metabolism 
r e q u i r e s  the  s y n t h e s i s  o f  t r i t i u m  o r  C14 l a b e l e d  i n t e r m e d i a t e s  o f  tryptophan-- 
n i a c i n  metabolism. Some of  these compounds have been syn thes i zed  w i t h  t h e  a i d  O f  

c o l l a b o r a t o r s  and t h e s e  inc lude :  
a n t h r a n i l i c  ac id- l -CI4 ,  carboxyl-C14-labeled-anthranilic a c i d ,  3-hydroxyanthranilic 
a ~ i d - l - C ~ ~ - l a b e l e d  3-hydroxyanthrani l ic  a c i d ,  and 5-hydroxyanthrani l ic  a ~ i d - 1 - C ~ ~ .  

kynurenine-4-C14, a m i n o a ~ e t o p h e n o n e - 2 - C ~ ~ ,  

During the  p r e s e n t  year  metabolism s t u d i e s  were conducted wi th  3-hydroxyan- 
t h r a n i l i c  acid-1-Cl4, carboxyl - labe led-3-hydroxyanthrani l ic  a c i d  and 5-hydroxyan- 
t h r a n i l i c  a ~ i d - 1 - C ~ ~ .  The q u a n t i t i e s  of t h e s e  compounds syn thes i zed  were very 
l i m i t e d ,  and i n  q u a n t i t i e s  on ly  l a r g e  enough f o r  animal s t u d i e s .  Techniques were 
developed f o r  l a b e l i n g  t ryptophan  and kynurenine w i t h  t r i t i u m  i n  l a r g e  q u a n t i t i e s  
f o r  use i n  human n e o p l a s t i c  d i s e a s e  s t u d i e s .  
was s t a r t e d  and t h i s  m a t e r i a l  w i l l  be used i n  p a t i e n t  s t u d i e s .  
para-aminobenzoic acid-l-C14 was concluded an& p l a n s  made for  t h e  s tudy  of i t s  
metabolism. S tud ie s  were cont inued  on t h e  mechanism of conve r t ing  3-hydroxy- 
a n t h r c n i l i c  a c i d  i n t o  t h e  v i tamin ,  n i ac in .  I n  t h e  p rocess  of t h e s e  r a t  metabolism 
s t u d i e s  i t  was d i scove red  t h a t  t h c  number one carbon of 3-hydroxyanthrani l ic  a c i d  
becomes t h c  numbcr two carbon o f  a c e t a t e .  Th i s  i s  a p rcv ious ly  unknown source of 
a c e t a t e  i n  the  body. 
r a p i d l y  and q u a n t i t a t i v e l y  exc re t ed  i n  ur ine .  

The s y n t h e s i s  of  t ryp tophan-5 -d4  
The s y n t h e s i s  of 

The C14 of  5 -hydroxyan th ran i l i c  a c i d - 1 4 1 4  was found t o  be 

A s  l a r g e r  q u a n t i t i e s  of these  m a t e r i a l s  becomes a v a i l a b l e ,  t h e  metabolism O f  

t h e s e  compounds w i l l  be s t u d i e d  i n  b r a i n  tumor p a t i e n t s  pre- and post-boron, 
neut ron  t rea tment .  

(See  Cont inua t ion  S h e e t )  I 
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P r o j e c t  T i t l e :  Vitamin and Amino Acid I.letabolism i n  Ncoplas ia  and Normal i ty(Cont 'd>  _- - ~ _ _ _ _ _ _ _ . _ ~ -  

(b )  S t u d i e s  of P e n t o s u r i a  
L .  V. Iiankes 

The n a t u r e  and source  of t h e  pen to  sugar  appear ing  i n  u r i n e  of p a t i e n t s  w i th  
pen tosu r i a  i s  unknown, 
adminis te red  t o  a p a t i e n t  w i t h  t h i s  d i s e a s e  and t h e  u r i n e  w i l l  be s t u d i e d  f o r  
me tabo l i t e s  f o r  the  admimiatered compound. 

C14 l a b e l e d - I - i n o s i t o l  p rovided  by a c o l l a b o r a t o r  w i l l  be 
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3ackground, S t a t u s  and Future  P l a n s :  

A s tudy  has  been under way t o  de te rmine  t h e  physico-chemical p r o p e r t i e s  o f  
the serum p r o t e i n s  i n  n e o p l a s t i c  d i s e a s e s .  P r i n c i p a l  approaches have inc luded  t h e  
following t o  s tudy  t h e  n a t u r e  of albumin and g l o b u l i n s :  
? l e c t r o p h o r e s i s ,  u l t r a - c e n t r i f u g a t i o n ,  i n f r a r e d  spec t roscopy ,  and p h y s i o l o g i c a l  
s t u d i e s  on t h e  r a t e  o f  d i sappearance  of t h e s e  p r o t e i n s  when l a b e l e d  w i t h  rad io-  
i so topes .  
j a t i o n  and/or s y n t h e s i s  of  t he  s p e c i f i c  p r o t e i n  t o  be  s t u d i e d .  
i s p e c t s  o f  t h i s  i n v c s t i g a t i o n  a r e  c u r r e n t l y  being pursued ,  

immunochemical procedures ,  

The l a t t e r  procedure makes i t  p o s s i b l e  t o  de te rmine  t h e  r a t e  of d e g r a  
The c l i n i c a l  

The o b j e c t i v e  of t h i s  r e sea rch  i s  t o  de te rmine  whether p a t i e n t s  w i t h  va r ious  
n e o p l a s t i c  d i s e a s e s  have t h e  same o r  d i f f e r e n t  r a t e s  of tu rnove r  f o r  normal 1131 
l a b e l e d  p r o t e i n s  and f o r  t hose  ob ta ined  from cancer  p a t i e n t s .  If i n  man a d i f f e r -  
cncc i n  turnover  r a t e  between normal p r o t e i n  and a p r o t e i n  prepared  from the  cancer  
p a t e i n t  could be d e t e c t e d ,  a l a b o r a t o r y  t c s t  might be des igned  t h a t  would be capabl  
o f  he lp ing  t h e  phys ic i an  t o  d e t e c t  t h e  i n d i v i d u a l  who has  cancer .  Since a t  p r e s e n t  
t h e r e  i s  no blood t e s t  which i s  capab le  of d e t e c t i n g  cancer  i n  t h e  e a r l y  s t a g e s ,  
such a t e s t  i f  i t  can  be deve loped ,  would be of immediate u s e f u l n e s s  i n  e s t a b l i s h i n  
t h e  d i a g n o s i s  of cancer.  

k t o t a l  o f  65 c a s e s  have been s t u d i e d  or  a r e  now i n  t h e  p rocess  o f  be ing  
s tud ied .  
normal s u b j e c t s  and from s e r a  of p a t i e n t s  w i t h  n e o p l a s t i c  diseases  h a s  been d e t o r -  
mined i n  p a t i e n t s  w i t h  carcinoma of t h e  b r e a s t  and i n  p a t i e n t s  wi th  m u l t i p l e  myelon 
In  the  l a t t e r  d i s e a s e  i t  has  been observed t h a t  t h e  tu rnove r  of g l o b u l i n s  i n  
p a t i e n t s  wi th  a b e t a  type  serum e l e c t r o p h o r e t i c  p a t t c r m  i s  much s lower  than  i n  
those  p a t i e n t s  w i th  a gamma type  peak. 
whether p a t i e n t s  wi th  b r e a s t  carcinoma i d e n t i f y  by tu rnove r  a d i f f e r e n c e  between 
gamma g l o b u l i n s  p repa red  from normal i n d i v i d u a l s  and t h a t  prepared  from p a t i e n t s  
wi th  carcinoma o f  t h e  b r e a s t ,  p r o s t a t e ,  o r  bowel and m u l t i p l e  myeloma. 
t h e  tu rnove r  f o r  t h e  g l o b u l i n s  from normal, b r e a s t ,  bowel, and p r o s t a t e  sou rces  
was slower than  from t h e  g l o b u l i n  from myeloma p a t i e n t s .  
a r e  t o  be extended t o  150 cases  t o  a s c e r t a i n  t h e  p o s s i b l e  chemical a p p l i c a t i o n s  Of 
t hese  observa t ions .  

The b i o l o g i c a l  h a l f - l i f e  of l a b e l e d  g l o b u l i n s  prepared  f rom s e r a  of 

The purpose  of t h i s  s tudy  was t o  de te rmine  

I n  g e n e r a l ,  

Thcse c l i n i c a l  s t u d i e s  

I t  is t o  be emphasized t h a t  t h e s e  p a t i e n t s  a r e  ex t remely  ill and thus  r e q u i r t  
ex t ens ive  nu r s ing  care .  
cance r ,  spontaneous bone f r a c t u r e s  occur red ,  and t h i s  t h e n  n e c e s s i t a t e s  s p e c i a l  
nurs ing  care .  
o f  normal i n d i v i d u a l s ,  t h e  l ack  of a d i s e a s e .  
l a b o r a t o r y  t e s t s .  
approximately t h r e e  months, a l though when m u l t i p l e  t u rnove r s  a r e  done, t h i s  time 
per iod  has  been extended t o  as long a s  f o u r t e e n  months. Thus i n  s t u d i e s  of t h i s  
t ype ,  t h e  amount of  h o s p i t a l  c a r e  2nd s e r v i c e  i s  ex tens ive .  

For example, i n  those p a t i e n t s  wi th  m e t a s t a t i c  b r e a s t  

Extreme c a r e  i s  t aken  i n  e s t a b l i s h i n g  t h e  d i a g n o s i s  o r  i n  t h c  c z s e  
These procedures  r e q u i r e  e x t e n s i v e  

The minimum l e n g t h  of  time t h a t  i t  t a k e s  t o  s tudy  one p a t i e n t  i: 
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-le : 
17. 0pc r r . t i ng  Costs ( i n  thousands of Es t imated  Bs t ima ted  E s t  imnted 

Medical Research - 6320 . .  

d o l l a r s  1 1959 1960 1961 

Labor ( i n c l u d i n g  b e n e f i t s )  
M a t e r i a l s ,  T rave l ,  e t c ,  
Development Subcon t rac t s ,  S p e c i a l  Proc. . 5  . . 3  4 

T o t a l  D i r e c t  234 301 388 

188 239 311 
41 59 73 

S p e c i a l  Power -0- -0- -0- 
Reactor and/or Acce le ra to r  Usage 1 4  20 23 
Techn ica l  Se rv ices  (from BNL Serv ice  Un i t s )  29 32 41 
Genera l  & Admin i s t r a t ive  Overhead 123  147 168 

T o t a l  400 500 620 

18. Plan t  & Equipment D i r e c t l y  Required 
(Shown he re  f o r  in fo rme t ion  on ly )  

a s t ima ted  Estimated 
1959 1960 

(A)  Cons t ruc t ion  

(e)  Equipment (In thousands  of d o l l a r s )  20 25 

2s t imatcd 
1961 

25 

19. D i r e c t  I.ian Power Es t imated  Estimated E s t  inio t ed 
1959 1960 1961 

No. of Lian Years 

S c i e n t i s t s ,  Research Assoc ia t e s  6.5 8.0 10.0 

V i s i t i n g  S c i e n t i s t s  1.0 1.0 1.0 

S c i e n t i s t s  - T o t a l  7.5 9;o 11.0 

Admin i s t r a t ive  & S e r v i c e  2 , s  3.5 3.5 
Technic a 1 19.5 22.5 29.5 

Tot a1 29.5 35.0 44 .O 
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2. Date: 

m y ,  1959 

0. Persons i n  Charge: 
L. K. Dahl, G .  C.  CotziEis 

F. Y. 1959 F.Y. 1960 F.Y. 1961 

!oat  ( i n  thousands of d o l l a r s )  360 450 550 

I i r e c t  Man-Years 

11. S t a r t i n g  Date: 
Cont inuing 

S c i e n t i f i c  
Others  

T o t a l  

!ackground, S t a t u s  and Fu tu re  P l a n s :  

6.1 7.4 9.0 

The pathways o f  d i s t r i b u t i o n ,  t h e  s i t e  of pr imary and secondary accumulation, 
.he f a c t o r s  a f f e c t i n g  p a r t i t i o n ,  and t h e  r e g u l a t i o n  of t o t a l  body con ten t  of metalE 
) a r t i c u l a r l y  t r a c e  me ta l s ,  i n  h e a l t h  and d i s e a s e  i s  t h e  concern of t h i s  s tudy .  
k e s e  d a t a  a r e  of t h e  g r e a t e s t  importance i n  t h e  deve lopnent  of d i a g n o s t i c  pro- 
:edures and unders tanding  of s i g n i f i c a n c e  of measures  des igned  t o  i n f l u e n c e  s p e c i f j  
i e t a l s  i n  t h e  body. Ebphasis  is p laced  on t h e  s h o r t  h a l f - l i f e  isokopee p e r m i t t i n g  
r e c i s e  p h y s i c a l  s t u d i e s .  Manganese and sodium have been chosen as t h e  b a s i c  
"eference  metals s i n c e  t h e i r  d i f f e r i n g  d i s t r i b u t i o n  i n  v a r i o u s  body systems and 
:ompounds. 

( a )  Maps of Metal Pathways wi th  Reference t o  C e n t r a l  Nervous System Diseases  
G. C. Co tz i a s ,  D. C. Borg, and A,  3 .  Bertinchamps 

Animal d a t a  show t h a t  t r a c e  metal d e f i c i e n c y ,  c h i e f l y  manganese, causes  
i t a x i a .  
syndrmes .  I n v e s t i g a t i o n s  inc lude :  

Hman d a t a  show t h a t  manganese poisoning  r e s u l t s  i n  Pa rk inson ian - l ike  

1. Analyses  of t i s s u e s  and t i s s u e  p a r t i c u l a t e s  f o r  t r a c e  metals and t h e i r  
w t i f i c i a l  i s o t o p e s .  Bra in  i s  a main t i s s u e  o f  s tudy .  

2. T o t a l  body r a d i o a c t i v i t y  s t u d i e s  of an imals  fo l lowing  i n t r o d u c t i o n  i n t o  t h e  
body of a r t i f i c i a l  r a d i o i s o t o p e s  of t r a c e  me ta l s .  

3. S t u d i e s  of b i l i a r y  e x c r e t i o n  of manganese me ta l s  i n  animals,  s i n c e  t h i s  1s 
t h e  main e x c r e t o r y  rou te .  

4. 
i n g  groups: 
a t a x i a .  

T o t a l  body and r e g i o n a l  t u rnove r  s t u d i e s  i n  humane divided i n t o  t h e  follow- 
Contro l ,  Pa rk inson ' s  d i s e a s e ,  Wi lson ' s  d i s e a s e  and F r i e d r e i c h ' s  

The following f i n d i n g s  have been noted :  

A. "he f a s t  blood d isappearance  of i n j e c t e d  manganese salts was c o r r e l a t e d  
w i t h  t r a n s c a p i l l a r y  movement and en t r aced  i n t o  t h e  mi tochondr ia .  

B. The manganese pathway through t h e  body w a s  found t o  be  s p e c i f i c  f o r  
manganese b u t  the i n f l u e n c e  of technet ium has n o t  been t e s t e d  as y e t .  
no t  confused wi th  manganese and v l ce -ve r sa .  

I r o n  I S  

C.  A porphyr in  con ta in ing  manganese, r a t h e r  t h a n  i r o n ,  w a s  d i scove red  i n  
humans and was demonstrated i n  o t h e r  mannnals a8 we l l .  
a s s o c i a t e d  with a l k a l i - r e s i s t a n t  hemoglobulin f r a c t i o n s . a n d  seems, t h e r e f o r e ,  

This prophyr in  seems 

(See Cont inua t ion  S h e e t )  - 
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Maps of Metal Pathways with Especial Reference t o  Trace 
Project T i t l e t  Metals and Central Nervous System Diseases (Continued) 

1 
t o  belong t o  the f e t a l  group of pigments. 

D. The excretion of manganese w a s  founcl t o  be b i l ia ry .  
i s  markedly d i f fe ren t  i n  normalcy vcrsus manganese-overloads. 
assay, this pattern shows tha t  many feeds a re  overloaded with manganese. 

The transport  mechanism for  manganese i n  human plasma involves a B 

The excretion pattern 
When used as a bio- 

E. 
globulin, most probably t ransferr in .  
manganese. 
regulates the release of manganese. 

Transferrin does not confuse i ron d t h  
An in te res t ing  polymerization of t ransfer r in  was discovered which 

F. Zinc was studied re la t ive  t o  A, B, C, and D. No zinc henoglobulin was 

G. 

found an yct ,  

Metabolic pat terns  giving the Impression of spec i f ic i ty  were encountered 
i n  the above patients.  
of thesc diseases, although precise interpretat ion of the findings i s  not possible 
a t  t h i s  time. 

Manganese seems t o  be involved with the c l i n i c a l  picture  

Ehphasis will be given t o  c l i n i c a l  studies as the above program i s  continued 

(b)  Relationship Between Sodium and Hypertension 
L. K. Dahl, W. Gordon, Jr., and L. S i lver  

Sodium a6 the major c i rculat ing ion of physiological Importance,,ae con- 
t ras ted  t o  potassium, provides access ib i l l ty  lending i t s e l f  well  t o  a general  
reference metal. Further, despite the  fac t  t h a t  s a l t  has been a highly prized 
part of man's a i e t ,  i t s  ef fec ts  if used i n  great excess or  i n  minute quant i t ies  
are  unlmown. Without radioactive isotopes it was impossible t o  accurately and 
readi ly  determine changes i n  biochemical l a b i l i t y  of specif ic  body components. 

The following observations have been lnade: I n  a study of 1200 Japanese 
farm-laborers ncar Hiroshima, madc by Brookhaven s t a f f  with the help of the 
Atomic Bomb Casualty Cormnission, the  following da ta  were accumulated: 
about 20% incidence of hypcrtension; (2) remarkably l i t t l e  evidence of athero- 
sclerosis  both c l i n i c a l l y  and by study of chest x-rays, EKI3's and B e r n  Upids;  
(3 )  a dai ly  s a l t  ( N a C 1 )  intake of about 11-15 grn. 
sclerosis  i s  not the  necessary complication of hypertension which it i s  assumed 
t o  be i n  Western societ ies .  

(1) 

It was concluded t h a t  athero- 

Observations on the respirat ion of rat aor ta  a t  d i f fe ren t  ages i n  both 
sexes were concluded. Studies on ion-bi ding by connective t i s sue  continued, as 
well a s  of magnesium metabolism Kith Mg2% i n  humans and hypertensive EullmR1~. 
Studies on long term ef fec ts  of salt feeding i n  dogs and rats a r e  continuing. 

using Na22 and the whole body counter under a var ie ty  of s t resses .  Sjmilar 
studies i n  rats w i l l  be continued. I n  view of known ef fec t  of an t id iure t ic  
hormone (AJXI) on blodd pressure and electrolyte  excretion, I t  i s  planned t o  
explore ADH metabolim In pat ients  and animals M t h  and without  hypertension. 
Activation Analysis of metals i n  organs and blood vessel6 w i l l  be continued. 
Studies on ion-binding by connective t i s sue  will be continued. 
long-term ef fec ts  of salt feeding Kill be continued.on dogs, rabbits,  and rate .  

Sodium turnover w i l l  be studied I n  pat ients  with and without hypertension 

Studies on 
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