
LO. Persons i n  Charge: 
L. E. F a r r ,  N.D. 

Budget A c t i v i t y  
No. 

61 20 

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

6310 

6320 

P r o j e c t  T i t l e  

Idedicol aesearch  

Cancer Research 

Medical Research 

Page No. 

6000- 6 

6000- 30 

6000- 38 



d o l l a r s )  1959 

Labor ( int luci inc b e n e f i t s )  
Materials. Trave l ,  etc. ' 

612 
181 

Development Subcont rac ts ,  S p e c i a l  Proc. 24 
T o t a l  D i r e c t  817 
S p e c i a l  Power -0- 
Reactor and/or Acce lera tor  Usage 46 
Technica l  S e r v i c e s  (from BNL S e r v i c e  Uni t s )  104 
General  81 Adminis t ra t ive Overhead 428 

T o t a l  I, 395 

- 
'reject T i t l e :  
17. Operat ing Costs  ( i n  thousands of Est imated 2s tima t e d  E s  timeted 

Lledical Research - 6120 

1960 

674 
209 

1 9  
902 
-0- 

54 
98 

4 36 

1,490 

1961 

743 
215 
18 

976 
-0- 

50 
104 
420 

1,550 

.8. P l a n t  @. Equipment Directly Required 
(Shown h e r e  f o r  informat ion  only)  

E s  t ima t ed I s  t i  mated 
1959 1960 

:A) Const ruc t ion  

:E) Equipment ( i n  thousands of dollars) 90 90 

Estimated 
1961 

90 

19. D i r e c t  Man Power 

lo. of M a n  Years 

S c i e n t i s t s ,  Research Ussoc ia tcs  

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

i c i e n t i s t s  - T o t a l  
yechnic a 1 
d m i n i s t r a t i v e  & s e r v i c e  

Tota l  

Estimated Est imated Est imated 
1959 1960 1961 

22.0 22.0 23.0 

28.0 
36.5 25;:; 

9.0 10.0 9.5 
93.5 93.5 98.5 
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2. Date: 

1.,12y , 195 9 

The r e s e a r c h  program of  the  Medi.ca1 Department concerns i tself  wi th  the  
b i o l o g i c z l  e f f e c t s  of r z d i a t i o n  and i n  p a r t i c u l a r  with p a r t i c l e  r z d i a t i o n  of 
very s h o r t  renge or s i t u a t i o n s  whcr t in  the  crrergy r e l e a s e  is over  a very s h o r t  
t rack .  The researches  thus  arc, end must be corrcerned i a h e r e n t l y  with s t u d i e s  
of  p r e c i s c  i s o t o p e  l o c a l i z a t i o n ,  t i n c t i c s  of  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 ,  
metabolism o f  organic  compounds, f u n c t i o n s  of i n o r g z n i c  cmpounds,  z.nd t h e  
e f f e c t s  o f  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  inolecul ts  o r  complexes. 
Advantage i s  sought of  s p e c i a l  s i t u a t i o i i s  wherein s p e c i f i c  products  or devices  
a r e  concerned which nay be a p p l i c a b l e  t o  meCics.1 therapy.  Dicgnos t ic  s t u d i e s  i n  
t h e  widest  sense  are 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  stetes under s tudy  i n  the  
h o s p i t a l .  Such s t u d i e s  a r e  concerned pr imzr i ly  w i t h  e l u c i d a t i o n  o f  t h e  na ture  
o 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 n d i v i d u a l s  i n  a genera l  populc t ion  
f o r  a uniform response r a t h e r  than 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  a 
l a r g e  generz l  medical c l i n i c ,  a l though the  l a t t e r  i s  kept  i n  mind. 

-The o v e r - a l l  scope of  t h e  medical program w i l l  no t  change through any budget 
y e a r ;  however, i n  eny given year  t h e  emphasis w i l l  be  i n  those  p o r t i o n s  o f  t h e  pro- 
gram 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  staff a t  t h a t  time or f o r  which 
most promising l e a d s  have been developed, Since t h e  work i s  p a r t  of t h e  Depart- 
ment’s cont inuing  program, break-throughs w i l l  be e x p l o i t e d  when warranted w i t h  
imaginat ion and determinat ion.  I n  o ther  i n s t a n c e s ,  t h e  knowledge w i l l  be brought  
t o  t h e  a t t e n t i o n  of c o l l a b o r a t o r s  o r  o t h e r s  for f u r t h e r  development elsewhere. 

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 c v e r a l  component p a r t s  which relate 
t h e  genera l  s ta tement  a s  given above t o  t h e  s e v e r a l  f i e l d s  o f  medicine. 
t i n u i n g  i n t e n s i v e  e x p l o r a t i o n  of p a r t i c l e  r a d i a t i o n  of  s h o r t  range has  brought Out 
t h e  n e c e s s i t y  f o r  f u r t h e r  dos imet r ic  and i n s t r u m e n t a l  developments. In  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 neutron capturc  therapy ,  i t  becomes 
important  t o  know t h e  e f f e c t  o f  c s i n g l e  f i s s i o n  event  on a s i n g l e  c e l l  so t h a t  
the  p r o b a b i l i t y  of b i o l o g i c e l  effect  can  be e s t i m a t e d  by a summation o f  knowledge 
of 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  o f  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 sue  volumes but  of c e l l  popula- 
t i o n  of vary ing  types,  c l o s e l y  in te rmingled ,  and for 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  reac t ions .  
g r e a t e r  emphasis must be placed upon d i f f e r i n g  p a r t i c l e  bombardments ranging from 
cosmic rsys, through boron-10 neutron capturc  wi th  slow neut rons ,  t o  neut ron  and 
charged p a r t i c l e  bombardment i t s e l f .  

The con- 

Hence, from time t o  time 

To e l u c i d a t e  e f f e c t s ,  an i n t i m a t e  knowledge must be obta ined  of c e l l ,  organ,  
or t i s s u e ,  and of e n t i r e  mammali2n metabolism so t h e t  n o t  only is  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 ,  bu t  i t s  r e l a t i o n  a d  i n t e r r e l a t i o n s h i p  t o  a whole 
hos t  of  o t h e r  r e a c t i o n s  is c l e a r l y  known, While t h i s  is nccessary t o  a s s e s s  
e f f e c t s ,  o t h e r  knowledge, t o g e t h e r  with a p r e c i s e  s ta tement  of t h e  laws governing 
passage across  c e l l  membranes, must b e  sought  out  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 m s  mav be Dlaced i n  s p e c i f i c  s i t u a t i o n s  t h c t  s p e c i f i c  e f f e c t s  may be 
observed. 
we have zppl ied t h e  term “ 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 



--_. P r o j e c t  T i t l e :  Medical Research (Continued) _. 

I t  i s  c l c a r  t h a t  capac i ty  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  
t a r g e t  without  d i v e r s i o n ,  wnndering, o r  delay i n p l i e s  8 concise  knowledge which 
i n  t h e  r e v e r s e  could be cmployed t o  removc an atom from a c e l l ,  organ ar t i s s u e  
2 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 wi thout  engendering harm t o  the body as a whole 
or i t s  c o n s t i t u e n t  p a r t s .  Nhile  much work w i l l  be  concerned wi th  s p e c i f i c  body 
c o n s t i t u e n t s  added under experimental  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  
usefu 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 a r e  necessary.  
they w i l l  be pioneered through t h e  f u r t h e r  adapta t ion  of  machines, devices ,  and 
products  o f  nuc lear  phys ics  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  
problems. The e x p l o r a t i o n  and development of  a c t i v a t i o n  a n a l y s i s  i s  an example 
of t h i s  e f f o r t .  

I n  p a r t  

By agreement w i t h ,  and a t  t h e  reques t  of t h e  Div is ion  of 3iology and Cledicinc 
the  medical r e s c a r c h  program now i n  e x i s t o n c c  covers  t h e  fo l lowing  broad l i n e s  of 
i n v e s t i g a t i o n ,  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 e r a t i o n a l l y .  

Neutron Capture Therapy 

Maps o f  Metal Pathways w i t h  Espec ia l  Reference t o  Trace Metals  and t o  
C e n t r a l  Ncrvous System Diseases .  

Rndiocct ive Elemcnts i n  Organs and T i s s u e s  o f  Man 

Radioact ive I s o t o p i c a l l y  Labcled Cel ls  f o r  P r e d i c t i o n s  of  L i f e  Span, 
Funct ions and Progeny 

Hematology of  Radia t ion  

Radiat ion Effects of Immunity and Allergy 

Vitamin 2nd Amino Acid Metabolism i n  Neoplasiz and Normality 

Lebeled P r o t e i n s  f o r  bietabol ic  Observat ion i n  Cancer Evaluat ion 

- Xadioisotopic  Tracing o f  T o t a l  and In te rmedia te  Crrbohydrate 
Metabolism 

Radioisotopes f o r  Study of P r o t e i n  end Nitrogen Metabolism 

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  UEPOSITORY &$ ,&' OL 

C l i n i c a l  Menagement o f  Aadiat ion I n j u r y  COLLECTION ,&& ./?a 
box No 

Radio iso topic  Label ing of Hormones t o  Determine A c t  
FOLDER 

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 o f  "Special  Projects:;' g i v e s  d e t a i l s  
of c e r t a i n  se l f -conta ined  p r o j e c t s  c a r r i e d  o u t  by t h e  Department, such  as the  
o p e r a t i o n  of an occupat iona l  medicine c l i n i c ,  e d u c e t i o n a l  conference,  and the con- 
t i n u i n g  medical  s tudy  of t h e  Marsha l l  I s l a n d e r s .  While very important  and s i g n i f i  
can t  i n  their  own r i g h t ,  they d e r i v e  from s t a f f  competence gained 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  experience f o r  the s c i e n t i s t s  con- 
cerned. Cos ts  f o r  opern t ing  t h e  occupat iona l  medical c l i n i c  are inc luded  i n  t h e  
genera l  and a d m i n i s t r a t i v e  costs of t h e  Laboratory and are d i s t r i b u t e d  a s  I n d i r e c t  
Expense, 
s t u d i e s  a r c  included i n  t h e  c o s t s  of Radiat ion Effects wi th  the  major expense 
being borne by lcEC A c t i v i t y  6120. 

On t h e  o t h e r  hand, c o s t s  f o r  such S p x i a l  P r o j e c t s  as t h c  Marshal lese  

The program o f  the  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  out  by the  
r e g u l a r  f u l l  t h e  staff a t  Brookhaven and, (2 )  the  extramural  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 t a f f  a t  Brookhaven and a non-salar ied 
research  c 3 l l a b o r a t o r  s t a f f  working par t - t ime i n t e r m i t t e n t l y  a t  Brookhaven but  
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 .  Included i n  t h e  
extramural  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 from 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  t o  an annual  conclave 
i n  which at 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 Cmada i s  i n v i t e d .  
endeavor p a r t i c u l a r l y  w e l l  emphasizes the p o i n t  t h z t  i n  p u b l i c i z i n g  i t s  research  

This  

(See Cont inue t ion  Shee t )  -- 
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the  Dcpartmcnt 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  educa t iona l  
xogrzm. 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 m i n i s t r z t i v e  
Aiases of t h i s  new a r e a  of medical  sc ience  on which t h e  Department czn  o f f e r  
p i d a n c c  and counsel. 

In 1952 t h e  d e f i n i t i v e  p lan  fo 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- 
nent was p r e s e n t e d  and approved i n  p r i n c i p l e .  S ince  t h a t  t ime a d d i t i o n s  t o  t h e  
s t a f f  have been made t o  f u l f i l l m e n t  of  t h a t  plan.  In 1952 t h e r e  were f o u r  
s c i e n t i s t s  on t h e  Senior  S t a f f .  By June 30, 1957 ,  the  Senior  S t a f f  had increased  
to  15 <and dur ing  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,  
a t  t h e  end of  f i s c a l  year  1957, i t  was 34, and by t h e  erd of  f i s c a l  1959, i t  i s  
2xpected t o  be 44. The i n c r e a s e  i n  staff to f i n a l  s i z e  should be a s  r a p i d  a s  
poss ib le  t h a t  t h e  p o t e n t i a l i t i e s  o f  t he  new medical  c e n t e r  may be promptly rea l ized  
rhe a d d i t i o n e 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  
the provis ions  of t e c h n i c a l  a s s i s t a n c e  and equipment requi red  t o  main ta in  t h e  
momentum achieved i n  t h e  research  progrcm, R e a l i s t i c  es t i ina tes  of  c a p i t a l  equip- 
ment a re  c o n s t a n t l y  reviewed so t h a t  i t ems  considered most u s e f u l  i n  t h e  program 
nre a v a i l a b l e  es t h e  research  r e q u i r e s .  

Thc Medical Departmerit h a s  now developed i ts  program i n  o u t l i n e .  During 
1960 thcre  s h v u l d  l o g i c n l l y  be 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  
bas ic  d i v i s i o n  df 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  fo l lowing:  (1) Neutron capture  
therapy and RBI? s t u d i e s  of  heavy p a r t i c l e s ;  (2) t h e  s tudy sf k i n e t i c s  of  d i s t r i b u -  
t i o n  of  metals  a s  pioneered by work i n  Lln56; (3) t h e  a p p l i c a t i o n  o f  mathematics 
t o  d e s c r i p t i o n  of 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 wi th  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  
o r  t o  remove f i x e d  i so topes ;  (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  ga in ing  
a b e t t e r  understanding of cancer  therapy;  (5) t h e  e f f e c t s  of r a d i a t i o n  as a 
carc 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  usefu lness  of 
whole body count ing techniques o f  determining whole-body burdens and t h e i r  r e l a t i o i  
t o  f a l l o u t ;  (6)  t h e  e f f e c t s  o f  r a d i a t i o n  on hematopoiet ic  t i s s u e  and methods f o r  
prevent ion  or amel iora t ion ;  ( 7 )  i n t e n s i v e  s tudy  o f  s p e c i f i c  metabol ic  r e a c t i o n s  
both for placement of  r a d i o a c t i v e  i s s t o p c s  and f o r  understanding and c o n t r o l  of  
mechanisms involved t h e r e i n ;  (8) t h e  e f f e c t s  of  r e d i a t i o n  on product ion  of  a n i t -  
b o d k s  and a l l e r g i e s .  

This  l ist could be extended u s c f u l l y ,  but 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 medical  
i m p l i c a t i o n  of r a d i a t i o n  exposure; ( 2 )  t h c  e f f e c t  of  development of  r e a c t o r s  on 
medical concepts  of t h e i r  use and hazards .  The planned 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  t h e  e f f o r t  i n  t h e s e  
a r e a s  and t o  f i l l  i n  t h e  important  segments of  the  stated program. The importance 
of the f i rs t  i s  c u r r e n t l y  exemplif ied by t h e  p r e s e n t  cont roversy  on t h e  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  d e t e c t o 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  enablc  the i n c r e a s e d  
s t a f f  p roduct ive ly  t o  work on these problems. 
regarding r e a c t o r s  is poin ted  up by the number of  r e a c t o r s  b u i l t ,  b u i l d i n g  Or 
planned for  t h e  United S t a t e s  2nd 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 
opera t ing  personnel  aga in  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 whi le  s i g n i f i c a n t  i n  terms o f  p r e s e n t  budget is very small i n  
terms of expendi tures  making these  s t u d i e s  of  importance. 

The importance o f  t h e  problem 

3 I3t-I  
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17. a p e r a t i n g  Cos ts  ( i n  thousands of Est imated Es timz t e d  

d o l l a r s  1 1959 1960 

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 ,  Travel ,  e tc .  

1 ,073 1,319 
283 36 8 

28 
T o t a l  D i r e c t  1.392 1,715 

- Development Subcont rac ts ,  S p e c i a l  Proc. 36 

Spec ia l  2oruer -0- -0- 
Reactor and/or Acce lera tor  Usage 80 108 
Technical  Serv ices  (from J3NL Serv ice  Uni t s )  1 7 3  184 
General & Adminis t ra t ive  Overhead 7 30 833 

Estimated 
1961 

1,531 
400 
28 

-0- 
108 
20 7 
846 

- 
1,959 

- - - 
Total 2,375 2,840 3,120 

--. 
18. P l a n t  Q Equipment D i r e c t l y  l e q u i r e d  

(Shown here for in format ion  only) 

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

Est imated Estimated 
1959 1960 

:A) Const ruc t ion  

170 195 

Est imated 
1961 

180 

19. Di rec t  Man Power 

lo. of Man Years 

Est imated Estimated Estimated 
1959 1960 1961 

/ 

S c i e n t i s t s ,  Research Assoc ia tes  38.6 L' Ys 9 '43.0 48.0 

V i s i t i n g  S c i e n t i s t s  9.0 L.I,  9.5 9.5 

i c i e n t i s t s  - Total 47.0 5J IT-,, 57.5 

Tot a1 166.0 -.t', 1 187.0 210.0 

:e chnic  a1 103.5 .t$4!''15.5 i 133.5 
idminis t ra t ive  & Service  15.5 ,a,;".i(lg.O 19.0 
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1. P r o j e c t  T i t l e :  
Radioact ive Elements i n  Organs and T i s s u e s  of  Plan 

2. Dzte: 
May 1959 

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

3. Budget Act iv i ty  4. Budget Item 5 .  C o n t r a c t o r ' s  
110: 6120-1 No : NO 

Cost  ( i n  thousands o f  dollars) 140 14 5 150 

6. Method and Time of  Reporting 
Progress :  Q u a r t e r l y  & S p e c i a l  

eaprts 

D i r e c t  Man-Years 

S c i e n t i f i c  
Others  

7. Cont rac tor :  Associated U n i v e r s i t i e s ,  Inc. 
Brookhaven Na€'ional Laboratory 

T o t a l  

8 .  Working Location: 9. Contract  i.10: 
Upton, I*lew York AT-30-2-GPI-16 

3 -2 3.3 3 -6 
6.9 760 7.1 

10.1 10.3 10.7 

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 coming from these r a d i o i s o t o p e s  i s  dependent upon t h e  element ,  
i t s  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  
?missions. Since e v o l u t i o n  has occurred  i n  t h e  presence of small amounts of  
rad iaf ion ,  the exposure r e s u l t i n g  from t h e s e  so c a l l e d  n a t u r a l l y  o c c u r r i n g  radio-  
ac t ive  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  l i m i t s .  I t  i s  Clear, however, 
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. Pur ther  contaminat ion of t h e  environment by a wide spectrum 
I f  r a d i o a c t i v e  elements, some of which w i l l  ba in  a c c e s s  t o  t h e  i n t e r i o r  of  t h e  
>ody, w i l l  undoubtedly occur. 
>ody contaminat ion remains t o  be discovcred.  To determine t h e  m o u n t ,  and attempt: 
to 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. 

The s i b n i f i c a n c e ,  o r  indeed  the  presence of t h i s  

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

Cons t ruc t ion  of the whole-body count ing  f a c i l i t y  was completed and t h e  prima 

n of t h e  turnover  time of 1131 l a b e l e d  P r o t e i n  compounds and t h e  U P  
spectrometer  was c a l i b r a t e d .  The 
le tc rmina  
take of I l A y .  A number of  c o n t r o l  p a t i e n t s  were surveyed i n  o r d e r  t o  provide a 
3ase l i n e  f o r  t h e  norpa l  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  rad ionucl ides .  

f i r s t  s t u d i e s  wi th  t h i s  f a c i l i t y  concerned t h e  

A low-level radiochemical  labora tory  was set up, and a number of  radiochemical  
'p rocedures  were s tandardized.  
coincidence type  b e t a  counter  i s  now under c o n s t r u c t i o n  by t h e  Instrument  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 skeletal  erowth and minera l  metabolism were performed. I t  was 
determined t h a t  x - i r r a d i a t i o n  decreases  t h e  rate of a c c r e t i o n  of rad ios t ront ium 
i n t o  t h e  non-exchanceable f r a c t i o n  cf 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 of r e p r e s e n t a t i v e  groups of persons w i t h  t h e  whole-body camma spectro.  
meter w i l l  be undertaken i n  order  t o  provide data on the  l e v e l  of i n t e r n a l l y  de- 
p o s i t e d  rad ionucl ides  i n  t h e  populat ion.  C l i n i c a l  s t u d i e s  u t i l i z i n  t h e  ama 

hopefu l ly ,  C a l i ,  Emphasis w i l l  be place% on s k e l e t a l  m i n e r a l  rnetabollsm i n  var iou!  
spectrometer  I 11 be cont inued employin gamma emitters s u c h  as S r  S S  MS2, and 

disease s ta tes  of the  pa t ien t .  In addi t ion ,  
w i l l  cont inue ,  involv ing  t h e  de te rmina t ion  of 

and o t h e r  rad ionucl ides  i n  v a r i o u s  disease states. T I ~ Y ~ l - ~ d ~ c  m y  
COLLECTION ' /9& 

(See continuationWhtjet! 
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P r o j e c t  T i t l e :  Radioact ive Elements i n  O r g a s  and T i s s u e s  of Man - 6120A1 (Cont'd) 
i 

a )  Whole-Body CountinC F a c i l i t y  2nd Radiochemistry Laboratory (Continued) 

jervice w i l l  be cont inued,  p r i m a r i l y  f o r  t h e  de te rmina t ion  of l e v e l s  Of Sr9'* 
; tudies on t h e  growth and metabolism of  bone w i l l  be  cont inued using animals. 
:he e f f e c t  of  both 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  
:ad ionucl ides  (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  
,e pursued. 
ing by s u i t a b l e  modi f ica t ion  of  t h e  whole body count ing  f a c i l i t y  t o  u t i l i z e  t h e  
3remsstrahlung e f f e c t .  
:ounting which w i l l  be s u i t a b l e  f o r  a popula t ion  survey similar t o  t h a t  planned 
for gamma-emitting rad ionucl ides .  
accurate  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 -  
l e p o s i t e d  i so topes .  
s e r v i c e s  o f  a p h y s i c i s t  w i t h  c o n s i d e r a b l e  experience i n  gamma spectroscopy.) 
sf the b i o l o g i c a l  half- 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 and i n  var ious  
t i s s u e s  should be re-evaluated. Whenever a p p r o p r i a t e ,  t h i s  problem w i l l  be in- 
t e s t i c a t e d  w i t h  t h e  use of t h c  whole-body and gamma spectrometer  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  vivo Sr9' count- 

90 The o b j e c t  i s  t o  develop a technique f o r  e x t e r n a l  Sr 

P r e r e q u i s i t e  f o r  t h i s  de te rmina t ion  i s  t h e  

(Successfu l  development of t h i s  technique r e q u i r e s  t h e  
M a y  

Related research  i n  t h e  Brookhaven Nat iona l  Laboratory proeram concerns the  
darsha l l  I s l a n d  Survey. As p a r t  of t h e  1959 Marshall I s l a n d  Medical Survey, 
neasurements were made w i t h  the whole-body gamma spectrometer  of t hc  body burdens 
sf i n t e r n a l l y  depos i ted  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 .  One hundred u r i n e  samples obta ined  from t h e  
hrsha l lese  people, and samples of  p l a n t s  and animals  c o l l e c t e d  on the  Marshal l  
I s l a n d s  are p r e s e n t l y  bC?inp analyzed f o r  t h e  presence of Sr90 and. o t h e r  radio- 
nucl ides .  

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

Previous  and as y e t  unpublished d a t a  obta ined  i n  s t u d i e s  of  t h e  rates o f  
S e c r e t i o n  of  C1, Br ,  A 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  apparent  s e c r e t i o n  rates might be  as much due t o  
d i f f e r e n c e s  i n  rates of reabsorp t ion  as t o  actual d i f f e r e n c e s  in retee of 
aaacciiAon 

- 
Completion of c a l c u l a t i o n s  based on t h e  prev ious  d a t a  and i n i t i a t i o n  of a 

program extending these s t u d i e s  t o  human be ings  i s  contemplated. 

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

Appl ica t ion  of mathematical models i n  the  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 
events  observed i n  the bone marrow d u r i n r  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 at tempted,  b u t  c o n s t r u c t i o n  of a completely s a t i s f a c t o r y  model i s  y e t  to  be 
achieved. The complexity of problems of t h i s  n a t u r e  and o t h e r s  which have been 
encountered in t roduce  hicher order  equat ions  which exceed t h e  power of a n a l y s i s  
i n  terns of s imple models which can be analyzed by desk-typc computations. Thc use  
of  e l e c t r o n i c  analog 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 
s y s t e m s  provides  a way t o  cope wi th  these d i f f i c u l t i e s .  A four-compartment ana loe  
computer has  been used i n  some ana lyses ,  bu t  t h i s  ins t rument ' s  c a p a c i t y  i s  ex- 
tremely l imited.  h eicht-compartment ana log  computer which w i l l  provide 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  is under cons t ruc t ion .  

I t  i s  expected t h a t  t h e  ana loe  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  as to new ones which a r i s e .  'Addi t ion  
a1 equipment, such as a widescreen o s c i l l o s c o p e  and a magnetic t a p e  i n p u t ,  is 
d e s i r e d  t o  promote maximal u s e f u l n e s s  of the analog computer. 
f i n i n g  c a l c u l a t i o n s  made w i t h  t h e  analog c o m p u . R e P & r o # $ e & f , & @ ~ ~  
be developed. 

Proprams for re- 

COLLECTION 
(d) Radia t ion  Induced Carcinopenesis  - C. J. Shel labargcr ,  V. Y.  

E. P. Cronki - .  

A t  least  a probable  consequence of radiat iWLwxppsure t o  man i s  carc inogenes is  
The fundamental ques t ion  of the  presence o r  absence of a threShold tor  ERWztm ' n  
exposure b e f o r e  harmful e f f e c t s  occur ,  i s  of g r e a t  importance, bo th  p r a c t i c a l  and 
t h e o r e t i c a l .  

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 n  
can be s t u d i e d ,  a t  t h i s  t i m e  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- 

4 0 0 2  131; (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  ~ i t l e :  

d )  Radia t ion  Induced Carcinopenesis  (Continued) 

Radioact ive Elements i n  Organs and T i s s u E o f  Man - 6120-1 ( C O g t A  

in6 @nUX3-radiatiOn, recocniz ing ,  however, t ha t  the  response of v a r i o u s  s p e c i e s  
;o p a r t i c l e  and electromagnet ic  r a d i a t i o n  may d i f f e r .  
the rat 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 
m d  reproducible .  This  system has y i e l d e d  t h e  followinL data: 

The n e o p l a s t i c  response Of 

1. T o t a l  body r a d i a t i o n  induces neoplas ia  of the  b r e a s t  i n  i n t a c t  o r  Conad- 
x tomized  female and male r a t s ,  

2. The inc idence  of female rats w i t h  one o r  mcre neoplasms of t h e  b r e a s t  
followinE 400 r of  gamma r a d i a t i o n  reaches a maximum of 90 per c e n t ,  whi le  non- 
exposed females  do not  exceed 50 per  cent .  

3.  Exposed males have an inc idence  of at l e a s t  50 percent ,  w h i l e  non-exposed 
a a l a s  have an inc idence  that  does not  exceed 10 per Cents 

4. Par t ia l  body exposure experiments  sul;&est t h a t  the b r e a s t  t i s s u e  m u s t  
l e  i r r a d i a t e d  i n  order  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 of t o t a l  body r a d i a t i o n .  

The fo l lowing  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 t u d y  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 ,  inc luding  t h y r o i d  S t a t u s ,  precnancy, and l a c t a t i o n .  

2. The e f f e c t s  of  i n c r e a s i n c  doses  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- 
duc t ion  of neoplasms i n  t h e  exposed and nonexposed areas .  

3. 
i n g  rats. 

A pa thologic  s tudy of the endocrine organisms i n  tumor and non-tumor bear- 

4 ~ T h e  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 doses  c n  the  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 chemical  carcinogens and mutacens w i t h  
r a d i a t i o n  on the i n d u c t i o n  of b r e a s t  neoplasms. 

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

6. A s tudy  of t h e  i n t e r a c t i o n  of  X-ray exposure and Il3I i r r a d i a t i o n  on thyro.  
f u n c t i o n  and carc inocenes is .  

9. The only known experiment i n  which t h e  data suggest  t ha t  the t h r e s h o l d  
m i s l i t  n o t  e x i s t  f o r  the carc inogenic  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  
2nd expanded. 

7. An i n v e s t i g a t i o n  of  t h e  carcinoLenic  e f f e c t  of neut rons  on t h e  breast 
t issue of rats. 

___15c___ 
FOLDER 
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1. F r o j e c t  T i t l e :  

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

I 

3. 3udget A c t i v i t y  4. Budget Item 5. Contrac tor ' s  6 .  Method and Time O f  Xeportir 
Progress:  Q u a r t e r l y  e Specii No : I No : I plor 6120-2 

I 

V. P. Bond, E. P. Cronki te  
R. 14. D r e w ,  J. S. Robertson Continuinc 

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

Cost  ( i n  thousands of d o l l a r s )  430 450 465 

D i r e c t  Man-Years 

Sc i e r i t i  f i c  7.2 7.4 7 08 

0 t her s 
T o t a l  

2108 - 
29.0 

22.6 23.5 
30.0 31.3 
- 

3ackground, S t a t u s  and Future  Plans:  

Man and a l l  mammals came u l t i m a t e l y  from a s i n g l e  c e l l .  
yowth  and cont inuinc  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  
is 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 g  c e l l  d i f f e r e n t i a t i o n  are un- 
tncwn b u t  a r e  be l ieved  t o  be c o n t r o l l e d  by s p e c i f i c  chemical  substances.  These 
jubst%%ces, whi le  no 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 -  
x t  w i t h  i t  t o  produce new c e l l  types ,  t h e r e a f t e r  c o n s i s t e n t l y  reproducin&. I t  
is of the  S r e a t e s t  importance t o  l e a r n  how t h i s  ;enet ic  m a t e r i a l  i s  t r a n s m i t t e d  
From one c e l l  t o  another  ancl how i t  may be a l te red .  so  tha t  i n  t h e  one i n s t a n c e  8 
iew s p e c i e s  a r i s e s  whereas i n  t h e  o t h e r  a neoplasm arises. RaCioisotopic  l a b e l i n g  
x o v i d e s  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 e d i o i s o t o p i c  
label i t s e l f  does n o t  a f f e c t  t h e  p r w e s s  observes. 
j u i t e  d i f f e r e n t  e n e q y  i n p u t s  may g i v e  i n s i g h t  i n t o  t h e  answers t o  b o t h  quest ions.  

Durinc embryonic 

V a r i e t i e s  of labels providing 

(a) * H3 Thymidine. H3 Cyt id ine .  and S3504 
E. Cronki te ,  V. Bond, S. Killmann, P. Reizens te in ,  E. Usenik, 
J. Bateman, L. FeinendeLen, N. Ordartchenko, and A. Tsuya. 

LabelinL ce l l s  w i t h  H3 thymidine at the  time of s y n t h e s i s  of DNA p r i o r  t o  
R i t o s i s  t h u s  e n a b l e s  one t o  stuCy mi&rat ion ,  pathways, c e l l  t ransformat ion ,  
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  
numan bein;s and animals. 
t o p o i e s i s  and s e l e c t e d  leukemias and lymphomatous diseases of man and dogs. 

P a r t i c u l a r  a t t e n t i o n  has been Liven t o  normal hena- 

LabelinE RNA w i t h  H3 c y t i d i n e  enables  one t o  fo l low the r e l a t i o n s h i p  Of RNA 
turnover  t o  c e l l  p r o l i f e r a t i o n ,  func t ion ,  and t ransformat ion  p a r t i c u l a r l y  i n  
hematODOieSiS and dur ing  induct ion  of ant ibody.formation.  
are noted: 

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

1. Label inc of normal hematopoiet ic  c e l l s  i n  mice, guinea p i g s ,  rats, dogs, 
and p a t i e n t s  w a s  shown t o  be without  demonstrable e f f e c t  immediately. 

2. Upper l i m i t s  have been established for averaCe s tay  of t h e  granulocyte  
i n  p e r i p h e r a l  blood of man. 

3 .  The turnover  p a t t e r n  of hemopoietic c e l l s  of  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 .  
perhaps more than 100 days. Medium and larCe 1 ymphoc y t~uq%&&&d&&~ 
genera t ion  time f o r  t h e  las t  normcblast m u l t i w $ m  
c e n r r a t i o n  time of granulocytes  i s  i n  t h e  v i c i n i t y  of  18-30 hours. 

Small lymphocytes a r e  lonC l i v e d ,  
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(a) Vivo S- ' t h  H3 T W e  . .  . H~ Cvt id ine .  and ~ 3 5 0 4  (Continued) 

of normal human marrow between 8 a.m. and 12 noon i s  8.97/1000. There i s  a 
d 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. 

4. Under normal c o n d i t i o n s  a small per  c e n t  of c i r c u l a t i n g  ce l l s  are synthes-  
i z i n g  DNA i n  a l l  mammals includinG man so f a r  s tudied.  

5 .  There is a c o n t i n u a l  outpourinc of immature DNA s y n t h e s i z i n g  c e l l s  from 
lymphatic v e s s e l s  i n t o  the  blood stream. T h e i r  f a t e  and func t ion  are obscure. 

6. No leukemia or  blood d y s c r a s i a  s t u d i e d  so f a r  h a s  a g r e a t e r  l a b e l i n g  index  
than normal hematopoiet ic  t i s s u e  hence t h e  Generation time is  probably longer  i n  
these  d iseases .  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- 
imately 1:SOOO c e l l s  and 1 per  c e n t  labe l in t ,  wi th  thymidine su6L;ests a doubl ing 
time of perhaps as lonL as 300 days. S i m i l a r  observa t ions  have been made i n  
chronic  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  
of chronic  myelocyt ic  leukemia, the  doublin(; t i m e  of  the very immature myeloblas t s  
bec in  t o  approach t h a t  of t h e  normal Granulocyt ic  precursors .  

7 .  S t u d i e s  on t h e  role  cf  c e l l  p r o l i f e r a t i o n  vs. c e l l  t ransformat ion  i n  
ant ibody product ion were i n i t i a t e d  and au toradiocraphic  p r e p a r a t i o n s  a r e  under 
s tudy .  

Cancer therapy has, i n  genera l ,  been p r e d i c a t e d  upon t h e  assuppt ion  of  aberran.  
a c c e l e r a t e d  growth. 
C e r t a i n  n e o p l a s t i c  diseases respond t o  rad io therapy  and v a r i o u s  chemical a g e n t s  
i n  a manner t h a t  sugges ts  t h e  p r e d i c a t i o n  is c o r r e c t .  O t h e r s  do not  respond. 
Often t h e  l i m i t i n c  f a c t o r  i n  therapy i s  t h e  suppress ion  of  normal hematopoiesis. 
The usua l  explana t ion  is 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 less 
s e n s i t i v e  than the  normal t issue t h u s  the  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  
a g e n t s  nay produce more damage t o  normal ce l l s  t h a n  t o  t h e  n e o p l a s t i c  c a l l .  
However w i t h  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 ce l l s  w i l l  be k i l l e d  i n  t h e  
tissue i n  which a g r e a t e r  propor t ion  of i t s  g e n e r a t i v e  c y c l e  i s  spent  i n  DNA 
s y n t h e s i s  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  
c e l l  genera t ive  c y c l e  f o r  normal c e l l s  and malignant  c e l l s  i s  e s s e n t i a l  f o r  s e l e c t ,  
ion of therapy and des ign  of  research  f o r  f u r t h e r  development of a n t i c a n c e r  agents  

Chemical agents  are aimed a t  m i t o s i s  and DNA synthes is .  

I n  a d d i t i o n  t o  t he  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  
c e l l s ,  there remains many problems on the n a t u r e  o f  ncrmal hematopoiesis ,  e:., 
i d e n t i f i c a t i o n  o f  stem c e l l s ,  d e t e c t i o n  of c e l l  t ransformat ion ,  f u n c t i o n  and fate 
tha t  are y e t  to be resolved.  

The n a t u r e  of the cel lular  response--cell p r o l i f e r a t i o n  VS. c e l l  trnnsforma- 
tion--in an t ibody product ion remains uncnswercd. 
RNA l a b e l i n g ,  autor?.diogrzpliy efid cytocheniical s tudy  of  lymph nodes, sp leen ,  and 
bone mrzow may r c s o l v e  t h i s  problem. 

The combination of  DNA l a b c l i n g ,  

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 leuliemias 
and lymphomatous diseases w i l l  be accentuated.  

(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 hlammalian C e l l  S u r v i v a l  and C e l l  Cyto1og:y 

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

A determina t ion  of t h e  c y t o l o g i c a l  and l e tha l  e f f e c t s  of i n t r a n u c l e a r  thymidin 
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 H3Th, 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  cu l tu re  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 f u n c t i o n  o f  t h e  dose and s p e c i f i c  a c t i v i t  
A s  a r e s u l t  of r a d i a t i o n  dama&e t h e r e  i s  a marked a l t e r a t i o n  i n  t h e  cytoloCicn1 
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  radio-  
a c t i v i t y  w i t h i n  t h e  r a d i o s e n s i t i v e  region (nuc leus) ;  t h e r e f o r e  the k i l l i n c  e f f e c t  
i s  reasonably a t t r i b u t e d  t o  nuc lear  damage by b e t a  i r r a d i a t i o n .  

A&&*r ~l/U;c.Xd- 
The above s t u d i e s  w i l l  be cont inued and @F%%@Fi?V- ects 

Ln .M , , /?: 
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 .  
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( c )  The Temporal Rela t ionships  of Deoxyribonualeic k i d  S y n t h e s i s  t o  
Mi tos i s  and the  Generat ive C y c l e  i n  f:unan Cancer C e l l  (HeLa) 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 he  s e v e r a l  components of t h e  
x 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  o f  c e l l  popula t ions  and s e r v e  as 
r a d i a t i o n  e f f e c t s  on c e l l  cycles .  

model t o  study 

Information concerninC t h c  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  t ime w i t h i n  
d i f f e r e n t  popula t ions  of mammalian c e l l s  has  been obtained.  The DNA s y n t h e t i c  
time, the r e s t i n g  phase between DNA s y n t h e s i s  and mitosis and t h e  post-mitot ic  
rcs t in i ;  phase f o r  HeLa ond t h e  HeLa S3 c l o n e  c e l l s  hove been determined. I n  
cornparinc t h e  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  lat ter 
has  shown, repea ted ly ,  t h e  F e r s i s t e n c e  of a very small percentage of c e l l s  wi th  
extremely long D N h  s y n t h e t i c  time. 

These s t u d i e s  w i l l  be cont inued on normal 'and m a l i p a n t  c e l l s ,  and the in- 
f o r m t i o n  obta ined  w i l l  se rve  as a mule1 fc r  experiments  t e s t i n l ;  the  e f f e c t s  Of 
e x t z m a l  i r r a d i a t i o n  on DNL synthes is .  

(d) Dynamics of Incorporc t ion  of Nucleic Acid P r e c u r s o r s  i n t o  Cel lu la r  
Componcn ts  
V. P. Bond, L. Feinendegen, R. B. F a i n t e r ,  w. Shreeve. 

The concern of t h i s  s tudy i s  t o  measure, by au toradiographic  and biochemical  
techniques,  t h e  time rate of  i n c o r p o r a t i o n  of t r i t ium-labe led  n u c l e i c  a c i d  pre- 
cursoxs 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 luable  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 o n  e f f e c t s  on the ce 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  o f  t h e  
p r e c i s e  s i t e  and t i m e  of  s y n t h e s i s  of  DNA, RNA, and p r o t e i n  w i t h i n  the  c e l l .  
High r e s o l u t i o n  autoradioGraphy w i t h  tritium l a b e l e d  precursors ,  and ce l l  f r a c t i c  
ation-and o t h e r  biochemical  techniques,  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  sites of s y n t h e s i s  w i t h  the  c e l l .  

HeLa and OsCood t i s s u e  c u l t u r e  ce l l s  have been used to  d a t e ,  and t h e  time 
course  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 toradiographic  Qnd biochemical  techniques.  Prel imins 
work on other p r e c u r s o r s  ( l a b e l e d  r i b o s e ,  deoxyribose,  acetaldehyde and thymidine 
and on short- term c u l t u r e s  of hematopoiet 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 first t o  t h e  nucleue 
then  t o  t h e  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 ther  precursors ,  i n  an e f f o r  
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 -  
ignant  c e l l s .  

(e)  DNA Synthes is  and C e l l  Turnover A c t i v i t y  i n  the  Mouse Embryo 
V. P. Bond 

Attempts t o  e s t a b l i s h  t h e  c e l l  tu rnover  t i m e  of  embryolocical  t i s s u e s  i s  be i r  
s t u d i e d  u t i l i z i n L  tr i t iated 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 H3 thymidine was noted pr ior  t o  t h e  es tab l i shment  of 
embryonic c i r c u l a t i o n  fol lowing which time v a r y i n c  deLrees  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  structures 24 hours  a f t e r  H3-thymidine i n j e c t i o n  were notc 

The i n v e s t i g a t i o n s  w i l l  be extended t o  s tudy  uptake of H3-thymidine i n  em- 
hryonal  t issues i n  f e t u s e s  of d i f f e r e n t  de&JeeS of m a t u r ' t y  as 

of the turnover  rates f o r  i n d i v i d u a l  tissues. 

f c t i  
hours  following tI3Th a d m i n i s t r a t i o n  t o  t h e  m0~,~,3&i.?8*4?&&%?& %#$&?jf&& '01 

COLLECTION &An 1 f q  n d  
( 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 u m  

J. S. Robertson BOX No 

. .  Because of i t s  extremely s h o r t  range i n  t i a ! a I  t h e  -heta.nar+irlP 
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  nuclei .  C a l c u l a t i o n s  were 
made extending previous 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 of  
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 image spread  seen  i n  autoradio-  
graphs of t i s s u e  s e c t i o n s  l a b e l e d  w i t h  t r i t i a t e d  thymidine. Extens ive  c a l c u l a t i c  
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( f )  I n t r a n u c l e a r  I r r a d i a t i c n  w i t h  T r i t i u m  (Continued) 

rill 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  
; r r a d i a t e d  w i t h  t r i t i u m  w i t h  that  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 Lamma r a y s  
is contemplated as p a r t  of the  i n v e s t i c a t i o n  c f  the RBE of  i r r a d i a t i o n  with t h e  
t r i t i u m  b e t a  p a r t i c l e .  

( e )  S t u d i e s  on t h e  Cytochemical Mechanisms of Bone Growth and Repair  During 
AginC, and S k e l e t a l  Fatholocy Inc luding  Tumor and Cancer Formation 

E .  P. Cronki te  

These s t u d i e s  are d i r e c t e d  a t  o b t a i n i n g  fundamental in format ion  on t h e  bio- 
:hemistry of  c e l l s  t a k i n g  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  the  growth and re- 
pair of bone and at a s c e r t a i n i n g  the  d e v i a t i o n  of  t h e  normal biochemistry of t h e s e  
: e l l s  as a r e s u l t  of  skeletal  pathology. I n  a t tempts  to  a l l e v i a t e  many of t h e  
pa thologica l  c o n d i t i o n s  which are a s s o c i a t e d  wi th  the s k e l e t a l  system, t h e r e  i s  
the need of o b t a i n i n g  fundamental cytochemical  in format 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- 
s 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. 

The u t i l i z a t i o n  of h i s tochemica l  and au toradiographic  techniques  on t h e  follow- 
ing problems i s  planned. 

1. To study t h e  c o n t r i b u t i o n  of the var ious  c e l l s  and t i s s u e s  t o  f r a c t u r e  
heal ing us ing  t r i t i u m  l a b e l e d  thymidine on rats, from b i r t h  t o  o l d  age. 

2, The mode of o s t e o c l a s t  formation,  disappearance and h is tocytochemica l  r o l e  
using tritium l a b e l e d  thymidine. 

3. The l o c a l i z a t i o n ,  d i s t r i b u t i o n  and f u n c t i o n  of  ATP-ase i n  bone formation 
3uring aging. 

4. 

5 .  

P r o t e i n  formation i n  osteoblasts using H-labeled amino a c i d s ,  

Development of combined r a d i o i s o t o p e  methods w i t h  h is tochemica l  techniques 
- 

t o  a l low more p r e c i s e  q u a n t i t a t i v e  a n a l y s e s  of t h e  s t a i n e d  c e l l  and time componentr 

(h)  S t u d i e s  of  t h e  Metabol ic  Pathways of DNA and I ts  P r e c u r s o r s  i n  Radia t ion  
I n j u r y  and During Radio- and Chemotherapy 
E. P. Cronki te ,  V. P. Bond, S. Killmann, and P. Reizens te in  

Degradat ion and pathways of  l a b e l e d  DNA i n  normal and malignant  c e l l s  i s  v i t a l  
t o  e v a l u a t i o n  of r a d i a t i o n  i n  i n j u r y  and c e r t a i n  t y p e s  of  therapy  j u s t  as t h e  
metabolic pathways of DNA p r e c u r s o r s  v i t a l  to  understanding normal and n e o p l a s t i c  
c e l l  growth. More data are needed on t h e  a v a i l a b i l i t y ,  time and f a t e  of i n j e c t e d  
H3 thymidine i n  p a t i e n t s  and animals. 

The fol lowing f i n d i n g s  are t o  be n o t e d t  

Plasma c learance  of H3 thymidine and degrada t ion  pathways were e s t a b l i s h e d  1. 
i n  normals and p a t i e n t s  w i t h  leukemias. 

2. Appearance of l a b e l e d  b e t a  aminoisobutyr ic  acid (BUM) i n  u r i n e  of  
p a t i e n t s  was e s t a b l i s h e d .  

3. E x c r e t i o n  of BAIBA i n  r a d i a t i o n  i n j u r y  of m a n  and animals  was shown. The 
q u a n t i t a t i v e  excre t ion  of BAIBA i n  t h e  Oak Ridge c a s u a l t i e s  appeared dose dependen, 

4. Excre t ion  p a t t e r n s  o f  i n  leukemics d u r i n g  and between t h e r a p e u t i c  
regimes have been es tab l i shed .  

5. The e x c r e t i o n  of BAIBA has  been c o r r e l a t e d  w i t h  low m i t o t i c  index (low 
cell turnover )  and wi th  a p o s s i b l e  shunt  of  thymine t o  BAIBA sugges t ing  a con- 
s t a n t  endogenous l e v e l  of thymidine product ion  and a s p i l l  over i n t o  t h e  thymidine 
BAIBA pathway when DNA s y n t h e t i c  pathway i s  blocked o r  e rad ica ted .  

/ d . L W L  ,.dL&-t-' 
These s t u d i e s  are t o  be cont inued.  R E P O S l 1 0 R Y b 4  
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S c i e n t i f i c  0.2 0.2 0.2 
1.5 

T o t a l  1.5 1.6 1.7 
- 1.4 - 1.3 - Others  

6 .  Method and Time of  Report int  
Progress :  Q u a r t e r l y  & Special 

ReDorts 

iackground, S t a t u s  and Puture  Plans:  

7. Contrac tor :  Associated U n i v e r s i t i e s ,  Inc. 
Brookhaven Nat ional  Laboratory 

8 .  Working Locat ion:  
Upton, New York I 

One of the  major f i n d i n g s  fol lowing r a d i a t i o n  exposure is t h e  profound de- 
z e s s i o n  of  formed elements  of t h e  blood. 
: 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 the  formed e l e m n t s  of t h e  blood must go h a d -  
.n-hand w i t h ,  o r  proceed, t h e  understanding of  the e f f e c t  of r a d i a t i o n  on t h e s e  
~ o c e s s e s  i n  h e a l t h  and d iseased  states. 

Understanding of  t h e  f a c t o r s  t h a t  

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  substance,  s e r o t o n i n ,  are found i n  
,load p l a t e l e t s  and p a r t s  of  the g a s t r o i n t e s t i n a l  tract. 
: i s s u e s  and p l a t e l e t s  w i l l  be measured c o l o r i n r e t r i c a l l y  from t i s s u e s  of normal 
ind irradiated animals  and p l a t e l e t  p r e p a r a t i o n s  t o  assess f u r t h e r  the r o l e  of 
: h i s  substance i n  r a d i a t i o n  i n j u r y  and the e f f e c t i v e n e s s  of p l a t e l e t  p repara t ions  
.n c o n t r o l l i n g  r a d i a t i o n  hemorrbage. 

S e r o t o n i n  l e v e l s  of 

Urine l e v e l s  of 5-hydroxyindoleacetic ac id ,  t h e  e x c r e t e d  m e t a b o l i t e  Of 
jerotonin,  w i l l  be measured i n  normals, leuk@mics, 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  i s  an 
iccomplished f a c t .  
;3b4 l a b e l i n g  of p l a t e l e t s ,  coupled w i t h  au toradiographic  techniques  s u g g e s t s  
that 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 the p l a t e l e t s  remains obscure. 

Attempts t o  label p l a t e l e t  RNA w i t h  H3 cy todine  have been bdgud’in’ an e f f o r t  
O’ study. t h i s  problem. 

9, Contract  No: 
AT-30-2-GEN-lt 
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. P r o j e c t  T i t l e :  

Radia t ion  E f f e c t s  on Immunity and Allergy 

2. Date: 

May 1959 

. Budget A c t i v i t y  4. Budget Item 5 .  C o n t r a c t o r ' s  
No: 6120-4 NO : No : 

11. S t a r t i n g  Date: I Continuing 
I. Persons i n  Charge: 
R. D. Stoner ,  G. T e r r e s  and W. Wolins 

6. Method and Time of Report ing 
Progress:  Q u a r t e r l y  & S p e c i a l  

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

Cost  ( i n  thousands of d o l l a r s )  16 0 16 3 168 

D i r e c t  hian-Years 

S c i e n t i f i c  
Others  

T o t a l  

2.5 2.5 2.5 
9.3 

1104 11.5 11.8 
- 8.9 9 .o - 

3ackground. S t a t u s  and Future  Plans:  

Radia t ion  d e p r e s s e s  ant ibody product ion w h i l e  a t  t h e  same t i m e  anaphylac t ic  
i l l e r g y  i s  enhanced. 
a l le rgy  may decrease  to  normal l e v e l s .  
s y n t h e s i s  and c e l l  r e a c t i v i t y  i s  respons ib le  Cor t h i s  paradox, The concern of 
t h i s  s tudy  is  t o  i n v e s t i g a t e  ant ibody product ion,  p a r t i c u l a r l y  i n  regard  t o  t h e  
E f f e c t s  of r a d i a t i o n .  

During t h e  recovery per iod  of  ant ibody product ion anaphylac t i  
Presumably a s i n g l e  system of  p r o t e i n  

(a) Mechanism o f  Immune React ion 
R. D. Stoner ,  S. Killmann, V. P. Bond, E. P. Cronki te  

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  provide  informat ion  on t h e  e f f e c t s  
of r a d i a t i o n  on t h e s e  processes  p a r t i c u l a r l y  i n  r e g a r d  t o  t h e  depressant  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 fol lowing s t u d i e s  have been c a r r i e d  ou t :  

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  that  t h e  primary tetanus a n t i t o x i n  re- 
sponse i n  mice i s  more s e n s i t i v e  t o  r a d i a t i o n  t h a n  is t h e  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 the r a d i o s e n s i t i v i t ]  
of  the  antibody-forming mechanism i n  normal mice and i n  mice t h a t  have experiencec 
a primary ant ibody response. 

2. Depressant  E f f e c t  o f  Acute, Divided Acute and Chronic Bxposure t o  
Radiat 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 chronic  exposure. 
Phe secondary t e t a n u s  a n t i - t o x i n  response i s  used t o  measure t h e  depressant  e f f e c t  
of r a d i a t i o n  under these condi 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  Antigenic  St imulus.  The depressant  e f f e c t  of  
r a d i a t i o n  on the 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  of the secondary a n t i g e n i c  s t imulus.  A d e t a i l e d  s tudy is be ing  made 
of t h e  secondary a n t i g e n i c  s t imulus  i n  r e l a t i o n  t o  acute ,  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 ant ibody pro- 
duc t ion  is  suppressed fo l l swing  exposure t o  rf&-#&i8& 
t o  f a t a l  anaphylaxis  appears  a f t e r  r a d i a t i o n .  A c o n t i  
an a t tempt  t o  e x p l a i n  t h i s  phenomenon. COLLECTION ,h%"L /g9 ./&?at, 
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P r o j e c t  T i t l e :  Radia t ion  E f f e c t s  on Immunity and Allergy - 6120-4 (Cont'd) 
.-- .-- --_-_ 

(a) Mechanism of I m u n e  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  cont inuing  i n  s tudy  of t h e  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  ant ibody forming t i s s u e s  t o  beta and gamma 
radiat ion.  The secondary ant ibody response from t h e  t r a n s p l a n t e d  t issue i s  used 
to measure t he  r a d i o - s e n s i t i v i t y  of t he  v a r i o u s  tissues. 

6. E f f e c t  of I n t e r n a l  Radiat ion on Antibody Formation. Cont inuing ex- 
periments a r e  being c a r r i e d  on t o  s tudy t h e  e f f e c t s  of yttrium-90 on t h e  secondary 
intibody response i n  mice. These s t u d i e s  w i l l  be extended t o  e v a l u a t e  the  e f f e c t s  
>f  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 Tissue  During t h e  Antibody Response. 
rritium l a b e l e d  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 se  or 
p r o l i f e r a t e  dur ing  t h e  secondary ant ibody response. Pre l iminary  experiments  are 
Deing c a r r i e d  on a t  t h e  p r e s e n t  time. 

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 cont inued wi th  p r i o r i t y  decreas ing  i n  
x d e r  of i n c r e a s i n g  number. 

(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  

T h i s  s t u d y  i s  based on t h e  f i n d i n g  tha t  animals  neonata l ly  exposed t o  an a n t i -  
Fen become s p e c i f i c a l l y  immunologically t o l e r a n t  or unresponsive to  the an t igen .  
Data accumulated w i l l  provide i n s i g h t  i n t o  the normal immune response,  i n t o  a n t i -  
body s y n t h e s i s ,  and i n t o  t h e  mechanism i n i t i a t i n g  auto-immunity and p a r t i c u l a r l y  
to t h e  fundamental mechanism by which n a t i v e  p r o t e i n s  are recognized and t h u s  f a i l  
to  e l i c i t  an ant ibody responseo 

Mice were exposed t o  t h e  a n t i g e n  dur ing  the  f i r s t  two weeks o f  l i f e .  A t  s i x  
ueeks of age t h e  mice were re-exposed t o  t h e  a n t i g e n  and subsequent ly  chal lenged.  
Uice similarly t r e a t e d  were bled. 
g lobul 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 .  The per  c e n t  r a d i o a c t i v i t y  pre- 
c i p i t a t e d  (antigen-antibody 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 to the a n t i g e n  dur ing  t h e  f i r s t  two weeka of 
l i f e .  These observa t ions  w i l l  be extended by t e s t i n g  the serum of o l d e r  mice which 
had been p o s t n a t a l l y  exposed t o  the  ant igen.  klso, t h e  development of s e n s i t i v i t y  
with 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 to t h e  a n t i g e n  at  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 tested 
for  BSA using 1131 ox ~3 labefed a n t i b o d i e s  and radioautography. 

To t h e  serum was added I131BSA and t h e  gamma 

The inc idence  of anaphylact  

(c) Immune Degradation 
G. T e r r e s  and W. Wolins 

The concern o f  t h i s  s t u d y  i s  to  c h a r a c t e r i z e  t h e  k i n e t i c s  o f  t h e  ant igen-  
ant ibody r e a c t i o n  i n  v ivo  i n  order  t h a t  a method may be  developed so that  i n  
d i s e a s e s  where a n  auto-immune mechanism has  been i m p l i c a t e d  c a n  be i n v e s t i g a t e d .  

hn t igen  was l a b e l e d  w i t h  I131  and mice were p a s s i v e l y  s e n s i t i z e d  w i t h  r a b b i t  
anti-serum. The amount of a n t i g e n  degraded a t  a n  a c c e l e r a t e d  rate was a f u n c t i o n  
of  t h e  amount of a n t i g e n  and ant ibody used. 
degrada t ion  phase was followed by one i n  which t h e  a n t i g e n  was degraded a t  a rate 
slower than i n  normal mice, Prel iminary s t u d i e s  were a l s o  s t a r t e d  w i t h  horse  
and mouse antiserum. 

With one =.tiserum, the i n i t i a l  r a p i d  

The r e v e r s e  experiments  are to  be done i n  which t h e  ant ibody i s  l a b e l e d  and 
i t s  degrada t ion  followed as a f u n c t i o n  of t h e  amount of  anti e n  used. 
experiment i s  planned i n  which t h e  a n t i g e n  i s  l a b e l e d  w i t h  I t 3 1  and t h e  an t ibody 
w i t h  1131, 
i n  which horse  and mouse a n t i s e r a  a r e  used t o  be  com leted 

Also an 

Thus t h e  degrada t ion  of bo th  c a n  be fol lowed s imultaneously.  S t u d i e s  

REBosrroRf &d/? ).2& 

COLLECTION ZkfX /f 9 - 3724. &, (d) Antibody Absorption on Guinea PiF: Ileum 

G. Terres /?5@ -6 1 

The n a t u r e  of the binding between an t ibody andS?$%F is ~ c + r m  TO 
l e a r n  more about  the q u a n t i t a t i v e  r e l a t i o n s h i p  bettv6,%,the amount of ant ibody 
absorbed and the  degree  of s e n s i t i z a t i o n .  

Here. ant ibody i s  l a b e l e d  w i t h  1131. Normal guinea p i g  ileum is soaked i n  
the amount of r a d i o a c t i v i t y  absorbed is measured as well  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 : :  Radia t ion  E f f e c t s  on Immunity and Allergy  - 6120-4 (Cont’d) 
.-.-- 

(d)  Antibody Absorption on Guinea P i p  Ileum (Continued) 

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 reac t ion .  

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

I t  has been found tha t  t he  amount of ant ibody i s  p r o p o r t i o n a l  t o  t h e  cOnCen- 
t r a t i o n  of p r o t e i n  used and conforms t o  a Langmuirilan 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 ]  
( a i n t i b o d y )  absorbed. 

The s e n s i t i v i t y  

I t  i s  intended t o  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. 
r e l a t i v e  t o  t h e  degree of  s e n s i t i v i t y  imparted. 

Thus t h e  m o u n t  of  p r o t e i n  absorbed p e r  type of  c e l l  can be  determini 

( e )  An Attempt t o  Show t h e  Exis tence  of Normal Auto-Antibodies 
W. Wolins, G. T e r r e s  and C. ,T. Shel labarger  

Severa 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  states fo r  which auto-ant ibodies  have n o t  BS 
y e t  been demonstratec! are be l ieved  t o  be auto-immune i n  or ig in .  I t  seems Con- 
c e i v a b l e  t h a t  auto-ant ibodies  may be normally formed rather than  a state Of immune 
un-responsiveness t o  ones own tissws, 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  or q u a l i t a t i v e  d i f f e r e n c e s ,  induce no pathclogy. 

One can modify t h e  concept  of  immune t o l e r a n c e  t o  i n c l u d e  deErees  of auto- 
immune r e a c t i v i t y  and p o s t u l a t e  that 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  auto-ant igens may be p r e s e n t  from t h e  o n s e t  of the 
ant ibody producing responses  b u t  t h e  presence of  au to-ant ibodies  i s  inapparent  
because they  u n i t e  r a p i d l y  w i t h  their corresponding ant igen.  An excess  or a n  
a l t e r a t i o n  i n  the  n a t u r e  of t h e  an t igen  can then  induce d isease .  

(1) Athyreot ic  female rats are bred ,  pregnancy main ta ined  w i t h  thyroxin. 
(2) Newborn rats a r e  made a t h y r e o t i c  by 1131 i n  doses  adequate  t o  p o d u c e  t h y r o i d  
a b l a t i o n ,  (3) Growth and developnent  c f  these rats are maintained by exogenous 
thyroxin ,  (4) ht m a t u r i t y  ra t s  are t o  be given whole body r a d i a t i o n  adequate  t o  
suppress  the immune response f o r  s e v e r a l  weeks. 
from normal rats are 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 )  A f t e r  s e v e r a l  weeks t h e s e  rats are t o  be bled and the presence of a n t i -  
bodies  d i r e c t e d  a g a i n s t  thyroglobul in  or t h y r o i d  e p i t h e l i u m  are to  be determined 
by  t h e  s e n s i t i v e  tanned red c e l l  technique,  o r  by complement f i x a t i o n .  

( 5 )  Implants  of lymph nodes 
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Background, S t a t u s  and Puture  Plans: 

Carbohydrate metabolism may be modified 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  the rate and metabol ic  pathways of  t h e  s y n t h e s i s  and degrada t ion  
of carbohydrates .  
r e l a t e d ,  a new program has been s t a r t e d  to  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. 
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  
materials a i d  t h e  understanding of  carbohydrate  metabolism. 

The u t i l i z a t i o n  of C14 or t r i t i u m  l a b e l e d  carbohydra tes  a i d s  

Since carbohydra te  metabolism and f a t  metabolism are i n t e r -  

F u r t h e r  s t u d i e s  on the k i n e t i c s  and 

(a) S t u d i e s  on D i a b e t i c  and N o n d i a b e t i c  Human S u b j e c t s  

Experimental  s t u d '  s were conducted w i t h  t h e s e  p a t i e n t s  using 1d4-=etatet  
2-C14-acetatet or 2-Cis-pyruvate. T o t a l  i s o t o p e  used was about 500 microcuries .  
Mith t h e  p a t i e n t s  i n  v a r i o u s  states o f  d i a b e t e s ,  f a s t i n g ,  or c o r t i c o s t e r i o d  excess ,  
the  rate and pathways of  g lucose  formation were e s t i m a t e d  by C14 a n a l y s e s  Of blood 
glucose. I n  a d d i t i o n  t h e  rate of  the  l a b e l e d  compounds was s t u d i e d  more widely 
by a n a l y s i s  of c14 i n  b r e a t h  132 and blood b icarbonate ,  plasma t r i g l y c e r i d e s  and 
c h o l e s t e r o l ,  plasma alpha-keto a c i d s ,  and ur inary  beta-keto acids .  P o s i t i v e  f ind-  
i n g s  inc luded  an i n d i c a t i o n  of an unusual pathway of  g lucose  formation form 

pyruvate, depressed  0 2  formation from acetate as a n  e f f e c t  of  c o r t i c o s t e r o i d  
adminis t ra t ion ,  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  formation 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 diabetic. Other  s t u d i e s  w i t h  d i a b e t i c s  inc luded  
C14 ana lyses  of  blood g lucose  for  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  
glucose formation. The e f f e c t s  of i n s u l i n ,  su l fonylureas ,  and g l u c o s e  load on 
t h e s e  processes  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  o f  l a c t a t e  and pyruvate  i n  r e l a t i o n  to  g l u c o s e  formation 

Find-  
i n g s  so f a r  i n c l u d e  a q u i t e  d e f i n i t e  decrease  i n  formation 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  t h a t  metabol ic  r e a c t i o n s  
forming glucose from l a c t a t e  or pyruvate  are more d i v e r s e  t h a n  supposed, 

W. Shreeve and R. DeMeutter 

I n  o r d e r  t o  under- 

brea th  OD2 and blood lac t ic  a c i d  have a l s o  been analyzed f o r  C14 content .  

I t  is expected t h a t  t he  program w i t h  human d i a b e t i c s  w i l l  cont inue  at  about  
the same pace and i n  t h e  same d i r e c t i o n  as the previous  year. Findings on both  
r a t e  and pathways o f  g lucose  formation 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  b e  confirmed and enlerged.  
hampered i n  i t s  estimate of the 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  breath samples by a rather crude  method. 
A cont inuous C%2 record ing  ins t rument  f o r  b r e a t h  a n a l y s i s  w i l l  be  acquired. 
Immediate and cont inuous r e c o r d s  of r e s p i r a t o r y  C14 a c t i v i t y  and cumulat ive Cl4 

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

COLLECTION di?26% ' 
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(b )  Animal S t u d i e s  of Sugar Metabolism 
W. Shreeve and R. De Meutter 
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I n  t h i s  year  also there was completed a s tudy  (begun i n  the previous  two years 
r i b o s e  and deoxyribose formation from c14-1abeled g l y c i n e  i n  r e g e n e r a t i n g  rat 

Results 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 deoxyribose i n  DNA had an o r i g i n  
There has  been some work t h i s  year  on t h e  

Along w i t h  t h e  nuc leos ides ,  T-thymidine and T-cyt idine,  

tver. 
t f f e r e n t  from t h a t  of ribose i n  RNA. 
Etabolism o f  pentoses. 
)me l a b e l e d  s u g a r s  (T-deoxyribose and ~ 1 4 - r i b o s Q  have been presented  t o  tissue 
i l t u r e  c e l l s  followed by  radioautography and chemical a n a l y s e s  o f  n u c l e i c  g c i d  
:act ions.  
1s a poor precursor  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 
id DNA 

With regard to  s u g a 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  deoxyribose 

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  spent  t w o  months of  t h i s  year  
I t h e  Biochemistry Div is ion  g e t t i n g  s t a r t e d  on a s tudy  wi th  C14 Of the pathways 
' carbohydrate  u t i l i z a t i o n  in t h e  e lectr ic  ee l  i n  o r d e r  to  relate t h e  unique form 

P r e s e n t  f ind ing .  
i d i c a t e  a n  ex tens ive  use of  the  g lucose  o x i d a t i v e  pathway i n  t h i s  species .  

energy produced t o  t h e  n a t u r e  of t h e  metabolism producing it. 

There is  some p o s s i b i l i t y  tha t  t h e  s tudy  of pentose  formation w i l l  be renewed 
sing rat l i v e r  and tissue c u l t u r e  cells .  A survey o f  v a r i o u s  s p e c i a l  and common 
ibeled p r e c u r s o r s  f o r  r e l a t i v e  formation of deoxyribose of DNA and r i b o s e  of 
?A is contemplated. 

(c) Radia t ion  Physiology o f  Blood L i p i d s  and Adipose T i s s u e  
I. Schwartz 

f i f f e c t s  o f  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  
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 
: imary  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, a n  i n v e s t i g a t i o n  of 
ie 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 
! 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 .  

Ldnum-bound C14 p a l m i t i c  a c i d  has  been prepared to  serve  as a t r a c e r  f o r  t h e  
xi1 of non-es te r i f ied  f a t t y  ac ids .  

Sfandard methods o f  l i p i d  analysis have been set up. A p r e p a r a t i o n  of 

Pollowing t o t a l  body i r r a d i a t i o n  i n  dogs and l a b o r a t o r y  mammals, measurements 
F r a d i a t i o n  e f f e c t s  on the  cooiposition of s e l e c t e d  blood l i p i d s  w i l l  be made. 

Radio iso topic  Analysis  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 tudy 
! the  mobi l iza t ion ,  t r a n s p o r t  and u t i l i z a t i o n  o f  body f a t .  Only r e c e n t l y  i t  has 
!come clear that  t h e  non-es te r i f ied  f a t t y  a c i d  (NBFB) f r a c t i o n  of plasma is  a 
ighly important  metabol ic  f u e l  which a lone  c a n  supply as much as 50% of the to ta l  
Jargy 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  shed d i r e c t l y  

3FA to  man and dogs). ghus 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  
iergy t o  working c e l l s  a t  a r a t e  e q u a l  t o  r.nd p o s s i b l y  exceeding t h e  c a l o r i c  
Lux a v e i l a b l e f r o m  glucose. 
? l i v e r y  of NEFA from s t o r a g e  is  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  when 
he t o t a l  energy requirement exceeds the energy made a v a i l a b l e  from carbohydra te  
stabolism. 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 n v o l v e s  v e r s a t i l e  a t t r i b u t e  
f adipose  t i s s u e  t h a t  were unsuspected u n t i l  very recent ly .  I t  is of  c o n s i d e r a b l  
nportance t o  make use of  i s o t o p i c  f a t t y  a c i d s  to  c h a r a c t e r i z e  t h e  n a t u r e  of  t h i s  
r 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 s i t i o n  i n  c a l o r i c  homeostat is ,  b u t  
Is0 because of t h e  h igh  p r o b a b i l i t y  t h a t  a n  unregulated flow of  NEFA from Storage  
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  reason ,  s t u d i e s  
f t h e  r e g u l a t i o n  of plasma NBFA l e v e l s  have been combined. 

de te rmina t ion  of C1% i n  expi red  a i r  a f t e r  a d m i n i s t r a t i o n  of  C fa  - labe led  

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  

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 
hyroid hormones i n  human s u b j e c t s  and $n.$na&&will be i n v e s t i g a t e d .  

CP SIT 
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( e )  T r a n s f e r  of Metabol i tes  Through C e l l  Membranes 
P. Le Fevre,  G. McGinniss 
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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 -  
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  d a t a  on ne t  sugar  t r a n s f e r s  i n  t h e  red  
2 1 1  have l e d  t o  a previous 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, 
roviding 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. 
revious 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  rc- 
ponse t o  g r o s s  concent ra 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 w i t h  
-glucose 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 

b' s u r f a c e  a l t e r a t i o n s  a t  h igh  sugar  concent ra t ions .  The l a t t e r  hypothes is  
r e d i c t s  a t r a c e r  g lucose  exchange ra te  which i s  only a small f r a c t i o n  of  that 
r e d i c t e d  by c a r r i e r  theory. Therefore ,  C14-glucose e q u i l i b r a t i o n  i n  b o t h  d i r e c t -  
QII8 was s t u d i e d  i n  t h i c k  suspensions of human ery throcytes .  The speed of t r a c e r  
q u i l i b r a t i o n  i n  comparison wi th  the  spced of n e t  t r a n s f e r  was 50-100 t imes g r e a t e i  
han would be found i n  a d i f f u s i o n  process ;  t h e s e  high f l u x e s  are c o n s i s t e n t  w i t h  
he c a r r i e r  theory--provided t h a t  a g lucose-car r ie r  a f f i n i t y  apprec iab ly  h igher  
han t h a t  prev ious ly  es t imated  be assumed. 

s p e c i a l  sugar  c a r r i e r  s y s t e m ,  o r  t o  non-specif ic  depress ion  of c e l l  permeabi l i ty  

Molccular S p e c i f i t y  i n  Sugar T r a n s f e r  Systems: The l i k e l y  ex tens ion  of t h e  
onfromational  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  discovered i n  t h e  human red 
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 z a t e d ,  with s p e c i a l  
t t e n t i o n  t o  t h e  mouse Krebs a s c i t e s  tumor c e l l .  T h i s  c e l l  i s  not  adaptab le  t o  
he Orskov dens i tomet r ic  procedure used f o r  t h e  e r y t h r o c y t e  s t u d i e s ,  and appropr ia l  
hemical methods have been developed for improved q u a n t i f i c a t i o n  of t h e  p a r t i a l  
e s u l t s  repor ted  from C o r i ' s  l a b o r a t o r y  i n  1956. Est imat ion  of the s p e c i f i 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  permit  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  
i t h  molecular  conformational  s t a b i l i t i e s ,  i s  beginninc. 

The r e l a t e d  problem of  t h e  r e v e r s i b l e  combination of these  systems, i n  
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 ,  
nd o t h e r  such d iphenol ic  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 tudied .  
arious 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 rearrangements  i n  t h e s e  
iphcnol ic  molecules  and a l t e r a t i o n s  i n  t h e  composition of t h e  medium, as f a c t o r s  
n t h e  degree t o  which t h e  agents  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  
ay assist i n  i d e n t i f i c a t i o n  of the  r e a c t i v e  kroups i n  t h e  presumed c a r r i e r ,  a 
a t te r  which h a s  t h u s  f a r  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  Include:  

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  
ypes) sugar - t ransfer  systems, as i n i t i a t e d  above, 

2. Extension 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 carrier's r e a c t i v e  
roups, and t h e  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 ca l  
,o lecular  assembly involved. 

3. Systematic  dens i tomet r ic  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 
.bso lu te  rate 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  with wide range of c a r r i e r  
I f f i n i t y ;  since pre l iminary  e s t i m a t e s  sugges t  rate c o n s t a n t  may be i n v a r i a n 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  

I y s tem. 

4. C14-ribose ( o r  o t h e r  low-af f in i ty  sugar )  t r a c e r  e q u i l i b r a t i o n  s t u d i e s ,  
'or c o n t r a s t  wi th  above g lucose  t r a c e r  studies;  i f  c o n s i s t e n t  with t h e o r e t i c a l  
i red ic t ion ,  c e r t a i n t y  of i n t e r p r e t a t i o n  of g lucose  t r a c e r  behavior  would be 
; r e a t l y  s t rengthened.  

BOX NO 

FOLDEil 

Page 6000-20 OPPICIAL USE ONLY 



PROP3SLL i J 4 D  MTHORIZhTION 
F3A XHSEiJCH 3R DEVBLOPI4W 

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

Radioisotopes f o r  Study of P r o t e i n  and 
Nitrogen Metabolism 

2. Date: 

May 1959 

- 
110. 6120-6 No. 1 No. Progress:  Q u a r t e r l y  & S p e c i a l  

aeoor t s -- 
9. Cont rac t  No: 
AT-30-2-GEN-16 

-_ 

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

Cont inuing 

.-- - 
-- I 10. Persons i n  Charge: 

D. D. Van Slyke,  W. L. Hughes, 
M. Maxfield I ~ - -  

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

Cost  ( i n  thousands of C o l l a r s )  170 17 4 180 

Direc t  Clan-Years 

S c i e n t i f i c  
Others  

T o t a l  

5.5 5.6 5.9 
6 e8 6 -6 6.7 

12.1 12.3 12.7 
- - 

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

The use of l a b e l e d  p r o t e i n s  f o r  a n  e v a l u a t i o n  of  t h e  n u t r i t i v e  state of  i n t a c t  
organisms w i l l  cont inue  t o  be explored. 
in format ion  on a n u t r i t i v e  conCit ion 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  elements. For example, t r i t i u m  
e m i t r v e r y  weak b e t a  p a r t i c l e s  w i t h  a range l e s s  t h a n  c e l l u l a r  dimensions. Thus, 
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 &  l a b e l e d  compounds as w e l l  as p o s s i b l y  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  o 

C14 and t r i t i u m  l a b e l e d  conpounds g i v e  

(a) Mechanisms o f  DNA S y n t h e s i s  
W. L. Hughes COLLECTION &/gg - nkd<ra, 

/ 93-2 -G/ 
The mechanism of re -dupl ica t ion  and subsequent dif@%qb- 'a  

of ce l l s  can be s t u d i e d  u t i l i z i n g  t r i t i u m  l a b e l l e d  t h  midine as a t r a c e r  f o r  DNA, 
t h e  c h i e f  component of t h e  g e n e t i c  material, ?OLDER 

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. 
t r i t i u m  l a b e l e d  compounds i s  t o  be cont inued  and extended u t i l i z i n g  deuter ium 
compounds as they are synthes ized  and become a v a i i a b l e  f o r  We.. 

The previous  s t u d i e s  on t h e  mechanism of DNA d u p l i c a t i o n ,  u t i l i z i n g  

(b)  The P r e p a r a t i o n  and Use of T r i t i a t e d  Compounds f o r  Bio-medical S t u d i e s  
W. 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 v a l u a b l e  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  damage. k wide v a r i e t y  of experimental  m a t e r i a l  has  been used t o  assess 
t b e  r a d i a t i o n  damage t h a t  may occur  as t h e  result of p lac ink  r a d i o a c t i v i t y  w i t h i n  
t h e  nucleus. S p e c i f i c  a t tempts  t o  s tudy t h i s  problem inc lude :  1) U t i l i z a t i o n  
of t issue 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  relate 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  coopera 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  animals, u t i l i z i n e  
radioautoEraphic  techniques  t o  l o c a t e  the  s i tes  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 ,  and then  searching  f o r  r a d i a t i o n  
e f f e c t s .  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 
aome thymic weicht  l o s s  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  
are, of course,  q u i t e  important  i n  a s s e s s i n g  the  p o t e n t i a l  hazards  from contamina- 
i o n  
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 c  of DNA s y n t h e s i s  w i t h  a gamma emit t inL 
ieo tope ,  which can be counted from o u t s i d e  t h e  body i n  i n t a c t  organisms. 
t h i s  compound w i l l  be explored as t o  i t s  u s e f u l n e a s  i n  l o c a t i n c  d i v i d i n c  Cells,  
i n  tumors, f o r  example, o r  i n  a s s e s s i n g  r a d i a t i o n  damage where i t  depresses  c e l l  
d i v i s i o n ,  o r  where chemotherapeutic a g e n t s  mi[:ht be expected t o  d e p r e s s  c e l l  

with t h i s  m a t e r i a l .  4) Replacement of  thymidine with i o d o  (I131) deoxyuridir  

Thus 

Q 5 )  Radia t ion  induced c a t a r a c t  formation presumably resu l t s  from e f f e c t s  
@.&thelium of  t h e  lens .  S t u d i e s  on t h e  renewal of t h e  l e n s  ep i the l ium 

(See c o n t i n u a t i o n  s h e e t )  
Lage 6000-21 OFFICIAL USE 314LY 



h: 
SI 
t: 
t l  

bl 

1; 

€ 1  

C (  

C( 

el 

bi 
dc 
fl 
b: 
i c  

i t  

mc 
I?  
i i  

mi 
rl 
fi 
rc 

P( 
51 

i :  
P' 
t l  
tl 

ai 
hi 
a. 
P. 
tl 

Ci 

0: 

Sl 

w. 
81 
( :  
t 
P' 
C, 

C'  
i 

- 

(b)  The Prepara 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) 

P r o j e c t  T i t l e :  Radioisotopes f o r  Study of P r o t e i n  and NitroLen Metabol isy - $=6 Con 
l 

ive  been i n i t i a t e d  u t i l i z i n r  t r i t i a t e d  thymidine. 6) Other  t r i t i a t e d  components 
Jch as c y t i d i n e  and a r g i n i n e  have been produced. 
i s sue  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  wi th  
c 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  study s i t e s  o f  a n t i j e n  ant ibody r e a c t i o n  
r use of autoradiography.  

S t u d i e s  o f  t h e s e  components i n  

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

Serum albumin has  been l a b e l e d  wi th  tritium, and serum l i p o p r o t e i n s  have been 
ibeled wi th  radioiodine.  The turnover  of t h e s e  compounds w i l l  be s t u d i e d  by 
:buntins techniques and t h e  s i t e s  of ca tabol i sm w i l l  be l o c a l i z e d  by radioauto-  
caphy, as p a r t  of t h e  Ceneral  proEram on t h e  replacement o f  serum p r o t e i n s .  

(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 
L. V. Hankes, R. D. Stoner  

I n v e s t i p t i o n  of  t h e  problems of t r i c h i n o s i s  as s t u d i e d  wi th  r a d i o a c t i v e  
mpounds y i e l d s  informat  ion  on hos t -paras i te  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  
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 h o s t  metabolism i s  being i n v e s t -  
jated. 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 carbohydra tes  are 
sine 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 g  l a r v a e  c u l t u r e s  i n  chemical ly  
? f i n e d  medial  c o n t a i n i n 6  Ci4-labeled amino acids .  
2edinE of C14-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 
b o d  components were analyzed f o r  C14 t o  a s s e s s  t h e  e f f e c t s  of p a r a s i t i c  i n f e c t -  

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

m on h o s t  metabolism. These s t u d i e s  are t o  be cont inued.  

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

b o n g  t h e  plasma p r o t e i n s ,  t h e  low molecular  weight ,  a c i d i c  F lycopro te ins  are 
Ire or l e s s  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  hove ye t  been a t t r i b u t e d  t o  them 
t i s  u n l i k e l y ,  however, t h a t  t h e y  are 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  
1 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 lycopro te ins ,  orosomucoid, is  
i rkedly  e l e v a t e d  i n a n u m b e r  of  apparent ly  u n r e l a t e d  c o n d i t i o n s  inc luding  pregnanc 
?eumatoid 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  lat ter d i s e a s e s ,  i n  
3ct ,  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  
?sponse t o  therapy.  Where t rea tment  has  been s u c c e s s f u l  t h e  l e v e l  drops. Be- 
Puse orosomucoid i s  i n h e r e n t l y  an i n t e r e s t i t g  subs tance  from t h e  p r o t e i n  chemist '  
l i n t  of view and because i t  i s  becoming i n c r e a s i n c l y  important  c l i n i c a l l y ,  a 
tudy of i ts s t r u c t u r e  has been undertaken and is  cont inuing.  
s about f o r t y  p e r  c e n t  carbohydrate  and s i x t y  per  c e n t  p r o t e i n .  The carbohydrate  
x t i o n  C o n t e n s  about 17 resiCues of s i a l i c  a c i d  p e r  p r o t e i n  molecule and each o f  
lese r e s i d u e s  has  been shown t o  be "terminal", t h a t  is ,  l inked  t o  the  rest of 
?e molecule throuch a s i n g l e  g l y c o s i d i c  bond. An enzyme produced by the micro- 
cganism Clos t r id ium w e l c h i i  can  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 thout  
fly 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  
9s been found t o  be l inked  t o  a g a l a c t o s e  res idue ,  probably t o  the  n m b e r  3 carbo  
tom. 
r o t e i n  is  a s i n g l e  polysaccharide u n i t ,  and s i n c e  i t  has  at l e a s t  17 "end groups" 
h i s  polysaccharide must 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  

Experiments seem to i n d i c a t e  t h a t  t h e  carbohydrate  p o r t i o n  of the glyco- 

The "turnover" s t u d i e s  w i l l  be cont inued and extended t o  as many p a t i e n t s  as 
?ems advisable  and p r a c t i c a l .  The probin6 i n t o  t h e  s t r u c t u r e  of Orosomucoid 
ill cont inue.  I t  would appear  now t h a t  t h i s  s tudy w i l l  involve  (1) an enzymatic 
pproach using g lycos idases  from v a r i o u s  sources  t o  e f f e c t  s p e c i f i c  c l e a v a c e s  and 
2 )  a t tempts  t o  d e 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 
reatments i n  such a way t h a t  on ly  those amino a c i d s  l i n k e d  d i r e c t l y  t o  t h e  
Dlysaccharide remain. The purpose of t h i s  l a t te r  approach i s  t o  d iscover  t h e  
i rbohydrate- to-protein l i n k  which i s  as y e t  unknown. 

( f )  

c o  1 

Radioisotopes f o r  Study of P r o t e i n  and Nitrogen S t u d i e s  of  Col lagen 
D. D. Van Slyke, 0. P. Foss, E. 

l aeen  i s  t h e  s t ructural  p r o t e i n  t h a  
omprises a l a r g e  p a r t  ( i n  t h e  r a t  f o r t y  pea~mO4- . I t  
s involved i n  t h e  chances of t h e  "col lagen d iseases"  and of aging. The condi t ion  
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Radioisotopes f o r  Study Of P r o t e i n  and 
P r o j e c t  T i t l e :  Nitrocen Metabolism - 6120-6 (CGnt'd) 

( f )  Radioisotopes f o r  Study of  P r o t e i n  and Ni t rocen  S t u d i e s  of Collagen (Con' 

of co l lagen  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 ,  hydroxylysine, which i s  unique i n  t h a t  i t  
occurs  only i n  co l lagen .  
and hydroxylysine i n  t h i s  Laboratory, t h e  only source of t h e  hydroxylysine i n  
c o l l a g e n  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 hydroxylated 
when, or s h o r t l y  a f t e r ,  i t  i s  incorpora ted  i n t o  col lagen.  
x y l y s i n e  i t s e l f  i s  not  incorporated.  
processes  of  i n c o r p o r a t i o n  and hydroxylat ion of  l y s i n e  i n  co l lagen ,  t h e  turnover  
r a t e  of c o l l a g e n  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 issues,  and t h e  f u n c t i o n  of 
hydroxylysine i n  t h e  co l lagen  molecule. 
hydroxylysine i n  c o l l a g e n  appears  t o  be f r e e ,  twenty-five per  c e n t  o r  more i n  
c o l l a g e n  from d i f f e r e n t  t i s s u e s  being masked by c o o r d i n a t e  or o t h e r  type  of  bond- 
ing ,  which may be e s s e n t i a l  t o  t h e  s t r u c t u r e  of t h e  c o l l a g e n  molecule. I t  i s  
intended 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  extended t o  cover t h e  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  
in jury .  

A t o o l  f o r  such 

As shown by experiments  w i t h  C14- and H3-labeled l y s i n e  

Administered hydro- 
S t u d i e s  a r e  i n  progress  concerning t h e  

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

( g )  Rela t ionships  among Urinary Mucoproteins 
M. Maxfield 

The molecular weight ,  s i z e  and shape of the  DiFer ran te  u r i n a r y  mucoprotein 
which had been obta 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 .  
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  with 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 ,  
confirming t h e  prev ious ly  determined molecular weight  of  25 X lo6. 
weight i s ' i n  agreement w i t h  t he  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 .  
mucoprotein of Tanm i s  i n  r e v e r s i b l e  equi l ibr ium w i t h  $he 7 X 106 molecular  weight 
form r e p o r t e d  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  alone. 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  t h e  7 X lo6 form. I n  t h e  

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 gel .  The mucoprotein of  Tamm may be d i s -  
s o c i a f 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  v a r i o u s  forms d e s c r i b e d ,  t h e  Tannn and the  DiFer ran te  mucoproteins are 
a c t i v e  v i r u s  i n h i b i t o r s .  

The u r i n a r y  mucoprotein of Tamm and 

T h i s  molecular 

I t  has  been shown that t h i s  form of  t h e  

presence of salt,  t h e  7 X 10 8 form i s  i n  equi l ibr ium w i t h  t a c t o i d s .  Upon s tanding  

T h i s  i s  one-half of t h e  molecular  weight of t h e  DiFer 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  formation 
of  kidney s t o n e s  w i l l  be i n v e s t i g a t e d  f u r t h e r .  

An e f f o r t  w i l l  be made t o  determine the  a n t i v i r a l  a c t i v i t y  of  each of 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 excre ted  i n  t h e  u r i r e  of normal dogg 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 rece ived  550 r whole body r a d i a t i o n  were s tudied .  
s i n g l e  example t h e  amount of u r i n a r y  mucoprotein e x c r e t e d  and the s p e c i f i c  
v i s c o s i t y  were both reduced dur ing  t h e  per iod  of the acute  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 i n a r y  mucoprotein was 
excre ted  due t o  the 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  is 
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  of s tudy  w i l l  be continued. 

h u x  u. 
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lackground, S t a t u s  and Future  Plans:  

Therapy of  t h e  acute  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 ,  
m 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  nurs ing  care i n d i c a t e s  t h a t  it i s  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 at  X-ray dose l e v e l s  apprcximately 1.6 times t h e  
350 dose. 

The s u c c e s s f u l  t reatment  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 
: ad ia t ion  t h u s  provides  a. 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  
:apac i ty  of hematopoiet ic  t i s s u e s .  

S t u d i e s  on t h e  Regenerat ive Capaci ty  of Hematopoietic T i s s u e  
Following Supra- le tha l  whole body r a d i a t i o n  i n  t h e  Dog 

E. P. Cronki te ,  V. P. Bond, E. Usenik 

Trea ted  dogs surv iv ing  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 e d  
For a t  least 6 months. Regenerat ion of  hematopoiet ic  t i s s u e  was manifested by 
r i s i n g  p e r i p h e r a l  blood counts .  Myelopoiet ic  and e r y t h r o p o i e t i c  regenera t ion  
in t h e  bone marrow was o f t e n  e v i d e n t  a t  40 days post-exposure. 
m s e t  of regenera t ion  of t h e  d i f f e r e n t  c e l l  l i n e a g e s  appeared t o  b e  s imultaneous,  
the r a t e s  of regenera t ion  were n o t  i d e n t i c a l .  

Although t h e  

These s t u d i e s  are t o  be cont inued,  t o  f u r t h e r  demonstrate  t h e  r e g e n e r a t i v e  
:apaci ty  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  
>f dogs t h a t  have recovered from l a r g e  doses  of rad ia t ion .  
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)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  abnormali ty  of  hormones is 
: o r r e l a t e d  w i t h  major d i s e a s e  processes  such as d i a b e t i c  k e t o s i s ,  a therogenic  
: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  
fac tors .  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 l p h a  o r  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,  at t h e  s u b c e l l u l a r  and moleculai 
l e v e l ,  t h e  c r u c i a l  q u e s t i o n s  i n  endocrinology under ly ing  t h e s e  important  c l i n i c a l  
Jroblems. 
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Mechanism of Hormone Act ion 
I. Schwartz, A. Debons, C. Fong 

0. Persons  i n  Charge: 
I. Schwartz 

The development of l a b e l i n g  procedures  is  planned i n  an at tempt  to o b t a i n  
xormone p r e p a r a t i o n s  w i t h  high s p e c i f i c  a c t i v i t y ,  double  l a b e l s  ( t r i t i u m  and 
sulfur-35 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. 
iormones of known chemical  s t ructure  have been s e l e c t e d  t o  begin  t h e s e  s t u d i e s ,  
vasopresin and oxytocin. 

11. S t a r t i n g  Date: 
Cont inuing 
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F. Y. 1959 F. Y. 1960 
S p e c i a l  P r o j e c t s  - Summary 

Cost  ( i n  thousands of d o l l a r s )  105 155 

2. Date: 
May 1959 

Direc t  Man-Years 

3. Budget A c t i v i t y  4. Budget Item 

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

5 .  C o n t r a c t o r ' s  6 .  Method and Time of  Reporting 

Reoo r t  s 

T o t a l  
2.2 2.2 

4.1 4.1 
- - 

F. Y. 1961 

170 

1.9 
2.2 
4.1 
- 

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

1. Educat iona l  Conferences 

2. Marshal lese  Survey 

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

4. Occupat ional  Medicine C l i n i c  

1. Educat iona l  Conferences 
Persons i n  Charge: L. E. F a r r  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 

D i r e c t  Man-Years " - -- 
3ackground, 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  of t h e  Department is  t h e  o r g a n i z a t i o n  of  at 
Least one s p e c i a l  conference each year  i n  conjunct ion  w i t h  t h e  Div is ion  o f  Biology 
m d  Medicine of t h e  Atomic Energy Commission, 
€or  educa tors  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 conferences  are, i n  genera l ,  

The t h i r d  of  t h e s e  conferences was h e l d  on December 15 and 16, 1958 t o  
Nhich a l l  Deans of Medical Schools  i n  t h e  United S t a t e s  and Canada were i n v i t e d  
to  d i s c u s s ,  and hear d i scussed  by BNL personnel  and eminent a u t h o r i t i e s  s e l e c t e d  
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 Science and Education". 
Approximately 75 per  c e n t  of  t h e  i n v i t e e s  a t t e n d e d  and t h e  conference was adjudged 
nose successfu l .  

4 0 0 2 1 5 2  FCLCER 

(See c o n t i n u a t i c n  s h e e t )  
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4 0  

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

2. Marshal lese  Survey 
Person i n  Charge: R. A, Conard 

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

Cost  ( i n  thousands of d o l l a r s )  8 5  115 110 

D i r e c t  Man-Years 

S c i e n t i f i c  
Others  

1.9 1.9 1.9 
2.2 2.2 2.2 

T o t a l  4.1 4.1 4.1 
- - 

Background, S t a t u s  and Future  Plans: 
' I n  March 1954 fol lowing the  d e t o n a t i o n  of  a n u c l e a r  device ,  239 Marshal lese  

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 t u d i e d  i n i t i a l l y  and annual ly  by  medical  teams under t h e  auspices  of 
t h e  Div is ion  of Biology and Medicine of  t h e  Atomic Energy Comnission. 
s t u d i e s  a r e  under the  sponsorsh ip  of the Medical Department, Brookhaven Nat iona l  
Laboratory and Dr. Robert A. Conard has been appointed by t h e  Laboratory as c h i e f  
of t h e  Marshal l  I s l a n d s  s tudy  p r o j e c t ,  and is  i n  charge of organiz ing  and c a r r y i n g  

out  the  annual  medical  surveys  of these  people i n  t h e  Marsha l l  I s lands .  
va luable  information h a s  been and i s  being obta ined  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 f s  which is being made a v a i l a b l e  t o  t h e  medical profess ion  
and s c i e n t i f i c  world through publ ica t ions .  

These people  have been taken  

These 

Much 

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

The resul ts  of  t he  f o u r  year  post-exposure survey completed i n  
and has j u s t  been completed. The d a t a  frcjm t h i s  survey i s  i n  t h e  process  of 
being analyzed. 
Yarch 1958 a r e  now being publ ished i n  complete form under  the  t i t l e  "Medical 
Survey of  Rongelap People, March 1958, 4 Years A f t e r  Exposure t o  Pa l lou t"  as BNL 
Report No. 534 (T-135). 
publ ished i n  Radia t ion  Research ( E f f e c t s  of F a l l o u t  Radia t ion  on a Human Popula t ior  
Proceedings of t h e  I n t e r n a t i o n a l  Congress of Radia t ion  Research, Supplement 1, 
page 280, 1959. 

I n  a d e i t i o n  t h i s  r e p o r t  i n  a b b r e v i a t e d  form has been 

Plans  are now being made f o r  the  next  annual  medical  survey t o  take p lace  
i n  March 1960 a t  6 years post-exposure. S ince  t h e  a c u t e  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  subsided,  e f f o r t s  i n  the f u t u r e  w i l l  be 
concentrated p r i m a r i l y  on p o s s i b l e  late 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 hematological  work, emphasis 
w i l l  be placed on examinat ions f o r  degenera t ive  d i s e a s e ,  carc inogenes is ,  aging 
e f f e c t s  and o t h e r  l a t e  e f f e c t s .  Results o f  environmental  contaminat ion i n  t h e  
people w i l l  be s tud ied  by gamma r a y  spectroscopy of i n d i v i d u a l s  using t h e  steel  
room and radiochemical  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  homogeneity o f  these 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 o f  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 g s  which 
may or may 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 ,  medical  schools ,  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  order  t h a t  d e s i r a b l e  personnel  may g 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 be inbs  by s tudying  t h e s e  people. 
f u t u r e  surveys may be reduced somewhat i n  scope when i t  i s  p o s i t i v e  that  the a c u t e  
e f f e c t s  of exposure have unquest ionahly subsided. 
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 considered.  
i s  ba l ieved  t h a t  annual  surveys  are 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  I s l a n d s  o r d i n a r i l y  a r e  not  s a t i s f a c t o r y  and the  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  per iods  a t  t h i s  t i m e .  

3. Summer Student  I n s t i t u t 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 t i m e  i n  t h e  
However, a t  t h i s  time i t  

- -- 
__--I_.. 

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

Background, S t a tus  and Future  Plans: BOX NO 

2 I 5 3 h e  r o l e  of the Brookhaven Nat iona l  Labo%i?jEFy i n  medical  educa t ion  has been 
evaluated as follows: 

(See c o n t i n u a t i o n  s h e e t )  
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Project  Title: S p e c i a l  P r o j e c t s  - 6120-9 (Cont 'd)  

. Summer Student I n s t i t u t e  (Continued) 
- 

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 ians  of f a c u l t y  
ank because thereby information i s  m u l t i p l i e d  and young f a c u l t y  members may, as 
he r e s u l t  of such experiences,  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  

L practice-academic career. 
h a t  f o r  t h e  except ivna 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 the 
INL medical  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 fash 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 the  problems f o r  s e v e r a l  years has led 
o t h e  conclus 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  medical  educa t ion  would be 
hccomplished by giving a h ighly  modif ied v e r s i o n  of  a Medical School course  a t  
kookhaven. By t h i s  means can t h e  s tudent  be g iven  a s u i t a b l e  and proper i n t r o -  
luct ion t o  t h e  broad problems of n u c l e a 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 ,  from nuclear  physics  t o  d i s e a s e  procnosis. I f ,  however, such a c o u r s e  
rete given by Brookhaven S t a f f  a l o n e  i t  would d i v e r t  BNL phys ic ians  from t h e i r  
hasic research.  Therefore ,  the course  should be &iven  by a Facul ty  assembled 
'rom Medical School P a c u l t i e s ,  by men s k i l l e d  i n  conduct ing teachink  of  medical 
, t u d e n t s  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. The F a c u l t y  i n  
urn w i l l  be Research 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 
iNL 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  Departmen 
'hereby d i v e r s i o n  i s  prevented and a n  a c t u a l  re inforcement  of  program i s  a t t a i n e d .  
; ince the course  w i l l  be a r e s p o n s i b i l i t y  of Facul ty  and i t  i s  the d e c i s i o n  of 
he School t o  g r a n t  c r e d i t  f o r  t h e  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  
o Brookhaven tha t  t h e  Ph.D. s t u d e n t  is when he i s  doing h i s  t hes i s  r e s e a r c h  at  
lrookhaven. By c o n t r o l  of  course c o n t e n t ,  i t  can be  a s s u r e d  t h a t  proper experienc 
ire given ranging from l a b o r a t o r y  manipulat ions o f  r a d i o i s o t o p e s  to waste d i s p o s a l  
l o t  laundry and personal  phys ica l  examinations. 
l ed ica l  Department personnel  i n  l e c t u r e s  but  l i m i t i n g  l e c t u r e s  by any given 
n d i v i d u a l  t o  two, t h e  main r e l i a n c e  cannot be p laced  on BNL S t a f f  y e t  t h e i r  
. ec tures  w i l l  g ive t h e  r e a l  impact t o  t h e  course. 
' a c u l t y  f o r  s t u d e n t  rounds inc luding  Whck body c o u n t e r  usage w i l l  be wholesome 
'or all .  P a r t i c i p a t i o n  should be by a l lo tment  t o  Medical Schools  on some b a s i s  
r h 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  
, e d i c a l  schools  w i t h  a chance t o  p a r t i c i p a t e .  
ibtained t o  determine ins t rumenta t ion  needs, d e p t h  o f  course  and hours  requi red  of 
.he Faculty. 

By encouraging use of Broolchaven 

U t i l i z a t i o n  of wards by t h e  

Obviously some experience must be 

I t  i s  clear that no f i rm commitment should be made i n  r e g a r d  t o  any new 
rar ian t  of  t h e  summer s tudent  program without  exper ience  t h a t  would i n d i c a t e  t h e  
ralue of t h e  new approach. 
ie c a r r i e d  o u t  j o i n t l y  w i t h  85 medical schools  b u t  that t h e  best experimental  
ipproach i s  to  f i n d  one medical school  which i s  f a v o r a b l e  t o  t h e  i d e a  and then t o  
:xplore i t  f o r  one year  a f t e r  which conclus ions  may be  drawn and a course f o r  
'u r ther  a c t i o n  p l o t t e d .  
.f anything were t o  be accomplished dur in& t h e  summer of  1959, i t  m u s t  be  one 
r i t h  a s i n g l e  medical  school  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 educa t ion  
!xperiment. 
'exas, dur ing  t h e  Conclave i n d i c a t e d  a w i l l i n p e s s  t o  carry on t h e  necessary 
txperimental study. On February 4, 1959 i n  Galveston,  Texas, t h i s  mat te r  w a s  
' u r t h e r  explored w i t h  Dean Truslow and members o f  h i s  Facul ty .  On March 2, 1959, 
k. Robert Cooley, P r o f e s s o r  and Chairman of t h e  Department c f  Radiology, v i s i t e d  
3rcokhaven f o r  a d d i t i o n a l  conversat 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  
received by the  Texas Medical Facul ty .  k t h r e e  man c u r r i c u l a  committee from Texas 
r i s i t e d  Brookhaven March 30th  and 3 1 s t  t o  e s t p b l i s h  j o i n t l y  w i t h  Brookhaven Medica 
)epartment members curr iculum content .  
rsed 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  must be maintained. A 
) rc l iminary  s t u d e n t  s e l e c t i o n  has  been made. 
ind 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 
:curse i n  P r i n c i p l e s  of Nuclear Medicine t o  run June 28 t o  J u l y  31, 1959 at  
3rookhaven. 

I t  i s  e q u a l l y  c l e a r  t h a t  such an experiment cannot 

The many detai ls  r e q u i r i n g  agreement made i t  c l e a r  t h a t  

Converst ions h e l d  w i t h  Dr .  John Truslow, Dean of  the Univers i ty  of 

Brookhaven's f a c i l i t i e s  m u s t  be properly 

Bight  s t u d e n t s  have been chosen 

BOXNO 

FOLDER 
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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) 

I. Occupat ional  Medicine C l i n i c  
----- 

Fcrsons i n  Charge: R. Love and M. Hagaman 

The l a r g e s t  Laboratory-supported a c t i v i t y  of t h e  Medical Department is t h e  
T h i s  o r g a n i z a t i o n  provides  t o  t h e  Labsra tory  as a k c u p a t i o n a l  Medicine C l i n i c .  

thole t h e  necessary  i n d u s t r i a l  medical  s e r v i c e s  for  proper  s p e r a t i o n .  The work 
)f  t h e  c l i n i c  has  r i s e n  s t e a d i l y  wi th  each year  of the Laboratory 's  opera t ion  and 
the u l t i m a t e  s i z e  of t h e  o p e r a t i o n  cannot y e t  be determined, The t o t a l  number 
) f  v i s i t s ' t o  t h e  occupat iona l  medicine c l i n i c  dur ing  F i s c a l  1958 was 10,692. 
s i m i l a r l y ,  t he  t o t a l  number of  x-ray examinat ions i n c r e a s e d  from 1,780 t o  2,005. 
lan-years and c o s t s  are n o t  included above, but a r e  p a r t  of t h e  General  and 
i d m i n i s t r a t i v c  c o s t s  of t h e  Labsra tory  and are d i s t r i b u t e d  as I n d i r e c t  Expense. 



PROPOSAL MJD AUTHORIZATION 
FOR RESEARCH OR DEVELOPMENT 

1. P r o j e c t  T i t l e :  
B e n e f i c i a l  Applicatfone of Atomic Energy - 

Cancer Research 

2. Date: 
May, 1959 

Sub-Activi t y  
No. 

3. Budget A c t i v i t y  4. Budget Item 
No: 6310 

P r o j e c t  T i t l e  

5. Con t rac to r ' s  6.  Method and Time of Reporting 

Page No. 

I NO: No : 

6310-1 Weutron Capture Therapy 6000-31 

Progress:  Quar t e r ly  81 Special 
Reoorts  

6310-2 

7. Contractor :  Associated U n i v e r s i t i e s ,  Inc. 
Brookhaven Nat ional  Laboratory 

6310-3 

8. Working Location: 9. Con t rac t  No: 
Upton, New York AT-30-2-GEN-1( 

Vi t an in  and Amino Acid Metabolism 
i n  Neoplasia  and Normality 6000-35 

Labeled P r o t e i n s  f o r  Metabol ic  
Observation i n  Cancer Evaluat ion 6000-37 

0. Persons i n  Charge: L. E. F a r r ,  M.D. 

(See i n d i v i d u a l  p r o j e c t  p roposa l s )  

FOLDER 

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

Continuing 

- 
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, P r o j e c t  T i t l e :  
117. Operat ing Costs  ( i n  thousands of Est imated Est imated Es t  imated 

Cancer Research - 6310 

d o l l a r s )  1959 1960 1961 1 
Labor ( inc luding  b e n e f i t s )  27 3 406 477 
M a t e r i a l s ,  Trave l ,  etc. 6 1  100 112 

. ‘ T  ‘ 6  .6 Development Bubcontracts ,  S p e c i a l  Proc. 7- 

T o t a l  D i r e c t  341 512 595 
Spec ia l  Power -0- -0- 4- 
Reactor  and/or Acce lera tor  Usage 20 34 35 

I 

Technical  S e r v i c e s  (from BNL S e r v i c e  Uni t s )  40 54 62 
General & Adminis t ra t ive  Overhead 17 9 250 258 

T o t a l  580 850 9 50 

18. P l a n t  & Quipment D i r e c t l y  Required 
(Shown here  for information o n l y )  

Est imated Estimated 
1959 1960 

:A) Const ruc t ion  

:B) Zquipment ( i n  thousands of d o l l a r s )  60 80 

9s t h a t e d  
1961 

65 

Est imated L9. D i r e c t  bian Power Estimated Estimated 
1959 1960 1961 

lo. o f  Avian Years 

S c i e n t i s t s ,  Research k s s o c i a t e s  9.5 13.0 15.0 

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

k i e n t i s t s  - T o t a l  11.5 15.0 17.0 
re chnic  a1 27.5 36.0 44.5 
idminis t ra t ive  % Service  4.0 5.5 6.0 

T o t a l  43.0 56.5 67.5 

- .- - 

I 
I 4 0 0 2 1 5 1  I 
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FOLDER 
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PROPOSAL JIND AUTHOR1 U T I  ON 
FOR RESEARCH Og DEVELOPMENT 

3. Budget A c t i v i t y  
No: 6310-1 

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

Neutron Capture  Therapy 

4. Budget I tem 5 ,  Contrac tor ’s  6. Method and Time of Reporting 
No ; 1 No: Progress :  * a r t e r l y  & Specia l  

Reoar t s 

2. Date: 

May, 1959 

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

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

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

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

Direct Man-Years 

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

T o t a l  

BOX No. 

FOLDER 
Background, S t a t u s  and Future  P lans :  

Neutron Capture Therapy (neutron 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 lements ,  test of tumor d e s t r u c t i o n ,  medical  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 studies wi th  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 m a d e  i n  t r i a l  therapy of 
tumors o f  t h e  c e n t r a l  nervous system. 
a s p e c 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 as w e l l  as 
s p e c i f i c  p r o j e c t s ,  such as p a r t i c u l a r l y  the tox ico logy  of  boron. With the  
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  evalua- 
t i o n  of neut ron  c a p t u r e  therapy f o r  t h e  c o n t r o l  o f  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 the 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  reg ions  of t he  body, an advance made p o s s i b l e  
only  by the 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  o f  neut rons  both thermal and 
epi thermal  on  t h e  c e n t r a l  nervous system and o t h e r  systems o f  t h e  body w i l l  be 
cont inuing.  
from a c c e l e r a t o r s  w i l l  be  cont inued i n  experimental  animals. 

I n  t h e  c o u r s e  of t h e s e  s t u d i e s  new 

Complementary s t u d i e s  o f  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  

( a )  Neutron Capture  Therzpy o f  Glioblastoma Multiforme 
L. E. F a r r ,  Y. L. Yamamoto, 0. D. Easterday,  E. E. S t i c k l e y  
J. S .  Xobertson, S .  W. L ippincot t  

Neutroli c a p t u r e  therapy  i s  an experimental  r a d i a t i o n  t reatment  which u s e s  
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  state. 
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-radioact ive boron-10, i n  t h e  in tended  S i te  of 
t reatment  and then  d i r e c t i n g  a stream of slow neut rons  through t h a t  region. I n  
t h e  c a s e  of b r a i n  tumors, t h e  phenomenon of the  blood-brain b a r r i e r ,  by r e t a r d -  
ing  t h e  appearance of boron i n  normal b r a i n  t i s s u e ,  enhances the  s e l e c t i v e  
k i n e t i c s ,  or f a v o r a b l e  concent ra t ion  r a t io  s i n c e  t h e  barrier does n o t  exis t  i n  
t h e  tumor, For b e s t  e f f e c t s  t h e  t a r g e ,  element is so chosen t h a t  t h e  decay of 
t h e  e x c i t e d  i s o t o p e  i s  i m e d i a t e  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 .  

It  i s  based on 

The a p p l i c a t i o n  o f  thermal  neut ron  c a p t u r e  r e a c t i o n s  t o  therapy o f  malignan 

The procedure i s  s t i l l  complicated,  and var ious  a l t e r n z t i v l  
tumors remains very a t t r a c t i v e ,  Boron-10 as a c a p t u r e  element appears  aat is-  
f a c t o r y  for  t r i a l s .  
maneuvers must be t r i e d  t o  determine which i s  most e f f i c a c i o u s .  

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 s 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. 
e f f e c t i v e  as 50 mghg used previously.  
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 previous-  
l y  e l imina ted  r e t u r n e d  al though t h e  f l u x  remained t h e  same. 

Sodium pentabora te  was used and a dose  of 35 m g h g  seemed as 
When t h e  r e a c t o r  loading  was changed 

The f i r s t  p a t i e n t  
i n  t h e  Medical Reseerch Reactor  has occurred ,  but i t  i s  too  ear ly  

@e 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 Cont inua t ion  Shee t )  
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P r o j e c t  T i t l e :  Nfutron Capture Therapy (Continued) - 

Neutron Capture Therapy o f  Glioblastoma Multiforme (Continued) 

these a r e  completed, d e f i n i t e  conclusions cannot  be made. 
continued during t h e  coming year  t o  o b t a i n  a comparative t e s t  o f  t h e  Medical 
Research Reactor. 

These procedures  w i l l  bt 

(b)  Neutron Capture Therapy E f f e c t i v e n e s s  and T i s s u e  B f f e c t s  of  Thermal 
Neutron Exposures. 
L. E. F a r r ,  Y, L. Yamamoto, S. W. Lippincot 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  requi red  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 h e  e f f i c a c y  o f  c o n t r o l  of the  tumor be 
e s t a b l i s h e d ,  but t h e  harmlessness  o f  t h e  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 :  
nervous system s t r u c t u r e s  must be unequivocal ly  demonstrated. 
c l i n i c a l  s t u d i e s  w i l l  u l t i m n 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. Bxtensive methodology development i s  s imultaneously requi red .  For f u l :  
eva lua t ion  i t  i s  necessary  t o  know both t h e  a l t e r a 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  o f  so c a l l e d  normal man and t h e  e f f e c t s  G f  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  w e l l  a s  f o r  comparison o f  t h e  e f f e c t :  
of  o t h e r  t h e r a p e u t i c  procedures  which are used. 

Phys io logica l  End 

During t h e  p a s t  year 19 b r a i n s  have been embedded i n  c e l l o i d i n  and s e c t i o n e d  
by the g u i l l o t i n e  technique a t  l e v e l s  o f  about 1 cm. 
neutron c a p t u r e  procedure i n  e i t h e r  t h e  neoplasm or  the 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  conjo in ted  effor ts  03 t h e  neuroanatom- 
ists 3nd p z 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  study. I n  genera l ,  i t  i s  f e l t  t h a t  
t h e  procedure h a s  not  damaged the 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  a t  
t h e  c e l l u l a r  l e v e l  inc luding  t h e  v a s c u l a t u r e ,  a s  w e l l  as n e o p l a s t i c  c e l l s ,  have 
occurred w i t h i n  some i r r a d i a t e d  tumors as 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  w i t h  p a r t i c u l a r  r e f e r e n c e  to  the  n a t u r a l  h i s t o r y  
of  t h e  d isease .  

;my p o s s i b l e  e f f e c t  of  t h e  

The eva lua t ion  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  Cont ro l  o f  Tumor 
L. E. F a r r  

A tumor induced through t h e  use of  methyl cholan threne  i n  t h e  b r a i n  of t h e  
mouse i s  t r a n s p l e n t a b l e  and i s  h ighly  invasive.  
a t  BNL as a t e s t  tumor i n  t h e  s t u d y  of  mnneuvcrs f o r  neut ron  c a p t u r e  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 e p e u t i c  procedure. 

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

During t h e  p a s t  y e a 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 both a s  an 
i n t r a c e r e b r a f  t r a n s p l a n t  and as Zn intra-muscular  t r a n s p l a n t .  
neutron exposure has  been explored w i t h  v a r i a t i o n s  i n  (I) t ime of exposure a f t e r  
boron i n j e c t i o n ,  (2) t c tn l  neutron exposure, ( 3 )  t o t a l  dose  of boron. This  is  i n  
an at tempt  t o  determine the  parameters  which may be  expected to  be  r e q u i r e d  f o r  
s u c c e s s f u l  conclusion of  p a t i e n t  therapy.  E f f e c t i v e n e s s  does  not  p a r a l l e l  tumor- 
b r a i n  ratio.  
30 minutes pos t - in jec t ion .  
throughout the  tumsr 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  of 

A tumor boron concent ra t ion  is most e f f e c t i v e  i n  t h e  p e r i o d  of 20 t o  
Tota l  neutron exposure,  lor1 p e r  cm2 is requi red  

A boron dose of 25 m g h g  gave a 96% c u r e  and 

Thus, s u c c e s s  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 achieving c o n t r o l  wi th  a smal le r  boron dosf++r&v Y 
being given t o  p a t i e n t s .  These studies w i l l  con i n u e  

COLLECTION J h y p  C -  / f q  >dd AS/ 

BOX No 

/?& 
(d) blediczl Research Reactor  S t u d i e s .  

I at k/ E. E. S t i c k l e y ,  S. Fine 

Cons t ruc t ion  of t h e  Medical Research Re&% has been completed and i t  has  
been brought i n t o  opera t ion  w i t h  t h e  e x t e n s i v e  h e l p  a m  cot,- 
Nuclear Engineering and Reactor  Operat ions Departments. The e a r l i e s t  phase o f  i t s  
use has  included measurement of t h e  emergent neutron 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  the v z r i o u s  t rea tment  areas .  There 
has a l s o  been cont inuing  development of  d e v i c e s  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 t3 t rea tment  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  smal l  animals. 

A s  of A p r i l ,  c a l i b r a t i o n  tests 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. 
Medical Research Reactor w i l l  be undertaken. 

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  
The work of  f i r s t  importance w i l l  be 

of procedures  and equipment t o  be used i n  t h e  next  series o f  neutron 

(See Continuat ion Sheet)  
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led ica l  Research Reactor S t u d i e s .  (Continued) 

a p t u r e  therapy experiments. 
r i l l  be c a r r i e d  o u t  using techniques 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  for p a r t i c u l a r  s i t u a t i o n s .  
:xplor ing t h e  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  radio-  
i c t i v i t i e s  w i l l  be developed and improved. 
i a t i e n t  and animal t reatment  rooms, ho ld ing  d e l i v e r y  and a p p l i c a t i o n  times t o  a 
rinimum. The t h i r d  major u s e  of t h e  b L W  i s  i n  a c t i v a t i o n  a n a l y s i s ;  here  it W i l l  
Become p o s s i b l e  t o  emphasize even f u r t h e r  the  advantages of  s h o r t - l i v e d  radio- 
t c t i v i t i e s  by s e t t i n g  up t h e  handl ing and analyzing equipment a t  t h e  f a c e  Of t h e  
:eactor .  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 i s  t o  be appl ied  i n  s t u d i e s  of t h e  hazards and genera l  e f f e c t s  of t h e  
x v e r a 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 reactor-mediated r a d i a t i o n  COmpleXe: 

Dosimetric a n a l y s i s  of  t i s sue-equiva len t  phantoms 

Apparatus f o r  producing and 

These w i l l  be used w i t h i n  t h e  Same 

( e )  General  Radia t ion  E f f e c t s  o f  Acce lera tor  Generated Neutrons 
J. L. Bateman and H. A. Johnson 

Accelera tor  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 
]s ing t h c  3 ML'V Van de  Graaff machine i n  t h e  Physics  Department. 
2xperimental approach d i r e c t e d  toward reso lv ing  t h e  q u e s t i o n  o f  t h e  comparative 
) i o l o g i c a l  d e s t r u c t i o n  caused by neut rons  throughout t h e  complete energy range. 
rhese s t u d i e 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  neut rons ,  both i n  t h e  
f i s s i o n  spectrum and i n  t h e  thermalized energy range, w i t h  those obta ined  from 
se lec ted  a c c e 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 e  b i o l o g i c a l  informatior 
>f c r i t i c a l  va lue  as t o  the i n f l u e n c e  o f  neut rons  i n  t h i s  prev ious ly  unexplored 
:nergy r e g i o n  o f  presumed g r e a t e s t  hazard. iixposure h o l d e r s  for mice have been 
nade t o  provide  r a d i a t i o n  i n  the fract ional-megavol t  energy range; t h e  experiments 
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  popula t ions  a s  w e l l  as e q u i v a l e n t  standarc 
K-ray exposures. 

T h i s  i s  a unique 

Bio logica l  end-points  were sp leen ,  thguqc&testis, and whole- 
mdy weights ,  with a d d i t i o n a l  s t u d i e s  on c e l l  damage 35 &e ge  -e=&/&. 

0 LECTlON--. These s t u d i e s  a r e  t o  be  expanded dur ing  t h e  ne& t e a r .  r 
BOX No - 

( f )  Toxic i ty  and Pharmacology of Targe t  Zlements andTompounds 
0. D. Easterday FOLDER 

The t o x i c i t y  and pharmacology of t h e  t a r g e t  e lements  2nd t h e i r  p a r e n t  com- 
pounds which are employed i n  t h e  neut ron  capture  therapy  r e s e a r c h  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  experimental  i n v e 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  o f  the t o x i c o l o g i c a l  2nd 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 elements and compounds c o n t a i n i n g  t h e s e  elements  
employing t h e  techniques and p r i n c i p l e s  o f  t h i s  s c i e n t i f i c  d i s c i p l i n e  for p o s s i b l e  
use i n  t h e  neutron c a p t u r e  therapy program. These s t u d i e s  are requi red  for sever& 
reasons: 
capture  therapy ,  ( 2 )  to  determine t h e  degree o f  s a f e t y  a s s o c i a t e d  w i t h  t h e  new 
mater ia l ,  (3) t o  determine i ts  genera l  pharmacology 2nd (4 )  t o  u t i l i z e  pharaa- 
co logica l  mechanism and p r i n c i p l e s  t o  mvripulate  o r  d i r e c t  t h e  m a t e r i a l  t o  t h e  
i e s i r e d  locus.  

(1) t o  determine i f  t h e  element or compound has  p o s s i b i l i t y  f o r  neutron 

S e v e r a l  of  t h e  accomplishments t h a t  may be c i t e d  are: t h e  pharmacology and 
t o x i c i t y  of a new compound, sodium pentabora te  decahydrate ,  have been continued. 
The i n v e s t i g a t i o n s  of sodium pentabora te  decahydrate  have progressed 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 ts  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 e l  neoplasms are c u r r e n t l y  i n  progress .  
Complexing agents  o t h e r  than  d-glucose have been i n v e s t i g a t e d  and t h e  da t r  are 
c u r r e n t l y  being eva lua ted ,  a new series of compounds c o n t a i n i n g  t h e  t a r g e t  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 ,  Addi t iona l  ins t rumenta t ion8  
developments were made on t h e  remotely c o n t r o l l e d  i n j e c t i o n  equipment used t o  
adminis te r  the  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 fol lows:  t o  cont 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  lithium-boron-containing 
compounds. Further  i n s t r u m e n t a t i o n a l  developments on t h e  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 t h e  employment of  t h e  medical research  r e a c t o r  i n  
neutron c a p t u r e  therapy. New s t u d i e s  a r e  p l2Med 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  spectroscopy of  t h e  p r e s e n t l y  employed drugs  and t h e i r  complexes. 
To commence phys ica 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  o f  o r g a n i c  compounds conta in ing  t h e  t a r g e t  element boron. 

(See Continuat ion Shee t )  
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P r o j e c t  T i t l e :  I J c 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  o f  v a r i o u s  boron compounds f o r  neut ron  capture  
therapy,  i t  is h ighly  d e s i r a b l e  t o  know the  opt imal  r a t i o  of t h e  c o n c e n t r a t i o n s  of 
t h e  boron compounds and o t h e r  subs tances  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 
system s t u d i e s  o f  t h e  Na-borate-glucose-water s y s t e m  were conducted i n  t h e  lower 
concent ra t ion  region (up t o  10 grams each of Na-boritte and glucose i n  100 m l  of 
water) .  I n v e s t i g a t i o n  of t h e  phase system f o r  h igher  c o n c e n t r c t i o n s  o f  t h e  Na- 
b o r a t e s  and o f  o t h e r  organo-boron compounds i s  proposed. 
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PROPOSAL AND AVTHORIZATION 
FOR RESEARCH oa DEVELOPMENT 

1. P r o j e c t  T i t l e :  Vitamin and Amino Acid Metabolism 
i n  Neoplasia  and Normality 

2. Date: 
May, 1959 

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

3. Budget A c t i v i t y  4. h d g e t  Item 5 .  Contrac tor ' s  

\ C o s t  ( i n  thousends of  d o l l a r s )  26 27 30 

6. Method and Time of  &por t in@ 

Direc t  Man-Years I 
S c i e n t i f i c  
Others  

T o t a l  

1.2 
1 .o 
2.2 
- 1.3 

1.0 
2.3 
- 1.5 

1 .o 
2.5 
- 

Background, S t a t u s  and Future  P lans :  I 
There i s  evidence t h a t  t h e  u r i n a r y  l e v e l s  o f  m e t a b o l i t e s  o f  c e r t a i n  v i t d n s  

may 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 .  
Fur ther ,  i t  h a s  been suggested t h a t  c e r t a i n  o f  t h e s e  m e t a b o l i t e s  possess  carcino-  
genic  a c t i v i t y .  
advanced 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  metabolisi 
of t ryptophan could be b e t t e r  understood,  i n  h e a l t h  2nd disease and t h e  p o s s i b l e  
carc inogenic  a c t i v i t y  of t h e  compounds t e s t e d  i n  animal  experiments. Also, t h e  
o 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 z t i e n t s  with c e r t a i n  diseases 
could be s t u d i e d  b e t t e r  if l a b e l e d  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  
pentose  sugar  found i n  pentosur ia .  

The m e t a b o l i t e s  of t ryptophan are example! 

The s tudy of t h e  metabolism of t ryptophan t o  n i a c i n  would b e  

(a)  Metabolism of Tryptophan 
L. V. Hznkes 

A metabol ic  d e r i v a t i v e  o f  t ryptophan i s  a vi tamin,  n i a c i n ,  whi le  o t h e r  
metabol i tes  are thought t o  be carcinogens.  The s tudy o f  t ryptophan metabolism 
r e q u i r e s  t h e  s y n t h e s i s  of tritium or  C14 l z b e l e d  i n t e r m e d i a t e s  of  tryptophan-- 
n i a c i n  metabolism. 
c o l l a b o r a t o r s  and t h e s e  include:  
a n t h r a n i l i c  acid- l -Cl4,  carboxyl-C~~-labeled-anthranilic a c i d ,  3-hydroxyanthrani l ic  
a ~ i d - l - C ~ ~ - l a b e l c d  3-hydroxyanthrani l ic  a c i d ,  and 5-hydroxyanthrani l ic  acid-l-Cr4. 

Some of these  compounds have been synthes ized  w i t h  t h e  a i d  of 
k y n ~ r e n i n e - 4 - C ~ ~ ,  aminoacetophenone-2-C14, 

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-l-C14, carboxyl- labeled-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 ~ ~ .  
l imited,  and i n  q u a n t i t i e s  only l a r g e  enough for  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 this material 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-Cl4 was concluded and p l a n s  made f o r  t h e  s t u d y  o f  i t s  
metabolism, 
a n t h r e n i l i c  a c i d  i n t o  t h e  vi tamin,  n iac in .  I n  t h e  process  of these  r a t  metabolism 

' s t u d i e s  i t  was d iscovered  t h a t  t h e  number one carbon of 3-hydroxyanthrani l ic  a c i d  
becomes t h c  number two carbon of a c e t a t e .  T h i s  i s  a p r e v i o u s l y  unknown source o f  
a c e t a t e  i n  t h e  body. The C14 o f  5-hydroxyanthrani l ic  acid-l-Cl4 w m  be 
r a p i d l y  and q u a n t i t a t i v e l y  excre ted  i n  urin&€PoslToRY 

The q u a n t i t i e s  of t h e s e  compounds synthes ized  were very 

The s y n t h e s i s  o f  tryptophan-S-Cl4 
The s y n t h e s i s  o f  

S tudies  were cont inued on t h e  mechanism of conver t ing  3-hydroxy- 

' 

J h m / 8 9 -  n€d.&/, 
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 S $ L % % p  s m  of  

these  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 reatment .  BOX N O .  

FOLDER , 
4 f l 0 7 l h l  (See Cont inua t ion  S h e e t )  
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P r o j e c t  T i t l e :  Vitamin and Amino Acid i4etabolisrn i n  Neoplasia  and Normality(Cont'd> 

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

The n a t u r e  and source  of t h e  pento  sugar appearing i n  u r i n e  of p a t i e n t s  wi th  
p e n t o s u r i a  i s  unknown. 
adminis tered t o  a p a t i e n t  wi th  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  
metabol i tes  for t h e  admimistered compound. 

C14 l a b e l e d - I - i n o s i t o l  provided by a c o l l a b o r a t o r  w i l l  be 

I 

BOX NO 

FOLOER I i 
I 
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PROPOSAL, AND AUTH3RIZATION 
FOR RESEARCH OR DEVELOPMENT 

1. P r o j e c t  T i t l e :  Labeled P r o t e i n s  f o r  Metabol ic  
Observat ion i n  Cancer Evalua t ion  

2. Date: 
May, 1959 

10. Persons i n  Charger 

S .  W. Lippincot t  

- 
3. Budget A c t i v i t y  4. Budget Item 

No : No: 6310-3 

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

Cont inuing 

5 .  Contrac tor ' s  6. Method and Time o f  Reportint 
Progress:  Q u a r t e r l y  & Specia  I NO: 

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

Cost ( i n  thousands of  d o l l a r s )  159 263 290 
/urn )?&.z /;u.- ' 

/rg niid.Lk.4.i ' Am+/ 
Direct Alan-Yeers 

S c i e n t i f i c  1.1 1; 2 COLLECTION 

Others  10.9 1% I Tot alBox No' 12.0 I65 
FOLDER I 

Background, S t a t u s  and Future  P lans :  I 

1.5 
18.0 
19.5 
- 

A s tudy  has  been under way t o  determine t h e  physico-chemical p r o p e r t i e s  of 
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 included t h e  
fo l lowing  t o  s tudy t h e  n a t u r e  of albumin and g lobul ins :  
e 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 ,  infrared 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  ra te  o f  disappearance 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  radio-  
i so topes .  
d a t i o n  and/or s y n t h e s i s  o f  t h e  s p e c i f i c  p r o t e i n  t o  b e  s t u d i e d .  
a s p e c t s  o f  t h i s  i n v e s t i g a t i o n  a r e  c u r r e n t l y  being pursued, 

The o b j e c t i v e  of t h i s  research  i s  t o  determine whether p a t i e n t s  w i t h  var ious  
n e o p l a s t i c  d i s e a s e s  have t h e  same or d i f f e r e n t  r a t e s  of turnover  f o r  normal 1131 
l a b e l e d  p r o t e i n s  and f o r  those  obta ined  from cancer  p a t i e n t s .  If i n  man a d i f f e r -  
encc 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 t h e  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 es t  might be designed t h a t  would be capabli 
of  he lp ing  t h e  phys ic ian  to  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  capable  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 tes t  i f  i t  can  be developed, 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  o f  cancer. 

immunochemical procedures ,  

The l a t t e r  procedure makes i t  p o s s i b l e  t o  determine  t h e  ra te  of degra- 
The c l i n i c a l  

k t o t a l  of 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  process  o f  being 
s tudied .  
normel s u b j e c t s  and from sera of p a t i e n t s  w i t h  n e o p l a s t i c  d i s e a s e s  h a s  bzen deter- 
mined i n  p a t i e n t s  w i t h  carcinoma o f  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  myelom 
I n  the  l a t t e r  d i s e a s e  i t  has  been observed tha t  the turnover  of  g l o b u l i n s  i n  
p a t i e n t s  w i t h  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 e r m  i s  much s lower than i n  
those  p a t i e n t s  wi th  a gamma type peak. 
whether p a t i e n t s  w i t h  b r e a s t  carcinoma i d e n t i f y  by turnover  a d i f f e r e n c e  between 
gamma g l o b u l i n s  prepared  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 of the  b r e a s t ,  p r o s t a t e ,  or bowel and m u l t i p l e  myeloma. 
t h e  turnover  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  sources  
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 .  These c l i n i c a l  s t u d i e s  
a r e  to  be extended to 150 c a s e s  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 
these observat 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  from sera of 

The purpose of t h i s  s tudy  was t o  determine 

I n  g e n e r a l ,  

I t  i s  to  be emphasized tha t  these p a t i e n t s  are extremely ill and thus  r e q u i r e  
ex tens ive  nurs ing  care .  For example, i n  those p a t i e n t s  wi th  metastatic b r e a s t  
cancer ,  spontaneous bone f r a c t u r e s  occurred,  and t h i s  then n e c e s s i t a t e s  s p e c i a l  
nurs ing  care .  Extreme c a r e  i s  taken  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 e  c a s e  
of normal i n d i v i d u a l s ,  t he  lack of a disease .  These procedures  r e q u i r e  e x t e n s i v e  
l a b o r a t o r y  t e s t s .  The m i n i m u m  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  is  
approximately t h r e e  months, a l though when m u l t i p l e  t u r n o v e r s  are 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  
type,  tv8$Pt b e h o s p i t a l  c a r e  end s e r v i c e  is extens ive .  
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' e : Medical Research - 6320 
17. 0pcrs . t ing Costs ( i n  thousands of 

d o l l a r s )  

Labor ( inc lud ing  b e n e f i t s )  
M a t e r i a l s ,  T rave l ,  etc, 
Development Subcontracts ,  Spec ia l  PrOC. 

T o t a l  D i rec t  
Spec ia l  Power 
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General  LQ Adminis t ra t ive Overhead 

To ta l  
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1959 

la8  
41 
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234 
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29 
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400 
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1960 
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. . 3  
301 
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32 
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1961 
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18. Plan t  &. Equipment D i r e c t l y  Required 
(Shown here  for  informetion only) 
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(B)  Equipment (In thousands of d o l l a r s )  20 25 

Bs t imated 
1961 

25 

19. D i r e c t  lJan Power Estimated Estimated Bstimnted 
1959 1960 1961 

No. of Lian Years 

S c i e n t i s t s ,  Research Associates  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 

7.5 9.0 11.0 S c i e n t i s t s  - T o t a l  
Technical 19.5 22.5 29.5 
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1. Project Title: 
Maps of Metal Pathways Kith Especial Reference 
to Trace Metals and Central Nervous System 
Diseases 

... 

2. Date: 

my, 1959 

M.- Others & 30.0 z5 31.2 39.0 FOLDER Total 

10. Persons in Charge: 
L. K. Dahl, G. C .  Cotzids 

Background, Status and Future Plans: 

The pathways of distribution, the site of primary and secondary accumulation, 
the factors affecting partition, and the regulation of total body content of metals 
particularly trace metals, in health and disease is the concern of this study. 
These data are of the greatest importance in the developnent of diagnostic pro- 
cedures and understanding of significance of measures designed to influence specifi 
metals in the body. 
precise physical studies. 
reference metals since their differing distribution in various body systems and 

Emphasis is placed on the short half-life isokopes permitting 
Manganese and sodium have been chosen as the basic 

cmpounds. 

11. Starting Date: 
Continuing 

(a) Maps of Metal Pathways with Reference to Central Nervous System Diseases 
G. C. Cotzias, D. C. Borg, and A, J. Bertinchamps 

Animal data show that trace metal deficiency, chiefly manganese, causes 
ataxia. 
syndrmes. Investigations include: 

Human data show that manganese poisoning results in Parkinsonian-like 

1. Analyses of tissues and tissue particulates for trace metals and their 
artificial isotopes. Brain is a main tissue of study. 

2. Total body radioactivity studies of animals folluwing introduction into the 
body of artificial radioisotopes of trace metals. 

3. 

4. 
ing groups: Control, Parkinson's disease, Wilson's disease and F'riedreich's 
ataxia. 

Studies of biliary excretion of manganese metals In animals, since this is 
the msin excretory route. 

Total body and regional turnover studies in humans divided into the follow- 

The following findings have been noted: 

A. The fast blood disappearance of injected manganese salts was correlated 
with transcapillary movement and entraced into the mitochondria. 

B. The manganese pathway through the body was found to be specific for 
manganese but the influence of technetium has not been tested as yet. 
not confused with manganese and vice-versa. 

Iron is 

C. A porphyrin containing manganese, rather than iron, was discovered in 
humans and was demonstrated in other mannnals as well. 
associated with alkali-resistant hemoglobulin fractionstand seems, therefore, 

This prophyrin seems 

-.--___ I ? I f  t, (See Continuation Sheet) 
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Maps of Metal Pathways with Especial Reference t o  Trace 
Project T i t  le: Metals and Central Nervous System Diseases (Continued) 

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

I). The excretion of manganese was found t o  be bi l iary.  "he excretion pattern 
i s  markedly different  i n  normalcy versu8 manganese-overloads. 
assay, this pattern shows that  many feeds are overloaded %lth manganese. 

When used as a bio- 

E. The transport mechanism fo r  manganese i n  human plasma involves a B 
globulin, most probably tzansferrin. Transferrin does not confuse iron d t h  
manganese. 
regulates the release of manganese. 

An interesting polymerization of t ransferr in  was discovered which 

F. Zinc was studied relat ive t o  A, B, C, and D. No zinc hanoglobdin was 
found as yet. 

G. Metabolic patterns giving the impression of specif ic i ty  were encountered 
i n  the above patients. 
of these diseases, although precise interpretation of the findings is not possible 
at th i s  time. 

Manganese seems t o  be involved with the c l ln ica l  picture 

Emphasis w i l l  be given t o  clinical studies as the above program is continued 

(b) Relationship Between Sodium and Hypertension 
L. K. D a h l ,  W. Gordon, Jr., and L. Si lver  

Sodium as the maJor circulating ion of physiological importance,,ae con- 
trasted t o  potassium, provides access ib iu ty  lending i t s e l f  well t o  a general 
reference metal. Further, despite the f ac t  that salt has been a highly prized 
part of man's diet ,  i t s  effects  i f  used i n  great excess or in minute quantit ies 
are unknown. Without radioactive isotopes it was impossible t o  accurately md 
readily determine changes i n  biochemical l a b i l i t y  of specific body cmponents. 

The folloxlng observations have been W e :  In  a study of I200 Japanese 
farm-laborers near Hiroshima, made by Brookhaven staff with the help of the 
AtcEic Bomb Casualty Commission, the following data were accumulated: 
a b u t  20$ incidence of hypertension; (2) remarkably l i t t l e  evidence of athero- 
sclerosis both c l in ica l ly  and by study of chest x-rays, EKLl's and s e m  lipids; 
(3) a M l y  salt (NaC1) intake of about 11-15 gn. 
sclerosis i s  not the necessary complication of hypertension which it is assumed 
t o  be in Western societies.  

(1) 

It was concluded tha t  athero- 

Observations on the respiration of rat aor ta  at  different  ages i n  both 
sexes were concluded. 
well as of magnesium metabolism with Mg28 i n  hmans and hypertensive d m a l s .  
Studies on long term effects  of salt feeding i n  dogs and rats are continuing. 

Studies on ion-bi ding by connective t issue continued, as 

Sodium turnover w i l l  be studied i n  pat ients  with and without hypertension 
using Na22 and the whole body counter under a var ie ty  of stresses. Similar 
studies i n  r a t e  will be continued, I n  view of known effect  of ant idiuret ic  
homone (ADH) on blodd pressure and electrolyte excretion, it is planned to 
explore ADII mctaboliem i n  patient6 and animals with and without hypertension. 
Activation Analysis of metals in organs and blood vessels w i l l  be continued. 
Studies on ion-binding by connective t issue w i l l  be continued. 
long-term effects  of salt feeding will be continued-on dogs, rabbits, and rats. 

Studies on 

SOX No. 
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