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' Exposure to External and Internal Radiation 
Medical Studies of Marshall Islanders and Study of Radiation 

p.- Project  Title: Effects on Intracellular Mechanisms W-Ol-Ol-(a) I. 

13. Pub1 icat ion s : 

Oh, Y. H., and Conard, R. A. Effect of aging on acetate incorporation 
in nuclei of lymphocytes stimulated with phytohemagglutinin. Life Sci. IS, 
677-84 (1972), /6 /I5 

Oh, Y. €I. , and Conard, R. A. Further studies on mitogenic components of 
phaseolus vulgaris phytohemagglutinin: subunit structure. Arch. Biochem. 
Biophys. 152, 631-7 (1972). /bk 99 

/b939 
Oh, Y. H., and Conard, R. A. Effect of aging on histone acetylation of 

the normal and regenerating rat liver. Science (in press). 

Demoise, C. F., and Conard, R. A. Effects of age and radiation exposure 
on chromosomes in a Marshall Island population. J. Gerontol. 27,;No. 2, 197- 
201 (1972). 

I .  14. Scope: 
A) 200 Word Summary: 

The continuing primary objective is the determination of the life-time 
effects of fallout radiation on the people of the Marshall Islands who were 
accidentally exposed to radioactive fallout in 1954. Medical surveys are 
now conducted at six-month intervals. An unexposed Rongelap population is 
also examined f o r  comparison. These surveys are carried out jointly by 
Brookhaven National Laboratory, under the auspices of the Atomic Energy 
Commission, and the Trust Territory, Department of Interior. The results of 
the surveys are of great importance in regard to the development of thyroid - 
lesions, acute leukemia, and growth impairment in exposed children. 

Research studies are carried on to elucidate the intracellular mechanisms 
triggered by mitogens in normal cultured human lymphocytes and t o  determine 
the defects in lymphocytes from patients with disorders of cellular immunity. 
A purified substance, isolated from phytohemagglutinin causes widespread 
transformation and cell division of lymphocytes in culture. Tagged with 
tritium, this molecule is used t o  study possible altered function of human 
lymphocytes in immunodeficient diseases, particularly chronic lymphocytic 
leukemia. Intracellular localization and action of the tagged mitogen is 
studied by autoradiography and by biochemical studies of subcellular fractions, 

B) Supplement to 200 Word Summary: 

, B e  19th year post-exposure surveys of the Marshall Islands have been 
completed. 
unexposed Marshallese are examined for a "comparison population" to assess 
late effects of radiation from fallout. The development of thyroid 
neoplasms and growth impairment in exposed children indicates the need for 
examinations to be as complete as possible. In additon to routine physical, 
hematological and other laboratory examinations, the surveys involve special 

In addition to the 239 people originally exposed, over 300 

(See Continuation Sheet) Rx- 5 



Exposure  t o  Externa 
Medica l  S t u d i e s  o f  Marsha l l '  I s l a n d e r s  and S t u d y  o f  R a d i a t i o n -  _.' - - -  . -. P r o j e c t  T i t l e :  E f f e c t s  on I n t r a c e l l u l a r  Mechanisms i 

14. Scope: (Con t ' d . )  

s t u d i e s  r e l a t e d  t o  a g i n g ,  malignancy, r e p r o d u c t i o n ,  body b u r d e n s ,  and e v a l u -  
a t i o n  of low l e v e l s  o f  r a d i o n u c l i d e s  i n  r e l a t i o n  t o  a s l i g h t l y  contaminated  
envi ronment .  
h o s p i t a l  and l a b o r a t o r y  s t u d i e s  and s u r g i c a l  t r e a t m e n t .  

L - ,  

Thyro id  p a t i e n t s  are r e t u r n e d  t o  t h e  Un i t ed  S t a t e s  f o r  comple te  

:_. , 

Al te red  f u n c t i o n  o f  t h e  lymphocyte o c c u r s :  i n  d i s e a s e s  a s s o c i a t e d  wi th  
immunologic d e f i c i e n c y  such  as c h r o n i c  lymphocy t i c  leukemia  and auto-immune 
d i s e a s e s ;  as  t h e  r e s u l t  o f  r a d i a t i o n  e x p o s u r e ;  and w i t h  the  a g i n g  p r o c e s s .  
These  c o n d i t i o n s  are  c h a r a c t e r i z e d  by reduced  r e s p o n s e  of lymphocytes  i n  c u l t u r e  
t o  phy tohemagg lu t in in  (PHA) , a p o t e n t  mi togen .  
a s s o c i a t e d  w i t h  lymphocyte  t r a n s f o r m a t i o n - b y  mi togens  are p o o r l y  unde r s tood ,  
p a r t i c u l a r l y  a t  t h e  m o l e c u l a r  l e v e l .  ' M i t o g e n s  from PHA are p u r i f i , e d  by 
phys icoxhemica1  p r o c e d u r e s .  The "pure" m o l e c u l e s  are  l a b e l e d  w i t h  t r i t i u m  
and f l u o r e s c e n t  t a g s  f o r  s t u d y  o f  i n t r a c e l l u l a r  l o c a l i z a t i o n  and mechanism 
of a c t i o n .  
o f  t h e  molecule  w i l l  be  a n  impor t an t  l o n g - r a n g e  o b j e c t i v e .  
i s  t o  make u s e  of t h e  v i r u s - e n h a n c i n g  a c t i o n  o f  t h e  mi togens  i n  t h e  s e a r c h  
f o r  a p o s s i b l e  v i r u s  t h a t  might be a s s o c i a t e d  w i t h  lymphocy t i c  leukemias .  

The i n t r a c e l l u l a r  changes  

I d e n t i f i c a t i o n  -and c h a r a c t e r i z a t i o n  of t h e ' m i t o g e n i c  d e t e r m i n a n t s  
Another o b j e c t i v e  

. .  . .  
r - 4  - a - .  ; - .  . 

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

The s t u d i e s  o f  t h e  exposed M a r s h a l l e s e  are  c l o s e l y  r e l a t e d  t o  t h e  
Atomic Bomb C a s u a l t y  Conmiss ion ' s  ( D r .  D a r l i n g )  s t u d i e s  i n  Japan and t o  
t h e  s t u d i e s  of t h e  23 Japanese  f i she rmen  exposed a t  t h e  same t i m e  a s  t h e  
M a r s h a l l e s e  t o  f a l l o u t  ( D r .  T. Kumator i ) .  

* -  .# 

The lymphocyte  s t u d i e s  are r e l a t e d  t o  work r e p o r t e d  i n  budge t  a c t i v i t i e s  
RX-03-01-(b), RX-03-02-(d), RX-01-02, and RX-Ol-O3-(d). - R e l a t e d  s t u d i e s  
e l sewhere  i n c l u d e  t h o s e  o f  Congdon and h i s  co -worke r s  a t  Oak Ridge  N a t i o n a l  
L a b o r a t o r y  on t r a n s p l a n t a t i o n  immunology. 
i s  o f  i n t e r e s t  t o  T a k a h a s h i  a t  t h e  U n i v e r s i t y  o f  Minneso ta ,  Rigas a t  t h e  
U n i v e r s i t y  o f  Oregon Med ica l  School ,  Go ldbe rg  a t  t h e  U n i v e r s i t y  of C a l i f o r n i a ,  
and Yachnin a t  t h e  U n i v e r s i t y  o f  Chicago. 

P u r i f i c a t i o n  of phy tohemagg lu t in in  

16 .  T e c h n i c a l  P r o g r e s s  i n  FY 1973: 

The March 1972  s u r v e y  (18 y e a r s  a f t e r  exposure )  was i n t e r r u p t e d  b e f o r e  

During t h i s  
c o m p l y i o n  by local  M i c r o n e s i a n  p o l i t i c i a n s .  
o f  M i c r o n e s i a ,  however ,  t h e  su rvey  w a s  comple ted  i n  September .  
s u r v w ,  l e u k o p e n i a  w a s  obse rved  i n  a 19 y e a r  o l d  boy and two a d d i t i o n a l  c a s e s  
of t h y r o i d  n o d u l a r i t y  were d e t e c t e d .  I n  t h e  U. S. a c u t e  myelogenous leukemia- 
w a s  d iagnosed  i n  t h e  boy who d i e d  w h i l e  unde r  t r e a t m e n t ,  The two i n d i v i d u a l s  
w i t h  t h y r o i d  n o d u l a r i t y  were o p e r a t e d  on r e v e a l i n g  a p a p i l l a r y  carcinoma i n  
t h e  19 -yea r -o ld  g i r l  (the f i r s t  c a s e  among t h e  c h i l d r e n  r e c e i v i n g  o n l y  69 rad 
of whole-body r a d i a t i o n ,  abou t  500 r a d  t o  t h e  t h y r o i d  i n c l u d i n g  r a d i o i o d i n e s )  
and benign adenomas i n  t h e  29-year -o ld  f ema le  exposed t o  175  r a d  ( t h y r o i d  
d o s e  of  about  500 rad  i n c l u d i n g  r a d i o i o d i n e s ) .  Growth i n  t h e s e  g i r l s  had been 

(See C o n t i n u a t i o n  S h e e t )  RX-6 
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Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
Medical S t u d i e s  o f  M a r s h a l l  I s l a n d e r s  and Study o f  R a d i a t i o n  

P r o j e c t  T i t l e :  E f f e c t s  on I n t r a c e l l u l a r  Mechanisms Kx-o l -o l - ( a )  

16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ' d . )  

normal  and t h e  p r o g n o s i s  i n  b o t h  c a s e s  i s  e x c e l l e n t .  

A t o t a l  of 23 exposed Rongelap p e o p l e  have  deve loped  t h y r o i d  a b n o r m a l i t i e s  
s i n c e  1963. When t h e  deve lopment  of t h y r o i d  a b n o r m a l i t i e s  was f i r s t  o b s e r v e d ,  
it became a p p a r e n t  t h a t  growth r e t a r d a t i o n  no ted  i n  some o f  t h e  c h i l d r e n  was 
r e l a t e d  t o  t h y r o i d  hormone d e f i c i e n c y  from i n j u r y  t o  t h a t  g l a n d .  The Rongelap 
exposed p o p u l a t i o n  were t h e n  p l a c e d  on t h y r o i d  hormone t r e a t m e n t .  It a p p e a r s  
t h a t  t h i s  t r e a t m e n t  h a s  been b e n e f i c i a l  w i th  r e g a r d  t o  improvement i n  growth 
i n  some o f  t h e  c h i l d r e n ,  though i t  i s  i m p o s s i b l e  t o  e v a l u a t e  what p r o p h y l a c t i c  
e f f e c t  t h i s  t r e a t m e n t  may have  on t h e  i n c i d e n c e  o f  f u r t h e r  n o d u l a r i t y  o r  
carc inoma of t h e  g l and .  

\ 

During  t h e  y e a r  t h e  t h r e e  p r e v i o u s l y  r e p o r t e d  c a s e s  o f  t h y r o i d  mal ignancy  
among t h e  Rongelap p e o p l e  were brought  t o  T r i p l e r  Army H o s p i t a l  i n  H a w a i i  f o r  
e v a l u a t i o n .  One c a s e  showed no p o s i t i v e  f i n d i n g s  and was r e t u r n e d  home. The 
o t h e r  two c a s e s  showed q u e s t i o n a b l e  a r e a s  w i t h  t h e  t h y r o i d  scan. They were 
b r o u g h t  t o  t h e  Uni ted  S t a t e s  f o r  s u r g i c a l  e x p l o r a t i o n ;  no e x t e n s i o n  of t h e  
ma l ignancy  was found. 

S i n c e  August 1972,  D r .  Knud Knudsen from t h i s  l a b o r a t o r y ,  has been 
s t a t i o n e d  i n  t h e  M a r s h a l l  I s l a n d s .  He i s  c a r r y i n g  o u t  e x t e n s i v e  h e a l t h  
care s e r v i c e s  f o r  t h e  Rongelap and U t i r i k  p e o p l e s  as  w e l l  a s  check ing  on t h e  .- 

t h y r o i d  t r e a t m e n t  program. I 

and i s  of  g r e a t  v a l u e  i n  o u r  a s ses smen t  o f  t h e  m e d i c a l  s t a t u s  o f  t h e  p e o p l e .  
T h i s  s e r v i c e  i s  a p p r e c i a t e d  by t h e  M a r s h a l l e s e  

Without  a competent b i o c h e m i s t  t o  replace D r .  Oh ,  t h e  a n t i c i p a t e d  p r o g r e s s  
on s t u d i e s  o f  m i t o g e n i c  m o l e c u l a r  s u b u n i t s  h a s  been c u r t a i l e d .  

1 7 .  Expected R e s u l t s  i n  FY 1974: 

The September s u r v e y  i n c l u d e d  two med ica l  o b s e r v e r s  from J a p a n ,  one from 
England and one from t h e  P u b l i c  Hea l th  S e r v i c e .  
p r e s e n t e d  t o  t h e  Congress  o f  M i c r o n e s i a .  
f a v o r a b l e  and shou ld  d i s p e l  t h e  f a l s e  a c c u s a t i o n s  made by t h e  Congressmen about  
t h e  s u r v e y s .  I n  view o f  t h e  s e r i o u s n e s s  of t h e  leukemia  and t h y r o i d  deve lop -  
ments  i n  t h e  M a r s h a l l e s e ,  i t  i s  a n t i c i p a t e d  t h a t  t h e  a n n u a l  e x a m i n a t i o n s  w i l l  
c o n t i n u e  wi th  h e m a t o l o g i c a l  e x a m i n a t i o n s  e v e r y  six months. 

T h e i r  r e p o r t s  have  been 
It i s  b e l i e v e d  t h e  r e p o r t s  are  

In t h e  lymphocyt ic  s t u d i e s  s e v e r a l  o b j e c t i v e s  w i l l  b e  pursued  d u r i n g  t h e  
c o m i q  year i f  funds  a re  a v a i l a b l e ,  Methods f o r  e l e c t r o n  m i c r o s c o p i c  
a u t o r a d i o g r a p h i c  l o c a l i z a t i o n  of t h e  s i t e  o f  a c t i o n  of  l a b e l e d  mi togens  a s  a 
f u n c t i o n  o f  t i m e  w i l l  b e  p e r f e c t e d .  The mechanism of a c t i o n  o f  t h e  mi togens  
w i l l  be i n v e s t i g a t e d  by a v a r i e t y  o f  s t u d i e s :  (1) i n t e r a c t i o n ,  (camplexing)  
o f  t h e  mi togens  w i t h  v a r i o u s  c e l l u l a r  e l e m e n t s ;  (2 )  c o r r e l a t i o n  o f  t h e  s i t e s  
of  a c t i o n  o f t h e  mitogen w i t h  changes  i n  RNA, DNA and p r o t e i n  s y n t h e s i s  by 

(See C o n t i n u a t i o n  Sheet) Rx-7 
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Exposure to External and Internal Radiation 
Medical.Studies of Marshall Islanders and Study of Radiation 

Project Title: Effects on Intracellular Mechanisms RX-Ol-Ol-(a) 
17. Expected Results in Ey 1974: (Cont'd.) 

bicchemical and histo-chemical studies; (3)  metabolic studies of separated 
ptirified organelle fractions by direct stimulation of separated organelles 
with the mitogen; ( 4 )  identification of the nuclear status of the mitogen and 
its complexes by chromatographic techniques. 

-- In vivo studies on the mitogenic action of the purified molecules on the 
lymphatic system will be initiated in rabbits, The development of a specific 
antibody against the mitogen will be complexed with tktagged mitogen to 
study possible membrane localization and the effects of mitogenic action. 

18. Expected Results in FY 1975: 
- \  
i 

Careful screening of the Marshallese populations for development of 
malignancy, particularly of the blood and thyroid gland and the development 
of other degenerative diseases will be continued on a long-term basis. 
return of the Bikini and Eniwetok people t o  their home islands, it is antici- 
pated that whole-body gamma spectrographic analyses will be carried out on 
these island groups as well as on the Rongelap people again. 

Upon 

Upon completion of the year that Dr. Knudsen has agreed to stay on the 
islands, it is hoped to obtain the services of another physician who will 
carry out these important supplementary health service functions. The services 
of such a physician are extremely valuable in putting the thyroid treatment ' 

program on a firm basis and in documenting health statistics on the Marshallese. 

Studies will continue on localization and mechanism of action of the 
purified mitogen, induction of cellular transformation, and cell division in 
normal and l'eukernic lymphocytes. The in vivo use of the purified mitogens 
in animal studies will be of great interest for possible therapeutic consider- 
ations in view of the greatly reduced antigenicity of the purified mitogen, 
It is hoped that the basic defects in chronic lymphocytic leukemia and other 
disorders of immunologic competence will become apparent in the ensuing years. 

19. Description and Explanation of Major Materials, Equipment, and 
Subcontract Items: 

FY 1975 Capital Equipment: 

MZf)cellaneous equipment for conducting the field surveys and for process- 
ing s w m e n s  collected for laboratory analyses at BNL is estimated at $10,000. 
A quarter share ($25,000) of the automatic autoradiographic grain counter and 
cyto-an'alyzer described in Section 19 of RX-01-03-(d) will be charged t o  t h i s  
activity because of use of the equipment in cell studies. 

(See Continuation Sheet) Rx-8 



Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
Medical S t u d i e s  of M a r s h a l l  I s l a n d e r s  and  Study of 

P r o j e c t  T i t l e :  R a d i a t i o n  E f f e c t s  o n  I n t r a c e l l u l a r  Mechanisms RX-Ol-Ol-(a) 
20. Proposed  O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 

(See C o n t i n u a t i o n  Sheet) Rx-9 
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Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
Medica l  S t u d i e s  of  Marshall I s l a n d e r s  and S t u d y  of  R a d i a t i o n  
Effects  on I n t r a c e l l u l a r  Mechanisms 

on 

RX-Ol-Ol-(a) P r o j e c t  T i t l e :  
R e i t e r a t i o n  o f  Assurance  S t a t e m e n t  

I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  
I n c l u d i n g  C 1  i n i c a l  Research 

The H o s p i t a l  o f  t h e  Medical Research  C e n t e r ,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  
c o m p l i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  of  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  suppor ted  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department of Heal th ,  E d u c a t i o n ,  and  Welfare  and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  h a s  e s t a b l i s h e d  
a s t a n d i n g  committee t o  review i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  committee i s  charged  w i t h  r e s p o n s i b i l i t i e s  
t o  d e t e r m i n e  f o r  e a c h  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  of e a c h  p a t i e n t  w i l l  be a d e q u a t e l y  p r o t y o t e d ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  o u t w e i g h  t h e  r i s k s ,  and 
t h a t  a n  informed consent  w i l l  be o b t a i n e d  from e a c h  p a t i e n t .  .. - 

The commit tee ,  appoin ted  by t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  
p r o v i d e s  f o r  independent  judgment o f  i t s  members, and a l t e r n a t e s  are provided 
t o  s e r v e  when t h e r e  may be c o n f l i c t  o f  i n t e r e s t .  T h i s  i n s t i t u t i o n  encourages  
c o n s t r u c t i v e  communication between t h e  commit tee  and p r i n c i p a l  i n v e s t i g a t o r s  
on t h e  s a f e g u a r d i n g  o f  t h e  r i g h t s  and w e l f a r e  o f  s u b j e c t s ;  w i l l  p rovide  t h e  
r e q u i r e d  c a r e  f o r  persons  i n j u r e d  as a r e s u l t  of p a r t i c i p a t i o n ;  and m a i n t a i n s  .. 
comple te  documenta t ion  of  p r o p o s a l s  and rev iews .  Approved i n v e s t i g a t i o n s  
are reviewed by t h e  committee a t  least  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  ' 
c a l l y  r e v i e w s  i t s  p r a c t i c e s  and p r o c e d u r e s  t o  a s s u r e  t h e y  are c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department  of H e a l t h ,  E d u c a t i o n ,  and Welfare .  

A s  of March 7 ,  1973,  t h e  I n s t i t u t i o n a l  Review Committee for review o f  Medical 
Department r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  is  composed o f :  

J. S. Rober t son ,  M.D.,  Chairman G. P r i c e  
G. C. C o t z i a s ,  M . D . ,  A l t .  Chairman ' N. P. 
S. H. Cohn D. N. 
E. A .  Popenoe, A l t .  f o r  D r .  Cohn A. P. 
G. Chikkappa, M . D .  L. K. 
H. Connel l  W. A. 
R.  A. Love, M . D .  c. w. 

Rathvon, Jr. 
S l a t k i n ,  M . D . ,  A l t e r n a t e  
Wolf, A l t e r n a t e  
Dahl ,  M.D. - C l i n i c a l  C o n s u l t a n t  
F i n n  - A d m i n i s t r a t i v e  C o n s u l t a n t  
Flood - H e a l t h  Phys ics  C o n s u l t a n t  

S i g n a t u r e  : - E ) J P L  
T i t l e :  Chairman, Medical  Department 

Date: March 7 ,  1973  
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Exposure t o  External and Internal Radiation. 
In Vivo Measurement of Radionuclides in Man; Body Burden and 
Kinetic Factors. Computer Applications 

. 
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3 .  Budget Activity No.: 4. Date Prepared: 

5 .  Method of Reporting:' - 6 .  Working Location: 

Brookhaven National Laboratory Scientific Meetings 
BNL Monthly Letter to AEC 
Scientific Journals 

7 .  Person in CharRe: 8 .  Project Term: 

Continuing J. S. Robertson 
S. H. Cohn 
Principal Investigator: Prom: 

J. S. Robertson 
s. H. Cohn 

To : 

9. Man-Years : 

Direct Man-Years 

Scientific - & Professional 
Other . 

Guests & Res. Collaborators 
- -  

, Total 

FY 1973 FY 1974 FY 1975 

6.5 6.5 6.5 
8.5 11.0 10.5 
1.5 3 .O 3.0 

16.5 20.5 20.0 

10.. Costs (In Thousands of Dollaral: 
FY 1973 FY 1974 FY 1975 

369 400 422 
108 69 

438 491 530 
14 54 44 

Re search D iv is i on 

Research Costs - 91 - Hospital Division. - 
Equipment Obligations 

11. Reactor Concept: 12. Materials: 
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Exposure t o  External and Internal Radiation 
In Vivo, Measurement of Radionuclides in Man; Body Burden and 

3 

Project Title: Kinetic Factors, Computer A~plications RX - 0 1 - 0 14 b) 
13. Publications: 

Cohn, S. H. , Cinque, T. J., Dombrowski, C. S. , and Letteri, J. M. 
Determination o f  body composition by neutron activation analysis in patient 
with renal failure. J. Lab. CZin. Med. - 79, No. 6 ,  978-94 (1972). 

Dombrowski, C. S. , Wallach, S., Shukla, K. K., and Cohn, S. H. Determin- 
ation of whole body magnesium by in vivo neutron activation. 
Radiation Isotopes (in press). 

Intern. J. 

Cohn, S. H., Shukla, K. K. ,Dombrawski, C. S., snd Fairchild, R. G. 
Design and calibration of a "broad-beam" 238-Pu, Be neutron source for total- 
body neutron activation analysis. J. Nucl. Med. - 13, No. 7, 487-92 (1972)./beJ 

Aloia, J. F. , Roginsky, M. S., Jowsey, J., Dombrowski, C. S. ,ihhukla, K. K., 
and Cohn, S. H. Skeletal metabolism and body composition in acromegaly. 
Clin. Endocrinol. Metab. - 35, -No. 4, 543-51 (1972). /6326 

Wallach, S., Aloia, J,, and Cohn, S. Treatment of osteoporosis with 
calcitonin. Seminars in Drug Treatment, 2, No. 1, 21-5 (1972). /6'55?? 

Cohn, S. H. , Fairchild, R. G., and Shukla, K. K. Neutron sources, energy, 
flux density and moderation in total-body neutron activation analysis. 
sented at the IAEA Panel on In-Vivo Activation Analysis, Vienna, April, 1972./&J 

Pre- 

Cohn, S. H. , Fairchild, R. G., .and Shukla, K. K. Comparison of techni- 
ques for the total-body neutron activation analysis of calcium in man. 
Presented at the IAEA Panel on In-Vivo Activation Analysis, Vienna, ~pri1,/'6&- 
1972. 

' 

/6664 Shore, F. J. , Robertson, J. S., and Bateman, J, L. Childhood cancer 
following obstetric radiography. Lancet (in press). 

Dombrowski, C. S. , Wallach, S., Shukla, K. K. , and Cohn, S. H. 
Radioisotope determination of whole body magnesium by fn vivo neutron 
activation. 
Deficit in Human Pathology, Vittel, France, May, 1971. 

Presented at the First Internat€onal Symposium on Magnesium 

Shukla, K. K,, Ellis, K. J., Dombrowski, C. S., and Cohn, S. H. 
Physiological variation of total body potassium in man. Am. 3.  Physiol. 
(in PEW8)  

aukla, K. K., Dombrowski, C. S., and Cohn, S. H. Fallout L37Cs levels 
in man over a twelve year period. Nature (in press). / 6 9 ~  

Collipp, P. J., Curti, Y., Thomas, J., Sharma, R. K., Maddaiah, V. T., 
and Cohn, S. H. 
growth hormone. Metab. (in press). 

Body composition changes in children receiving human 
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Exposure  t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  -- I n  Vivo Measurement o f  R a d i o n u c l i d e s  i n  Man; Body Burden and 
P r o j e c t  T i t l e :  K i n e t i c  F a c t o r s ,  Computer A p p l i c a t i o n s  RX-01-01- (b)  
13. P u b l i c a t i o n s :  (Cont ' d .  ) 

Cohn, S. H. Ca lc ium homeos ta s i s :  The h a r d  f a c t s  abou t  s o f t  bones.  BNL 
L e c t u r e  S e r i e s ,  No. 109 ,  March 1972. 

Coho,S. H.,  Roginsky, M. S . ,  A l o i a ,  J.  F . ,  E l l i s ,  K. J . ,  and Shuk la ,  K. K. 
A l t e r a t i o n  i n  e l e m e n t a l  body composi t ion  i n  t h y r o i d  d i s o r d e r s .  
Endocr ino l .  Metab. ( i n  p r e s s ) .  

Cohn, S. H., Roginsky ,  M. S. ,  A l o i a ,  J .  F. ,  E l l i s ,  K. J . ,  and Shuk la ,  K.K. 
A l t e r a t i o n s  i n  s k e l e t a l  mass i n  e n d o c r i n e  d y s f u n c t i o n s  a s  d e t e r m i n e d  by t o t a l -  
body n e u t r o n  a c t i v a t i o n  a n a l y s i s .  P r e s e n t e d  a t  the  9 t h  European Symposium 
on C a l c i f i e d  T i s s u e s ,  Baden, A u s t r i a ,  O c t o b e r ,  1972. / 7 / m  

\ 

Cohn, S. H., S h u k l a ,  K. K . ,  and E l l i s ,  K. J. A m u l t i v a r i a t e  p r e d i c t o r  f o r  
t o t a l  body c a l c i u m  i n  man. Am. J. P h y s i o l .  ( i n  p r e s s ) .  

Rober t son ,  J. S., Marr,  R. B . ,  Rosenblum, M . ,  Radeka, V., and Yamamoto, Y. 
L. 3 2 - c r y s t a l  p o s i t r o n  t r a n s v e r s e  s e c t i o n  d e t e c t o r .  P r e s e n t e d  a t  t h e  Pro-  
c e e d i n g s  of t h e  Symposium on R a d i o n u c l i d e  Tomography, New York, September ,  1 9 7 2 . -  

/7a3 / 
Cohn, S. H., Roginsky, M. S . ,  A l o i a ,  J ,  F . ,  E l l i s ,  K. J . ,  and Shuk la ,  K. K. 

A l t e r a t i o n s  i n  s k e l e t a l  ca l c ium and p h o s p h o i d s  i n  d y s f u n c t i o n  o f  t h e  p a r a -  
t h y r o i d s .  J. C l i n .  Endocr ino l .  Metab. ( i n  p r e s s ) .  

14. Scope: 
A) 200 Word Summary: 

A l ong- rang  o b j e c t i v e  o f  t h i s  program i s  t h e  e l u c i d a t i o n  o f  t h e  c o n t r o l  
o f  ca l c ium metabo l i sm,  p a r t i c u l a r l y  i n  t h o s e  d i s o r d e r s  c h a r a c t e r i z e d  by l o s s e s  
o f  ca l c ium from t h e  s k e l e t o n  ( o s t e o p o r o s i s )  and i n  o s t e o d y s t r o p h y  a s s o c i a t e d  
w i t h  c h r o n i c  h e m o d i a l y s i s .  
q u a n t i t a t e  C a  me tabo l i sm and t o  p r o v i d e  a r e f e r e n c e  f o r  measurement o f  s u b t l e  
changes  i n  t h e  m e t a b o l i c  p a r a m e t e r s  r e s u l t i n g  from t h e r a p e u t i c  e f f o r t s ,  
K i n e t i c  t r a c e r  s t u d i e s  employ Ca-47 t o  p r o v i d e  t h e  d a t a  f o r  compar tmenta l  
a n a l y s i s  a l o n g  w i t h  d a t a  from whole-body c o u n t i n g  and i n  v i v o  n e u t r o n  a c t i v a t i o n  
a n a l y s i s  o f  whole-body ca lc ium.  A second o b j e c t i v e  i s  t h e  s t u d y  of  t h e  s h a p e  
o f  t h e  r a d i a t i o n  d o s e  r e s p o n s e  c u r v e .  The shape  o f  t h i s  c u r v e  a t  l e v e l s  n e a r  
t h e  n a t u r a l  background d o s e  r a t e  i s  o f  i n t e r e s t  r e g a r d i n g  t h e  r o l e  o f  na tu ra l  
background r a d i a t i o n  i n  p roduc ing  t h e  no rma l  m u t a t i o n  ra te .  

Mathemat i ca l  models  have been deve loped  t o  

'CI 

@#rumenta t ion  development for s c a n n i n g  and image p r o c e s s i n g  as w e l l  as  
assoc i&tad  computer  programming are p roposed  as  g e n e r a l  o b j e c t i v e s  i n  t h i s  
program. 
budget  c a t e g o r i e s  o f  t h e  Medica l  Resea rch  Program. 

The work d e s c r i b e d  i s ,  i n  g e n e r a l ,  s u p p o r t i v e  o f  p r o j e c t s  i n  o t h e r  

B) Supplement t o  200 Word Summary: 

An e s s e n t i a l  r e q u i r e m e n t  f o r  t h e  s t u d y  of  ca l c ium metabo l i sm was t h e  

(See C o n t i n u a t i o n  S h e e t )  RX- 13 

1 \ 1 9 \ 1 3  



Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
I n  Vivo Measurement o f  R a d i o n u c l i d e s  i n  Man; Body Burden and 

P r o i e c t  T i t l e :  K i n e t i c  F a c t o r s ,  Computer App 1 ica t  i o n s  Rx-0 1-01 - (b) 
14. Scope: (Con t ' d . )  

development o f  a method f o r  a b s o l u t e  measurement o f  i n t e r n a l l y  d e p o s i t e d  
r a d i o n u c l i d e s  u s i n g  a whole-body c o u n t i n g  t e c h n i q u e .  I n  a d d i t i o n ,  t h e  t e c h -  
n i q u e  of i n  v i v o  n e u t r o n  a c t i v a t i o n  a n a l y s i s  was developed  i n  o r d e r  t o  measure 
t h e  ra te  o f  l o s s  o f  Ca from t h e  body i n  t h e  numerous s k e l e t a l  d i s o r d e r s  under 
s t u d y .  The paramount need f o r  the & 
i n t e r n a l l y  d e p o s i t e d  r a d i o n u c l i d e s  o c c u r s  i n  t h e  d i a g n o s i s  of c a s e s  o f  
a c c i d e n t a l  i n t a k e  o f  r a d i o n u c l i d e s .  It is a l s o  e s s e n t i a l  i n  numerous c l i n i c a l  
s t u d i e s .  The main e f f o r t  i n  t h e  whole-body c o u n t i n g  program h a s  been d i r e c t e d  
toward  minimiz ing  t h e  v a r i a t i o n  i n  c o u n t i n g  e f f i c i e n c y  d u e  t o  s p a t i a l  d i s t r i b u -  
t i o n  o f  i n t e r n a l l y  d e p o s i t e d  r a d i o n u c l i d e s  and changes  i n  t h e i r  e n e r g y  absorp-  
t i o n  as a f u n c t i o n  o f  body weight and h a b i t u s .  

measurement of a b s o l u t e  l e v e l s  of  

A number of  c l i n i c a l  s t u d i e s  which p r e v i o u s l y  had n o t  been qdenab le  t o  
i n v e s t i g a t i o n  because  o f  t h e  n e c e s s i t y  of  a b s o l u t e  measurements o r  spatiaL 
l o c a l i z a t i o n  of r a d i o n u c l i d e s  have been conduc ted .  These  s t u d i e s  i nc lude :  
measurement o f  a b s o l u t e  l e v e l s  of whole-body po ta s s ium and d e t e r m i n a t i o n  
o f  i t s  s p a t i a l  d i s t r i b u t i o n  i n  t h e  b0d.y; measurement o f . l e a n - b o d y  mass i n  
g r o s s l y  obese  c h i l d r e n ,  based on measurement of K-40; measurement of  lean-body 
mass i n  g r o w t h - d e f i c i e n t  c h i l d r e n  unde rgo ing  t h e r a p y  w i t h  growth hormone; 
measurement o f  l e v e l s  of Cs-137 and K-40 i n  BNL s t a f f  members as a f u n c t i o n  o f  
t i m e  and sex ;  and c a l i b r a t i o n  p r o c e d u r e s  f o r  a b s o l u t e  measurements  and computer 
programs a s s o c i a t e d  w i t h  such measurements.  A n t i - c o i n c i d e n c e  c i r c u i t r y  i s  .: 
a v a i l a b l e  i n  t h e  whole-body c o u n t e r  and i t s  u s e  is b e i n g  e x p l o r e d  w i t h  
a d m i n i s t e r e d  p o s i t r o n  emitters which would improve t h e  s p a t i a l  l o c a l i z a t i o n  
c a p a b i l i t y  o f  t h e  c o u n t i n g  system. 

B e s i d e s  d e t e r m i n i n g  a b s o l u t e  l e v e l s  o f  calcium i n  t h e  body, l e v e l s  of 
sodium, c h l o r i n e  and phosphorus  have  been measured by n e u t r o n  a c t i v a t i o n  wi th  
t h e  aim o f  d e v e l o p i n g  d i a g n o s t i c  t e c h n i q u e s  as w e l l  as  o b t a i n i n g  b a s i c  
i n f o r m a t i o n  on d i s e a s e  p r o c e s s e s .  
body,  s i x  have  been measured and t h e  p o s s i b i l i t i e s  of measu r ing  hydrogen, 
c a r b o n  and oxygen a r e  e x p l o r e d .  

Of  t h e  t e n  most abundan t  e l e m e n t s  i n  t h e  

E f f o r t  h a s  been made t o  improve t h e  a c c u r a c y  o f  t h e  i n  v i v o  n e u t r o n  

A c t i v a t i o n  i s  now performed wi th  a 
a c t i v a t i o n  t e c h n i q u e  by improving t h e  u n i f o r m i t y  o f  t h e r m a l  n e u t r o n  i r r a d i a t i o n  
f l u x  d e n s i t y  i n  t h e  i r r a d i a t e d  s u b j e c t s .  
u n i q u e  Pu-238, Be n e u t r o n  i r r a d i a t i o n  f a c i l i t y  r a t h e r  t h a n  w i t h  t h e  14 MeV 
n e u t r o n  g e n e r a t o r  o r i g i n a l l y ,  employed. 
t o g e k h e r  w i t h  t h e  i n h e r e n t  s i m p l i c i t y  o f  o p e r a t i o n  o f  t h e  PuBe n e u t r o n  s o u r c e ,  
make& t h i s  t e c h n i q u e  t h e  most d e s i r a b l e  f o r  t o t a l  body n e u t r o n  a c t i v a t i o n  
i n  clli#tfcal d i a g n o s i s  and r e s e a r c h .  

The reduced  d o s e  t o  t h e  p a t i e n t ,  

(Cohn) 

-Data p u b l i s h e d  by O f t e d a l  i n d i c a t e  t h a t  f o r  some end p o i n t s  v e r y  low 
d o s e s  of r a d i a t i o n  may be more e f f e c t i v e  t h a n  would be p r e d i c t e d  by e x t r a p o l a -  
t i o n  from h igh  d o s e s .  It i s  proposed t h a t  e x p e r i m e n t s  b e  conducted  under 
c o n d i t i o n s  of l ess  t h a n  n a t u r a l  background i n  o r d e r  t o  d e f i n e  t h e  r e sponse  

( S e e  C o n t i n u a t i o n  Sheet) RX- 14 
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14. Scope: (Cont 'd. ) 

curve between zero and the natural dose rate. 
events of interest are very infrequent, it is necessary to work with bacteria 
or with tissue cultures to obtain statistically significant data. 

Because at these levels the 

N e w  research problems may require intensive work on computer programming 
for an initial period of time. 
to the point of doing the basic job requested, its use in data processing may 
become a routine part of a sequence of operations. 
program may be spread out over a longer period of time. 
the data processing is not an independent end point but is imbedded in other 
goals. 
instrumentation usually depends on requirements arising out of other studies. 

The physical facilities involved include the medical computing facility, 

Once the computer program has been developed 

Further refinements of the 
In these applications 

Similarly the development and maintenance of special radiation detection 

+ 

the whole-body counter, the PuBe in vivo activation facility, the central 
counting rooms, a multidetector positron coincidence system and an electronics 
repair shop. 
paramagnetic resonance (EPR) system, the Nuclear Medicine Laboratory, and with 
other data acquisition devices in the Medical Department. 

Some special equipment is associated with the electron 

(Robertson) 

15. Relationship to Other Projects: 

Related kinetic studies of calcium metabolism have been performed by 
Bauer, Hospital for Special Surgery and Bronner, University of Louisville. 
Similar mathematical models have been used by Pak, NIH. 
however, the conceptual basis of the work at BNL differs from that of the 
other investigators. Further, the use of sophisticated computer programs 
makes it possible to measure small changes in calcium metabolism not discern- 
ible by use of most other techniques. 

0 

As previously noted - 

Considerable effort has been devoted to minimizing the variations in 
counting efficiency in whole-body counting by Dudley, International Atomic 
Energy Agency; Marinelli, Argonne National Laboratory; Naversten, Lund, and 
Genna, Massachusetts Institute of Technology. The BNL counter is the only 
known system which can correct simultaneously for both the spatial distribu- 
tion and energy absorption of radionuclides by the body. 

Representative groups working on the same clinical studies are those 
of Up, Laurentian University of Sudbury, Canada, studying treatment of 
ureqe patients with Vitamin D analogues to combat osteodystrophic changes; 
Hioco and 
calcium metabolism in osteoporosis; and Heaney, Creighton University Medical 
School, on skeletal response to growth hormone. 

Bordier, Paris, France on effect of synthetic calcitonin on 

Boddy, Scottish Universities 

f 
(See Continuation Sheet) RX- 15 
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P r o j e c t  T i t l e :  K i n e t i c  F a c t o r s ,  Computer A p p l i c a t i o n s  RX-Ol-Ol-(b) 
15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  (Con t ' d . )  

Resea rch  Reac to r  C e n t r e ,  Glasgow; Remenchik, Argonne N a t i o n a l  L a b o r a t o r y ;  
F o r b e s ,  U n i v e r s i t y  of R o c h e s t e r ;  and Burkinshaw, U n i v e r s i t y  o f  k e d s ,  have  
a l l  measured whole-body p o t a s s i u m  w i t h  h i g h  p r e c i s i o n .  
p r e s e n t l y  involved  i n  t o t a l  body n e u t r o n  a c t i v a t i o n  a n a l y s i s  (TBNAA) f o r  
c a l c i u m  measurement: Chamber la in ,  U n i v e r s i t y  o f  Birmingham, England; and 
Nelp-Palmer ,  U n i v e r s i t y  o f  Washington. 

Two g r o u p s  are  

The c u r r e n t  p r o p o s a l  on minimal r a d i a t i o n  i n v o l v e s  lower  d o s e s  o f  
r a d i a t i o n  than  have  been i n v o l v e d  i n  o t h e r  known e x p e r i m e n t s .  

R e l a t e d  work on t h e  p o s i t r o n  c o i n c i d e n c e  imaging method is a c t i v e l y  
pu r sued  a t  t h e  M a s s a c h u s e t t s  Genera l  H o s p i t a l ,  Bos ton ,  by D r .  Gordqn 
B r o w n e l l ' s  group and a t  McGi l l  U n i v e r s i t y ,  M o n t r e a l ,  by D r .  Yamamoto. T h i s  
i s  f u r t h e r  r e l a t e d  t o  t h e  p rob lems  of  tomography, on which a number of o t h e r  
a p p r o a c h e s  were d i s c u s s e d  a t  a r e c e n t  symposium, t h e  p r o c e e d i n g s  of which are  
t o  be p u b l i s h e d .  

16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: 

Many s t u d i e s  i n v o l v e  n e u t r o n  a c t i v a t i o n  a n a l y s i s  and c a l c i u m  k i n e t i c s .  
I n  t h e  s t u d y  on t h e  e f f e c t  of t h e  a d m i n i s t r a t i o n  of s y n t h e t i c  c a l c i t o n i n  
t o g e t h e r  w i t h  d i e t a r y  c a l c i u m  and phosphorus  s u p p l e m e n t s ,  t h e  p e r i o d  was 
ex tended  t o  1 - 2  y e a r s  and t h e  number o f  o s t e o p o r o t i c  p a t i e n t s  was i n c r e a s e d  ' 
t o  35 t o  i n c l u d e  some a d m i n i s t e r e d  human growth hormone r a t h e r  t h a n  c a l c i t o n i n .  
Fo l lowing  c a l c i t o n i n  a d m i n i s t r a t i o n  c l i n i c a l  Improvement w a s  ev idenced  by a 
d e c r e a s e  i n  back p a i n  and a c e s s a t i o n  of spon taneous  f r a c t u r e s  as  r e p o r t e d  
l a s t  y e a r .  The r e s u l t s  f o l l o w i n g  human growth hormone a d m i n i s t r a t i o n  a w a i t  
c o m p l e t i o n  of s i x  months of t h e r a p y .  

I n  t h e  s t u d y  on r e n a l  o s t e o d y s t r o p h y ,  i n  v i v o  n e u t r o n  a c t i v a t i o n  a n a l y s i s  
and whole-body c o u n t i n g  t e c h n i q u e s  were used t o  measure  t h e  body compos i t ion  
i n  an a d d i t i o n a l  30 w i t h  r e s u l t s  c o n f i r m i n g  t h o s e  r e p o r t e d  l a s t  y e a r .  I n  
c o l l a b o r a t i o n  w i t h  Dr. P i e r s o n ,  St. L u k e s  H o s p i t a l ,  N e w  York, a se r ia l  TBNAA 
s t u d y  o f  t h e  changes  i n  body compos i t ion  and c a l c i u m  metabol i sm bo th  p r e -  
and p o s t - t r a n s p l a n t a t i o n  was i n i t i a t e d  f o r  1 2  p a t i e n t s  s chedu led  t o  r e c e i v e  
k i d n e y  t r a n s p l a n t s .  I n  t h e  s t u d y  on e f f e c t  o f  c a l c i t o n i n  on P a g e t ' s  d i s e a s e  
i n i t i a t e d  by D r .  Wal lach ,  Downsta te  Med ica l  Schoo l ,  Brooklyn ,  1 2  p a t i e n t s  have  
now been fo l lowed f o r  one  y e a r  w h i l e  r e c e i v i n g  c a l c i t o n i n  t r e a t m e n t .  A l l  o f  
t h e s e  p a t i e n t s  show a h i g h e r  t h a n  normal level of body c a l c i u m  a l o n g  w i t h  a 
g r e a t l y  i n c r e a s e d  bone t u r n o v e r  rate.  

The c o n t i n u i n g  s t u d i e s  on e n d o c r i n e  d y s f u n c t i o n  are conducted  t o  q u a n t i t a t e  
t h e  changes  i n  l e v e l s  o f  c a l c i u m ,  sodium, c h l o r i n e ,  and phosphorus  i n  p a t i e n t s  
w i t h  d i s o r d e r s  o f  t h e  t h y r o i d  and p a r a t h y r o i d  g l a n d s  as  well  as i n  acromegaly ,  
d i a b e t e s ,  and C u s h i n g ' s  disease. T h e s e  s t u d i e s  are  c a r r i e d  on i n  c o l l a b o r a t i o n  
w i t h  Drs. Roginsky and A l o i a  o f  t h e  Nassau County Medica l  C e n t e r ,  New York. 
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P r o j e c t  T i t l e :  K i n e t i c  F a c t o r s ,  Computer A p p l i c a t i o n s  - - -  
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ' d . )  

TBNAA r e v e a l s  a d e c r e a s e  i n  t o t a l  body ca l c ium i n  s u b j e c t s  e x h i b i t i n g  t h e  
c o n d i t i o n  of h y p e r t h y r o i d i s m .  With r e s p e c t  t o  a n  e s t i m a t e d  normal t o t a l  body 
c a l c i u m  (CaE) f o r  t h e  i n d i v i d u a l  based on h e i g h t ,  sex, and p o t a s s i u m  Leve l ,  a 
mean d e c r e a s e  t o  90.6% was obse rved .  
p o t a s s i u m  a s  a p a r a m e t e r ,  a s  i t  i s  an  index  of  l e a n  body mass. The r e l a t i o n -  
s h i p  d e r i v e d  e m p i r i c a l l y  from a s t u d y  o f  9 normal  males i s  CaE = 54.!ifK H and 
from a s t u d y  o f  5 normal f e m a l e s  i s  CaE = 57.0 /K H; where Ca and K are  
e x p r e s s e d  i n  grams and h e i g h t  (H) i n  c e n t i m e t e r s .  The P/Ca r a t i o  i n  hype r -  
t h y r o i d  p a t i e n t s  was s l i g h t l y  h i g h e r  t han  t h e  0.55 v a l u e  obse rved  i n  normals.  
T rea tmen t  o f  t h y r o t o x i c o s i s  by d r u g  t h e r a p y ,  by s u r g e r y  o r  by a d m i n i s t r a t i o n  
o f  1-131 l e a d s  t o  an i n c r e a s e  i n  t h e  mean Ca l e v e l  a t  n i n e  months f o l l o w i n g  
t h e r a p y ,  
p a t i e n t s .  

The e m p i r i c a l  v a l u e  o f  CaE u s e s  body 

A concomi tan t  d e c r e a s e  i n  t h e  mean P/Ca r a t i o  w a s  obse rued  i n  t h e s e  
L 

Loss o f  bone mass i n  t h y r o t o x i c o s i s  h a s  g e n e r a l l y  been  a s s o c i a t e d  w i t h  
i n c r e a s e d  bone r e s o r p t i o n  and a n e g a t i v e  c a l c i u m  b a l a n c e .  Changes i n  bone a r e  
most p r o b a b l y  no t  media ted  v i a  a l t e r a t i o n s  o f  pa ra tho rmone  (PTH) o r  c a l c i t o n i n  
b u t  r a t h e r  a r e  t h e  resu l t  of t h e  a c t i o n  o f  t h e  t h y r o i d  hormone on t h e  
o s t e o c l a s t  s. 

S i m i l a r  a n a l y s i s  o f  h y p o t h y r o i d  p a t i e n t s  i n d i c a t e d  a mean c a l c i u m  v a l u e  
of 93.5% o f  t he i r  e x p e c t e d  v a l u e .  The mean P/Ca r a t i o  was a l s o  lower  
t h a n  i n  normal s u b j e c t s .  A t  n i n e  months f o l l o w i n g  t h e  i n s t i t u t i o n  of  
ma in tenance  t h e r a p y  i n  t h r e e  p a t i e n t s ,  t h e  mean c a l c i u m  d e c r e a s e d  t o  88% of 
t h e  t o t a l  body ca l c ium,  The t h e r a p y  a l s o  r e s u l t e d  i n  an  i n c r e a s e  i n  t h e  mean 
P/Ca r a t i o .  
e x c r e t i o n  h a s  been r e p o r t e d  f o r  hypo thyro id  p a t i e n t s .  A d d i t i o n a l l y ,  k i n e t i c  
s t u d i e s  have  r e v e a l e d  a d e c r e a s e  i n  bone t u r n o v e r .  

Decreased  u r i n a r y  c a l c i u m  e x c r e t i o n  and v a r i a b l e  phosphorus  

I n  p a r a t h y r o i d  s t u d i e s ,  h y p e r p a r a t h y r o i d  p a t i e n t s  e x h i b i t  a d e c r e a s e  
i n  c a l c i u m  t o  89% of t h e  e x p e c t e d  va lue .  
c o n s i s t e n t  w i t h  e v i d e n c e  o f  a l o s s  o f  phosphorus.  T h i s  c o n d i t i o n  may 
r e s u l t  from t h e  i n h i b i t i o n  o f  proximal  t u b u l a r  r e s o r p t i o n  r e spond ing  t o  an 
i n c r e a s e  i n  t h e  PTH l e v e l .  Nine months f o l l o w i n g  t h e  i n i t i a t i o n  o f  a c o u r s e  
of t r e a t m e n t ,  a f u r t h e r  d e c r e a s e  i n  t o t a l  c a l c i u m  was obse rved  i n  two o f  
t h e  t h r e e  pa t ien ts  t r e a t e d .  
t h e  f u n c t i o n i n g  o f  t h e  k i d n e y s  and t h e  a b s o r p t i o n  i n  t h e  g a s t r o i n t e s t i n a l  
t r a c t .  
and r s d i o g r a p h i c  e v i d e n c e  of d e m i n e r a l i z a t i o n  i n  h y p e r p a r a t h y r o i d  p a t i e n t s .  
A d e c r e a s e  i n  bone mass o f t e n  p r e c i p i t a t e s ,  v i a  t h e  b o d y ' s  h o m e o s t a t i c  mechan- 
i s m ,  a compensa tory  i n c r e a s e  i n  t h e  bone a c c r e t i o n  ra te .  
metabo-l ic  p i c t u r e  may v a r y  c o n s i d e r a b l y  i n  t h e  c o u r s e  of  t h i s  d i s o r d e r .  

A low mean P /Ca  r a t i o  w a s  o b s e r v e d ,  

PTH a c t s  d i r e c t l y  on bone as w e l l  as  a f f e c t i n g  

The f i n d i n g  of decrea.sed t o t a l  ca l c ium i s  c o n s i s t e n t  w i th  d e n s i t o m e t r i c  

Hence, t h e  

Hypopara thyro id  p a t i e n t s  e x h i b i t e d  an i n c r e a s e d  body ca l c ium,  i n  
t e r m s  o f  t h e  e x p e c t e d  v a l u e ,  
h y p o p a r a t h y r o i d i s m  showed an i n c r e a s e  t o  1709. of  t h e  t o t a l - b o d y  ca l c ium.  

For  example,  one  p a t i e n t  w i t h  i d i o p a t h i c  

(See C o n t i n u a t i o n  S h e e t )  RX- 17  
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P r o i e c t  T i t l e :  K i n e t i c  F a c t o r s .  u t e r  BD 
16. T e c h n i c a l  P r o g r e s s  i n  EY 1973: (Cont 'd . )  

Seven months f o l l o w i n g  i n i t i a t i o n  o f  v i t a m i n  D t h e r a p y ,  t h e  v a l u e  f e l l  t o  
242.17. of t h e  t o t a l  body c a l c i u m .  The r e s u l t s  are c o n s i s t e n t  w i t h  t h e  
r e d u c t i o n  i n  bone a c c r e t i o n  and r e s o r p t i o n  rates t h a t  have  p r e v i o u s l y  been 
n o t e d  i n  p a t i e n t s  w i th  hypopara thy ro id i sm.  

F i n d i n g s  of n e g a t i v e  c a l c i u m  b a l a n c e  and o s t e o p o r o s i s  have  been r e p o r t e d  
f o r  a c r o m e g a l i c  p a t i e n t s .  
i n  t h i s  d i s o r d e r ,  w i t h  bo th  a c c r e t i o n  and r e s o r p t i o n  ra tes  e l e v a t e d .  It i s  
n o t  y e t  c l e a r  what mechanism i s  r e s p o n s i b l e  f o r  t h e s e  changes ,  Somato t rop in  
i n c r e a s e d  bone c o l l a g e n  and p r o t e i n  s y n t h e s i s ;  it a l s o  a c t s  on k idney  and 
i n t e s t i n e .  Hypersomato t ropism i s  g e n e r a l l y  marked by an  i n c r e a s e d  r e t e n t i o n  
of  phosphorus  a l o n g  w i t h  an  i n c r e a s e d  u r i n a r y  c a l c i u m  e x c r e t i o n .  
c o n d i t i o n  may provoke a r e s p o n s e  o f  h y p e r p a r a t h y r o i d i s m ,  which teiids t o  
aunteract t h e  e f f e c t s  o f  somato t ropism.  Some e v i d e n c e  ex i s t s  t o  s u p p o r t  t h e  
h y p o t h e s i s  of h y p e r p a r a t h y r o i d i s m  super-lrnposed on hype r somato t rop i sm.  

A g r e a t l y  i n c r e a s e d  bone t u r n o v e r  ra te  was obse rved  

T h i s  

The c a l c i u m  l e v e l s  of t h e  h y p e r s o m a t o t r o p i c  p a t i e n t s  i n  t h i s  s t u d y  
were o f t e n  g r e a t l y  e l e v a t e d .  Two male p a t i e n t s ,  for example ,  had c a l c i u m  
l e v e l s  a s  h i g h  a s  1600 g ,  i n  compar ison  t o  t h e  1150 g c h a r a c t e r i s t i c  o f  
a normal a d u l t  male. I n  terms o f  t h e i r  expec ted  c a l c i u m  v a l u e s ,  t h e  mean 
c a l c i u m  o f  a group o f  1 2  p a t i e n t s  was 104.4%. Although t h e r e  i s  e v i d e n c e  
o f  hyperphosphatemia  i n  a c r o m e g a l i c  p a t i e n t s ,  t h e  mean P/Ca r a t i o n  f o r  t h e  
p a t i e n t s  i n  t h i s  s t u d y  f e l l  i n  t h e  normal r ange  (0 .55 ) .  A f t e r  r a d i a t i o n  
t h e r a p y  was a d m i n i s t e r e d  t o  7 p a t i e n t s ,  a d e c r e a s e  i n  t h e  mean ca l c ium 
t o  91.6% o f  t h e  expec ted  v a l u e  w a s  n o t e d .  

The re  are  c o n f l i c t i n g  r e p o r t s  of bone involvement  r e p o r t e d  f o r  
d i a b e t e s .  I n s u l i n  a f f e c t s  b o t h  bone c o l l a g e n  and t o t a l  p r o t e i n  s y n t h e s i s .  
It was found t h a t  f o r  female d i a b e t i c  p a t i e n t s  t h e  t o t a l  s k e l e t a l  mass w a s  
s l i g h t l y  lower  t h a n  t h e  r a n g e  f o r  normals :  
Al though t h e r e  were wide v a r i a t i o n s  i n  t h e  phosphorus  level ,  t h e  mean P/Ca 
r a t i o  f o r  t h e  group was w i t h i n  t h e  normal r a n g e .  

93.0% of  t h e  t o t a l  body ca lc ium.  

These  s t u d i e s  show t h a t  t h e  TBNAA t e c h n i q u e  p r o v i d e s  u s e f u l  d a t a  

t o t a l  body c a l c i u m  and t o t a l  body 
f o r  r e s e a r c h  i n  t h a t  i t  q u a n t i t a t i v e l y  l i n k s  e n d o c r i n e  f u n c t i o n  w i t h  two 
parameters of s k e l e t a l  metabol i sm:  
phosphorus .  The d a t a  o b t a i n e d  are u s e f u l  i n  e l u c i d a t i n g , t h e  mechanisms by 
which e n d o c r i n e s  i n f l u e n c e  skeletal  mass and i n  t h e  e v a l u a t i o n  o f  t h e r a p e u t i c  
p ro g ram 9'. 

SZnce c h r o n i c  a l c o h o l i s m  h a s  been shown t o  r e s u l t  i n  a type o f  o s t e o -  
p o r o s i s  Ca-47 k i n e t i c  t e c h n i q u e s  and i n  v i v o  n e u t r o n  a c t i v a t i o n  t e c h n i q u e s  
were employed t o  s t u d y  t h e  mechanism o f  t h i s  o s t e o p e n i a .  
d a t e  i n d i c a t e  a l o s s  o f  body c a l c i u m  i n  o n l y  two of t h e  s i x  a l c o h o l i c s  
s t u d i e d ,  

The r e s u l t s  t o  

T o t a l  body p o t a s s i u m  i n  these s u b j e c t s  a p p e a r s  normal.  

I 
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P r o j e c t  T i t l e :  K i n e t i c  F a c t o r s ,  Computer A p p l i c a t i o n s  RX-01-01- (b) 
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ' d . )  

The Pu-238, Be n e u t r o n  i r r a d i a t i o n  f a c i l i t y  c u r r e n t l y  employed f o r  t o t a l -  
body n e u t r o n  a c t i v a t i o n  a n a l y s i s  has shown i t s e l f  t o  be s u p e r i o r  i n  many 
r e s p e c t s  t o  t h e  p r e v i o u s l y  employed 14 M e V  n e u t r o n  g e n e r a t o r ,  
y e a r  o f  i t s  o p e r a t i o n ,  o v e r  300 a c t i v a t i o n  a n a l y s e s  h a v e  been  performed on 
p a t i e n t s .  T h e  p r e c i s i o n  o f  t h e  t e c h n i q u e  f o r  measurement o f  ca lc ium,  sodium, 
and c h l o r i n e  h a s  been 2 1, 2 ,  a n d  2% r e s p e c t i v e l y ,  
measurement of  phosphorus  however,  h a s  n o t  been s a t i s f a c t o r y  4 7 3 .  E f f o r t s  
a r e  be ing  made t o  improve t h e  p r e c i s i o n  o f  t h i s  l a t t e r  measurement p r i m a r i l y  
by means o f  an  improved computer program f o r  a n a l y s i s  of t h e  gamma s p e c t r a l  
d a t a ,  E f f o r t s  a re  a l s o  i n  p r o g r e s s  t o  improve t h e  o p e r a t i o n  o f  t h e  a c t i v a t i o n  
t e c h n i q u e  and t o  a p p l y  i t  t o  t h e  a n a l y s i s  o f  o t h e r  e l e m e n t s  i n  t h e  human body. 

In t h e  f i r s t  

The p r e c i s i o n  f o r  t h e  

(Cohn) 
\ 

i 

I n  t h e  e f f o r t s  t o  d e f i n e  t h e  r a d i a t i o n  dose  r e s p o n s e  c u r v e  between 
z e r o  and t h e  n a t u r a l  d o s e  ra te ,  s c r e e n i n g  s t u d i e s  d i r e c t e d  t o  t h e  s e l e c t i o n  
o f  t h e  most s u i b a b l e  o rgan i sm and end p o i n t  were c o n t i n u e d .  Most o f  t h e  
o rgan i sms  c o n s i d e r e d  were found t o  have  such small r e s p o n s e s  a t  low d o s e s  
a s  t o  n o t  be u s e a b l e  f o r  o b t a i n i n g  s t a t i s t i c a l l y  s i g n i f i c a n t  resul ts  wi th  
f e a s i b l e  p o p u l a t i o n  numbers. 
o f  E s c h e r i c i a  
I n  "Etude R a d i o b i o l o g i g u e  Du Systems Lysogene D 'E.Col i  K12. 11 I n d u c t i o n  
P a r  L e s  Rayons X. 
- 90,  458-81 ( 1 9 5 6 ) ,  Marcovich r e p o r t e d  on t h e  e f f e c t s  o f  x r a y s  on t h e  
i n d u c t i o n  of  K-12(1) t o  produce  h phage ,  u s i n g  r a d i a t i o n  d o s e s  as  low 
a s  0.3R. T h i s  i s  a p p a r e n t l y  t h e  l o w e s t  dose  f o r  which an e f f e c t  has  been 
r e c o r d e d  i n  b a c t e r i a .  I n  t h e  c u r r e n t  s t u d i e s  t h e  K12 (1) i s  grown under - 
v a r i o u s  c o n d i t i o n s ,  t h e  f r e e  h phage  i s  h a r v e s t e d  and t h e  phage i s  p l a t e d  
w i t h  t h e  i n d i c a t o r  s t r a i n ,  ATCC # 12435, J. Lede rbe rg  W 1485. The end 
p o i n t  measured i s  t h e  number of p l a q u e s  formed p e r p l a t e .  
normal  background c o n d i t i o n s  i n  a medium w i t h  reduced  p o t a s s i u m  c o n t e n t  
t h e r e  i s  one  p l a q u e  per 104 c e l l s .  
c o n d i t i o n s  are n o t  a v a i l a b l e  y e t .  
u s i n g  250 KVP x rays a t  v a r i o u s  d o s e s  up t o  1200 R t o  v e r i f y  t h e  dose-  
e f f e c t  c u r v e  r e p o r t e d  by Marcovich .  

'Lhe b e s t  o rgan i sm now a p p e a r s  t o  be a s t r a i n  
i d e n t i f i e d  a s  ATCC s t r a i n  910798 C.E. C l i f t o n  K-12 ( I ) ,  

Etude Des F a i b l e s  Doses. "Annales d e  L ' I n s t i t u t e  P a s t e u r  : 

When grown under  

The r e s u l t s  unde r  r educed  background 
Another  a s p e c t  o f  t h e  s t u d y  is  underway 

Among t h e  new computing programs deve loped  i s  one  t h a t  g e n e r a t e s  
t h e o r e t i c a l  x - r a y  s p e c t r a  a s s o c i a t e d  w i t h  a g i v e n  KW and w i t h  s p e c i f i e d  
f i l t e r s .  
a p p r d p f h e s  t o  t h e  deve lopment  o f  s p e c i a l  f i l t e r s  t h a t  u t i l i z e  t h e  K-edge 
d i s e m t i n u i t y  i n  t h e  mass a b s o r p t i o n  c o e f f i c i e n t s  of v a r i o u s  e l emen t s  t o  
imp* r a d i o g r a p h s  and t o  r e d u c e  p a t i e n t  r a d i a t i o n  d o s e s  by c u t t i n g  o u t  
x r a y s  o f  e n e r g i e s  above  and below t h o s e  d e s i r e d .  
become u s e f u l  i n  enhanc ing  t h e  c o n t r a s t  a s s o c i a t e d  w i t h  c e r t a i n  l a b e l i n g  
e l e m e n t s ,  p a r t i c u l a r l y  i o d i n e ,  i n  p rob lems  such as g a l l  b l a d d e r  v i s u a l i -  
z a t i o n  and i n  t h y r o i d  s t u d i e s ,  Combina t ions  o f  s i l v e r ,  t i n ,  rhodium, 
gado l in ium,  and cadmium f i l t e r s  used w i t h  30, 35, 40, 70, 80, and 90 KW 

T h i s  i s  p a r t  of a combina t ion  of t h e o r e t i c a l  and  expe r imen ta l  

T h i s  method may a l s o  

I 
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Bcposure t o  Ekternal and I n t e r n a l  R a d i a t i o n  
In Vivo Measurement of R a d i o n u c l i d e s  i n  Man; Body Burden and  

P r o j e c t  T i t l e :  K i n e t i c  F a c t o r s .  Computer A p p l i c a t i o n s  RX-Ol-Ol-(b) 
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Cont 'd . )  

x - r a y  s p e c t r a  were s t u d i e d .  
s u p e r i o r  e n e r g y  r e s o l u t i o n  c a p a b i l i t i e s  h a s  improved t h e  e x p e r i m e n t a l  
c h a r a c t e r i z a t i o n  of x - r a y  s p e c t r a .  
r e p o r t e d  i n  RX-Ol-O3-(c). 

The u s e  o f  s o l i d  s t a t e  d e t e c t o r s  w i th  t h e i r  

T h i s  work i s  i n  c o n j u c t i o n  w i t h  r e s e a r c h  

The program f o r  a n a l y z i n g  d a t a  from t h e  p o s i t r o n  d e t e c t o r  sys tem h a s  
been  r e p l a c e d  by one  t h a t  uses a method q u i t e  d i f f e r e n t  f rom th p r e v i o u s  
o n e s ,  w i t h  a g r e a t  improvement i n  t h e  o u t p u t  c h a r a c t e r .  The new method 
depends  on t h e  p r i n c i p l e  t h a t  t h e  d a t a  can b e  r e p r e s e n t e d  as p o i n t s  on a 
sampl ing  mesh t h a t  c o r r e s p o n d s  t o  t h e  z e r o e s  o f  o n e  of t h e  c l a s s i c a l  
Chebychev po lynomia l s  o f  t h e  second k i n d ,  and t h e s e  p o l y n o m i a l s  are  t r a n s -  
forms o f  a sys t em o f  o r t h o g o n a l  po lynomia l s  t h a t  d e s c r i b e  t h e  coun&ing 
d i s t r i b u t i o n .  
and i s  i n  use .  The re  have  a l s o  been changes  made i n  t h e  e l e c t r o n i c s  t h a t  
e l i m i n a t e  t h e  magne t i c  drum p r e v i o u s l y  used f o r  d a t a  s t o r a g e  and now t r a n s m i t  
t h e  s i g n a l  d i r e c t l y  t o  t h e  Sigma 2 f o r  s t o r a g e  i n  c o r e  memory. These changes  
have  made i t  p o s s i b l e  t o  b e g i n  u s i n g  t h e  a p p a r a t u s  t o  s t u d y  t h e  k i n e t i c s  of 
d i s t r i b u t i o n  o f  Krypton-79 i n  t h e  b r a i n .  

A c o m p u t a t i o n a l l y  e f f i c i e n t  program based  on t h i a  has deve loped  

A computer program f o r  r e c o r d i n g  ra t  b r e e d i n g  i n f o r m a t i o n  makes i t  

T h i s  w a s  deve loped  a t  t h e  r e q u e s t  of t h e  
p o s s i b l e  t o  t r a c e  t h e  a n c e s t r y  o f  a s p e c i f i e d  animal and t o  p rov ide  
weaning and ma t ing  s u w r i e s .  
g roup  invo lved  i n  s t u d y i n g  t h e  h e r e d i t a r y  a s p e c t s  o f  h y p e r t e n s i o n  (FX-01-03-b). 
The c l i n i t a l  c h e m i s t r y  program h a s  been r e v i s e d  e x t e n s i v e l y ,  and now p r i n t s  
o u t  t h e  d a t a  on i n d i v i d u a l  p a t i e n t s  i n  a format  s u i t a b l e  f o r  i n c l u s i o n  i n  
t h e  h o s p i t a l  c h a r t s .  Ano the r  new program p r o v i d e s  a s t a t i s t i c a l  a n a l y s i s  
o f  t h e  c o r r e l a t i o n  o f  s e l e c t e d  c l i n i c a l  p a r a m e t e r s  w i t h  t h e  r e s u l t s  o f  
per formance  t e s t s  i n  p a r k i n s o n i s m  p a t i e n t s  (RX 0 1 - 0 3 - a ) ,  
c a p a b i l i t y  h a s  been  i n c r e a s e d  (RX-03-02-c). 

. -  

The EPR s i m u l a t i o n  

Changes i n  t h e  computer c o n f i g u r a t i o n  i n c l u d e  t h e  a d d i t i o n  of a l a r g e  
s t o r a g e  d i s p l a y  f o r  t h e  EPR sys t em and a n i n e  t r a c k  m a g n e t i c  t a p e  u n i t ,  
The l a t t e r  makes i t  p o s s i b l e  t o  communicate w i t h  o u t s i d e  u s e r s  w i t h  i n d u s t r i a l  
s t a n d a r d  t a p e s .  
r e p l a c e d  by BROOKNET 11. The Medica l  Depa r tmen t ' s  Sigma 2 computer was 
used i n  some o f  t h e  c r i t i c a l  p r e - o p e r a t i o n a l  t e s t i n g  of t h e  new system. 
The n e c e s s a r y  changes  of t h e  Sigma 2 t o  h a n d l e  BROOKNET I1 communications 
have  been a c h i e v e d  wi th  a c o r r e s p o n d i n g  improvement o f  s e r v i c e .  
n o t e d  t h a t  t h e  Medica l  D e p a r t m e n t ' s  Sigma 2 i s  now r e p o r t e d  t o  have  t h e  most 
p e r i & e r a l  a t t a c h m e n t s  of a n y  Sigma 2 i n s t a l l a t i o n .  These  i n c l u d e  t h r e e  
magne t i c  tape d r i v e s ,  a c a r d  r e a d e r ,  a p a p e r  t a p e  r e a d e r ,  a f a s t  p r i n t e r ,  a 
d i s c  f i l e ,  a t e l e t y p e ,  o n - l i n e  i n t e r f a c e s  t o  t h e  whole-body c o u n t e r ,  and 
t h e  EPR and a n o t h e r  g e n e r a l  p u r p o s e  o n - l i n e  i n t e r f a c e  used  w i t h  t h e  p o s i t r o n  
d e t e c t o r  sys t em and f o r  o t h e r  o c c a s i o n a l  a p p l i c a t i o n s .  

A t  t h e  c e n t r a l  f a c i l i t y ,  t h e  BROOKNET i n t e r f a c e  h a s  been 

It may b e  

A number of  computer programs have  been p u t  i n t o  FOCUS f i l e s .  FOCUS 
i s  a computer sys tem i n v o l v i n g  a c e n t r a l  C o n t r o l  Data 3200 t h a t  i s  connec ted  

(See C o n t i n u a t i o n  S h e e t )  Rx- 20 
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Exposure t o  External and I n t e r n a l  R a d i a t i o n  
-- I n  Vivi? Measurement of R a d i o n u c l i d e s  i n  Man; Body Burden and 

P r o j e c t  T i t l e :  K i n e t i c  F a c t o r s ,  Computer A p p l i c a t i o n s  RX-01-01- (b) 
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ' d . )  

t o  t h e ' c o n t r o l  Data  6 6 0 0 ' ~ ~  wi th  u s e r  a c c e s s  v i a  d a t a  t e r m i n a l s ,  u s i n g  
t e l e p h o n e  l i n e s .  I t  h a s  e d i t i n g  and o t h e r  f i l e - h a n d l i n g  c a p a b i l i t i e s .  The 
e d i t i n g  f e a t u r e  h a s  proved t o  be p a r t i c u l a r l y  u s e f u l  i n  d e v e l o p i n g  new 
programs such a s  t h e  one used for comput ing  x - r a y  s p e c t r a .  It is a l s o  
u s f u l  i n  u p d a t i n g  and e x e c u t i n g  programs t h a t  i n v o l v e  p e r i o d i c a l l y  add ing  
r e l a t i v e l y  small amounts o f  d a t a  eo a l a r g e r  set o f  d a t a  t h a t  c o n t i n u e s  t o  
b e  used. 
e x i s t e n c e  of FOCUS f i l e s  g i v e  t h e  c o n v e n i e n c e  o f  r e a d y  a v a i l a b i l i t y  w i t h o u t  
c a r d  s t o r a g e  and h a n d l i n g ,  
FOCUS a r e  u s u a l l y  t r a n s m i t t e d  v i a  BROOKNET t o  t h e  Sigma 2 f o r  p r i n t o u t .  

For o t h e r  j o b s  t h a t  would n o r m a l l y  be read i n  from c a r d s  t h e  

The o u t p u t  from j o b s  s u b m i t t e d  t o  t h e  6600 v i a  

(Rob e r t son)  
\ 

L 
17. Expected R e s u l t s  i n  FY 1974: 

The c l i n i c a l  t r i a l s  wi th  s y n t h e t i c  c a l c i t o n i n  w i l l  be  con t inued  wi th  
18 p a t i e n t s  on a low dose  l e v e l  (0.5 U/Kg/3 t i m e s  p e r  week) ,  
t r i a l s  i n v o l v i n g  human growth hormone a d m i n i s t r a t i o n  t o  o s t e o p o r o t i c  p a t i e n t s  
w i l l  be c o n t i n u e d  for one year. 
w i l l  r e c e i v e  l o n g - t e r m  t h e r a p y  w i t h  e s t r o g e n ,  androgens  or f l u o r i d e  s i n g l y  
and i n  combina t ion .  E f f e c t i v e  t r e a t m e n t  i n  a l l  t h e s e  g r o u p s  of p a t i e n t s  
should  r e s u l t  i n  an  augmenta t ion  o f  the i r  s k e l e t a l  mass. 
measured by i n  v i v o  n e u t r o n  a c t i v a t i o n  a n a l y s e s  a t  i n t e r v a l s  d u r i n g  long-  
term t h e r a p y .  
women w i l l  be e v a l u a t e d . o v e r  a one  y e a r  p e r i o d .  

The c l i n i c a l  

Ano the r  g roup  of o s t e o p o r o t i c  p a t i e n t s  

T h i s  w i l l  be 

The e f f e c t s  of p h y s i c a l  t h e r a p y  i n  m i l d l y  o s t e o p o r o t i c  

S t u d i e s  d e s i g n e d  to measure t h e  e x t e n t  and ra te  of l o s s  o f  ca l c ium i n  
p a t i e n t s  r e c e i v i n g  long- t e rm t h e r a p y  w i t h  t h e  d r u g  c o l e s t i p o l  f o r  h y p e r l i p e m i a  
w i l l  be i n s t i t u t e d .  
d y s f u n c t i o n ,  T h a l e s s e m i a  and P a g e t ' s  d i s e a s e  w i l l  c o n t i n u e .  
o f  v a r i o u s  t h e r a p i e s  w i l l  be  e v a l u a t e d  i n  terms of changes  i n  t o t a l  ca l c ium 
and po ta s s ium.  

The  s t u d y  of o s t e o p e n i a  r e s u l t i n g  from e n d o c r i n e  
The e f f e c t s  

The s t u d y  o f  r e n a l  o s t e o d y s t r o p h y  i n  p a t i e n t s  unde rgo ing  c h r o n i c  
h e m o d i a l y s i s  w i l l  b e  expanded. 
u s i n g  Ca-47 k i n e t i c  t e c h n i q u e s  w h i l e  t h e y  are on d i a l y s i s .  
v a r i o u s  t h e r a p i e s ,  p r i n c i p a l l y  v i t a m i n  D a n a l o g u e s  w i l l  b e  s t u d i e d  i n  u r e m i c  
p a t i e n t s .  The s t u d y ,  i n i t i a t e d  on p a t i e n t s  w i t h  r e n a l  f a i l u r e  scheduled  t o  
underlpo r e n a l  t r a n s p l a n t a t i o n ,  w i l l  be expanded. 

A number of t h e s e  p a t i e n t s  w i l l  be s t u d i e d  
The e f f e c t  of 

a p p l i c a t i o n s  f o r  t h e  i n  v i v o  a c t i v a t i o n  t e c h n i q u e  w i l l  b e  sought .  
For exi thple ,  changes  i n  body c o m p o s i t i o n  r e s u l t i n g  from h i g h  l e v e l s  o f  
growth-  hormone a s s o c i a t e d  w i t h  l ong-  term L-Dopa t r e a t m e n t  f a t  park inson i sm 
w i l l  be s t u d i e d .  (Cohn) 

I n  t h e  r a d i a t i o n  dose  r e s p o n s e  c u r v e  s t u d i e s ,  an  e f f o r t  w i l l  be  made t o  

(See C o n t i n u a t i o n  S h e e t )  

, . .  
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Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
I n  Vi.vo Measurement o f  R a d i o n u c l i d e s  i n  Man; Body Burden and 

IC F a c u r s -  C- RX-0 1 -0 1 - (b)  -- 
P r o j e c t  T i t l e :  
17. Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

accumula t e  s t a t i s t i c a l l y  s i g n i f i c a n t  da t a  on t h e  K12 s t r a i n  grown under c o n t r o l  
c o n d i t i o n s  (normal background) and under  reduced  background r a d i a t i o n  cond i -  
t i o n s .  The l a t t e r  w i l l  i n c l u d e  t h e  u s e  o f  K-40 f r e e  growth media. 

A CRT d a t a  t e r m i n a l  w i l l  b e  i n t e r f a c e d  w i t h  t h e  Sigma 2 t o  improve t h e  
program e d i t i n g  c a p a b i l i t i e s .  
mon i to r  i s  p l anned  f o r  b e t t e r  communication w i t h  u s e r s .  
improve t h e  a c c e s s  t o  BROOKNET from t h e  EPR keyboard and t o  p r o v i d e  d i r e c t  
a c c e s s  t o  BROOKNET from t h e  whole-body c o u n t e r .  

A m u l t i  i n p u t  i n t e r f a c e  and r e b u i l d i n g  o f  t h e  
It i s  planned t o  

(Robert  son )  

.\ 
i 

18. Expected R e s u l t s  i n  FY 1975: 

The g e n e r a l  o b j e c t i v e s  w i l l  r emain  t h e  same w i t h  m o d i f i c a t i o n s  based 
The emphasis on c u r r e n t  f i n d i n g s  and development o f  advanced t e c h n i q u e s .  

w i l l  be on t h o s e  c l i n i c a l  a p p l i c a t i o n s  i n  which t h e  t e c h n i q u e  of neu t ron  
a c t i v a t i o n  w i l l  p l a y  t h e  e s s e n t i a l  r o l e .  (Cohn) 

C o n s i d e r a t i o n  w i l l  be g i v e n  t o  r e l a t e d  e x p e r i m e n t s  w i t h  o t h e r  organisms 
t o  s t u d y  t h e  r o l e  o f  n a t u r a l  background i n  p roduc ing  t h e  normal muta t ion  
r a t e .  It i s  e x p e c t e d  t h a t  Drosoph i l a  w i l l  p r o b a b l y  be t h e  h i g h e s t  o r d e r  
s p e c i e s  t h a t  can  b e  used because  o t  t h e  problem o f  hav ing  s u f f i c i e n t  numbers 
f o r  s t a t i s t i c a l  s i g n i f i c a n c e .  

: 

19. D e s c r i p t i o n  and Exp lana t ion  o f  Majo r  Materials, Equipment and 
S u b c o n t r a c t  Items: 

FY 1975 C a p i t a l  Equipment: 

S p e c i f i c  c o s t s  f o r  t h e s e  s t u d i e s  i n c l u d e  r ep lacemen t  of two m u l t i c h a n n e l  
a n a l y z e r s  one a t  $10,000, and one a t  $14 ,000 .  
equipment ,  power s u p p l i e s ,  a m p l i f i e r s ,  r e c o r d e r s ,  and scalers and two terminal 
s t a t i o n s  f o r  i n f o r m a t i o n  r e t r i e v a l  and i n p u t  i s  e s t i m a t e d  at $20,000. 

M i s c e l l a n e o u s  i n s t r u m e n t a t i o n  

20. Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

(See C o n t i n u a t i o n  S h e e t )  Rx- 2 2  



Exposure  t o  E x t e r n a l  and Internal  R a d i a t i o n  -- I n  Vivo.Measurement o f  R a d i o n u c l i d e s  i n  Man; Body 
P r o j e c t  T i t l e :  Burden and K i n e t i c  F a c t o r s .  Computer A p p l i c a t i o n s  RX-Ol-Ol-(b) 

R e i t e r a t i o n  of Assurance  S t a t e m e n t  
on 

I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  
I n c l u d i n g  C l i n i c a l  Resea rch  

The H o s p i t a l  of t h e  Medical Research  C e n t e r ,  Brookhaven N a t i o n a l  Labora to ry ,  
compl i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  o f  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  s u p p o r t e d  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department o f  H e a l t h ,  Educa t ion ,  and Wel fa re  and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  has e s t a b l i s h e d  
a s t a n d i n g  commit tee  t o  review i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  commi t t ee  is charged w i t h  r e s p o n s i b i l i t i e s  
t o  de t e rmine  f o r  e a c h  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  o f  each  p a t i e n t  w i l l  be a d e q u a t e l y  p r o t e f k e d ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  ou twe igh  t h e  r i s k s ,  and 
t h a t  an  informed c o n s e n t  w i l l  be o b t a i n e d  from each  p a t i e n t .  

The committee,  a p p o i n t e d  by t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  Labora to ry ,  
p r o v i d e s  f o r  i n d e p e n d e n t  judgment o f  i t s  members , and a l t e r n a t e s  are provided 
t o  s e r v e  when t h e r e  may be c o n f l i c t  o f  in terest .  T h i s  i n s t i t u t i o n  encourages  
c o n s t r u c t i v e  communication between t h e  commi t t ee  and p r i n c i p a l  i n v e s t i g a t o r s  
on t h e  s a f e g u a r d i n g  o f  t h e  r i g h t s  and w e l f a r e  o f  s u b j e c t s ;  w i l l  p rov ide  the  
r e q u i r e d  c a r e  f o r  p e r s o n s  i n j u r e d  as a r e s u l t  o f  p a r t i c i p a t i o n ;  and ma in ta ins  
comple te  documen ta t ion  o f  p r o p o s a l s  and r e v i e w s .  Approved i n v e s t i g a t i o n s  
are  reviewed by t h e  committee a t  least  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  
c a l l y  rev iews  i t s  p r a c t i c e s  and p r o c e d u r e s  t o  a s s u r e  they  are c o n s i s t e n t  w i th  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department o f  H e a l t h ,  Educa t ion ,  and Welfare .  

A s  of  March 7 ,  1973,  t h e  I n s t i t u t i o n a l  Review Committee f o r  r ev iew of Medical 
Department r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  is composed o f :  

J. S. Rober t son ,  M.D., Chairman G. P r i c e  
G. C. C o t z i a s ,  M.D.  , A l t .  Chairman ' N. P. Rathvon, Jr. 
S. H. Cohn D. N. S l a t k i n ,  M.D. ,  A l t e r n a t e  
E. A. Popenoe, A l t .  f o r  D r .  Cohn A. P. Wolf, A l t e r n a t e  
G.  Chikkappa, M.D. L. K. D a h l ,  M.D.  - C l i n i c a l  Consu l t an t  
H. Connell  W. A. F i n n  - A d m i n i s t r a t i v e  Consu l t an t  
R. A. l a v e ,  M.D.  C. W. F lood  - H e a l t h  P h y s i c s  C o n s u l t a n t  

S i g n a t u r e :  L P U  
T i t l e :  Chairman, Medica l  Department 

Date :  March 7 ,  1973 
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Lab oratory 

RX-B iomed ica 1 6 Env ironrnenta 1 Research 
Program 

Contract No.: Task No. : 1. Contractor: 
Associated Universities, Inc. AT(39-1)-16 

2 .  Project Title: _. . 189 .. . No.: 
. , .. 

Exposure to External and Internal Radiation 
Evaluation of Hazards from Tritium--Dominant Lethal 
Mutations in Mice 

3 .  BudRet Activity No.: 

RX- 24 

4. Date Prepared: 
.\ May 1973 i Rx-01-01- (c) 

5 .  Method of Reporting: ' . .  6 .  Working Location: 
Scientific Meetings Brookhaven National Laboratory 
BNL Monthly Letter to AEC 
Scientific Journals 

7. Person in Char=: 

E. P. Cronkite 

8. Project Term: 
Continuing 

Principal Inveetigator: 

A. L. Carsten 

From: To : 

9. Man-Years : 

FY 1973 FY 1974 FY 1975 Direct Man-Years 

Scientific & Professional 
Other 
Guests & Res. Collaborators 

I 2.0 2.5 2.5 Total 

10. Costs (In Thousands of Dollarel: 
FY 1973 FY 1974 FY 1975 , 

: I_ Research Division 
Hospital Division 

Research Costs 

70 
10 
70 
- 

71 
0 
71 
- 

74 
0 
74 
- 

1 1 2 Equipment Obligations 
11. Reactor Concept: 12. Materials: 
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Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
E v a l u a t i o n  o f  Hazards from Trit ium--Dominant L e t h a l  

P r o j e c t  T i t l e :  M u t a t i o n s  i n  Mice Rx-0 1 -0 1 - ( c )  
13. P u b l i c a t  i ons :  

El ias ,  J. M., Conk l ing ,  K . ,  and Makar, M. Cold f u e l g e n  h y d r o l y s i s ;  i t s  
e f f e c t  on d i s p l a c e m e n t  of t r i t i a t e d  thymid ine .  S t a i n  Technol .  ( i n  p r e s s ) .  

14. Scope: 
. A )  200 Word Summary: 

W i t h  t h e  i n c r e a s i n g  number of power r e a c t o r s ,  t h e r e  i s  a growing  concern 
a s  t o  t h e  g e n e t i c  and s o m a t i c  e f f e c t s  r e s u l t i n g . f r o m  exposure  t o  r a d i o a c t i v e  
r e a c t o r  e f f l u e n t s .  C r i t i c s  contend t h a t  t h e  p r e s e n t  r a d i a t i o n  s a f e t y  
s t a n d a r d s ,  from a g e n e t i c  and long- t e rm s o m a t i c  s t a n d p o i n t ,  a r e  n o t  s t r i n g e n t  
enough. 
m u t a t i o n s  a r e  induced  i n  mice by e x p o s u r e  t o  1-100 times t h e  prese\nt  
m a x i m u m  p e r m i s s i b l e  c o n c e n t r a t i o n s  (MPC's) of t r i t i u m  i n  water. 

The o b j e c t i v e  o f  t h e s e  s t u d i e s  i s  t o  a s c e r t a i n  i f  dominant  l e t h a l  

B)  Supplement t o  200 Word Summary: 

P a r e n t  ( P i )  a n i m a l s  are  fed on t r i t i a t e d  water commencing a t  f o u r  weeks 
o f  age .  Four weeks l a t e r ,  when t h e i r  t i s s u e s  a re  n e a r l y  i n  e q u i l i b r i u m  wi th  
HOH-3, t h e y  are  mated. The o f f s p r i n g  (F1) are  ma in ta ined  on t r i t i a t e d  wa te r  
t h roughou t  t h e  r ema inde r  o f  t h e  expe r imen t .  
d i v i d e d  i n t o  t h r e e  e x p e r i m e n t a l  g roups  and mated as f o l l o w s :  
c o n s i s t i n g  of t r i t i a t e d  males mated t o  t r i t i a t e d  f ema les ;  g roup  two, c o n s i s t -  
i n g  o f  t r i t i a t e d  males  m a t e d  t o  u n t r e a t e d  f e m a l e s ;  and g roup  t h r e e ,  c o n s i s t i n k  
of t r i t i a t e d  f ema les  mated t o  u n t r e a t e d  males. T h i s  a l l o w s  an  e s t i m a t e  
o f  t h e  e f f e c t  on t h e  male and female germ c e l l s  s e p a r a t e l y  and a l s o  de tec t io!  
o f  any  i n t e r a c t i o n  i f  i t  e x i s t s .  I n i t i a l l y  each  e x p e r i m e n t a l  g r o u p ,  r e c e i v e s  
100 t i m e s  t h e  MPC. An a d d i t i o n a l  g roup  o f  u n t r e a t e d  c o n t r o l s  a l s o  i s  exam- 
i n e d .  

A t  e i g h t  weeks o f  a g e  t h e y  a r e  
g r o u p  one, 

H i s t o l o g i c a l  e x a m i n a t i o n  o f  p r e - i m p l a n t a t i o n  zygo tes  i s  made on a 
s u f f i c i e n t  number o f  a n i m a l s  t o  e s t a b l i s h  t h a t  p re - impLan ta t ion  and e a r l y  
p o s t - i m p l a n t a t i o n  d e a t h s  a r e  due  t o  chromosome a b n o r m a l i t i e s  o f  t h e  type  
c h a r a c t e r i s t i c  f o r  dominant  l e t h a l  m u t a t i o n s ,  S e r i a l l y  s e c t i o n e d  o v a r i e s  
from t h e  F1 mice are  m i c r o s c o p i c a l l y  a n a l y z e d  t o  enumera te  t h e  number of 
s u r v i v i n g  ova. For compar i son ,  a d d i t i o n a l  g r o u p s  of X - i r r a d i a t e d  a n i m a l s  
w i l l  be  s t u d i e d .  

The c o n c e n t r a t i o n  o f  t r i t i u m  i n  body water and DNA o f  c e l l s  i s ,  
measqred. The comple t e  t r i t i u m  a n a l y s i s  i n c l u d e s  d e t e r m i n a t i o n  o f  t h e  
amowT of  a c t i v i t y  i n  t h e  ' w e t  t i s sue ,  d r i e d  r e s i d u e  ( f r e e z e  d r i e d ) ,  DNA,  
RNA, h i s t o n e s ,  and r e s i d u a l  chromosome a s s o c i a t e d  p r o t e i n .  From t h e s e  
d a t a  t h e  dose  t o  ova and t e s t e s  w i l l  be c a l c u l a t e d ,  p r o b a b l e  e f f e c t s  
e s t i m a t e d ,  and these compared t o  obse rved  e f f e c t s  i n  o r d e r  t o  d e t e r m i n e  i f  
t h e r e  i s  any u n i q u e  and unexpected  e f f e c t  from t r i t i u m  i n  germ c e l l s .  

(See C o n t i n u a t i o n  S h e e t )  Rx-25 
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Exposure t o  E x t e r n a l  and I n t e r n a l  R a d i a t i o n  
Evalua.t ion of  Hazards from T r i t  ium--Dominant L e t h a l  

Rx-01-01-(c) P r o j e c t  T i t l e :  M u t a t i o n s  i n  Mice 
15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

Th'is work i s  c l o s e l y  r e l a t e d  t o  t h e  p r e s e n t  s t u d i e s  by t h e  l a t e  D r .  
Gonza lez  of Columbia U n i v e r s i t y  and BNL on t h e  g e n e t i c  e f f e c t s  o f  r a d i a t i o n  
i n  D r o s o p h i l a  me lanogas t e r .  A t  ORNL, W. R u s s e l l ,  L. Russel l ,  and E. Oakburg 
are c u r r e n t l y  d e t e r m i n i n g  t h e  i n c i d e n c e  of r e c e s s i v e  m u t a t i o n s  from e x p o s u r e  
t o  t r i t i u m .  

M. Lyon a t  M.R.C., Radiob io logy  Research  U n i t ,  Harwell, England ,  and 
A.  C. Bateman, C h r i s t i e  H o s p i t a l  and Hol t  Fhdium I n s t i t u t e ,  Manches t e r ,  
Eng land ,  have been working on t h e  r a d i a t i o n  i n d u c t i o n  o f  dominant l e t h a l  
m u t a t i o n s  i n  r o d e n t s .  

. \  16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: i 

A t o t a l  of 1,780 fema le  a n i m a l s  have  been b r e d .  These  i n c l u d e d  748 on 
t r i t i u m  and bred w i t h  males on t r i t i u m ,  335 b r e d  t o  males on r e g u l a r  water, 
336 on normal water b red  t o  males on t r i t i a t e d  water, and 361 c o n t r o l  a n i m a l s  . 
where bo th  p a r t n e r s  were on normal water, 
p r e g n a n t  and 10,904 c o r p o r a  l u t e a  were coun ted .  
s e n t  a r a t h e r  s i g n i f i c a n t  number of a n i m a l s ,  i n d i c a t i o n s  a re  i f  a g e n e t i c  
e f f e c t  does e x i s t ,  it i s  n o t  g r e a t  enough t o  b e  r e a d i l y  a p p a r e n t .  
p rograms a r e  c u r r e n t l y  b e i n g  w r i t t e n  t o  e n a b l e  a d e t a i l e d  examina t ion  o f  t h e  
d a t a  a v a i l a b l e .  

O f  t h e  1,780 a n i m a l s ,  1 , 0 1 7  became 
While t h e s e  f i g u r e s  r e p r e -  

Computer 

d 

Animals were examined f o r  i n c o r p o r a t i o n  of t r i t i u m  f o r  a s  l o n g  as  302 
d a y s  a f t e r  i n i t i a t i o n  o f  t h e  expe r imen t .  
1 4  d a y s  a f t e r  b e g i n n i n g  on t r i t i u m  water,  t h e  p lasma and w e t  t i s s u e  t r i t i u m  
a c t i v i t y  h a s  reached  more t h a n  80% of  t h e  v a l u e s  measured a t  302 d a y s .  
t i s s u e  a c t i v i t y  s i m i l a r l y  p l a t e a u s  w i t h i n  t h e  f i r s t  30 d a y s  on t r i t i a t e d  H20. 

P r e l i m i n a r y  r e su l t s  i n d i c a t e  t h a t  by 

The d r y  

A f t e r  main tenance  on t r i t i u m  f o r  37 weeks ,  a n i m a l s  have  been s a c r i f i c e d ,  
t h e  bone marrow h a r v e s t e d  from t h e  h ind  Legs,  and e v a l u a t e d  f o r  s tem c e l l  
c o n t e n t  a s  measured by t h e  s p l e e n  co lony  t e c h n i q u e .  
a r e d u c t i o n  i n  stem c e l l  number i n  t h e  t r i t i a t e d  a n i m a l s .  

I n i t i a l  r e s u l t s  i n d i c a t e d  

A p i l o t  d e t e r m i n a t i o n  i s  now i n  p r o g r e s s  aimed a t  measur ing  t h e  amount 
o f  t r i t i u m  i n c o r p o r a t e d  i n t o  DNA,RNA, h i s t o n e  and r e s i d u a l  chromosome a s s o c i -  
a t e d  w i t h  p r o t e i n .  As y e t  t h i s  work i s  t o o  p r e l i m i n a r y  f o r  comment, however, 
t h e  tachn i q u e  s were s t a n d a r d i z e d .  

1 7 .  &@ ' -  ' e c t e d  R e s u l t s  i n  FY 1974: 

Accumulation o f  i n f o r m a t i o n  on t h e  l o n g - t e r m  i n c o r p o r a t i o n  o f  t r i t i a t e d  
water i n t o  t h e  v a r i o u s  body compartments and n u c l e a r  c o n s t i t u e n t s  w i l l  con- 
t i n u e  i n  o r d e r  t o  d e t e r m i n e  whe the r  o r  n o t  ma in tenance  on 100 x t h e  MPC w i l l  

(See  C o n t i n u a t i o n  S h e e t )  RX- 26 



Exposure to External and Internal Radiation 
Evaluation of Hazards from Tritium--Dominant Lethal 

Project Title: Mutations in Mice Rx-01-01-(c) 
17. Expected Results in FY 1974: (Cont'd.) 

cause genetic damage as measured by the dominant lethal test. 
evaluations of the hematopoietic system will be made at  various times to 
determine whether there is an effect on the bone marrow. 
tions, the histological examinations of the embryos which was indicated as a 
part of this program in last year's budget report have not been undertaken. 
It is hoped that work on this phase of the project might be started. 

Additional 

Due to budget limita- 

18. Expected Results in FY 1975: 

This program will continue and data will be accumulated on the effective- 
ness of both tritiated water and X-ray exposures in producing dominant lethal 
mutations. 
poietic stem cell pool should also be completed. 

Studies evaluating the effects of both treatments on;the hemato- 

19. Description and Explanation of Major Materials, Equipment and 
Subcontract Items: 

None 

20, Proposed Obligations for Related Construction Pro jec t s :  

None 

Eu- 2; 
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SCHEDULE 189 

ADDTTIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven N a t i o n a l  L a b o r a t o r y  
Labora to ry  

RX-Biomedical 6 Environmenta l  Researc l  
Program 

1 .  C o n t r a c t o r :  C o n t r a c t  N O .  : Task N O .  : - 
AT(30- 1) - 16 A s s o c i a t e d  U n i v e r s i t i e s ,  Lnc. 

189 No.: _ -  ~ 

2 .  P r o j e c t  T i t l e :  . . .  - 
Combating D e t r i m e n t a l  E f f e c t s  of R a d i a t i o n  
The Role o f  Stem C e l l  and Therapy of t h e  Hemorrhagic Phase i n  -.. nn R a d i a t i o n  I n j u r y  K)i- LO 

4 .  Date P r e p a r e d :  3 .  Budget A c t i v i t y  No.: 
~ 

Rx- 01  -02 May 1973 .\ 
i 

6.  Working Loca t ion :  
Brookhaven N a t i o n a l  L a b o r a t o r y  

5. Method of Repor t ing :  
S c i e n t i f i c  Meet ings  
BNL Monthly L e t t e r  t o  AEC 
S c i e n t i f i c  J o u r n a l s  

7 .  Pe r son  i n  Charge: 8 .  P r o j e c t  Term: 
E. P. C r o n k i t e  T h i s  e f f o r t  r e p o r t e d  i n  . 

V. P. Bond RX-03-02-(b) i n  FY 1974 and- 
P r i n c i p a l  I n v e s t i g a t o r :  FY 1975 

A. L. C a r s t e n  
A. D. Chanana 
H. B u r l i n g t o n ,  M t .  S i n a i  U n i v e r s i t y ,  N. Y. 

9. Man-Years: FY 1973 EY 1974 FY 1975 

1.0 S c i . ,  Res. Assoc. 
V i s i t i n g  S c i .  
P r o f .  (B.S. or Equiv . )  --- 

--- T e  c h n i  c a  1 
Adm. 6 C l e r i c a l  --- 
Gues t s  & Research  C o l l a b o r a t o r s  

10. C o s t s  ( I n  Thousands of D o l l a r s ) :  

&abor ( i n c l u d i n g  b e n e f i t s )  
M a t s . ,  Trav . ,  Dev. S u b c o n t . ,  S p e c ' l  P r o c .  
R e a c t o r ,  Acce l . ,  a n d / o r  Computer Usage 
A l l o c a t e d  T e c h n i c a l  S e r v i c e s  
Gen. 6 Adrn. Overhead 

Resea rch  D i v i s i o n  

(Ph.D. or Equiv.)  
--- 
--- 

- - -  1.0 
2.5 

Sci. & Prof .  - T o t a l  
--- 
--- --- --- 

--- --- 
--- --- T o t a l  3.5 

FY 1973 FY 1974 FY 1975 

65 
8 
0 
0 

- - 
0 0 T o t a l  Research  Cos t  
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Combating D e t r i m e n t a l  E f f e c t s  of R a d i a t i o n  
The Role o f  Stem C e l l  and Therapy  of t h e  Hemorrhagic Phase  i n  

P r o j e c t  T i t l e :  R a d i a t i o n  I n j u r y  Rx-01-02 
13. P u b l i c a t i o n s :  

M a t s u i ,  K . ,  C a r s t e n ,  A. L. , and C r o n k i t e ,  E .  P. E f f e c t s  of 
mouse bone marrow c e l l s .  J. R a d i a t .  Res. 2, 59-70 (1972) .  

B u r l i n g t o n ,  H . ,  C r o n k i t e ,  E. P . ,  Re incke ,  U., and Z a n j a n i ,  E. D. E r y t h r o -  
p o i e t i n  p r o d u c t i o n  i n  c u l t u r e s  of g o a t  renal g l o m e r u l i .  P roc .  - N a t .  Acad. S c i .  
- 6 9 ,  NO. 12 ,  3547-50 (1972).  

C r o n k i t e ,  E. p. ,  and F l i e d n e r ,  T. M. The r a d i a t i o n  syndromes. Handbuch 
d e r  M e d i z i n i s c h e n  R a d i o l o g i e ,  F r i t z - N i g g l i ,  E d i t o r ,  Bergmann Ver l ag ,  Munchen 
( i n  p r e s s ) .  

b 

An e f f e c t i v e  t h e r a p y  0-f ;he h e m o p o i e t i c  p h a s e  of whole body r a d i a t i o n  
Thus, t h e  i n j u r y  r e q u i r e s  h i s t o c o m p a t i b l e  stem c e l l s  f o r  t r a n s p l a n t a t i o n .  

p r i m a r y  o b j e c t i v e  i n  t h i s  budge t  a c t i v i t y  i s  t o  g a i n  more b a s i c  knowledge 
of  t h e  p r o p e r t i e s  o f  and t h e  r e l a t i o n s h i p  between p l u r i p o t e n t  c e l l s  and 
committed stem c e l l s .  Marrow a p l a s i a  i s  a major  c a u s e  of t h e  d e a t h s  t h a t  
o c c u r  f o l l o w i n g  a c c i d e n t a l  e x p o s u r e  t o  whole body r a d i a t i o n  and d u r i n g  

method f o r  t r a n s p l a n t i n g  bone marrow were d e v e l o p e d ,  more e x t e n s i v e  chemo- 
t h e r a p y  f o r  immunosuppression and t r e a t m e n t  of r a d i a t i o n  exposure  a c c i d e n t s  
as  well as  m a l i g n a n t  d i s e a s e  would be p o s s i b l e .  
p r a c t i c a l  methods f o r  s t o c k p i l i n g  h i s t o c o m p a t i b l e  lymphocy t i c  a n t i g e n  (HL-A) 
c h a r a c t e r i z e d  bone marrow f o r  u s e  i n  man, a l t h o u g h  s u b s t a n t i a l  p r o g r e s s  h a s  

- 

been made i n  t h e  development of t e c h n i q u e s  f o r  p r e s e r v a t i o n  o f  mouse and 
c a n i n e  bone marrow. 

immunosuppression and chemotherapy  o f  m a l i g n a n t  d i s e a s e .  I f  a p r a c t i c a l  . .  

A t  p r e s e n t  t h e r e  a r e  no 

Because  o f  t h e  c l o s e  r e l a t i o n s h i p  o f  t h e s e  s t u d i e s  to t h o s e  r e p o r t e d  i n  
RX-03-02- (b) t h i s  work w i l l  be  r e p o r t e d  i n  RX-03-02- (b) i n  subsequent  y e a r s .  

15.  R e l a t i o n s h i p  t o  Othe r  P r o j e c t s :  

R e l a t e d  s t u d i e s  by L e w i s  and Trobaugh a t  S t .  Luke's H o s p i t a l ,  Chicago, 
and by Wolf and T r e n t i n  a t  Bay lo r  U n i v e r s i t y ,  are  conce rned  wi th  t h e  f a c t o r s  
d e t e r m i n i n g  t h e  type of s p l e e n  c o l o n y  a r i s i n g  from marrow i n j e c t i o n s  i n t o  
i r r a d i , a t e d  r e c i p i e n t s ,  However, t h e y  are n o t  examining  t h e  same f a c t o r s  a s  
a t  BM,$i,nor a r e  t h e y  examining  t h e  t o t a l  s p e c t r u m  of c o l o n y  type  and s i z e  o v e r  
t h e  ehgire development p e r i o d  f o r  bo th  endogenous and exogenous c o l o n i e s  a s  
i n  t h i s  s t u d y .  

A 1 1  s p l e e n  co lony  work i s ,  o f  c o u r s e ,  r e l a t e d  t o  t h e  work o f  T i l l  and 
McCulloch, U n i v e r s i t y  of T o r o n t o ,  s i n c e  t h e y  deve loped  t h e  t echn ique  and 
c o n t i n u e  t o  u s e  i t  i n  a v a r i e t y  o f  s t u d i e s .  S e n s e n b r e n n e r  and S a n t o s ,  J o h n s  

(See C o n t i n u a t i o n  S h e e t )  RX-29 



Combating D e t r i m e n t a l  E f f e c t s  o f  R a d i a t i o n  
The Role of Stem C e l l  and Therapy of t h e  Hemorrhagic Phase  i n  

- 

P r o j e c t  T i t l e :  Rad ia t ion  I n j u r v  Rx-01-02 
15. R e l a t i o n s h i p  t o  Other P r o j e c t s :  ( C o n t ' d . )  

r 

C'' ' . _ I  

Hopkins 'Med ica l  Cen te r ,  a r e  i n t e r e s t e d  i n  t h e  e f f e c t s  o f  d r u g s  on stem c e l l  
g rowth ,  w i t h  e s s e n t i a l l y  no work 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 .  The s t u d i e s  
i n v o l v i n g  cyclophosphamide e f f e c t s  are  c l o s e l y  r e l a t e d  to s t u d i e s  h e r e :  
Sensenbrenne r  c o l l a b o r a t e s  w i t h  BNL on t h e  d i f f u s i o n  chamber t echn ique .  
H. Ragan, B a t t e l l e  Nor thwes t ,  who l e a r n e d  t h e  d i f f u s i o n  chamber t e c h n i q u e  a t  
BNL, i s  i n t e r e s t e d  i n  t h e  e f f e c t s  o f  i n t e r n a l  emitters on t h e  h e m a t o p o i e t i c  
system. 

S t o h l m a n ' s  group a t  S t .  E l i z a b e t h ' s  H o s p i t a l ,  B r i g h t o n ,  M a s s a c h u s e t t s ,  
i s  i n t e r e s t e d  i n  a l l  a s p e c t s  of normal and abnormal h e m a t o p o i e s i s .  
of t h e  Norwegian Defense  Research  E s t a b l i s h m e n t  was a key  f i g u r e  i n  t h e  
deve lopment  of t h e  implanted  d i f f u s i o n  chamber and t h e  a p p l i c a t i o n  ,of h i s  
method i n  c o l l a b o r a t i o n  wi th  h i s  c o l l e a g u e ,  A. Boyum, a fo rmer  Res'earch 
C o l l a b o r a t o r  i n  Res idence  a t  BNL. 

Benes tad  

16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: 

A t t e m p t s  t o  produce  l a r g e  numbers of HSC i n  d i f f u s i o n  chamber c u l t u r e s  
have  t o  d a t e  been u n s u c c e s s f u l .  A t t e m p t s  w i l l  c o n t i n u e  i n  view of t h e  
p o t e n t i a l  c l i n i c a l  a p p l i c a t i o n .  

Dur ing  t h i s  y e a r  t h e  d i f f u s i o n  chamber c u l t u r e  t e c h n i q u e  has been 
a p p l i e d  t o  t h e  s t u d y  o f  bone marrow f rom p a t i e n t s  w i t h  v a r i o u s  blood 
d y s c r a s i a s .  Nine  p a t i e n t s  were s t u d i e d  ( c h r o n i c  myelo id  l eukemia  4,  
a c u t e  myelomonocytic leukemia  3, m y e l o f i b r o s i s  w i t h  mye lo id  m e t a p l a s i a  2 ,  
po lycy themia  v e r a  1 ) .  
p a t t e r n s  o f  3 normal bone marrow samples. 
o r d e r l y  m a t u r a t i o n  of  c e l l s  t o o k  p l a c e  similar t o  t h a t  s e e n  in w. 
A u t o r a d i o g r a p h i c  s t u d i e s  on marrow f rom t h e  p a t i e n t s  w i t h  a c u t e  mye locy t i c  
and c h r o n i c  m y e l o c y t i c  leukemia  s u g g e s t e d  a f a s t e r  m a t u r a t i o n  ra te  
t h a n  t h a t  p r e v i o u s l y  r e p o r t e d .  
chamber may be somewhat s l o w e r  i n  m y e l o f i b r o s i s  and c h r o n i c  myeloid l e u -  
kemia (CXL) as  compared w i t h  t h e  normal  i n d i v i d u a l .  When bone marrow from 
p a t i e n t s  w i t h  P h l  + OlL and l e u k o c y t e  a l k a l i n e  p h o s p h a t a s e  (LAP) n e g a t i v e  
c e l l s  i s  grown i n  d i f f u s i o n  chambers  t h e  Phl  + m i t o s e s  p e r s i s t  bu t  a progeny 
o f  i n t e n s e l y  p o s i t i v e  LAP c e l l s  emerges .  
i s . n o t  d u e  t o  loss of LAP genomes when d e l e t i o n  of  au tosome 23 produced 
t h e  Phx-+ chromosome. 
c a r r y l n g  t h e  code  f o r  LAP i n  CML. 
t h e  miisrine envi ronment  r e s u l t s  i n  TAP + c e l l s .  

These  o b s e r v a t i o n s  were compared w i t h  t h e  growth 
I n  normal bone  marrow an  

The r a t e  of m a t u r a t i o n  i n  t h e  d i f f u s i o n  

T h i s  p r o v e s  t h a t  U P  n e g a t i v i t y  

The LAP n e g a t i v i t y  i s  due  t o  r e p r e s s i o n  of t h e  genomes 
T h e i r  d e r e p r e s s i o n  by  f a c t o r s  s u p p l i e d  by 

The RBE of  t h e  CFU h a s  been s t u d i e d  u s i n g  t h e  s p l e e n  c o l o n y  t echn ique  
i n  mice exposed t o  v a r i o u s  e n e r g y  o f  n e u t r o n s ,  
were a s  f o l l o w s :  250 KVp x r a y s  - 80.14 r a d s ,  r e a c t o r  f i s s i o n  n e u t r o n s -  
40.78 r a d s ,  a c c e l e r a t o r  n e u t r o n s  - 0.4 M e V  - 28.14 r a d s ;  0 .66 MeV n e u t r o n s  - 
34.50 r a d s ;  1.0 MeV n e u t r o n s  - 28.12 r a d s ;  1.5 MeV n e u t r o n s  - 28.8 r a d s ;  
1.8 M e V  n e u t r o n s  - 29.62 r a d s .  

The DO v a l u e s  o b t a i n e d  

I 

Rx-30 (See C o n t i n u a t i o n  S h e e t )  
1 



Combating Detrimental Effects of Radiation 
The Role of Stem Cell and Therapy of the Hemorrhagic Phase in - (3 Project Title: Radiation Injury - -  

17. Expected Results in FY 1974: . .  

Ition 
"hase in . -- t - 1 -  

-. (3 Project Title: Radiation Iniury - -  
17. Expected Results in FY 1974: . .  

See RX-03-02- (b) 

18. Expected Results in FY 1975: 

See RX-03-02- (b) 

19. Description and Explanation of Major Materials, Equipment and 
~ 

Subcontract Items: 

See RX-03-02- (b) .. 
20. Proposed Obligations for Related Construction Projects: i 

See RX-03-02- (b) 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven N a t i o n a l  Labora tory  
Lab or a t  o ry  

RX -B iomed ica 1 6 Environmenta l  Research 
Program 

1. Cont rac to r :  C o n t r a c t  No. : Taek No. : 

AT(39- 1)- 16 
Assoc ia ted  U n i v e r s i t i e s ,  I n c .  

189 No. : 
2 .  P r o j e c t  T i t l e :  - 

Nuclea r  Medic ine  Technology and o t h e r  Hea l th  A p p l i c a t i o n s  
Treatment  and Biochemical  D i s s e c t i o n  of Pa rk inson i sm and 

Rx- 34 A l l i e d  C o n d i t i o n s  

3 .  Budget A c t i v i t y  No.: 4. Date Prepared:  

5. Method of Repor t ing :  6 .  Working L o c a t i o n :  S c i e n t i f i c  Mee t ings  Brookhaven N a t i o n a l  Laboratory 

BNL Monthly Let ter  t o  AEC 
S c i e n t i f i c  J o u r n a l s  

7. Person i n  Charge: 

G. C. C o t z i a s  

8.  P r o j e c t  Term: 

Con t i n u l n g  

P r i n c i p a l  I n v e s t i g a t o r :  Prom: To : 

G. C. C o t z i a s  * 

9. Man-Years : 

D i r e c  t Man-Y e a r  s 

S c i e n t i f i c  & P r o f e s s i o n a l  
Other  
Guests & Res. C o l l a b o r a t o r s  

T o t a l  

FY 1973 

3.5 
31.0 

8 . 5  
4 3  .O 

Fy 1974 

3.5 
31.5 
6.0 

41.0 

- F'Y 1975 

3.5 
34.5 

6 .O 

44.0 

- 

10. Cos ts  ( I n  Thousands of D o l l a r s ) :  
Fy 1973 Fy 1974 FY 1975 

323 34 2 
615 5 54 
957 

490 - 
Re s e a r c h  D i v  i s  i o n  
H o s p i t a l  D i v i s i o n  792 877 

7 13 23 Equipment O b l i g a t i o n s  

.* 
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11. Reactor  Concept :  12. M a t e r i a l s :  



Nuclear Medicine Technology and other Health Applications 
Treatment and Biochemical Dissection of Parkinsonism and 

Project Title: Allied Conditions - - -  
13. Publications: 

Cotzias, G. C., Tang, L. C., Miller, S. T., Sladic-Simic, D., and 
Hurley, L. S. A mutation influencing the transport of manganese, 
and tryptophan. Sci. 176, 410-12 (1972). 

Mena, I., Lopez, G., Horiuchi, K., and Croxatto, H., Jr. Low viability 
' of newborns o f  levodopa treated rats. Nature, 239, 285-7 (1972). /b3d3 

Cotzias, G. C., Lawrence, W. H., Papavasiliou, P. S., DGby, S. E., and 
Mena. I. Apomorphine and parkinsonism. Trans. Am. Neurol. Assoc. 
(1972). 

11 

Papavasiliou, P. S, , Cotzias, G. C. , Duby, S. E., Steck, A. J,. , Bell, M., 
and Lawrence, W. H. Melatonin and parkinsonism. J. Am. Med. Assbc. 221, No.1, 
88 (1972). - 

Cotzias, G. C., Tang, L. C., and Mena, I. Effects of inhibitors and - 
Neuro- stimulators of protein synthesis on the cerebral actions of levodopa. 

sciences Research, I. J. Kopin and S. Ehrenpreis, Editors, Vol. 6 ,  Academic 
Press, New York, 1972 (in press). /L4  73 

DGby, S. E, Cotzias, G. C., Papavasiliou, P. S., and Lawrence, W. H. 
Arch. Neurol. 27 Injected apomorphine and oral levodopa in parkinsonism. 

474-80 (1972). 
11 

Cotzias, G. C., Lawrence, W. H., Papavasiliou, P. S., and Duby, S. E. 
Nicotinamide and parkinsonism. New Engl. J. Med. 287, 147 (1972). 1 7 6 0 3  

Ginos, J. Z,, LoMonte, A . ,  Cotzias, G. C., Bose, A. K., and Brambilla, 
R. J. Synthesis of tritium- and deuterium- labeled apomorphine. J. Am. Chem.- 
SOC. (.in press). /7/JllJ 

Cotzias, G. C. Controlled double-blind studies of drugs. New Engl. J. 
Med. - 287, 937 (1972). 

Cotzias, G. C. Metabolic responses to levodopa. New Engl. J. bled. 
- 287, 1302-3 (1972). 

parkissonism. J. Am. Med. Assoc. 223, No. 1, 83 (1973). 

/ 76.9- 
1 7 3 4  

Cotzias, G. C., Papavasiliou, P. S., and Mena, I. L-meta-tyrosine and 

btzias, G. C. Levodopa and related drugs. 

Gillespie, N. G., Mena, I. Cotzias, G. C., and Bell, M. A; 

The Medical Letter (in press). 
/ 7 3 q  

Diets for 
modifying responses t o  levodopa in parkinsonism. 
press), 

J. Am. Dietet. Assoc. (in 

1 \ 1 9 \ 9 3  

(See Continuation Sheet) 
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N u c l e a r  Med ic ine  Technology and o t h e r  H e a l t h  A p p l i c a t i o n s  
Trea tmen t  and Biochemica l  D i s s e c t i o n  o f  P a r k i n s o n i s m  and 

P r o j e c t  T i t l e :  A l l i e d  C o n d i t i o n s  - - -  
13. P u b l i c a t i o n s :  (Cont I d , )  

P a p a v a s i l i o u ,  P. S . ,  and C o t z i a s ,  G. C. Levodopa and dopamine i n  
c e r e b r o s p i n a l  f l u i d .  Neuro logy ( i n  p r e s s ) ,  /75:+A 

C o t z i a s ,  G. C . ,  Mena, I . ,  and P a p a v a s i l i o u ,  P. S. Overview o f  p r e s e n t  
t r e a t m e n t  o f  p a r k i n s o n i s m  w i t h  levodopa. P r e s e n t e d  a t  t h e  Symposium on Dopa 
Deca rboxy lase  I n h i b i t o r s - - T h e i r  Role i n  t h e  Trea tmen t  o f  P a r k i n s o n i s m ,  New 
York C i t y ,  New York, November, 1972. 

Mena, I. , C o t z i a s ,  G. C. , Brown, F. C . ,  P a p a v a s i l i o u ,  P. S . ,  and Mil ler ,  
S. T. D e f e c t i v e  release o f  growth hormone i n  p a r k i n s o n i s m  improved by 
l evodopa .  N e w  Engl .  J. Med, 288, No. 6 ,  320-1 (1973).  

C o t z i a s ,  G. C. Levodopa, manganese and d e g e n e r a t i o n s  o f  t h e  
The Harvey L e c t u r e s ,  Acedemic P r e s s ,  N e w  York ( i n  p r e s s ) .  

P a p a v a s i l i o u ,  P. S . ,  C o t z i a s ,  G. C . ,  Mena, I . ,  and B e l l ,  M. Sodium 
gamma-hydroxybutyrate f o r  pa rk inson i sm.  J. Am. Med. Assoc. ( i n  p r e s s ) .  

14. Scope: 
A) 200 Word Summary: 

The purpose  o f  t h e  c u r r e n t  work i s  t o  comprehend b e t t e r  t h e  mechanisms 
by  which levodopa e x e r c i s e s  i t s  p r i m a r y  e f f e c t s  and s i d e  e f f e c t s  i n  p a t i e n t s  
w i t h  pa rk inson i sm,  and t h u s  t o  deve lop  e v e n  more e f f e c t i v e  management, The 
"o f f -on"  phenomenon, a l a t e  d e f e c t  i n  t h e  c h r o n i c  t r e a t m e n t  w i t h  l evodopa ,  - 
was c o n t r o l l e d  i n  s u s c e p t i b l e  p a t i e n t s  e i t h e r  by: 1) c o - a d m i n i s t e r i n g  wi th  
l evodopa  t h e  p e r i p h e r a l l y  a c t i n g  d o p a - d e c a r b o x y l a s e  i n h i b i t o r ,  a -methyldopa  
h y d r a z i n e  (MK-486); o r  t h e s e  d r u g s  combined, p l u s  a modera t e  r e s t r i c t i o n  
of d i e t a r y  p r o t e i n  i n t a k e .  
s t a b i l i t y  a s  w e l l  a s  h i g h e r  l e v e l s  of c i r c u l a t i n g  growth hormone. 
p o s s i b l e  r o l e  o f  t h i s  hormone i n  t h e  t r e a t m e n t  of p a r k i n s o n i s m  i s  t h e r e f o r e  
s t u d i e d  f u r t h e r .  

, 

T h i s  l a t t e r  reg imen induced symptomat ic  
The 

The drug  apomorph ine ,  which c o n t a i n s  a p i p e r i d i n e - l i k e  moie ty  i n  
a d d i t i o n  t o  a d o p a m i n e - l i k e  moie ty  i n  i t s  s t r u c t u r e ,  improved p a r k i n s o n i s m  
w i t h o u t  i nduc ing  t h e  m e n t a l  a b e r r a t i o n s  e x p e c t e d  from t r e a t m e n t  w i t h  levodopa  
i n ' s u s c e p t i b l e  p a t i e n t s .  Oral a d m i n i s t r a t i o n  o f  apomorphine ,  however,  had 
inducw! a dose -dependen t  azo temia .  
b e i n g  bried,  which i s  50 t imes more p o t e n t  t h a n  apomorphine and might t h e r e -  
f o r e  Wguire 1 / 5 0 t h  o f  t h e  d o s e  o f  apomorphine  f o r  o r a l  t h e r a p y .  
p r e s e n c e  of t h e  p i p e r i d i n e  moie ty  i n  apomorphine  s u g g e s t e d  t h a t  p i p e r i d i n e  
s h o u l d ' b e  t r i e d  s e p a r a t e l y  a g a i n s t  men ta l  and  motor s i d e  e f f e c t s  of levodopa. 
T r i a l s  o f  p i p e r i d i n e  are  t h e r e f o r e  b e i n g  p r e p a r e d .  

T h e r e f o r e ,  N-n -p ropy lnoraporph ine  i s  

The 

(See C o n t i n u a t i o n  S h e e t )  Rx-36 
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P r o j e c t  T i t l e :  A l l i e d  C o n d i t i o n s  RX-01-03- ( a )  

14. Scope: (Cont ' d .  ) 
B) Supplement t o  200 Word Summary: 

The o b j e c t i v e s  remain  t h e  s t u d y  and c c r r e c t i o n  o f  b i o c h e m i c a l  d e f e c t s  
o f  e x t r a p y r a m i d a l  d i s e a s e s  which were t r e a t e d  f i r s t  w i th  levodopa  a l o n e  and 
l a t e r  w i th  a combina t ion  o f  levodopa  and t h e  d e c a r b o x y l a s e  i n h i b i t o r  
a -me thy ldopa  h y d r a z i n e  (MK-486).  D e f i n i t i o n  o f  t h e  p r e c i s e  mechanism o f  
t h e  s h o r t - l i v e d  e p i s o d i c  d i m u n i t i o n  o f  t h e  t r e a t m e n t ' s  e f f e c t i v e n e s s  and of 
t h e  i n v o l u n t a r y  movements and men ta l  s i d e - e f f e c t s  i s  sough t .  

S i n c e  dopamine, t h e  a c t i v e  m e t a b o l i t e  o f  dopa,  a d m i n i s t e r e d  s y s t e m i c a l l y  
d o e s  n o t  c r o s s  t h e  b l o o d - b r a i n  b a r r i e r  i n  s u f f i c i e n t  amounts t o  e l i c i t  
c e r e b r a l  e f f e c t s ,  apomorphine ,  a d o p a m i n e r g i c  t e r t i a r y  amine ,  i s  used i n  
o r d e r  t o  s t u d y  dopamine rg ic  e f f e c t s  on t h e  c e n t r a l  n e r v o u s  system., 
t h e r a p e u t i c  e f f e c t s  o f  apomorphine a r e  s i m i l a r  t o  t h o s e  o f  levodo'pa whereas 
most s i d e - e f f e c t s  are  less. Oral apomorphine ,  however, induced  an  a p p a r e n t l y  
dose -dependen t  a z o t e m i a ;  it's a n a l o g u e ,  N-n -p ropy lnoraporph ine ,  which r e q u i r e s  
1 / 5 0 t h  t h e  d o s e  o f  apomorphine ,  i s  now s t u d i e d .  

The 

D i e t a r y  and hormonal f a c t o r s  i n f l u e n c e  t h e  e f f e c t s  o f  levodopa .  There  
i s  p a r t i c u l a r  i n t e r e s t  i n  e x p l o r i n g  t h e  r o l e  o f  growth hormone (GH) i n  man; 
a l s o  t h e  e f f e c t  o f  levodopa  i s  p o t e n t i a t e d  by growth hormone i n  a n i m a l s ,  
S i n c e  t h i s  hormone i s  i n v e s t i g a t e d  a s  a t r e a t m e n t  of o s t e o p o r o s i s ,  t h e  
t o t a l - b o d y  n e u t r o n  a c t i v a t i o n  a n a l y s i s  t e c h n i q u e  d e s c r i b e d  i n  RX-Ol-Ol-(b) 
i s  used  t o  s t u d y  changes  i n  t o t a l - b o d y  c a l c i u m  o f  p a r k i n s o n i a n s  r e c e i v i n g  
levodopa .  I n  a n i m a l s ,  t h e  u s e  o f  monoamine o x i d a s e  i n h i b i t o r s  t o  p r e v e n t  
t h e  d e s t r u c t i o n  o f  dopamine d e m o n s t r a t e d  t h a t  i t s  c e r e b r a l  e f f e c t s  are 
s i m i l a r  t o  t h o s e  o f  levodopa .  
m e t a b o l i c  i n h i b i t o r s  t o  promote t h e  e n t r a c e  o f  C-11-dopamine i n t o  t h e  b r a i n  
and  t h u s  deve lop  a method f o r  s c a n n i n g  i n t r a c e r e b r a l  s t r u c t u r e s .  

' 

One might  be a b l e  t h e r e f o r e  t o  u t i l i z e  

The d i s c o v e r i e s  o f  v a r i o u s  i n t e r a c t i o n s  between dopamine and manganese 
l e d  t o  development o f  a n o n d e s t r u c t i v e  a n a l y s i s  f o r  manganese p e r m i t t i n g  
s u b s e q u e n t  a n a l y s i s  f o r  dopamine i n  t h e  same b i o l o g i c a l  sample .  
o f  t h i s  method t o  r e g i o n a l  samples of c a t  b r a i n s  i s  i n  p r o g r e s s ,  
manganese r a d i o i s o t o p e s  have  p e r m i t t e d  t h e  e v a l u a t i o n  o f  t h e  c e r e b r a l  
r e a c t i o n s  o f  a n i m a l s  t o  levodopa  and t h u s  Mn-54, used a s  a marker may 
e n a b l e  p r e d i c t i o n  o f  c e r e b r a l  r e a c t i v i t y  t o  d r u g s  such a s  levodopa .  

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

A p p l i c a t i o n  
Fur the rmore ,  

fir e x t e n s i v e  i n v e s t i g a t i o n s  s t i m u l a t e d  by t h e  i n t r o d u c t i o n  o f  levodopa 
f o r  t h e  t r e a t m e n t  o f  p a r k i n s o n i s m  have  been ex tended  t o o t h e r  e x t r a p y r a m i d a l  
d i s o r d e r s  and have  s t i m u l a t e d  a s e a r c h  f o r  newer and b e t t e r  d r u g s  by numerous 
o t h e r  c e n t e r s .  The neurochemica l  s t u d i e s  t h a t  evolved have  branched  o u t  more 
r e c e n t l y  t o  s t u d i e s  o f  hormonal i n t e r a c t i o n s  a s  well  a s  p i t u i t a r y - t r o p i c  
i n h i b i t i n g  f a c t o r s  a s  m o d i f i e r s  o f  t h e  e f f e c t s  o f  dopamine rg ic  d r u g s .  

(See C o n t i n u a t i o n  S h e e t )  Rx-37 
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Treatment and Biochemical Dissection of Parkinsonism and - 

Project Title: Allied Conditions RX-01-03-(a) 
15. Relationship to Other Projects: (Cont'd.) 

Parkinsonism is being studied intensely by Dr. A. Barbeau in Montreal; 
by Dr. M. Yahr at Columbia; by Dr. F. McDowell at Cornell; by D r .  A. Battista 
at N.Y.U. ;  and many other leaders of groups elsewhere. 
is being performed in so many excellent centers that it is impossible to 
choose even representative examples. 

Neurochemical work 

Related studies at BNL include those using total body neutron activa- 
tion analysis as reported in RX-Ol-Ol-(b) and utilization of C-11-dopamine 
a s  reported in RX-Ol-O3-(c). 
contributes essentially to the development of instrumentation in this project. 

Dr. Kraner of the BNL Instrumentation Division 

-L 16. Technical Progress in FY 1973: i 

a-methyldopa hydrazine (MK-486) in combination with levodopa emerges as 
a most 
of levodopa exclusively in peripheral tissues. 
requirements of levodopa by approximately 80%, while it has induced more 
rapid therapy, better diurnal symptomatic control, and a new capability to 
co-administer pyridoxine with impunity in patients receiving levodopa. Its 
main disadvantage is the rapid induction of involuntary movements. Fixed 
combinations of levodopa with MK-486 and a multiple dose schedule were proposed 
f o r  the successful application by practitioners of this new form of therapy , 
for parkinsonism. 

useful therapeutic tool as a consequence of inhibiting the catabolism 
It has lowered the dose 

Despite previous publications to the contrary, melatonin did not 
affect the signs of parkinsonism, the therapeutic effects of levodopa,or 
adventitious movements. A tranquilizing effect was encountered, therefore 
suggesting that melatonin be tried for manic-depressive disorders. Although 
animal experiments with nicotinamide were found encouraging, clinical trials 
proved the vitamin to be ineffective in controlling dopa-induced involuntary 
movements in patients. Similarly, although many theoretical considerations 
and animal experiments suggested that L-meta-tyrosiw would show improvement 
of parkinsonism there was no demonstrable improvement observed. It was 
concluded from these experiments, however, that the catechol or an equivalent 
configuration is necessary, since this is the only difference between L-meta- 
tyrosine and L-dopa. 

Ujected apomorphine was found to be effective against tremor, rigidity, 
and thd episodic bradykinesia when given both alone and with oral levodopa. 
Yet, dopa induced "awakening effect", the dyskinesia and the nausea were 
often antagonized by apomorphine whereas the sedative effects and nausea of 
apomorphine were antagonized by levodopa. 
and antagonistic effects between the two drugs may be a result of the structure 
of apomorphine, a hybrid drug by virtue of containing several neuro-active 
moieties. Slow administration of oral apomorphine to 14 patients up to 
dosages of 1.5 g/d induced more of the expected side effects, while signi- 
ficant improvement of the parkinsonism was induced in five patients. Un- 
expectedly, three patients exhibited a reversible marked elevation of 

The coexistence of both synergistic 

(See Continuation Sheet) RX- 38 
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16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: ( C o n t ' d . )  

b o t h  b lood  urea n i t r o g e n  and blood c r e a t i n i n e  l e v e l s .  
t r i a l s  be conducted w i t h  N-n -p ropy lnoraporph ine .  

T h i s  s u g g e s t s  such 

I n  s t u d i e s  on s y n t h e s i s  o f  t r i t i u m -  and d e u t e r i u m - l a b e l e d  apomorphine ,  
t r i t i a t e d  apomorphine was s y n t h e s i z e d  from morphine  and from apomorphine 
by l a b e l i n g  t h e  two a r o m a t i c  r i n g s  and w i l l  be used  i n  f u t u r e  an ima l  e x p e r i -  
m e n t a t i o n ,  
r i n g  can  be ach ieved  by c o n t r o l l i n g  t h e  r e a c t i o n  c o n d i t i o n s .  

The r e p o r t e d  work showed how e x c l u s i v e  l a b e l i n g  of t h e  c a t e c h o l  

I n  r e s p o n s e  t o  work o f  o t h e r s  h e r a l d i n g  i a t r o g e n i c  acromegaly  in  p a t i e n t s  
r e c e i v i n g  levodopa  i t  was found t h a t :  
mone, s i m i l a r  t o  t h o s e  evoked by  levodopa  were found n o r m a l l y  d u r i ?  sleep, 
2) none o f  105 p a t i e n t s  w i t h  p a r k i n s o n i s m  o r  c h r o n i c  manganese p o i s o n i n g  
t r e a t e d  h e r e  have  developed  ac romega ly ,  3) l a r g e  p u l s e s  o f  c i r c u l a t i n g  g r o w t h  
hormone were found o n l y  a f t e r  t h e  morning d o s e  of l evodopa ,  4 )  l i f e - l o n g  
consumpt ion  o f  levodopa  h a s  p ro longed  t h e  l i ves  of mice. I n  p r e l i m i n a r y  
o b s e r v a t i o n s  of u n t r e a t e d  p a t i e n t s  w i t h  p a r k i n s o n i s m  t h e r e  was a v i r t u a l  
a b s e n c e  o f  t h e  c i r c a d i a n  r ises o f  growth hormone i n  c o n t r a s t  t o  no rma l s  i n  
whom s e v e r a l  l a r g e  r ises  o f  hormones were s p o n t a n e o u s l y  a p p a r e n t .  The 
r e l a t i v e  i n a b i l i t y  o f  t h e  p a r k i n s o n i a n  p a t i e n t s  t o  raise growth hormone l e v e l s  
beyond t h e  b a s a l  ones  seems t o  be c o r r e c t e d  by l evodopa .  
c o n t i n u i n g  w i t h  a l a r g e r  number o f  p a t i e n t s  and growth  hormone l e v e l s  w i l l  be 
c o r r e l a t e d  wi th  p a t i e n t  per formance .  

1 )  s p o n t a n e o u s  releases o f  growth h o r -  

T h i s  s t u d y  i s  

. 
I n  s t u d i e s  o f  t h e  e f f e c t s  o f  p r o t e i n  m e t a b o l i s m  i n  p a r k i n s o n i s m  i t  was 

shown, i n  mice,  t h a t  a g e n t s  which i n h i b i t  p r o t e i n  s y n t h e s i s  d i m i n i s h  t h e  
c e r e b r a l  e f f e c t s  o f  levodopa .  
t h a t  d r u g s  r e p u t e d  t o  i n c r e a s e  p r o t e i n  s y n t h e s i s  increase t h e  d u r a t i o n  and 
i n t e n s i t y  of t h e s e  e f f e c t s .  I n h i b i t o r s  o f  p r o t e i n  s y n t h e s i s  a l s o  d i m i n i s h e d  
t h e  e f f e c t s  o f  apomorphine and  o x o t r e m o r i n e  w h e r e a s  i n a c t i v e  a n a l o g u e s  d i d  
n o t .  The f i n d i n g s  s u g g e s t  t h a t  p r o t e i n s  c r i t i c a l  t o  t h e  f u n c t i o n  o f  dopa-  
m i n e r g i c  and c h o l i n e r g i c  r e c e p t o r s  undergo  r a p i d  t u r n o v e r .  Some p a t i e n t s  
r e p o r t e d  e p i s o d i c  l o s s e s  o f  t h e  t h e r a p e u t i c  e f f e c t s  of levodopa  f o l l o w i n g  
a h i g h  p r o t e i n  meal. S i n c e  l evodopa ,  a l a r g e  n e u t r a l  amino a c i d ,  might 
compete w i t h  d i e t a r y  amino a c i d s  f o r  t r a n s p o r t  i n t o  t h e  b r a i n ,  i s o c a l o r i c  
d i e t s  were a d m i n i s t e r e d  w i t h  v a r y i n g  p r o t e i n  c o n t e n t  and t h e  e f f e c t s  on 
symptomat ic  s t a b i l i t y  de t e rmined .  These  s t u d i e s  s u g g e s t  t h e  f o l l o w i n g :  
1)  n e u r g l o g i c a l  e f f e c t s  became e v i d e n t  i n  most p a t i e n t s  w i t h  v a r i a t i o n  o f  
t h e  d i*  b u t  were most s t r i k i n g  when levodopa  was a d m i n i s t e r e d  a l o n e ;  2) h i g h  
p r o t e i p  i n t ake  tended t o  c a n c e l  bo th  t h e  t h e r a p e u t i c  e f f e c t s  and t h e  s i d e  
e f f e c t s  of l evodopa ,  3)  low p r o t e i n  d i e t s  t ended  t o  p o t e n t i a t e  and s t a b i l i z e  
t h e  t h e r a p e u t i c  e f f e c t s ,  4 )  t h e  fewer t h e  m e a l s ,  t h e  g r e a t e r  t h e  i n s t a b i l i t y .  
These  resul ts  i n d i c a t e  t h a t  l o n g - t e r m  s t u d i e s  of low p r o t e i n  i n t a k e s  are i n  
o r d e r ,  

T h i s  r e s u l t  i s  complementary t o  t h e  o b s e r v a t i o n  

(See C o n t i n u a t i o n  S h e e t )  Fa-39 
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P r o j e c t  T i t l e :  A l l i e d  C o n d i t i o n s  RX-01-03-(a) 
16 .  T e c h n i c a l  P r o g r e s s  i n  FY 1973: ( C o n t ' d . )  

These  s t u d i e s  (and o t h e r s )  were f a c i l i t a t e d  by t h e  development o f  an  
au tomated  e rgomete r ,  f o r  t h e  f a s t ,  s i m p l e ,  and q u a n t i t a t i v e  a s ses smen t  o f  
c h a n g e s  o f  t h e  n e u r o l o g i c a l  s t a t e  i n  p a r k i n s o n i s m .  The changes  i n  o u t p u t  
o f  work c o r r e l a t e d  w i t h  t h e  n e u r o l o g i c a l  changes  de t e rmined  w i t h  a con- 
v e n t i o n a l  s c o r i n g  system. 

S t u d i e s  on c e r e b r o s p i n a l  f l u i d  (CSF) showed levodopa  and dopamine t o  
be p r e s e n t  o n l y  a f t e r  l evodopa  a d m i n i s t r a t i o n  and no t  i n  c o n t r o l  p a t i e n t s ;  
however ,  t h e i r  l e v e l s  d i d  n o t  c o r r e l a t e  w i t h  d o s e ,  improvement o r  s i d e -  
e f f e c t s .  When L-dopa was g i v e n  w i t h  p y r i d o x i n e ,  t h e  l e v e l  o f  levodopa  
i n  t h e  CSF dropped and c o r r e l a t e d  w i t h  a loss  o f  t h e r a p e u t i c  e f f i c a c y .  
However, a more conven ien t  b iochemica l  marker f o r  t h e  e f f e c t  of pyr\ idoxine 
i s  t h e  d e t e r m i n a t i o n  of u r i n a r y  dopamine. Thus ,  t h e  u s e f u l n e s s  o f  CSF 
a n a l y s e s  i n  f o l l o w i n g  t h e  t r e a t m e n t  of p a r k i n s o n i s m  i s  q u e s t i o n e d .  Animal 
e x p e r i m e n t s  are proposed t o  d e v e l o p  methods a p p l i c a b l e  t o  b r a i n  b i o p s i e s ,  

I n  o r d e r  t o  maximize t h e  chemica l  i n f o r m a t i o n  one  can  o b t a i n  from t h e s e  
b i o p s i e s  a method was deve loped  t o  a n a l y z e  b i o p s y  samples  o f  b r a i n  f o r  
manganese and c a t e c h o l a m i n e s .  
n e u t r o n  a c t i v a t i o n  a n a l y s i s  f o r  manganese w i t h  s p e c t r o f l u o r e m e t r i c  d e t e r m i n a -  
t i o n  of dopa and dopamine i n  t h e  same sample .  
and 400 mg/kg ( i . p . )  o f  s a l i n e  o r  levodopa  were s c o r e d .  
t h e n  a n e s t h e t i z e d  f o r  s ampl ing  t h e  c a u d a t e ,  t h e  hypotha lamus ,  t h e  c o r p u s  
c a l l o s u m ,  t h e  f r o n t a l  w h i t e  and f r o n t a l  g r a y  c o r t e x .  A d m i n i s t r a t i o n  o f  
l e v o d o p a  was found t o  i n c r e a s e  t h e  c o n c e n t r a t i o n  o f  dopa and dopamine i n  
a l l  a r e a s  s t u d i e d .  I n  t h e  c a u d a t e  a r e a  t h e  l eve l  o f  dopamine showed a h igh  - 
c o r r e l a t i o n  wi th  b e h a v i o r a l  s c o r e s .  Ranking o f  c o n t r o l  a n i m a l s  a c c o r d i n g  
t o  dopamine c o n c e n t r a t i o n  i n  t h e  c a u d a t e  had a c o e f f i c i e n t  o f  0 .8  w i t h  
t h e i r  r a n k i n g  by manganese c o n c e n t r a t i o n  i n  t h i s  n u c l e u s .  
i n  t h e  hypotha lamus  appea red  t o  c o r r e l a t e  w i t h  t h o s e  o f  dopamine. 
c o m p l e t i o n  of t h i s  phase  o f  t h e  s t u d y  r e g i o n a l  b r a i n  samples from l i v i n g  
c a t s  w i l l  be o b t a i n e d  s t e r e o t a c t i c a l l y  i n  p r e p a r a t i o n  f o r  s t u d i e s  i n  
a p p r o p r i a t e  human s u b j e c t s .  

T h i s  micro-method combines n o n d e s t r u c t i v e  

R e a c t i o n  o f  c a t s  g i v e n  200 
The a n i m a l s  were 

Manganese l e v e l s  
Upon 

I n  o t h e r  s t u d i e s  on i n t e r a c t i o n s  between l evodopa  and manganese,young 
mice  ( t h r e e  weeks o f  age )  showed bo th  h i g h e r  r e s p o n s e s  t o  levodopa  and 
f a s t e r  t u r n o v e r  of manganese t h a n  a d u l t  a n i m a l s ,  imp ly ing  c o r r e l a t i o n s  
be tween  t h e  two. Data o b t a i n e d  on newborn mice ,  t h e i r  mo the r s ,  and mice of 
v a r i o u s  a g e s ,  i n c l u d e :  
t h a t  of t h e  a d u l t  and r e m a i n s  a t  t h a t  l e v e l  u n t i l  t h e  1 2 t h  p o s t p a r t u m  
d a y ;  2) a t  day  18 l i v e r  Mn peaks  t o  11.8 2 2.5 p g / g  d r y  weight  ( a d u l t  
3.0 p g / g )  i n  o f f s p r i n g  f rom mothe r s  fed p u r i n a  chow, i n  c o n t r a s t  t o  o f f -  
s p r i n g - f r o m  mothe r s  fed m i l k ;  3) t h e  peak  p e r s i s t e d  between d a y s  17 and 
19 ,  fo l lowed  b y  a s low d e c l i n e  t o  a d u l t  l e v e l s  a t  abou t  5 weeks; 4 )  Mn-54 
was n o t  e l i m i n a t e d  from t h e  whole body be tween b i r t h  and t h e  18etlday of l i f e ;  
5 )  o n e  w e e k  o l d  mice i n j e c t e d  wi th  rad iomanganese  i n c o r p o r a t e d  0.3% of t h e  

1) c o n c e n t r a t i o n  of Mn i n  embryonic l i v e r  i s  abou t  116 

(See  C o n t i n u a t i o n  S h e e t )  Rx-40 
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Project Title: Allied Conditions Rx-01-03- (a) 
16. Technical Progress in FY 1973: (Cont'd.) 

tracer into brain after 4 hours and 20% after 30 days; 6) the animals' 
reactivity t o  levodopa tended to follow the manganese concentrations. These 
findings show that young animals are exceedingly susceptible to Mn poisoning 
early in life since they accumulate excesses of metal spontaneously; have 
almost no blood-brain barrier against it; and their homeostatic mechanisms 
are insufficient to deal with these excesses. 

Pharmacological parkinsonism induced in psychotic patients by reserpine 
became a biochemical model in treating idiopathic parkinsonism. Conversely, 
the induction of pharmacological psychoses while treating parkinsonism with 
levodopa might constitute biochemical models for spontaneously occurring mental 
aberrations. 
cholinergic receptors) had not induced such psychoses , ft appeared desirable 
to determine whether a cholinergic agent given together with levodopa could 
prevent psychoses without jeopardizing the control of parkinsonism. 

Since apomorphine (which can stimulate both dopaminergic and 

Physostigmine was the first cholinergic agent to be used for this 
purpose, since it has aggravated parkinsonism only when given without 
levodopa. A preliminary study of four parkinsonians with levodopa-induced 
mental aberrations showed that injected physostigmine (0.5 - 1.75 mg s.c.) 
diminished garrulity, hallucinations and delusions. 
parkinsonism were limited t o  bursts of tremor and occasionally salivation, 
both of which were mild. On the basis of these observations the FDA has 
been petitioned for permission to use physostigmine orally on a chronic 
basis. 

Adverse effects on 

c. 
Acting as an acetylcholinesterase inhibitor, physostigmine is an indirect 

stimulator of cholinergic receptors a s  opposed to oxotremorine, a potent 
direct stimulator of muscarinic receptors, The oral LD50 of oxotremorine 
(2.59 pg/g in Swiss albino mice) was increased fivefold by pretreatment 
with 1 - 1.5 pg/day oxotremorine (once a day for 4 days) and sixfold by 
pretreatment with probanthine. 
adding oxotremorine to drinking water (2.5 or 12.5 pg/ml) for one week 
prior to testing the LD50. The cerebral signs generated from the test 
injections were similar in both pre-and non-treated animals, suggesting 
that one can again diminish toxicity without diminishing cerebral effects, 
as with D,L-dopa, levodopa, and apomorphine. 

Decreased lethality was also achieved by 

&en oxotremorine was given i.p. (0.1 or 0.2 pg/g> into unilaterally 
caud6$tomized mice it caused marked turning opposite from the lesion and 
runnirfg i n  that direction for several hours. Pretreatment with levodopa 
(0.3 and 0.4 mg/g i . p . )  blocked these effects. 
the animals became immobile but showed no postural changes. 
indicated that one can control the activities of both the dopaminergic 
and cholinergic systems. 

When both drugs were given, 
These results 

1 1 1 9 1 9 9  

(See Continuation Sheet) FX-4 1 



Nuclear  Med ic ine  Technology and o t h e r  Hea l th  A p p l i c a t i o n s  
Treatment and B iochemica l  D i s s e c t i o n  o f  Pa rk inson i sm and 

. 

P r o i e c t  T i t l e :  A l l i e d  C o n d i t i o n s  - - -  
1 7 .  Expec ted  R e s u l t s  i n  FY 1974: 

C o n t i n u a t i o n  o f  s t u d i e s  on c h o l i n e r g i c  a g e n t s  i n  mice i s  p lanned  i n  
o r d e r  t o  p r e p a r e  f o r  human i n v e s t i g a t i o n s ,  

The s t u d i e s  on manganese me tabo l i sm w i l l  be  c o n t i n u e d  on an ima l s  and 
e x t e n d e d  i n  man by u s i n g  Mn i s o t o p e s  (Mn-54) which it is  hoped w i l l  s e r v e  
as  a p o s s i b l e  i n d i c a t o r  o f  c e r e b r a l  s e n s i t i v i t y  to  n e u r a c t i v e  d rugs .  The 
p o s s i b i l i t y  t h a t  i n j e c t e d  dopamine may be caused  t o  e n t e r  t h e  b r a i n  by 
i n h i b i t i n g  i t s  deamina t ion  e n c o u r a g e s  t h e  u s e  o f  C - 1 1  l a b e l e d  dopamine as  
a n  a g e n t  which may a l l o w  v i s u a l i z a t i o n  o f  i n t r a c e r e b r a l  s t r u c t u r e s .  
s u c c e s s f u l  i n  imaging b r a i n s  o f  l a r g e  a n i m a l s  t h i s  a p p r o a c h  w i l l  be  ex tended  
t o  humans. 

I f  

. \  

A s  i n d i c a t e d  above o r a l  apomorphine proved  t o  be a n  e f f e c t  i v d  dopamine rg ic  
a g e n t  f o r  t h e  c o n t r o l  o f  pa rk inson i sm.  
a z o t e m i a  induced  b y  h igh  d o s e s  o f  apomorphine i t  a p p e a r s  s a f e  and i n d u c e s  
no d y s k i n e s i a  o r  menta l  a b e r r a t i o n .  A newly s y n t h e s i z e d  a n a l o g u e ,  N-n-propyl- 
n o r a p o r p h i n e  i s  r e p o r t e d  t o  b e  a b o u t  50 times more e f f e c t i v e  as a dopamine rg ic  
a g e n t  t h a n  apomorphine. 
i n  t h e r a p e u t i c  t r i a l s  a n t i c i p a t i n g  b e n e f i c i a l  e f f e c t s  on t h e  e x t r a p y r a m i d a l  
sys t em and no i n d u c t i o n  o f  a z o t e m i a .  

With t h e  e x c e p t i o n  o f  r e v e r s i b l e  

T h i s  a g e n t  w i l l  b e  g i v e n  t o  p a r k i n s o n i a n  p a t i e n t s  

Analogues  o f  apomorphine a re  b e i n g  s y n t h e s i z e d  by combining a c a t e c h o l  
m o i e t y  w i t h  t h a t  of a p i p e r i d i n e .  
w i t h  a c t i v i t y  i n c r e a s e d  by a l k y l  s u b s t i t u e n t s  on t h e  p i p e r i d i n e .  S p e c t r o -  
f l u o r i m e t r i c  and r a d i o a s s a y s  a re  b e i n g  deve loped  f o r  t r a c i n g  t h e  m e t a b o l i c  
pa thways  o f  t h e s e  a n a l o g u e s .  

Such a n a l o g u e s  are p o t e n t i a l l y  dopaminergic.  (.' 

The work on p h a r m a c o l o g i c a l  p s y c h o s e s  w i l l  b e  e x t e n d e d  from t h e  
p h y s o s t i g m i n e  e x p e r i m e n t s  t o  o t h e r  d i r e c t  n e u r o n a l  c h o l i n e r g i c  s t i m u l a t o r s  
n o t  o n l y  i n  pa rk inson i sm b u t  a l s o  i n  i n v e s t i g a t i o n s  o f  p o t e n t i a l  t r e a t m e n t s  
o f  o t h e r  pha rmaco log ica l  m e n t a l  a b e r r a t i o n s .  
p i p e r i d i n e  and a n a l o g u e s  and o x o t r e m o r i n e .  

Proposed  a g e n t s  i n c l u d e  

I n  c o l l a b o r a t i o n  w i t h  D r .  S ,  H. Cohn t h e  endogenous  release o f  growth 
hormone by levodopa  a d m i n i s t r a t i o n  w i l l  be  pu r sued  a s  a p o t e n t i a l  t r e a t m e n t  
o f  o s t e o p o r o s i s .  

18. Expected  R e s u l t s  i n  FY 1975: 

S t u d i e s  w i l l  c o n t i n u e  'w i th  emphas i s  de t e rmined  by f i n d i n g s  t h a t  d e v e l o p  
a s  t h e  work p r o g r e s s e s ,  

i 

I t 19200 
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Nuclear  Medicine Technology and o t h e r  H e a l t h  A p p l i c a t i o n s  
Trea tment  and Biochemical D i s s e c t i o n  of Pa rk inson i sm and 

' 

P r o j e c t  T i t l e :  A l l i e d  C o n d i t i o n s  RX-01-03- ( a )  

1 9 .  D e s c r i p t i o n  and E x p l a n a t i o n  of Major Materials, Equipment and 
S u b c o n t r a c t  I tems : 

FY 1975 C a p i t a l  Equipment:  

A r e f r i g e r a t e d ,  zonal  u l t r a c e n t r i f u g e  w i t h  a c c e s s o r y  heads i s  r e q u i r e d  
f o r  p r o c e s s i n g  t h e  l a r g e  number of samples o b t a i n e d  i n  an ima l  s t u d i e s  p r e l i m i -  
n a r y  t o  c l i n i c a l  t r i a l s  ($13,000). 

20. Proposed  O b l i g a t i o n s  for  Related C o n s t r u c t i o n  P r o j e c t s :  

None 
. \  
i 

(See C o n t i n u a t i o n  S h e e t )  Rx-43 
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Nuclear  Medicine Technology and O t h e r  H e a l t h  A p p l i c a t i o n s  
Trea tment  and Biochemical D i s s e c t i o n  o f  Park insonism 

' 
RX- 01 - 03 - (a) P r o j e c t  T i t l e :  and A l l i e d  C o n d i t i o n s  

R e i t e r a t i o n  o f  Assurance  S t a t e m e n t  
o n  

I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  
I n c l u d i n g  C l i n i c a l  Research 

The H o s p i t a l  o f  t h e  Medical R e s e a r c h  C e n t e r ,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  
c o m p l i e s  w i t h  &he p o l i c y  f o r  t h e  p r o t e c t i o n  o f  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  suppor ted  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department o f  H e a l t h ,  E d u c a t i o n ,  and Welfare and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  h a s  e s t a b l i s h e d  
a s t a n d i n g  commit tee  t o  rev iew i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  commit tee  i s  charged  w i t h  r e s p o n s i b i l i t i e s  
t o  d e t e r m i n e  f o r  e a c h  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  o f  e a c h  p a t i e n t  w i l l  be  a d e q u a t e l y  prow'cted, 
t h a t  t h e  p o t e n t i a l  b e n e f i t s  o u t w e i g h  t h e  r i s k s ,  and 
t h a t  a n  informed c o n s e n t  w i l l  be  o b t a i n e d  from e a c h  p a t i e n t .  

The commit tee ,  a p p o i n t e d  by t h e  Director,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  
p r o v i d e s  f o r  independent  judgment o f  i t s  members, and a1 t e r n a t e s  are provided  
t o  s e r v e  when t h e r e  may be c o n f l i c t  o f  i n t e r e s t .  T h i s  i n s t i t u t i o n  e n c o u r a g e s  
c o n s t r u c t i v e  communication between the commit tee  and p r inc ipa l  i n v e s t i g a t o r s  
on  t h e  s a f e g u a r d i n g  of  t h e  r i g h t s  and welfare o f  s u b j e c t s ;  w i l l  p rovide  t h e  
r e q u i r e d  care f o r  persons  i n j u r e d  a s  a resu l t  o f  p a r t i c i p a t i o n ;  and m a i n t a i n s .  
comple te  documenta t ion  of p r o p o s a l s  and rev iews .  Approved i n v e s t i g a t i o n s  
are  reviewed by t h e  commit tee  a t  least  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  

. 

c a l l y  r e v i e w s  i t s  p r a c t i c e s  and p r o c e d u r e s  t o  a s s u r e  t h e y  are c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department  of  H e a l t h ,  E d u c a t i o n ,  and Welfare .  

As o f  March 7 ,  1973, t h e  I n s t i t u t i o n a l  Review Committee f o r  review of  Medical 
Department r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  i s  composed o f :  

J.  S. R o b e r t s o n ,  M.D.,  Chairman G. Pr ice  
G. C. C o t z i a s ,  M . D . ,  A l t .  Chairman ' N. P, Rathvon, Jr. 
S.  H. Cohn D. N. S l a t k i n ,  M . D . ,  A l t e r n a t e  
E. A. Popenoe, A l t .  f o r  D r .  Cohn A. P. Wolf, A l t e r n a t e  
G.  Chikkappa,  M . D .  L. IC. Dahl,  M.D. - C l i n i c a l  C o n s u l t a n t  
H. Connel l  W. A. F i n n  - A d m i n i s t r a t i v e  C o n s u l t a n t  
R. A. Love, M . D .  C. W. Flood - H e a l t h  P h y s i c s  C o n s u l t a n t  

S igna  t u r e  : . % ) , - P U  
T i t l e :  Chairman,  Medical Department 

Date: March 7 ,  1973 

Rx-44 



SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING Cos= 

Brookhaven N a t i o n a l  Labora tory  
Lab o r  a t  ory 

RX-Biomedical 6 Environmental  Research  
Program 

C o n t r a c t  No. : Task No. : 1. Con t rac to r :  

AT (30- 1) - 16 
Assoc ia t ed  U n i v e r s i t i e s ,  I n c .  

. I  

- \  May 1973 i 

5 .  Method of Repor t ing :  ’ 6 .  Working L o c a t i o n :  
Brookhaven N a t i o n a l  Labora tory  S c i e  n t  i f  i c Meet i n g  s 

BNL Monthly L e t t e r  t o  AEC 
S c i e n t i f i c  J o u r n a l s  

- 

7 .  Pe r son  i n  Charge: 8.  P r o j e c t  Term: 

Con t i n u i n g  L. K. Dahl 

P r i n c i p a l  I n v e s t i g a t o r :  Pran:  To : 

D i r e c t  Man-Years 

S c i e n t i f i c  & P r o f e s s i o n a l  
Other  
G u e s t s  & Res. C o l l a b o r a t o r s  

T o t a l  

L. K. Dahl 

9 .  Man-Years: 

Fy 1973 M 1974 FY 1975 

2 . 0  2 .0  
1 9 . 0  19 .0  21.0 .a. 1.0 1.0 

2.0 

25 .O 22.0 24 .O 

10. Cos t s  ( I n  Thousands of D o l l a r s ) :  
FY 1973 FY 1974 FY 1975 

Research  D i v i s i o n  254 294 303 

235 2 14 - 267 
4 8 9  508 570 Research  Coats  3 8 L O  

- H o s p i t a l  D i v i s i o n  - 

Equipment O b l i g a t i o n s  
11. Reac tor  Concept :  12. Materials: 

Rx-45 
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Nuclea r  Medicine Technology and Othe r  H e a l t h  A p p l i c a t i o n s  
I n t e r r e l a t i o n s h i p  be tween Gene t i c  and Envi ronmenta l  F a c t o r s  

i 

P r o j e c t  T i t l e :  i n  C l i n i c a l  and E x p e r i m e n t a l  Hyper t ens ion  RX-01-03-(b) 
13. Pub1 i c a t  i o n s  : 

Dahl ,  L. K . ,  He ine ,  M,,and Thompson, K. Gene t i c  i n f l u e n c e  of r e n a l  
homograf t s  on t h e  blood pressure o f  rats from d i f f e r e n t  s t r a i n s .  
Exp. B i o l .  Med. - 140,  852-56 ( 1 9 7 2 ) .  

Proc. SOC. 

/ boa  lo 
D a h l ,  L. K . ,  L e i t l ,  G.,and He ine ,  M. I n f l u e n c e  o f  d i e t a r y  potass ium and 

sod ium/po tas s ium molar  r a t i o s  on  t h e  deve lopment  of s a l t  h y p e r t e n s i o n .  
Med. - 136,  No. 2 ,  318-30 (1972) .  

J. Exp. 

b 7 0  3 
Rapp, J. P. and Dahl,  L. K. S u p p r e s s i o n  of a l d o s t e r o n e  i n  s a l t  

s u s c e p t i b l e  and sa l t  r e s i s t a n t  rats.  

Rapp, J. P. and Dahl ,  L. K. 

Endocr ino logy  ( i n  p r e s s ) .  

C o r t i c o s t e r o i d  pa t t e rn  i n  ra t s  q e n e t i c a l l y  

16 9 u  
/73d.d 

17323 

s u s c e p t i b l e  t o  h y p e r t e n s i o n .  E x c e r p t a  Med. ( i n  p r e s s ) .  i 

Iwai,  J . ,  Dah l ,  L.  K . ,  and Knudsen, K. D. G e n e t i c  i n f l u e n c e  on t h e  
r e n i n - a n g i o t e n s i n  sys t em.  11. Low r e n i n  a c t i v i t i e s  i n  h y p e r t e n s i o n - p r o n e  
ra t s .  C i r c u l a t i o n  Res. ( i n  p r e s s ) .  

Rapp,  J. P . ,  Knudsen, K. D . ,  I w a i ,  J . ,  and Dahl ,  L. K. G e n e t i c  c o n t r o l  
o f  blood p r e s s u r e  and c o r t i c o s t e r o i d  p r o d u c t i o n  i n  rats. C i r c u l a t i o n  Res. 
( i n  p r e s s ) .  

14.  Scope: 
A )  200 Word Summary: 

The e t i o l o g y  and p a t h o g e n e s i s  o f  h y p e r t e n s i o n  (HT) i s  i n v e s t i g a t e d  w i t h  
emphas is  on t h e  i n t e r a c t i o n  between g e n e t i c  d e t e r m i n a n t s  and modi fy ing  
e n v i r o n m e n t a l  f a c t o r s .  C l i n i c a l  and e x p e r i m e n t a l  programs o r i g i n a t e d  w i t h  
t h e  o b s e r v a t i o n s  t h a t  s a l t  (NaC1) i n t a k e  c o u l d  modify b lood  p r e s s u r e  (BP) 
i n  man and ra t .  I n  man, c o n c l u s i o n s  had t o  be based on s t a t i s t i c a l  e v a l u a t i o n  
o f  c l i n i c a l  and e p i d e m i o l o g i c a l  da ta  from g roups .  I n  r a t s ,  s e l e c t i v e  b r e e d i n g  
produced two c o l o n i e s  w i t h  o p p o s i t e  and  p r e d i c t a b l e  BP r e s p o n s e s  o f  i n d i v i d u a l s  
t o  t h e  same s a l t  i n t a k e .  These two s t r a i n s  were e q u a l l y  s e n s i t i v e  o r  r e s i s t a n t ,  
r e s p e c t i v e l y ,  t o  o t h e r  h y p e r t e n s i n o g e n i c  s t i m u l i  so t h e  g e n e t i c  s u b s t r a t u m  
o p e r a t e s  i n  a l l  "forms" o f  HT. 

' Biochemica l  mechanisms c . o n t r o l l e d  by t h e  m u l t i p l e  g e n e s  t h a t  modify BP 
are s t u d i e d  and one  t h a t  c o n t r o l s  a h y p e r t e n s i n o g e n i c  m i n e r a l o c o r t i c o i d ,  
18-hydroxy-deoxycorticosterone, w a s  i d e n t i f i e d .  S i n c e  o t h e r  genes  c l e a r l y  
i n v o l v e  t h e  k i d n e y , s t u d i e s  i n c l u d e  t h e  e f f e c t  on BP and r e n i n  a c t i v i t y  o f  
t r a n s p l a n t i n g  be tween s t r a i n s :  a )  who le  k i d n e y s ,  b) pa r t s  of  k idney ,  and 
c )  a d r e n a l  c o r t e x .  O t h e r  s t u d i e s  are r e l a t e d  t o  t h e  a s s o c i a t i o n  o f  menopause 
and HT i n  humans; t o  a humoral f a c t o r  t h a t  might l e a d  t o  a c l i n i c a l  t e s t  f o r  
p r e d i s p o s i t i o n  t o  HT; and t o  a v a r i e t y  o f  g e n e t i c a l l y  d e t e r m i n e d  f u n c t i o n s .  

C l i n i c a l l y ,  t h e  a s s o c i a t i o n  of HT w i t h  g o u t ,  d i a b e t e s ,  o b e s i t y ,  and 
a t h e r o s c l e r o s i s  i s  s t u d i e d ;  p a r t i c u l a r l y  i n t e r r e l a t i o n s  i n v o l v i n g  l i p i d ,  

(See C o n t i n u a t i o n  Sheet)  FU-46 
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p u r i n e ,  and c a r b o h y d r a t e  metabol i sm.  

B) Supplement t o  200 Word Summary: 

The unique  t o o l  i n  t h e  e x p e r i m e n t a l  s t u d i e s  of t h i s  program i s  t h e  
two c o l o n i e s  of r a t s  produced th rough  s e l e c t i v e  b r e e d i n g .  One colony--R rats-- 
d o e s  n o t  d e v e l o p  h y p e r t e n s i o n  e x c e p t  as a consequence  o f  e x t r a o r d i n a r y  i n s u l t s .  
The o t h e r  co lony--S  r a t s - - d e v e l o p s  h y p e r t e n s i o n  r e a d i l y  f rom a number o f  non- 
g e n e t i c  ( e n v i r o n m e n t a l )  c o n d i t i o n s  u s u a l l y  c o n s i d e r e d  t o  b e  c a u s e s  o f  HT. 

Blood p r e s s u r e  i s  r e g u l a t e d  by many f a c t o r s .  When a n y  one  o f  t h e s e  
f a c t o r s  v a r i e s  o u t s i d e  i t s  a l l o t t e d  r a n g e ,  h y p e r t e n s i o n  may d e v e l o g .  A 
g e n e t i c  component which d e t e r m i n e s  how much v a r i a t i o n  i s  tolerates r e n d e r s  
some an ima l s  more s e n s i t i v e  t h e n  o t h e r s .  S a l t  i n t a k e  i s  o n e  o f  many t r i g g e r -  
i n g  f a c t o r s ,  and  a n i m a l s  s e n s i t i v e  o r  resistant t o  s a l t  have  proved a l s o  to  
be s e n s i t i v e  o r  r e s i s t a n t ,  r e s p e c t i v e l y ,  t o  o t h e r  h y p e r t e n s i n o g e n i c  s t i m u l i .  
D i f f e r e n t  forms o f  h y p e r t e n s i o n ,  t h e r e f o r e ,  have more i n  common than  t h e  
v a r i e t y  of s o - c a l l e d  c a u s a t i v e  a g e n t s  might s u g g e s t .  
r e a s o n i n g  t o  human h y p e r t e n s i o n  i t  i s  s u g g e s t e d  t h a t  h y p e r t e n s i o n  can  resul t  
when one o r  more n o n - g e n e t i c  f a c t o r s  i n t e r a c t  w i t h  t h e  a p p r o p r i a t e  g e n e t i c  
s u b s t r a t e .  Thus ,  i n  t h e  i n d i v i d u a l  w i t h  h igh  g e n e t i c  p r e d i l e c t i o n ,  minimal 
e n v i r o n m e n t a l  i n j u r y  ( e . g . ,  s a l t ,  k i d n e y  d i s e a s e )  might  p r e c i p i t a t e  s e v e r e  ' 
h y p e r t e n s i b n .  A t  t h e  o t h e r  e x t r e m e ,  t h e  i n d i v i d u a l  w i t h  low g e n e t i c  pre- 
d i l e c t i o n  might b e  s p a r e d  h y p e r t e n s i o n  e v e n  a f t e r  i n t e n s e  and prolonged 
e x p o s u r e  t o  t h e  same i n j u r i o u s  f a c t o r s .  Given t h e  u s u a l  g e n e t i c  h e t e r o -  
g e n e i t y  of man, i t  i s  l i k e l y  t h a t  t h e  more p r e v a l e n t  i n d i v i d u a l  would be 
one  w i t h  m i d d l i n g  p r e d i s p o s i t i o n  who w i l l  o r  w i l l  n o t  d e v e l o p  h y p e r t e n s i o n  
depending  upon s u c h  t h i n g s  as t h e  i n t e n s i t y ,  c h a r a c t e r ,  and  d u r a t i o n  o f  t h e  
nox ious  s t i m u l i .  

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

I n  a p p l y i n g  t h i s  

The two BNL s t r a i n s  o f  rats are  u n i q u e ,  and n o t  g e n e r a l l y  a v a i l a b l e .  
T h e r e f o r e  d u p l i c a t i o n  o f  t h i s  r e s e a r c h  i s  u n l i k e l y .  However, two o t h e r  s t r a i n s  
o f  rats t h a t  d e v e l o p  "spontaneous"  h y p e r t e n s i o n  are now a v a i l a b l e .  The f i r s t  
o f  t h e s e  was r e p o r t e d  by Smirk  i n  1958 and t h e  second by Okamoto and Aoki i n  
1963. S m i r k ' s  rats have n o t  been g e n e r a l l y  a v a i l a b l e  w h e r e a s  t h o s e  of Okamoto 
and Aoki are now i n  u s e  t h r o u g h o u t  t h e  wor ld .  
e n v i r o n m e n t a l  i n f l u e n c e s  appear t o  be much less i m p o r t a n t  t h a n  i n  t h e  BNL 
s t ra ins .  It i s  i m p r a c t i c a l  t o  summarize t h e  e x t e n s i v e  work on t h e  J a p a n e s e  
ra t s  ( c a l l e d  SHR f o r  " spon taneous ly  h y p e r t e n s i v e  r a t " ) ,  i n  o r d e r  t o  show t h e r e  
i s  no s u b s t a n t i v e  o v e r l a p  of  t h e  work a t  BNL and a t  o t h e r  l a b s .  
on t h e  SHR t h a t  w a s  p u b l i s h e d  i n  1972 based on t h e  p r o c e e d i n g s  o f  a c o n f e r e n c e  
i n  Kyoto, 18-22 O c t o b e r  1971,  p r o v i d e s  t h e  most comple t e  summary e x t a n t  o f  
work based on t h e  SHR model and i t  i s  c lear  t h a t  t h e r e  i s  no s i g n i f i c a n t  
d u p l i c a t i o n  o f  t h e  e f f o r t s  a t  BNL. 

I n  b o t h  of t h e s e  s t r a i n s ,  

A monograph 

i 
i 

t 1 1 9 2 0 5  
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F r e i s  a t  t h e  VA H o s p i t a l  i n  Washington ,  D. C. i s  s t u d y i n g  t h e  i n f l u e n c e  
o f  d i e t a r y  N a C l  on  t h e  blood pressure o f  t h e  SHR from t h e  s t a n d p o i n t  of 
mod i fy ing  BP by a n t i - h y p e r t e n s i v e  d r u g s .  

16.  T e c h n i c a l  P r o g r e s s  i n  FY 1973: 

The e f f e c t  o f  r e n a l  t r a n s p l a n t s  on t h e  c h r o n i c  blood p r e s s u r e , r e s p o n s e  
was s t u d i e d  i n  t h e  two s t r a i n s  o f  rats w i t h  o p p o s i t e  g e n e t i c  p r o p e n s i t i e s  t o  
h y p e r t e n s i o n .  
t h i s  p rocedure .  Among an ima l s  m a i n t a i n e d  on a low N a C l  d i e t ,  b lood  p r e s s u r e  
was n o t  s i g n i f i c a n t l y  a f f e c t e d  when t h e  r e c i p i e n t  an imal  and i t s  r e n a l  homo- 
g r a f t  came from t h e  same s t r a i n ;  however,  a n i m a l s  from t h e  hyper ten ,s ion-  
r e s i s t a n t  s t r a i n  w i t h  a r e n a l  homograft  f rom t h e  h y p e r t e n s i o n - p r o n e  s t r a i n  
had h i g h e r  p r e s s u r e s  whereas h y p e r t e n s i o n - p r o n e  rats w i t h  a homograf t  from 
t h e  h y p e r t e n s i o n - r e s i s t a n t  s t r a i n  had l o w e r  p r e s s u r e s  t h a n  t h e i r  r e s p e c t i v e  
c o n t r o l s .  Thus ,  t h e  pheno typ ic  r e s p o n s e - - b l o o d  p res su re - -was  more i n f l u e n c e d  
by t h e  geno type  of t h e  r e n a l  homograf t  t h a n  by t h e  genotype  o f  t h e  r e c i p i e n t .  
The c o n t i n u i n g  work w i t h  r e n a l  homogra f t s  h a s  d e m o n s t r a t e d ,  f o r  t h e  f i r s t  
t ime, t h a t  a t  least one of t h e  g e n e t i c a l l y  de t e rmined  i n f l u e n c e s  on  blood 
p r e s s u r e  r e s i d e s  i n  the  kidney. 
a c t i v e l y  pu r sued .  

113 rats  s u r v i v e d  a n  a v e r a g e  o f  4 months ( r a n g e  1-14) a f t e r  

T h i s  t e c h n i c a l l y  d i f f i c u l t  s t u d y  i s  be ing  

The i n f l u e n c e  o f  r e n a l  a u t o g r a f t s  on  BP is  be ing  s t u d i e d  t o  d e t e r m i n e  , 
whethe r  s u b t l e  s u b - c l i n i c a l  r e j e c t i o n  may be  o c c u r r i n g .  
t h e  S s t r a i n  w i t h  s a l t - i n d u c e d  h y p e r t e n s i o n ,  i t  appears t h a t  k i d n e y s  from 
t h e  h y p e r t e n s i o n - r e s i s t a n t  ra ts  lower  t h e  BP o f  such  h y p e r t e n s i v e  r e c i p i e n t s  - 
whereas  k i d n e y s  from t h e  h y p e r t e n s i o n - p r o n e  s t r a i n  e i t h e r  resul t  i n  no change 
o r  a f u r t h e r  e l e v a t i o n  i n  h y p e r t e n s i v e  r e c i p i e n t s .  
c o m p a t i b l e  w i t h  t h e  i n i t i a l  e x p e r i m e n t  o b t a i n e d  i n  n o n - h y p e r t e n s i v e  r e c i p i e n t s ,  
i . e . ,  t h e  k i d n e y s  from t h e  R s t r a i n  t e n d  t o  lower  BP t o  normal l e v e l s  whereas  
k i d n e y s  from t h e  S s t r a i n  t e n d  t o  ra'ise BP above  normal.  

Among a n i m a l s  from 

These d a t a ,  t h e n ,  are 

I n  c o n t i n u a t i o n  of t h e  s t u d y  on  i n f l u e n c e  o f  r e n a l  parenchymal i n j u r y  
on  BP as m o d i f i e d  by g e n e t i c  background,  t h e  i n f l u e n c e  of p ro longed  a n e s t h e s i a  
( an ima l s  were a n e s t h e t i z e d  f o r  a p p r o x i m a t e l y  3 hours)  and ,  i n  r i g h t  u n i -  
nephrec tomized  rats,  o f  a n o x i c  i n j u r y  produced  by c lamping  t h e  l e f t  r e n a l  
a r t e r y  f o r  1 h o u r ,  were e x p l o r e d  i n  a n i m a l s  n o t  s u b j e c t e d  t o  r e n a l  t r a n s p l a n t  
o p e r a t i o n s .  
i m p r e s s i o n  i s  t h a t :  a )  a n e s t h e s i a  i s  w i t h o u t  e f f e c t  b u t ,  b) a n o x i a  f o r  
one  hour combined w i t h  added d i e t a r y  NaCl results i n  some h y p e r t e n s i o n  even  
among M t t s  o r d i n a r i l y  r e s i s t a n t  t o  i t .  
i m p I i c a t i o n s  among i n d i v i d u a l s  w i t h  v a r i o u s  d e g r e e s  of impa i red  r e n a l  blood 
f low o r  among t h e  i n c r e a s i n g  number of peop le  who r e c e i v e  r e n a l  homograf t s  
which  w i l l  have  n e c e s s a r i l y  been a n o x i c  f o r  a v a r i a b l e  p e r i o d  p r i o r  t o  and 
d u r i n g  s u r g e r y .  
R r e n a l  homograf ts  or a u t o g r a f t s  somet imes  d e v e l o p  h y p e r t e n s i o n .  

These  d a t a  are be ing  a n a l y z e d  s t a t i s t i c a l l y  b u t  t h e  p r e l i m i n a r y  

T h i s  c o u l d  have s i g n i f i c a n t  c l i n i c a l  

It would a l s o  a i d  i n  e x p l a i n i n g  why s a l t - f e d  R ra ts  w i t h  

(See C o n t i n u a t i o n  S h e e t )  RX-48 
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16. Techn ica l  P r o g r e s s  i n  FY 1973: ( C o n t ' d . )  

Rabb i t  a n t i k i d n e y  serum (AKS) induced  h y p e r t e n s i o n  i n  S rats b u t  n o t  i n  
R,  i n  a p p a r e n t  c o n f i r m a t i o n  o f  t h e  h y p o t h e s i s  s u g g e s t e d  i n  S e c t i o n  14B. 
H i s t o l o g i c a l  e x a m i n a t i o n ,  however, showed l e s i o n s  c o m p a t i b l e  w i t h  AKS 
n e p h r i t i s  i n  S ra ts  b u t  n o t  i n  R. 
i n  R r a t s ,  t h e r e f o r e ,  i t  canno t  s a f e l y  be conc luded  t h a t  t h e  h y p o t h e s i s  
h a s  been conf i rmed.  The f a i l u r e  of R rats t o  show l e s i o n s  may be o n l y  a c c i -  
d e n t a l  a l t h o u g h  i t  s t r e t c h e s  p r o b a b i l i t y  t o  so  e x p l a i n  i t .  
p o s s i b i l i t y  i s  t h a t  t h e  AKS i s  not  a l l e r g e n i c  for R ra ts .  S t u d i e s  are be ing  
r e p e a t e d  . 

I n  t h e  a b s e n c e  o f  e v i d e n c e  o f  n e p h r i t i s  

A more e x c i t i n g  

E f f o r t s  t o  i n d u c e  e x p e r i m e n t a l  p y e l o n e p h r i t i s  s o  f a r  have f a i l e d .  
F u r t h e r  at tempts w i l l  be  made i n  c o l l a b o r a t i o n  w i t h  t h e  new s t a f f  B a c t e r i o l -  

\ o g i s t ,  Dr. Pavlova .  i 

S t u d i e s  on t h e  r e n i n - a n g i o t e n s i n  s y s t e m  i n  t h e  two s t ra ins  o f  ra t s  
c o n t i n u e d .  S rats had s i g n i f i c a n t l y  l o w e r  ac t iv i t i e s  o f  p lasma and r e n a l  
ren in  t h a n  R rats on f o u r  e x p e r i m e n t a l  reg imens :  low N a C l  d i e t ,  h i g h  N a C l  
d i e t ,  u n i l a t e r a l  r e n a l  a r te ry  c o n s t r i c t i o n ,  and  u n i l a t e r a l  r e n a l  a r te ry  
c o n s t r i c t i o n  p l u s  c o n t r a l a t e r a l  nephrectomy. It was conc luded  t h a t  r e n i n  
a c t i v i t i e s ,  l i k e  b lood  p r e s s u r e ,  were m o d i f i e d  by g e n e t i c  i n f l u e n c e s .  
P r e v i o u s  o b s e r v a t i o n s  s u g g e s t e d  t h a t  t h e  plasma o f  S ra ts  c o n t a i n s  a f a c t o r  
w h i c h  i n h i b i t s  t h e  k idney  enzyme ( r e n i n )  r e s p o n s i b l e  f o r  t h e  release i n  
p l a sma  o f  a h y p e r t e n s i v e  s u b s t a n c e  ( a n g i o t e n s i n ) .  S i n c e  t h i s  i n h i b i t o r  was 
no t  observed  i n  plasma from t h e  v e r y  c l o s e l y  r e l a t e d ,  b u t  h y p e r t e n s i v e -  
r e s i s t a n t  R s t r a i n ,  i t  seemed l i k e l y  t h a t  t h i s  f a c t o r  might be i n v o l v e d  i n  
t h e  development o f  h y p e r t e n s i o n .  F u r t h e r  i n v e s t i g a t i o n  u s i n g  radio-immuno- . 
assay of a n g i o t e n s i n  formed by r e n i n  i n  p lasma has i n d i c a t e d  t h a t  r e n i n  is 
n o t  i n h i b i t e d  by plasma from h y p e r t e n s i o n - p r o n e  rats.  The a p p a r e n t  c o n f l i c t  
w i t h  t h e  ea r l i e r  o b s e r v a t i o n s  i s  a t t r i b u t e d  t o  t h e  d i f f e r e n t  methods used 
for a s s a y - - t h e  radioimmunoassay measures a n g i o t e n s i n  I d i r e c t l y  whereas  
t h e  b i o a s s a y  measures a n g i o t e n s i n  I i n d i r e c t l y  t h r o u g h  t h e  p r e s s o r  r e sponse  
t o  a n g i o t e n s i n  I1 produced from a n g i o t e n s i n  I e n z y m a t i c a l l y  i n  t h e  t es t  
a n i m a l .  C u r r e n t  s t u d i e s  are d i r e c t e d  toward  e s t a b l i s h i n g  w h e t h e r  the  f a c t o r  
p r e s e n t  i n  h y p e r t e n s i o n - p r o n e  rats is  i t s e l f  h y p o t e n s i v e  or r e d u c e s  t h e  
r e s p o n s e  t o  a n g i o t e n s i n .  

I n  t h e  c o l l a b o r a t i v e  s t u d i e s  o f  r e n a l  f u n c t i o n  i n  t h e  R and S ra ts  
w i t h  D r .  Ben-Ishay  t h e  d i u r e t i c  and n a t r i u r e t i c  r e s p o n s e s  t o  acute o r a l  
salt l e a d s  were s t u d i e d .  Hyper ton ic  s a l i n e  l o a d s  e l i c i t e d  similar r e sponses  
i n  t h e  two s t r a i n s ,  b u t  i s o t o n i c  l o a d s  produced  s i g n i f i c a n t l y  h i g h e r  s a l t  
and  water e x c r e t i o n  i n  S ra ts .  These d a t a  s u g g e s t  a n  abnormal  renal 
c o n c e n t r a t i n g  mechanism and were i n t e r p r e t e d  as be ing  c o m p a t i b l e  w i t h  a 
d e f e c t '  i n  H e n l e ' s  l o o p  i n  S ra ts .  T h i s  s t u d y  i n d i c a t e s  f o r  t h e  f i r s t  t i m e  
t h a t  sodium i s  hand led  d i f f e r e n t l y  by t h e  k i d n e y s  o f  t h e  two s t r a i n s .  S ince  
t h e r e  i s  i n c r e a s i n g  e v i d e n c e  t h a t  sodium is i n v o l v e d  i n  a l l  forms of 
h y p e r t e n s i o n  t h i s  may be a c r u c i a l  o b s e r v a t i o n .  
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S t u d i e s  on g l o m e r u l a r  f i l t r a t i o n  r a t e  w i t h  C-14 i n u l i n  and on r e n a l  
b l o o d  f low w i t h  pa ra -amino-h ippura t e  were performed on R and S ra t s  w i t h  
r e n a l  homograf t s  from e i t h e r  s t r a i n ;  a s  compared w i t h  similar s t u d i e s  on 
a p p r o p r i a t e  c o n t r o l s ,  normal r e n a l  f u n c t i o n  w a s  obse rved  i n  t h e  a n i m a l s  
w i t h  homograf t s  for u p  t o  t e n  months- - the  l o n g e s t  p e r i o d  s t u d i e d .  

' S t u d i e s  on c o r t i c o s t e r o i d  p r o d u c t i o n  and g e n e t i c  e f f e c t s  on blood 
p r e s s u r e  i n  t h e  s a l t  s u s c e p t i b l e  and s a l t  r e s i s t a n t  s t r a i n s  of  ra t s  
w e r e  completed i n  c o l l a b o r a t i o n  w i t h  Dr. J o h n  Rapp. Classical q u a n t i t a t i v e  
g e n e t i c  t e c h n i q u e s  s u g g e s t  t h a t  t h e  g e n e t i c  component o f  blood pressure i n  
t h e s e  s t r a i n s  i s  c o n t r o l l e d  by r e l a t i v e l y  few g e n e t i c  l o c i ,  i . e . ,  on t h e  
o r d e r  o f  2-4. One such  l o c u s  w i t h  2 a l l e l e s  i n h e r i t e d  by co-dominaQce was 
i d e n t i f i e d  which c o n t r o l s  a d r e n a l  o u t p u t  o f  18-hydroxy-deoxycortic~sterone 
(180H-DOC), a h y p e r t e n s i n o g e n i c  m i n e r a l o c o r t i c o i d .  
f o r  a p p r o x i m a t e l y  16% o f  t h e  blood p r e s s u r e  d i f f e r e n c e  between S and R 
s t r a i n s  w i t h  t h e  r ema in ing  84% d u e  t o  o t h e r ,  u n i d e n t i f i e d  genes .  

T h i s  l o c u s  a c c o u n t s  

S t u d i e s  OR t h e  i n f l u e n c e  o f  d i e t a r y  p o t a s s i u m  and N a i K  molar  r a t i o s  
on t h e  development  of  s a l t  h y p e r t e n s i o n  were comple t ed .  Among g e n e t i c a l l y  
h y p e r t e n s i o n - p r o n e  rats,  d i e t a r y  sodium ( c h l o r i d e )  was demons t r ab ly  hyper-  
t e n s i n o g e n i c  and po ta s s ium ( c h l o r i d e )  a n t i h y p e r t e n s i n o g e n i c .  On d i e t s  
c o n t a i n i n g  t h e  same N a C l  b u t  d i f f e r e n t ' K C 1  c o n c e n t r a t i o n s ,  mean blood 
p r e s s u r e  was g r e a t e r  i n  ra ts  r e c e i v i n g  less d i e t a r y  po ta s s ium,  i . e . ,  d i e t s  
w i t h  a h i g h e r  Na;K molar  r a t i o .  
t r a t i o n s  o f  N a C l  and KC1,  b u t  t h e  same N a j K  molar r a t i o s ,  r a t s  on t h e  
h i g h e r  a b s o l u t e  N a C l  i n t a k e s  had t h e  h i g h e r  b lood  pressures. On d i e t s  w i t h  
d i f f e r e n t  a b s o l u t e  c o n c e n t r a t i o n s  of N a C l  and KCL, and d i f f e r e n t  Na/K molar  
r a t i o s ,  a group on  a lower  a b s o l u t e  N a C l  i n t a k e  b u t  w i t h  a h i g h e r  N a / K  
r a t i o  cou ld  have more h y p e r t e n s i o n  t h a n  a g r o u p  on  a h i g h e r  a b s o l u t e  N a C l  
i n t a k e  b u t  w i t h  a lower Na /K r a t i o .  . A t  e q u i v a l e n t  mo la r  r a t i o s ,  t h e  
r e s p e c t i v e  e f f e c t s  of  t h e s e  two i o n s  on b lood  pressure were dominated by 
t h a t  o f  sodium. 
be a n  impor t an t  d e t e r m i n a n t  f o r  t h e  s e v e r i t y ,  o r  even  development ,  o f  
s a l t - i n d u c e d  h y p e r t e n s i o n .  The mechanism o f  t h e  modera t ing  e f f e c t  of 
po tass ium on sodium- induced  h y p e r t e n s  i o n  i s  u n c l e a r .  

On d i e t s  w i t h  d i f f e r e n t  a b s o l u t e  concen-  

It was concluded  t h a t  t h e  d i e t a r y  Na!K mola r  r a t i o  can  

. A g e n e t i c  s t u d y  i n v o l v i n g  a c r o s s  between t h e  BNL S ra t s  and t h e  
J a p a n e q e  s p o n t a n e o u s l y  h y p e r t e n s i v e  rats (SHR) was i n i t i a t e d  i n  a n  e f f o r t :  
a )  t o  d e t e r m i n e  what g e n e s  are sha red  i n  common, and b)  t o  improve t h e  
estimaw of  t h e  number of g e n e s  invo lved  i n  t h e  R and S s t r a i n s .  F1 r a t s  
o f f  and  on  N a C l  are b e i n g  bred  f o r  b a c k c r o s s  and F2 g e n e r a t i o n s  and t h e  
BP r e s p o n s e  obse rved .  
shows t h a t  SHR and  F1 rats on N a C l  d e v e l o p  h y p e r t e n s i o n  more r a p i d l y  and 
d i e  e a r l i e r  t h a n  comparable  an ima l s  on low N a C l .  

E a r l y  s t u d y  of SHR on h i g h  and low N a C l  d i e t s  

Adrena l  t r a n s p l a n t  s t u d i e s  were r e a c t i v a t e d .  About 50 s u c c e s s f u l  
t r a n s p l a n t s  were performed (conf i rmed a t  a u t o p s y  a f t e r  d e a t h ) .  
o f  t h e  d a t a  s u g g e s t s  t h a t  no major  change i n  t h e  u s u a l  e v o l u t i o n  of blood 

I n s p e c t i o n  
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p r e s s u r e  occur red .  T h i s  might be p r e d i c t e d  from c a l c u l a t i o n s  p u b l i s h e d  
ear l ie r  showing t h a t  t h e  d i f f e r e n c e  i n  180H-DOC p r o d u c t i o n  a c c o u n t s  f o r  
o n l y  a b o u t  15% o f  t h e  d i f f e r e n c e  i n  blood p r e s s u r e  between t h e  two s t r a i n s .  
F u r t h e r  s t u d i e s  depend on t h e  a v a i l a b i l i t y  o f  D r .  Rapp ( U n i v e r s i t y  o f  
P e n n s y l v a n i a )  t o  u n d e r t a k e  a s t u d y  of s t e r o i d g e n e s i s  i n  t h e  t r a n s p l a n t e d  
a d r e n a l s .  

C l i n i c a l  o b s e r v a t i o n s  s u g g e s t  a p o s s i b l e  c a u s e - e f f e c t  r e l a t i o n s h i p  
be tween  t h e  u s e  o f  c o n t r a c e p t i v e  s t e r o i d s  (CS) and t h e  development o f  
enhancement of h i g h  BP i n  some women. I n  c o n j u n c t i o n  w i t h  D r .  Woods . 

(Universi ty  of Nor th  C a r o l i n a )  t h i s  was s t u d i e d  i n  S rats. 
h y p e r t e n s i o n  o f  ra ts  r e c e i v i n g  a h igh  sa l t  d i e t  but  n o t  t h o s e  on l o i ~  NaC1.  
T h i s  is t h e  f i r s t  s u c c e s s f u l  an ima l  model for s t u d y  of t h i s  p rob leh .  

CS enhanced t h e  

Most female  S rats d e v e l o p  h y p e r t e n s i o n  more s l o w l y  t h a n  males a l t h o u g h  
u l t i m a t e l y  a t t a i n i n g  t h e  same l e v e l s .  
c o n c e r n s  t h e  i n f l u e n c e  o f  t h e  menopause on BP. I n  s t u d y i n g  t h e  i n f l u e n c e  
o f  gonadectomy and r e p l a c e m e n t  t h e r a p y  on t h e  deve lopment  of h y p e r t e n s i o n ,  
gonadectomy was found t o  be w i t h o u t  i n f l u e n c e  on t h e  BP o f  t h e  male whereas  
i n  t h e  female  it l e d  t o  a BP p a t t e r n  i n d i s t i n g u i s h a b l e  from t h e  male. A s  
t h i s  s u g g e s t s  t h e  p o s s i b i l i t y  t h a t  p r e - h y p e r t e n s i v e  f e m a l e s  may d e v e l o p  
h y p e r t e n s i o n  more r a p i d l y  a f t e r  t h e  menopause f u r t h e r  s t u d i e s  are i n  p r o g r e s s . '  

A l o n g - s t a n d i n g  c l i n i c a l  d e b a t e  

* 

With t h e  c o l l a b o r a t i o n  o f  Fr iedman ( S t a t e  U n i v e r s i t y  o f  New York a t  
S t o n y  Brook) t h e  s t u d y  o f  "stress" and h y p e r t e n s i o n  was r e a c t i v a t e d .  The 
method o f  "operant  c o n d i t i o n i n g "  is used  which  r e q u i r e s  t h e  an ima l  t o  l e a r n  
t o  press a b a r  i n  o r d e r  t o  o b t a i n  food b u t  d u r i n g  t h e  c o u r s e  of which t h e  
animal may a lso r e c e i v e  punishment ( e l e c t r o s h o c k ) .  
i n g s  r e q u i r e d  t o  r e c e i v e  b o t h  a u n i t  o f  food and e l e c t r o s h o c k  i s  randomly 
v a r i e d  ( w i t h i n  l i m i t s  se t  by t h e  o p e r a t o r )  and t h e  two are n o t  c o r r e l a t e d  
so  t h a t  n e i t h e r  c a n  be p r e d i c t e d  by t h e  test animal. T h i s  i s  c u r r e n t l y  
c o n s i d e r e d  t o  be t h e  most s t r e s s - p r o v o k i n g  e x p e r i m e n t a l  t e c h n i q u e  a v a i l a b l e .  
A l t h o u g h  p r e v i o u s  a t t e m p t s  h e r e  were u n s u c c e s s f u l  i n  p roduc ing  h y p e r t e n s i o n  
i n  rats u s i n g  o t h e r  s t r e s s - p r o v o k i n g  t e c h n i q u e s ,  t h e r e  is s o  much c l i n i c a l  
e v i d e n c e  s u g g e s t i n g  t h a t  "stress" can  e l e v a t e  BP i n  man, t h a t  t h i s  a d d i t i o n a l  
a t t e m p t  t o  induce  h y p e r t e n s i o n  e x p e r i m e n t a l l y  w i t h  "stress" was i n i t i a t e d .  

The number o f  b a r  press- 

H y p e r t e n s i o n  accelerates t h e  deve lopment  o f  a t h e r o s c l e r o s i s  and 
a t h e r & f e r o s i s  causes most o f  t h e  c o m p l i c a t i o n s  from which  h y p e r t e n s i v e s  
d i e .  
h y p e r t d n s i o n .  
g e n e t i c a l l y  p r e d i s p o s e d  and r e s i s t a n t  t o  b o t h  h y p e r t e n s i o n  and h y p e r c h o l e s t e r o -  
lemia. 
e a c h  o f  which one  s u b s t r a i n  w i l l  be g e n e t i c a l l y  p r e d i s p o s e d  t o  d e v e l o p  a low, 
t h e  o t h e r  a h i g h ,  s e r u m  c h o l e s t e r o l  w h i l e  on t h e  same h i g h  f a t - c h o l e s t e r o l  

,*ut h a l f  of t h e  pa t ien ts  w i t h  myoca rd ia l  i n f a r c t s  have p r e - e x i s t i n g  
F o r  t h e s e  r e a s o n s  e f f o r t s  are b e i n g  made t o  d e v e l o p  a n i m a l s  

The R and S s t r a i n s  are be ing  used  t o  d e v e l o p  two s u b s t r a i n s  from 
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d i e t .  
a t h e r o g e n i c  i n f l u e n c e s  e x p e r i m e n t a l l y  i n  a f a s h i o n  n e v e r  b e f o r e  p o s s i b l e .  
A f t e r  5-6 g e n e r a t i o n s  o f  i n b r e e d i n g ,  2 s u b s t r a i n s  f rom R and S s t r a i n s  
are emerging w i t h  t r e n d s  towards  low and h igh  plasma c h o l e s t e r o l .  
a p p e a r ,  however, i n d i c a t i n g  t h a t  m u l t i p l e  g e n e s  are  i n v o l v e d  and t h a t  it 
may t a k e  l o n g e r  t o  separate t h e  s u b s t r a i n s  t h a n  a n t i c i p a t e d .  

If s u c c e s s f u l  one c o u l d  s t u d y  t h e  i n t e r a c t i o n s  o f  h y p e r t e n s i n o - a n d -  

Excep t ions  

The re  is  e v i d e n c e  t h a t  some human h y p e r t e n s i v e s  f a i l  t o  s u p p r e s s  
a l d o s t e r o n e  a d e q u a t e l y  i n  r e s p o n s e  t o  i n c r e a s e d  s a l t  intake r e s u l t i n g  i n  
i n a p p r o p r i a t e l y  h igh  a l d o s t e r o n e  l e v e l s  f o r  s u c h  s a l t  i n t a k e s .  
p r o d u c t i o n  and zona g l o m e r u l o s a  s i z e  were s t u d i e d  i n  t h e  S and R rats i n  
r e l a t i o n  t o  s a l t  i n t a k e  i n  c o l l a b o r a t i o n  w i t h  D r .  John Rapp. 
i n  v i t r o  or -- i n  v i v o  systems S r a t s  s u p p r e s s e d  a l d o s t e r o n e  p r o d u c t i o n  i n  
r e s p o n s e  t o  s a l t  as much o r  more t h a n  R a n i m a l s .  
n o t  d i f f e r e n t  between S and R rats on v a r i o u s  s a l t  i n t a k e s .  It was conc luded  
t h a t  S rats are a b l e  t o  no rma l ly  s u p p r e s s  a l d o s t e r o n e  i n  r e sponse  t o  s a l t  
i n  s p i t e  of t h e i r  g e n e t i c a l l y  c o n t r o l l e d  inc remen t  i n  a d r e n a l  18 -hydroxy lase  
a c t i v i t y  r e p o r t e d  p r e v i o u s l y .  

A l d o s t e r o n e  

W i t h  f i t h e r  

-- 
Zona g lomeru losa  mass was 

The s t u d y  on r a d i a t i o n - g e n e t i c  i n t e r a c t i o n  i n  e x p e r i m e n t a l  h y p e r t e n s i o n  
i s  dormant .  The i n i t i a l  s t u d y  was completed b u t  i n c o m p l e t e l y  ana lyzed :  t h e  
a b s e n c e  of  D r .  Knudsen, e f f e c t i v e l y  s i n c e  e a r l y  S p r i n g  1972,  has  slowed t h i s  
work. 

C i r c u m s t a n t i a l  e v i d e n c e  s u g g e s t s  t h a t  " o v e r e a t i n g "  promotes and 
" u n d e r e a t i n g "  r e t a r d s  m a n i f e s t a t i o n s  of  h y p e r t e n s i o n ,  a t h e r o s c l e r o s i s ,  
d i a b e t e s ,  g o u t ,  and o b e s i t y ,  
t e n s i o n ,  h y p e r t r i g l y c e r i d e m i a ,  h y p e r c h o l e s t e r o l e m i a ,  h y p e r u r i c e m i a ,  hyper -  
l a c t i c a c i d e m i a ,  g l u c o s e  i n t o l e r a n c e ,  and i n s u l i n  i n s e n s i t i v i t y .  P a t i e n t s  
w i t h  one  o f  t h e  d i s e a s e s  f r e q u e n t l y  d e v e l o p  o n e  o r  more o f  t h e  o t h e r s .  
A l though  t h e  mode o f  i n h e r i t a n c e  i s  n o t  known t h e  g e n e t i c  f a c t o r s  a r e  
p r o b a b l y  m u l t i - f a c t o r i a l .  
i n  middle  o r  o l d  a g e  whereas  ma l ignan t  forms may o c c u r  i n  you th .  It i s  
proposed  t h a t  t h e  a s s o c i a t i o n  among t h e  f i v e  d i s e a s e s  above  i n d i c a t e s  t h a t  
t h e y  share some g e n e t i c a l l y  de t e rmined  b i o c h e m i c a l  d e f e c t s  i n  which t h e  
c h a r a c t e r  of t h e  c l i n i c a l  m a n i f e s t a t i o n s  w i l l  be  i n f l u e n c e d  by t h e  n a t u r e  
of .  t h e  i n p u t  from t h e  e n v i r o n m e n t ,  i . e . ,  i n  a s e n s e ,  t h e  k ind  o f  "ove rea t ing" .  

Each may present v a r y i n g  d e g r e e s  o f  hyper -  

I n  ben ign  forms the d i s e a s e s  are u s u a l l y  found 

Lsl 68 h y p e r t e n s i v e  p a t i e n t s  25% had a s t r o n g l y  abnormal g l u c o s e  
t o l e r a n c e  c u r v e ,  25% had a b o r d e r l i n e  abnormal r e s p o n s e ,  and 50% were norma l ,  
whereag  n o n - h y p e r t e n s i v e  c o n t r o l s  were 0, 25, and  75% r e s p e c t i v e l y .  These 
d i f f e r e n c e s  were s i g n i f i c a n t  a f t e r  c o r r e c t i o n  f o r  a g e ,  w e i g h t ,  and sex .  
Blood i n s u l i n  l e v e l s  a f t e r  a g l u c o s e  load  d e t e r m i n e d  by immunoassay have 
been  r e p o r t e d  by a n o t h e r  g r o u p  t o  be abnorma l ly  h i g h  i n  h y p e r t e n s i v e s .  
t h e  68 BNL h y p e r t e n s i v e s  35, 4 3 ,  and 22% had "high", " b o r d e r l i n e " ,  and 

I n  
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Nuclea r  Medic ine  Technology and O t h e r  H e a l t h  A p p l i c a t i o n s  
I n t e r r e l a t i o n s h i p  between Genetic and Environmental  F a c t o r s  

P r o j e c t  T i t l e :  i n  C l i n i c a l  and Exper imenta l  H y p e r t e n s i o n  RX-01-03- (b) 
1 6 .  T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ' d . )  

"norma1" ' insu l in  l e v e l s  c o n t r a s t e d  w i t h  2 6 ,  18, and 56% i n  t h e  c o n t r o l s .  
A f t e r  c o r r e c t i o n  f o r  a g e ,  w e i g h t ,  and s e x ,  t h e  d i f f e r e n c e s  were n o t  s i g n i f i -  
c a n t .  It is  concluded  t h d t  t h e r e  is a s i g n f i c a n t  a s s o c i a t i o n  between 
h y p e r t e n s i o n  and reduced g l u c o s e  t o l e r a n c e  b u t  p robab ly  n o t  a n  i n c r e a s e d  
i n s u l i n  r e sponse  t o  a glucose c h a l l e n g e  i n  t h e s e  same p a t i e n t s .  

A r e c e n t  s t u d y  of t h e  24-hour e x c r e t i o n  o f  u r i c  a c i d  i n  p a t i e n t s  on  
a c o n s t a n t  l ow-pur ine  d i e t  i n d i c a t e s  t . ha t  h y p e r t e n s i v e s  have a n  i n c r e a s e d  
e x c r e t i o n  o f  u r i c  a c i d  n o t  e x p l i c a b l e . o n  changes  i n  r e n a l  u r i c  ac id  c l e a r a n c e  
b u t  p robab ly  r e f l e c t i n g  a l a r g e r - t h a n - n o r m a l  "pool" of u r i c  a c i d .  

1 7 .  Expected R e s u l t s  i n  FY 1974: 
b 

Kidney t r a n s p l a n t  s t u d i e s  w i l l  c o n t i n u e .  I n j e c t i o n  o f  a n t i k i d n e y  serum 
(AKS) w i l l  be  r e p e a t e d  t o  see i f  AK3 n e p h r i t i s  can  be provoked i n  R rats. 
A l s o  t h e  e x p e r i m e n t a l  p y e l o n e p h r i t i s  s t u d y  w i l l  be r e p e a t e d  a s  soon a s  D r .  
Pavlova  can  h e l p  w i t h  t h e  b a c t e r i o l o g y .  
w i l l  b e  comple ted .  

The i n i t i a l  a d r e n a l  t r a n s p l a n t  s t u d y  

S tudy  o f  r e n i n  a c t i v i t i e s  i n  plasma o f  rats w i t h  r e n a l  homo- and a u t o -  
g r a f t s  w i l l  be  expanded. 
o p e r a n t - c o n d i t i o n i n g  as a t e c h n i q u e  f o r '  i n d u c i n g  h y p e r t e n s i o n  should  be 
comple ted  a l l o w i n g  d e c i s i o n  as t o  f e a s i b i l i t y  o f  expanding  o r  d i s c o n t i n u i n g  
&he s t u d y .  
i n i t i a t e d .  

The p r e l i m i n a r y  e x p l o r a t i o n  of t h e  u s e f u l n e s s  of  

, 
A new s t u d y  o f  u r i c  a c i d . p o o l s  i n  human h y p e r t e n s i o n  w i l l  be 

E x p l o r a t i o n  o f  t h e  r e n i n - a n g i o t e n s i n  sys t em w i l l  c o n t i n u e ,  i n  p a r t i c u l a r  
w i t h  r e f e r e n c e  t o  t h e  f a c t o r  t h a t  mod i f i ed  t h e  i n  v i v o  r e s p o n s e  t o  ang io -  
t e n s i n .  
rats" and t h e  s t u d y  of  i n f l u e n c e  o f  bonadectomy on  BP s h o u l d  be completed.  

The s t u d y  of  e f f e c t  o f  N a C l  on J a p a n e s e " s p o n t a n e o u s 1 y  h y p e r t e n s i v e  

Arrangements  have been completed t o  b e g i n  k idney  mic ropunc tu re  s t u d i e s  
some time d u r i n g  t h e  n e x t  year i n  t h e  l a b o r a t o r y  of  D r .  A l a i n  Grandchamp of  
t h e  Depar tment  of  Medicine a t  t h e  U n i v e r s i t y  o f  Geneva Medical  Schoo l .  Such 
s t u d i e s  may be c r i t i c a l  i n  u n d e r s t a n d i n g  t h e  r e c e n t  f i n d i n g  t h a t  sodium is 
handled  d i f f e r e n t l y  by t h e  k idneys  of  t h e  two s t r a i n s  and may p rov ide  funda-  
menta l  i n s i g h t  i n t o  t h e  p a t h o g e n e s i s  of h y p e r t e n s i o n .  

18. W h  t e d  R e s u l t s  i n  FY 1975: 

St'Rd'ies w i l l  c o n t i n u e  as d i c t a t e d  by f i n d i n g s  i n  t h e  p r e v i o u s  f i s c a l  y e a r .  

19.  D e s c r i p t i o n  and E x p l a n a t i o n  o f  Major M a t e r i a l s ,  Equipment,  and 
S u b c o n t r a c t  I tems:  

None 

(See C o n t i n u a t i o n  S h e e t )  Rx- 53 



- Nuclear  Medic ine  Technology and Other  Hea l th  A p p l i c a t i o n s  
I n t e r r e  l a t i  onship  b e  tween G e n e t i c  and Envi ronmenta l  F a c t o r s  P r o j e c t  T i t l e :  i n  C l i n i c a l  and Exper imen ta l  Hyper t ens ion  RX-01-03- (b)  

20. Proposed O b l i g a t i o n s  for R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

. .  

I .  ' *  

None 

i 
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I .  

N u c l e a r  Medicine Technology and O t h e r  H e a l t h  A p p l i c a t i o n s  
I n t e r r e l a t i o n s h i p  between G e n e t i c  and Envi ronmenta l  F a c t o r s  

P r o j e c t  T i t l e :  i n  C l i n i c a l  and Exper imenta l  H y p e r t e n s i o n  RX-Ol-O3-(b) 
R e  i t e ra t i o n o f A s  s u r a nc e S t a t e me n t 

on 
I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  

I n c l u d i n g  C l i n i c a l  Research 

The H o s p i t a l  of t h e  Medical Research  C e n t e r ,  Brookhaven National Labora tory ,  
c o m p l i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  o f  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  suppor ted  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  or c o n t r a c t s  from 
t h e  Department o f  H e a l t h ,  E d u c a t i o n ,  and Welfare  and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  has e s t a b l i s h e d  
a s t a n d i n g  committee t o  rev iew investigations i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  committee i s  c h a r g e d  w i t h  r e s p o n s i b i l i t i e s  
t o  d e t e r m i n e  f o r  each  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  o f  e a c h  p a t i e n t  w i l l  be a d e q u a t e l y  p r o t F c t e d ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  ou tweigh  t h e  r i s k s ,  and 
t h a t  a n  informed c o n s e n t  w i l l  be o b t a i n e d  from e a c h  p a t i e n t .  

The commit tee ,  a p p o i n t e d  by t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  Labora tory ,  
p r o v i d e s  f o r  independent  judgment o f  i t s  members, and a l t e r n a t e s  are provided  
t o  s e r v e  when t h e r e  may be c o n f l i c t  o f  i n t e r e s t .  T h i s  i n s t i t u t i o n  e n c o u r a g e s  
c o n s t r u c t i v e  communication between t h e  committee and p r i n c i p a l  i n v e s t i g a t o r s  
o n  t h e  s a f e g u a r d i n g  of t h e  r i g h t s  and welfare o f  s u b j e c t s ;  w i l l  p rovide  t h e  
r e q u i r e d  care f o r  persons  i n j u r e d  as a r e s u l t  of p a r t i c i p a t i o n ;  and m a i n t a i n s  . 
c o m p l e t e  documenta t ion  o f  p r o p o s a l s  and reviews.  Approved i n v e s t i g a t i o n s  
are  reviewed by t h e  commit tee  a t  least  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  
c a l l y  rev iews  i t s  prac t ices  and p r o c e d u r e s  t o  a s s u r e  t h e y  are  c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department  of H e a l t h ,  E d u c a t i o n ,  and Welfare .  

A s  o f  March 7 ,  1973,  t h e  I n s t i t u t i o n a l  Review C o r n i t t e e  f o r  review of Medical 
Department r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  i s  composed o f :  

J. S. Rober t son ,  M.D.,  Chairman G. P r i c e  
G. C. C o t t i a s ,  M.D.,  A l t .  Chairman . N. P. Rathvon, Jr. 
S. He Cohn D. N. S l a t k i n ,  M . D . ,  A l t e r n a t e  
E. A. Popenoe, A l t .  f o r  D r .  Cohn A.  P. Wolf, A l t e r n a t e  
G. Chikkappa, M.D. L. K. Dahl ,  M.D. - C l i n i c a l  C o n s u l t a n t  
H. Connel l  W. A. F i n n  - A d m i n i s t r a t i v e  C o n s u l t a n t  
R.  A. Love, M.D. c. W. Flood - H e a l t h  Phys ics  C o n s u l t a n t  

S i g n a t u r e  : a & P u  
T i t l e :  Chairman,  Medical Department  

Date: March 7 ,  1973 
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ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven N a t i o n a l  Labora to ry  
Laboratory 

RX-Biomedical 6 Environmenta l  Research  
Program 

1. Con t rac to r :  C o n t r a c t  No. : Task No. : 

AT(30-1)-16 
Assoc ia t ed  U n i v e r s i t i e s ,  I n c .  

189 No.: 
2 .  P r o j e c t  T i t l e :  - 

Nuclear  Medic ine  Technology and O t h e r  Hea l th  A p p l i c a t i o n s  
Ex tens ion  and Improvement of Rad iograph ic  and I s o t o p i c  

RX-56 

5 .  Method of R e p o r t i n g : '  6 ,  Working Loca t ion :  
Brookhaven N a t i o n a l  Labora tory  S c i e n t i f i c  Meet ings  

BNL Monthly Letter t o  AEC 
S c i e n t i f i c  J o u r n a l s  

8.  P r o j e c t  Term: 

Con t inu ing  

7 .  Person  i n  Charge: 
H. L. A t k i n s  
L. V. Hankes (FY 1973 o n l y )  

, 
From: To : P r i n c i p a l  I n v e s t i g a t o r :  

H. L. A t k i n s  P. R icha rds  of Appl ied  S c ' e n c e )  
A. P. Wolf &fl%ntr Department$ 
H. Kraner  ( l r t s t rumenxa t ion  Division) L.V. Hankes (FY 1973  o n l y )  

9 .  Man-Years: 

FY 1973 FY 1974 FY 1975 D i r e c t  Man-Years 

7 .5  6 . 5  10.0 
14 .5  14.5 15 .5  

3 .O 2.0  T o t a l  26.5 25 .O 25 .O 

S c i e n t i f i c  & P r o f e s s i o n a l  
Other  
G u e s t s  6 Res. C o l l a b o r a t o r s  3.0. - 

10. Cost,s ( I n  Thousands of D o l l a r e ) :  
0-  FY 1973 FY 1974 FY 1975 

575 497 570 

225 
795 7 1 3  7 10 

110 37 83 

. Resea rch  D i v i s i o n  . 
H o s p i t a l  D i v i s i o n  

Equipment Ob1 i g a t  ions 

- 138 - 213 - 
Research  C o s t s  

11. Reac tor  Concept :  12. Materials: 

<. ' 
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Nuclea r  Medicine Technology and O t h e r  Hea l th  A p p l i c a t i o n s  
E x t e n s i o n  a n d  1mprovem:nt o f  Rad iograph ic  and I s o t o p i c  

P r o j e c t  T i t l e :  D i a g n o s t i c  Techniques  RX-01-03-(~) 
1 3 .  Pub1 i c a t  ions  : 

Rober tson ,  J. S . ,  F a i r c h i l d ,  R .  G. and A t k i n s ,  H. L. Dos imet ry  of  
c a l i f o r n i u m  2 5 2 .  Radio logy  - 104,  No. 2 ,  393-8 ( 1 9 7 2 ) .  

Fowler ,  J.  S .  A new s y n t h e s i s  o f  unsymmet r i ca l  azo compounds. J. Org. 
Chem. - 37,  510 (1972) .  

Atk i r i s ,  H. L . ,  C h r i s t m a n ,  D.  R . ,  F o w l e r ,  J .  S . ,  Hauser ,  W., Hoyte ,  R. M . ,  
K loppe r ,  J. F . ,  L i n ,  S. S .  and Wolf, A .  P. Organ ic  r a d i o p h a r m a c e u t i c a l s  
l a b e l e d  w i t h  i s o t o p e s  o f  s h o r t  h a l f  l i f e .  V. 
t r y p t o p h a n .  J .  Nuc l ,  Med. - 1 3 ,  713-9 (1972) .  

I8F- l abe led  5- and 6 -  f l u o r o -  

A t k i n s ,  H. L . ,  Eckelman, W. C . ,  Hause r ,  W . ,  K loppe r ,  J .  F. and R i c h a r d s ,  
P.  S p l e n i c  s e q u e s t r a t i o n  of  99mTc-labeled r e d  b lood  c e l l s .  3. NuGI. Med. 
1 3 ,  NO.  11, 811-4 (1972) .  - 

Hankes,  L.  V., Leklern, J . ,  Brown, R. R . ,  Mekel, R.  C. and Jansen ,  C. R. 
Abnormal t r y p t o p h a n  me tabo l i sm i n  bantu  w i t h  s c u r v y - t y p e  s k i n .  Biochem. 
Med. - 7 ,  184-9 (1973) .  ,/6-LZJj- 

A t k i n s ,  H. L. and K l o p p e r ,  J. F. Measurement o f  t h y r o i d a l  t e c h n e t i u m  
u p t a k e  w i t h  t h e  gamma camera and computer  sys tem.  J. Nucl. Med. ( i n  p r e s s ) .  

;& 7/5/ 
A t k i n s ,  H. L . ,  Eckelman, W. C . ,  K l o p p e r ,  J.  F. and R i c h a r d s ,  P. . 

/'L 733  V a s c u l a r  imaging w i t h  99mTc-red blood c e l l s .  Radio logy  ( i n  press).  

A t k i n s ,  H.  L . ,  F a i r c h i l d ,  R .  G .  and D r e w ,  R. M. B i o l o g i c a l  p r o p e r t i e s  - 
o f  252Cf. Am,  J .  Roentgenol .  Radium Therapy  Nucl .  Med. ( i n  p r e s s ) .  

A t k i n s ,  H. L . ,  K loppe r ,  J. F . ,  Lambrecht ,  R.  M. and Wolf, A. p. 
A compar ison  o f  technet ium-99m and i o d i n e - 1 2 3  f o r  t h y r o i d  imaging .  Am. J,i,. ~ ~ 

Roentgenol  . Radium Therapy  Nuc 1. Med. ( i n  press) / i : /=L 
A t k i n s ,  H. L . ,  K loppe r ,  J. F . ,  Eckelman, W .  C. and R i c h a r d s ,  P. 

The technetium-99m-DTPA r e n a l  s tudy .  P r e s e n t e d  a t  t h e  IAEA Symposium on - 0 R a d i o i s o t o p e  S c i n t i g r a p h y ,  Monte C a r l o ,  O c t o b e r  1972. /i ,' L' 3 

14.  Scope: 
A )  200 Word Summary: 

There a r e  two main o b j e c t i v e s  i n  t h e  v a r i o u s  s t u d i e s  c a r r i e d  on i n  t h i s  
budge& a c t i v i t y :  
t o  human d i s e a s e s ;  and r e d u c t i o n  of  r a d i a t i o n  d o s a g e  i n  n u c l e a r  med ic ine  
e x a m i n a t i o n s .  The ma jo r  h e a l t h  problems i n  which  n u c l e a r  med ic ine  t e c h n i q u e s  
c a n  improve d i a g n o s i s  and r educe  r a d i a t i o n  e x p o s u r e  a r e  h e a r t ,  pulmonary and 
n e o p l a s t i c  d i s e a s e s .  
n e c e s s i t a t e  e x t e n s i v e  i n t e r d i s c i p l i n a r y  c o l l a b o r a t i o n .  

deve lopment  of d i a g n o s t i c  a g e n t s  f o r  c l i n i c a l  a p p l i c a t i o n  

The s t u d i e s ,  c e n t e r e d  on  r a d i o p h a r m a c e u t i c a l  deve lopment ,  

(See  Continuation S h e e t )  Rx-57 



Nuclea r  Medic ine  Technoiogy and Othe r  t i e a l t h  A p p l i c a t i o n s  
Ex tens ion  and Improvement o f  Radiographic  and Iso topi -c  

P r o j e c t  T i t l e :  D i a g n o s t i c  Techniques  RX-Ol-O3-(c) 
1 4 .  Scope:  

B )  Supplement t o  200 Word Summary: 

The l e a d i n g  c a u s e  o f  d e a t h  i n  t h e  Un i t ed  S t a t e s  i s  c a r d i o v a s c u l a r  
d i s e a s e - - d e a t h  r a t e ,  350-400 per 100 ,000  popu la t ion - -and  t h u s  major  e f f o r t s  
a r e  d i r e c t e d  a t  i t s  p r e v e n t i o n  and t r e a t m e n t .  The development  of  o p e r a t i v e  
p r o c e d u r e s  t o  improve c o r o n a r y  blood flow r e q u i r e s  a s ses smen t  o f  myocard ia l  
b l o o d  f l o w  i n  o r d e r  t o  s e l e c t  p a t i e n t s  f o r  s u r g e r y .  S i n c e  t h e  p a t i e n t s  a r e  
c r i t i c a l l y  i l l ,  t h e  p rocedure  must be n o n - t r a u m a t i c ,  Nuclear  med ic ine  
t e c h n i q u e s  are n o n - i n v a s i v e  and g e n t l e  and p a r t i c u l a r l y  advan tageous  when they  
c a n  b e  made u n i v e r s a l l y  a v a i l a b l e .  
ment o f  methods f o r  myoca rd ia l  s c a n n i n g  u s i n g  t h a l l i u m  201,  a po ta s s ium 
a n a l o g u e  w i t h  a low e n e r g y  gamma e m i s s i o n ,  r e a d i l y  d e t e c t e d  and c o l l i m a t e d  
and  w i t h  a h a l f - l i f e  o f  3.08 days .  A promis ing  r a d i o n u c l i d e  f o r  f ,requent 
s e q u e n t i a l  s cann ing  i s  rub id ium 82 ,  a p o s i t r o n  e m i t t i n g  a n a l o g u e  of  po tass ium 
w i t h  a h a l f - l i f e  o f  o n l y  75  seconds .  A l s o ,  a h i g h  e a r l y  c o n c e n t r a t i o n  o f  
c a r b o n - 1 1  n o r e p i n e p h r i n e  has  been obse rved  i n  t h e  mouse h e a r t ,  s u g g e s t i n g  
t h a t  i t  cou ld  be deve loped  f o r  myoca rd ia l  imaging i n  some c i r c u m s t a n c e s .  

One p r o p o s a l  i n  t h e s e  s t u d i e s  i s  deve lop -  

One o f  t h e  c a u s e s  o €  h e a r t  d i s e a s e  i s  h y p e r t e n s i o n  and among t h e  c a u s e s  
o f  h y p e r t e n s i o n  a r e  d i s e a s e s  of  t h e  a d r e n a l s .  Although methods f o r  l o c a l i z -  
i ng  a d r e n a l  c o r t i c a l  l e s i o n s  e x i s t ,  a r e s e a r c h  e f f o r t  h e r e  i s  t o  d e v e l o p  a 
t e c h n i q u e  u s i n g  ca rbon-11  dopamine f o r  a d r e n a l  medul la ry  imaging t o  d i agnose  
pheochromocytoma. 

Chron ic ,  o b s t r u c t i v e  pulmonary d i s e a s e  ( C O P D ) ,  a major  c a u s e  o f  d e a t h ,  
i s  r e v e r s i b l e  i f  d i agnosed  e a r l y .  
f o r  i t s  d e t e c t i o n  i n  asymptomat ic  i n d i v i d u a l s .  
o f  t h e  BNL Department o f  App l i ed  S c i e n c e ,  a s i m p l e  t e s t ,  a d a p t a b l e  t o  mass 
s c r e e n i n g  of  p o p u l a t i o n s  is  be ing  d e v e l o p e d .  
by s c r e e n i n g ,  a s s e s s m e n t  o f  r e g i o n a l  v e n t i l a t i o n  and p e r f u s i o n  f o r  l o c a l i z a t i o n  
of  t h e  d i s e a s e  p r o c e s s  i s  impor t an t ,  Thus ,  methods a r e  s t u d i e d  u s i n g  B L I P  
(Brookhaven Linac  I s o t o p e  P roduce r )  produced X e - 1 2 7  t o  r e p l a c e  t h e  r a t h e r  
i n e f f e c t i v e  Xe-133 p r e s e n t l y  i n  use. 

To d a t e ,  no method has  been  developed  
I n  c o l l a b o r a t i o n  w i t h  members 

A f t e r  d e t e c t i o n  o f  e a r l y  d i s e a s e  

The second l e a d i n g  c a u s e  o f  d e a t h  i n  t h i s  c o u n t r y  is  c a n c e r ,  and e a r l y  
d i a g n o s i s  i s  e s s e n t i a l  t o  e f f e c t i v e  t r e a t m e n t .  Mammography a i d s  e a r l y  
d i a g n o s i s  o f  mammary c a n c e r .  
u s e d ,  y e t  i t  i s  u n s u i t a b l e  f o r  mass s c r e e n i n g  o f  t h e  female p o p u l a t i o n  
b e c a u s e  i t  g i v e s  a h i g h  r a d i a t i o n  d o s e  t o  t h e  s k i n  and poor  c o n t r a s t  between 
turnor-and normal t i s s u e .  Tc-97m has t h e  a p p r o p r i a t e  gamma ene rgy  f o r  
maxitnym c o n t r a s t  and would r educe  t h e  s k i n  r a d i a t i o n  dose  by a f a c t o r  of  20. 
Tc-9?ni, produced i n  BLIP and f a b r i c a t e d  i n t o  a p p r o p r i a t e  s o u r c e s  w i l l  be 
a p p l i e d  i n  mammography. 

X-ray mammography i s  t h e  p r e s e n t  t e c h n i q u e  

Another  c a n c e r  problem i s  t h e  d i a g n o s i s  o f  i n t r a - o c u l a r  melanomas. 
I n  c o l l a b o r a t i o n  w i t h  a n  o p t h a l m o l o g i s t ,  and u s i n g  s p e c i a l l y - d e s i g n e d  
d e t e c t o r s  and c o l l i m a t o r s  made by t h e  members o f  t h e  BNL I n s t r u m e n t a t i o n  
D i v i s i o n  and Department  o f  Appl ied  S c i e n c e ,  1 -123 l a b e l e d  q u i n o l i n e  

(See C o n t i n u a t i o n  S h e e t )  Rx- 58 
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14 .  Scope: ( C o n t ’ d . )  

d e r i v a t i v e s  w i l l  be s t u d i e d  f o r  l o c a l i z a t i o n  o f  o c u l a r  a n d ,  p r o b a b l y ,  o t h e r  
melanomas. 

The gonadal  r a d i a t i o n  d o s e  t o  t h e  p o p u l a t i o n  a t  l a r g e  from r a d i o i s o t o p i c  
p r o c e d u r e s  used i n  N u c l e a r  Medicine today ,  though s t i l l  a c c e p t a b l y  small ,  
h a s  i n c r e a s e d  g r e a t l y  o v e r  t h e  past t e n  y e a r s .  I f  t h e  t r e n d  c o n t i n u e s ,  t h e  
d o s e  i n c u r r e d  by t h e  p o p u l a t i o n  a t  l a r g e  c o u l d  become s i g n i f i c a n t .  
deve lopmen t  and u s e  o f  s h o r t - l i v e d  r a d i o n u c l i d e s  which c a n  p r o v i d e  t h e  same 
o r  b e t t e r  i n f o r m a t i o n  a t  a lower r a d i a t i o n  d o s e  i s  emphasized.  1 - 1 2 3  is  a n  
example.  When used f o r  t h y r o i d  d i a g n o s i s ,  t h e  gonada l  d o s e  i s  1/100 of t h a t  
from 1-131. Thyroid  d i s e a s e  i s  conimon i n  women o f  c h i l d - b e a r i n g  a g e .  
S t u d i e s  on a p p l i c a t i o n  of 1 - 1 2 3  w i l l  be  ex tended  w i t h  i t s  r ep lacemen t  .\ o f  
1 -131  and 1 - 1 2 5  as l a b e l s  f o r  o t h e r  r a d i o p h a r m a c e u t i c a l s .  I ( A t k i n s )  

T h e r e f o r e ,  

The amino a c i d ,  t r y p t o p h a n ,  produces  or tho-amino-phenol  t ype  compounds 
b e l i e v e d  t o  induce  c a n c e r  i n  a n i m a l  u r i n a r y  b l a d d e r s .  In s e v e r a l  t y p e s  o f  
c a n c e r  and i n  o t h e r  d i s e a s e s  o f  man, t h e  l i t e r a t u r e  r e p o r t s  s i g n i f i c a n t  
i n c r e a s e s  i n  u r i n a r y  l e v e l s  o f  some t r y p t o p h a n  m e t a b o l i t e s .  Carbon-14 
l a b e l e d  m e t a b o l i t e s  a r e  used  in a n i m a l s  and man t o  d e t e r m i n e  t h e  normal 
t r y p t o p h a n  m e t a b o l i c  pathway. 
a c i d ,  kynuren ine ,  hydroxykynuren ine ,  and h y d r o x y a n t h r a n i l i c  a c i d .  Diseases 
s t u d i e d  i n c l u d e  a n e m i a s ,  s c l e r o d e r m a ,  s i d e r o s i s ,  malaria, p e l l a g r a ,  and 
v a r i o u s  c a n c e r s .  These s t u d i e s  w i l l  be  r e p o r t e d  f o r  FY 1974 and 1975 i n  
RX-01-03-(e).  (Hanke s ) ‘ 

The l a b e l e d  m e t a b o l i t e s  i n c l u d e  a n t h r a n i l i c  

15 .  R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

S i m i l a r  i n v e s t i g a t i o n s  i n v o l v i n g  r a d i o p h a r m a c e u t i c a l s  and  c y c l o t r o n -  
produced n u c l i d e s  a re  c a r r i e d  o u t  a t  many i n s t i t u t i o n s .  However, BNL is  i n  
an e x c e p t i o n a l  p o s i t i o n  due  t o  t h e  p r e s e n c e  o f  s e v e r a l  h i g h  ene rgy  a c c e l e r a t o r s  
o f  unusua l  c a p a b i l i t i e s  as  w e l l  a s  an  i n t e r d i s c i p l i n a r y  c o o p e r a t i v e  program 
i n c l u d i n g  t h e  Medical  D e p a r t m e n t ,  Chemistry Depar tmen t ,  Department o f  
A p p l i e d  S c i e n c e ,  and t h e  I n s t r u m e n t a t i o n  D i v i s i o n .  
e x i s t s  h e r e  which would be d i f f i c u l t  t o  f i n d  i n  a l l  t h e s e  f i e l d s  i n  any one 
o t h e r  i n s  t i t a  t i o n .  ( A t k i n s )  

P a r t i c u l a r  e x p e r t i s e  

Research p r o j e c t s  r e l a t e d  t o  t h e  t r y p t o p h a n  s t u d i e s  a r e  d e t a i l e d  i n  
S e c t i o n  15 of  RX-01-03-(e).  

16 .  “Techn ica l  P r o g r e s s  i n  FY 1973: 

Techne t ium- labe led  r e d  b lood  c e l l s  were e v a l u a t e d  f o r  s p l e n i c  imaging 
and  showed promise  f o r  b lood  pool  and v a s c u l a r  imaging. 
i n  r o u t i n e  sse f o r  r e n a l  s t u d i e s  and i s  b e i n g  compared t o  1-131 h i p p u r a n  f o r  
e v a l u a t i o n  i n  h y p e r t e n s i o n .  

Tc-99m-DTPA i s  now 

(See C o n t i n u a t i o n  Sheet )  Rx-59 



Nuclea r  Medicine Technology and  Other Hea l th  A p p l i c a t i o n s  
Ex tens ion  and Improvement o f  R a d i o g r a p h i c  and I s o t o p i c  

P r o j e c t  T i t l e :  D i a g n o s t i c  Techniques  - - -  
1 6 .  T e c h n i c a l  P rogres s  i n  FY 1973: ( C o n t ' d . )  

1-123 was compared w i t h  Tc-99m f o r  t h y r o i d  imaging;  t h e  d e f i n i t e  
s u p e r i o r i t y  of  1 -123  was a p p a r e n t .  
s u f f i c i e n t  q u a n t i t i e s  a r e  no t  now a v a i l a b l e  f o r  c l i n i c a l  use. A s t u d y  of 
1 - 1 2 3  iodoqu in  f o r  eye melanomas i s  i n  p r o g r e s s  i n  c o l l a b o r a t i o n  w i t h  D r .  
Samuel Packer  of  S t .  Albans Naval H o s p i t a l ,  t h e  B M ,  Chemis t ry  Department  and 
I n s t r u m e n t a t i o n  D i v i s i o n .  

Labeled  h i p p u r a n  was a l s o  used b u t  

E v a l u a t i o n  o f  ca rbon-11  l a b e l e d  dopamine f o r  a d r e n a l  s c a n n i n g  has  shown 
e x c e l l e n t  c o n c e n t r a t i o n  of  t h e  compound i n  t h e  a d r e n a l  medul la  a s  compared 
t o  o t h e r  t i s s u e s  a t  two h o u r s .  However, t h i s  i s  i m p r a c t i c a l  because  o f  t h e  
s h o r t  h a l f - l i f e  of  C-11. R e l a t i v e  c o n c e n t r a t i o n s  a t  e a r l i e r  times are  be ing  
e v a l u a t e d .  

.\ 
b 

Thal l ium-201 p r o d u c t i o n  methods are  b e i n g  worked o u t  on t h e  c y c l o t r o n  
f o r  u s e  p r i o r  t o  BLIP p r o d u c t i o n  of t h e  i s o t o p e .  Myocardial  l o c a l i z a t i o n  
h a s  been  de te rmined  i n  mice and r a t s .  The a b i l i t y  t o  v i s u a l i z e  i n f a r c t e d  
areas i n  t h e  myocardium i s  be ing  e v a l u a t e d  i n  g o a t s  f o l l o w i n g  s u r g i c a l  
i n d u c t i o n  o f  i n f a r c t s  by l i g a t i n g  c o r o n a r y  a r t e r i e s .  

I n  t h e  s t u d i e s  on t r a n s m i s s i o n  s c a n n i n g ,  t h e  I n s t r u m e n t a t i o n  D i v i s i o n  
h a s  d e v i s e d  a u s e f u l  c l i n i c a l  sys tem f o r  imaging  i o d i n e  d i s t r i b u t i o n  -- i n  v i v o .  
Wi th  a r a d i a t i o n  d o s e  of o n l y  a few mrad,  i t  s h o u l d  be p o s s i b l e  t o  imzige 
t h e  i o d i n e  n a t u r a l l y  found i n  t h e  t h y r o i d .  Animal s t u d i e s  showed t h e  d i s -  
t r i b u t i o n  of C h o l o g r a f i n  and Hypaque, i o d i n a t e d  c o n t r a s t  a g e n t s  i n  t h e  
b i l i a r y  sys tem and u r i n a r y  t r a c t ,  
p o s i t i v e  pulmonary c o n t r a s t  a g e n t  i n  a n i m a l  s t u d i e s .  
a p p r o v a l  o f  t h e  I n s t i t u t i o n a l  Review Commit tee  o f  t h e  H o s p i t a l  of  t h e  Medical  
R e s e a r c h  Cen te r .  

Xenon a l s o  was used s u c c e s s f u l l y  as a 
Use i n  humans a w a i t s  

A c o n t r a c t  w i t h  N I H  f o r  p r o d u c t i o n  o f  Tc-97m a s  a r a d i o g r a p h i c  s o u r c e  
f o r  mammography was approved and funded .  
edge  f i l t e r s  t o  improve r a d i o g r a p h i c  c o n t r a s t ,  p o s s i b l y  r e s u l t i n g  i n  reduced  
r a d i a t i o n  e x p o s u r e ,  i s  b e i n g  e v a l u a t e d .  

The u s e  o f  c r i t i c a l  a b s o r p t i o n  

The s i m p l i f i e d  he l ium e a r l y  c l o s u r e  t e s t  o f  pulmonary f u n c t i o n  u s i n g  
he l ium and a l e a k  d e t e c t o r  mass s p e c t r o g r a p h  w a s  a p p l i e d  t o  a l a r g e  number 
of normal  i n d i v i d u a l s  a t  a l l  a g e  l e v e l s  and  w i t h  v a r y i n g  smoking h a b i t s .  
a p p a r a t u s  deve loped  i n  c o l l a b D r a t i o n  w i t h  members o f  t h e  BNL Department  of 
A p p l i a  S c i e n c e  d e t e r m i n e s  t h e  t i m e  of  small a i r w a y  c l o s u r e ,  t h e  e a r l i e s t  
indiGItfon of c h r o n i c  o b s t r u c t i v e  pulmonary d i s e a s e .  
anal-. ( A t  k i n s )  

The 

The r e s u l t s  are be ing  

The f o l l o w i n g  r e p o r t  o f  p r o g r e s s  d u r i n g  t h e  p a s t  yea r  i s  r e p e a t e d  i n  
RX-01-03-(e). 

(See C o n t i n u a t i o n  Sheet )  RX-60 
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16 .  T e c h n i c a l  P rogres s  i n  FY 1 9 7 3 :  ( C o n t ’ d . )  

Rx- 01 - 03-  (2) 

A m e t a b o l i c  s t u d y  of  t h e  L- i somers  o f  ca rbon-14  l a b e l e d  t r y p t o p h a n ,  
k y n u r e n i n e ,  and hydroxykynurenine  i n  p a t i e n t s  w i t h  sc l e rode rma  was conducted  
a t  t h e  F. W. Verwoord H o s p i t a l  i n  P r e t o r i a ,  S o u t h  A f r i c a .  The purpose  of  
t h e  s t u d y  was t o  de t e rmine  whe the r  t h e  South  A f r i c a n  t y p e  of  s c l e rode rma  
had m e t a b o l i c  a b n o r m a l i t i e s  s imilar  t o  t h o s e  o f  t h e  American type .  The 
Sou th  A f r i c a n  sc l e rode rma  p a t i e n t s  were male Caucas i an  mine r s  whose i l l n e s s  
began w i t h  s i l i c o s i s  fo l lowed by l a t e r  deve lopment  o f  s c l e r o d e r m a ,  B r e a t h  
c a r b o n  d i o x i d e  samples were c o l l e c t e d  i n  sodium hydroxide  o v e r  a 24-hour  
p e r i o d  a f t e r  t h e  C-14 l a b e l e d  d o s e s  were g i v e n  and 24-hour  u r i n e  samples  
were c o l l e c t e d  f o r  a t h r e e  day  p e r i o d .  The b r e a t h  I 4 C O 2  l e v e l  f o r  t h o s e  
g i v e n  t ryptophan-7a-C-14  was 6 . 3  - 8 . 9  p e r c e n t ;  L-hydroxykynurenine-keto-C-14 
was 30.6 - 37 pe rcen t  and L-kynurenine-ke to-C-14  was 4 8 . 6  - 63.3  p e r c e n t .  
The v a l u e s  are  s imi la r  t o  t h o s e  found i n  t h e  American sc l e rode rma  p a t i e n t s  
g i v e n  t h e  same compounds. Kynurenine ,  hydroxykynuren ine ,  x a n t h u r e n i c  a c i d ,  
k y n u r e n i c  a c i d ,  p i c o l i n i c  a c i d ,  q u n i o l i n i c  a c i d ,  N-me thy ln ico t inamide ,  
N-methyl-2-pyridone-5-carboxamide and n i c o t i n i c  a c i d  w i l l  be i s o l a t e d  from 
t h e  u r i n e  by c a r r i e r  t e c h n i q u e s  and t h e  ca rbon-14  c o n t e n t  of  t h e s e  u r i n a r y  
components  de t e rmined .  The r e s u l t s  from t h e s e  a n a l y s e s  shou ld  h e l p  d e t e r m i n e  
t h e  p a r t i c u l a r  m e t a b o l i c  a b n o r m a l i t i e s  i n  males w i t h  t h i s  d i s e a s e .  T h i s  l o n g  
r a n g e  p r o j e c t  has  made l i t t l e  p r o g r e s s  due t o  i n s u f f i c i e n t  t e c h n i c a l  a s s i s t a n c e .  
The S o u t h  A f r i c a n  Atomic Energy Board (SAAEB) i s  s e n d i n g  D r .  E.J.P.  d e  Bru in  
t o  Brookhaven t o  spend a y e a r  of p o s t - d o c t o r a t e  s t u d y  a t  t h e i r  expense  and t o  .. 
h e l p  w i t h  t h e  c o l l a b o r a t i v e  p r o j e c t s .  D r .  d e  Bru in  w i l l  work on t h e  s c l e r o -  

- 
derma,  p e l l a g r a ,  and hepa t ic  tumor problems.  

The t r y p t o p h a n  m e t a b o l i c  s t u d i e s  i.n p r i s o n e r s  w i t h  a s e n s i t i v i t y  t o  
p r i m a q u i n  d r u g s  i n  t h e  t r e a t m e n t  o f  malaria, were expanded t o  i n c l u d e  a 
s t u d y  o f  kynuren ine  metabol i sm.  In c o l l a b o r a t i o n  w i t h  D r .  Carson a t  
S t a t e v i l l e  P r i s o n ,  I l l i n o i s ,  u r i n e  samples  were c o l l e c t e d  from f i v e  
p r i s o n e r s  b e f o r e  and a f t e r  l o a d i n g  w i t h  t r y p t o p h a n .  The u r i n e s  were 
a n a l y z e d  f o r  16 t r y p t o p h a n  m e t a b o l i t e s  t o  p r o v i d e  c o n t r o l  v a l u e s  f o r  o t h e r  
s t u d i e s  o f  t h e  American Negro and A f r i c a n  Bantu.  Some s u b j e c t s  were 
g i v e n  400 mg d o s e s  of  carbon-14  l a b e l e d  L-kynurenine  and t h e  s t u d y  
r e q u i r e s  s e v e r a l  more s u b j e c t s  r e c e i v i n g  200 mg d o s e s .  

O b s e r v a t i o n s  r e p o r t e d  l a s t  y e a r  s u g g e s t  t h a t  Sou th  A f r i c a n  p e l l a g r i n s  
have  subnormal  v i t a m i n  B6 coenzyme l e v e l s  i n  a d d i t i o n  t o  t h e  p r e v i o u s l y  
proposed  s t r e s s - i n d u c e d  i n c r e a s e  i n  t h e  a c t i v i t y  of  t r y p t o p h a n  p y r r o l a s e  
o r  a lack of f eedback  c o n t r o l  o f  t h i s  enzyme by low p y r i d i n e  n u c l e o t i d e s .  
A grata$ ( s t r o n g l y  recommended by t h e  Japanese-Amer ican  S tudy  Commission) 
h a s  o b t a i n e d  from t h e  DHEW t o  p r o v i d e  two t e c h n i c i a n s  t o  c o n t i n u e  t h i s  
i n t e r n a t i o n a l l y  i m p o r t a n t  p r o j e c t .  

I n  1972 a l i m i t e d  number o f .  p e l l a g r a  p a t i e n t s  were s t u d i e d  d u r i n g  
t h e  p e l l a g r a  s e a s o n  i n  Sou th  A f r i c a .  A t  t h e  r e q u e s t  o f  D r .  Roux, P r e s i d e n t ,  
and  D r .  J a n s e n ,  Head of  t h e  L i f e  S c i e n c e s  D i v i s i o n ,  SAAEB, t h e  s t u d y  w i l l  

(See C o n t i n u a t i o n  S h e e t )  Rx-61 
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Nuclear  Medicine Technology and Othe r  Heal th  A p p l i c a t i o n s  
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f-- P r o j e c t  T i t l e :  D i a h n o s t i c  Techn iques  Rx-01-03- ( c )  

1 6 .  T e c h n i c a l  P rogres s  i n  FY 1973: ( C o n t ' d . )  

be comple t ed  i n  1973  w i t h  t r a v e l  and l a b o r a t o r y  expenses  p a i d  by SAAEB. 
I n  a d d i t i o n ,  pa t i en t s  w i t h  p r imary  hepatoma w i l l  a l s o  be s t u d i e d .  Th i s  
hepatoma is  n u t r i t i o n a l l y  b a s e d ,  c a u s e s  d e a t h  w i t h i n  t h r e e  months,  and 
has  a m o r t a l i t y  r a t e  o f  more t h a n  150 per hundred thousand per y e a r  amon,: 
t h e  Bantu.  

A BNL r e s e a r c h  c o l l a b o r a t o r ,  D r .  Ludwig Fe inendegen ,  D i r e c t o r  of  
The I n s t i t u t e  f o r  Medic ine ,  KFA, J u l i c h ,  Germany, h a s  r e q u e s t e d  a w e e k ' s  
v i s i t  by t h e  P r i n c i p a l  I n v e s t i g a t o r  to s e t  u p  a c o l l a b o r a t i v e  s t u d y  a t  
J u l i c h  u t i l i z i n g  double  l a b e l e d  t r y p t o p h a n .  (Hanke s ) 

.\ 
1 7 .  Expected Resul ts  i n  FY 1974: 

i 

C o l l a b o r a t i v e  s t u d i e s  w i t h  t h e  Department  o f  App l i ed  S c i e n c e  w i l l  
c o n t i n u e  on  t echne t ium l a b e l e d  compounds, pulmonary f u n c t i o n ,  indium 111, 
myoca rd ia l  a g e n t s  and r a d i o g r a p h y .  

E r y t h r o c y t e s  l a b e l e d  w i t h  Tc-99m have been used f o r  v a s c u l a r  and 
s p l e n i c  imaging .  
e f f i c i e n c y  o f  l a b e l i n g  which  r e q u i r e s  two c e l l  washes.  However, t h e r e  a r e  
i n d i c a t i o n s  t h a t  l a b e l i n g  e f f i c i e n c y  c a n  b e  i n c r e a s e d  t o  o v e r  90%. Th i s  
w i l l  g r e a t l y  s i m p l i f y  t h e  p r o c e d u r e  and  make i t  more p r a c t i c a l .  

One d e t r a c t i o n  from widespread  c l i n i c a l  u s e  i s  t h e  60-70% 

The he l ium l e a k  d e t e c t o r  t e s t  d e t e r m i n i n g  t i m e  o f  a i r w a y  c l o s u r e  i n  
h e a l t h  and d i s e a s e  w i l l  be e x t e n d e d  t o  a l a r g e r  p o p u l a t i o n  group t o  d e t e r m i n e  
normal  p a r a m e t e r s .  I t  i s  p lanned  t o  f o l l o w  up employees a t  y e a r l y  i n t e r v a l s -  
as a l o n g i t u d i n a l  s t u d y  and t o  compare smokers ,  non-smokers ,  and former  
smokers .  When a b n o r m a l i t i e s  are  d e t e c t e d ,  r e g i o n a l  v e n t i l a t i o n  w i l l  be  
s t u d i e d  w i t h  r a d i o a c t i v e  g a s e s .  Xenon 133 c a n  be u s e d ,  b u t  when Xenon 127 
i s  a v a i l a b l e ,  t h i s  w i l l  be e v a l u a t e d .  

1 

The parameters o f  -- i n  v i t r o  l a b e l i n g  of t r a n s f e r r i n  w i t h  indium 111 w i l l  
be s t u d i e d  and d i s t r i b u t i o n  q u a n t i f i e d  i n  a n i m a l s .  Plasma c l e a r a n c e ,  
e x c r e t i o n ,  and d i s t r i b u t i o n  i n  human be ings  w i l l  be s t u d i e d  and compared t o  
t e c h n e t i u m - s u l f u r  c o l l o i d .  When i r o n  52 i s  a v a i l a b l e ,  s imi l a r  compara t ive  
s t u d i e s  w i l l  be c a r r i e d  o u t .  T h a l l i u m  201 w i l l  be e v a l u a t e d  f u r t h e r  as a 
myoca rd ia l  s c a n n i n g  a g e n t .  S t u d i e s  w i l l  be c o n t i n u e d  i n  g o a t s  t o  d e t e r m i n e  
degree of  myoca rd ia l  l o c a l i z a t i o n  as w e l l  as pa t te rns  o f  d i s t r i b u t i o n  i n  
o t h e f t - t i s s u e s .  Data w i l l  be  used  f o r  d o s i m e t r y  pu rposes .  Tha l l ium 201 a l s o  
locaE&zes i n  k idneys  and t h e  c o n c e n t r a t i o n ,  time of  peak l o c a l i z a t i o n , a n d  
r a t e k f  d i s a p p e a r a n c e  w i l l  be d e t e r m i n e d  i n  a n i m a l s  and p a t i e n t s .  The re  i s  
e v i d e n c e  t o  s u g g e s t  t h a t  t h a l l i u m  may be  u s e f u l  as  a tumor l o c a l i z i n g  a g e n t ,  
p a r t i c u l a r l y  i n  melanomas. T h i s  w i l l  be  t e s t e d  i n  a h a m s t e r  melanoma 
s y s  eem. 

(See  C o n t i n u a t i o n  S h e e t )  RX-62 
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1 7 .  Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

I n  a d d i t i o n  t o  work unde r  t h e  N I H  c o n t r a c t  i n v e s t i g a t i n g  t echn iques  
f o r  mammography, s p e c t r a l  measurements  of  r a d i o g r a p h i c  t u b e s  w i l l  be performed 
and t h e  u s e  o f  c r i t i c a l  a b s o r p t i o n  f i l t e r s  f o r  mammography and i o d i n a t e d  
c o n t r a s t  a g e n t s  w i l l  be s t u d i e d  i n  o r d e r  t o  e v a l u a t e  p o s s i b l e  r e d u c t i o n  i n  
d o s e  and i n c r e a s e  i n  c o n t r a s t .  

S t u d i e s  i n  c o l l a b o r a t i o n  w i t h  t h e  Chemis t ry  Department  w i l l  i n c l u d e  
i o d i n e  123 ,  c a r b o n  11  and F-18 f l u o r i n a t e d  amino a c i d s .  Thyro id  imaging 
w i t h  o r a l l y  a d m i n i s t e r  1 -123  w i l l  be  e v a l u a t e d  u s i n g  a smaller i n t r a v e n o u s l y  
a d m i n i s t e r e d  d o s e  w i t h  dynamic s t u d i e s  of  ra te  of  immedia te  uptake  o f  i o d i n e  
u t i l i z i n g  a computer  system. 
aminopropylamino?-7-iodoquinoline(DMQ) w i l l  be c o n t i n u e d  i n  c o l l a b o r a t i o n  
w i t h  D r .  Samuel Packer  and ex tended  t o  human p a t i e n t s .  
u s i n g  u l t r a s o u n d  and P - 3 2  shou ld  be c a r r i e d  o u t .  
s h o u l d  be e v a l u a t e d ,  c h i e f l y  1 -123  h ippuran  f o r  r e n o g r a p h y ,  u t i l i z i n g  t h e  
MED I1 computer  f o r  a n a l y s i s .  
p roblems.  

The o c u l a r  s t u d y  w i t h  l a b e l e d  4- [3-d imethyl -  

Cornparatig6 s t u d i e s  
O t h e r  i o d i n a t e d  a g e n t s  

Rose Bengal s h o u l d  a l so  be u s e f u l  f o r  b i l i a r y  

Dopamine, l a b e l e d  w i t h  C - 1 1 ,  ha s  been produced i n  ca r r i e r  f r e e  form. 
The d e g r e e  t o  which i t  l o c a l i z e s  i n  t h e  a d r e n a l s  i s  h i g h l y  dependent  on t h e  
s p e c i f i c  a c t i v i t y  and t h a t  o f  t h e  car r ie r  f r e e  material  is from f i v e  t o  s e v e n  
times b e t t e r  t h a n  o u r  p r e v i o u s  b e s t  material (40-50 mCi/mg). Fol lowing  
f u r t h e r  q u a n t i t a t i o n  i n  dogs ,  a t t e m p t s  w i l l  be  made t o  v i s u a l i z e  t h e  human 
a d r e n a l s .  I f  s u c c e s s f u l ,  a n  e v a l u a t i o n  o f  h y p e r t e n s i v e  p a t i e n t s  would be 
i n d i c a t e d .  The re  are a l s o  p o s s i b i l i t i e s  o f  C-11 dopamine l o c a l i z i n g  i n  
s p e c i f i c  areas o f  t h e  b r a i n ,  p a r t i c u l a r l y  i n  c o m b i n a t i o n  w i t h  t h e  admini -  
s t r a t i o n  o f  monoamine o x i d a s e  i n h i b i t o r s .  S t u d i e s  are t o  be performed f i r s t  
o n  mice ,  t h e n  o n  d o g s ,  w i t h  t h e  a i m  o f  e v e n t u a l  s t u d i e s  o f  p a t i e n t s  w i t h  
pa rk inson i sm.  Othe r  b i o g e n i c  amines  i n c l u d i n g  n o r e p i n e p h r i n e  and e p i n e p h r i n e  
w i l l  be s t u d i e d .  An e v e n t u a l  g o a l  is  t h e  l a b e l i n g  o f  L-dopa w i t h  C-11 and 
o b t a i n i n g  i n f o r m a t i o n  c o n c e r n i n g  i t s  d i s p o s i t i o n  and metabol i sm i n  P a r k i n s o n ' s  
d i s e a s e  p a t i e n t s .  

F-18 l a b e l e d  f l u o r o t r y p t o p h a n  has  been e v a l u a t e d  i n  a n i m a l s  and a p p e a r s  
t o  ho ld  promise  f o r  imaging o f  t h e  panc reas .  A s  soon  as methods f o r  a s s u r i n g  
s t e r i l e  and pyrogen  f r e e  materials have been d e v e l o p e d ,  a p p l i c a t i o n  t o  human 
d i s e a s e  is  e n v i s a g e d .  

& c o l l a b o r a t i o n  w i t h  t h e  I n s t r u m e n t a t i o n  D i v i s i o n  work w i l l  c o n t i n u e  
on  t r a n s m i s s i o n  s c a n n i n g  a p p a r a t u s ,  t h e  p o s i t r o n  camera, and  semiconductors .  
An a & @ r p t i o n  edge  t r a n s m i s s i o n  s c a n n i n g  a p p a r a t u s ,  deve loped  and t e s t e d  
u s i n g  phantoms and a n i m a l s ,  a p p e a r s  t o  be u s e f u l  f o r  p l o t t i n g  and q u a n t i f y i n g  
d i s t r i b u t i o n  o f  i o d i n e  -- i n  v i v o  i n  t h e  t h y r o i d  o r  i n  o t h e r  a r e a s  such  as t h e  
b i l i a r y  o r  u r i n a r y  t r a c t s  a f t e r  i n j e c t i o n  of  i o d i n a t e d  c o n t r a s t  a g e n t s .  
A p p l i c a t i o n  t o  p a t i e n t s  w i l l  be s t a r t e d .  A l l  p a t i e n t s  r e f e r r e d  f o r  t h y r o i d  
work-up w i l l  have t r a n s m i s s i o n  s c a n s .  Problems o f  t h e  b i l i a r y  t r a c t  w i l l  be 
s t ud i e d  w i t h  i n  j e c  t i o n  o f  i od ipamide  . F u r t h e r  i n s  t rumen ta t  ion deve lopment 

(See C o n t i n u a t i o n  S h e e t )  RX-63 
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1 7 .  Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

i s  e n v i s i o n e d ,  p a r t i c u l a r l y  i n t e r f a c i n g  w i t h  t h e  MED I1 computer f o r  e a s i e r  
q u a n t i f i c a t i o n .  I n t e r f a c i n g  o f  t h e  p o s i t r o n  camera f o r  u s e  w i t h  C - 1 1  and 
F - 1 8  compounds i s  planned.  T h i s  w i l l  a l s o  r e q u i r e  a major  e f f o r t  i n  
computer  programming. 

A h i g h  p u r i t y  germanium d e t e c t o r  i s  i n  u s e  f o r  bone m i n e r a l  a n a l y s i s  
and f o r  t r a n s m i s s i o n  s c a n n i n g ,  bo th  o f  which were developed  by o u r  Ins t rumen-  
t a t i o n  D i v i s i o n .  A semiconductor  camera d e v i c e  would be e x t r e m e l y  u s e f u l  i n  
c o n j u n c t i o n  w i t h  t r a n s m i s s i o n  s c a n n i n g  and f o r  u s e  w i t h  Tc-99m and 1-123 
compounds. ( A t k i n s  ) 

18. Expected R e s u l t s  i n  FY 1975: 
. \  

L 

S t u d i e s  d e s c r i b e d  above w i l l  c o n t i n u e ,  w i t h  s p e c i f i c  emphasis  de te rmined  
by i n s t r u m e n t a t i o n  and r a d i o p h a r m a c e u t i c a l s  deve loped  d u r i n g  t h e  p r e c e d i n g  
y e a r .  

1 9 .  D e s c r i p t i o n  and E x p l a n a t i o n  o f  Major  M a t e r i a l s ,  Equipment,  and 
S u b c o n t r a c t  Items: 

FY 1975  C a p i t a l  Equipment:  

The m a j o r  c a p i t a l  r e q u i r e m e n t  i s  a n  image i n t e n s i f i e r  and v i d e o  d i s c  , 
r e c o r d e r  i n  o r d e r  t o  d o  c o r r e l a t i v e  animal s t u d i e s  f o r  i n v e s t i g a t i o n s  of  
r a d i o p h a r m a c e u t i c a l s  i n  c o r o n a r y  h e a r t  d i s e a s e .  T h i s  would p e r m i t  c o r o n a r y  
angiography t o  d e t e r m i n e  p a t e n c y  of a r t e r i e s  p r i o r  t o  and a f t e r  inducing  
i n f a r c t i o n s  i n  l a r g e  a n i m a l s  as a c o n t r o l  f o r  r a d i o n u c l i d e  imaging p r o c e d u r e s .  
The a p p a r a t u s  would be u s e f u l  a l s o  f o r  r o u t i n e  v e t e r i n a r y  x r a y ,  and f o r  
angiography of r e n a l  t r a n s p l a n t s  ($90,000) .  

2d.  Proposed O b l i g a t i o n s  €or R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 

(See C o n t i n u a t i o n  Sheet) RX- 64 
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P r o j e c t  T i t l e :  D i a g n o s t i c  T e c b i a u e s  - - -  
R e i t e r a t i o n  o f  Assurance S t a t e m e n t  

on 
I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  

I n c l u d i n g  C l i n i c a l  Resea rch  

The H o s p i t a l  o f  t h e  Medical Research C e n t e r ,  Brookhaven N a t i o n a l  Labora to ry ,  
compl i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  of human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  s u p p o r t e d  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department o f  H e a l t h ,  E d u c a t i o n ,  and Welfare  and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  has  e s t a b l i s h e d  
a s t a n d i n g  commit tee  t o  review i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  commit tee  i s  cha rged  w i t h  r e s p o n s i b i l i t i e s  
t o  de t e rmine  f o r  e a c h  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  o f  e a c h  p a t i e n t  w i l l  be a d e q u a t e l y  p r o t e c f e d ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  ou twe igh  t h e  r i s k s ,  and 
t h a t  a n  informed c o n s e n t  w i l l  be o b t a i n e d  from e a c h  p a t i e n t .  

& 

The commi t t ee ,  a p p o i n t e d  b y  t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  Labora to ry ,  
p r o v i d e s  f o r  i ndependen t  judgment o f  i t s  members, and a l t e r n d t e s  a r e  provided 
t o  s e r v e  when t h e r e  m a y  be c o n f l i c t  of i n t e r e s t .  T h i s  i n s t i t u t i o n  encourages  
c o n s t r u c t i v e  communication between the commit tee  and p r i n c i p a l  i n v e s t i g a t o r s  
on  t h e  s a f e g u a r d i n g  of t h e  r i g h t s  and w e l f a r e  o f  s u b j e c t s ;  w i l l  p rov ide  t h e  
r e q u i r e d  c a r e  f o r  pe r sons  i n j u r e d  a s  a r e s u l t  of p a r t i c i p a t i o n ;  and m a i n t a i n s  
comple t e  documenta t ion  o f  p r o p o s a l s  and r ev iews .  Approved i n v e s t i g a t i o n s  
a r e  reviewed by t h e  committee a t  l eas t  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  , 
c a l l y  r ev iews  i t s  p r a c t i c e s  and p r o c e d u r e s  t o  a s s u r e  t h e y  a re  c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department of  H e a l t h ,  E d u c a t i o n ,  and Welfare .  
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J o e l ,  D. D . ,  Hess, M. K. , and C o t t i e r ,  H. Massive m i g r a t i o n  o f  thymic 

/‘ , 

lymphocytes  t o  P e y e r ’ s  p a t c h e s  i n  n e o n a t a l  mice. 
A s p e c t s  o f  Immunity. 

M o r p h o l o g i c a l  and F u n c t i o n a l  
L i n d a h l - K i e s s l i n g ,  G, A l m  and M. G. Hanna, E d i t o r s ,  - 

pp. 141-7, Plenum P r e s s ,  New York, 1971. p- L < 4 L  /- b.,- 
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J o e l ,  D. D., and C r o n k i t e ,  E. P. E x t r a c o r p o r e a l  i r r a d i a t i o n  o f  blood 

and lymph. P r e s e n t e d  a t  N a t i o n a l  Conference  on Research Animals  i n  Medicine - -[: 
Washington,  D. C . ,  J a n u a r y ,  1972. )[- .i ./ / 

,/,!- i- 3’1 i n  c u l t u r e .  E X ~ .  Ce l l  Res. ( i n  p r e s s ) .  , -  

.\ 
i 

B u r l i n g t o n ,  H. , and C r o n k i t e ,  E. P. C h a r a c t e r i s t i c s  of r ena l  g l o m e r u l i  - 
Chanana, A. D., J o e l ,  D. D . ,  S c h a e d e l i ,  J . ,  Hess, M. W., and C o t t i e r ,  H. 

Thymus c e l l  m i g r a t i o n :  
lymphoid t i s s u e s  of  newborn mice.  P r e s e n t e d  a t  t h e  4 t h  I n t e r n a t i o n a l  
Confe rence  on Lymph, T i s s u e  and Germinal  C e n t e r s  i n  Immune R e a c t i o n s ,  Dubrovnik,  

3HTdR-labeled and THETA-posit i v e  c e l  I s  i n  p e r i p h e r a l  

, ,,’ i: < -3, Yugos lav ia ,  J u n e ,  1972 .  ,/:- /- 

C r o n k i t e ,  E. P. R a d i o s e n s i t i v i t y  of lymphocytes.  P r e s e n t e d  a t  t h e  
Confe rence  on R a d i o s e n s i t i v i t y ,  F r e i b u r g ,  Germany, Sep tember ,  1972. ,/a- 

Chikkappa,  G . ,  Boecker ,  W. R. , B o r n e r ,  G. ,  C a r s t e n ,  A. L . ,  Conkling, K., 
and Cook, I,. Bone marrow (BM) c e l l s  o f  c h r o n i c  m y e l o c y t i c  l eukemia  (CML) 
p a t i e n t s  c u l t u r e d  i n  d i f f u s i o n  chamber (DC) system. P r o c .  SOC. Exp. Biol.  

. -  7 Med. ( i n  p r e s s ) .  ; / / ,  
,I 7-- -I 

Greenberg,  M. L,, Chanana, A. D. , C r o n k i t e ,  E. P . ,  G i a c o m e l l i ,  G . ,  
Rai,  K. R., S c h i f f e r ,  L. M . ,  S t ryckmans ,  P. A. , and V i n c e n t ,  P. C. T h e  
g e n e r a t i o n  t ime o f  human l eukemic  m y e l o b l a s t s .  J. Lab. I n v e s t .  26, No. 3 ,  ‘ 4  ’, I L.< 245-52 (1972).  ’ /  ,! 1 

Wagner, H. P., Cottier,  H . ,  and C r o n k i t e ,  E. P. V a r i a b i l i t y  o f  p r o l i f e r -  
a t i v e  p a t t e r n s  i n  a c u t e  lymphoid l eukemia  of  c h i l d r e n .  
176-86 (1972).  

Blood - 39, No. 2 ,  
-. 

I ,  

1 4 -  H i 0  Word Summary: 

The o v e r a l l  o b j e c t i v e  i n  t h e s e  s t u d i e s  i s  u n d e r s t a n d i n g  of t h e  
f ac to r s  c o n t r o l l i n g  c e l l  p r o l i f e r a t i o n .  
a )  t o  d e f i n e  anomalous c e l l  p r o l i f e r a t i o n  i n  human d i s e a s e s  such a s  
l eukemia ,  auto-immune d i s e a s e s  and m a l i g n a n t  lymphomas; b )  t o  b e t t e r  
u n d e r s t a n d  t h e  mechanism of a l l o g r a f t  r e a c t i o n  and e v a l u a t e  E C I B  and 
E C I L  i n  t h e  management o f  a l l o t r a n s p l a n t s  and i n  t h e  t h e r a p y  of human 

S p e c i f i c  o b j e c t i v e s  a r e :  
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14.  Sc.ope : c.Cont ' d )  

m-01-03- (d)  

l eukemia ;  
lymphocytes i n  o t h e r  mammals t h a n  t h e  mouse. 

c )  t o  e s t a b l i s h  t h e  r o l e  o f  bone marrow and thymic -de r ived  

The r o l e  of  t h e  lymphopoie t ic  s y s t e m  i n  immunity i s  e s t a b l i s h e d .  
P r e s e n t  d o c t r i n e  s t a t e s :  a n t i g e n s  are r e c o g n i z e d  by thymic (T) c e l l s ,  
t r a n s f o r m a t i o n  o f  bone marrow ( B )  c e l l s  i s  fo l lowed  by p r o l i f e r a t i o n  
and development o f  c l o n e s  of  B c e l l s  p r o d u c i n g  s p e c i f i c  a n t i b o d y .  
F a c t o r s  r e g u l a t i n g  t h e  p r o l i f e r a t i o n  o f  h e m o p o i e t i c  stern c e l l s  (HSC) i n  
t h e  bone marrow and t h e i r  d i f f e r e n t i a t i o n  i n t o  t h e  lymphopo ie t i c  sys t em 
as w e l l  a s  o t h e r  c e l l  l i n e s  a r e  n o t  u n d e r s t o o d .  Through n u c l e i c  a c i d  
l a b e l i n g  w i t h  t r i t i a t e d  p r e c u r s o r s ,  a u t o r a d i o g r a p h y ,  and t h e  d e t e c t i o n  
o f  s p e c i f i c  a n t i g e n s  c h a r a c t e r i s t i c  o f  t h e  T lymphocyte,  c e l l  p r o l i f e r a -  
t i o n  and m i g r a t i o n  a r e  s t u d i e d  i n  an  endeavor  t o  c h a r a c t e r i z e  t h e , h i n e t i c  
model o f  l y m p h o c y t o p o i e s i s  and i t s  r e g u l a t i o n .  

B) Supplement  t o  200 Word Summary: 

DNA and RNA l a b e l i n g  of lymphocytes by r a d i o a c t i v e  p r e c u r s o r s  of 
n u c l e i c  a c i d s  i s  accompl ished  by: a )  i n t r a v e n o u s  a d m i n i s t r a t i o n  t o  t h e  
whole body; b) s i n g l e  organ  p e r f u s i o n  i n  v i v o ;  c )  -- i n  v i t r o  i n c u b a t i o n ;  
d )  
of a l a b e l e d  a l l o g e n e i c  an imal  o r  s y n g e n e i c  tw in  w i t h  a n  u n l a b e l e d  p a r t n e r .  

i n  v i t r o  and i n  v i v o  t e c h n i q u e s  combined; and e )  c r o s s  c i r c u l a t i o n  
. 

These t e c h n i q u e s  a r e  a p p l i e d :  a )  t o  e s t i m a t e  c e l l  c y c l e  times of # 

v a r i o u s  c l a s s e s  of  lymphocytes;  b )  to  s t u d y  t h e  i n f l u e n c e  o f  c o n c e n t r a t i o n  
o f  lymphocytes i n  b lood  and /o r  lymph on c e l l  c y c l e  t imes  and c e l l  p r o l i f e r a -  
t i o n  r a t e s ;  c )  t o  measure c e l l  p r o d u c t i o n  i n ,  and c e l l  m i g r a t i o n  from, 
i n d i v i d u a l  lymphoid o rgans  such  as bone marrow, lymph n o d e s ,  s p l e e n ,  
and thymus; d )  t o  s t u d y  lymphocy topo ies i s  i n  an imals  d e p r i v e d  o f  major 
lymphoid o r g a n s ;  e)  to c h a r a c t e r i z e  t h e  mechanism by which  a g e n t s  such 
as h e p a r i n  and E. p e r t u s s i s  c a u s e  l y m p h o c y t o s i s ;  
c u l a t i o n  o f  a l l o g e n e i c  and s y n g e n e i c  lymphocy tes ;  and g ) ' t o  measure  the  
l i f e  s p a n  o f  m i g r a n t  c e l l s  from o r g a n s  l a b e l e d  by p e r f u s i o n .  

f )  t o  s t u d y  t h e  r e c i r -  

The thymus r e g u l a t e s  i n  p a r t  t h e  s i z e  of t h e  c i r c u l a t i n g  p o o l  of  
The i n f l u e n c e  of thymectomy on t h e  s i z e s  of  t h e  v a r i o u s  lymphocytes.  

lymphocyt ic  p o o l s  is s t u d i e d  u t i l i z i n g  i s o t o p i c  d i l u t i o n  and t h e  d e p l e t i o n  
methods of e x t r a c o r p o r e a l  i r r a d i a t i o n  of t h e  b lood  (ECIB) and lymph (ECIL). 
The i q t e r r e l a t i o n s h i p  between t h e  thymus and t h e  bone marrow lymphocytes 
i s  s t u d i e d  by o b s e r v i n g  p r o l i f e r a t i o n  and a n t i b o d y  p r o d u c t i o n  i n  d i f f u s i o n  
c h a m w t 8  c o n t a i n i n g  m i x t u r e s  o f  B and T c e l l s .  Regional  o r g a n  p e r f u s i o n  
o f  bone marrow and thymus by r a d i o a c t i v e  i s o t o p e s  is  used t o  s t u d y  & - v i v o  ehe i n t e r a c t i o n  o f  mig ran t  B and T c e l l s  i n  lymph nodes  and s p l e e n .  
The p r o l i f e r a t i n g  and n o n - p r o l i f e r a t i n g  l p p h o i d  c e l l s  a r e  tagged  w i t h  
v a r i o u s  r a d i o i s o t o p i c  l a b e l s  t o  s t u d y  t h e i r  m i g r a t i o n  p a t t e r n s ,  l i f e  span ,  
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t h e  changes d u r i n g  d e p l e t i o n  and r e p l e t i o n ,  and t h e  changes  i n  t h e  c o u r s e  
of  a l l o g r a f t  immuniza t ion .  

Labe l ing  o f  thymocytes w i t h  t r i t i a t e d  thymidine  v i a  i n t r a - a r t e r i a l  
c a n n u l a e  which h a s  p rov ided  much i n f o r m a t i o n  a b o u t  t h e  p a t t e r n  and 
magnitude of T c e l l  m i g r a t i o n  i n  c a l v e s  w i l l  be used t o  g a i n  more 
i n f o r m a t i o n  on t h e  f a t e  and l i f e  s p a n  o f  T c e l l  m i g r a n t s .  The magnitude 
o f  m i g r a t i o n  from t h e  thymus i s  s t u d i e d  a l s o  by o b s e r v i n g  t h e  n a t u r a l  
marker of T c e l l s ,  t h e  a l l o a n t i g e n  9. The l a r g e  p o s t n a t a l  m i g r a t i o n  of 
mouse 8 + T c e l l s  t o  t h e  i n t e s t i n a l  lymphoid t i s s u e s  h a s  been  c o r r e l a t e d  
w i t h  p o s t n a t a l  p o p u l a t i o n  of g u t  by b a c t e r i a ,  s u g g e s t i n g  t h a t  t h e  migra-  
t o r y  s t i m u l u s  may be from b a c t e r i a l  a n t i g e n s .  T h i s  w i l l  be  i n v e s t i g a t e d  
by s t u d y i n g  T c e l l  m i g r a t i o n  i n t o  t h e  P e y e r ' s  p a t c h e s  and g u t  lume?  u s i n g  
s t e r i l e  and c o n t a m i n a t e d  e x t e r i o r i z e d  i n t e s t i n a l  l o o p s .  

The long te rm s t u d y  o f  t r i t i a t e d  thymid ine  l a b e l e d  DNA and c e l l  
t u r n o v e r  i s  c o m p l i c a t e d  by t h e  f a c t  t h a t  t h e  t r i t i a t e d  thymid ine  i s  
r e u t i l i z e d .  However, i n  :he lymph node t h e r e  a p p e a r s  t o  b e  e i t h e r  no 
r e u t i l i z a t i o n  o r  r e u t i l i z a t i o n  is  a t  t h e  p o l y n u c l e o t i d e  l e v e l  t h e r e b y  
e s c a p i n g  d e s t r u c t i o n  by thymidine  k i n a s e .  A p o s s i b l e  method f o r  s t u d y i n g  
t h i s  q u e s t i o n  i s  r e g i o n a l  lymph node p e r f u s i o n .  I n f u s i o n  o f  DNA p r e -  
c u r s o r s  i n t o  t h e  lymph node would l a b e l  o n l y  t h o s e  c e l l s  i n  DNA s y n t h e s i s  

o r g a n s  would n o t  be l a b e l e d .  
c o n s t a n t l y  by c a n n u l a t i n g  t h e  e f f e r e n t  l ympha t i c  d u c t .  

' w i t h i n  t h e  lymph node and c e l l s  e n t e r i n g  t h e  node from o t h e r  lymphoid 
Ce l l s  l e a v i n g  t h e  lymph node c a n  be  moni tored  

' 

E f f e c t i v e  p r o l o n g a t i o n  o f  k idney  a l l o g r a f t  s u r v i v a l  was o b t a i n e d  
w i t h  p r e -  and p o s t - g r a f t i n g  E C I B  i n  some g o a t s .  However, f o r  unknown 
r e a s o n s  some k i d n e y s  were r e j e c t e d  no rma l ly .  E f f e c t i v e  immunosuppression 
by E C I B  may depend upon t h e  d e g r e e  o f  h i s t o c o m p a t i b i l i t y  between donor and 
r e c i p i e n t .  Methods f o r  d e t e r m i n i n g  t h e  " c l o s e n e s s "  o f  ma tch  between donors  
and r e c i p i e n t s  u s i n g  t h e  one way mixed l e u k o c y t e  r e a c t i o n  and l eukocy te  
t y p i n g  w i l l  be a p p l i e d .  For u l t ima te  c l i f i i c a l  a p p l i c a t i o n  i t  a p p e a r s  t h a t  
E C I B ,  E C I L ,  o r  b o t h ,  w i l l  have  t o  be used  i n  c o n j u n c t i n n  w i t h  d rug  
immunosuppressive t h e r a p y .  The e f f e c t i v e n e s s  of E C I B  and E C I L  would b e  
g r e a t l y  enhanced i f  more lymphocytes c o u l d  be m o b i l i z e d  f rom t i s s u e  
and k i l l e d  i n  t r a n s i t  th rough t h e  b lood .  E C I B  h a s  been a p p l i e d  i n  p a t i e n t s  
w i t h  c h r o n i c  lymphocy t i c  leukemia (CLL) w i t h  b e n e f i c i a l  e f f e c t s .  A s  
p a t t k r  need t r e a t m e n t  t h e s e  s t u d i e s  w i l l  c o n t i n u e  w i t h  t h e  o b j e c t i v e  
o f  d#%ermining e f f e c t  on l o n g e v i t y ,  m o r b i d i t y ,  and d u r a t i o n  o f  u s e f u l  
1 i f e . V  ECIB has no h a r m f u l  e f f e c t s  i n  c o n t r a s t  t o  c h e m o t h e r a p e u t i c  d rugs  
t h a t  produce s e v e r e  and  sometimes f a t a l  th rombopenia ,  g r a n u l o c y t o p e n i a ,  
anemia ,  and immunosuppression. An a d e q u a t e  e v a l u a t i o n  w i l l  r e q u i r e  a t  
l e a s t  10-15 y e a r s  and a c o n t i n u a l  f l ow o f  p a t i e n t s .  

I .  

(See C o n t i n u a t i o n  S h e e t )  RX-69 
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P r o j e c t  T i t l e :  Lymphocytopoies i s  and T r a n s p l a n t a t i o n  Immunology 
1 4 .  Scope:  (Cont 'd . )  

RX-01-03-(d) 

When t h e  human r e n a l  t r a n s p l a n t  program commences a t  Nassau Cou9ty 
Medica l  C e n t e r ,  p a t i e n t s  w i l l  be randomized i n t o  E C I B  p repa red  and non- 
E C I B  prepared  g roups  f o r  e v a l u a t i o n  o f  E C I B  as  a p r e - t r a n s p l a n t  immuno- 
s u p p r e s s i v e  p rocedure .  E v a l u a t i o n  will r e q u i r e  a t  l e a s t  100 p a t i e n t s  i n  
b o t h  groups .  With t h e  e s t i m a t e d  r e n a l  t r a n s p l a n t a t i o n  ra te  o f  40-50  per 
y e a r  i t  w i l l  t a k e  a b o u t  5 y e a r s  t o  e v a l u a t e  ECIB.  

The t o x i c i t y  o f  B. p e r t u s s i s  p r e c l u d e s  i t s  c l i n i c a l  u se .  I t  i s  
n e c e s s a r y  t o  resume work on t h i s  l ymphocy tos i s -p roduc ing  a g e n t  i n  o r d e r  
t o  s e p a r a t e  n o n - t o x i c  lymphocytos is -promot ing  f a c t o r .  Another  q u e s t i o n  
t h a t  remains unanswered i s  t h e  r o l e  o f  s t r e s s - i n d u c e d  s e c r e t i o n  o f  a d r e n a l  
c o r t i c a l  s t e r o i d s  o n  i n d u c t i o n  of  lymphocytopenia  d u r i n g  ECLB and ECIL .  
T h i s  problem w i l l  be s t u d i e d  by per forming  E C I B  and ECIL i n  no rma l , . \ ad rena l -  i 

e c t o m i z e d ,  and sham-adrena lec tomized  c a l v e s .  

The c u l t u r e  o f  c e l l s  i n  i n t r a p e r i t o n e a l  d i f f u s i o n  chambers d e s c r i b e d  
i n  RX-03-02-(b) h a s  provided  p r o v o c a t i v e  d a t a  o n  lymphocyt ic  growth.  Human 
b lood  c e l l s  i n  d i f f u s i o n  chamber c u l t u r e s  show a sequence  of e v e n t s  
s u g g e s t i n g  t h a t  small lymphocytes  a r e  unde rgo ing  t r a n s f o r m a t i o n  and 
p r o l i f e r a t i o n  i n t o  lymphocytoid b l a s t s  w i t h  p r o d u c t i o n  of  plasma c e l l s  
a f t e r  2 - 3  weeks i n  c u l t u r e .  The  d i f f u s i o n  chamber  system w i l l  be a p p l i e d  
i n  t h e  s t u d y  of  immunological  r e a c t i o n s .  

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s : .  

C l o s e l y  r e l a t e d  s t u d i e s  a t  Brookhaven are  t h e  s t u d i e s  o f  hemopoies i s  
(RX-03-02-b) and S t o n e r ' s  s t u d i e s  on lymph nodes  d u r i n g  a n t i g e n i c  s t i m u l u s  
(RX-03-01-b). A t  Oak  Ridge ,  Makinodan s t u d i e s  c e l l u l a r  a s p e c t s  of  humoral 
a n t i b o d y  p r o d u c t i o n  d u r i n g  a g i n g ,  and Hanna s t u d i e s  immunological sys tems 
i n  r e l a t i o n  t o  c a n c e r ,  w i t h  emphasis  on c e l l u l a r  immunity. 

- 

C o t t i e r ,  U n i v e r s i t y  o f  Bern; J a n s e n ,  S o u t h  A f r i c a n  Atomic Energy 
Board,  P r e t o r i a ;  K i l lmann ,  Copenhagen; F l i e d n e r ,  U n i v e r s i t y  o f  Ulm; and 
S c h i f f e r ,  A l l egheny  Genera l  H o s p i t a l ,  P i t t s b u r g h ,  a l l  a lumni  of Brookhaven, 
c o n t i n u e  t o  work i n  c l o s e l y  a l l i e d  a r e a s  and i n  c o l l a b o r a t i o n  w i t h  BNL. 

Re la ted  s t u d i e s  e l s e w h e r e  i n c l u d e  t h o s e  o f :  Thomas and a s s o c i a t e s ,  
U n i v e r s i t y  o f  Washington ,  School  o f  Med ic ine ,  on  E C I B  i n  leukemia  and 
bone matrow t r a n s p l a n t a t i o n ;  and H o l l a r d  and a s s o c i a t e s  a t  C e n t r e  d ' E t u d e s  
Nuclea-frets de  C r e n o b l e ,  F r a n c e ,  on E C I B  and i t s  a p p l i c a t i o n  i n  the t r e a t m e n t  
o f  le-mia. McGinn and a s s o c i a t e s  aL t h e  U n i v e r s i t y  o f  Cambridge, Pe r s son  
and  a s s e c i a c c s  a t  t h e  U n i v e r s i t y  of  G o t e b e r g ,  and Weeke and a s s o c i a t c s ,  
R i g s h o d p i t a l e t ,  Copenhagen,  app ly  E C I B  i n  t h e  p r e p a r a t i o n  o f  p a t i e n t s  f o r  

(See  C o n t i n u a t i o n  S h e e t )  Rx-70 
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P r o j e c t  T i t l e :  Lymphocytopoiesis  and T r a n s p l a n t a t i o n  Immunology RX-Ol-O3-(d) 
15.  R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  ( C o n t ' d . )  

r e n a l  t r a n s p l a n t a t i o n .  
Anderson ,  U n i v e r s i t y  of  Copenhagen; L a j t h a ,  Manches t e r ,  England;  'and Mauer, 
C h i l d r e n ' s  H o s p i t a l ,  U n i v e r s i t y  o f  C i n c i n n a t i .  

O t h e r  c l i n i c a l  E C I B  s t u d i e s  a r e  t h o s e  o f :  

Gowans and a s s o c i a t e s ,  S i r  W i l l i a m  Dunn School  of P a t h o l o g y ,  Oxford ;  
M o r r i s  -- e t  a l .  U n i v e r s i t y  o f  CANBERRA, A u s t r a l i a ;  Lance and a s s o c i a t e s ,  
Nor thwick  Park H o s p i t a l ,  Harrow, England;  E v e r e t t  and a s s o c i a t e s ,  U n i v e r s i t y  
o f  Washington,  and Waksman and a s s o c i a t e s  a t  Yale U n i v e r s i t y  s t u d y  c e l l  
p r o l i f e r a t i o n  and m i g r a t i o n  i n  lymphopo ie t i c  sys t ems  and t h e  r e l a t i o n s h i p  
t o  immunologic r e a c t  i o n s .  

16. Techn ica l  P r o g r e s s  i n  FY 1973: 
i' 

I n t r a - a r t e r i a l  l a b e l i n g  of  t h e  thymus w i t h  t r i t i a t e d  thymid ine  i n  
c a l v e s  has  shown e x t e n s i v e  m i g r a t i o n  o f  thymocytes  t o  t h e  g u t - a s s o c i a t e d  
t i s s u e s ,  lymph n o d e s ,  and s p l e e n .  W i t h i n  lymph nodes ,  t h e  m i g r a t i o n  
f i r s t  t o  t h e  p a r a c o r t e x  i s  fo l lowed by m i g r a t i o n  t o  t h e  o u t e r  c o r t e x  and 
i n t o  t h e  medul la .  Thymic c e l l s  a r e  n o t  found i n  germina l  c e n t e r s  n o r  
have  any ,  t o  d a t e ,  been  found i n  t h e  bone marrow. 
l a b e l e d  c e l l s  are  f i r s t  s e e n  i n  t h e  m a r g i n a l  zone;  m i g r a t i o n  f o l l o w s  i n t o  
t h e  dense  w h i t e  c o r t e x  and i n t o  t h e  r e d  p u l p  o f  t h e s p l e e n .  P r e l i m i n a r y  
s t u d i e s  s u g g e s t  t h a t  thymic m i g r a n t s  d i v i d e  r a p i d l y  and a re  u n d e t e c t a b l e  
a f t e r  9 6  hour s .  The l i f e  span  o f  t h e  m i g r a n t s  i s  under  s t u d y .  

I n  t h e  s p l e e n ,  

Brookhaven r e s u l t s ,  based on m o r p h o l o g i c a l  and a u t o r a d i o g r a p h i c  
s t u d i e s  of  thymic c e l l  m i g r a t i o n  and p r o l i f e r a t i o n  i n  newborn mice ,  
c o n f l i c t e d  w i t h  d a t a  o b t a i n e d  e l s e w h e r e  u t i l i z i n g  c y t o t o x i c i t y  of  a n t i -  
b o d i e s  a g a i n s t  t h e  thymic a l l o a n t i g e n  @. 
Bern, D r .  Chanana r e s t u d i e d  t h e  problem employing  i n d i r e c t  imrnunof l u o r e s c e n t  
t e c h n i q u e s  d i r e c t e d  a g a i n s t  n a t u r a l  8 s u r f a c e  a l l o a n t i g e n .  
c o n c l u s i v e l y  d e m o n s t r a t e d  a major  m i g r a t i o n  from thymus t o  t h e  g u t -  
a s s o c i a t e d  lymphoid t i s s u e ,  lymph n o d e s ,  and s p l e e n  i n  t h e  f i r s t  f i v e  
p o s t n a t a l  d a y s .  The magni tude  o f  t h e  m i g r a t i o n  of 8 x c e l l s  from t h e  
thymus of  t h e  mouse t o  g u t  was unexpec ted - -ove r  90% o f  t h e  c e l l s  i n  
P e y e r ' s  p a t c h e s  and  m e s e n t e r i c  lymph nodes  o f  4-day o l d  mice were @ 
p o s i t i v e .  These r e s u l t s  f u l l y  s u p p o r t  e a r l i e r  s t u d i e s  i n  c a l v e s  on 
m i g r a t i o n  from thymus t o  p e r i p h e r a l  t i s s u e s  u s i n g  t r i t i a t e d  thymid ine  and 
thymic  s p e c i f i c  a n t i g e n  as  marke r s ;  a l s o  t h e  FY 1972  s t u d i e s  o f  J o e l  on 
migraaon of t r i t i a t e d  thymidine  l a b e l e d  c e l l s  from t h e  thymus o f  t h e  
p o s t b l  mouse. The a s s e r t i o n  t h a t  t h e  g u t  a s s o c i a t e d  lymphoid t i s s u e  
i s  p a r i l y  a bone marrow dependent  o r g a n  must t h e r e f o r e  be i n  d o u b t .  

While a t  t h e  U n i v e r s i t y  of  

These  s t u d i e s  

(See C o n t i n u a t i o n  Sheet)  RX-7 1 
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P r o j e c t  T i t l e :  ~ m p  h o c v t o p o i e s i s  and  T r a n s p l a n t a t i o n  Immunolonv RX-01-03- ( d )  
1 6 .  T e c h n i c a l  P r o g r e s s  i n  FY 1973:  ( C o n t ' d . )  

Routes  of  m i g r a t i o n  of lymphocytes from t h e  c a l f  thymus were shown 
t o  be through t h e  thymic lympha t i c s  and v e i n s .  
lymphocytes  from t h e  thymus i s  3-4 t imes  g r e a t e r  t han  the  number o f  small 
lymphocytes  i n  t h e  b l o o d .  

The d a i l y  o u t p u t  o f  

The q u e s t i o n  of  magni tude  of thymic c e l l  m i g r a t i o n  t o  bov ine  
P e y e r ' s  p a t c h e s  is u n r e s o l v e d .  The an ima l  s t u d i e s  were comple t ed ,  b u t  
t h e  a u t o r a d i o g r a p h i c  d a t a  ana lys i s  is  n o t .  Most i n v e s t i g a t o r s  s t u d y i n g  
thymic  lymphocy topo ies i s  and m i g r a t i o n  e i t h e r  l a b e l  s u s p e n s i o n s  o f  thymic  
c e l l s  o r  i n j e c t  d i r e c t l y  i n t o  t h e  thymus, d i s t o r t i n g  i t s  a r c h i t e c t u r e .  
S i n c e  s t u d i e s  f o l l o w i n g  i n t r a - a r t e r i a l  p e r f u s i o n  o f  t h e  thymus w i t h  
t r i t i a t e d  thymidine  showed a d i f f e r e n t  d i s t r i b u t i o n  than  t h e  above 
t e c h n i q u e s ,  d i s t r i b u t i o n  of thymic c e l l s  a f t e r  i n t r a v e n o u s  i n j e c t i b n  o f  
l a b e l e d  thymic c e l l  s u s p e n s i o n  was compared t o  t h a t  f o l l o w i n g  i n t r a -  
a r t e r i a l  p e r f u s i o n .  Fo l lowing  i . v .  i n j e c t i o n  a g r e a t l y  i n c r e a s e d  t r a p p i n g  
of  thymic  c e l l s  w i t h i n  t h e  s p l e e n  was o b s e r v e d ,  s u g g e s t i n g  t h a t  i n f u s i o n  
o f  thymic c e l l  s u s p e n s i o n s  may p r o v i d e  q u a n t i t a t i v e l y  e r r o n e o u s  r e s u l t s .  

S i n c e  t r a n s p l a n t e d  a l l o g e n e i c  lymphocytes  a re  b e l i e v e d  r e s p o n s i b l e  
f o r  t h e  development o f  g r a f t  vs h o s t  d i s e a s e  a f t e r  bone marrow t r a n s -  
p l a n t a t i o n ,  t he  c a p a b i l i t y  o f  i s o g e n e i c  and a l l o g e n e i c  lymphocytes to 
r e c i r c u l a t e  from blood t o  lymph was i n v e s t i g a t e d  u s i n g  i n  v i v o  and 
-- i n  v i t r o  thymidine  and c y t i d i n e  l a b e l i n g  f o l l o w e d  by t r a n s f u s i o n  or CKOSS 

c i r c u l a t i o n .  P r e l i m i n a r y  r e s u l t s  s.how t h a t  i s o g e n e i c  lymphocytes are  
c a p a b l e  o f  r e c i r c u l a t i n g  from blood t o  lymph whereas  the a l l o g e n e i c  are 
n o t  endowed w i t h  t h i s  c a p a c i t y .  T h i s  work w a s  p l anned  f o r  c o m p l e t i o n  
i n  FY 1973 b u t  due t o  l a c k  o f  p e r s o n n e l  i t s  c o m p l e t i o n  i s  now p lanned  f o r  
FY 1974. 

The t u r n o v e r ,  i n  v a r i o u s  lymphoid o r g a n s ,  o f  DNA l a b e l e d  w i t h  
t r i t i a t e d  thymid ine  was compared t o  t h a t  of  DNA l a b e l e d  w i t h  1-125- 
d e o x y u r i d i n e  u s i n g  mice 1-8 days  a f t e r  b i r t h .  S i g n i f i c a n t  d i f f e r e n c e s  
i n  t h e  e x p o n e n t i a l  d e c l i n e s  of t h e s e  two i s o t o p e s  i n d i c a t e  t h a t  i n  
a d d i t i o n  t o  i n m i g r a t i o n ,  t h e r e  i s  a s i g n i f i c a n t  c e l l  d e a t h  t a k i n g  p l a c e  
i n  t h e  thymus d u r i n g  t h i s  p e r i o d  o f  deve lopmen t .  
p e r i p h e r a l  lymph nodes  s u g g e s t  t h a t  c e l l  d e a t h  and r e u t i l i z a t i o n  of  
t hymid ine  o c c u r s  i n  t h e s e  o r g a n s .  T h i s  i s  c o n t r a r y  t o  f i n d i n g s  i n  lymph 
nodes  of young a d u l t  mice  and f u r t h e r  s t u d i e s  a r e  underway u t i l i z i n g  
i s o l a 4 e d  lymph node p e r f u s i o n  t o  e l i m i n a t e  t h e  e f f e c t  of m i g r a t i o n  o f  
l a b e &  c e l l s  i n t o  and o u t  o f  t he  lymph node .  

S i m i l a r  a n a l y s e s  o f  

he r e s p o n s e  o f  t h e  lymphocyt ic  s y s t e m  of t h e  g o a t s  t o  ECIB w a s  
s t u d i e d  d u r i n g  and up t o  two months a f t e r  E C I B  by o b s e r v i n g  changes  i n  
t h e  lymphocyte c o n c e n t r a t i o n  and t h e  " f l a s h "  l a b e l i n g  index  o f  lymphocytes 
i n  b l o o d ,  t h o r a c i c  d u c t  lymph, thymus, p r e s c a p u l a r  lymph node ,  s p l e e n ,  

(See C o n t i n u a t i o n  S h e e t )  RX- 72 
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Rx-01-03- ( d j  P r o j e c t  T i t l e :  Lymphocytopoiesis and T r n n s F i a n t a t i o n  m u n o l o g y  
16.  T e c h n i c a l  Progress i n  FY 1973: ( C o n t ' d )  

P e y e r ' s  p a t c h ,  and bone marrow. Lymphocyte c o n c e n t r a t i o n  i n  t h e  blood 
d e c l i n e d  c o n t i n u o u s l y  d u r i n g  E C I B .  R e p l e t i o n  of lymphocytes  began a 
few d a y s  a f t e r  c e s s a t i o n  of E C I B  and c o n t i n u e d  fo r  t h e  d u r a t i o n  of t h e  
s t u d y .  Complete r e c o v e r y ,  however,  was n o t  ach ieved  by 2 months a f t e r  
t e r m i n a t i o n  of E C I B .  Changes s i m i l a r  t o  those  s e e n  i n  b lood  lymphocyte 
c o n c e n t r a t i o n  ( d e c r e a s e  and r e c o v e r y )  were a l s o  obse rved  i n  t h e  t h o r a c i c  
d u c t  lymph. The s p l e e n ,  lymph n o d e s ,  thymus, and P e y e r ' s  p a t c h e s  showed 
v a r i o u s  d e g r e e s  of lymphocyte d e p l e t i o n  d u r i n g  E C I B .  
c e n t r a t i o n  i n  t h e  bone marrow remained  c o n s t a n t .  W i t h i n  t h e  two-month 
e x p e r i m e n t a l  p e r i o d ,  t h e  thymus, lymph nodes and Peyer's p a t c h e s  r ecove red  
c o m p l e t e l y  w h i l e  t h e  s p l e e n ,  d e s p i t e  showing some r e c o v e r y ,  remained 
p a r t i a l l y  d e p l e t e d  f o r  t h e  e n t i r e  p e r i o d .  Fo l lowing  c e s s a t i o n  o f  E C I B ,  
t h e  lymphocyte c o n c e n t r a t i o n  i n  bone marrow i n c r e a s e d ,  r e a c h i n g  a i ' l e v e l  
above t h e  c o n t r o l s  by day 4 .  T h e r e a f t e r  i t  r e t u r n e d  t o  t h e  l e v e l  of 
t h e  mean sham c o n t r o l  groups  and a p p e a r e d  t o  remain  be low t h i s  l e v e l  
f o r  t h e  e n t i r e  p e r i o d  of t h e  s t u d y .  
l a b e l i n g  i n d e x  o f  t h e  d i v i d i n g  p o p u l a t i o n  of lymphocytes w a s  n o t i c e d  i n  
t h e  bone marrow, P e y e r ' s  p a t c h e s ,  b l o o d  and t h o r a c i c  d u c t  lymph. The 
i n c r e a s e  was most marked i n  t h e  bone marrow. The peak  l e v e l  of t h e  
l a b e l i n g  i n d e x  of t h e  bone marrow w a s  a t t a i n e d  on day  4 f o l l o w i n g  c e s s a -  
t i o n  o f  E C I B ,  t h e  t ime a t  which t h e  lymphocyte c o n c e n t r a t i o n  of bone marrow 
also peaked .  Thymus and s p l e e n  d i d  n o t  show any a p p r e c i a b l e  change i n  
t h e  l a b e l i n g  i n d e x  as a r e s u l t  o f  E C I B .  An i n c r e a s e  i n  l a b e l i n g  index  
of  t h e  d i v i d i n g  p o p u l a t i o n  o f  lymph node lymphocytes w a s  obse rved  d u r i n g  
E C I B  and sham E C I B .  T h e  o b s e r v a t i o n  t h a t  ECIB-induced lymphocytopenia  
i n i t i a t e d  a s t i m u l a t o r y  s i g n a l  f o r  i n c r e a s e d  p r o l i f e r a t i v e  a c t i v i t y  of  
lymphocytes i n  t h e  bone marrow i s  new and e x c i t i n g  and may shed  l i g h t  
on one  o f  t h e  o r i g i n a l  o b j e c t i v e s  of  E C I B ,  namely, and t o  show whether 
p a r t i a l  d e p l e t i o n  of lymphocyt ic  t i s s u e s  t r i g g e r s  p r o l i f e r a t i o n  w i t h i n  
some segment of t h e  lymphocyt ic  s y s t e m .  Whether t h i s  i n c r e a s e d  pro-  
l i f e r a t i o n  i s  i n  r e s p o n s e  t o  i n c r e a s e d  c e l l  d e s t r u c t i o n ,  o r  t o  a mechanism 
t h a t  s e n s e s  a d e c r e a s e  i n  s i z e  of lymphocyte p o o l s  i n  b l o o d  o r  t i s s u e s  
i s  n o t  known. E a r l i e r  s t u d i e s  had shown t h a t  p e r i p h e r a l  lymphocyte 
d e p l e t i o n  r e s u l t s  i n  an i n i t i a l ,  t emporary  d e p l e t i o n  i n  t h e  thymus 
d u r i n g  E C I B .  The  thymus i s  known t o  be r e p o p u l a t e d  by c e l l s  o r i g i n a t i n g  
i n  t h e  bone marrow a f t e r  f a t a l  i r r a d i a t i o n .  These f a c t s ,  and t h e  
i n c r e a s e d  p r o l i f e r a t i v e  a c t i v i t y  o b s e r v e d  i n  bone marrow, s u g g e s t  t h a t  
t h e r e  might be a feedback  loop  from t h e  thymus t o  t h e  marrow, s t i m u l a t i n g  
marrw p r o d u c t i o n  t o  r e p l e t e  t h e  thymus. 

Lymphocyte con- 

Dur ing  E C I B  a n  i n c r e a s e  i n  t h e  f l a s h  

Dur ing  t h e  p r e c e d i n g  s t u d i e s ,  t h e  lymphocyte c o u n t / u n i t  volume o f  
t h o r a c i c  d u c t  lymph c o n t i n u e d  t o  f a l l ,  r e a c h i n g  t h e  l o w e s t  l e v e l  a few 
days  a f t e r  c e s s a t i o n  of E C I B .  To s t u d y  t h i s  f u r t h e r ,  t h o r a c i c  d u c t s  were 
c a n n u l a t e d  and a r t e r i o v e n o u s  s h u n t s  e s t a b l i s h e d  i n  c a l v e s .  One c a l f  was 
s u b j e c t e d  to  i n t e r m i t t e n t  E C I B  and t h e  o t h e r  r e c e i v e d  i n t e r m i t t e n t  sham 

(See C o n t i n u a t i o n  S h e e t )  R x - 7 3  
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Nuclea r  Medicine Technology and O t h e r  
H e a l t h  4 p p l i c a t i o n s  

P r o j e c t  T i t l e :  Lymphocytopoies i s  and T r a n s p l a n t a t i o n  Inmunology RX-01-03-(d) 
16.  T e c h n i c a l  P r o g r e s s  i n  Fy 1973: (Con t ' d )  

E C I B .  T h o r a c i c  d u c t  c e l l s ,  l a b e l e d  2 v i t r o  w i t h  t r i t i a t e d  thymidine  
t o  t a g  a f r a c t i o n  o f  t h e  l a r g e  c e l l s ,  were  i n f u s e d  i n t r a v e n o u s l y .  
t o t a l  o u t p u t  of l a b e l e d  and u n l a b e l e d  lymphocytes i n  t h o r a c i c  d u c t  
lymph and t h e  c o n c e n t r a t i o n  of l a b e l e d  and u n l a b e l e d  lymphocytes i n  t h e  
blood w a s  m o n i t o r e d  d a i l y ,  d u r i n g  and f o l l o w i n g  E C I B .  T h e  t o t a l  o u t p u t  
o f  l a b e l e d  and u n l a b e l e d  lymphocytes i n  t h o r a c i c  d u c t  lymph d e c l i n e d .  
Blood lymphocyte c o n c e n t r a t i o n  showed s i m i l a r  changes .  
i n  t h o r a c i c  d u c t  lymphocytes showed t h a t  small n o n - d i v i d i n g  lymphocytes 
and l a r g e  d i v i d i n g  lymphocytes were d e c r e a s e d .  

The 

C e l l  s i z e  a n a l y s i s  

To r e d u c e  c o s t s  t o  meet b u d g e t a r y  r e s t r i c t i o n s ,  a p r o j e c t  on the  
i n f l u e n c e  of l o n g  term thymectomy on lymphocy topo ies i s  and t r a n s p l a n t a t i o n  
immunology w a s  t e r m i n a t e d  by  k i l l i n g  30 g o a t s  t h a t  had been  follqtSed 
f o r  up t o  f i v e  y e a r s  a f t e r  thymectomy. T h i s  p r o j e c t  w i l l  n o t  be r e -  
a c t i v a t e d  u n t i l  i t  i s  c e r t a i n  t h a t  a d e q u a t e  manpower w i l l  be  a v a i l a b l e  
on a long- t e rm b a s i s .  

Three  s c h e d u l e s  of E C I B  have  been  used  t o  p r e p a r e  g o a t s  f o r  r e n a l  
t r a n s p l a n t s .  Randomly s e l e c t e d  d o n o r s  and r e c i p i e n t s  have  been used .  
With t h e  e x c e p t i o n  o f  E C I B - I ,  d o n o r - r e c i p i e n t  p a i r s  checked  f o r  " c l o s e n e s s  
o f  match" w i t h  a one-way lymphocyte c u l t u r e  t e c h n i q u e .  E C I B o I  c o n s i s t e d  
o f  i r r a d i a t i n g  5-10 b lood  volumes p e r  d a y  for 10-15 days  p r i o r  t o  t r a n s -  
p l a n t a t i o n  w i t h  a h i g h  t r a n s i t  d o s e  v a r y i n g  from 275-400 r a d s .  
s c h e d u l e  had p r o v i d e d  encourag ing  r e s u l t s  when used as a n  a d j u n c t  w i t h  
s t a n d a r d  immunosuppression i n  p r e p a r i n g  human b e i n g s  f o r  r e n a l  t r a n s -  
p l a n t a t i o n  a t  t h e  R i g s h o s p i t a l e t  U n i v e r s i t y  o& Copenhagen, Denmark, and 
a t  t h e  Depar tmen t  o f  S u r g e r y ,  U n i v e r s i t y  of G o t e b e r g ,  Sweden. E C I B - I  
was used  w i t h o u t  any  s u p p o r t i v e  c h e m i c a l  immunosuppressive t h e r a p y  o r  
d o n o r - r e c i p i e n t  ma tch ing .  
was induced .  E C I B - I 1  s h c e d u l e  was d e v i s e d  t o  r e d u c e  d o s e  t o  r e d  c e l l s  
and t ime r e q u i r e d  f o r  p r e - t r a n s p l a n t  p e r p a r a t i o n .  F i f t e e n  t o  e i g h t y  
b lood  volumes were i r r a d i a t e d  each  d a y  f o r  t h r e e  t o  e i g h t  p r e - t r a n s p l a n t  
d a y s ,  t h e  t r a n s i t  d o s e  r a n g i n g  from 35-50 r a d s .  Some a n i m a l s  r e t a i n e d  
k idney  g r a f t s  f o r  s i g n i f i c a n t l y  l o n g e r  p e r i o d s .  The re  w a s , i n  g e n e r a l ,  
a good c o r r e l a t i o n  between c l o s e n e s s  of  match  o b t a i n e d  f rom t h e  one 
way l e u k o c y t e  c u l t u r e  and t h e  l e n g t h  o f  a l l o g r a f t  s u r v i v a l  i n  t h e  
c o n t r o l  and t h e  sham-ECIB groups .  I n  t h e  group r e c e i v i n g  ECIB, however, 
t h e  l o n g e s t  s u r v i v o r  was ve ry  p o o r l y  matched w i t h  i t s  donor.  These 
limil@ld r e s u l t s  s u g g e s t  t h a t  t h e  d e g r e e  o f  h i s t o c o m p a t i b i l i t y  may n o t  
be tf& o n l y  f a c t o r  d e t e r m i n i n g  t h e  s u c c e s s  of immunosuppression w i t h  
ECIB; The r e s u l t s  o f  r e n a l  t r a n s p l a n t s  are: (1) u n t r e a t e d  r e c i p i e n t s ,  
12 t r a n s p l a n t s  19 days  mean s u r v i v a l  ( r ange  15-35 d a y s ) ;  (2) E C I B - I ,  
8 t r a n s p l a n t s ,  18 d a y  mean s u r v i v a l  ( r a n g e  14-24 d a y s ) ;  (3) E C I B - 1 1 ,  
9 t r a n s p l a n t s ,  30 day  mean s u r v i v a l  ( r a n g e  2-58 d a y s ) ;  ( 4 )  E C I B - 1 1 1 ,  
13 t r a n s p l a n t s ,  48 day mean s u r v i v a l  ( r ange  19-84 d a y s ) ;  ( 5 )  Sham E C I B ,  

T h i s  

The r e su l t s  were d i s a p p o i n t i n g  and hemolys is  

(See C o n t i n u a t i o n  S h e e t )  Rx- 7 4  



Nuclear  Medicine Technoiogy and Othe r  
H e a l t h  ADP 1 i c a  t i o n s  , -  

IC- . . .  
P r o j e c t  T i t l e :  Lymphocytopoiesis and T r a n s p l a n t a t i o n  ImmunoloRy RX-01-03- (d)  

16. T e c h n i c a l  P r o g r k s s  i n  FY 1973: ( C o n t ' d )  

10 t r a n s p l a n t s ,  25 day mean s u r v i v a l  ( r a n g e  13-34 d a y s ) .  

In O c t o b e r  1972 t h e  r e n a l  t r a n s p l a n t s  were t e m p o r a r i l y  d i s c o n t i n u e d  
due t o  b u d g e t a r y  r e s t r i c t i o n s .  

1 7 .  Expec ted  R e s u l t s  i n  FY 1974: 

A n a l y s i s  o f  a u t o r a d i o g r a p h s  i n  thymocyte m i g r a t i o n ,  l i f e  span  and 
lymphocyte r e c i r c u l a t i o n  w i l l  be  c o m p l e t e d ,  d a t a  a n a l y z e d  and s u b m i t t e d  
f o r  p u b l i c a t i o n .  
c y t e s  d u r i n g  E C I B  w i l l  b e  a n a l y z e d .  S t u d i e s  on r o l e  o f  t h e  a d r e n a l  i n  
ECIB-L induced  lymphopenia w i l l  commence u s i n g  a d r e n a l e c t o m i z e d  c q l v e s  
m a i n t a i n e d  on l e v e l  s t e r o i d  i n t a k e .  

S i z e  d i s t r i b u t i o n  d a t a  c o l l e c t e d  ove r  7 y e a r s  on lympho- 

b 

Thymic c e l l  m i g r a t i o n  s t u d i e s  w i l l  c o n t i n u e  w i t h  e f f o r t s  t o  d e t e r m i n e  
t h e  l i f e  s p a n  o f  thymic m i g r a n t s  i n  t h e  p e r i p h e r a l  lymphoid t i s s u e s  and 
whe the r  t h e  lymphocytes known t o  m i g r a t e  i n t o  t h e  lumen of  t h e  g u t  a r e  B 
o r  T ce l l s .  I f  t h e  a p p a r e n t  s t i m u l a t o r y  i n f l u e n c e  of lymphopenia upon 
bone marrow lymphopoies i s  i s  c o n f i r m e d ,  t h i s  a p p a r e n t  b r e a k t h r o u g h  i n  
t h e  s t u d y  o f  lymphopoies i s  w i l l  be  e x p l o i t e d  w i t h  s t u d i e s  focused  on 
t h e  p o s s i b l e  thymic bone marrow f e e d b a c k  loop.  

Lymphoid c e l l  m i x t u r e s  w i l l  b e  grown i n  d i f f u s i o n  chambers f o r  
e v a l u a t i o n  o f  t h e  r o l e  o f  T ce l l s  i n  a n t i g e n e i c  r e c o g n i t i o n ,  t h e i r  
i n t e r a c t i o n  w i t h  B c e l l s ,  and t h e  i d e n t i t y  of c e l l s  t h a t  p roduce  a n t i -  
b o d i e s  . 

S t u d i e s  on E C I B  i n  r e n a l  t r a n s p l a n t a t i o n  i n  g o a t s  w i l l  be r e a c t i v a t e d  
i f  t h e  La rge  Animal F a c i l i t y  c a n  b e  o p e r a t e d  seven  days  a week. S t u d i e s  
w i l l  i n c l u d e :  combina t ion  o f  E C I B  and ECIL t o  f u r t h e r  e l u c i d a t e  t h e  
mechanism of a l l o g r a f t  r e j e c t i o n  and t o  f u r t h e r  p r o l o n g  t h e  s u r v i v a l  
of r e n a l  t r a n s p l a n t s  ; combina t ion  o f  E C I B  and immunosuppressive chemica l s  
t o  d e t e r m i n e  t h e  e f f i c i e n c y  o f  t h e s e  p r o c e d u r e s  f o r  e v e n t u a l  a p p l i c a -  
t i o n  i n  human p a t i e n t s ;  "matching" of r e c i p i e n t - d o n o r  p a i r s  i n  
c o m b i n a t i o n  w i t h  mixed b r e e d i n g ;  and -- i n  v i t r o  s t u d i e s  o f  t h e  i n f l u e n c e  
of " k i l l e r "  c e l l s  on k idney  c e l l s .  

S t u d i e s  on t h e  r e g i o n a l  p e r f u s i o n  of v a r i o u s  lymphoid organs  w i t h  
r a d w t i v e  i s o t o p e s  have been  l i m i t e d  by budge ta ry  problems.  These 

are d e s i g n e d  t o  e n a b l e  b e t t e r  u n d e r s t a n d i n g  o f  t h e  p a t t e r n s  
i t u d e  of lymphocyte t r a f f i c  u n d e r  more o r  less p h y s i o l o g i c  

conditions. T h i s  k ind  o f  i n f o r m a t i o n  i s  e s s e n t i a l  t o  u n d e r s t a n d  t h e  
o v e r a l l  phenomenon of l y m p h o c y t o p o i e s i s .  Thymus p e r f u s i o n  s t u d i e s  w i l l  
b e  ex tended  t o  bone marrow, s p l e e n  and lymph nodes.  A f t e r  p r e s e n t  d a t a  
a r e  a n a l y z e d ,  r e g i o n a l  perfusion o f  lymphoid o rgans  w i t h  t r i t i a t e d  thy- 
m i d i n e  w i l l  b e  unde r t aken  w i t h  emphas i s  on bone marrow p e r f u s i o n .  

(See C o n t i n u a t i o n  S h e e t )  Rx- 75 
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1 7 .  Expec ted  R e s u l t s  i n  FY 1974: (Con t ' d )  

A s t u d y  combining 0 a l l o - a n t i g e n  and t r i t i a t e d  thymid ine  as markers  
t o  f o l l o w  thymic c e l l  m i g r a n t s  and t h e i r  p e r i p h e r a l  f a t e  w i l l  b e g i n  
i n  l a t e  FY 1974. 

E C I B  t r e a t m e n t  o f  c h r o n i c  Lymphocytic leukemia  w i l l  be  r e a c t i v a t e d  
as p a t i e n t s  under s t u d y  i n  o u t - p a t i e n t  depa r tmen t  r e q u i r e  
t h e r a p y .  

I f  Nassau County Medica l  C e n t e r  program on r e n a l  t r a n s p l a n t a t i o n  
commences, BNL w i l l  a p p l y  E C I B  p r e - t r e a t m e n t  t o  p a t i e n t s  randomly 
s e l e c t e d  by age,  s e x  and d i s e a s e  s t a t e .  

.\ 

18. Expected R e s u l t s  i n  FY 1975: 

A l l  s t u d i e s  r e p o r t e d  f o r  t h e  p r e v i o u s  y e a r  w i l l  c o n t i n u e  w i t h  
d i r e c t i o n s  d e t e r m i n e d  by t h e  new f i n d i n g s .  

1.f and when a b i o c h e m i s t  c a n  b e  a f f o r d e d ,  s t u d i e s  on  s e p a r a t i o n  o f  
t h e  lymphocy tos i s  f a c t o r  from E .  p e r t u s s i s  w i l l  be  once a g a i n  u n d e r t a k e n  
t o  s e a r c h  f o r  a n  a g e n t  t h a t  may p o t e n t i a t e  E C I B  i n  p r e p a r i n g  an ima l s  f o r  
k i d n e y  t r a n s p l a n t a t i o n  and p a t i e n t s  for  t r e a t m e n t  of c h r o n i c  lymphocytic 
leukemia  . 

It i s  hoped t o  r e a c t i v a t e  a long dormant  s t u d y  on E C I B  t h e r a p y  o f  
a c u t e  m y e l o c y t i c  leukemia  e v a l u a t i n g  the e f f e c t  o f  t r a n s i t  d o s e  on 
s u r v i v a l  t i m e  and m o r b i d i t y .  

Thymic c e l l  m i g r a t i o n  s t u d i e s  s h o u l d  be phased o u t  d u r i n g  t h i s  
y e a r  and s t u d i e s  on  immunity i n  d i f f u s i o n  chambers i n t e n s i f i e d .  

19, D e s c r i p t i o n  and E x p l a n a t i o n  of Major  M a t e r i a l s ,  Equipment and Subcon t rac t  
I tems:  

FY 1975 C a p i t a l  Equipment: 

The ma jo r  c a p i t a l  a c q u i s i t i o n  i s  a n  automated a u t o r a d i o g r a p h i c  g r a i n  
c o u n t e r  and c y t o - a n a l y z e r  which would r e p l a c e  t h e  t r a d i t i o n a l  v i s u a l  c o u n t i n g  
p rocepg  npw l a b o r i o u s l y  accompl ished  by s c i e n t i f i c  and t e c h n i c a l  pe r sonne l  , 
a t  a &&$e which d r a s t i c a l l y  l i m i t s  t h e  r a t e  of d a t a  a c q u i s i t i o n  and a n a l y s e s  

A s  t h e  equipment  w i l l  b e  used i n  t h e  r e s e a r c h  r e p o r t e d  i n  f o u r  s e p a r a t e  budget  
a c t i v i t i e s  t h e  c o s t  i s  p r o r a t e d  $25,000 each  t o  R X - O l - O I - a ,  RX-01-03-d, 
RX-03-01-b and FIX-03-02-b. Another  i m p o r t a n t  a c q u i s i t i o n  f o r  t h e  hemopoie t ic  
s t u d i e s  i s  a b lood  c e l l  s e p a r a t o r  to improve t h e  s e p a r a t i o n  of c e l l s  f o r  

f e r a t i o n  s y s t e m s  and t h u s  t h e  number of p a t i e n t s  t h a t  can  be s t u d i e d .  

(See C o n t i n u a t i o n  S h e e t )  RX- 76 
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P r o j e c t  T i t l e :  Lymphocytopoies i s  and T r a n s p l a n t a t i o n  Immunology RX-01-03-(d) 
1 9 .  D e s c r i p t i o n  and E x p l a n a t i o n  of blajor N a t e r i a l s ,  Equipment and S u b c o n t r a c t  

Items: ( C o n t ' d . )  

FY 1975 . C a p i t a l  Equipment:  ( C o n t ' d . )  

t r a n s p l a n t a t i o n s  of t he  h e m a t o p o i e t i c  s tem c e l l s .  Used p r i n c i p a l l y  i n  two 
s t u d i e s  $20,000 e a c h  i s  p r o r a t e d  t o  Rx-01-03-d and RX-03-02-b. 

20. Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 

(See Continuation Sheet )  Rx-77 



N u c l e a r . M e d i c i n e  Technology and  Othe r  H e a l t h  A p p l i c a t i o n s  . .  

P r o j e c t  T i t l e :  Lymphocytopoiesis  and T r a n s p l a n t a t i o n  Immunology RX-01-03-(d) 
R e i t e r a t i o n  of Assu rance  S t a t e m e n t  

on 
I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  

I n c l u d i n g  C l i n i c a l  Research 

The H o s p i t a l  of t h e  Medical Resea rch  C e n t e r ,  Brookhaven N a t i o n a l  Labora to ry ,  
c o m p l i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  o f  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  s u p p o r t e d  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department of H e a l t h ,  E d u c a t i o n ,  and Welfare  and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  has  e s t a b l i s h e d  
a s t a n d i n g  commit tee  t o  review i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  commit tee  i s  charged w i t h  r e s p o n s i b i l i t i e s  
t o  d e t e r m i n e  f o r  e a c h  proposed s t u d y  t h a t :  

t h e  r i g h t s  and welfare  o f  e a c h  p a t i e n t  w i l l  be a d e q u a t e l y  p r o t e y c e d ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  ou tweigh  t h e  r i s k s ,  and 
t h a t  a n  informed c o n s e n t  w i l l  be o b t a i n e d  from e a c h  p a t i e n t .  

The commit tee ,  a p p o i n t e d  by t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  
p r o v i d e s  f o r  i ndependen t  judgment o f  i t s  members, and a l t e r n a t e s  are provided 
t o  s e r v e  when t h e r e  may be c o n f l i c t  o f  i n t e r e s t ,  T h i s  i n s t i t u t i o n  encourages 
c o n s t r u c t i v e  communication between t h e  commit tee  and p r i n c i p a l  i n v e s t i g a t o r s  
on  t h e  s a f e g u a r d i n g  of  t h e  r i g h t s  and w e l f a r e  o f  s u b j e c t s ;  w i l l  p rov ide  the 
r e q u i r e d  c a r e  f o r  p e r s o n s  i n j u r e d  as a - r e s u l t  o f  p a r t i c i p a t i o n ;  and m a i n t a i n s  = 
comple t e  documen ta t ion  o f  p r o p o s a l s  and r e v i e w s .  Approved i n v e s t i g a t i o n s  
a r e  reviewed by t h e  commit tee  a t  l e a s t  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  * 
c a l l y  r ev iews  i t s  p r a c t i c e s  and p r o c e d u r e s  t o  a s s u r e  they  a re  c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department  of H e a l t h ,  E d u c a t i o n ,  and Welfare .  

A s  of March 7 ,  1973 ,  t h e  I n s t i t u t i o n a l  Review Committee f o r  r e v i e w  o f  Medical 
Department r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  i s  composed o f :  

J. S. Rober t son ,  M . D . ,  Chairman G.  P r i c e  
G. C. C o t z i a s ,  M . D . ,  A l t .  Chairman N. P. Rathvon, Jr .  
S .  H, Cohn D. N. S l a t k i n ,  M . D . ,  A l t e r n a t e  
E .  A .  Popenoe, A l t .  f o r  Dr, Cohn A .  P. Wolf,  A l t e r n a t e  
G .  Chikkappa, M.D. L. K. Dahl ,  M . D .  - C l i n i c a l  Consu l t an t  
H.  Connel l  W. A. F i n n  - A d m i n i s t r a t i v e  Consu l t an t  
R.  A. Love, M.D. C. W. Flood - H e a l t h  P h y s i c s  C o n s u l t a n t  

S i g n a t u r e  : < P U  
T i t l e :  Chairman, Medical  Department 

Date: March 7 ,  1973 
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ADDXTIONAL EXPLANATION FOR OPERATING COSTS 

B r ookhaven Na t iona l  L a b o r a t o r y  
L a b  or  a t  ory 

KX-Biomedical b Environmenta l  Research  
Program 

1 .  C o n t r a c t o r :  C o n t r a c t  No.: Task No. : 

Assoc ia t ed  U n i v e r s i t i e s ,  I n c .  

2 .  P r o j e c t  T i t l e :  189 No.: 

Nuclear  N e d i c i n e  Techno logy  and O t h e r  H e a l t h  A p p l i c a t i o n s  
Metabolism o f  Carbon L a b e l e d  Compounds RX-79 

3 .  Budget A c t i v i t y  No.: 4 .  Date Prepa red :  

RX-01-03- (e) May 1973  . \  
b 

5 .  Method of  Repor t ing :  
S c i e n t i f i c  Mee t ings  

6 .  Working L o c a t i o n :  
Brookhaven N a t i o n a l  Labora to ry  

Monthly L e t t e r  t o  AEC 
Sc i e n  t i f  i c  J o u r n a l s  

7 .  Person  i n  Charge: 8 .  P r o j e c t  Term: 

L .  V. Hankes Con t inu ing  
W .  W .  Shreeve  

P r i nc i p a 1 I nv e s t i g a t  o r  : 
L .  V .  Hankes 
W .  W .  Shreeve  

Frm: To : 

9 .  Man-Years: 

D i r e c t  ,Clan-Years EY 1 9 7 3  Fy 1974 FY 1975 

S c i e n t i f i c  & P r o f e s s i o n a l  1 .0  1 . o  2.0 
Other  6 .0  2 . 0  1 .o 

- - -  - - -  Gues t s  6 Res. C o l l a b o r a t o r s  1 . 5  

T o t a l  8.5 3 . 0  3 .O 

10. Costs  ( I n  Thousands of D o l l a r s ) :  
FY 1973 FY 1974 FY 1975 _ _  

- ”  Research  D i v i s i o n  74 78 104 
0 7 

Resea rch  C o s t s  m a 5  104 
0 5 5 

- - 107 
.. 

H o s p i t a l  D i v i s i o n  

Equipment Ob1 i g a t i o n s  
11. Reac tor  Concept:  12.  Materials: 
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Nuclea r  Medic ine  Technoloqy a n d  O t h e r  H e a l t h  A p l i c a t i o n s  
~ J - 0 1 - 0 3 -  ( e >  

. I  - 

(- P r o j e c t  T i t l e :  > i e t abo l i sm of Carbon Labeled Compounds 
13 . Pub 1 i ca t i ons  : 

Hoshi ,  M. and S h r e e v e ,  W . W .  Release and p r o d u c t i o n  o f  i n s u l i n  by 
i s o l a t e d ,  p e r f u s e d  r a t  p a n c r e a t i c  i s l e t s .  
(1973) .  

D i a b e t e s .  - 2 2 ,  No. 1, 16-24 

~ 

14. Scope: 
A )  200 Word Summary: 

A long r ange  g o a l  i n  t h i s  a c t i v i t y  h a s  been a b e t t e r  u n d e r s t a n d i n g  
o f  t h e  p a t h o g e n e s i s  o f  d i a b e t e s  and o t h e r  m e t a b o l i c  d i s e a s e s .  Carbon 
l a b e l e d  i n t e r m e d i a t e s  o f  c a r b o h y d r a t e s  and l i p i d s  were used  t o  s t u d y  t h e  
dynamics  of i n t e r c o n v e r s  i o n  and t u r n o v e r  o f  c a r b o h y d r a t e s  and l i p i d s .  
e f f e c t  o f  hormonal and n u t r i t i o n a l  v a r i a t i o n s  a l s o  was i n v e s t i g a t e d .  A 
c o r o l l a r y  has been t h e  deve lopment  o f  i s o t o p i c  t r a c e r s  of diagnostic 
v a l u e  which may b e  u s e f u l  f o r  gu idance  of t h e r a p y  w i t h  d r u g s ,  s p e c i a l  
d i e t s ,  hormones or  v i t a m i n s .  E x t e n s i v e  s t u d i e s  have been c a r r i e d  o u t  
u s i n g  s u g a r s  l a b e l e d  w i t h  ca rbon-14 .  
c a r b o n - 1 1  l a b e l i n g  h a s  o f f e r e d  c h a l l e n g i n g  o p p o r t u n i t i e s .  

The 

More r e c e n t l y ,  ca rbon-13  and 

The amino a c i d ,  t r y p t o p h a n ,  produces  o r tho -amino-pheno l  type compounds 
b e l i e v e d  t o  induce  c a n c e r  i n  an ima l  u r i n a r y  b l a d d e r s .  I n  s e v e r a l  t ypes  of 
c a n c e r  and i n  o t h e r  d i s e a s e s  o f  man, t h e  l i t e r a t u r e  r e p o r t s  s i g n i f i c a n t  
i n c r e a s e s  i n  u r i n a r y  l e v e l s  o f  some t r y p t o p h a n  m e t a b o l i t e s .  
l a b e l e d  m e t a b o l i t e s  are  u s e d  i n  an ima l s  and man t o  d e t e r m i n e  t h e  normal 
t r y p t o p h a n  m e t a b o l i c  pathway. 
a c i d ,  kynuren ine ,  hydroxykynuren ine ,  and h y d r o x y a n t h r a n i l i c  a c i d .  
Diseases s t u d i e d  i n c l u d e  anemias ,  s c l e r o d e r m a ,  s i d e r o s i s ,  malaria, 
p e l l a g r a ,  and v a r i o u s  c a n c e r s .  

Carbon-14 

The l a b e l e d  m e t a b o l i t e s  i n c l u d e  a n t h r a n i l i c  

B )  Supplement t o  200 Word Summary: 

The r e l a t i v e  c o n v e r s i o n s  i n  v i v o  o f  i n t e r m e d i a t e  c a r b o h y d r a t e s  ( e . g . ,  
l a c t a t e ,  p y r u v a t e ,  g l y c e r o l ,  and m a l a t e )  t o  b lood  g l u c o s e ,  l i v e r  g lycogen  
and  ca rbon  d i o x i d e  i n  d i a b e t i c  s t a t e s  i n  man and an ima l s  have  been  
p r e v i o u s l y  s t u d i e d  i n  t h i s  l a b o r a t o r y  w i t h  ca rbon-14  l a b e l e d  p r e c u r s o r s .  
So a l s o  has  the  o x i d a t i o n  of g lucose-C-14  t o  1 4 C 0 2  been i n v e s t i g a t e d .  
S i m i l a r  s t u d i e s  are now done o r  p lanned  w i t h  s u g a r s  l a b e l e d  w i t h  carbon-13  
( t h e  n o n r a d i o a c t i v e ,  s t a b l e  i s o t o p e )  w i t h  emphas is  on d i a g n o s t i c  a p p l i c a t i o n .  
Carbon-13  w i l l  b e  g e n e r a l l y  p r e f e r r e d  f o r  t h i s  purpose  b e c a u s e  t h e r e  w i l l  be  
no  radmfon e x p o s u r e  as w i t h  C- 14.  

\++.$* 

c u r r e n t  s t u d i e s  of  o x i d a t i o n  o f  ga lac tose-U-C-14 (and 
e v e n t u a l l y  ga l ac tose -U-C-13)  t o  C 0 2  are  s i m i l a r l y  d i r e c t e d  toward 
t h e  d i a g n o s i s  o f  h y p o t h y r o i d i s m ,  of l i v e r  d i s e a s e  and p o s s i b l y  o f  
d i a b e t e s ,  s i n c e  i n  t h e s e  c o n d i t i o n s ,  i n t o l e r a n c e  f o r  g a l a c t o s e  h a s  e i t h e r  
been  demons t r a t ed  o r  c a n  be e x p e c t e d  on t h e o r e t i c a l  g rounds .  
v a l u a b l e ,  p o t e n t i a l  a s p e c t  o f  t h e  use  o f  ga lac tose-U-C-13 i s  t h e  oppor- 

A h i g h l y  

(See C o n t i n u a t i o n  S h e e t )  RX-80 
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- - Nuclear Medic ine  Technology and O t h e r  Hea l th  A p p l i c a t i o n s  
P r o j e c r  T i t l e :  Metabol i sm of  Carbon Labeled  Compounds Rx-01-03- ( e )  
14. Scope: (Con t ' d )  

t u n i t y  t o  i n v e s t i g a t e  f o r m a t i o n ,  t u r n o v e r ,  and ( u n i q u e l y  p o s s i b l e  w i t h  
C-13) even chemica l  s t r u c t u r e  of complex c a r b o h y d r a t e s  i n  serum g l y c o -  
p r o t e i n s ,  most o f  which c o n t a i n  g a l a c t o s e .  

O t h e r  s t u d i e s  w i t h  l a b e l e d  s u g a r s  a r e  c o n c e r n e d  w i t h  l i p o g e n e s i s  
i n  t h e  l i v e r  and w i t h  p l a sma  l i p i d  f o r m a t i o n  and removal.  The d i f f e r e n c e s  
be tween s t a r c h  and s u c r o s e  i n  t h e i r  l i p o g e n i c  and i n s u l i n o g e n i c  p o t e n t i a l  
a r e  p r e s e n t l y  under  i n v e s t i g a t i o n  w i t h  human s u b j e c t s .  
( w i t h  sucrose-C-14 ,  g l y c e r o l - H - 3 ,  and o c c a s i o n a l l y  C-11- l abe led  s u g a r s )  
h e l p  t o  c l a r i f y  mechanisms o f  s u s c e p t i b i l i t y  t o  h y p e r l i p e m i a  and hype r -  
i n s u l i n i s m  as a f f e c t e d  by d i f f e r e n t  d i e t  ( e . g . ,  low o r  h i g h  s u c r o s e )  
or by s t e r o i d s .  P o s s i b l y  they  can  i d e n t i f y  p a r t i c u l a r  s u s c e p t i b i l i t i e s  
i n  i n d i v i d u a l  p a t i e n t s .  
i n  t h i s  a r e a .  

These s t u d i e s  

I n  t h i s  c a s e ,  C-13 may b e  v a l u a b l e  d i a g n o q t i c a l l y  

Because of known or s u s p e c t e d  changes  i n  d i a b e t e s  and i n  s t e r o i d -  
t r e a t e d  s u b j e c t s ,  t h e  me tabo l i sm o f  t ryp tophan-C-13 (or o f  t ryp tophan-C-14)  
t o  13CO2 (or I4CO2) and t o  i n t e r m e d i a t e  m e t a b o l i t e s  i n  a c c e s s i b l e  body 
f l u i d s  w i l l  b e  examined i n  s u c h  p a t i e n t s .  T h i s  unexp lo red  d i r e c t i o n  may 
p r o v i d e  new d i a g n o s t i c  p a r a m e t e r s  i n  c e r t a i n  m e t a b o l i c  d i s e a s e s ,  i n  v i t a m i n  
d e f i c i e n c i e s ,  e . g . ,  p e l l a g r a ,  and i n  d i s t r u b a n c e s  o f  t h e  c e n t r a l  ne rvous  
s y s  t e m .  (Sh reeve),. 

The f o l l o w i n g  work w a s  funded f o r  FY 1973 and r e p o r t e d  i n  
RX-Ol-O3(c) (o ld  code  06-03-01-c) b u t  is r e p o r t e d  h e r e  a l s o  f o r  c o n v e n i e n t  
r e f e r e n c e  i n  r e l a t i o n  t o  work i n  f u t u r e  y e a r s .  

The o b j e c t i v e  o f  t h e  p r o j e c t  s t u d y i n g  t r y p t o p h a n  metabol i sm i n  
normal  an ima l s  and man and i n  v a r i o u s  d i s e a s e s  u s i n g  t ryp tophan  m e t a b o l i t e s  
l a b e l e d  i n  d i f f e r e n t  p o s i t i o n s  o f  t h e i r  s t r u c t u r e  w i t h  carbon-14  i s  t o  
see i f  t h e r e  is  a n y  c a u s e - e f f e c t  r e l a t i o n s h i p  i n  t h e  diseases s t u d i e d .  
The l i t e r a tu re  r e p o r t s  show t h a t  i n  s e v e r a l  t y p e s  o f  c a n c e r  p a t i e n t s  
and p a t i e n t s  w i t h  o t h e r  d i s e a s e s  a s i g n i f i c a n t  i n c r e a s e  o c c u r r e d  i n  t h e  
l e v e l s  o f  a c e t y l k y n u r e n i n e ,  k y n u r e n i n e ,  k y n u r e n i c  a c i d ,  hydroxykynurenine ,  
x a n t h u r e n i c  a c i d ,  and q u i n o l i n i c  a c i d .  

The t r y p t o p h a n  m e t a b o l i t e s  , a n t h r a n i l i c  a c i d  carboxyl -C-14 ,  

o x y a n t h r a n i l i c  ac id -ca rboxy l -C-14  h a v e  been  s y n t h e s i z e d .  
f e c t e d  which u t i l i z e d  columns f i l l e d  w i t h  pape r  p u l p  for t h e  
on of  small  q u a n t i t i e s  o f  t h e  L- and D-isomers o f  t r y p t o p h a n ,  

kynurenine-ke to-C-14 ,  kynuren ine - r ing -2 -C-14 ,  hydroxykynurenine-keto-C-14, 
P r o c e d u r e s  

kynuren ine , and  hydroxykynuren ine .  S i z e  and r e s o l v i n g  power o f  t h e  
columns l i m i t  t h e  q u a n t i t y  o f  m a t e r i a l  which may be r e s o l v e d  (50-300 mg) 
and meet FDA s p e c i f i c a t i o n s .  These f a c t o r s  i n  t u r n  l i m i t  t h e  number and 
t h e  r a t e  a t  which s t u d i e s  may be done.  The me tabo l i sm o f  carbon-14  l a b e l e d  

(See C o n t i n u a t i o n  S h e e t )  FX-81 



- 
/-- Nuclear Med ic ine  Technology and O t h e r  H e a l t h  AppliCatiOnS 

P r o j e c t  T i t l e :  Metabolism of  Carbon Labeled Compounds 
14. Scope: (Cont 'd)  

m e t a b o l i t e s  was f i r s t  s t u d i e d  u s i n g  t h e  same body w e i g h t  and dose  l e v e l s  
t h a t  would b e  used i n  humans, and has now been e x t e n d e d  t o  humans. The 
r e s u l t s  o b t a i n e d  w i t h  t h e  i s o t o p i c a l l y  l a b e l e d  compounds s h o u l d  h e l p  
d e t e r m i n e  t h e  s p e c i f i c  a b n o r m a l i t i e s  i n  t h e  t r y p t o p h a n  me tabo l i sm i n  
p a t i e n t s  and e v e n t u a l l y  p roduce  i n f o r m a t i o n  t h a t  may l ead  t o  b e t t e r  t h e r a p y .  
P a t i e n t s  w i t h  s c l e r o d e r m a ,  s i d e r o s i s ,  p e l l a g r a ,  and h e p a t i c  tumors are 
s t u d i e d  i n  South  A f r i c a .  M a l a r i a  is s t u d i e d  i n  S t a t e v i l l e  P r i s o n ,  
I l l i n o i s ,  and i n  South  A f r i c a .  The l a b e l e d  compound i s o l a t i o n  and ana-  
l y t i c a l  work i s  done a t  Brookhaven, though i n  t h e  p a s t ,  some o f  t h i s  work 
w a s  accompl ished  a t  t h e  U n i v e r s i t y  o f  Wiscons in .  

Rx-01-03- ( e )  

(Hankes) 

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  .\ 
L 

S t u d i e s  r e l a t e d  t o  t h e  work on c a r b o h y d r a t e  and l i p i d  me tabo l i sm 
i n c l u d e  t h o s e  a t  Brookhaven o f  S t e e l e ,  Depar tment  o f  B io logy ;  D a h l ,  
Med ica l  Research  C e n t e r  ( s e e  RX-01-03-b); A t k i n s  ( s e e  RX-01-03-c); 
Wolf and Chr i shnan ,  Depar tment  o f  Chemis t ry ;  and  Newman, Depar tment  o f  
App l i ed  S c i e n c e .  A t  Los Alamos S c i e n t i f i c  L a b o r a t o r y ,  r e l a t e d  work 
i n c l u d e s  t h e  c o l l a b o r a t i v e  s t u d i e s  w i t h  O t t  and Gregg on p r o d u c t i o n  of 
C - 1 3  l a b e l e d  o r g a n i c  compounds f o r  m e t a b o l i c  s t u d i e s ;  MacIn tee r  on 
a n a l y s e s  of I3CO2; and Matwiyoff  on NMR a n a l y s e s  o f  glucose-C-13. K l e i n  
of  Argonne N a t i o n a l  L a b o r a t o r i e s  c o l l a b o r a t e s  on a n a l y s i s  of  C-13 l a b e l e d  
compounds. 

' 

R e l a t e d  s t u d i e s  a t  o t h e r  i n s t i t u t i o n s  i n c l u d e  t h o s e  o f  Waterhouse , 
U n i v e r s i t y  of R o c h e s t e r ;  S e a r l e ,  V . A .  H o s p i t a l ,  San F r a n c i s o ;  K r e i s b e r g ,  
U n i v e r s i t y  of Alabama;  P o l l y c o v e ,  San F r a n c i s c o  G e n e r a l  H o s p i t a l ,  
U n i v e r s i t y  of C a l i f o r n i a ;  Da C o s t a ,  R a d i a t i o n  Medic ine  C e n t r e ,  Bombay, 
I n d i a ;  S e g a l ,  P e n n s y l v a n i a  Med ica l  C o l l e g e ;  Shoop,  U n i v e r s i t y  of New 
Mexico; H e t e n y i ,  U n i v e r s i t y  o f  T o r o n t o ;  K a l a n t ,  U n i v e r s i t y  o f  M o n t r e a l ;  
Long, Columbia U n i v e r s i t y ;  F a r q u h a r ,  S t a n f o r d  U n i v e r s i t y ;  Bierman, 
U n i v e r s i t y  of Washington; N i k k i l a ,  U n i v e r s i t y  o f  H e l s i n k i ;  S a i l e r ,  
U n i v e r s i t a t s k l j n i k  i n  I n n s b r u c k ;  MacDonald, Guy ' s  H o s p i t a l  Medica l  
S c h o o l ,  London; N e s t e l ,  A u s t r a l i a n  N a t i o n a l  U n i v e r s i t y ,  C a n b e r r a ;  
C h y t i l ,  V a n d e r b i l t  U n i v e r s i t y  and Curzon ,  I n s t i t u t e  o f  Neurology,  
London. (Shreeve)  

Generally, t r y p t o p h a n  m e t a b o l i t e s  l a b e l e d  w i t h  c a r b o n  14 i n  p o s i t i o n s  
wh ich  o r i g i n a t e  from s p e c i f i c  p o s i t i o n s  o f  t h e  benzene  r i n g  o r  t h e  
i n d o h , , n u c l e u s  a r e  u n a v a i l a b l e  d u e  t o  d i f f i c u l t i e s  e n c o u n t e r e d  i n  t h e i r  
s y n t t i e s i s ,  and s e p a r a t i o n  of t h e i r  D- and L- i somers  i n  s a t i s f a c t o r y  
y i e l d s .  Although s t u d i e s  w i t h  carbon-14  l a b e l e d  i somers  of t h i s  t y p e  
o f  compound a r e  conduc ted  o n l y  a t  Brookhaven, s t u d i e s  i n  o t h e r  l a b o r a -  
t o r i e s  i n c l u d e  t h o s e  o f :  Albnan ,  N . Y .  Medica l  C o l l e g e ,  on hormone 
e f f e c t s  on t r y p t o p h a n  p y r r o l a s e  enzyme; Gholson ,  Oklahana U n i v e r s i t y ,  
on f eedback  c o n t r o l  mechanisms;  Lardy ,  U n i v e r s i t y  o f  Wiscons in ,  on 

(See C o n t i n u a t i o n  S h e e t )  FS-82 
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t r y p t o p h a n  m e t a b o l i t e  i n h i b i t i o n  of g l y c o l y s i s ;  Mil ler ,  U n i v e r s i t y  o f  
R o c h e s t e r ,  on i n d u c t i o n  of t h e  t r y p t o p h a n  p y r r o l a s e  enzyme; Wagner, 
V a n d c r b i l t  U n i v e r s i t y ,  on t r y p t o p h a n  m e t a b o l i t e  i n h i b i t i o n ;  and 
H a y a i s h i ,  Kyoto U n i v e r s i t y ,  J a p a n ,  on p y r i d i n e  n u c l e o t i d e  s y n t h e s i s  i n  
a n i m a l s .  Some of t h e s e  i n v e s t i g a t o r s  s u g g e s t  t h a t  t h e  s t i m u l a t i o n  o r  
d e p r e s s i o n  of  t h e  p y r r o l a s e  enzyme i s  t h e  f a c t o r  t h a t  c o n t r o l s  t h e  
a b n o r m a l i t i e s  s e e n  i n  u r i n a r y  t r y p t o p h a n  m e t a b o l i t e  e x c r e t i o n .  S t u d i e s  
a t  BNL gave  e v i d e n c e  t h a t  o t h e r  f a c t o r s  s u c h  as v i t a m i n s  and d i e t  a r e  
a l s o  i n v o l v e d .  (Hanke s ) 

16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: 

C l i n i c a l  s t u d i e s  w i t h  C - 1 3  l a b e l e d  s u g a r s  were commenced duri;' t h e  
p a s t  year w i t h  t h e  use  o f  glucose-U-C-13 i n  a t e s t  o f  o x i d a t i o n  t o  K3C02 
( i n  t h e  b r e a t h )  a f t e r  o r a l  a d m i n i s t r a t i o n  i n  a g l u c o s e  l o a d .  S t u d i e s  were 
begun w i t h  glucose-U-C-13 i n s t e a d  o f  g lucose-1-C-13 ,  as in t ended  a year 
a g o ,  b e c a u s e  of  more r a p i d l y  s u c c e s s f u l  b i o s y n t h e s i s  of glucose-U-C-13 i n  
a d e q u a t e  q u a n t i t i e s .  Seven n o n - d i a b e t i c  and s i x  d i a b e t i c  s u b j e c t s  ( d i s t r i b u -  
t e d  be tween t h e  U n i v e r s i t y  o f  New Mexico and Brookhaven N a t i o n a l  L a b o r a t o r y  
i n  a j o i n t  s t u d y )  were t e s t e d  t o  d a t e .  One d i a b e t i c  w i t h  e x c e s s i v e  
g l u c o s e  i n t o l e r a n c e  o x i d i z e d  glucose-U-C-13 a t  less  t h a n  h a l f  t h e  mean 
normal  r a t e ,  b u t  a l l  o t h e r  d i a b e t i c s ,  who had m i l d  g l u c o s e  i n t o l e r a n c e  
( a c c o r d i n g  t o  b lood  g l u c o s e  c o n c e n t r a t i o n ) ,  were w i t h i n  t h e  normal r a n g e  
o f  o x i d a t i o n .  T h i s  s u g g e s t s  t h a t  t h i s  tes t  w i l l  n o t  be g e n e r a l l y  u s e f u l  
f o r  d i a g n o s i s  of e a r l y  o r  s u b - c l i n i c a l  d i a b e t e s ,  However, t he  f i n d i n g s  
imply  t h a t  c o n t i n u e d  h i g h  rates o f  h e p a t i c  g l u c o n e o g e n e s i s  a f t e r  a 
g l u c o s e  load  a c c o u n t  l a r g e l y  f o r  g l u c o s e  i n t o l e r a n c e  i n  mi ld  d i a b e t i c s .  
T h e r e f o r e ,  s t u d i e s  were i n i t i a t e d  t o  measure  p lasma glucose-C-14 a f t e r  
o r a l  a d m i n i s t r a t i o n  o f  L- lac ta te -U-C-14 i n  load  q u a n t i t y ;  t h e  f o r m a t i o n  
of I4CO2 i s  a l s o  o b s e r v e d ,  s i n c e  ea r l i e r  s t u d i e s  i n d i c a t e d  t h a t  f o r m a t i o n  
o f  I4CO2 i s  d i m i n i s h e d  as w e l l  as f o r m a t i o n  of glucose-C-14 i n c r e a s e d  
from l a c t a t e - C - 1 4  ( i n t r a v e n o u s l y )  i n  d i a b e t i c s .  

L 

The s t u d y  o f  i n t e r a c t i n g  e f f e c t s  o f  h i g h  s u c r o s e  d i e t  and o f  ano- 
v u l a t o r y  s t e r o i d s  on f o r m a t i o n  and t u r n o v e r  o f  plasma t r i g l y c e r i d e s  was 
c o n t i n u e d  by t h e  i n c l u s i o n  of  e i g h t  more o b e s e  women. E f f e c t s  o f  t h e s e  
p a r a m e t e r s  on c o n v e r s  i o n  o f  i n g e s t e d  sucrose-C-  14 to t r i g l y c e r i d e s ,  
t u r n o v e r  of  t r i g l y c e r i d e s  a f t e r  l a b e l i n g  w i t h  g lyce ro l -2 -H-3 ,  i n s u l i n  
r e s p o n W  t o  s u c r o s e  l o a d ,  and plasma pos t - h e p a r i n  l i p o l y t i c  a c t i v i t y  
(PHL@.were s t u d i e d .  R e s u l t s  c o n f i r m  p r e v i o u s  f i n d i n g s  t h a t  more s u c r o s e  
i s  c o d v e r t e d  t o  t r i g l y c e r i d e s  a f t e r  h i g h - s u c r o s e  t h a n  a f t e r  h i g h - s t a r c h  
d i e t  and d u r i n g  reg imens  o f  e s t r o g e n - c o n t a i n i n g  c o n t r a c e p t i v e s ,  b u t  n o t  
t h o s e  w i t h  o n l y  p r o g e s t a g e n s .  PHLA of p l a sma  ( a f t e r  g l u c o s e )  i s  
d i m i n i s h e d  on h i g h - s u c r o s e  d i e t s ,  b u t  t u r n o v e r  o f  plasma t r i g l y c e r i d e s  i n  
t h e  p o s t - a b s o r p t i v e  s t a t e  is n o t  s i g n i f i c a n t l y  changed .  T h i s  s t u d y  was 
p r i n c i p a l l y  s u p p o r t e d  by non-AEC funds.  

Rx-83 (See C o n t i n u a t i o n  Sheet) 
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Although a few more p a t i e n t s  were i n c l u d e d  t h i s  y e a r  i n  the  
c o l l a b o r a t i v e  s t u d i e s  o f  o x i d a t i o n  of g a l a c t o s e - U - C - 1 4  t o  b r e a t h  I 4 C O 2  
i n  h y p o t h y r o i d  p a t i e n t s  and i n  p a t i e n t s  w i t h  l i v e r  d i s e a s e  ( i n i t i a t e d  
t h e  p r e v i o u s  y e a r )  a t  t h e  R a d i a t i o n  Medic ine  C e n t r e  i n  Bombay, no 
d e f i n i t e  r e s u l t s  are  a v a i l a b l e .  The b i o s y n t h e s i s  o f  ga lac tose-U-C-13 
( i n t e n d e d  f o r  t h e  same a p p l i c a t i o n )  was pur sued  a t  Los Alamos S c i e n t i f i c  
L a b o r a t o r y  b u t  encoun te red  t e c h n i c a l  d i f f i c u l t i e s ,  so  t h e  compound i s  
n o t  y e t  a v a i l a b l e .  However, t e n t a t i v e  a r r a n g e m e n t s  were made f o r  i t s  
u s e  b o t h  a t  t h e  U n i v e r s i t y  o f  N e w  Mexico and a t  Brookhaven N a t i o n a l  
L a b o r a t o r y .  

Chemical s y n t h e s i s  of l a c t o s e - 1 - C - 1 3  was i n i t i a t e d  a t  Los Alamos 
L a b o r a t o r y .  T h i s  compound w i l l  be used  i n  a n  o x i d a t i o n  test f o r  \ -actose 
i n t o l e r a n c e  i n  p a t i e n t s  a t  U n i v e r s i t y  o f  New Mexico h o s p i t a l s .  (Shreeve)  

A m e t a b o l i c  s t u d y  of t h e  L- i somers  o f  carbon-14  l a b e l e d  t ryp tophan ,  
k y n u r e n i n e , a n d  hydroxykynurenine  i n  p a t i e n t s  w i t h  s c l e r o d e r m a  was conducted  
a t  t h e  F.W. Verwoord H o s p i t a l  i n  P r e t o r i a ,  S o u t h  A f r i c a .  The purpose o f  
t h e  s t u d y  w a s  t o  d e t e r m i n e  whe the r  t h e  Sou th  A f r i c a n  t y p e  o f  s c l e rode rma  
had m e t a b o l i c  a b n o r m a l i t i e s  s imi l a r  t o  t h o s e  o f  t h e  American type .  The 
S o u t h  A f r i c a n  s c l e r o d e r m a  p a t i e n t s  were nale Caucas i an  m i n e r s  whose 
i l l n e s s  began w i t h  s i l i c o s i s  fo l lowed  by l a te r  development  of sc l e rode rma .  
B r e a t h  ca rbon  d i o x i d e  samples  were c o l l e c t e d  i n  sodium hydrox ide  ove r  a 
24-hour p e r i o d  a f t e r  t h e  C - 1 4  l a b e l e d  d o s e s  were g i v e n  and  24-hour u r i n e  
s a m p l e s  were c o l l e c t e d  f o r  a t h r e e  day  p e r i o d .  
f o r  t h o s e  g i v e n  t ryptophan-7a-C-14  was 6 . 3  - 8 . 9  p e r c e n t ;  L-hydroxykynur- 
en ine -ke to -C-14  was 30.6 - 37 p e r c e n t  and L-kynurenine-ke to-C-14  was 
48.6 - 63.3 p e r c e n t .  
s c l e r o d e r m a  p a t i e n t s  g iven  t h e  same compounds. Kynuren ine ,  hydroxykynur- 
e n i n e ,  x a n t h u r e n i c  a c i d ,  k y n u r e n i c  a c i d ,  p i c o l i n i c  a c i d ,  q u i n o l i n i c  a c i d ,  
N-me thy ln ico t inamide ,  N-methyl-2-pyridone-5-carboxamide and n i c o t i n i c  
a c i d  w i l l  b e  i s o l a t e d  from t h e  u r i n e  by c a r r i e r  t e c h n i q u e s  and t h e  c a r b o n  
14 c o n t e n t  o f  t h e s e  u r i n a r y  components d e t e r m i n e d .  The r e s u l t s  from t h e s e  
a n a l y s e s  shou ld  h e l p  d e t e r m i n e  t h e  p a r t i c u l a r  m e t a b o l i c  a b n o r m a l i t i e s  i n  
m a l e s  w i t h  t h i s  d i s e a s e .  T h i s  l ong  r a n g e  p r o j e c t  h a s  made l i t t l e  p r o g r e s s  
due  t o  i n s u f f i c i e n t  t e c h n i c a l  a s s i s t a n c e .  The S o u t h  A f r i c a n  Atomic 
Energy  Board (SAAEB) i s  s e n d i n g  D r .  E . J .P .  d e  B r u i n  t o  Brookhaven t o  
spend a y e a r  o f  p o s t - d o c t o r a t e  s t u d y  a t  t h e i r  expense  and t o  h e l p  w i th  
t h e  w l l a b o r a t i v e  p r o j e c t s .  
pe l l&gra ,  and h e p a t i c  tumor problems.  

-The t r y p t o p h a n  m e t a b o l i c  s t u d i e s  i n  p r i  s o n e r s  w i t h  a s e n s i t i v i t y  t o  

. 

The b r e a t h  1 k 0 2  l e v e l  

The v a l u e s  are similar t o  t h o s e  found i n  the  American 

Dr. de  B r u i n  w i l l  work on  t h e  s c l e r o d e r m a ,  

p r imaqu in  d rugs  i n  t h e  t r e a t m e n t  o f  malaria, were expanded t o  i n c l u d e  a 
s t u d y  o f  kynuren ine  me tabo l i sm.  I n  c o l l a b o r a t i o n  w i t h  Dr. Carson a t  
S t a t e v i l l e  P r i s o n ,  I l l i n o i s ,  u r i n e  samples  were c o l l e c t e d  from f i v e  
p r i s o n e r s  b e f o r e  and a f t e r  l o a d i n g  w i t h  t r y p t o p h a n .  The u r i n e s  were 
a n a l y z e d  f o r  16 t r y p t o p h a n  m e t a b o l i t e s  t o  p r o v i d e  c o n t r o l  v a l u e s  f o r  o t h e r  

(See C o n t i n u a t i o n  S h e e t )  Rx- 84 
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16 .  T e c h n i c a l  P r o g r e s s  i n  FY 191.3: (C o n t ' d )  

s t u d i e s  o f  t h e  American Negro and A f r i c a n  Bantu.  
g i v e n  400 mg d o s e s  of carbon-14  l a b e l e d  L k y n u r e n i n e  and t h e  s t u d y  
r e q u i r e s  s e v e r a l  more s u b j e c t s  r e c e i v i n g  200 mg d o s e s .  

Some s u b j e c t s  were 

O b s e r v a t i o n s  r e p o r t e d  l a s t  y e a r  s u g g e s t  t h a t  S o u t h  A f r i c a n  p e l l a g r i n s  
have  subnormal v i t a m i n  B6 coenzyme l e v e l s  i n  a d d i t i o n  t o  t h e  p r e v i o u s l y  
proposed  s t r e s s - i n d u c e d  i n c r e a s e  i n  t h e  a c t i v i t y  o f  t r y p t o p h a n  p y r r o l a s e  
o r  a l a c k  o f  f eedback  c o n t r o l  o f  t h i s  enzyme by  low p y r i d i n e  n u c l e o t i d e s .  
A g r a n t  ( s t r o n g l y  recommended by t h e  Japanese-American S t u d y  Commission) 
h a s  been o b t a i n e d  from t h e  DHEW t o  p r o v i d e  two t e c h n i c i a n s  t o  c o n t i n u e  t h i s  
i n t e r n a t i o n a l l y  impor t an t  p r o j e c t .  

I n  1972 a l i m i t e d  number of p e l l a g r a  p a t i e n t s  were s t u d i e d  duxing  
t h e  p e l l a g r a  s e a s o n  i n  S o u t h A f r i c a .  
and D r .  J a n s e n ,  Head o f  t h e  L i f e  S c i e n c e s  D i v i s i o n ,  SAAEB, t he  s t u d y  w i l l  
b e  comple ted  i n  1973 w i t h  t r a v e l  and l a b o r a t o r y  e x p e n s e s  p a i d  by S U B .  
In a d d i t i o n ,  p a t i e n t s  w i t h  p r imary  hepatoma w i l l  a l s o  b e  s t u d i e d .  T h i s  
hepatoma is  n u t r i t i o n a l l y  based ,  causes d e a t h  w i t h i n  t h r e e  months,  and 
h a s  a m o r t a l i t y  r a t e  of  more t h a n  150 p e r  hundred  thousand  p e r  year among 
t h e  Bantu.  

A t  t h e  r e q u e s t  o f  Dr. Roux, P r e s i d e n t ,  

A BNL r e s e a r c h  c o l l a b o r a t o r ,  Dr . .Ludwig  Fe inendegen ,  D i r e c t o r  o f  
The I n s t i t u t  f o r  Med ic ine ,  KFA, J u l i c h ,  Germany, h a s  r e q u e s t e d  a week's 
v i s i t  by t h e  P r i n c i p a l  I n v e s t i g a t o r  t o  s e t  up a c o l l a b o r a t i v e  s t u d y  a t  
J u l i c h  u t i l i z i n g  doub le  l a b e l e d  t r y p t o p h a n .  (Hankes) 

1 7 .  Expec ted  R e s u l t s  i n  FY 1974: 

Due t o  t h e  r e s i g n a t i o n  o f  t h e  P r i n c i p a l  I n v e s t i g a t o r  on ca rbohydra t e  
and l i p i d  me tabo l i sm t o  a c c e p t  a p o s i t i o n  a s  Head, N u c l e a r  Medicine,  
Ve te rans  A d m i n i s t r a t i o n  H o s p i t a l ,  N o r t h p o r t ,  New York, t h i s  a r e a  of the 
m e d i c a l  r e s e a r c h  program w i l l  be  phased  o u t .  
t h e r e  will be c o n t i n u i n g  expenses  i n  o r d e r  t o  c o m p l e t e  t h e  c l i n i c a l  
r e s p o n s i b i l i t i e s  t o  p a t i e n t s  p a r t i c i p a t i n g  i n  t h e  s t u d y .  

Dur ing  t h e  f i s c a l  year,  

(Shreeve )  

Work on t h e  mechanism o f  f o r m a t i o n  o f  t h e  8-methyl  e t h e r  of x a n t h u r e n i c  
a c i d  i n  humans is p lanned .  B e f o r e  c o n c l u s i v e  s t a t e m e n t s  can  be made 

ing mechanisms, s t u d i e s  o f  enzyme m e t h y l a t i o n  r e a c t i o n s  forming 
k y n u r e n i n e  and m e t h a x y a n t h r a n i l i c  a c i d  are  r e q u i r e d .  
i n i n g  f r e s h  human a u t o p s y  material may d e l a y  c o m p l e t i o n  of t h i s  

p r o j k t ,  
and i t s  c o n t r o l  o f  c a r b o h y d r a t e s  w i l l  be  i n v e s t i g a t e d  by Dr. de Bruin .  

D i f f i c u l t i e s  

The r e l a t i o n s h i p  of these x a n t h u r e n i c  a c i d  compounds t o  i n s u l i n  

A d d i t i o n a l  compounds w i l l  be  p r e p a r e d ,  r e s o l v e d  and s t a n d a r d i z e d  
f o r  f u r t h e r  s t u d i e s  o f  p e l l a g r a ,  s c u r v y  and h e p a t i c  c a n c e r  p a t i e n t s  i n  
Sou th  A f r i c a  and malaria p a t i e n t s  a t  S t a t e v i l l e  P r i s o n  i n  I l l i n o i s .  

(See C o n t i n u a t i o n  S h e e t )  RX-85 
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Nuclea r  M e d i c i n e  Technology and O t h e r  H e a l t h  A p p l i c a t i o n s  
P r o j e c t  T i t l e :  Metabol i sm o f  Carbon Labeled Compounds RX-01-03-(e) 

1 7 .  Expected R e s u l t s  i n  FY 1974: (Cont 'd . )  

The s t u d y  o f  c a r b o n - l k  l a b e l e d  t r y p t o p h a n ,  k y n u r e n i n e ,  and g l u c o s e  i n  
m a l a r i a  p a t i e n t s  w i l l  be  c o n t i n u e d  a s  m a t e r i a l  becomes a v a i l a b l e  and 
FDA a p p r o v a l  i s  o b t a i n e d .  

Blood and u r i n e  samples  from t h e  p e l l a g r a  and s c u r v y  s t u d i e s  w i l l  
be ana lyzed  f o r  a l l  o f  t h e  i n d i v i d u a l  amino a c i d s ,  a s  t e c h n i c a l  h e l p  
becomes a v a i l a b l e  and i s  t r a i n e d .  Work w i l l  c o n t i n u e  on b l o o d  and u r i n e  
samples  from h e m o s i d e r o t i c  ( s c u r v y )  p a t i e n t s  who had been  g i v e n  l a b e l e d  
a s c o r b i c  a c i d  i n  South A f r i c a .  (Hankes) 

18. Expected R e s u l t s  i n  FY 1975: 
.\ 
b 

The s t u d y  o f  t r y p t o p h a n  me tabo l i sm i n  s c l e r o d e r m a ,  s c u r v y ,  p e l l a g r a ,  
m a l a r i a ,  a n e m i a s ,  h e p a t i c  c a n c e r  and o t h e r  r e l a t e d  d i s e a s e s  w i l l  be  cont inued .  
An a d d i t i o n a l  t r i p  t o  S o u t h  A f r i c a  i s  a n t i c i p a t e d  a t  t h e  i n v i t a t i o n  and expense  
of t h e  South A f r i c a n  Atomic Energy Board t o  c a r r y  o u t  a d d i t i o n a l  s t u d i e s .  

19. D e s c r i p t i o n  and E x p l a n a t i o n  o f  Major  M a t e r i a l s ,  Equipment ,  and 
S u b c o n t r a c t  Items: 

None 

20. Proposed  O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 

(See Conttnuatlon S h e e t )  RX-86 
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N u c l e a r  Medicine Technology and O t h e r  H e a l t h  A p p l i c a t i o n s  - 

P r o j e c t  T i t l e :  Metabol ism o f  Carbon Labeled Compounds 
R e i t e r a t i o n  of Assurance  S t a t e m e n t  

RX-Ol-O3- ( e )  

on 
I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  

I n c l u d i n g  C l i n i c a l  Resea rch  

The H o s p i t a l  o f  t h e  Medical Research C e n t e r ,  Brookhaven N a t i o n a l  L a b o r a t o r y ,  
compl i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  o f  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  s u p p o r t e d  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department o f  H e a l t h ,  E d u c a t i o n ,  and Welfare  and from t h e  Atomic Energy 
Commission. Xn f u l f i l l m e n t  o f  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  has  e s t a b l i s h e d  
a s t a n d i n g  commit tee  t o  review i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  commit tee  i s  cha rged  w i t h  r e s p o n s i b i l i t i e s  
t o  d e t e r m i n e  f o r  e a c h  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  o f  e a c h  p a t i e n t  w i l l  be a d e q u a t e l y  p r o t e c t e d ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  o u t w e i g h  t h e  r i s k s ,  and 
t h a t  a n  informed c o n s e n t  w i l l . b e  o b t a i n e d  from each p a t i e n t .  

i 

T h e  commi t t ee ,  a p p o i n t e d  by t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  Labora to ry ,  
p r o v i d e s  f o r  i ndependen t  judgment o f  i t s  members, and a l t e r n a t e s  a r e  p rov ided  
t o  s e r v e  when t h e r e  may be c o n f l i c t  of i n t e r e s t .  T h i s  i n s t i t u t i o n  e n c o u r a g e s  
c o n s t r u c t i v e  communication between t h e  commit tee  and p r i n c i p a l  i n v e s t i g a t o r s  
on t h e  s a f e g u a r d i n g  o f  t h e  r i g h t s  and w e l f a r e  o f  s u b j e c t s ;  w i l l  p rov ide  t h e  
r e q u i r e d  care f o r  pe r sons  i n j u r e d  as a r e s u l t  o f  p a r t i c i p a t i o n ;  and m a i n t a i n s  
comple t e  d o c u m e n t a t i o n  o f  p r o p o s a l s  and  r ev iews .  Approved i n v e s t i g a t i o n s  ' 
are reviewed by t h e  committee a t  l eas t  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i - ,  
c a l l y  r e v i e w s  i t s  p r a c t i c e s  and p r o c e d u r e s  t o  a s s u r e  t h e y  a r e  c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department  of H e a l t h ,  E d u c a t i o n ,  a n d  Welfare .  

A s  of March 7 ,  1973,  t h e  I n s t i t u t i o n a l  Review Committee f o r  review o f  Medical  
Department r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  is  composed o f :  

J. S. R o b e r t s o n ,  M . D . ,  Chairman G. P r i c e  
G .  C. C o t z i a s ,  M . D . ,  A l t .  Chairman N. P. Rathvon, Jr. 
S. H. Cohn D. N. S l a t k i n ,  M.D., A l t e r n a t e  
E. A .  Popenoe, A l t .  f o r  D r .  Cohn A. P. Wolf ,  A l t e r n a t e  
G .  Chikkappa, M.D. L. K. Dahl ,  M.D.  - C I i n i c a l  C o n s u l t a n t  
H. Connel l  W. A. F i n n  - A d m i n i s t r a t i v e  C o n s u l t a n t  
R. A. Love, M.D.  C. W. F lood - H e a l t h  Phys ic s  C o n s u l t a n t  

S i g n a  t u r e  : L P U  
T i t l e :  Chairman, Medical Department 

Date: March 7 ,  1973 
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SClIEDULE 189 

ADDITICNAL .EXPLANATION FOR OPERATING COSTS 

B r oo k h av  c n NJ t i o n  a 1 Lab o r  n t o ry 
Lab o r  a t  o r y  

RX-Biomedical h E n v i r o n m n t a l  Rczcsrch 
P r o g r c ~ 3  

-\ 
Y, 

Other H e a l t h  Applications J . -- 

1 .  C o n t r a c t o r :  C o n t r a c t  110. : Task ~ J o . :  
A s s o c r a t c d  Universities, I n c .  

AT( 30- 1) - 16 *-.. 
\ 

2 .  P r o j e c t  T i t l e :  189 No. :* 

N u c l e a r  X e d i c i n e  Techno logy  and 

E a r l y  D e t e c t i o n  and L o c a l i z a t i o n  of 
J 

Pulmonary Impai rment  - 
'. 3 .  BudKct  A c t i v i t v  No.: 4 .  Da te  P r e p a r e d :  

RX-0 1-03-  ( f ) May 1973 

5 .  Method of  R e p o r t i n q : '  6 .  Working Loca t ion :  ~-.. .\ 

F i n a l  T o p i c a l  R e p o r t  ,/------- k .  Y. 

Bimonth ly  P r o g r e s s  R e p o r t  
P u b l i c a t i o n  i n  Open L i t e r a t u r e  
S c i e n t i f i c  P Iee t ings  

a rookhaven  N a t i o n a l  Caboratory 
L. 

.. "?a. '-. . 
'.4 

*I 7 .  P e r s o n  i n  Charge: 
E .  P .  C r o n k i t c  

8. P r o j e c t  Term: 

W. E. I l i n s c h c  
L. G.  S t r ing ,  Jr. 
P r i n c i p n 1 T nv c s t ir n t o r  : 
11. L. ACl t ins  

W. E. I l i n s c h c  
L. G.  S t r ing ,  Jr. 
P r i n c i p n 1 T nv c s t ir n t o r  : 
11. L. A c l t l n s  

From: 

. ---\. 

To : 

P. R i c h a r d s  To be i n i t i a t e d  i n  FY 1975 
H .  Suss l t i nd  

9.  Man-Ycarc: 

FY 1973 FY 1974 FY 1975 D i r e c t  Xan-Years 
1 .  -c 
3. = 

4. 

- -- 
-c - S c i e n t i f i c  & P r o f e s s i o n a l  

Other 
.C 

Guests & Res. C o l l a b o r a t o r s  - 
- - Total 

10. C o s t s  (In S b s a n d s  of D o l l a r s ) :  
'6 8 -  

.i 

FY 1973 FY 1974 1975 

/hi3 
4 < - 

Research C o s t s  c 

e - Equipment  O b l i g a t i o n s  - 

11. R e a c t o r  Concept :  12. Materials: 
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Nuc1o;ir  Mctl ic inc Tc*clinnlo[;y nnd 

E a r l y  D c t c c t i o n  a i d  L o c a l i z a t i o n  of 
0 Llic r 1 I c ;I 1 t li A p  p 1 i c a t i onn 

P r o i c c t  TiClc: Pulrnonnrv Tmpnirmcnt RX-01-03- ( f )  / 
13. Pub 1 i c  a t i o n s  : 

T h i s  p r o p o s a l  i n i t i a t e s  new work, However,  t h e  f e a s i b i l i t y  of t h e  
p r o p o s e d  t e c h n i q u e  was p r e s e n t e d  i n  p r i o r  p u b l i c a t i o n s :  

S u s s k i n d ,  H . ,  R i c h a r d s ,  P . ,  A t k i n s ,  11. L . ,  and  Skoln ic lc ,  M. 
D e t e c t i o n  of  i m p a i r e d  pulmonary  f u n c t i o n  w i t h  3 m a s s - s p c c t r o g r a p h i c  t r a c e r  
t e c h n i q u e .  P roc ,  24 th  Ann. Conf. Eng. Med, B i o l .  l3, 228 ( 1 9 7 1 ) .  

\ 
. . . .  

S u s s k i n d ,  H . ,  R i c h a r d s ,  P . ,  and A t k i n s ,  H. L. S t u d i e s  of  a i r w a y  c losure 
w i t h  h e l i u m .  J. Appl .  P h y s i o l .  (Submi t t ed ) .  

S u s s k i n d ,  H . ,  R i c h a r d s ,  P . ,  and A t k i n s ,  H. L. C l o s i n g  volume.  L t r .  t o  
.\ t h e  E d i t o r ,  T h e . L a n c e t ,  Vol.  I. pp .  603-4,  1973.  b 

- -~ 

14. Scope :  

( a )  200 Word Surmary:  The o b j e c t i v e  i s  t o  d e v e l o p  t h e  methodology and  
i n s t r u m e n t a t i o n  f o r  two r e l a t e d  i s o t o p i c  t r a c e r  t e c h n i q u e s ,  one  f o r  t h e  
e a r l y  d e t e c t i o n  of  c h r o n i c  o b s t r u c t i v e  pu lmonary  d i s e a s e ,  and t h e  second  f o r  
t h e  e v a l u a t i o n  of t h e  e x t e n t  and  d i s t r i b u t i o n  o f  d i s e a s e  i n  t h e  lungs .  The 
first t e c h n i q u c  i n y o l v e s  t h e  u se  o f  s t a b l e  h e l i u m  t o  m e a s a r e  d i s t a l  a i r w a y  
c l o s u r e ,  R e f e r e n c e  v a l u e s  w i l l  be p r c p a r c d  f rom c l i n i c a l  d a t a  o b t a i n c d  f rom 
a l a r g e  s t a t i s t i c a l  sample  of  h e a l t h y  s u b j c c t s .  
l n d i c a t c s  n b n o r m n l i t i c s .  Thc t c c h n i q u c  i s  p a r t i c u l a r l y  w e l l - s u i t e d  t o  mass-  
R C T C C l \  in): app 1icnK ion:; by u s i n g  mol)j.lc cqui piiicii t and in:; t ; in tnncous  cornputcr  
c111n1y:;i:i in ~ I I C  a~;:;oci:il:c.d "1uiityioI)i 1c". llcliiirn I ins  ,? n\iinl)ci- of  nc\varit;igcs 
o v e r  o t h c r  goscs,  i n c l u d i n g  a h i g h e r  d i f f u s i o n  r a t e  and a much  lowcr b lood  
s o l u b i l i t y  . 

P r e m a t u r e  c l o s u r e  i n  s u b j e c t s  

Tlic second t e c h n i q u e  i n v o l v c s  t h e  u s e  of  r a d i o a c t i v e  xenon 127 i n  
c o n j u n c t i o n  with t h e  i s o t o p e  camera  and compute r  i n t c r f a c c  i n  c l i n i c a l  s t u d i e s  
t o  q u a n t i t a t e  t h c  e x t e n t  o f  v c n t i l a t i o n  and p e r f u s i o n  d e f e c t s  i n  t h o s e  
p a t i c n t s  d c t c c t e d  by t h e  h e l i u m  s c r e e n i n g  p r o c e d u r e  and i n  o t h e r s ,  Xenon 127 
h a s  s e v e r a l  a d v a n t a g e s  o v e r  xenon  133, t h e  gas c u r r e n t l y  i n  use,  i n c l u d i n g  
h i g h e r  r e s o l u t i o n  and more e f f i c i e n t  d e t e c t i o n  o f  t h e  g a r n a s  e m i t t e d  and a 
l o n g e r  h a l f - l i f e  (36 d a y s ) .  

(b) Sup-ment t o  200 Word Surmarv:  Emphysema and o t h e r  d i s e a s e s  of t h e  
s m a l l  a i r w a y l ' o f  t h e  l u n g ,  and l u n g  impa i rmen t  c a u s e d  by a i r  ? o l l u t i o n  and 
t o b a c c o  smok% o f t e n  d e f y  d e t e c t i o n  i n  t h e i r  e a r l y  s t a g c s  w!icn t r e a t m e n t  c o u l d  
b e  e f f e c t i v e .  By t h e  t i m e  c h r o n i c  a i r w a y  o b s t r u c t i o n  i s  d c t c c t c d  by t h e  u s u a l  
measu remen t s  of  l ung  f u n c t i o n ,  t h e  d i s e a s e  p r o c e s s  i s  g e n e r a l l y  i r r c v c r s i b l e .  
A t  t h e  p r e s e n t  t ime,  no t e c h n i q u e s  a r e  a v a i l a b l e  t o  d e t e c t  t h e  c 3 r l v  s t a g e s  
o f  c h r o n i c  o b s t r u c t i v e  pulmonary  d i s e a s e .  On ly  t h e  a i r w a y  c l o s u r e  t e c h n i q u e  
and m e a s u r e n r n t  o f  t h e  mnximun m i d - e x p i r a t o r y  f l o w  r a t e ,  which i s  n o t  a s  
s e n s i t i v e ,  show any p r o m i s e  when u s e d  i n  r o u t i n e  pulmonary  f u n c t i o n  t e s t s  

!- 
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N u c l c a r  N c d i c f n c  Tcchi iology and t . .  . .  ' z.:- 
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;, ~~~ ,; ..: " ' - :.. -. . Ochcr I lca . l th  A p p l i c a t i o n s  
E a r l y  D c t c c r i o n  and  L o c a l i z a t i o n  o f  

R X - O  ?. -03 - ( f )  ' h : 'r.2 P r o j e c t  T i  t l c :  Plilmonnry Tmpnimwnt I -  

14. Scope :  , ( C o n t ' d )  

o r  f o r  w i d e s p r e a d  s c r e c n i n g  o f  p e o p l e .  

The  b e n e f i t s  t o  bc  r e a l i z e d  from devc lopmcn t  of  t h i s  program re- 
s u l t  f rom a r e d u c t i o n  i n  t h e  p r o g r e s s i o n  of pulmonary  d i s e a s e  by means of 
e a r l y  d e t e c t i o n  and a c c u r a t e  d i a g n o s i s .  These  b e n e f i t s  a p p e a r  i n  t h r e e  
a r e a s :  
d i s e a s c ,  estimatcd f o  causc 30,089 deaths pcr ycar  I n  the U I S l  and being 
a c o n t r i b u t i n g  c a u s e  t o  50,000 o t h c r s ,  ( 2 )  e l i m i n a t i o n  o r  a t  l e a s t  rc- 
d u c t i o n  o f  t h e  l e n g t h  o f  h o s p i t a l i z a t i o n  o f  pu lmonary  p a t i e n t s ,  and 
( 3 )  r e d u c t i o n  o f  t h e  e x t e n t  of  d i s a b i l i t y  a n d ,  h e n c e ,  of  S o c i a l  S c c u r f t y  
p e n s i o n  paymen t s  f o r  c h r o n i c  d i s a b i l i t y  c o s t i n g  s e v e r a l  h u n d r e d  m i l l i o n  
do l l n r s  a n n u a l  1 y. 

15. R c l n t i o n s h i p  t o  O t h c r  P r o j e c t s :  

(1) r e d u c t i o n  i n  t h e  d e a t h  r a t e  from c h r o n i c  o b s t r u c t i v c  pulmonary  

Both t e c h n i q u e s  w i l l  be  d e v c l o p c d  and u s e d  i n  a j o i n t  c o l l a b o r a t t v c  
e f f o r t  be twccn  t h e  P lcd ica l  and A p p l i e d  S c i e n c e  D c p a r t n c n t s  a t  BNL and 
t h e  h o s p i t a l s  a s s o c i a t e d  w i t h  two u n i t s  o f  t h e  S t a t c  U n i v e r s i t y  o f  Xcw 
York - -  t h c  Downsta te  Mcdicnl  C e n t e r  i n  Brooklyn ,  u n d e r  t h e  g u i d a n c e  
o f  Drs. H. S.  Lyons and N.  A. Solomon,  and t h e  H e a l t h  S c i e n c e s  C e n t e r  
a t  S t o n y  Brook,  unde r  t h c  g u i d a n c e  o f  D r ,  I. Rezak. The deve lopmen t  
work ,  i n c l u d i n g  i n i t i a l  c l i n i c a l  t e s t i n g ,  w i l l  be  c a r r i e d  o u t  a t  B X , ,  
f o l l o w e d  by e x t e n s i v e  c l i n i c a l  s t u d i e s  a t  t h e  w e l l - e s t a b l i s h e d  pulmonary  
c e n t e r s  a s s o c i a t e d  w i t h  t h e  U n i v e r s i t y .  

The  a i r w a y  c l o s u r e  t e c h n i q u e  i s  a l s o  u n d e r  deve lopmen t  a t  several  
l a b o r a t o r i e s ,  i n c l u d i n g  M c G i l l  U n i v e r s i t y ,  whose r e s e a r c h e r s  h a v e  j u s ?  
r e c e n t l y  begun t o  u s e  i n e r t  a r g o n  i n  a d d i t i o n  t o  r a d i o a c t i v e  xenon  133, 
M a s s a c h u s e t t s  G e n e r a l  H o s p i t a l ,  where  n i t r o g e n  13 i s  u s e d ,  and  H a r v a r d  
S c h o o l  o f  P u b l i c  H e a l t h ,  where some work w i t h  h e l i u m  i s  underway.  
Hel ium s h o u l d  p r o v i d e  g r e a t e r  s e n s i t i v i t y  t h a n  o t h e r  g a s e s ,  s i n c e  i t s  
h i g h  d i f f u s i o n  r a t e  r e s u l t s  i n  t h e  most  r a p i d  d i s t r i b u t i o n  i n  a l l  
a i r w a y s ,  and  i t s  lower  s o l u b i l i t y  i n  b l o o d ,  compared w i t h  o t h e r  g a s e s ,  
e n s u r e s  t h a t  i t s  c o n c e n t r a t i o n  i n  t h e  a l v e o l a r  gas  w i l l  depend s o l e l y  on  
a l v e o l a r  v e n t i l a t i o n .  

7- 

P r e l i m m r y  s t u d i e s  w i t h  xenon  127  were c a r r i e d  o u t  a t  the Argonne 
The deve lopmen t  o f  t h e  p r o d u c t i o n  t e c h n o l o g y  C a n c e r  Resea&h H o s p i t a l .  

o f  xenon 127 a t  Brookhaven i s  a l r e a d y  b e i n g  funded  by t h e  AEC-DAT. 

t 
r 

. .  

I 1  I9248 
(See C o n t i n u o t i o n  S h e e t )  

. . ^ C _ . C .  - -- 
! 



Nuclcn r  Xcclicinc T c c l ~ t i o l o ~ y  and 
0 tlicr I 1  cn 1 rh App 1 i c a  t i o n 3  

- E a r l y  D c t c c t i o n  and L o c a l i z a t i o n  of  
Projcct. Titlc: Prilmniinry Iiiipnirmcn t RX-01-G3- ( f )  / 
16. I'spcctcd I t c s t i l t s  i n  1-Y 1373: 

T h i s  i s  o new program t o  be i n i t i 9 t c d  d u r i n g  lT 1975. However,  some 
p r e l i m i n a r y  s t u d i e s  a t  RNL h a v e  shown t h a t  s t a b l e  i n e r t  h e l i u m  a p p e a r s  t o  
be  an e x c e l l e n t  t r a c c r  f o r  t h e  m c a s u r e w n t  o f  c l o s i n g  vo lumes ,  and i t 3  
c o n c e n t r a t i o n  i n  t h e  e x h a l c d  a i r  c a n  be  r e a d i l y  measured  w i t h  t h e  co- d,L..er - 
c i a 1  h e l i u m  " l e a k  d e t e c t o r " .  The p r o c e d u r e  f o r  m e a s u r i n g  d i s t a l  a i m s y  
c l o s u r e  is  b a s c d  on a s i n g l e - b r e a t h  a n a l y s i s  of  t he  e x p i r a t e .  A b o l u s  o f  
h e l i u m  i s  i n t r o d u c e d  i n t o  t h e  mouth o f  t h e  s u b j c c t ,  w l i i l c  s e a t e d  e r e c t ,  
j u s t  a f t e r  forced expiration C8 his  residual volume ( R V ) ,  
h a l e s  t h e  t r a c c r  and a i r  t o  h i s  v i t a l  c a p a c i t y  ( V C ) .  
i s  a d r n i n i s t c r e d  t o  a d u l t  m a l e s ,  w h i l e  n s m a l l e r  volume i s  u s e d  f o r  f c m l e  

The s u b j e e t  i n -  
A b o l u s  volume o f  1 ml 

\ 

and y o u n g . m a l c  s u b j e c t s .  b 

A l l  vo lumes  a r e  d c t c r m i n c d  w i t h  a s p i r o m e t e r ,  and t h e  h e l i u m  concen-  
t r a t i o n  i n  a i r  i s  measured  c o n t i n u o u s l y  by w i t h d r a w i n g  a s m a l l  s i d e s t r e a n  
t h r o u g h  a n e e d l e  v a l v c  a t  t h e  mouth o f  t h e  s u b j c c t  d u r i n g  f o r c e d  e x p i r a -  
t i o n  t o  t h e  l i m i t  o f  t h e  s u b j e c t ' s  RV a g a i n .  The h e l i u m  c o n c e n t r a t i o n  i n  
t h e  s i d c s t r e a m  i s  d e t e r m i n e d  w i t h  a mass  s p e c t r o m e t e r  o f  t h e  " l e a k  d e c e c t o r "  
t y p e .  
r e c o r d e d  f o r  t h e  e n t i r e  c y c l e ,  and a s h a r p  upward i n f l e c t i o n  i n  t h e  h e l i u , ,  
c o n c e n t r a t i o n  i s  o b s c r v c d  toward t h e  end  of a c h a r a c t e r i s t i c a l l y  s t r a i g h t  
p o r t i o n  of  t h e  c o n c c n t r a t i o n - v o l u m e  c u r v e  known a s  t h e  " a l v e o l a r  p l a t e a u " .  
This i n f l c c t i o n  p o i n t ,  e x p r e s s c d  as p e r c e n t  VC,  i s  b e l i e v e d  to i n d i c a t e  
d i s t a l  a i r w a y  c l o s u r e .  

The r e s u l t a n t  volumes and h c l i u m  c o n c e n t r a t i o n s  a r e  c o n t i n u o u s l y  

The i n t r o d u c t i o n  of v e r y  sma l l  boluses -- one  of t h e  a d v a n t a g e s  o f  
u s i n g  h e l i u m  -- r e s u l t e d  i n  a l i n e a r  i n c r e a s e  of c l o s i n g  volume w i t h  age  
f o r  a group  of  h e a l t h y  non-smokers .  
w i t h  t h a t  p r e v i o u s l y  r e p o r t e d  f o r  a r g o n  t r a c e r ,  b u t  n o t  w i t h  t h o s e  f o r  
n i t r o g e n  and xenon.  C a r d i o g e n i c  o s c i l l a t i o n s  were  g r e a t l y  r e d u c e d  w i t h  
h e l i u m  i n  t h e  r e c o r d e d  i n s t r u m e n t  o u t p u t ,  w h i l e  background i i o i s e  and 
s t a t i s t i c a l  f l u c t u a t i o n s  were  damped o u t  by  u s i n g  t h e  l e a k  d e t e c t o r  -- 
i n  c o n t r a s t  t o  t h e  o u t p u t  o f  r e g u l a r  mass  s p e c t r o m e t e r s .  

The c o r r e l a t i o n  was i n  good a g r e m e n t  

17. Expec ted  R e s u l t s  i n  M 1974: 

As n o t e d  above, t h i s  i s  a new p r o g r a m  t o  be  i n i t i a t e d  d u r i n g  FY 1975, 
u n l e s s  s u p p l  
t h e  l a t t e r  ca 
s o o n  a s  fund  

ary f u n d s  a r e  r e c e i v e d  t o  p e r m i t  an  e a r l i e r  s t a r t .  I n  
t5-c work d e s c r i b e d  b e l o w  u n d e r  S e c t i o n  18 w i l l  b e g i n  as 

18. Expec ted  Resul ts  i n  FY 1975: 

Airway c l o s u r e  w i l l  c o n t i n u e  t o  b e  measured  i n  l a r g e  g r o u p s  o f  h e a l t h y  
p e o p l e .  
p a r i e n t s  a t  t h e  a s s o c i a r c d  h o s p i t a l  c e n t e r s .  
h o s p i t a l s  at BNL and o i l - s i t e  w i t h  known l u n g  d i s o r d e r s  w i l l  a l s o  be t c s t c d .  

The s u b j e c t s  w i l l  be  drawn m a i n l y  from t h e  work f o r c e  a t  BNL and 
S c l c c t e d  p s f z i c n t s  a t  t h e  

(SCC C o n t i n u a t i o n  ~h::.:) 

~ .. . _ -  .._-. - . .Y ,- -. c --. .. . 
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N u c l c u r  ElcJicinc Tcclinology ond 

E a r l y  Dc tcc t i . on  a n d  L o c a l i z a t i o n  o f  
Otlici- Ilca1 t I \  App1 Lca t io110 

Project Title>: PI! l i n n n n r v  J n i p . 7  i n n c n  C R%-01-03-(f) 

18. E s p c c t c d  i :cs~~l t . s  i n  IT 1975:  ( C o n t ' d )  

The d a t a ,  o b t a i n e d  i n  t h c  form o f  r a t i o s  o f  c l o s u r c  v o l m c  t o  v i t a 1  capacity 
f o r  e a c h  s u b j c c t ,  w i l l  bc  s t o r e d  on computc r  t a p e  and u s e d  t o  c o r r e l a t e  
airway c l o s u r e  w i t h  age,  S C X ,  and o t h e r  v i t a l  s t z t i s t i c s  s u c h  a s  h e i g h t ,  
w e i g h t ,  and h i s t o r y ,  i n c l u d i n g  t h e  r e l a t i o n s h i p  of  t h e  s u b j e c t  t o  d i f f e r e n t  
fonns of  a t m o s p h e r i c  p o l l u t i o n  and o c c u p a t i o n a l  e x p o s u r e s .  
s c r e e n i n g  of l a r g e  g r o u p s  of  p e o p l e ,  w i l l  c o n p a r e  t h e i r  c l o s i n g  v o l m e s  
w i t h  t h e  r e f e r e n c e  v a l u e  f o r  h e a l t h y  p e o p l e ,  

S u b s e q u e n t  

P r e m a t u r e  c l o s u r e  i s  i n d i c a -  
t i v e  o f  ernn.11 altwby abnornali~ies. 

A simple and r e l a t i v e l y  i n e x p c n s i v c  packagc  of  cqu ipmcn t  will bc b u i l t  
w i t h  a n s i s t a n c c  from tlic CNI, I n s t r u i n c n t n t i o n  D i v i s i o n ,  t o  p r o v i d e  f o r  Qc 
a u t o m a t i c  i u t r o d u c t i o n  o f  tlic t r ; i c c r  nntl ~ l i c  cvnl i i J t i .on  o f  t11c resul ts .  
Tlic cquiprncnt  w i l l :  (1) measure  t l ic  volumc of  gas i n s p i r e d  and c x p i r c d  
f rom t l ic  l u n g s  w i t h  a s p i r o m e t c r ,  ( 2 )  measure  t h e  c o n c c n t r a t i o n  of  h e l i u m  
i n  t h e  e x p i r a t e  w i t h  a mass s p c c t r o m e t c r ,  and (3 )  p r o v i d e  f o r  s c m i - a u t o z m t i c  
d a t a  a c q u i s i t i o n  and s t o r a g e  on i n d u s t r y - c o m p a t i b l e  i n c r c m c n t a l  m a g n e t i c  
t a p e .  A n a l y s i s  o f  t h c  d a t a  would h a v c  t o  b e  pe r fo rmed  on a r e m o t e  computcr .  
T h i s  s y s t e m  o f  d a t a  a c q u i s i t i o n  would allow an o p e r a t o r  t o  s t o r e  t h e  s i n g l e -  
b r e a t h  h e l i u m  washou t  c u r v c  a s  1000 sampled  p o i n t s  w i t h  8 - b i t s  ( a b o u t  1/4%) 
r e s o l u t i o n ,  The s t o r e d  d a t a  c a n  be i m e d i a t c l y  d i s p l a y e d  on a D i s p l a y  U n i t ,  
a n d ,  if s a t i s f a c t o r y ,  t h e  d a t a  and a p p r o p r i a t e  h e a d i n g  i d e n t i f i c a t i o n  can  b e  
s t o r e d  on i n c r e m e n t a l  magne t i c  t a p e  f o r  f u t u r e  a n a l y s i s .  If  t h e  cume is 
n o t  s a t i s f a c t o r y ,  t h e '  o p e r a t o r  can  d i s c a r d  t h e  d a t a  and g e n e r a t e  a new 
se t  o f  d a t a ,  r e c o r d i n g  o n l y  t h e  s a t i s f a c t o r y  cm-ve o n  m a g n e t i c  t a p e .  

b 

, ... .. .. - .  

s t o r i n g  t h e  p a t i e n t  d a t a  made. The g o a l  is t o  s t o r e  a l l  i n f o r n a t i o n  on 
t a p e s ,  a n a l y z e  i t  b y , c o m p u t e r  o p e r a t i o n ,  and s tore  i t  f o r  f u t u r e  r e f e r e n c e  
and re t r ieva l .  

Computer  p rograms  w i l l  be  w r i t t e n  and  i m p r o v e n e n t s  i n  a n a l y z i n g  and 

O t h e r  g a s e s ,  s u c h  a s  hydrogen ,  n i t r o g e n ,  neon ,  a r g o n ,  s u l f u r  hexa-  
fluoride, and xenon ,  w i l l  bc  i n t r o d u c c d  -- a s  s t s b l c  o r  r a d i o J c t i v e  t r a c e r s  -- 
i n d i v i d u a l l y  o r  i n  com2)inatioi.r w i t 1 1  I l c l ium,  t o  comp;lrc c l i c i r  r c l a t i v c  
s c n s i t i v i t y  and c f f c c t i v c n c s s  w i t h  t h a t  of h c l i u m ,  and t o  d c t c r n i n c  i f  t h e y  
o f f c r  a n  advoncngc  o v e r  t h e  u s e  o f  h e l i u m  a l o n e .  The  f i r s t  s u c h  gas  t o  be 
s t u d i e d  will bc xenon 127, p r o p o s e d  f o r  u s e  a t  3NL i n  r e l a t e d  pulmonary 
v e n t i l a t i o n - M r f u s i o n  s t u d i e s .  

C u r i e  q - t i t i e s  of  xenon 127 will be  p r e p a r e d  i n  t h e  BLIP, a u n i q u e  
a c c e l e r a t o r  f a c i l i t y ,  f o r  d a i l y  use and made a v a i l a b l e  f o r  w i d e s p r e a d  
c l i n i c a l  e v a l u a t i o n  a t  BNL and a t  t h e  c o l l a b o r a t i n g  o u t s i d e  h o s p i t a l s .  

Inasmuch as  t h i s  program i s  r e g a r d e d  a s  a c o n t i n u i n g  one  t h a t  d o c s  n o t  
commence u c t i l  FY 1975 ,  i t  may bc: : : - : > r o p r i a t c  t o  c i t e  h e r c  t h c  d i r e c t i o n  
t h a t  t h e  worlc i s  cx;>ccccd t o  t a k e  Jc)-.o;id FY 1975. The  screening of h c a l t h y  
p e o p l c  t o  o b t a i n  r c i c r c n c c  d a t a  on normal  l u n g  c l o s u r c  volumes and t h e  
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N u c l c a r  P lcd ic inc  Technology and 

E a r l y  D c t c c t i o n  and L o c a l i z a t i o n  of 
O c l i c r  I l c n l t h  A p p l i c a t i o n o  

P r o j p c t  ~ i t l c :  Piilmoll3ry Tinpairmcnt RX-Ol-O3-(f) 

18. E s p c c t c d  Kcstilts i n  FY 1 9 7 5 :  ( C o n t ' d )  

/- 
e v a l u a t i o n  o f  r e g i o n a l  l u n g  f u n c t i o n  w i t h  xenon 127 f o r  p c o p l c  w i t h  lung  Fn- 
p a i n n c n t  w i l l  c o n t i n u e .  

S i n c e  chc  b a s i c  screening p r o c c d u r c  w i l l  s i m p l y  i n d i c a t e  t h e  p r c s c n c c  
o r  a b s c n c c  o f  d i s c a s c ,  i t  i s  hoped t o  mnkc i t  more s p c c i f i c  by d i f f c r c n -  
t i a t i n g  among the v a r i o u s  o b s t r u c t i v e  l u n g  d i s e a s e s  u s i n g  t r a i n e d  s u b j c c t s  
w i t h  r e s p i r a t o r y  d i s c a s e .  
rate5 
d i f f u s i o n  o f  v a r i a t i o n s  i n  volumes and t i s s u e  e l a s t i c i t y  and o i  g a s  iiow 
r a t e s  r e s u l t i n g  f rom o b s t r u c t i o n s  i n  t h e  a i r  p a s s a g e s ,  c a n  b e  m o n i t o r e d  by 
l u n g  s c a n n i n g  and a n a l y s i s  of t h e  e x p i r a t e  a t  t h e  mouth t o  p r e d i c t  t h e  ,type 
and  e x t c n t  of  o b s t r u c t i v e  d i s e a s e .  
w i t h  h c a l t h y  s u b j e c t s  u s i n g  a r t i f a c t s  t h a t  mimic f l o w  r e s t r i c t i o n s  and o t h e r  
c o n d i t i o n s  t o  e s t a b l i s h  r e f c r e n c c  c o n d i t i o n s .  A b e n c h - s c a l e  p l a s t i c  mock-up 
o f  p e r t i n e n t  p a r t s  o f  t h e  b r o n c h i a l  tree w i l l  b c  c o n s t r u c t e d  and used  t o  
s t u d y  t h e s e  c o n d i t i o n s  o u t s i d e  t h e  body and  t o  p r e d i c t  t h e  i n  v i v o  r e s u l t s .  

It is  t h o u g h t  t h a t  t h e  d i f f e r e n c e  i n  d i f f u s i o n  
gag in m i w p j  gas  ! r a c e r ,  c o q l e d  w i t h  the e f f e c t s  on 

T h i s  s t u d y  w i l l  be p r c c e d c d  by work 

I n s t r u m e n t a t i o n  w i l l  be  d e v e l o p e d  f o r  p r e c i s e  a u t o m a t i c  c o n t r o l  and 
t i m i n g  o f  t h e  s t e p s  i n  t h e  p r o c e s s ,  , i n c l u d i n g  h e l i u m  i n j e c t i o n ,  and o n - l i n e  
d a t a  p r o c e s s i z  :, c o m p u t a t i o n ,  and a n a l y s i s  w i t h  a p o r t a b l e  m i n i - c m . ? u t e r  
l e a d i n g  t o  d e c i s i o n s  c o n c e r n i n g  the p a t i e n t  w h i l e  h e  i s  s t i l l  p r e s e n t .  

19. D e s c r i p t i o n  and E x p l a n a t i o n  of  Pla j o r  M a t e r i a l s ,  EouiDment,  and Sub- 
c o n t r a c t  I tens  : 

. C a p i t a l  Equipment  f o r  lT 197%: None. 

C a p i t n l  Eouipment  f o r  IT 1975: A low r e s i s t a n c e  s p i r o m c t c r  ($2,100) 
i s  r e q u i r e d  t o  measu re  chc  volumes of a i r  d u r i n g  r e s p i r a t i o n ,  a n i t r o g e n  
a n a l y z e r  ($2,300)  t o  measu re  r e s i d u a l  vo lume and t h e  f u n c t i o n a l  r e s i d u a l  
c a p a c i t y  of  t h e  l u n g s ,  a r e s i d u a l  g a s  a n a l y z e r  ( $ 3 , 4 0 0 )  t o  m e a s u r e  t h e  
c o n c e n t r a t i o n s  i n  a i r  of o t h e r  i n e r t  g a s  t r a c e r s  b e s i d e s  h e l i u m ,  and a 
pneumotachometer  ($2,100)  t o  measu re  t h e  f l o w  of a i r  d u r i n g  r e s p i r a t i o n .  
I n s t r u m e n t a t i o n  ($15,000) w i l l  b e  C o n s t r u c t e d  f o r  t h e  s e m i - a u t o n a t i c  a c q u i -  
s i t i o n  and s t o r a g e  of  b r e a t h i n g  d a t a  on  m a g n e t i c  t a p e .  
i n s t r u m e n t a t i o n  e s t i m a t e d  t o  c o s t  $35,000 w i l l  b e  c o n s t r u c t e d  f o r  o n - l i n e  
d a t a  p r o c e s  , c o x p u t a t i o n ,  and a n a l y s i s . )  ' 

( I n  FY 1976,  

, 
20. I ' r opos&-Obl i r , ; l r i ons  f o r  Rclarcd C o n s r r u c t i o n  P r o  j c c t r ; :  

None. 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS I 

Brookhaven S a t  i o n a l  Labora to ry  
Labor a t a r y  Program 

1 .  C o n t r a c t o r :  C o n t r a c t  N O . :  Task No.: 

RX-Biomedical 6 Environmental  Research  

AT( 30- 1) - 16 
Assoc ia t ed  U n i v e r s i t i e s  I I n c ,  

2 .  P r o j e c t  T i t l e :  189 No.:  

Rx- 95 Hea l th  E f f e c t s  o f  Chemical T o x i c a n t s  and E f f l u e n t s  
D e t e r m i n a t i o n  o f  Trace M e t a l s  i n  Human T i s s u e s  and 
T h e i r  I n f l u e n c e  on C e r t a i n  D i s e a s e s  

3 .  Budget A c t i v i t y  No.:  4 .  Date P r e p a r e d :  

RX-01-04 May 1973 
\ 

\ 

5 .  Method of Repor t ing :  6 .  WorkinR Loca t ion :  
S c i e n t i f i c  M e e t i n s s  Brookhaven Na t iona l  Labora to ry  

S c i e n t i f i c  J o u r n a l s  
BNL Monthly L e t t e r  t o  AEC PRIVACY ACT MATERIAL REruiSVCD 

7 .  Person  i n  Charpe:  8 .  P r o j e c t  T e r m :  

G. C. C o t z i a s  
L. K. Dahl 
P r i n c i p a l  I n v e s t i g a t o r :  
G. C. C o t z i a s  

To: From: 

To be  i n i t i a t e d  i n  FY 1975 ' 
L, K. Dahl 
P. S. P a p a v a s i l i o u  M. Hillman (BNL-DAS) 

9 .  Man-Years: FY 1973 FY 1974 FY 1975 ' 

S c i . ,  Res ,  Assoc .  (Ph.D. o r  Equ iv . )  3 .0  
V i s i t i n g  S c i .  --- 
P r o f .  ( B . S .  o r  Equ iv . )  - - -  

- - -  3 .O 
- - -  3 .O Te c h n  i ca  1 

Adm. 6 C l e r i c a l  - - -  - - -  0.5  
Gues t s  6 Resea rch  C o l l a b o r a t o r s  

'Tota l  - - -  - - -  6.5 

10.  Costs (In Thousands of D o l l a r s ) :  

- - -  Sei. & P r o f .  - T o t a l  
- - -  

--- - - -  
li 

FY 1973 FY 1974 FY 1975 
or ( i n c l u d i n g  b e n e f i t s )  10 1 ! 

s . ,  T r a v . ,  Dev. Subcon t . ,  S p e c ' l  P ~ o c .  11 
0 &#cter, A c c e l .  and /o r  Computer Usage 

A o c a t e d  T e c h n i c a l  S e r v i c e s  3 

- -  - 
- 

U T  
Gen. & Adm. Overhead 

T o t a l  Rcseclrch Cos t  

Re s e a r c  h D i v i s ion 
H o s p i t a l  D i v i s i o n  

Research Cos t s  

L6L( 
0 

0 0 164 
- - - 

0 0 31 Equipmcnt O b l i g a t i o n s  
11. Reac to r  Concept :  1 2 .  M a t e r i a l s :  

Rx-95 

I \  1 4 2 5 2  PRIVACY ACT MATERIAL REMOVED 

I . .  
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H e a l t h  E f f e c t s  of Chemical T o x i c a n t s  and E f f l u e n t s  
D e t e r m i n a t i o n  of T r a c e  Metals i n  Human T i s s u e s  and 

P r o j e c t  T i t l e :  T h e i r  I n f l u e n c e  on C e r t a i n  Diseases RX-01-04 
13. P u b l i c a t i o n s  : 

P r o j e c t  n o t  y e t  i n i t i a t e d .  

14. Scope: 
A )  200 Word S w r y :  

The g e n e r a t i o n  of power by f o s s i l  f u e l s  r e s u l t s  i n  t h e  release o f  n o t  
o n l y  v a s t  amounts o f  c a r c i n o g e n i c  h y d r o c a r b o n s  and o x i d e s  of n i t r o g e n  and 
s u l f u r  b u t  a l s o  t race  metals dependen t  upon t h e  o r i g i n  o f  t h e  c o a l  o r  o i l .  
The e f f l u e n t  i n d u s t r i a l  g a s e s  and l i q u i d  wastes i n t r o d u c e  l a r g e  amounts o f  
a wide spec t rum o f  m e t a l s ,  many of which  may b e  t o x i c  and some of which have  
been shown t o  be t o x i c  i n  r e l a t i v e l y  small c o n c e n t r a t i o n s  ( a r s e n i c ,  b e r y l l i u m ,  
t i t a n i u m ,  f l u o r i n e ,  cadmium, bar ium,  m e r c u r y ,  l e a d ,  vanadium, and b i s m u t h ) . '  
These e l emen t s  a re  a l i e n  t o  t h e  body and  c a n  c a u s e  v a r i o u s  k i n d s  o f c h r o n i c  
d e g e n e r a t i v e  c o n d i t i o n s .  N e i t h e r  t h e  d e g r e e  o f  exposure  n o r  t h e  manner i n  
which t h e  human body must become exposed  f o r  d i s e a s e  t o  d e v e l o p  are under- 
s t o o d .  The c o n c e n t r a t i o n  of t h e s e  materials i n  human t i s s u e s  and food h a s  
n o t  y e t  been a d e q u a t e l y  i n v e s t i g a t e d .  
c o n c e n t r a t i o n  of t h e s e  m a t e r i a l s  i n  human t i s s u e  o b t a i n e d  from i n d i v i d u a l s  
a t  a l l  s t a g e s  of l i f e  and i n  a d d i t i o n  t o  b e g i n  s t u d i e s  o f  amnionic  f l u i d ,  
c o r d  b lood ,  f i n g e r n a i l  and h a i r  f rom l i v e  newborns and a l l  t i s s u e s  from 
s t i l l b o r n s ,  With t h e  development of h i g h l y  i n b r e d  s t r a i n s  of rats w i t h  
i n n a t e  d i s p o s i t i o n s  t o  deve lop  h y p e r t e n s i o n  o r  t o  be r e s i s t a n t  t o  h y p e r t e n s i o n ,  
and h y p e r c h o l e s t e r o l e m i a  and u l t i m a t e l y  a t h e r o s c l e r o s i s  i t  is  p o s s i b l e  t o  
c r i t i c a l l y  e v a l u a t e  t h e  r o l e  t h a t  i s  p l a y e d  by c a d m i m  o r  vanadium i n  t h e  
development of h y p e r t e n s i o n  and a t h e r o s c l e r o s i s . '  

T h i s  s t u d y  proposes  t o  de t e rmine  t h e  

B )  Supplement  t o  200 Word Summary :  

Elements  which  a re  e i t h e r  normal c o n s t i t u e n t s  of t i s s u e  o r  e s s e n t i a l  t o  
l i f e  may c a u s e  d i s e a s e  e i t h e r  by b e i n g  scarce o r  i n  e x c e s s .  
are:  chromium, manganese,  i r o n ,  n i c k e l ,  c o p p e r ,  z i n c ,  and se l en ium.  The 
c o n c e n t r a t i o n  o f  t h e s e  e l emen t s  w i l l  b e  s t u d i e d  i n  t i s s u e  s a m p l e s  o r i g i n a t i n g  
from human b e i n g s :  
i n  an ima l s  by v i r t u e  o f  e i t h e r  e x c e s s  o r  d e f i c i e n c y  o f  t h e  e l emen t s  ment ioned;  
of r e s i d e n t s  o f  areas i n  which i n d u s t r i a l  and a g r i c u l t u r a l  c o n d i t i o n s  a r e  s u c h  
t h a t  one can  e a s i l y  s u s p e c t  g ross  e x c e s s e s  or marked d e f i c i e n c y  i n  a r e p r e s e n -  
t a t i v e  human p o p u l a t i o n .  
t h e s e  metals i n  e x p e r i m e n t a l  a n i m a l s  i s  s u f f i c i e n t l y  e x t e n s i v e  t o  permi t  
p r o p e % e l e c t i o n  of human p o p u l a t i o n s  f o r  s ampl ing .  

Such e l emen t s  

d i s p l a y i n g  symptoms which are  similar t o  t h o s e  induced 

The n u t r i t i o n a l  and  t o x i c o l o g i c a l  work i n v o l v i n g  

t e c h n o l o g y  t h a t  e x i s t s  a t  Brookhaven f o t  t h e  s t u d y  of m e t a l s  is  
Chemica l  t e c h n i q u e s  and n e u t r o n  a c t i v a t i o n  a n a l y s i s  would b e  e x t e n s i v e .  

helpfu ' l  i n  s p e c i f i c  i n s t a n c e s  b u t  i n a d e q u a t e  f o r  p o p u l a t i o n  s u r v e y s .  X-ray 
f l u o r e s c e n c e  i s  c a p a b l e  of d e t e r m i n i n g ,  s i m u l t a n e o u s l y ,  a l l  e l emen t s  of 
a t o m i c  numbers greater  t h a n  15 p r e s e n t  i n  sub-nanogram amounts o f  t i s s u e .  
RARAF i s  i d e a l l y  s u i t e d  f o r  t h e  e x c i t a t i o n  o f  t h e  c h a r a c t e r i s t i c  x - r a y  
f l u o r e s c e n c e  and  w i t h  o n - l i n e  computer  a n a l y s i s  a s s a y s  a r e  q u i c k  and 
economica 1. 

(See C o n t i n u a t i o n  S h e e t )  RX- 96 



Hea l th  E f i e c t s  of Chemical T o x i c a n t s  a n d  E f f l u e n t s  
D e t e r m i n a t i o n  of T race  Metals i n  Human Tissues and 

P r o j e c t  T i t l e :  T h e i r  I n f l u e n c e  on C e r t a i n  Diseases RX- 0 1 - 04 
14. Scope: (Cont ' d .  ) 

I n  America c a r d i o v a s c u l a r  d i s e a s e s ,  c a n c e r ,  n e u r o l o g i c a l ,  pulmonary and 
m e n t a l  d i s e a s e s  a r e  becoming i n c r e a s i n g l y  i m p o r t a n t  as  h e a l t h  problems.  
S p e c i f i c a l l y ,  h y p e r t e n s i o n  i n v o l v e s  a l l  a g e s .  A t  l e a s t  10% of a d u l t s  have 
h y p e r t e n s i o n  w i t h  t h e  i n c i d e n c e  p r o g r e s s i v e l y  i n c r e a s i n g  i n  t h e  5 t h ,  6 t h ,  
and  7 t h  decades  of l i f e  u p  t o  20-3G%. Among American b l a c k s  t h e  i n c i d e n c e  
i s  h i g h e r .  The g r e a t e s t  impor t ance  o f  h y p e r t e n s i o n  u l t i m a t e l y  may prove t o  
b e  i t s  i n f l u e n c e  on a t h e r o s c l e r o s i s ,  t h e  m a j o r  s courge  of Western a d u l t  
males, and i n  r e c e n t  y e a r s  t o  an  i n c r e a s i n g  d e g r e e  i n  f ema les .  I n  America,  
t h e  impor tance  of h y p e r t e n s i o n  h a s  been  overshadowed by t h e  much h i g h e r  d e a t h  
r a t e  due  t o  c o r o n a r y  a r t e r y  d i s e a s e  from a t h e r o s c l e r o s i s .  T h e r e  i s  i n c r e a s i n g  
r e c o g n i t i o n ,  however,  of t h e  f a c t  t h a t  h y p e r t e n s i o n  is one o f  t h e  major  
r i s k  f a c t o r s  i n  d e t e r m i n i n g  t h e  f r equency  o f  c l i n i c a l  c o r o n a r y  a r t e r y  d i s e a s e .  
It i s  now a p p a r e n t  t h a t  approx ima te ly  h a l f  of t h e  p a t i e n t s  w i t h  c E h i c a l  
c o r o n a r y  a r t e r y  d i s e a s e  have  had a n t e c e d e n t  h y p e r t e n s i o n .  The  impor t ance  of 
u n d e r s t a n d i n g  t h i s  i n t e r r e l a t i o n ,  t h e r e f o r e ,  c a n n o t  be o v e r e s t i m a t e d .  

It was r e p o r t e d  some y e a r s  ago t h a t  food  c o n t a i n i n g  a c r u d e  sea s a l t  
was more e f f e c t i v e  i n  i n d u c i n g  e x p e r i m e n t a l  h y p e r t e n s i o n  i n  ra t s  t h a n  t h e  
same food wi th  an  i d e n t i c a l  c o n c e n t r a t i o n  of p u r e  sodium c h l o r i d e .  Some 
e x p e r i m e n t a l  and e p i d e m i o l o g i c a l  d a t a  have  i m p l i c a t e d  cadmium as one  o f  t h e  
t r a c e  metals t h a t  migh t  be invo lved .  T h e r e  a re ,  however, r e p o r t s  s u g g e s t i n g  
t h a t  i n d u s t r i a l  worke r s  exposed  t o  cadmium do n o t  have a h i g h e r  p r e v a l e n c e  .: 
of h y p e r t e n s i o n  t h a n  would be e x p e c t e d ,  b u t  t i s s u e s  have not  been a n a l y z e d  
f o r  cadmium. 

The i n t e r a c t i o n  o f  h y p e r t e n s i o n  and  a t h e r o s c l e r o s i s  is v i c i o u s .  I t  i s  - 
known t h a t  vanadium i n h i b i t s  c h o l e s t e r o l  b i o s y n t h e s i s  e x p e r i m e n t a l l y  and 
e p i d e m i o l o g i c  d a t a  s u g g e s t e d  t h a t  workmen exposed  i n d u s t r i a l l y  t o  vanadium 
had s i g n i f i c a n t l y  lower mean serum c h o l e s t e r o l  l e v e l s  t h a n  t h a t  of c o n t r o l s .  
Manganese,  i n  c o n t r a s t  t o  vanadium, s t i m u l a t e s  c h o l e s t e r o l  b i o s y n t h e s i s .  
It i s  of f u r t h e r  i n t e r e s t  t h a t  vanadium c o u n t e r a c t s  t h e  s t i m u l a t i o n  of 
c h o l e s t e r o l  b i o s y n t h e s i s  induced  by manganese and  t h a t  manganese n u l l i f i e s  
t h e  d e p r e s s a n t  a c t i o n  of vanadium on c h o l e s t e r o l  b i o s y n t h e s i s .  I n  a n o t h e r  
r e s e a r c h  program, 06-03-01-by  h y p e r t e n s i v e - p r o n e  and h y p e r t e n s i v e - s e n s i t i v e  
ra t s  have been b r e d .  S u b s t r a i n s  of t h e  r e s i s t a n t  and s e n s i t i v e  s t r a i n s  of 
ra t s  have been d e v e l o p c d  t h a t  are  g e n e t i c a l l y  p r e d i s p o s e d  t o  d e v e l o p  a low 
o r  h i g h  serum c h o l e s t e r o l  on t h e  same h i g h  f a t  c h o l e s t e r o l  d i e t .  
a b i l i t y  o f  t h e s e  f o u r  s u b s t r a i n s  a l l o w s  t h e  s t u d y  of i n t e r a c t i o n s  of 
hype t t ;gns inogen ic  and  a t h e r o g e n i c  i n f l u e n c e s  i n  a f a r  more c o n c l u s i v e  

The a v a i l -  

t h a n  h e r e t o f o r e  p o s s i b l e .  These  s t u d i e s  cannot  b e  performed e l s e -  
n c e  t h e  s t r a i n s  of ra t s  e x i s t  o n l y  a t  Brookhavan. 

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

T h e  S t i f f o l k  County Medica l  Examiner i s  i n t e r e s t e d  i n  t h e s e  s t u d i e s  
and w i l l  c o o p e r a t e  i n  o b t a i n i n g  samples  of t i s s u e .  I n  a d d i t i o n ,  D r .  Marvin 
Kiischner,  P roEesso r  o f  P a t h o l o g y ,  S t a t e  U n i v e r s i t y  of  New York a t  S tony  Brook, 
S t o n y  Brook, N e w  York i s  v e r y  much i n t e r e s t e d  i n  a t m o s p h e r i c  c o n t a m i n a t i o n  

(See C o n t i n u a t i o n  S h e e t )  Rx-97 
. .  
'C 



H e a l t h  E f f e c t s  of Chemical T o x i c a n t s  and E f f l u e n t s  
D e t e r m i n a t i o n  o f  Trace  M e t a l s  i n  Human T i s s u e s  and 

P r o j e c t  T i t l e :  T h e i r  I n f l u e n c e  on C e r t a i n  Diseases Rx-01-06 
15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  (Cant Id.) 

and t h e  i n f l u e n c e  of m e t a l s  upon pulmonary f u n c t i o n .  He a l s o  w i l l  c o n t r i b u t e  
s u b s t a n t i a l l y  i n  t h e  o b t a i n i n g  of human spec imens .  
s t u d i e s  o f  Dr. M. H i l lman ,  BNL (DAS) is e s s e n t i a l ,  r e l a t e d  work. 

The x - r a y  f l u o r e s c e n c e  

There a r e  many i n v e s t i g a t o r s  working on t race  m e t a l s ,  p a r t i c u l a r l y  
cadmium. I n  no i n s t a n c e ,  however, does  anyone  e l s e  have t h e  u n i q u e  s t r a i n  
o f  r a t s  t h a t  is  used a t  Brookhaven t o  s t u d y  t h e  p a t h o g e n e s i s  o f  e x p e r i m e n t a l  
h y p e r t e n s i o n ,  h y p e r c h o l e s t e r o l e m i a ,  and a t h e r o s c l e r o s i s .  These  r a t s  p rov ide  
an  u n u s u a l l y  s e n s i t i v e  t o o l  w i t h  which t o  s t u d y  a d d i t i v e  f a c t o r s  i n  d i s e a s e s  
o f  m u l t i f a c t o r i a l  c a u s a t i o n  l i k e  h y p e r t e n s i o n  and a t h e r o s c l e r o s i s .  

16. Techn ica l  P r o g r e s s  i n  FY 1973: . \  

L 

P r o j e c t  t o  b e  i n i t i a t e d  i n  FY 1975. 

17,  Expected R e s u l t s  i n  FY 1974: 

P r o j e c t  t o  b e  i n i t i a t e d  i n  FY 1975. 

18. Expected R e s u l t s  i n  FY 1975: 

It i s  a n t i c i p a t e d  t h a t  f i r m  d e s i g n  f o r  c o n s t r u c t i o n  o f  automated e x p o s u r q  
o f  samples  i n  RAM, i t s  f a b r i c a t i o n  and o p e r a t i o n  would be completed.  
a c t i v a t i o n  a n a l y s i s  and chemica l  t e c h n i q u e s  would be used f o r  i n i t i a l  s t u d y  
o f  human t i s s u e s .  Methods f o r  o b t a i n i n g  f e t a l  b i o p s y  and a u t o p s y  m a t e r i a l  
would be e s t  ab1 i shed.  

Neut ron  

The b a s e l i n e  l e v e l s  o f  vanadium and cadmium i n  t h e  f o u r  s t r a i n s  o f  r a t s  

T h e  
ment ioned  above w i l l  be de t e rmined .  T h e s e  v a l u e s  w i l l  be c o r r e l a t e d  wi th  
c h o l e s t e r o l  and t r i g l y c e r i d e  d e t e r m i n a t i o n s  a s  wel l  a s  blood p r e s s u r e s .  
e f f e c t s  on t h e s e  p a r a m e t e r s  o f  small  q u a n t i t i e s  o f  vanadium and cadmium 
added  t o  t h e  d i e t  w i l l  be de te rmined .  

A t  t h e  same t i m e ,  i n i t i a l  s t u d i e s  w i l l  b e g i n  on measurements o f  t h e s e  
two m e t a l s  i n  p a t i e n t s  w i t h  h y p e r t e n s i o n .  
and t r i g l y c e r i d e  l e v e l s  w i l l  b e  made. 

A c o r r e l a t i o n  w i t h  c h o l e s t e r o l  

FY 1975 C a p i t a l  Equipment:  

S i x  each f l u s h  t y p e  r a t  cage r a c k s  would b e  procured  and i n s t a l l e d  i n  
a n  an ima l  l a b o r a t o r y  f o r  t h e  i n i t i a l  s t u d i e s  ($13 ,000) .  An a u t o a n a l y z e r  is  
n e c e s s a r y  t o  pe r fo rm t h e  c h o l e s t e r o l  and t r i g l y c e r i d e  d e t e r m i n a t i o n s  t h a t  
c o u l d  n o t  5e p r o c e s s e d  on e x i s t i n g  equ ipmen t  ($18 ,000) .  

(See  C o n t i n u a t i o n  S h e e t )  
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H e a l t h  E f f e c t s  of Chemical T o x i c a n t s  and E f f l u e n t s  
D e t e r m i n a t i o n  of Trace  ? l e t a l s  in Human T i s s u e s  and 

P r o j e c t  T i t l e :  T h e i r  I n f l u e n c e  on C e r t a i n  Diseases Rx-01- 04 
20. Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

B r ookhaven Net i o n a l  Lab o r a t o r y  
Lab o r  a t  o r y  

RX-Biomed i ca  1 6 Env i ronmenta 1 Resea rch  
Program 

Task No. : 1 .  C o n t r a c t o r :  C o n t r a c t  No.: 

AT(30- 1)- 16 A s s o c i a t e d  U n i v e r s i t i e s ,  I n c .  

2 .  P r o j e c t  T i t l e :  189 No.: 

E f f e c t s  of R a d i a t i o n  on L i v i n g  Organisms 
E a r l y  and Late E f f e c t s  o f  R a d i a t i o n  o f  D i f f e r e n t  
Q u a l i t y  and a t  D i f f e r e n t  Dose Rate,. RX- 164 
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i 
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Effects of Radiation on Living Organisms 
Early and Late Effects of Radiation of Different 

Project Title: Quality and at Different Dose Rate RX-03-01-(a) 
13. Publications: 

Tisljar-Lentulis, G. M., Bond, V. P . )  Robertson, J. S., and Moore, W. H., 
Jr. The let of  150-MeV protons and 70-MeV negative TT mesons near the end o f  
the particle tracks in polyethylene. BNL 50306, April 1971. .- 

1 4 .  Scope: 
A) 200 Word Summary: 

The primary objective of these studies is the accumulation of experimen- 
tal information f c r  the development and evaluation of theories of radiobiologic 
action through systematic collection of quantitative data on the effects of 
radiation on eukaryotic cells and tissues. The effects under study include 
cell killing, genetic effects, somatic mutation, growth reduction an$ tumor 
induction, i 

The variation in degree of biological effect as a function of the 
microscopic distribution of energy deposition represents a principal avenue 
for the understanding of the biological action of radiation; the influence 
of radiation quality must be accounted for in any theory of the mechanisms 
involved. Neutrons provide a convenient and powerful tool for varying 
radiation quality, particularly for the exposure of mammalian systems. 
A modified Van de Graaff generator makes possible the production of 
essentially monoenergetic neutrons over a wide spectrum of energies. 

Evidence for an association between radiation exposure and breast 
cancer in the human female continues to accumulate. Data on the neoplastic 
response of mammary tissue to ionzing radiation in the rat is extensive. 
The additional research proposed in these studies on the mammary neoplastic 
response of the rat to ionizing radiation should provide further insight 
towards an understanding of the qualitative aspects of mammary radiation 
carcinogenesis in man. 

B) Supplement to 200 Word Summary: 

The modified Van de Graaff generator at BNL, used originally as the 
injector for the Cosmotron, is the main feature of the Medical Department's 
Radiological Research Accelerator Facility (W). The charged particle 
beams at the facility are capable of direct employment to investigate 
radiation damage mechanisms at the cellular and sub-cellular level. Precise 
dosimefkic and quantitative biological studies, coupled with microdosimetry 
and asgociated methods of theoretical analysis, provide a powerful approach 
to unc&prtng the basic mechanisms of interaction of radiation with biologi- 
cal systems. However, most of these studies are also pursued with a view for 
their practical implications to radiation protection and radiation therapy. 
Careful control of the various radiation environments produced and the high 
quality of dosimetric techniques utilized provide a facility uniquely suited 

(See Continuation Sheet)  RX- 165 



Effects of Radiation on Living Organisms 
7 1 .  I .  .. 1 - Early and Late Effects or' Radiation of Different 

Project Title: Quality and at Different Dose Rate RX-03-01- (a) 
14. Scope: (Cont'd.) 

r .  

to the intercomparison and standardization 'of neutron dosimetry methods and 
instrumentation for radiotherapy and radiobiology as well a s  for radiation 
protection. (Bond, Rossi) 

The mechanism of action of radiation carcinogenesis in the rat is 
studied by observing the mammary neoplastic response to chemical carcinogens 
and radiation in relation to a comparative study of neutron and x radiation; 
the effect of dose rate; and the interaction of hormonal stimulation o f  
mammary tissue and chemical and physical carcinogens. The dose-response 
relationships of rat mammary carcinogenesis and exposure to neutrons are 
studied at neutron dose ranges of 0.125 to 8 rads. The possible "sparing 
effect" of lowering the dose rate on maaunary carcinogenesis is investigated. 
Various strains of rats are studied for their differing responses t 4  x 
radiation and chemical carcinogens in regard to the hormonal statusi of each 
strain. (Shellabarger) 

, 

Another study, investigating radiation effects on the central nervous 
system is aimed at obtaining basic information on the response of the 
mammalian central nervous system to x-ray doses in the therapeutic range 
and studying the comparative radiosensitivity of the elasmobranch and 
mammalian central nervous system related to differences in structure and 
function. This information should have practical value in the planning 
of patient radiotherapy and in furthering the understanding of basic 
neurophysiology. 

In the mammalian CNS studies monkeys, age 1 2  weeks to 4 years, have 
received whole and partial brain x-ray exposures to the hand-face area of 
the cortex as well as the visual cortex in single and multiple doses 
ranging from 150 to 67,000 rads. 
with serial sacrifice at post-irradiation periods from 24 hours to 96 weeks. 
Normal histological procedures and electron microscopy are combined with 
special techniques of statistical evaluation of alterations in the 
dendritic plexus and synaptic area to correlate changes in function as 
measured by the EEG. 
evoked response are used in the EEG analysis. In addition, the l o s s  in 
visual acuity in trained animals is being measured following x irradiation 
of both visual cortices. A short-term objective is the accumulation of 
data on the relationship of radiation dose to the pathogenesis of radiation 
lesions and l o s s  of function. In particular, the dose threshold for 
decredtls in visual acuity and reduction in phcto-evoked response is 
sought, 
Farrarlbrooks Air Force Base; and Graham, University of  Puget Sound. 

Clinical and EEG evaluation are combined 

Special techniques of frequency analysis of photo- 

These studies are in collaboration with Roizfn, Columbia University; 

The morphology of the elasmobranch a s  compared to the mammal (the 
location of astrocytes are grouped in intimate contact with vessels in 
sharks as opposed to being scattered at greater distances in mammals) 

. (See Continuation Sheet) RX- 166 
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E f f e c t s  o f  R a d i a t i o n  on L iv ing  Organisms 
E a r l y  and Late E f f e c t s  o f  R a d i a t i o n  o f  D i f f e r e n t  

P r o j e c t  T i t l e :  Q u a l i t y  and a t  D i f f e r e n t  Dose Ra te  RX-03-01- ( a )  
14.  Scooe:  (Cont ‘ d . )  

e n a b l e s  e s t i m a t e  o f  t h e  impor t ance  of  t h e  a s t r o c y t e  t o  b r a i n  metabol i sm 
and as  an  i n d i c a t o r  o f  r a d i a t i o n  damage. The unusua l  r e s i s t a n c e  o f  
t h e  s h a r k  b r a i n  t o  o t h e r  i n j u r y  ( p a r t i c u l a r l y  t o  a l t e r a t i o n s  i n  blood 
b r a i n  b a r r i e r )  has  l ed  t o  an  i n t e r e s t  i n  s t u d y i n g  r a d i a t i o n  e f f e c t s  i n  
t h i s  s p e c i e s .  Sharks  r e c e i v e  gamma exposures  i n  t h e  1 , 0 0 0  t o  30,000 R 
r a n g e ,  l i m i t e d  t o  s p e c i f i c  b r a i n  a reas  and a r e  s e r i a l l y  s a c r i f i c e d  f o r  
h i s t o c h e m i c a l  and e l e c t r o n  m i c r o s c o p i c  e v a l u a t i o n .  A l t e r a t i o n s  i n  t h e  
b lood  b r a i n  b a r r i e r  a r e  e v a l u a t e d  u s i n g  s t a n d a r d  t r a c e r  and dye t e c h n i q u e s ,  
a s  w e l l  as  t h e  newer p e r o x i d a s e  method. Data r e l a t i n g  d o s e  and time 
p o s t - e x p o s u r e  t o  changes i n  morphology f o l l o w i n g  gamma i r r a d i a t i o n  and t h e  
measurement of f u n c t i o n a l  changes  i n  t h e  e lasmobranch  b r a i n  w i l l  p e r m i t  
compar i son  o f  e lasmobranch and mammalian r e s p o n s e s  t o  r a d i a t i o n  i n  o r d e r  
t o  u n d e r s t a n d  t h e  impor tance  of  d i f f e r e n c e s  i n  s t r u c t u r e  t o  v a r y i n g  
r a d  i o  s e n s  i t  i v  i t y. (‘Car s t e n )  

15. R e l a t i o n s h i p  t o  Othe r  P r o j e c t s :  

A t  BNL Sparrow and Smi th ,  B io logy  Depar tment ,  i n v e s t i g a t e  t h e  r e l a t i v e  
b i o l o g i c a l  e f f e c t i v e n e s s  o f  n e u t r o n s  o f  v a r i o u s  e n e r g i e s  a t  v a r i o u s  d o s e s  
and d o s e - r a t e s  u s i n g  p r i m a r i l y  p l a n t  material. 
wide  r a n g e  of  c e l l u l a r  and a n i m a l  sys t ems  i s  b e i n g  s t u d i e d  by Bond, 
and c o l l a b o r a t o r s  u s i n g  t h e  h i g h  c a p a b i l i t y  of t h e  RAR4F a s  t h e  s o u r c e  o f  
n e u t r o n s ,  Popenoe and S l a t k i n ,  Med ica l  Depar tment ,  s t u d y  b iochemica l  a spec t s  
o f  neoplasms u s i n g ,  i n  p a r t ,  r a d i a t i o n - i n d u c e d  r a t  mammary tumors .  

The RBE of n e u t r o n s  i n  a 

A t  Argonne N a t i o n a l  Labora to ry ,Grahn  i n v e s t i g a t e s  l i f e  s h o r t e n i n g  
and c a r c i n o g e n e s i s  i n  i r r a d i a t e d  mice o v e r  t h e  l i f e  s p a n ;  F i n k e l  s t u d i e s  
r a d i a t i o n - i n d u c e d  sarcomas o f  mice and o f  man 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  r o l e  o f  a v i r u s  i n  tumor f o r m a t i o n .  A t  Oak Ridge N a t i o n a l  L a b o r a t o r y ,  
Walberg s t u d i e s  r a d i a t i o n  c a r c i n o g e n e s i s  in mice. 
i n c l u d e  t h o s e  o f  R o s s i ,  c a r r i e d  on a t  Columbia U n i v e r s i t y ,  
t h o s e  a t  BNL; Vogel ,  U n i v e r s i t y  o f  Tennessee  on  r a t  mammary c a r c i n o g e n e s i s  
and n e u t r o n  i r r a d i a t i o n ;  T e l l e s ,  Bureau of R a d i o l o g i c a l  Heal th ,  USPHS on 
r a d i a t i o n - e t h i o n i n e  mammary c a r c i n o g e n e s i s ;  Huggins ,  U n i v e r s i t y  o f  Chicago ,  
and Dao, Roswell  Park  on chemica l  c a r c i n o g e n e s i s  u s i n g  t h e  r a t  mammary 
sys t em;  and Hempelmann, U n i v e r s i t y  o f  R o c h e s t e r  on  t h e  a s s o c i a t i o n  o f  
r a d i a t i o n  and b r e a s t  c a n c e r  i n  man, (She1 l a b a r g e r )  

O t h e r  r e l a t e d  s t u d i e s  
i n  a d d i t i o n  t o  

a u d i e s  r e l a t e d  t o  r e s e a r c h  on  t h e  e f f e c t s  o f  r a d i a t i o n  on t h e  
c e n t r a l  n e r v o u s  sys tem i n c l u d e  t h o s e  o f  Brune r ,  Love lace  Founda t ion ,  on 
t h e  w e l o p m e n t  of  t e c h n i q u e s  f o r  d e f i n i n g  b r a i n  f u n c t i o n  f o l l o w i n g  
i r r a d i a t i o n  v i a  s u r f a c e  and d e p t h  r e c o r d i n g  and s t i m u l a t i o n  t e c h n i q u e s .  

B a r n e s ’  group a t  t h e  USAF School  o f  Aerospace  Med ic ine  i s  i n v e s t i g a t i n g  

(Cars t e n )  
r a d i a t i o n  e f f e c t s  on t h e  e q u i l i b r i u m  f u n c t i o n  i n  p r i m a t e s ,  and i s  p a r t i c u -  
l a r l y  i n t e r e s t e d  i n  t h e  role  of damage to t h e  v i s u a l  sys tem.  

(See C o n t i n u a t i o n  S h e e t )  Rx- 167 



E f f e c t s  of R a d i a t i o n  on Living Organisms 
E a r l y  and Late E f f e c t s  o f  R a d i a t i o n  o f  D i f f e r e n t  

P r o j e c t  T i t l e :  Q u a l i t y  and a t  D i f f e r e n t  Dose Rate Rx-03-01- ( a )  
16 .  T e c h n i c a l  P rogres s  i n  FY 1 9 / 3 :  

The R a d i o l o g i c a l  Research  A c c e l e r a t o r  F a c i l i t y  (W) h a s  been 
f u l l y  deve loped  t o  p rov ide  s i x  t a r g e t  p o s i t i o n s  f o r  v a r i o u s  r a d i o b i o l o g y  
and r a d i o l o g i c a l  p h y s i c s  e x p e r i m e n t s ,  i n c l u d i n g  a low sca t te r  i r r a d i a t i o n  
env i ronmen t  and a s p e c i a l  cha rged  p a r t i c l e  p h y s i c s  l a b o r a t o r y .  Only minor  
a d d i t i o n s  t o  t h e  i n s t r u m e n t a t i o n  of some o f  t h e  new beam l i n e s  a r e  r e q u i r e d .  
The t r a n s f e r  of a l l  e s s e n t i a l  a c c e l e r a t o r  c o n t r o l s  t o  t h e  new c o n s o l e  
h a s  been  comple ted .  
g e n e r a t o r  h a s  been  ach ieved  t o  s i m p l i f y  r o u t i n e  o p e r a t i o n  of t h e  
a c c e l e r a t o r  a f t e r  i n i t i a l  a d j u s t m e n t s . h a v e  been made by a n  expe r i enced  
o p e r a t o r .  I r r a d i a t i o n s  a r e  t e r m i n a t e d  by an i o n i z a t i o n  mon i to r  a f t e r  
t h e  r e q u i r e d  d o s e  has  been d e l i v e r e d .  Neu t ron -p roduc ing  t a r g e t s  c o n t i n u e  
to  b e  r e p l a c e d  p e r i o d i c a l l y  a s  t hey  become e x h a u s t e d  or con tamina ted .  
wide r a n g e  o f  n e u t r o n  e n e r g i e s  from a low ene rgy  spectrum less than,100 keV 
t o  m o n o e n e r g e t i c  n e u t r o n s  i n  e x c e s s  o f  15 M e V  have  been  used t o  i r t a d i a t e  
v a r i o u s  sys t ems  i n c l u d i n g  D r o s o p h i l a ,  T r a d e s c a n t i a  i n f l o r e s c e n c e s ,  V i c i a  
f a b a  s e e d l i n g s ,  Osmunda r e g a l i s  s p o r e s ,  Ch inese  hams te r  lung ce l l s ,  r a t s  
and mice .  In a l l  of t h e s e  s t u d i e s  t h e  r e l a t i o n  be tween v a r i o u s  e f f e c t s  
and t h e  a b s o r b e d  dose  was de te rmined  t o g e t h e r  w i t h  t h e  dependence of 
RBE ( r e l a t i v e  t o  200 kVp x r a y s )  on d o s e .  I n  t h e  case o f  - Vicia OER a s  
w e l l  as RBE was de te rmined  as a f u n c t i o n  o f  n e u t r o n  e n e r g y .  R a d i o l o g i c a l  
p h y s i c s  s u p p o r t  i n c l u d i n g  d e s i g n  o f  i r r a d i a t i o n  t e c h n i q u e s  and c o n s t r u c t  i on  
of t h e  r e q u i r e d  f i x t u r e s ,  d o s i m e t r y  and s p e c t r o m e t r y ,  was p rov ided  f o r  a l l  
o f  t h e s e  s t u d i e s .  I n s t r u m e n t a t i o n  h a s  been  a c q u i r e d  and i s  be ing  deve loped  : 
t o  e x t e n d  n e u t r o n  s p e c t r o m e t r y  down t o  2 keV. 

R e l i a b l e  s e m i - a u t o m a t i c  o p e r a t i o n  o f  t h e  Van d e  G r a a f f  

A 

A major  r a d i o l o g i c a l  p h y s i c s  e f f o r t  was t h e  e s t a b l i s h m e n t  of a 
s p e c i a l  l o w - s c a t t e r  envi ronment  e s s e n t i a l  f o r  a new p r o j e c t  i n v o l v i n g  an 
i n t e r n a t i o n a l  i n t e rcompar  i s o n  o f  n e u t r o n  d o s i m e t r y  sponsored  by t h e  fCRU. 
S p e c i a l  equipment  deve loped  f o r  t h e s e  measurements i n c l u d e d  p r e c i s i o n  
r a d i a t i o n  m o n i t o r i n g  i n s t r u m e n t s ,  a c c u r a t e  o p t i c a l  a l i g n m e n t  f i x t u r e s ,  
and a p n e u m a t i c a l l y - h a n d l e d  2 . 5  mg c a l i f o r n i u m - 2 5 2  s o u r c e .  

Mic rodos ime t ry  measurements u s i n g  wall-less t i s s u e  e q u i v a l e n t  
p r o p o r t i o n a l  c o u n t e r s  t o  d e t e r m i n e  e v e n t  s i z e  d i s t r i b u t i o n s  were completed 
f o r  s i m u l a t e d  t i s s u e  s p h e r e  d i a m e t e r s  o f  1, 2 ,  and 4 p and f o r  13 
n e u t r o n  e n e r g i e s  r a n g i n g  from a s p e c t r u m  less t h a n  100 keV t o  monoene rge t i c  
n e u t r o n s  up t o  15 MeV. A compar i son  of w a l l e d  and w a l l - l e s s  p r o p o r t i o n a l  
c o u n t e r  data w a s  a l s o  comple ted  u s i n g  0 . 5 ,  1 and 2 p s p h e r e  d i a m e t e r s  
and n e u t r o n  e n e r g i e s  of 0 . 2 ,  0.5, 2 .2 ,  and 15 M e V .  The a c c e l e r a t o r  is 
a l s o  b k n g  u s e d  by t h e  BNL Appl ied  S c i e n c e  Depar tment  f o r  a n a l y s i s  o f  t r a c e  
elem&$$$ i n  t h e  envi ronment  by c h a r g e d  p a r t i c l e  p r o t o n  x - r a y  f l u o r e s c e n c e .  

T h r e e  r e p o r t s  show t h a t  f i s s i o n  n e u t r o n s  have  a h i g h  RBE f o r  i n d u c i n g  
mammary n e o p l a s i a  i n  t h e  r a t  w i t h  t h e  s u g g e s t i o n  t h a t  t h e  RBE f o r  n e u t r o n s  
is  h i g h e r  a t  low doses  than  a t  h i g h  d o s e s .  To q u a n t i t a t e  t h e  RBE f o r  neu- 
t r o n s  a t  v a r i o u s  d o s e s ,  n e u t r o n  d o s e s  o f  e i t h e r  1, 4 ,  o r  16 r a d ,  produced a t  
W, and x - ray  doses  of e i t h e r  80 o r  240 R were u s e d .  Because o f  a t e c h -  
n i c a l  e r r o r  , t h e  expec ted  n e u t r o n  ene rgy  ranged  from approx ima te ly  

(Bond, Ross i) 
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0.30-0.43-MeV r a t h e r  t h a n  t h e  d e s i r e d  0.43-MeV. The exper iment  was t e r m i n a t e d  
a t  60 d a y s  a f t e r  exposure .  
i n c i d e n c e  o f  13%; 4 r a d s ,  7% and 1 r a d ,  2%, w h i l e  240 R o f  x - r a y  produced 
13% and 80 R was wi thou t  d e t e c t a b l e  e f f e c t .  These r e s u l t s  sugges t ed  a 
r a t h e r  l a r g e  ME, hence ,  a n o t h e r  exper iment  was begun u s i n g  0.43-MeV n e u t r o n s  
i n  t h e  d o s e s  of 0125,  0 . 5 ,  2 o r  8 r ad  and x - r a y  d o s e s  of  30,  60 o r  90 R. 
A t  some e i g h t  months a f t e r  b e g i n n i n g  t h e  e x p e r i m e n t ,  t h e  cumula t ive  p e r -  
c e n t  o f  ra t s  wi th  mammary tumors  a f t e r  30 R i s  matched a lmos t  e x a c t l y  by 
t h e  0 . 5  r a d  dose  of  n e u t r o n s  and 0.125 rad  h a s  produced more mammary 
neop lasms  t h a n  no exposure .  
e x p e r i m e n t s  t h a t  a r e  s t i l l  i n  p r o g r e s s .  

Even a t  t h i s  s h o r t  i n t e r v a l ,  16  r a d s  produced an  

Again ,  a r a t h e r  h i g h  RBE i s  sugges t ed  by these 

To s t u d y  t h e  p o s s i b l e  s p a r i n g  e f f e c t  o f  l ower ing  t h e  dose- r ,a te  on 
r a t  mammary c a r c i n o g e n e s i s ,  CO-60 gamma r a d i a t i o n  was g i v e n  a t  d o s e - r a t e  
of  0 .03  R per  minute  a t  d o s e s  o f  e i t h e r  88, 265, 530,  o r  795 R and a t  a 
d o s e - r a t e  o f  10 R per minu te  a t  d o s e s  o f  e i t h e r  88 o r  265 R. When t h e  
expe r imen t  was t e r m i n a t e d ,  340 d a y s  a f t e r  b e g i n n i n g  t h e  e x p o s u r e s ,  t h e  
i n c i d e n c e  of r a t s  w i th  mammary n e o p l a s i a  o r  mammary f ibroadenomas  was 
n o t  d i f f e r e n t  a t  t h e  two d o s e  r a t e s  a t  t o t a l  d o s e s  of  e i t h e r  88 o r  265 R.  
The i n c i d e n c e  of  r a t s  w i t h  mammary adenocarc inomas  was n o t  d i f f e r e n t  a t  
88 R,  a l t h o u g h  t h e r e  was a somewhat s m a l l e r  r e s p o n s e  a t  265 R w i th  t h e  
lower  d o s e - r a t e .  The d o s e  s p a r i n g  e f f e c t  o f  a lower  d o s e - r a t e  was modest .I 

a t  b e s t  unde r  t h e  c o n d i t i o n s  o f  t h i s  expe r imen t .  

It i s  w e l l  known t h a t  t h e  Long-Evans s t r a i n  o f  r a t  e x h i b i t s  a much 
smaller  mammary n e o p l a s t i c  r e s p o n s e  t o  e i t h e r  x r a d i a t i o n  o r  d ime thy lbenz -  
( a ) a n t h r a c e n e  (DMBA) t h a n  d o e s  t h e  Sprague-Dawley s t r a i n  o f  r a t .  To see - 
i f  t h e  low re sponse  of  t h e  Long-Evans r a t  was due  t o  f a i l u r e  of  DMBA t o  
r e a c h  t h e  t a r g e t  t i s s u e ,  DMBA was a p p l i e d  d i r e c t l y  t o  mammary t i s s u e  -- i n  v i t r o .  P r e l i m i n a r y  r e s u l t s  i n d i c a t e  t h a t  Sprague-Dawley r a t s  s t i l l  
show a l a r g e r  mammary n e o p l a s t i c  r e s p o n s e  t h a n  d o  Long-Evans r a t s  even  
a f t e r  mammary t i s s u e  from b o t h  s t r a i n s  r e c e i v e d  d i r e c t l y  t h e  same amount 
of DMBA. These  r e s u l t s  a r e  i n t e r p r e t e d  t o  mean t h a t  t h e  s t r a i n  d i f f e r e n c e  
i n  r e s p o n s e  t o  c a r c i n o g e n s  d o e s  n o t  o b t a i n  a t  t h e  l e v e l  o f  mammary t i s s u e -  
c a r c i n o g e n  i n t e r a c t i o n .  

R a t s  thymectomized on t h e  day  o f  b i r t h  were s t u d i e d  i n  r e g a r d  t o  t h e i r  
mammary n e o p l a s t i c  r e s p o n s e  t o  DMBA, b u t  t h e  r e s u l t s  were i n c o n c l u s i v e  due  
t o  the poor  r a t e  of  c o m p l e t e  thymectomy. I n  s t u d y i n g  t h e  r a t e  o f  c e l l  
pra$$ferat ion a n d / o r  s y n t h e t i c  a c t i v i t y  i n  r e g a r d  t o  mammary n e o p l a s i a ,  

t i n  or d r u g s  t h a t  i n c r e a s e  p r o l a c t i n  s e c r e t i o n  were used.  Rats 
d w h i l e  l a c t a t i n g  have  shown e s s e n t i a l l y  t h e  same n e o p l a s t i c  r e s p o n s e  

a s  n o n - l a c t a t i n g  s i s t e r  r a t s .  
w h i l e  Sprague-Dawley r a t s ,  s i m i l a r l y  t r e a t e d  w i t h  x r a y s  o r  DMBA, have  r eached  
a 50+% i n c i d e n c e  o f  r a t s  w i t h  mammary adenof ib romas .  

Mammary adenof ibromas  a r e  a b s e n t  i n  Lewis r a t s  

( S h e l l a b a r g e r )  

(See  C o n t i n u a t i o n  S h e e t )  RX- 169 



E f f e c t s  of  R a d i a t i o n  on L iv ing  Organisms 
E a r l y  and L a t e  E f f e c t s  of  R a d i a t i o n  of D i f f e r e n t  

P r o j e c t  T i t l e :  Q u a l i t y  and a t  D i f f e r e n t  Dose Rate RX-03-01-(a) 
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ’d . )  

I n  t h e  CNS s t u d i e s , t e s t i n g  c o n t i n u e d  on t h e  v i s u a l  a c u i t y  o f  monkeys 
t h a t  p r e v i o u s l y  r ece ived  b i l a t e r a l  x - r a y  e x p o s u r e s  i n  t h e  500-2,000 rad  
r ange .  A t  s i x t e e n  months p o s t - e x p o s u r e  no decrement  i n  v i s u a l  a c u i t y  h a s  
been  o b s e r v e d .  Due t o  budget  l i m i t a t i o n  a d d i t i o n a l  a n i m a l s  have  not  been 
i r r a d i a t e d ;  however ,  d a t a  on t h e  p r e s e n t  a n i m a l s  w i l l  c o n t i n u e  t o  be 
c o l l e c t e d  u n t i l  t h e y  e x h i b i t  a decrement  o r  u n t i l  i t  i s  n e c e s s a r y  t o  
t e r m i n a t e  t h e  s t u d y  . 

The l a s t  o f  t h e  s h a r k s  exposed t o  30,000 r a d s  were s a c r i f i c e d  and 
t h e  b r a i n s  examined f o r  bo th  g r o s s  and m i c r o s c o p i c  changes .  The e a r l i e r  
f i n d i n g s  i n d i c a t i n g  e s s e n t i a l l y  n o  e f f e c t  from t h e s e  m a s s i v e  d o s e s  of  
r a d i a t i o n  were conf i rmed.  

.\ 
L 

The f e a s i b i l i t y  o f  making e l e c t r o p h y s i o l o g i c a l  measurements  on t h e  
s h a r k  b r a i n s  u s i n g  implanted  e l e c t r o d e s  was i n v e s t i g a t e d .  Some b a s e - l i n e  
r e c o r d i n g s  were o b t a i n e d  which were encourag ing .  However, t h e  t echn iques  
must be improved b e f o r e  t h e y  can  be  used t o  d e t e r m i n e  whe the r  any f u n c t i o n a l  
changes  t a k e  p l a c e  i n  t h e  i r r a d i a t e d  s h a r k  b r a i n .  (Car s t  en) 

The g e n e t i c  e f f e c t s  o f  n e u t r o n  i r r a d i a t i o n  were s t u d i e d  i n  Drosoph i l a ,  
u s i n g  t h e  f r equency  o f  t r a n s l o c a t i o n s ,  s e x - l i n k e d  r e c e s s i v e  l e t h a l  mu ta t ions ,  
and dominant  l e t h a l  m u t a t i o n s  as  e n d p o i n t s .  F o r  t r a n s l o c a t i o n s ,  t h e  x - r a y  
c u r v e  i s  c u r v i l i n e a r  w h i l e  t h e  n e u t r o n  c u r v e  i s  l i n e a r .  The RBE i s  less 
t h a n  one  a t  a l l  dose  l e v e l s  s t u d i e d .  F o r  s e x - l i n k e d  r e c e s s i v e  m u t a t i o n s ,  
t h e  r e s p o n s e  c u r v e  appeared  t o  be l i n e a r  f o r  bo th  n e u t r o n s  and x r a y s ,  
and t h e  RBE o f  n e u t r o n s  i s  less  t h a n  u n i t y .  Us ing  s e x - l i n k e d  r e c e s s i v e  
l e t h a l  m u t a t i o n s ,  t h e  RBE was d e t e r m i n e d  f o r  c e l l s  i n  v a r i o u s  s t a g e s  
o f s p e r m a t o g e n e s i s  i n  o r d e r  to  see i f  t h e  low RBE v a l u e s  might  be due 
t o  t h e  shape  and sma l l  s i z e  o f  t h e  sperm nuc leus .  The RBE f o r  e a r l y  
s p e r m a t i d s ,  a l t h o u g h  l e s s  t h a n  u n i t y ,  was no g r e a t e r  t h a n  t h a t  f o r  
ma tu re  sperm. 
of t h e  sperm n u c l e u s  no r  t o  t h e  h i g h l y  condensed s t a t e  of t h e  chromosomes. 
A l so ,  e x t e n s i v e  work was c a r r i e d  o u t  t o  v e r i f y  t h e  work of P e r  Of t eda l  
i n d i c a t i n g  t h a t  g e n e t i c  e f f e c t s  of v e r y  low d o s e s  may be  g r e a t e r  t han  
t h a t  p r e d i c t e d  w i t h  e x t r a p o l a t i o n  from h i g h  d o s e s .  

Thus t h e  low RBE i s  n o t  due  e n t i r e l y  t o  t h e  sma l l  s i z e  

U n f o r t u n a t e l y ,  t h i s  e n t i r e  program had t o  be  t e r m i n a t e d  wi th  t h e  
u n t i m e l y  d e a t h  of Dr. Gonzalez.  Dr. Abramson h a s  c o l l e c t e d  and i s  s t u d y i n g  
t h e  &Ea o b t a i n e d  b y  Dr. Gonzalez ,  and i t  i s  hoped t h a t  t h e  m a t e r i a l  can b e  
c o e e t e l y  a n a l y z e d  and r e p o r t e d ,  I t  i s  hoped,  a l s o ,  t h a t  means can be 
feud t o  c o n t i n u e  t h e s e  i m p o r t a n t  s t u d i e s .  

E x t e n s i v e  work, p a r t i c u l a r l y  impor t an t  t o  t e s t i n g  t h e o r i e s  of r a d i o -  
b i o l o g i c a l  a c t i o n ,  have been c a r r i e d  o u t  i n  t h e  B io logy  Department u s i n g  
T r a d e s c a n t i a  stamen h a i r  t e s t  sys t ems  (A. H. Spar row and A,  J ,  Underb r ink ) .  
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These  r e s u l t s  a r e  r e p o r t e d  i n  t h e  189 documents from t h e  B i o l o g y  Department. 

The t h e o r y  g r o u p  h a s  con t inued  t o  ex tend  and r e f i n e  t h e  t h e o r y  of d u a l  
r a d i a t i o n  a c t i o n  ( A. M .  K e l l e r e r  and H. H. R o s s i ) ,  T h e s e  r e s u l t s  a r e  
r e p o r t e d  i n  t h e  a n n u a l  r e p o r t s  of t h e  R a d i o l o g i c a l  Research  L a b o r a t o r y ,  
Columbia U n i v e r s i t y ,  

1 7 ,  Expected R e s u l t s  i n  FY 1974: 

The c o m p l e t i o n  o f  a l l  planned beam l i n e s  a t  RARAF w i l l  p e r m i t  r e s e a r c h  
t o  proceed more e f f i c i e n t l y  so t h a t  a l a r g e r  number and g r e a t e r  v a r i e t y  o f  
r e s e a r c h  p r o j e c t s  can  be unde r t aken .  The i n t e r n a t i o n a l  i n t e rcompaq i son  of 
n e u t r o n  d o s i m e t r y  w i l l  c o n s i s t  o f  measurements made a t  RARAF by a ' dozen  teams 
o f  s c i e n t i s t s  a t  v a r i o u s  i n t e r v a l s  d u r i n g  t h e  y e a r .  Pend ing  approva l  by t h e  
AEC of  a r e c e n t  p r o p o s a l  by t h e  BNL H e a l t h  P h y s i c s  D i v i s i o n ,  supplementary  
equipment and s t a f f  w i l l  be a c q u i r e d  t o  e s t a b l i s h  a t  RARAF a n e u t r o n  c a l i b r a -  
t i o n  f a c i l i t y  t o  p r o v i d e  o u t s i d e  and l o c a l  u s e r s  wi th  s t a n d a r d ,  w e l l - d e f i n e d  
n e u t r o n  f l u e n c e s  s u i t a b l e  f o r  c a l i b r a t i o n  and t e s t i n g  o f  r a d i a t i o n  i n s t r u -  
ments a n d  p e r s o n n e l  mon i to r ing  d e v i c e s .  

R a d i o l o g i c a l  p h y s i c s  s t u d i e s  a r e  i n  p r o g r e s s  i n  p r e p a r a t i o n  fo r  
two new r a d i o b i c l o g y  expe r imen t s .  
hydrogen beam t o  s t u d y  t h e  b i o l o g i c a l  s i g n i f i c a n c e  of e n e r g y  d e p o s i t i o n s  
a t  t h e  nanometer l e v e l .  T h e  s e c o n a  i n v o l v e s  t h e  u s e  of a microbeam t o  
i r r a d i a t e  s i n g l e  c e l l s  w i t h  one o r  a known number of  c h a r g e d  p a r t i c l e s .  

The' f i r s t  w i l l  u t i l i z e  a molecu la r  

- 
Radiob io logy  e x p e r i m e n t s  w i l l  be  c o n t i n u e d  i n v o l v i n g  n e u t r o n  energy  

dependence d o s e  r a t e  dependence and OER f o r  i r r a d i a t i o n s  d T r a d e s c a n t i a  
i n f l o r e s c e n c e s  and Chinese  hams te r  l u n g  c e l l s .  T h e  s t u d i e s  on t h e  i n d u c t i o n  
of  mammary neop lasms  i n  r a t s  w i l l  a l s o  b e  c o n t i n u e d .  
-- V i c i a  f aba  e x p e r i m e n t s  have been t e r m i n a t e d  and t h e  d a t a  a r e  be ing  
ana lyzed .  (Bond, Rossi)  

The Drosoph i l a  and 

Data w i l l  be  fo r thcoming  f rom t h e  Sprague-Dawley r a t s  exposed t o  
n e u t r o n  d o s e s  r a n g i n g  from 0.125 th rough  8 rads so t h a t  p r e l i m i n a r y  con- 
c l u s i o n s  can  b e  r eached  i n  r e g a r d  t o  RBE v a l u e s  f o r  n e u t r o n  r a t  mammary 
c a r c i n o g e n e s i s .  
show a s y n e r g i s t i c  i n t e r a c t i o n  of n e u t r o n  r a d i a t i o n  and exogenous 
e s t r o n n  a d m i n i s t r a t i o n .  
w i l l , . ?  n e a r i n g  t h e  end of t h e i r  l i f e  span  so t h a t  any  d i f f e r e n c e s  between 
Spragk;Dawley  r a t s  and Lewis r a t s  c a n  be documented i n  p r e p a r a t i o n  f o r  
s t u d i e s  on p o s s i b l e  hormonal d i f f e r e n c e s  i n  t h e  two s t r a i n s .  C e r t a i n  
a n t i o x i d a n t s ,  w i d e l y  used i n  food and commerce, have been c la imed t o  r educe  
t h e  r a t  mammary n e o p l a s t i c  r e s p o n s e  t o  chemica l  c a r c i n o g e n s ;  some a n t i o x i d a n t s  
w i l l  be s t u d i e d  i n  r e g a r d  t o  t h e i r  i n f l u e n c e  on chemica l  c a r c i n o g e n e s i s  and 

The August-Copenhagen h y b r i d  r a t  h a s  been r e p o r t e d  t o  

Lewis ra t s  g i v e n  e i t h e r  x r a d i a t i o n  o r  D W A  

(See C o n t i n u a t i o n  Sheet) Rx- 17 1 



E f f e c t s  o f  R a d i a t i o n  on L i v i n g  Organisms 
E a r l y  and Late E f f e c t s  of  R a d i a t i o n  o f  D i f f e r e n t  

P r o j e c t  T i t l e :  O u a l i t v  and a t  D i f f e r e n t  Dose Rate - - -  
17.  Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

t h e s e  s t u d i e s  ex tended  t o  i n c l u d e  x r a d i a t i o n .  ( S h e l l a b a r g e r )  

I f  c o l l a b o r a t i v e  s u p p o r t  i s  c o n t i n u e d , t h e  e f f e c t s  of  m u l t i p l e  
e x p o s u r e s  on t h e  v i s u a l  a c u i t y  of  monkeys w i l l  c o n t i n u e  t o  be s t u d i e d .  
It  i s  hoped t h a t  t e c h n i q u e s  of  e l e c t r o p h y s i o l o g i c a l  measurements  i n  t h e  
elasmobranch b r a i n  a s  a parameter  f o r  r a d i a t i o n  e f f e c t s  w i l l  be p e r f e c t e d .  
I f  t h i s  i s  n o t  accompl i shed ,  an e s t a b l i s h e d  t e c h n i q u e  f o r  s p e c i f i c  measure-  
ments  on t h e  o l f a c t o r y  t r a c t  w i l l  be used  a f t e r  r a d i a t i o n  o f  t h e  o l f a c t o r y  
n e r v e s .  

Le rne r  Mar ine  L a b o r a t o r y  may i n s t a l l  a n  x - r a y  machine. It would t h e n  
b e  p o s s i b l e  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  r a d i a t i o n  on a number o f  marine 
o rgan i sms  which a re  now imposs ib l e  w i t h  t h e  p r e s e n t  CO-60 s o u r c e  i fes igned  
f o r  nar row beam i r r a d i a t i o n  o f  s p e c i f i c  a r e a s .  (Car s t  en )  

The h igh  RBE's o b t a i n e d  f o r  mammary g l a n d  tumor i n d u c t i o n  have  obv ious  
t h e o r e t i c a l  impor t ance  a s  w e l l  a s  p r a c t i c a l  i m p l i c a t i o n s .  R a d i a t i o n  p ro -  
t e c t i o n  g u i d e s  f o r  r a d i a t i o n  workers  and f o r  n u c l e a r  med ic ine  p rocedures  i n  
which h igh  LET r a d i a t i o n s  a r e  used p e r h a p s  s h o u l d  be  r e c o n s i d e r e d  i n  t h i s  
l i g h t .  
i n  which a p a r t  o f  t h e  exposure  was due  t o  n e u t r o n s ,  depends  v e r y  much on 
t h e  n e u t r o n  RBE f o r  turnorogenesis  a s  a f u n c t i o n  o f  dose .  For  t h e s e  r e a s o n s ,  .: 
sys t ems  i n  a d d i t i o n  t o  mammary g l and  n e o p l a s i a  w i l l  be  s t u d i e d .  
e f f o r t s  w i l l  b e  made t o  beg in  e x p e r i m e n t s  on  m y e l o c y t i c  leukemia  i n d u c t i o n  
i n  mice.  
Department a t  Brookhaven and t h e  Med ica l  C e n t e r  a t  t h e  S t a t e  U n i v e r s i t y  of  ~ 

N e w  York a t  S t o n y  Brook (Dr. Ar thu r  Up ton) .  

I n  a d d i t i o n ,  i n t e r p r e t a t i o n  of t h e  d a t a  from Hiroshima and Nagasaki ,  

I n  p a r t i c u l a r ,  

T h i s  p r o b a b l y  w i l l  i nvo lve  a c o l l a b o r a t i v e  program between t h e  Med ica l  

18. Expected R e s u l t s  i n  FY 1975: 

T h e  s o p h i s t i c a t e d  i n s t r u m e n t a t i o n  and  e x p e r i m e n t a l  t e c h n i q u e s  r e q u i r e d  
f o r  t h e  microbeam e x p e r i m e n t s  will r e q u i r e  e x t e n s i v e  development  work, The 
LET of  t h e  t r a v e r s i n g  p a r t i c l e  w i l l  b e  v a r i e d  by a d j u s t i n g  p a r t i c l e  ene rgy .  
T h i s  approach  s h o u l d a l l o w  d i r e c t  o b s e r v a t i o n  o f  t h e  p r o b a b i l i t y  of s i n g l e  
c e l l ' i n a c t i v a t i o n  by p a r t i c l e s  of  d i f f e r e n t  LET, shou ld  remove a l a r g e  a rea  
o f  u n c e r t a i n t y  i n  d e t e r m i n i n g  t h e  k i n e t i c s  of c e l l  i n a c t i v a t i o n ,  and should  
g i v e  c o n s i d e r a b l e  i n s i g h t  i n t o  mechanisms o f  c e l l  i n a c t i v a t i o n .  It i s  
e x p e c t e d  t h a t  much p r o g r e s s  w i l l  be  made i n  p e r f e c t i n g  t h e  r a t h e r  demanding 
t e c h n m e s  r e q u i r e d  t o  pe r fo rm t h i s  t y p e  o f  exposure  of  s i z a b l e  p o p u l a t i o n  
o f  catlls, 

D i s c u s s i o n s  are  b e i n g  h e l d  r e g a r d i n g  two types of  c o l l a b o r a t i v e  s t u d i e s .  
These  i n c l u d e  RBE s t u d i e s  o f  leukemia  i n d u c t i o n  and r e s e a r c h  i n  r a d i a t i o n  
g e n e t i c s .  It a p p e a r s  p r o b a b l e  t h a t  bo th  o f  t h e s e  e f f o r t s  w i l l  be w e l l  unde r  

(See C o n t i n u a t i o n  Sheet) RX- 172 



Effects of Radiation on Living Organisms 
Early and Late Effects of Radiation of Different . -  

Project Title: Quality and at Different Dose Rate - - -  
18. Expected Results in FY 1975: (Cont'd.) 

way in FY 1975. 

Radiobiological studies designed to test theories of  radiobiological 
action critically will be continued. 
leukemogenic potential of neutrons particularly at low doses will be continued 
and extended. (Bond, Rossi) 

Studies on the carcinogenic ar.d 

Carcinogenesis studies with neutrons will be extended t o  a range of 
neutron energies in an attempt t o  relate the RBE for rat mammary carcinogenesis 
to LET. 
in regard to the possible sparing effect of lower and lower gamma dose rates. 
Additional methods of hormonal assay, particularly prolactin, wiL1 be developed 
for use in studies correlating mammary carcinogenesis with hormonaq'environ- 
ments. (Shellabarger) 

Additional doses and dose rates of g a m a  radiation will be studied 

Since a l l  of the radiation-ms studies are long-term endeavors it is 
likely that budgetary problems of the Air Force and BNL will severely restrict 
these studies. (Cars t en) 

19. Description and Explanation of Major Materials, Equipment and 
Subcontract It ems : 

None , 

20. Proposed Obligations for Related Construction Projects: 

None 
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E f f e c t s  o f  R a d i a t i o n  on L i v i n g  Organisms 
R a d i o s e n s i t i v i t y  o f  Immune Responses  and Mechanisms o f  

P r o j e c t  T i t l e :  Immune R e a c t i o n s  EU-03-01- (b )  

13. Pu b l  i c a  t ions:  

T e r r e s ,  G . ,  Mor r i son ,  S. L . ,  H a b i c h t ,  G. S . ,  and S t o n e r ,  R. D.  Appearance 
o f  an  e a r l y  " p r i m e d  s t a t e "  i n  mice f o l l o w i n g  t h e  concomi tan t  i n j e c t i o n s  o f  
a n t i g e n  and s p e c i f i c  a n t i s e r u m .  J. Irmnunol. E, No. 6 ,  473-81 ( 1 9 7 2 ) :  

Hess, M. W . ,  C o t t i e r ,  H . ,  S o r d a t ,  B . ,  J o e l ,  D. D., and Chanana, A. D.  
P r e s e n t e d  a t  t h e  Confe rence  The i n t e s t i n a l  barr ier  t o  b a c t e r i a l  i n v a s i o n .  

on "A Re-Examination o f  "Non-Speci f ic"  F a c t o r s  I n f l u e n c i n g  Host R e s i s t a n c e " ,  
Bern-Gur ten ,  J u n e ,  1972. 

- 

14. Scope: 
A) 200 Word Summary: 

A g o a l  o f  t h i s  r e s e a r c h  i s  t o  d e t e r m i n e  t h e  o r i g i n ,  f u n c t i o n ' a n d  f a t e  
o f  lymphoid c e l l u l a r  e l e m e n t s  i n  immune r e s p o n s e s .  
t h e  h i g h l y  immunogenic p r o p e r t i e s  o f  complexes o f  a n t i g e n - a n t i b o d y  as  compared 
w i t h  t h e  same a n t i g e n  a d m i n i s t e r e d  a l o n e .  

.\ 

Of p r i n a r y  i n t e r e s t  a r e  

F i v e  i n t e r - d e p e n d e n t  o b j e c t i v e s  a r e  e x p l o r e d :  (1) r a d i o s e n s i t i v i t y  
of  a n t i b o d y  r e s p o n s e s ,  ( 2 )  c o m p a r a t i v e  a n t i g e n i c  p r o p e r t i e s  of complexed 
a n t i g e n  and a n t i b o d y  ( s p e c i f i c  immunoglobulins) 
e a r l y  and enhanced p r i m a r y  a n t i b o d y  r e s p o n s e s ,  (3) c e l l u l a r  p r o l i f e r a t i o n  . 
i n  g e r m i n a l  c e n t e r s  of lymphoid t i s s u e s  d u r i n g  a n t i b o d y  r e s p o n s e s ,  ' 
i a t i o n - i n d u c e d  s u s c e p t i b i l i t y  t o  a n a p h y l a c t i c  shock ,  and (5 )  t h e  g e n e t i c  
c o n t r o l  of a n t i b o d y  r e s p o n s e s .  

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

(4) r a d -  

Another  g o a l  i s  t o  d e t e r m i n e  whe the r  o r  n o t  tumor v i r u s  i n f e c t i o n s  and 
t u m o r i g e n e s i s  a r e  a f f e c t e d  by e x p o s u r e  t o  r a d i a t i o n ,  and t o  compare t h e  e f f e c t s  
o f  r a d i a t i o n  on -- i n  v i t r o  and i n  v i v o  v i r u s  r e p l i c a t i o n .  I t  i s  proposed  t o  
d e t e r m i n e  i f  exposure  t o  r a d i a t i o n  w i l l :  
and i n  v i v o  i n f e c t i o n  o f  c e l l s  w i t h  DNA and RNA tumor v i r u s e s ,  (2)  i n f l u e n c e  
o n c o g e n e s i s  i n  g e n e t i c a l l y  s u s c e p t i b l e  and r e s i s t a n t  i n f e c t e d  c h i c k e n s ,  
( 3 )  i n i t i a t e  tumors i n  n o n - i n f e c t e d  c h i c k e n s ,  and ( 4 )  i n f l u e n c e  t h e  immune 
r e s p o n s e  i n  g e n e t i c a l l y  s u s c e p t i b l e  and r e s i s t a n t  c h i c k e n s  i n f e c t e d  w i t h  
DNA and RNA tumor v i r u s e s .  

- 

(1) enhance  o r  d e p r e s s  bo th  i n  v i t r o  

B) Supplement t o  200 Word Summary: 

The p r o t e c t i o n  n o r m a l l y  c o n f e r r e d  t o  i n d i v i d u a l s  by a c t i v e  immuniza t ion  
w'ith m t i g e n s  and v a c c i n e s  a n d / o r  p a s s i v e  immuniza t ion  w i t h  s p e c i f i c  immuno- 
glob<?$Fs i n  t h e  c o n t r o l  o f  i n f e c t i o u s  d i s e a s e s  may be a b o l i s h e d  a f t e r  whole- 
body W o s u r e  t o  s u b - l e t h a l  d o s e s  o f  i o n i z i n g  r a d i a t i o n .  Exposure  o f  a n i m a l s  
t o  i o n i z i n g  r a d i a t i o n  a t  v a r i o u s  t imes b e f o r e ,  d u r i n g ,  and a f t e r  immuniza t ion  
a f f o r d s  a un ique  o p p o r t u n i t y  t o  s t u d y  c e l l u l a r  and humoral immune mechanisms 
a s  w e l l  a s  t h e  r e p r e s s i v e  e f f e c t s  o f  r a d i a t i o n  on normal immune r e s p o n s e s .  
Emphasis i s  d i r e c t e d  i n  t h e s e  s t u d i e s  t o  t h e  h i g h l y  immunogenic p r o p e r t i e s  o f  
complexes  o f  a n t i g e n  and a n t i b o d y  i n  e l i c i t i n g  e a r l i e r  and enhanced a n t i b o d y  

(See C o n t i n u a t i o n  Sheet) Rx- 175 
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R a d i o s e n s i t i v i t y  of Immune Responses  and Mechanisms o f  

P r o j e c t  T i t l e :  Immune R e a c t 1  on s FX-03-01- ( b )  

14. Scope: (Cont ‘ d .  ) 

r e s p o n s e s ,  a s  compared w i t h  t h e  same a n t i g e n  ( t e t a n u s  t o x o i d )  a d m i n i s t e r e d  
e i t h e r  i n  s o l u b l e  o r  adso rbed  form. I n  o r d e r  t o  p r o v i d e  a broad b a s i s  f o r  
t h e  obse rved  e f f i c a c y  o f  p r i m a r y  immuniza t ion  w i t h  complexed a n t i g e n s ,  t h r e e  
a d d i t i o n a l  and u n r e l a t e d  a n t i g e n s ,  bov ine  serum a lbumin  ( B S A ) ,  h o r s e r a d i s h  
p e r o x i d a s e  (W) and g l u c o s e  o x i d a s e  (GOX) from A s p e r g i l l u s  n i g e r  a r e  used 
i n  c o m p a r a t i v e  expe r imen t s .  

P r e s e n t  f i n d i n g s  show a c l o s e  c o r r e l a t i o n  between an i n c r e a s e d  number 
o f  g e r m i n a l  c e n t e r s  i n  lymph n o d e s ,  a s  wel l  a s  t h e i r  e a r l i e r  a p p e a r a n c e  and 
r a p i d  p r o l i f e r a t i o n  o f  c e l l u l a r  e l e m e n t s ,  and t h e  a p p e a r a n c e  of  serum a n t i b o d y  
Germinal  c e n t e r s  show b o t h  a n  i n c r e a s e  i n  number and p r o l i f e r a t e  f a s t e r  when 
mice  a r e  immunized w i t h  complexes o f  a n t i g e n  and a n t i b o d y  a s  compared wi th  
t h e  same amount of a n t i g e n  o n l y .  
d e f i c i e n c y  syndromes i n  man may r e s u l t  from deve lopmen ta l  d i s o r d e r s  o f  
immuno log ica l ly  a c t i v e  t i s sues .  Developmenta l  f a i l u r e  o f  lymphoid t i s s u e s  
may r e s u l t  i n  a f u n c t i o n a l  d e f i c i e n c y ,  a b s e n c e  o f  one o r  more immunoglobulins,  
and i n  m o r p h o l o g i c a l l y  d e t e c t a b l e  d e f e c t s .  Al though g e r m i n a l  c e n t e r s  c o n t a i n  
immunoglobulins a s  shown b y  immunof luorescent  methods ,  i t  i s  a p p a r e n t  t h a t  
most immunoglobulins l i e  on t h e  s u r f a c e  of c e l l s  o r  i n  r e t i c u l u m  c e l l s  w i t h i n  
g e r m i n a l  c e n t e r s .  
a n t i b o d y  f o r m a t i o n  by lymphoid g e r m i n a l  c e n t e r  c e l l s  as  wel l  as  p e r s i s t e n c e  
of  a n t i g e n  a n d / o r  HRP-antibody complexes  between d e n d r i t i c  r e t i c u l a r  c e l l s .  : 
I n c r e a s i n g  emphas is  w i l l  be  g i v e n  t o  p r i m a r y  immuniza t ion  w i t h  a n t i g e n -  
a n t i b o d y  complexes p r e p a r e d  w i t h  gammaimmunoglobulins ( IgG).  Complexes of * 
t e t a n u s  t o x o i d  and s p e c i f i c  human IgG have  been  p r e p a r e d  f o r  p r imary  
immuniza t ion  s t u d i e s  i n  man. The l o n g - r a n g e  pu rpose  of t h i s  r e s e a r c h  i s  t o  - 
e x t e n d  t h e  p r i n c i p l e s  o f  enhanced  immuniza t ion  demons t r a t ed  w i t h  t h e  p r e s e n t  
complexed a n t i g e n s  t o  s i t u a t i o n s  where a n t i g e n s  o f  b a c t e r i a l ,  v i r a l ,  p ro tozoan ,  
and p a r a s i t i c  o r i g i n  a r e  p o o r l y  a n t i g e n i c .  

Immune d e f e c t s  i n  s o - c a l l e d  immclhologic 

P r e s e n t  f i n d i n g s  w i t h  HRP a n t i g e n  p r o v i d e  e v i d e n c e  f o r  

P r e v i o u s  work i n  t h i s  l a b o r a t o r y  h a s  demons t r a t ed  a n  i n c r e a s e d  s u s c e p t i -  
b i l i t y  of i r r a d i a t e d  a n i m a l s  t o  f a t a l  a n a p h y l a c t i c  shock. 
a n t i b o d y  r e s p o n s e s  a r e  o b t a i n e d  i n  b o t h  normal and i r r a d i a t e d  mice i m u n i z e d  
w i t h  a n t i g e n - a n t i b o d y  complexes ,  t h e  a n a p h y l a c t o g e n i c  p r o p e r t i e s  o f  complexes 
w i l l  be e x p l o r e d  when complexes  a re  p r e p a r e d  i n  a n t i g e n  e x c e s s ,  e q u i v a l e n c e ,  
and a n t i b o d y  e x c e s s .  

S i n c e  enhanced 

The scope  o f  t h i s  r e s e a r c h  h a s  been e n l a r g e d  t o  i n c l u d e  a s t u d y  o f  t h e  
g e n e e i c  c o n t r o l  o f  a n t i b o d y  r e s p o n s e s  i n  many s t r a i n s  of mice. 
a t i o n  w i t h  t h e  Jackson  L a b o r a t o r y ?  Bar Harbor ,  Maine,  more t h a n  140 s t r a i n s  of  
mice”f&ith known g e n e t i c  c o n s t i t u t i o n s  a r e  b e i n g  made a v a i l a b l e  a t  no expense .  
The r e l a t i v e  c a p a c i t y  o f  t h e s e  v a r i o u s  s t r a i n s  o f  mice t o  produce  p r i m a r y  and 
s e c o n d a r y  t e t a n u s  a n t i t o x i n  r e s p o n s e s  i s  b e i n g  t e s t e d .  
d i f f e r e n c e s  in a n t i b o d y  r e s p o n s e s  a r e  o b s e r v e d ?  The J a c k s o n  L a b o r a t o r y  w i l l  
d e v e l o p  new recombinant  i n b r e d  l i n e s  f o r  immunologic s t u d i e s .  
h a s  a d i r e c t  b e a r i n g  on t h e  g e n e t i c  c o n t r o l  o f  t h e  gene l o c u s  invo lved  

I n  c o l l a b o r -  

When s i g n i f i c a n t  

Immunogenetics 
i n  t h e  

(See Continuation S h e e t )  RX- 176  



E f f e c t s  o f  R a d i a t i o n  on  L iv ing  Organisms 
R a d i o s , e n s i t i v i t y  o f  Immune Responses  and Mechanisms of 

P r o j e c t  T i t l e :  Immune R e a c t i o n s  RX-03-01- (b)  
14. Scope:  ( C o n t ' d . )  

o b s e r v e d  s u s c e p t i b i l i t y  of  mice  t o  mur ine  lymphoid leukemia  and t o  r e j e c t i o n  of 
a l l o g r a f t s .  ( S t o n e r )  

Although e x t e n s i v e  r e s e a r c h  i n t e r e s t  h a s  been g i v e n  t o  t h e  c a r c i n o g e n i c  
e f f e c t s  o f  i o n i z i n g  r a d i a t i o n ,  l i t t l e  i s  known a b o u t  t h e  e f f e c t s  o f  r a d i a t i o n  
on l a t e n t  RNA and DNA tumor v i r u s  i n f e c t i o n s  and t h e  i n f l u e n c e  o f  r a d i a t i o n  
OR v i r u s - i n d u c e d  tumors. A l s o ,  l i t t l e  i s  known of  r a d i a t i o n  e f f e c t s  upon 
t h e  immune sys tem o f  g e n e t i c a l l y  s u s c e p t i b l e  and r e s i s t a n t  h o s t s  i n  d e t e r m i n i n g  
t h e  p a t h o g e n e s i s  of tumor v i r u s  i n f e c t i o n s  and v i r u s - i n d u c e d  tumors.  I n  t h i s  
r e s p e c t ,  t h e  c h i c k e n ,  w i t h  i t s  known ind igenous  tumor v i r u s e s  and e s t a b l i s h e d  
g e n e t i c a l l y  s u s c e p t i b l e  and r e s i s t a n t  l i n e s ,  o f f e r s  a un ique  an imal  model 
sys t em t o  s t u d y  t h e  e f f e c t s  o f  g raded  d o s e s  o f  r a d i a t i o n  on t h e  v i r u s - h o s t  
r e l a t i o n s h i p  i n  l e u k o s i s .  
r a d i a t i o n  on immune sys t ems  p r o v i d e s  a n  o p p o r t u n i t y  t o  assess t h e  r e l a t i v e  
r o l e  of  c e l l u l a r  and humcra l  immunity i n  r e s i s t a n c e  t o  a v i a n  l e u k o s i s .  

The  well-known r e p r e s s a n t  a c t i o n  o f  i onkz ing  

The o v e r a l l  s i g n i f i c a n c e  o f  t h e  proposed  r e s e a r c h  i s  t h a t  i t  i s  p o s s i b l e  
w i t h  t h i s  model sys tem t o  work w i t h  known, w e l l - d e s c r i b e d  leukemic DNA and. RNA 
v i r u s e s  i n  both s u s c e p t i b l e  and  r e s i s t a n t  l i n e s  o f  c h i c k e n s  and t o  e x p l o r e  t h e  
v i r u s - h o s t  r e l a t i o n s h i p  of l eukemia  a s  w e l l  a s  t h e  e f f e c t s  o f  r a d i a t i o n  on 
t h e  v i r u s - h o s t  r e l a t i o n s h i p  of  leukemia  t h a t  canno t  be  s t u d i e d  i n  man. The 
v a s t  m a j o r i t y  o f  a v i a n  tumors  have  t h e i r  h i s t o g e n e s i s  i n  t h e  h e m a t o p o i e t i c  .: 
sys t em and have  been c l a s s i f i e d  as  t h e  a v i a n  l e u k o s i s  complex. A r e c e n t  
c l a s s i f i c a t i o n  o f  t h e  a v i a n  l e u k o s i s  complex h a s  been  e s t a b l i s h e d  by Sevoian  ' 
a s  f o l l o w s :  

Avian L e u k o s i s  Complex: 

LYMPHOID 
Type I (Myxovirus)  

Subtype  A 
B 
C 

Type T I  ( H e r p e s v i r u s )  
Type I11 (Myxovirus) 

MYELOID 
Type 1 

ERYTHROID 
Type 1 

NON-LEUKOSIS TUMORS 
Type I 

O s t e o p e t r o s i s  
F i b  ro sarcoma s 
Endo t h e  1 ioma s 
Nephrob las  t oma s ,  e t  c . 

A t  lewt two d i s t i n c t  t y p e s  o f  viruses--RNA ( R I F - v i r u s ,  T - v i r u s )  and DNA 
( J M - ~ & a s ) - - c a n  c a u s e  l eukemic  tumors .  The e t i o l o g i c  i d e n t i f i c a t i o n  of  
t hes&;d i seases  h a s  l e d  t o  t h e  terms lymphoid l e u k o s i s  f o r  RIF-RNA v i r u s  tumors ,  
r e t i c u l o e n d o t h e l i o s i s  f o r  T-RNA tumors  and Marek's d i s e a s e  f o r  J M - D N A  v i r u s  
tumors .  It i s  e s t i m a t e d  t h a t  M a r e k ' s  disease makes up t h e  m a j o r i t y  o f  n a t u r a l l y  
o c c u r r i n g  tumors  i n  p o u l t r y .  
d i s e a s e  v i r u s  a t  an  e a r l y  a g e  and remain  c h r o n i c a l l y  i n f e c t e d .  Though i n f e c t i o n  
l e v e l s  w i t h  Marek ' s  d i s e a s e  a r e  a s  h i g h  a s  100% i n  some c a s e s ,  n e o p l a s i a  

N e a r l y  a l l  f i e l d  f l o c k s  a r e  i n f e c t e d  w i t h  M a r e k ' s  
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E f f e c t s  o f  R a d i a t i o n  on L i v i n g  Organisms 
R a d i o s e n s i t i v i t y  of  Immune Responses  and Mechanisms of  I * I  - /.-- 

I P r o j e c t  T i t l e :  Immune R e a c t i o n s  RX-03-0 1 - (b)  
1 4 ,  Scope: ( C o n t ' d . )  

r e s u l t i n g  from such i n f e c t i o n s  may r ange  from b e i n g  n e g l i g i b l e  i n  some f l o c k s  
t o  wel l  over 50% i n  o t h e r  f l o c k s .  It h a s  a l s o  been  demons t r a t ed  t h a t  c e r t a i n  
f a m i l i e s  and l i n e s  of  c h i c k e n s  a r e  more r e s i s t a n t  (o r  s u s c e p t i b l e )  t o  t h e  d e -  
velopment  o f  leukemic  tumors. 
l e u k o s i s  i n  c h i c k e n s  a r e  i n h e r i t e d  t r a i t s  h a s  been  demons t r a t ed  by Hut t  and 
Cole  i n  s e l e c t i n g  o v e r  20 y e a r s  o f  s i r e s  and dams o f  f a m i l i e s  which had a low 
a s  w e l l  a s  a h i g h  i n c i d e n c e  o f  tumors .  However, t o  d a t e  t h e  mechanisms f o r  
r e s i s t a n c e  and s u s c e p t i b i l i t y  t o  l e u k o s i s  a r e  l a r g e l y  unknown. 

Tha t  r e s i s t a n c e  and s u s c e p t i b i l i t y  t o  t h e  a v i a n  

The proposed  s t u d i e s  w i l l  u t i l i z e  g e n e t i c a l l y  i n b r e d  l e u k o s i s - s u s c e p t i b l e  
and r e s i s t a n t  s p e c i f i c  pa thogen  f r e e  (SPF) c h i c k e n s  from t h e  U n i v e r s i t y  o f  
M a s s a c h b s e t t s ,  C o r n e l l  U n i v e r s i t y ,  and t h e  F e d e r a l  Reg iona l  P o u l t r y  L a b o r a t o r y ,  
East L a n s i n g ,  Michigan ,  Two d i f f e r e n t  t y p e s  of  RNA v i r u s e s  (Type &P - RIF and 
Type 111 - T) and one DNA v i r u s  (Type II - JM) w i l l  be  used f o r  i n o c u l a t i o n .  
Gamma and x r a d i a t i o n  w i l l  be d e l i v e r e d  i n  d o s e s  f rom 10 t o  500 r a d s  by 
whole-body exposure .  
The a n t i g e n - a n t i b o d y  s t u d i e s  w i l l  be  a n a l y z e d  by complement f i x a t i o n ,  
f l u o r e s c e n t - a n t i b o d y  ( d i r e c t  and i n d i r e c t ) ,  immunod i f fus ion ,  serum and v i r u s  
n e u t r a l i z a t i o n , a n d  i n d i r e c t  he rnoagg lu t ina t ion  t e s t s ,  (Pavlova)  

Avian and mammalian c e l l  c u l t u r e s  w i l l  a l s o  be i r r a d i a t e d .  

15,  R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

R e l a t e d  s t u d i e s  a t  Brookhaven N a t i o n a l  L a b o r a t o r y  are  t h o s e  of C r o n k i t e ,  , 
Chanana, and J o e l  on Lymphopoiesis  and homograf t  r e j e c t i o n ,  and of  
S h e l l a b a r g e r  on Rad ia t ion - Induced  C a r c i n o g e n e s i s .  
L a b o r a t o r y ,  J a r o s l o w ' s  s t u d i e s  on r a d i o s e n s i t i v i t y  o f  a n t i b o d y  r e s p o n s e s ,  and- 
t h e  s t u d i e s  o f  F i n k e l ,  R e i l l y ,  Greco ,  Rockus, and D a l e  on S t ront ium-90 and 
a n g i o t e n s i n  i n  mice a re  r e l a t e d .  S t u d i e s  e l s e w h e r e  i n c l u d e  t h o s e  o f :  Loan, 
S to rm,  S l o a n ,  and McCune a t  t h e  U n i v e r s i t y  o f  M i s s o u r i ,  Sevo ian  a t  t h e  
U n i v e r s i t y  o f  M a s s a c h u s e t t s ;  J a n s e n ,  Atomic Energy Board,  P r e t o r i a ,  South 
A f r i c a ;  Vos, TNO R a d i o l o g i c a l  Defense Lab. ,  The N e t h e r l a n d s ;  van Bekkum, 
B a l n e r ,  d e  Vries,  van Rood, R a d i o l o g i c a l  I n s t i t u t e ,  The N e t h e r l a n d s ;  Micklem, ' 

U n i v e r s i t y  o f  Edinburgh;  Betz and S imar ,  U n i v e r s i t y  o f  L i e g e ,  Belgium; S imic ,  
S l i v i c ,  C i r k o v i c ,  and P e t r o v i c ,  Boris K i d r i c  I n s t i t u t e  of Nuc lea r  S c i e n c e s ,  
Beograd ,  Yougos lav ia ;  S i l v e r m a n ,  U n i v e r s i t y  o f  Nor th  C a r o l i n a ;  F i t c h  and W i s s l e r ,  
U n i v e r s i t y  o f  Chicago ,  Meier, H e i n i g e r ,  T a y l o r ,  Chen, Cher ry ,  The Jackson  
L a b o r a t o r y ;  M a r t i n ,  Mourer ,  and B e n a c e r r a f ,  Harvard  Med ica l  Schoo l ;  and 
Herzenbe rg ,  S t a n f o r d  U n i v e r s i t y ,  

A t  Argonne Nakional  

_ -  

16. m h n i c a l  P r o g r e s s  i n  FY 1973: 

P r e l i m i n a r y  r e s u l t s  w i t h  C o t t i e r  e t  a l .  ( U n i v e r s i t y  o f  Bern) c o n c e r n i n g  
c e l l u l a r  k i n e t i c s  of  lymphoid t i s s u e s  i n d i c a t e  t h a t  more t i m e  p e r i o d s  d u r i n g  
immuniza t ion  need t o  be  s t u d i e d .  Secondary  t e t a n u s  a n t i t o x i n  r e s p o n s e s  were 
e l i c i t e d  i n  normal  and i r r a d i a t e d  mice (500 r a d s )  and H - 3 - h i s t i d i n e  was 
i n j e c t e d  on day  f i v e  a f t e r  b o o s t e r  i n j e c t i o n s  of f l u i d  t o x o i d  and complexes 
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E f f e c t s  of R a d i a t i o n  on L iv ing  Organisms 
R a d i o s e n s i t i v i t y  of h u n e  Responses and Mechanisms o f  . -  

P r o j e c t  T i t l e :  Immune R e a c t i o n s  - -  01- ( b )  
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Con t ' d . )  

o f  t o x o i d  and s p e c i f i c  mouse immunoglobulins ( IgG),  Test  mice were s a c r i -  
f i c e d  for t issues  and serum 5 ,  10, 15, 20, 30 ,  40,  60 m i n u t e s  and 2 ,  3 ,  and 
6 h o u r s  l a t e r ,  Serum a n t i b o d y  l e v e l s  were de te rmined  b y  n e u t r a l i z a t i o n  o f  
t e t a n u s  t o x i n .  The f ree-amino a c i d  ( H - 3 - h i s t i d i n e )  l e v e l  was counted  i n  t h e  
s e r a  and t h e  t r i t i u m - l a b e l e d  a n t i t o x i n  p r e c i p i t a t e d  i n  s l i g h t  a n t i g e n  e x c e s s  
w i t h  c o n c e n t r a t e d  t e t a n u s  t o x o i d .  The a n t i g e n - a n t i b o d y  p r e c i p i t a t e s  were 
washed t h r e e  times i n  co ld  s a l i n e  and s o l u b i l i z e d  w i t h  Bio-Solv  formula  
BBS-3 (Beckman) f o r  l i q u i d  s c i n t i l l a t i o n  count ing .  The r a t e  of i n c o r p o r a t i o n  
o f  H - 3 - h i s t i d i n e  i n t o  a n t i b o d y  i s  b e i n g  e v a l u a t e d  t o g e t h e r  w i t h  an  a u t o r a d i o -  
g r a p h i c  and h i s t o l o g i c  s t u d y  o f  the lymphoid t i s s u e s .  

A ser ies  o f  s i x  e x p e r i m e n t s  w i t h  1 ,260 mice were c a r r i e d  o u t  c o n c e r n i n g  
t h e  a n a p h y l a c t o g e n i c  p r o p e r t i e s  o f  complexed a n t i g e n .  The variouq'complexes 
were p r e p a r e d  i n  v i t r o  w i t h  t e t a n u s  t o x o i d  w i t h  e i t h e r  i s o l o g o u s  mouse a n t i -  
t o x i n ,  s p e c i f i c  mouse TgG, o r  human t e t a n u s  immunoglobulin (H-IgG). A c t i v e l y  
immunized mice ,  normal and i r r a d i a t e d ,  were c h a l l e n g e d  6-8  days  p o s t - r a d i a t i o n  
b y  i . v .  and S . C .  i n j e c t i o n s  o f  t h e  complexes a n d / o r  t e t a n u s  toxo id  on ly .  
C h a l l e n g e  w i t h  a n t i g e n  on Iy  w a s  f a r  more e f f e c t i v e  i n  e l i c i t i n g  s e v e r e  and 
f a t a l  a n a p h y l a x i s  than wi th  complexed a n t i g e n .  When complexes were formed 
i n  s l i g h t  and l a r g e  a n t i b o d y  e x c e s s  and i n j e c t e d ,  f a t a l  a n a p h y l a c t i c  shock 
w a s  n o t  obse rved .  Normally, symptoms o f  a n a p h y l a x f s  appear f n  5-7  minu tes  
i n  i r r a d i a t e d  mice.  When complexes were i n j e c t e d  i n  l a r g e  a n t i b o d y  e x c e s s ,  .. 
t h e  u s u a l  symptoms of a n a p h y l a c t i c  shock  were d e l a y e d  abou t  30 m i n u t e s ,  an 
o b s e r v a t i o n  f o r  which there i s  no e x p l a n a t i o n .  

S t u d i e s  c o n t i n u e d  i n  a t tempts  t o  a c c o u n t  f o r  t h e  h i g h l y  immunogenic 
p r o p e r t i e s  of complexed a n t i g e n s  a s  compared w i t h  t h e  same dose  o f  a n t i g e n s  
i n j e c t e d  a l o n e .  The enzymes h o r s e r a d i s h  p e r o x i d a s e  (HRP) and c a l f  mucosa 
a l k a l i n e  p h o s p h a t a s e  (APH) were used  as  t e s t  a n t i g e n s .  Both HRP and APH 
i n  complex w i t h  r e s p e c t i v e  s p e c i f i c  a n t i b o d y  e l i c i t e d  enhanced p r imary  a n t i -  
body r e s p o n s e s  i n  mice. 
f l u i d  t e t a n u s  t o x o i d  (FTT) i n  complex w i t h  s p e c i f i c  immunoglobulin s u b u n i t s .  
P o r t e r ' s  methods were u s e d  t o  p r e p a r e  f r a g m e n t s  o f  s p e c i f i c  r a b b i t  IgG t o  
form complexes w i t h  t h e  v a r i o u s  Fab a n t i b o d y  f r agmen t s  hop ing  t o  l e a r n  i f  t h e  
whole o r  o n l y  p a r t s  of  t h e  m o l e c u l e  w i l l  e l i c i t  an enhanced a n t i b o d y  r e s p o n s e  
when combined w i t h  s p e c i f i c  a n t i g e n .  

* 

S e v e r a l  e x p e r i m e n t s  were c a r r i e d  o u t  u s i n g  HRP and 

A new s t u d y  was s t a r t e d  c o n c e r n i n g  t h e  compara t ive  h e m a t o l o g i c a l  and 
i m m u n p q t p r e s s i v e  s i d e  e f f e c t s  of ch lo ramphen ico l  ( C A P )  and a c l o s e l y  
r e l a w  c h e m i c a l ,  t h i amphen ico l  (TAP) i n  mice. Although TAP i s  n o t  a n  
a p p r w  d r u g  i n  t h e  Uni ted  S t a t e s ,  more t h a n  15 m i l l i o n  p e o p l e  i n  Europe 
have  bken t r e a t e d  w i t h  TAP w i t h o u t  t h e  a p p e a r a n c e  of  any known c a s e s  o f  a p l a s t i c  
anemia- (APA). On t h e  o t h e r  hand ,  t h e  ra ther  h igh  i n c i d e n c e  of CAP-induced 
APA h a s  been well-documented. I n  p r e l i m i n a r y  e x p e r i m e n t s ,  bo th  CAP and TAP 
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E f f e c t s  o f  R a d i a t i o n  on L i v i n g  Organisms 
R a d i o s e n s i t i v i t y  o f  Immune Responses  and Mechanisms of  

P r o j e c t  T i t l e :  Immune Reac t ions  Rx-03-01- ( b )  
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973:  ( C o n t ’ d . )  

i n h i b i t e d  p r i m a r y  t e t a n u s  a n t i t o x i n  r e s p o n s e s ;  a f t e r  30 d a y s  t h e s e  an ima l s  gave  
good p r imary  r e s p o n s e s .  
by t r e a t m e n t  w i t h  e i t h e r  CA.P or  TAP b e f o r e  t h e  i n j e c t i o n  o f  b o o s t e r  doses  
of  t e t a n u s  t o x o i d .  
f o r  Sa lmone l l a  t yphcsa .  
c h a r a c t e r i s t i c s .  T h u s  i t  seems d e s i r a b l e  t o  e x p l o r e  t h e  s i d e  e f f e c t s  of  
t h i s  chemica l  i n  more dep th .  
t o  t h e  bone marrow, i t  a p p e a r s  t o  be  t empora ry  and normal hemato log ic  f i n d i n g s  
a r e  seen  a g a i n  w i t h i n  4-5  weeks. 

Secondary a n t i t o x i n  r e s p o n s e s  were l a r g e l y  u n a l t e r e d  

During t h e  p a s t  y e a r  r e s i s t a n c e  t o  CAP h a s  been  r e p o r t e d  
The a n a l o g  of CAP--TAP--has s imi l a r  a n t i m i c r o b i a l  

Al though TAP i n d u c e s  a n  immediate  t o x i c  e f f e c t  

The s t u d y  o f  t h e  g e n e t i c  c o n t r o l  o f  a n t i b o d y  r e s p o n s e s  i n  g e n e t i c a l l y  
d e f i n e d  s t r a i n s  of JAX mice h a s  c o n t i n u e d  th roughou t  t h e  y e a r .  The r e l a t i v e  
c a p a c i t y  o f  more than  60 s t r a i n s  and i n b r e d  l i n e s  of  mice t o  produce  p r imary  
and s e c o n d a r y  t e t a n u s  a n t i t o x i n  r e s p o n s e s  was e v a l u a t e d .  
i n d i c a t e  t h a t  t h e  v a r i o u s  s t r a i n s  may be  grouped  i n t o  t h r e e  c a t e g o r i e s :  
(1) e a r l y  and h i g h  a n t i b o d y  r e s p o n d e r s ,  (2) i n t e r m e d i a t e ,  and ( 3 )  l a t e  and 
low r e s p o n d e r s ,  The HRS/J ( h a i r l e s s )  s t r a i n  produced v e r y  l i t t l e  a n t i b o d y  
a f t e r  p r i m a r y  immunizat ion.  The h a i r l e s s  mouse has a homozygous genotype  
( h r / h r ) ;  t h e  normal  mouse, w i th  h a i r ,  may h a v e  t h e  f o l l o w i n g  genotypes  
(h r /+ )  or (+/+). 
a t  18 months ,  whereas  t h e  i n c i d e n c e  o f  leukemia  i n  (hr /+)  mice  a t  t h e  same 
a g e  i s  o n l y  5-10 p e r c e n t .  It seems a p p a r e n t  t h a t  t h e  mutan t  gene  (h r )  en-  
h a n c e s  s u s c e p t i b i l i t y  t o  mur ine  l e u k e m i a  v i r u s  and t h e  w i l d - t y p e  a l l e l e  (+) 
i n d u c e s  r e s i s t a n c e  t o  leukemogenes is .  (S toner )  

P r e l i m i h a r y  r e s u l t s  

The i n c i d e n c e  o f  l eukemia  i n  ( h r / h r )  mice i s  70-80 p e r c e n t  

; 

The s t u d i e s  on t h e  e f f e c t  o f  r a d i a t i o n  i n  tumor v i r u s  i n f e c t i o n  and 
t u m o r i g e n e s i s  a re  be ing  p l anned ,  and  equipment  assembled.  
be i n i t i a t e d  d u r i n g  t h e  l a t t e r  p a r t  of t h i s  f i s c a l  yea r .  

Exper iments  w i l l  - 
(Pavlova)  

1 7 .  Expected R e s u l t s  i n  FY 1974: 

An t ibody  r e s p o n s e s  i n  more t h a n  80 s t r a i n s  o f  mice from The Jackson  
L a b o r a t o r y  w i l l  be  de t e rmined .  The v a r i o u s  i n b r e d  s t r a i n s  and recombinant  
i n b r e d  l i n e s  w i l l  b e  s e l e c t e d  on t h e  b a s i s  of p r e v i o u s  f i n d i n g s  conce rn ing  
t h e  g e n e t i c  c o n t r o l  o f  a n t i b o d y  r e s p o n s e s .  
w i l l  be  used  i n  a s e r i e s  o f  immunologica l  expe r imen t s  w i t h  BSA and HRP a s  tes t  
a n t i g e n s .  

The HRS/J h a i r l e s s  mouse s t r a i n  

t i i s t o l o g i c a l  and h i s t o c h e m i c a l  s t u d i e s  need t o  be comple ted  on t h e  
l o c a l i z a t i o n  of HRP, HRP a n t i b o d y  and ccmplexed HRP i n  lymphoid t i s s u e s ,  The 
a n t i s e r a  w i l l  b e  t e s t e d  h e r e  and t h e  m i c r o s c o p i c  e v a l u a t i o n  w i l l  be  completed 
by DL. S o r d a t ,  Cancer  I n s t i t u t e ,  Lausanne ,  S w i t z e r l a n d .  Enhanced a n t i b o d y  
f o r m a t i o n  f o l l o w i n g  t h e  i n j e c t i o n  of a n t i g e n - a n t i b o d y  complexes  formed i n  
a n t i g e n  e x c e s s  w i l l  be  s t u d i e d  i n  a n  i n b r e d  A/J mouse s t r a i n  i n  c o l l a b o r a t i o n  
w i t h  D r .  H a b i c h t ,  S t a t e  U n i v e r s i t y  cf N e w  York a t  S tony  Brook. 

(See C o n t i n u a c i o n  S h e e t )  Rx- 180 
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E f f e c t s  of  R a d i a t i o n  on L i v i n g  Organisms 
R a d i o s e n s i t i v i t y  of Immune Responses  and Mechanisms o f  

- - -  P r o j e c t  T i t l e :  Immune Reac t ions  
1 7 .  Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

P r e v i o u s  e x p e r i m e n t s  on enhanced r e s p o n s e s  have  been done  wi th  e i t h e r  
xenogeneic  o r  a l l o g e n e i c  a n t i s e r a  complexed t o  BSA o r  FTT. 
t h a t  t h e r e  may be  a t  l eas t  two components which accoun t  f o r  t h e  enhanced 
r e s p o n s e ;  one which i s  e f f e c t e d  th rough  t h e  f o r e i g n  a n t i g e n i c  d e t e r m i n a n t s  
p r e s e n t  on t h e  g a m a  g l o b u l i n  and one which i s  e f f e c t e d  by t h e  a n t i g e n - a n t i b o d y  
complex pe r  se. 
f o r e i g n  a n t i g e n i c  d e t e r m i n a n t s ,  s t u d i e s  on enhancement w i l l  be  performed wi th  
i s o g e n e i c  a n t i s e r a  complexed t o  t h e  a n t i g e n  t h u s  s t u d y i n g  i n f l u e n c e  o f  t h e  
complex w i t h o u t  p o s s i b l e  Xenogeneic o r  a l l o g e n e i c  i n f l u e n c e s .  

It seems l i k e l y  

To e l i m i n a t e  t h e  p o s s i b i l i t y  t h a t  t h e  enhancement i s  due t o  

A s e r i e s  of e x p e r i m e n t s  w i l l  t e s t  t h e  h e m a t o l o g i c a l  and irnmunological 
s i d e  e f f e c t s  o f  t r e a t i n g  mice w i t h  TAP and CAP. These  e x p e r i m e n t s  w i l l  
d e a l  wi th  t h e  immediate  t o x i c  e f f e c t ,  c o m p a r a t i v e  d o s e  e f f e c t s  a n p d u r a t i o n  
o f  d a i l y  t r e a t m e n t  i n  r e l a t i o n  t o  immonusuppress ive  e f f e c t s ,  S e v e r a l  s t u d i e s  
w i t h  C o t t i e r  et &. on t h e  i n c o r p o r a t i o n  of t r i t i a t e d - h i s t i d i n e  i n t o  lymphoid 

( S t o n e r )  c e l l s  and s p e c i f i c  a n t i b o d y  w i l l  c o n t i n u e ,  

The i n i t i a l  phase  o f  t h e  p r o j e c t  on tumor v i r u s  i n f e c t i o n  and tumor- 
g e n e s i s  w i l l  d e a l  w i t h  % v i t r o  s t u d i e s  on t h e  e f f e c t s  o f  r a d i a t i o n  on a v i a n  
and mammalian c e l l  c u l t u r e s  i n f e c t e d  w i t h  t h r e e  tumor v i r u s e s :  RIF v i r u s  
(RNA - Type I ) ,  T v i r u s  (RNA - Type 111) , and JM virus(DNA - Type 1 1 ) .  
F e r t i l e  eggs  from g e n e t i c a l l y  s u s c e p t i b l e  and r e s i s t a n t  c h i c k e n s  t o  l e u k o s i s  
w i l l  be u t i l i z e d  f o r  t h e  p r e p a r a t i o n  o f  c h i c k e n  embryo f i b r o b l a s t s .  

18. Expected R e s u l t s  i n  FY 1975 :  

(Pavlova)  

A c q u i s i t i o n  o f  i n f o r m a t i o n  on t h e  g e n e t i c  c o n t r o l  o f  a n t i b o d y  r e s p o n s e s  
w i l l  a l l o w  s e l e c t i o n  o f  i nb red  s t r a i n s  and new recombinant  i nb red  s t r a i n s  f o r  
u s e  i n  s t u d y  of  lymphoid c e l l u l a r  k i n e t i c s  d u r i n g  a n t i b o d y  r e s p o n s e s .  The 
a n a p h y l a c t o g e n i c  p r o p e r t i e s  o f  a n t i g e n - a n t i b o d y  complexes p repa red  from 
s p e c i f i c  immunoglobul ins  and enzymat i c  d i g e s t  f r agmen t s  o f  a n t i b o d y  w i l l  be 
t e s t e d  i n  i r r a d i a t e d  mice and g u i n e a  p i g s .  S t u d i e s  w i l l  c o n t i n u e  conce rn ing  
t h e  e f f i c a c y  of  immunizat ion o f  l a b o r a t o r y  a n i m a l s  and man wi th  complexes 
p repa red  from s p e c i f i c  human iauncnoglobul ins .  I n c r e a s e d  emphas is  w i l l  b e  g i v e n  
t o  poor  a n t i g e n s  and p a r t i c u l a t e  a n t i g e n s .  
immunosuppressive s i d e  e f f e c t s  of  t h i a m p h e n i c o l  and ch lo ramphen ico l  w i l l  be 
completed . 

The s t u d y  o f  hemato log ic  and 

(S t on e r ) 

3h.e i n  v i t r o  s t u d i e s  w i l l  be c o n t i n u e d  and augmented by i n  v i v o  
e x p e , r i n e n t s  t o  d e t e r m i n e  t h e  e f f e c t s  o f  v a r i o u s  d o s e s  o f  r a d i a t i o n  on c h i c k e n s  
g e n e € t c a l l y  s u s c e p t i b l e  and r e s i s t a n t  t o  l e u k o s i s .  The f o l l o w i n g  tumor 
v i r u s e s  will be  used:  RIF v i r u s  (RNA - Type I ) ,  T v i r u s  (RNA - Type 111) 
and JM v i r u s  (DNA - Type I f ) .  (Pavlova)  

(See C o n t i n u a t i o n  S h e e t )  RX- 181  
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P r o j e c t  T i t l e :  Immune R e a c t i o n s  RX-03-01- ( b )  
1 9 .  D e s c r i p t i o n  and E x p l a n a t i o n  of X a j o r  Materials,  Equipment and 

Sub con tr  a c  t I tems : 

FY 1975 C a p i t a l  Equipment: 

C a p i t a l  equipment  r e q u i r e m e n t s  i n c l u d e  $ 2 4 , 0 0 0  f o r  one t h i r d  i n t e r e s t  i n  
t h e  h i g h  c a p a c i t y  p r e p a r a t i v e  u l t r a c e n t r i f u g e  d e s c r i b e d  more f u l l y  i n  RX-03- 
0 2 - ( a ) .  Also ,  because  of sha red  usage  of t h e  a u t o r a d i o g r a p h i c  g r a i n  c o u n t e r  and 
c y t o - a n a l y z i n g  a p p a r a t u s  d e s c r i b e d  i n  RX-01-03- (d)  , $25,000 i s  p r o r a t e d  t o  t h i s  
a c t i v i t y .  

20. Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 
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r -  M o l e c u l a r  and C e l l u l a r  Rad iob io logy  

P r o j e c t  T i t l e :  The Chemis t ry  and F u n c t i o n  o f  DNA Polymerases  RX-03-02-(a) 
13. P u b l i c a t i o n s :  

N o n e  

14. Scope: 
A )  200 Word Summary: 

Enzymes which copy t h e  RNA s t r a n d  o f  s y n t h e t i c  RNA-DNA h y b r i d  polymers  
o c c u r  i n  many a n i m a l  t i s s u e s ,  a l t h o u g h  t h e  copy ing  of t h e  RNA s t r a n d  o f  a 
n a t u r a l l y  o c c u r r i n g  h y b r i d  has  n o t  been  o b s e r v e d .  A p r i m a r y  g o a l  i s  t o  
d e t e r m i n e  what r o l e  RNA d i r e c t e d  DNA s y n t h e s i s  p l a y s  i n  t h e  l i f e  c y c l e  of 
t h e  an imal  c e l l .  The a t tem$is  t o  i s o l a t e  i n  p u r e  form and t o  c h a r a c t e r i z e  
a n  enzyme wi th  t h i s  a c t i v i t y  f rom c h i c k  embryo t i s s u e s ,  i n  which i t  i s  r e l a -  
t i v e l y  abundan t ;  a l s o  t o  d e t e r m i n e  where ,  w i t h i n  t h e  c e l l ,  t h e  enzyqe o c c u r s  
n a t u r a l l y  and how t h e  amount o f  t h e  enzyme may v a r y  d u r i n g  t h e  repr 'oduct ive  
c y c l e  o f  t h e  c e l l .  Synchronized  HeLa c e l l s  i n  c u l t u r e  a r e  used  i n  t h e  l a t t e r  
s t u d y ,  
serve as t e m p l a t e  f o r  t h e  enzyme i s  a l s o  proposed .  

A s e a r c h  f o r  a n a t u r a l l y - d e r i v e d  h y b r i d  RNAsDNA polymer  which w i l l  

E f f o r t  i s  a l s o  d i r e c t e d  a t  t h e  q u e s t i o n  o f  whe the r  o r  n o t  t h e  i n d u c t i o n  
o f  tumors  by r a d i a t i o n  i s  e f f e c t e d  by unmasking of  a v i r u s .  R a d i a t i o n  o r  
dibenzanthracene-induced mammary tumors  i n  r a t s ,  and t h e  m i l k  o f  l a c t a t i n g  
r a t s  b e a r i n g  such  tumors ,  w i l l  be  examined f o r  t h e  p r e s e n c e  of " r e v e r s e  
t r a n s c r i p t a s e "  a n d / o r  a v i r u s - l i k e  p a r t i c l e .  The r a t s  might  p rove  a u s e f u l  
model f o r  s imi l a r  tomors  i n  humans. . 

B) Supplement  t o  200 Word Summary: 

Some enzymes which s y n t h e s i z e  DNA (DNA po lymerases )  c a n  u s e  RNA t e m p l a t e s .  
I n  1970 Temin and M i z u t a n i  and Baltimore showed t h a t  o n c o g e n i c  RNA v i r u s e s  
c o n t a i n  an  enzyme which w i l l  form a DNA c h a i n  complementary t o  t e m p l a t e  v i r a l  
RNA. 
h y b r i d  p o l y r i b o a d e n y l i c  acid-polydeoxyribothymidylic a c i d  ( r A -  dT) i s  a much 
more s e n s i t i v e  t e m p l a t e - p r i m e r  f o r  t h e  v i r a l  enzymes than  i s  v i r a l  RNA, i t  
seemed t h a t  a s i m p l e  t es t  was a v a i l a b l e  f o r  t h e  d e t e c t i o n  o f  oncogenic  RNA 
v i r u s e s  i n  t i s s u e s .  
t e m p l a t e - p r i m e r  v e r y  e f f e c t i v e l y  unde r  t h e  p r o p e r  c o n d i t i o n s .  
t o  i n c o r p o r a t e  r a d i o a c t i v e  thymid ine  p h o s p h a t e  i n t o  a c i d - i n s o l u b l e  polymers  
i n  t h e  p r e s e n c e  o f  rA.dT t e m p l a t e  i s  no  p roof  o f  t h e  e x i s t e n c e  o f  a v i r u s  i n  
t h e  t i s s u e .  
i n g  w N h e r  an enzyme i s  o f  v i r a l  o r  t i s s u e  o r i g i n  based on  i t s  p r e f e r e n c e s  
among -*vera1 s y n t h e t i c  p o l y n u c l e o t i d e  t e m p l a t e s .  

When Spiege lman and co-workers  r e p o r t e d  t h a t  t h e  s y n t h e t i c  p o l y n u c l e o t i d e  

However, c e r t a i n  t i s s u e  DNA po lymerases  can  a l s o  u s e  t h i s  
Thus t h e  a b i l i t y  

Methods have  been deve loped  d u r i n g  t h e  p a s t  y e a r  f o r  d i s t i n g u i s h -  

The a d v a n t a g e  o f  RNA-directed DNA s y n t h e s i s  t o  an  RNA tumor v i r u s  i s  
o b v i o u s ,  but  what p u r p o s e  d o e s  i t  s e r v e  i n  normal  c e l l s ?  
been made t h a t  i n f o r m a t i o n  t r a n s f e r  f rom RKA t o  DNA by enzymes o f  t h i s  t y p e  
may p l a y  a r o l e  i n  c e l l  d i f f e r e n t i a t i o n  or i n  gene  a m p l i f i c a t i o n .  Evidence 
s u g g e s t i n g  t h a t  t h i s  might  be  t r u e  h a s  been o b t a i n e d  i n  t h e  case of t h e  
a m p l i f i c a t i o n  o f  t h e  g e n e s  f o r  r ibosomal  RNA which t a k e s  p l a c e  d u r i n g  t h e  

The s u g g e s t i o n  h a s  
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m a t u r a t i o n  of  f r o g  o o c y t e s ,  

A s  s t a t e d  above  a n  e f f o r t  i s  underway t o  i s o l a t e  and c h a r a c t e r i z e  a t  
l e a s t  oneenzyme w i t h  RNA-directed DNA s y n t h e s i s  from c h i c k  embryos, When 
t h e  RNA directed-DNA polymerase  h a s  been i s o l a t e d  and p u r i f i e d  i t  may be  
p o s s i b l e  t o  d e v e l o p  o r  d i s c o v e r  s p e c i f i c  enzymat i c  i n h i b i t o r s  which would be 
of  g r e a t  h e l p  i n  d e t e r m i n i n g  i t s  f u n c t i o n  i n  v i v o .  

An a t t empt  w i l l  be  made t o  d i s c o v e r  p o s s i b l e  n a t u r a l l y - d e r i v e d  h y b r i d  
polymers  which would . s e rve  a s  t e m p l a t e - p r i m e r s  f o r  t h e  po lymerase .  ( A t  p r e s e n t  
t h e  o n l y  known h y b r i d s  w i t h  which t h e  enzyme w i l l  f u n c t i o n  are  s y n t h e t i c  
p o l y n u c l e o t i d e s . )  Among p o s s i b l e  n a t u r a l l y  d e r i v e d  h y b r i d s  which might f u n c t i o n  
i n  t h i s  c a p a c i t y  a r e  h y b r i d s  o f  c h i c k  embryo messenger  o r  r ibosomal  RNA wi th  
c h i c k  embryo DNA, t h e  p r o d u c t  of  t h e  a c t i o n  o f  RNA po lymerase  on c h i c k  embryo 
DNA, and ch romat in  i s o l a t e d  from c h i c k  embryo n u c l e i  which i s  r e p o r t e d  t o  
c o n t a i n  RNA. 

A second r e s e a r c h  e f f o r t  is  d i r e c t e d  a t  t h e  g e n e r a l  q u e s t i o n  of  whether  

P a r t i c l e s  
t h e  i n d u c t i o n  o f  tumors  by r a d i a t i o n  (or  by chemica l  c a r c i n o g e n s )  i s  e f f e c t e d  
by t h e  unmasking o f  a v i r u s  which may b e  p r e s e n t  w i t h i n  t h e  c e l l .  
which a p p e a r  t o  be i d e n t i c a l  t o  t h e  t y p e  B mouse mammary tumor v i r u s  have 
been  observed  i n  human mi lk  and i n  human mammary ca rc inomas .  These  p a r t i c l e s ,  
have  been d e t e c t e d  w i t h  h i g h  f r e q u e n c y  i n  t h e  m i l k  of  women w i t h  a f a m i l y  
h i s t o r y  o f  b r e a s t  c a n c e r ,  bu t  w i t h . 1 0 ~  f r e q u e n c y  i n  t h e  m i l k  o f  women w i t h o u t '  
such  f a m i l y  h i s t o r y .  Type C p a r t i c l e s  have  been  i s o l a t e d  from a t r a n s p l a n t a b l e  
r a t  mammary adenocarc inoma d e r i v e d  o r i g i n a l l y  f rom a spon taneous  tumor which 
appea red  in an aged Sprague-Dawley r a t ,  
o f  b r i n g i n g  a b o u t  a t r a n s f o r m a t i o n  o f  ra t  mammary g l a n d  c e l l s  i n  t i s s u e  
c u l t u r e ,  t h e r e  i s  no c o n v i n c i n g  e v i d e n c e  t h a t  t h e y  are  a b l e  t o  produce  mammary 
tumors  when i n o c u l a t e d  i n t o  young r a t s .  F u r t h e r ,  i t  h a s  n o t  proved p o s s i b l e  
t o  induce  tumors  by  p e r m i t t i n g  young r a t s  t o  n u r s e  from mothe r s  b e a r i n g  
r a d i a t i o n -  induced  mammary tumors. 

Al though t h e s e  p a r t i c l e s  a r e  c a p a b l e  

R a d i a t i o n -  o r  dibenzanthracene-induced tumor t i s s u e  and t h e  m i l k  of  
l a c t a t i n g  r a t s  b e a r i n g  such tumors  a r e  s t u d i e d  f o r  " r e v e r s e  t r a n s c r i p t a s e "  
a s s o c i a t e d  wi th  a 70s RNA a n d / o r  w i t h  a p a r t i c l e  of d e n s i t y  abou t  1.16 g / c c ,  
c h a r a c t e r i s t i c  o f  RNA v i r u s e s .  An e l e c t r o n  m i c r o s c o p i c  s e a r c h  f o r  such 
p a r t i c l e s  w i l l  be  u n d e r t a k e n ,  I f  e v i d e n c e  f o r  t h e  o c c u r r e n c e  o f  v i r u s - l i k e  
part- ic les  i s  o b t a i n e d ,  e f f o r t s  will be  d i r e c t e d  t o  t h e  q u e s t i o n  o f  whether  
t h e i r  p r e s e n c e ,  o r  t h e  appea rance  of  " r e v e r s e  t r a n s c r i p t a s e "  i s  u s e f u l  i n  
p r e d k c f n g  which r a t s  i n  an  i r r a d i a t e d  g roup  w i l l  d e v e l o p  tumors .  I f  s u c c e s s -  
f u l  the ra t  model may become v e r y  u s e f u l  f o r  d e t e r m i n i n g  f a c t o r s  t h a t  may be  
r e v e l a n t  t o  human b r e a s t  c a n c e r .  

Some s t u d i e s  have  a l r e a d y  been c a r r i e d  o u t  on a h y b r i d  t e m p l a t e - d i r e c t e d  
DNA polymerase  from r a t  mammary tumors  (see be low) .  T h i s  po lymerase  i s  

(See C o n t i n u a t i o n  S h e e t )  FU- 218 
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presumed t o  be of  t i s s u e  r a t h e r  t han  v i r a l  o r i g i n .  
e n a b l e  one t o  d i s t i n g u i s h  c l e a r l y  between " r e v e r s e  t r a n s c r i p t a s e "  of v i r a l  
o r i g i n  and s i m i l a r  t i s s u e - d e r i v e d  enzyme a c t i v i t y .  

These s t u d i e s  shou ld  

A t h i r d  r e s e a r c h  e f f o r t  i s  con templa t ed  i n  c o l l a b o r a t i o n  w i t h  D r .  Wolf 
P r e n s k y ,  S l o a n - K e t t e r i n g  I n s t i t u t e .  A method o f  l a b e l i n g  RNA w i t h  Iod ine -125  
deve loped  a t  Brookhaven N a t i o n a l  L a b o r a t o r y  Med ica l  Department  by Dr. S. L. 
Commerford, p roduces  RNA w i t h  much h i g h e r  s p e c i f i c  a c t i v i t y  t h a n  a t t a i n a b l e  
by  any  o t h e r  method. 
h y b r i d i z a t i o n  o f  ( l a b e l e d )  r ibosomal  5s RNA w i t h  metaphase  chromosomes of  
d r o s o p h i l a  and some o t h e r  s p e c i e s ,  l o c a t i n g  t h e  g e n e s  f o r  5s RNA by r a d i o -  
a u t o g r a p h y  . 

D r .  P rensky  h a s  used t h i s  method t o  s t u d y  t h e  s p e c i f i c  

.\ 
i The RNA o f  oncogen ic  RNA v i r u s e s  w i l l  b e  l a b e l e d  by 1-125. Then a 

r a d i o a u t o g r a p h i c  s e a r c h  w i l l  be  made f o r  s e q u e n c e s  w i t h i n  c e l l u l a r  DNA 
which a re  complementary t o  v i r a l  RNA. Cells t r ans fo rmed  by t h e  v i r u s  a s  
w e l l  as  non- t r ans fo rmed  c e l l s  w i l l  b e  s t u d i e d ,  and c e l l s  t r ans fo rmed  by one 
v i r u s  w i l l  be  s t u d i e d  f o r  complemen ta r i ty  t o  RNA from o t h e r  v i r u s e s .  
most i n v e s t i g a t o r s  have  found some c o m p l e m e n t a r i t y  between v i r a l  RNA and 
c e l l u l a r  DNA, one  cannot  b e  s u r e  f rom a review o f  t h e  l i t e r a t u r e  whe the r  t h e  
comple t e  v i r a l  genome i s  p r e s e n t  i n  t r a n s f o r m e d  ce l l s .  T e c h n i c a l l y  t h e s e  
e x p e r i m e n t s  w i l l  be d i f f i c u l t  b u t  t h e  c o l l a b o r a t i o n  w i t h  D r .  P rensky  u s i n g  
h i s  au tomated  equipment  w i l l  s i g n i f i c a n t l y  i n c r e a s e  t h e  s e n s i t i v i t y  of t h e  
p r o c e d u r e  so t h a t  one or two g r a i n s  p e r  c e l l  can b e  measured.  
show t h a t  i n t r o d u c t i o n  o f  o n l y  one I atom p e r  100 b a s e s  i n  RNA w i l l  g i v e  
more t h a n  100 x IO6 dpm/pg, which i s  t h e  h i g h e s t  s p e c i f i c  a c t i v i t y  a t t a i n -  
a b l e  u s i n g  a l l  f o u r  t r i t i u m  l a b e l e d  RNA p r e c u r s o r s ,  bu t  nowhere n e a r  t h e  - 
maximum p o s s i b l e  wi th  1-125.  

Although 

' 
C a l c u l a t i o n s  

15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  

O t h e r  l a b o r a t o r i e s  s t u d y i n g  RNA d i r e c t e d  DNA s y n t h e s i s  i n  c h i c k  embryo 
t i s s u e  i n c l u d e  t h o s e . o f  Charga f f  a t  Columbia U n i v e r s i t y ,  and C h a p e v i l l e  a t  
F a c u l t e  d e s  S c i e n c e s ,  P a r i s .  

R e p o r t s  f rom t h e s e  two l a b o r a t o r i e s  a re  i n  c o n f l i c t  and d i f f e r  from BNL 
d a t a .  
a similar enzyme ( o r  enzymes?) f rom HeLa ce l l s ,  T h i s  g r o u p  i s  n o t  s t u d y i n g  
t h e  m r i a t i o n s  i n  enzyme level w i t h  t h e  c e l l  c y c l e .  
beeq  shown t o  be  i n  e r r o r  a t  BNL. 

Weissbach ,  a t  Roche I n s t i t u t e  o f  M o I e c u l a r  B io logy  h a s  r e p o r t e d  on 

T h e i r  d a t a  i n  p a r t  have  

.Mammary tumors  and v i r u s e s  i n  mice,  are  e x t e n s i v e l y  s t u d i e d .  Whether 
t h e s e  s t u d i e s  a r e  r e l e v a n t  t o  g e n e s i s  of human b r e a s t  c a n c e r  i s  u n c e r t a i n  b u t  
i s  s t u d i e d  i n t e n s i v e l y  by Moore, I n s t i t l i t e  f o r  Medica l  Resea rch ,  Camden, 
N e w  J e r s e y ;  a n d  Sp iege lman ,  Columbia U n i v e r s i t y ,  Chopra,  N a t i o n a l  Cancer 
I n s t i t u t e ,  and S h i d l o v s k y ,  P f i z e r ,  I n c . ,  Maywood, N e w  J e r s e y ,  have  s t u d i e d  
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t h e  v i r u s - l i k e  p a r t i c l e  o r i g i n a l l y  d e r i v e d  from a spon taneous  ra t  mammary tumor,  
A t  BNL a un ique  o p p o r t u n i t y  e x i s t s  t o  s t u d y ,  on a m o l e c u l a r  l e v e l ,  r a d i a t i o n  
induced  tumors  produced i n  a n o t h e r  s t u d y  ( S h e l l a b a r g e r  RX-03-01-a). 

16 .  T e c h n i c a l  P r o g r e s s  i n  FY 1973:  

From c h i c k  embryo s k e l e t a l  musc le  ( l e g s ) ,  t h e  h y b r i d  t e m p l a t e - d i r e c t e d  
DNA po lymerase  h a s  been p u r i f i e d  a p p r o x i m a t e l y  LOO f o l d  by a t h r e e - s t e p  
p r o c e d u r e  i n v o l v i n g  ammonium s u l f a t e  f r a c t i o n a t i o n ,  DEAE c e l l u l o s e  chromat-  
o g r a p h y , a n d  p h o s p h o c e l l u l o s e  chromatography,  Dur ing  t h e  c o u r s e  o f  t h i s  
p u r i f i c a t i o n  o t h e r  DNA po lymerases  which p r e f e r  as  t e m p l a t e  " a c t i v a t e d "  
o r  d e n a t u r e d  DNA a r e  removed. -1 

i 

Although i t  was b e l i e v e d  a y e a r  ago  t h a t  t w o  d i f f e r e n t  enzymes-- 
one  s o l u b l e ,  t h e  o t h e r  membrane-bound--occur i n  t h e  c h i c k  embryo, t h i s  
o p i n i o n  i s  no l o n g e r  t e n a b l e .  
t h e  enzyme i n  t h e  s o l u b l e  f r a c t i o n  and t h e  enzyme s u b s e q u e n t l y  e x t r a c t e d  
by T r i t o n  X-100 behave more and more t h e  same. 
b e l i e v e  t h a t  t h e  two p r e p a r a t i o n s  d i f f e r  i n  any  i m p o r t a n t  way. 

Dur ing  t h e  c o u r s e  o f  t h e  above  p u r i f i c a t i o n  

There  i s  now no r e a s o n  t o  

When f i r s t  e x t r a c t e d  from t h e  t i s s u e  t h e  enzyme a p p e a r s  t o  have  a v e r y  ~ 

h i g h  m o l e c u l a r  weight  ( p e r h a p s  2 x l o 6 ,  d e t e r m i n e d  by g e l  f i l t r a t i o n ) .  
With p u r i f i c a t i o n  t h e  a p p a r e n t  m o l e c u l a r  we igh t  becomes smaller, p a s s i n g  
t h r o u g h  one  o r  more i n t e r m e d i a t e s ,  so  t h a t  a f t e r  t h e  p h o s p h o c e l l u l o s e  s t e p  t h e  
MW i s  abou t  30,000,  
p u r i f i e d  enzyme i s  s t i l l  unde r  s t u d y .  

The n a t u r e  o f  t h i s  t r a n s i t i o n  and t h e  e x a c t  s i z e  o f  t h e  

Methods f o r  p u r i f i c a t i o n  of n u c l e i  o f  v a r i o u s  c h i c k  embryo t i s s u e s  
have  been worked o u t  and p r e l i m i n a r y  s t u d i e s  on t h e  s u b c e l l u l a r  d i s t r i b u t i o n  
o f  h y b r i d - d e p e n d e n t  DNA po lymerase  a c t i v i t y  have  been  made. 
v a r i a t i o n  h a s  been  obse rved  from t i s s u e  t o  t i s s u e .  F o r  example,  i n  l i v e r ,  
58% o f  t h e  t o t a l  a c t i v i t y  was found i n  t h e  cy top la sm whereas  i n  h e a r t  
t i s s u e  more t h a n  90% was i n  t h e  cy top la sm.  
o f  t h i s  o b s e r v a t i o n  i s  unde r  c o n t i n u i n g  s t u d y .  

C o n s i d e r a b l e  

The s i g n i f i c a n c e  and g e n e r a l i t y  

A s  a n o t h e r  p a r t  o f  t h e  e f f o r t  t o  u n d e r s t a n d  t h e  b i o l o g i c a l  s i g n i f i c a n c e  
o f  h y b r i d  t e m p l a t e - d e p e n d e n t  DNA po lymerases ,  f l u c t u a t i o n s  i n  enzyme l e v e l  
have  been s t u d i e d  i n  s y n c h r o n i z e d  HeLa c e l l s .  Again ,  enzyme a c t i v i t y  was 
fountf b o t h  i n  t h e  n u c l e u s  and cy toplasm.  
leva1 was s m a l l  compared t o  v a r i a t i o n  i n  t h e  ra te  o f  DNA s y n t h e s i s .  
a p e r i o d  o f  r a p i d  DNA s y n t h e s i s  (S p h a s e ) ,  enzyme s p e c i f i c  a c t i v i t y  (cpm 
i n c o r p o r a t e d / m g  p r o t e i n )  w a s  a p p r o x i m a t e l y  50% h i g h e r  t h a n  b e f o r e  GI o r  
a f t e r  G2 DNA s y n t h e s i s .  During S p h a s e ,  w h i l e  t h e  r a t e  o f  DNA s y n t h e s i s  
d o u b l e d ,  t h e r e  was no s i g n i f i c a n t  change  i n  enzyme s p e c i f i c  a c t i v i t y .  
a l a r g e r  p r o p o r t i o n  o f  t h e  t o t a l  enzyme a c t i v i t y  was found i n  t h e  n u c l e a r  
f r a c t i o n  d u r i n g  S phase  t h a n  i n  G 1  o r  G2. 

V a r i a t i o n  i n  t o t a l  c e l l u l a r  enzyme 
Dur ing  

However, 
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16. Technical Progress in FY 1973: (Cont'd.) 

Chromatography on DEAE-cellulose reveals at least two hybrid template- 
dependent polymerases in HeLa cell extracts separable from DNA dependent 
polymerases and a terminal transferase. 

Last year attempts t o  detect hybrid template-directed DNA polymerase 
in mammary tumor tissue from dibenzanthracene-treated rats were unsuccessful. 
Now in a limited number of cases some activity has been found in these tissues. 
Preliminary results indicate that activity in the rat tumor tissue is confined 
primarily to the cell nucleus, in contrast to chick embryo heart where about 
90% of the activity appears in a "cytoplasm" fraction. 
observation is not apparent at present. 

The significance of this 

The anticipated studies on hybrid-dependent polymerases in l$mphocytes, 
described a year ago, have not been carried out because sufficient personnel 
was not available and because significant progress in other laboratories made 
this seem like a less promising area for our efforts than those areas actually 
pursued. 

17. Expected Results in FY 1974: 

A real understanding of the function of hybrid-dependent polymerase in 
chick embryo tissues can probably only be attained with a pure enzyme. 
this reason the purification will continue to be pursued using such techniques 
as: improved ion exchange chromatography using gradient elution, density gradien 
centrifugation, chromatography on DNA-cellulose, and, possibly, preparative 
disc electrophoresis. 
purification, the purification will be monitored by analytical disc electro- 
phoresis, electrofocusing and analytical ultracentrifugation. A major problem 
in purification has been instability of the enzyme as purification proceeds. 
A concentrated effort will be made to find conditions preventing loss of 
enzyme activity. 
lar weight of the purified enzyme. 

For * 

In addition to using specific activity as  a measure of 

Instability prevents an accurate determination of the molecu- 

The search for a natural heteropolymer which would serve as template-primer 
for the reaction will be pursued more vigorously. 

With the HeLa enzyme,standardlzation by DEAE cellulose chromatography 
sphocellulose chromatography will be undertaken to detect if there 

are Or "$ hctuations in the amount of the two (or more?) hybrid template-dependent 
polmtases with the cell cycle. 

Tissues from radiation- and dibenzanthracene-induced tumors will be 
examined for their ability to incorporate tritiated thymidine ( from tritiated 
thymidine triphosphate) into particles of approximately 70s. Since the amount 
of incorporation at best would be expected to be small, this study will be 
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c a r r i e d  o u t  on a s u f f i c i e n t  number of  samples  t o  be s u r e  t h a t  t h e  r e s u l t s ,  
e i t h e r  p o s i t i v e  o r  n e g a t i v e ,  a re  r e l i a b l e .  I f  i n c o r p o r a t i o n  i n t o  705 
p a r t i c l e s  i s  found,  t h e  i n c o r p o r a t e d  a c t i v i t y  w i l l  be  examined i n  t h e  u l t r a -  
c e n t r i f u g e  by i s o p y c n i c  banding  t o  see i f  i t  i s  i n  a p a r t i c l e  o f  d e n s i t y  
a p p r o x i m a t e l y  1.16 g / c c  ( c h a r a c t e r i s t i c  of  a v i r u s ) .  The i n c o r p o r a t e d  
a c t i v i t y  w i l l  a l s o  be examined by e s t a b l i s h e d  h y b r i d i z a t i o n  t e c h n i q u e s  t o  
d e t e r m i n e  whether  o r  n o t  i t  i s  complementary t o  any  of  t h e  known and 
o b t a i n a b l e  oncogen ic  v i r u s e s .  F i n a l l y ,  t h e  v a r i o u s  samples  under  s t u d y  w i l l  
b e  examined i n  t h e  e l e c t r o n  mic roscope  f o r  t h e  p r e s e n c e  of v i r u s - l i k e  p a r t i c l e s .  

P r o g r e s s  i n  t h e  s t u d y  o f  h y b r i d i z a t i o n  o f  1-125 l a b e l e d  v i r a l  RNA t o  
c e l l u l a r  DNA w i l l  depend on how much t i m e  Dr. Prensky  c a n  d e v o t e  t o  it. IC 
i s  a n t i c i p a t e d  t h a t  a t  l e a s t  one comple t e  s t u d y  can  be  made. 
a b l y  i n v o l v e  t h e  i n t e r a c t i o n  o f  Mur ine  Leukemia V i r u s  (Rauscher )  w i t h  BALB/c 
mouse bone marrow c e l l s .  

Thi ;  w i l l  p rob -  

18. Expected  R e s u l t s  i n  FY 1975: 

Although t h e  s t u d y  of t h e  h y b r i d  t empla t e -dependen t  DNA s y n t h e s i s  i n  
c h i c k  embryo t i s s u e s  h a s  n o t  p r o g r e s s e d  as  f a s t  a s  was a n t i c i p a t e d  a y e a r  
a g o ,  i t  i s  r e a s o n a b l e  t o  e x p e c t  t h a t  . p u r i f i c a t i o n  o f  t h e  enzyme involved  w i l l  
be  comple ted  d u r i n g  t h e  coming yea r .  S i n c e  t h e  mechanism o f  DNA r e p l i c a t i o n .  
i n  e u k a r y o t i c  c e l l s  i s  s t i l l  v e r y - o b s c u r e ,  t h e  r o l e  o f  t h i s  p a r t i c u l a r  enzyme 
i n  t h e  c e l l ' s  economy s t i l l  r e q u i r e s  i n v e s t i g a t i o n .  The a b i l i t y  t o  p r e p a r e  
a s p e c i f i c  a n t i b o d y  t o  t h e  p u r i f i e d  enzyme shou ld  f a c i l i t a t e  t h i s  s tudy .  I n  
t h i s  a r e a  o f  r e s e a r c h ,  t h e  o u t l o o k  changes  so r a p i d l y  t h a t  i t  i s  d i f f i c u l t  Co 
p r e d i c t  w h a t  t h e  emphas is  w i l l  be  a y e a r  o r  two from now. 

The s t u d i e s  proposed on r a d i a t i o n - i n d u c e d  mammary tumors  w i l l  p robab ly  
r e q u i r e  more t h a n  one  year .  
r a d i a t i o n - i n d u c e d  tumors  i s  e s t a b l i s h e d ,  a n i m a l s  which h a v e  been i r r a d i a t e d - -  
or t r e a t e d  w i t h  chemica l  c a r c i n o g e n s - - w i l l  b e  examined t o  d e t e r m i n e  whe the r  
p a r t i c l e s  a r e  p r e s e n t  pr ior  t o  t h e  a p p e a r a n c e  o f  d e t e c t a b l e  tumors ,  I f  a 
c a r e f u l  s e a r c h  f a i l s  t o  show t h e  p r e s e n c e  o f  v i r u s - l i k e  p a r t i c l e s  i n  t h e s e  r a t  
t umors ,  t h e  s t u d i e s  w i l l  t e r m i n a t e .  

I f  t h e  p r e s e n c e  o f  type B or C p a r t i c l e s  i n  these 

S t u d i e s  on v i r u s  RNA h y b r i d i z a t i o n  w i l l  be  ex tended  t o  o t h e r  v i r u s e s  and 
o the i ;  c e l l  l i n e s  t o  see i f  some g e n e r a l i z a t i o n s  can  b e  made. 

19.  "U;Lkscription and E x p l a n a t i o n  o f  Major  M a t e r i a l s ,  Equipment and 
- S u b c o n t r a c t  Items: 

FY 1975 C a p i t a l  Equipment:  

A h i g h  c a p a c i t y  p r e p a r a t i v e  u l t r a c e n t r i f u g e  i s  n e c e s s a r y  f o r  l a r g e  s c a l e  
p r e p a r a t i o n s  of v i r u s e s  I and w i l l  be  used  i n  o t h e r  r e s e a r c h  a c t i v i t i e s  

(See C o n t i n u a t i o n  Sheet)  Rx- 222  
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1 9 .  D e s c r i p t i o n  and E x p l a n a t i o n  of Major Materials, Equipment and 
S u b c o n t r a c t  Items: ( C o n t ' d . )  

FY 1975 C a p i t a l  Equipment: ( C o n t ' d . )  

(RX-03-01-b and RX-03-02- % '  ' of t h e  Med ica l  Depar tment  as wel l  as by i n v e s t i g a -  
t o r s  i n  t h e  BNL Bio logy  Depar tment .  
b a s i c  u n i t  w i t h  sample feed sys t em,  t i t a n i u m  r o t o r  bowl and a c c e s s o r i e s  i s  
$72 ,000  which h a s  been e q u a l l y  d i s t r i b u t e d  t o  t h r e e  budge t  a c t i v i t i e s  i n  t h e  
amount of $24 ,000  t o  RX-03-02-a, RX-03-02-d, and RX-03-01-b. 

The c o s t  of t h e  t e m p e r a t u r e  c o n t r o l l e d  

20.  Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

.\ None \ 
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SCHEDULE 189 

ADDIT1,ONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven N a t i o n a l  Labora to ry  
Labora to ry  

=-Biomedica l  & Environmenta l  Research  
Program 

C o n t r a c t  No. : Task No. : 1. C o n t r a c t o r :  
AT(30-1)-16 A s s o c i a t e d  U n i v e r s i t i e s ,  I n c .  

2 .  P r o j e c t  T i t l e :  - - .  189 No. : 

M o l e c u l a r  and C e l l u l a r  Rad iob io logy  
E f f e c t s  o f  R a d i a t i o n  and Chemica ls  on C o n t r o l  of  Hemopoiesis RX-224 

3 .  Budget A c t i v i t y  No.: 4 .  Date Prepa red :  

May 1973 .\ 
b 

RX-03-02- (b) 

5 .  Method of  R e p o r t i n g : '  6 ,  Working Loca t ion :  
S c i e n t i f i c  Mee t ings  Brookhaven N a t i o n a l  Labora to ry  

BNL Monthly Le t te r  t o  AEC 
S c i e n t i f i c  J o u r n a l s  

~ 

8 .  P r o j e c t  Term: 7 .  Pe r son  i n  CharRe: 
E. P .  C r o n k i t e  
V. P .  Bond 

Con t inu ing  

From: To: 
A .  D. Chanana 
P r i n c i p a l  I n v e s t i u a t o r :  
A .  L. C a r s t e n  E. P. C r o n k i t e  
A. D.  Chanana 

Mr- Sinal U n i v e r s i t v .  N.Y. . .  
9 .  Man-Years : 

D i r e c t  Man-Years 

S c i e n t i f i c  6 P r o f e s s i o n a l  
O the r  
G u e s t s  & Res. C o l l a b o r a t o r s  

T o t a l  

FY 1973 FY 1974 FY 1975 

2.0 ' 3 .O 2.5 
11.0 1 2 . 5  13.5 
4 . 5  6 .O 6 . O  

17 .5  21 .5  2 2  .o 

10. C o s t s  (In Thousands of D o l l a r e l :  
FY 1973 FY 1974 FY 1975 

Research  D iv  i s  i on 246 3 34 355 
H o s p i t a l  D i v i s i o n  

Research  C o s t s  
4 3  48  52 

289 382 407 
Equipment O b l i g a t i o n s  54 47 65 

1 1 .  R e a c t o r  Concept: 12. M a t e r i a l s :  

RX- 224 



.' 

Molecular and Cellular Radiobiology 
Effects of Radiation and Chemicals on Control of  

Project Title: Hemopoiesis RX-03-02- (b) 
13. Publications: 

Sordat, M., Sordat, F., Cottier, H., Hess, M. W., Riedwyl, H., Chanana, A .  
and Cronkite, E. P ,  Studies on lymphocytes. XV. Analysis of the in vivo 
division cycle of large lymphoid cells in calf thoracic duct using combined 
microspectrophotometry .and autoradiography. Exptl. Cell. Res. 70, 145-53 - ,, 
(1972). /l:l; .3 c, 

(19 72) .  /L7  y ~ .  C.; 

/& ,j /L9 

/ 7pJJ 

Nieto Garcia, M., and Johnson, H. A.  Cell proliferation kinetics in 
goldfish acclimated to various temperatures. Cell Tissue Kinet. 2, 331-9 

Johnson, H. A . ,  and Pavelec, M. Thermal noise in cells, A cause O f  

spontaneous lcss  of cell function. Am. J. Pathol, 69, No.1, 119-29 (1972), - 
i 

Cronkite, E. P. Kinetics of granulopoiesis. Presented at the Gesellschaf 
Fur Nuclearmedizin E . D . ,  Freiburg, Germany, September, 1972. 

Chanana, A,' D., Schaedeli, J., Hess, M. W., and Cottier, H. Predominance 
of theta-positive lymphocytes in gut-associated and peripheral lymphoid .~ 

tissues of newborn mice. J. Lmmunol. I&), No. 1, 283-5 ( 1 9 7 3 ) .  

14. Scope: 
A) 200 Word Summary: 

The broad objective in this research is an understanding of the 
injurious effects of radiation, drugs and chemicals on hemopoiesis, and 
the processes of recovery from these effects. Knowledge from these 
studies should improve understanding of diseases of hemopoietic cell 
differentiation such as leukemia, hypoplastic anemia, lymphoma, myelofibrosis, 
polycythemia vera, and thrombopenic and granulopoietic states. Description 
of the cell-to-cell interactions within bone marrow, definition of the 
feedback l o o p s  controlling differentiation into cell lines, and a 
quantitative measurement of the kinetics of cell proliferation is attempted 
in order to define the chemical basis of regulation of new blood cell 
production. These mechanisms must be determined in order to define how the 
genes in the hemopoietic stem cell (HSC) are switched on and off to 
maintain the size of the stem cell pool, replete it and control differentia- 
tion and amplification upon demand for blood cell production. 
techniques are adapted or developed for studies of hemopoiesis following 
irrMiation or administration of drugs and chemicals to animals, and in 
normal and diseased states of animals and human beings. 

A battery of 

- B) Supplement to 200 Word Summary: 

Among the techniques utilized in these studies are: hemopoietic 
cell growth i n  diffusion chambers; in vitro bone marrow and blood cell 
culture; splenic colony growth from the HSC; cell kinetics using tritiated 

(See Continuation Sheet )  Rx- 225 
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E f f e c t s  of  R a d i a t i o n  and Chemica ls  on C o n t r o l  o f  

P r o j  e c t T i  t l e  : Hemopo i e  s i s  RX-03-02- (b) 
14, Scope: ( C o n t ' d . )  

t hymid ine  and P - 3 2  l a b e l e d  diisopropylfluorophosphate (DFP-32) ;dep le t ion  by 
e x t r a c o r p o r e a l  i r r a d i a t i o n  o f  t h e  blood ( E C I B ) ;  Fe-55 s u i c i d e  of  e r y t h r o p o i e t i c  
p r e c u r s o r s ;  and p r o d u c t i o n  o f  humoral r e g u l a t o r s  of  hemopo ies i s  i n  v i v o  i n  
r e n a l  g l o m e r u l a r  t i s s u e  c u l t u r e  sys t ems .  

Fe-55 s u i c i d e ,  r e c e n t l y  deve loped  here ,  a l l o w s  t h e  n e a r - t o t a l  
o b l i t e r a t i o n  o f  t h a t  segment o f  e r y t h r o p o i e s i s  which i s  i n c o r p o r a t i n g  
i r o n  i n t o  hemoglobin.  The s h o r t  p a t h  l e n g t h  o f  Fe-55 Auger e l e c t r o n s  (about  
1 p m )  r e s u l t s  i n  d e p o s i t i o n  o f  a lmos t  a l l  t h e  e n e r g y  w i t h i n  t h e  c e l l  b o u n d a r i e s  
o f  t h e  red  c e l l  p r e c u r s o r s .  Thus w i t h  a s u f f i c i e n t  amount o f  Fe-55,  t h e s e  
c e l l s  are  k i l l e d - - e l i m i n a t i n g  new p r o d u c t i o n  o f  r e d  c e l l s  w h i l e  t h e  HSC con- 
t i n u e s  t o  f low down t h e  e r y t h r o p o i e t i c  pathway. I f  t h e r e  i s  a n  i n t r a m e d u l l a r y  
f eedback  loop  from t h e  d i f f e r e n t i a t e d  r e d  c e l l  compartment t o  t h e  p y u r i p o t e n t  
HSC which s e n s e s  d imin i shed  red  c e l l  p r o d u c t i o n  b e f o r e  t h e r e  i s  anemia ,  an  
i n c r e a s e d  f low o f  t h e  HSC i n t o  e r y t h r o p o i e s i s  would be e x p e c t e d  w i t h  a n  i n i t i a 1  
d i m i n u t i o n  i n  s i z e  of  t h e  HSC p o o l ,  m e a s u r e a b l e  i n  mouse by  r e d u c t i o n  i n  number 
of  co lony  forming  u n i t s  in t h e  s p l e e n  (CF'Us). The r e l a t i v e  p r o p o r t i o n  of  
p l u r i p o t e n t  HSC's t h a t  a r e  dormant o r  a c t i v e l y  i n  c y c l e  i s  measured by k i l l i n g  
t h e  c e l l s  i n  c y c l e  e i t h e r  by hydroxyurea  o r  by s u i c i d e  t h r o u g h  i n c o r p o r a t i o n  
o f  t r i t i a t e d  thymidine .  The q u a n t i t a t i v e  e f f e c t  o f  t h e s e  t r e a t m e n t s  i s  measur- 
ed by CFUs o r  a L i m i t i n g  d i l u t i o n  a n a l y s i s  o f  t h e  number o f  stem c e l l s  growing 
i n  d i f f u s i o n  chambers. 

A combina t ion  of  t h e s e  t e c h n i q u e s  a p p l i e d  s e r i a l l y  t o  mice r e c e i v i n g  * 

c o n t i n u o u s  Fe-55 s u i c i d e  w i l l  be used  t o  d e t e r m i n e  t h e  r a t e  a t  which t h e  
HSC i s  d i v e r t e d  down t h e  e r y t h r o p o i e t i c  pathway and whe the r  t h e  HSC h a s  
a l i m i t e d  c a p a c i t y  f o r  mi tos i s  a s  s t a t e d  i n  t h e  H a y f l i c k  h y p o t h e s i s  o r  an 
i n f i n i t e  c a p a c i t y ,  a q u e s t i o n  i n  chemotherapy  of human ma l ignan t  d i s e a s e s .  

E r y t h r o p o i e s i s  i s  r e g u l a t e d  i n  p a r t  by t h e  hormone e r y t h r o p o i e t i n  
(EP),  and cy1 g l y c o p r o t e i n .  
t i o n  from t h e  b lood  plasma o r  u r i n e  o f  s e v e r e l y  hypox ic  o r  anemic human 
b e i n g s  or a n i m a l s .  The development  o f  r e n a l  g l o m e r u l a r  c u l t u r e s  from 
g o a t  and human k i d n e y s  s y n t h e s i z i n g  EP, a s s a y a b l e  i n  t h e  s u p e r n a t e ,  w i l l  
a l l o w  b i o c h e m i c a l  s t u d y  o f  t h e  f a c t o r s  t h a t  may c o n t r o l  p r o d u c t i o n  of  
EP a t  t h e  c e l l u l a r  l e v e l  ( p o p ,  pC02, pH, androgens ,  e t c . )  and w i l l  p e r m i t  
p u r i f i c a t i o n  and c h a r a c t e r i z a t i o n  o f  human EP. S t u d i e s  w i l l  t h e n  be 
d i r e c t e d  t o  t h e  p r o d u c t i o n  of  a n t i b o d i e s  a g a i n s t  EP and development  of  

I f  p u r i f i e d  r a d i o l a b e l e d  
EP, produced by a d d i n g  amino a c i d s  l a b e l e d  w i t h  carbon-14  o r  t r i t i u m  t o  t h e  
c u l t u & S ,  h a s  s p e c i f i c  a c t i v i t y  h i g h  enough f o r  a u t o r a d i o g r a p h y ,  a t t e m p t s  
w i l l  be made t o  i d e n t i f y  t h e  s i t e  o f  g e n e t i c  c o n t r o l  of  e r y t h r o p o i e s i s  
by combining a u t o r a d i o g r a p h y  and k a r y o t y p i n g .  

To d a t e  EP h a s  been  o b t a i n a b l e  o n l y  by e x t r a c -  

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

G r a n u l o p o i e s i s  i s  s t u d i e d  i n  t h e  i n t a c t  mammal u t i l i z i n g  l a b e l i n g  
w i t h  t r i t i a t e d  thymid ine ,  d e t e r m i n i n g  t h e  DNA c o n t e n t d  t h e  c e l l s  i n  
v a r i o u s  s t a g e s  o f  g r a n u l o p o i e s i s ,  and d e t e r m i n i n g  t h e  c h a n g e s  i n  t h e  

(See C o n t i n u a t i o n  Sheet )  RX- 226 
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- - -  P r o j e c t  T i t l e :  Hemopoiesis 
14. Scope: (Cont ' d .  ) 

r a t i o  of  m i t o t i c  f i g u r e s  and DNA l a b e l i n g  a t  t h e  d i f f e r e n t  l e v e l s  of  
m a t u r a t i o n  from m y e l o b l a s t  th rough t h e  myelocyte .  These s t u d i e s  a r e  
performed b e f o r e  and a f t e r  t h e  i n d u c t i o n  o f  s e v e r e  in f l ammat ion  i n  o r d e r  
t o  d e r i v e  i n s i g h t  i n t o  t h e  mechanism by which t h e  organism i n c r e a s e s  t h e  
p r o d u c t i o n  o f  g r a n u l o c y t e s  upon demand. 
man a r e  complemented by s t u d i e s  i n v o l v i n g  t h e  growth o f  human and an imal  
bone marrow and p e r i p h e r a l  b lood  c e l l s  i n  d i f f u s i o n  chambers  implanted  i n t o  
t h e  pe r i toneum o f  t h e  mouse i n  a xenogen ic  sys tem,  An a u t o l o g o u s  sys tem has 
been deve loped  i n  t h e  goa t  whereby t h e  g o a t ' s  own p e r i p h e r a l  blood o r  marrow 
c e l l s  a re  grown i n  m u l t i p l e  d i f f u s i o n  chambers  implanted  i n  i t s  own p e r i t o n e a l  
c a v i t y .  
c y t e s  from normal  bone marrow and from p e r i p h e r a l  blood c e l l s  a r e  measured i n  
terms o f  the  t o t a l  c e l l  numbers and t h e  r a t e  of p r o g r e s s i o n  through t h e  
p r o l i f e r a t i v e  and d i f f e r e n t i a t e d  s t a g e s  of  g r a n u l o p o i e s i s .  Bone marrow and 
p e r i p h e r a l  blood c e l l s  from p a t i e n t s  w i t h  a wide  r a n g e  o f  h e m a t o p o i e t i c  
d i s o r d e r s  are  c u l t u r e d  b e f o r e ,  d u r i n g ,  and a f t e r  t h e r a p y  t o  g a i n  an i n s i g h t  
i n t o  t h e  d i s e a s e  s t a t e .  

In v i v o  s t u d i e s  i n  a n i m a l s  and 

The growth  c u r v e s  f o r  p r o l i f e r a t i n g  and n o n - p r o l i f e r a t i n g  g r a n u l o -  

Bone marrow t r a n s p l a n t a t i o n  may be l i f e  s a v i n g  a f t e r  f a t a l  i r r a d i a t i o n  
o r  a f t e r  a p l a s i a  induced by d rugs .  To d a t e ,  a l l o g e n e i c  t r a n s p l a n t a t i o n  
o f  marrow though p a r t l y  s u c c e s s f u l ,  c a r r i e s  t h e  r i s k  of  s e v e r e  and sometimes 
f a t a l  g r a f t  v s ,  h o s t  d i s e a s e  because  o f  a l a c k  of h i s t o c o m p a t a b i l i t y  between 2 
donor  and r e c i p i e n t .  
between i d e n t i c a l  twins .  S i n c e  t h e  CELls and t h e  HSC a re  b e l i e v e d  t o  be 
i d e n t i c a l ,  r e p o r t e d  o b s e r v a t i o n s  h e r e  o f  an increase i n  CFus  grown i n  
d i f f u s i o n  chambers ,  s u g g e s t s  t h a t  one might  be a b l e  t o  grow u s e f u l  amounts 
of  HSC's t h a t  c o u l d  be f r o z e n  and s t o r e d  f o r  l a t e r  use. Development of  c u l t u r e  
r e p l i c a t i o n  of HSC's w i l l  be  a t t e m p t e d .  

The o n l y  s a f e  and r e a l l y  e f f e c t i v e  t r a n s p l a n t a t i o n  i s  

- 

The r e g u l a t i o n  o f  p l a t e l e t  p r o d u c t i o n  and t h e  p r e p a r a t i o n  and p r e -  
s e r v a t i o n  of  p l a t e l e t s  f o r  t r a n s f u s i o n  remain  i m p o r t a n t  f o r  t r e a t m e n t  of  
r a d i a t i o n  c a s u a l t i e s .  I n h i b i t o r s  and s t i m u l a t o r s  o f  p l a t e l e t  p r o d u c t i o n  
a r e  s t u d i e d  when t ime and f a c i l i t i e s  p e r m i t .  R a d i a t i o n  hemorrhage c o r r e c t a b l e  
b y  t r a n s f u s i o n  o f  compa t ib l e  homologous p l a t e l e t s  r ema ins  i m p r a c t i c a l  
because  of i n a d e q u a t e  p r e s e r v a t i o n  t e c h n i q u e s .  A t  t h e  Blood Research 
L a b o r a t o r y ,  U n i t e d  S t a t e s  Naval H o s p i t a l ,  Chelsea, M a s s a c h u s e t t s ,  Dr. 
Valer i  i s  s t u d y i n g  t h e  v i a b i l i t y  and p r e s e r v a t i o n  of  p l a t e l e t s  u s i n g  
normal  v o l u n t e e r s .  P l a t e l e t s  a r e  p r e p a r e d ,  p r e s e r v e d  w i t h  v a r i o u s  t e c h -  
n i q u w ,  and a r e  t r a n s f u s e d  i n t o  i n d i v i d u a l s  p r i o r  t o  a d m i n i s t r a t i o n  o f  
aspi@n, and t h e i r  v i a b i l i t y  s t u d i e d  by d e t e r m i n i n g  whe the r  t h e  i n c r e a s e d  
ble&%ng time induced by t h e  a s p i r i n  i s  s h o r t e n e d  by t h e  a u t o t r a n s f u s i o n  
o f  t h e  p r e s e r v e d  p l a t e l e t s ,  The u l t i m a t e  t e s t  of p l a t e l e t  v i a b i l i t y  
and € u n c t i o n  i s  t h e  p r e v e n t i o n  or t r e a t m e n t  of thrombopenic  b l e e d i n g .  
b o r a t i v e  s t u d i e s  a t  BNL have been p l anned  on i n  v i v o  s t u d i e s  o f  t h e  
hemor rhag ic  s t a t e  i n  a n i m a l s  t o  c o r r e l a t e  t h e  o u t p u t  o f  r e d  c e l l s  i n  t h e  
c a n n u l a t e d  t h o r a c i c  d u c t  w i t h  thrombopenia  and t h e  d e c r e a s e d  o u t p u t  of  red 
c e l l s  a f t e r  t r a n s f u s i o n  o f  p r e s e r v e d  p l a t e l e t s .  

C o l l a -  
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14.  Scope: (Cont ' d .  ) 

S t u d i e s  i n  man a r e  aimed a t  e l u c i d a t i o n  of  t h e  d e f e c t  i n  t h e  leukemic  
p o p u l a t i o n  o f  c e l l s  compared t o  normal  c e l l  p r o l i f e r a t i o n .  
i s  s t u d i e d  by a combina t ion  o f  t e c h n i q u e s :  measurement o f  c e l l  k i n e t i c s  
f o l l o w i n g  a d m i n i s t r a t i o n  o f  t r i t i a t e d  t h y m i d i n e ;  s e r i a l  s ampl ing  o f  t h e  
bone marrow and p e r i p h e r a l  b lood ;  c u l t u r e  o f  leukemic c e l l s  i n  d i f f u s i o n  
chambers implanted  i n t o  t h e  mouse complemented by i n  v i t r o  c u l t u r e ;  and 
measurement of  DNA c o n t e n t  (when f a c i l i t i e s  a re  a c q u i r e d ) .  The enzyme 
p r o f i l e  and t h e  k a r y o t o p e s  of c h r o n i c  g r a n u l o c y t i c  leukemia  c e l l s  a r e  
s t u d i e d  b e f o r e  and a f t e r  c u l t u r e  of  c e l l s  i n  d i f f u s i o n  chambers .  

Leukemia 

R a d i o b i o l o g i c a l  s t u d i e s  a r e  concerned  w i t h  d e t e r m i n a t i o n  o f  t h e  Do 
o f  t h e  human HSC r e q u i r e d  f o r  r a d i a t i o n  t h e r a p y  and space  f l i g h t  and t h e  
r e l a t i v e  b i o l o g i c a l  e f f e c t i v e n e s s  (ME) o f  v a r i o u s  n e u t r o n  e n e r g i q k  on 
t h e  CFUs. 

15. R e l a t i o n s h i p  t o  Ot.her P r o j e c t s :  

T h e  s t u d i e s  on lymphopo ies i s  r e p o r t e d  i n  RX-OL-O3-(d) a re  a c l o s e l y  
r e l a t e d  r e s e a r c h  program. 

E l sewhere ,  r e l a t e d  s t u d i e s  i n c l u d e  t h o s e  o f  Lewis,  Trobaugh,  F r i e d  and 
Knospe, S t .  L u k e ' s  H o s p i t a l ,  U n i v e r s i t y  o f  I l l i n o i s ,  on f a c t o r s  i n  t h e  
bone marrow and s p l e e n  which s u p p o r t  h e m a t o p o i e s i s ,  and t h e  hemopo ie t i c  
i n d u c t i v e  micro-envi ronment  i n  t h e  s p l e e n  and bone marrow. T i l l  and 
McCulloch, Department  of  B i o p h y s i c s ,  U n i v e r s i t y  o f  T o r o n t o ,  t h e  i n i t i a t o r s  
o f  t h e  s p l e n i c  co lony  work, a r e  conce rned  w i t h  s h o r t -  and l o n g - t e r m  f e e d b a c k -  
l o o p s  r e g u l a t i n g  growth ,  d i f f e r e n t i a t i o n  of t h e  stem c e l l ,  t h e  e f f e c t s  
o f  d r u g s  on t h e  stem c e l l  and t h e  r e l a t i o n s h i p  o f  t h e  stem c e l l  t o  leukemia.  

Stohlman and Q u e s e n b e r r y ,  S t .  E l i z a b e t h ' s  H o s p i t a l ,  B r i g h t o n ,  Massachuse t t s  
a p p l y  s p l e n i c  co lony  f o r m a t i o n ,  e r y t h r o p o i e t i n  a d m i n i s t r a t i o n ,  i n  v i t r o  
bone marrow c u l t u r e ,  and more r e c e n t l y  t h e  d i f f u s i o n  chamber t e c h n i q u e  
l e a r n e d  a t  BNL, t o  s t u d y  growth k i n e t i c s  and  f a c t o r s  r e l a t e d  t o  e r y t h r o -  
p o i e s i s  and g r a n u l o p o i e s i s .  B e n e s t a d ,  B r e i v i k  and Boyum, O s l o ,  Norway, 
t h e  d e v e l o p e r s  o f  t h e  d i f f u s i o n  chamber t e c h n i q u e  f o r  s t u d y  o f  h e m a t o p o i e s i s ,  
c o n t i n u e  i t s  a p p l i c a t i o n  t o  a s c e r t a i n  t h e  n a t u r e  o f  t h e  f a c t o r s  which 
i n f l u e n c e  stem c e l l  p r o l i f e r a t i o n  and d i f f e r e n t i a t i o n .  

W i n s o n ,  U n i v e r s i t y  o f  Co lo rado  Med ica l  C e n t e r ,  u s e s  t h e  i n  v i t r o  
grow!! of  mur ine  and human blood bone marrow c e l l s  i n  p a t i e n t s  w i t h  v a r i o u s  
b l o o d  Q y s c r a s i a s  and i n  s t u d y i n g  t h e  r e g u l a t o r y  f a c t o r s  conce rned  w i t h  
g r a n u l o c y t o p o i e s i s .  

R o t h s t e i n ,  A thens ,  and C a r t w r f g h t ,  U n i v e r s i t y  o f  U t a h ,  a p p l y  t h e  -- i n  v i t r o  
c u l t u r e  o f  bone marrow and blood c e l l s  a l o n g  w i t h  a m o d i f i c a t i o n  o f  t h e  m i l l i -  
p o r e  d i f f u s i o n  chambers  t o  s t u d y  stem c e l l  p r o l i f e r a t i o n ,  d i f f e r e n t i a t i o n ,  and 
f a c t o r s  r e g u l a t i n g  g r a n u l o c y t o p o i e s i s .  
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P r o j e c t  T i c l e :  ~ Q D O ~  e s i s  RX-03-02- (b)  
16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: 

Fe-55 s u i c i d e  o f  d i f f e r e n t i a t e d  e r y t h r o p o i e t i c  c e l l s  was demons t r a t ed  
and t h e  r e l a t i o n s h i p  of  Fe-55  dose  t o  s u p p r e s s i o n  o f  e r y t h r o p o i e s i s  was 
e s t a b l i s h e d ,  I n  a d d i t i o n ,  i t  was shown t h a t  s u p p r e s s i o n  o f  e r y t h r o p o i e s i s  
r e s u l t e d  i n  a d i m i n u t i o n  o f  t h e  number o f  CFus's, s u g g e s t i n g  t h a t  t h e  f low 
o f  stem c e l l s  i n t o  e r y t h r o p o i e s i s  had been i n c r e a s e d ,  p a r t i a l l y  d e p l e t i n g  t h e  
CFUs's i n  t h e  marrow. S i n c e  d e p l e t i o n  r e s u l t s  i n  i n c r e a s e d  m i t o t i c  r a t e  i t  
may be p o s s i b l e  t o  t e s t  whe the r  t h e  HSC h a s  l i m i t e d  o r  u n l i m i t e d  c a p a c i t y  t o  
d i v i d e .  

I n i t i a l  s t u d i e s  on t h e  d e t e r m i n a t i o n  o f  t h e  Do of  human stem c e l l s  
i r r a d i a t e d  i n  v i t r o  and grown i n  d i f f u s i o n  chambers  were comple ted .  The 
Do de te rmined  f o r  a l l  g r a n u l o c y t i c  c e l l s  i s  abou t  115 r a d s  and f o r  p r o l i f e r a -  
t i n g  g r a n u l o c y t i c  c e l l s  a p p r o x i m a t e l y  70 r a d s .  .\ 

b 

I n  s t u d i e s  on growth o f  m u r i n e  bone marrow c e l l s  i n  d i f f u s i o n  chambers 
i t  was shown t h a t  a humoral f a c t o r  d i f f u s e s  i n t o  t h e  chambers  s t i m u l a t i n g  
t h e  p r o l i f e r a t i o n  o f  t h e  HSC a s  i n d i c a t e d  by  t h e  i n c r e a s e  i n  number of CFUS'S 
and y i e l d  of  t o t a l  g r a n u l o c y t i c  s e r i e s ,  A l s o ,  growth was shown t o  be g r e a t e r  
i n  t h e  i r r a d i a t e d  t h a n  i n  t h e  n o n - i r r a d i a t e d  h o s t .  These  o b s e r v a t i o n s  
o f  FY 1972 were conf i rmed i n  c o n t i n u e d  e x p e r i m e n t s ,  b u t  s i n c e  t h e r e  may be 
xenogene ic  e f f e c t s  (human c u l t u r e s  i n  t h e  mouse) and a l l o g e n e i c  e f f e c t s  
(non- inb red  c u l t u r e s  i n  t h e  mouse) ,  a n  a u t o l o g o u s  sys t em o f  d i f f u s i o n  
chamber c u l t u r e  o f  h e m o p o i e t i c  c e l l s  was deve loped  u s i n g  g o a t s .  Bone marrot; 
i s  removed from t h e  g o a t ,  p r e p a r e d  and i n t r o d u c e d  i n t o  d i f f u s i o n  chambers. ' 
A f t e r  t h e . g o a t  i s  i r r a d i a t e d  i n  t h e  Med ica l  Research  R e a c t o r  gamma chamber 
t h e  d i f f u s i o n  chambers  a r e  implanted  i n t o  i t s  p e r i t o n e a l  c a v i t y  and 
s u b s e q u e n t l y  h a r v e s t e d  a t  p re -de te rmined  i n t e r v a l s .  T h e r e  i s  e x c e l l e n t  
growth o f  t h e  g r a n u l o c y t i c  s e r i e s  and macrophages ,  bu t  l esser  growth of  
l ymphopo ie t i c  and e r y t h r o p o i e t i c  ce l l s .  T h i s  sys tem e l i m i n a t e s  h is tocom-  
p a t a b i l i t y  p rob lems  o n  c e l l  p r o l i f e r a t i o n .  S i n c e  l a r g e  amounts o f  plasma 
and p e r i t o n e a l m s h i n g s  a r e  o b t a i n a b l e  i n  t h e  g o a t ,  p r o d u c t i o n  and i s o l a t i o n  
of  t h e  f a c t o r  t h a t  d i f f u s e s  from t h e  i r r a d i a t e d  an ima l  i n t o  d i f f u s i o n  
chambers  and s t i m u l a t e s  hemopo ies i s  i s  b e i n g  s t u d i e d .  

Upon d e m o n s t r a t i o n  t h a t  r e n a l  g l o m e r u l a r  c u l t u r e s  o f  human and goa t  
k idneys  would p roduce  EP, a g r a n t  was o b t a i n e d  from N I H  t u  f u r t h e r  these 
s t u d i e s .  A l l  c u l t u r e s  o f  g o a t  g l o m e r u l i  p roduce  EP. However, i n  t h r e e  
c u l t u r e s  made from s e p a r a t e  human k i d n e y s ,  one  p r o d u c e s  EP and t h e  o t h e r  
twobpproduce c o l o n y - s t  i m u l a t i n g  f a c t o r  (CSF), a n  a g e n t  t h a t  i n c r e a s e s  t h e  
y i e l d  of  g r a n u l o c y t i c  c o l o n i e s  i n  i n  v i t r o  bone marrow c u l t u r e ,  
cu%*pres c o n t i n u e  t o  p roduce  EP f o r  o v e r  one  y e a r  even  though t h e  monolayers  
have been r e p l a c e d  by t h i c k  l a y e r s  o f  c e l l s .  When t r y p s i n i z e d ,  r e suspended ,  
and s u b - c u l t u r e d  i n  a lmos t  t h e  t o t a l  a b s e n c e  of t h e  o r i g i n a l  g l o m e r u l i ,  t h e s e  
c u l t u r e s  of  e p i t h e l i a l  c e l l s  w i t h  ra re  g l o m e r u l i  c o n t i n u e  t o  produce EP. 
D r .  Havran, Mount S i n a i  U n i v e r s i t y  Schoo l  o f  Med ic ine ,  h a s  commenced column 
s e p a r a t i o n  and  p u r i f i c a t i o n  o f  EP from s u p e r n a t e s  of  g l o m e r u l a r  c u l t u r e s .  

Glomerular  
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16. T e c h n i c a l  P r o g r e s s  i n  FY 1973: ( C o n t ' d . )  

Bone marrow and p e r i p h e r a l  blood c e l l s  combined wi th  EP-producing c e l l s  from 
g l o m e r u l a r  c u l t u r e s  a r e  now c u l t u r e d  t o  see i f  t h e  i n t i m a t e  m i x t u r e  of  EP- 
p roduc ing  c e l l s  w i t h  t h e  HSC w i l l  i n i t i a t e  a c t i v e  e r y t h r o p o i e s i s .  

S t u d i e s  r e l e v a n t  t o  g r a n u l o p o i e s i s  conf i rmed t h a t  a humoral f a c t o r  
d i f f u s e s  from t h e  i r r a d i a t e d  h o s t  i n t o  d i f f u s i o n  chambers s t i m u l a t i n g  
growth  of g r a n u l o c y t i c  c e l l s ,  CNs, and macrophages. I n t e r m i t t e n t  
hypoxia  d u r i n g  t h e  c u l t u r e  p e r i o d  r e d u c e s  t h e  y i e l d  o f  g r a n u l o c y t i c  c e l l s  
and macrophages which s u g g e s t s  c o m p e t i t i o n  f o r t h e  HSC common f o r  e r y t h r o c y t e s ,  
g r a n u l o c y t e s ,  and macrophages ,  
t o  t h e  c u l t u r e  o f  normal  c o n c e n t r a t e s  o f  human p e r i p h e r a l  blood i n  t h e  
d i f f u s i o n  chamber. S i g n i f i c a n t  growth was obse rved  o n l y  i n  i r r a d i a t e d  
mice. i 

Study  of t h e  growth of  t h e  HSC was extended  

.\ 

U n i d e n t i f i e d  and l a r g e l y  lymphocytc id  b l a s t  c e l l s  i n c r e a s e d  e x p o n e n t i a l l y  
d u r i n g  t h e  f i r s t  e l e v e n  d a y s  i n  c u l t u r e ;  d u r i n g  t h e  f i r s t  2 -3  d a y s  t h e  
number of  sma l l  lymphocytes  d e c r e a s e d  and t h e n  remained c o n s t a n t .  T h i s  r a i s e s  
t h e  q u e s t i o n  a s  t o  whe the r  t h e  d e c r e a s e  i n  t h e  sma l l  lymphocyte  p o p u l a t i o n  
is t h e  r e s u l t  of  t r a n s f o r m a t i o n  and p r o l i f e r a t i o n  i n t o  t h e  l a r g e  lymphocy- 
t o i d  b l a s t  c e l l .  G r a n u l o c y t e s  d e c r e a s e  r a p i d l y  d u r i n g  t h e  f i r s t  5-6 days  i n  
c u l t u r e ,  a p p r o a c h i n g  z e r o  l e v e l s ,  A t  8-9  d a y s ,  p r o l i f e r a t i n g  e o s i n o p h i l s  and 
n e u t r o p h i l s  a p p e a r ,  fo l lowed  w i t h i n  24-48 h o u r s  by an i n c r e a s e  i n  numbers o f  
n o n - d i v i d i n g  e o s i n o p h i l s  and n e u t r o p h i l s .  I n  o l d e r  c u l t u r e s  t h e r e  i s  a s t r i k -  
i n g  i n c r e a s e  i n  t h e  number o f  p l a s m a c y t o i d  c e l l s  which a p p e a r  a t  a time when ' 
t h e  l a r g e  b l a s t  c e l l s  a r e  d i m i n i s h i n g  i n  number, s u g g e s t i n g  a r e l a t i o n s h i p  
between t h e  two. The time p a r a m e t e r s  o f  c e l l  p r o l i f e r a t i o n  i n  t h e  d i f f u s i o n  
chambers ,  a f t e r  l a b e l i n g  w i t h  t r i t i a t e d  thymid ine ,  were shown t o  be  a l i t t l e  
f a s t e r  than  t h o s e  obse rved  i n  ea r l i e r  i n  v i v o  s t u d i e s .  

The measurement o f  t h e  DNA c o n t e n t  o f  mye locy te s  ( i n  c o l l a b o r a t i o n  wi th  
Kil lmann and E r n s t ,  U n i v e r s i t y  o f  Copenhagen) ,  showed t h a t  approx ima te ly  
62% of  mye locy te s  have  a 2n DNA c o n t e n t ,  i n d i c a t i n g  t h a t  t h e y  a r e  e i t h e r  i n  
t h e  G1 phase o r  have  gone o u t  o f  c y c l e  on t h e i r  way t o  becoming metamyelocytes .  
T h i s  f u l f i l l s  t h e  f i r s t  r equ i r emen t  o f  t h e  BNL model f o r  g r a n u l o c y t o p o i e s i s .  

S t u d i e s  were i n i t i a t e d  on t h e  q u e s t i o n  of  whether  mye locy te  c y c l e  t ime 
i s  shor t ened  a t  t h e  expense  o f  t h e  GI p e r i o d  by in f l ammat ion ,  t h u s  a l l o w i n g  
t i m e  f o r  a n o t h e r  m i t o s i s  w i t h  a n  i n c r e a s e d  o u t p u t  o f  n e u t r o p h i l s .  P r e l i m i n a r y  
r e s u l k s  i n  d c g s  show: 1) i n  t h e  normal  s t e a d y  s t a t e  s m a l l  mye locy te s  
beha& l i k e  2n DNA ceIls (no t  l a b e l e d  by t r i t i a t e d  t h y m i d i n e ) ;  2)  t h e  " f l a s h "  
l a b e u n g  index  i s  i n c r e a s e d  by i n f l a m m a t i o n ;  3)  myelocy te s  p r o g r e s s  through 
t h e  c e l l  c y c l e  and r e p l a c e  me tamye locy te s  more r a p i d l y .  

1 7 .  Expected R e s u l t s  i n  FY 1 9 7 4 :  

Fe-55 s u i c i d e  s t u d i e s  w i l l  c o n t i n u e  w i t h  emphasis  on s t u d y  o f  t h e  
a p p a r e n t  i n t r a m e d u l l a r y  feedback  l o o p  between t h e  d i f f e r e n t i a t e d  e r y t h r o -  
p o i e t i c  compartment and t h e  HSC r e s p o n s i b l e  f o r  a c c e l e r a t i n g  t h e  f low of  

(See  C o n t i n u a t i o n  Sheet) Rx- 230 
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c e l l s  i n t o  e r y t h r o p o i e s i s ,  H y p e r t r a n s f u s i o n  o f  r ed  c e l l s  i n  t h e  i n t a c t  
mouse s u p p r e s s e s  i n p u t  o f  HSC i n t o  e r y t h r o p o i e s i s .  I f  t h e  HSC f lows  i n t o  t h e  
e r y t h r o p o i e t i c  pathway i n  t h e  p l e t h o r i c  mouse a f t e r  Fe-55 s u i c i d e  c o n t i n u e s ,  
i t  w i l l  p rove  t h e  e x i s t e n c e  of  t h e  proposed  i n t r a m e d u l l a r y  feedback  l o o p ,  
I n  a d d i t i o n ,  a l a r g e  number o f  mice w i l l  b e  t r e a t e d  w i t h  Fe-55 t o  iriduce 
c o n t i n u e d  e r y t h r o p o i e t i c  s u i c i d e  i n  o r d e r  t o  a c c e l e r a t e  c e l l  d i v i s i o n  a t  t h e  
HSC l e v e l  and t o  t e s t  t h e  v a l i d i t y  o f  H a y f l i c k ' s  h y p o t h e s i s  i n  t h e  i n t a c t  
an ima l .  

It i s  p lanned  t o  a s c e r t a i n  t h e  Do o f  human HSC's i n  marrow from a 
s u f f i c i e n t  number o f  i n d i v i d u a l s  t o  e s t a b l i s h  t h e  s t a t i s t i c a l  v a r i a t i o n .  

A t t e m p t s  w i l l  c o n t i n u e  t o  p roduce  t h e  d i f f u s i b l e  f a c t o r  t h a t ; t n f l u e n c e s  
growth  i n  t h e  d i f f u s i o n  chambers  by e x p o s i n g  g o a t s  t o  whole-body i r r a d i a t i o n  
fo l lowed  by p l a smaphores i s .  
p r o t e i n  f r a c t i o n  where CSF and EP a re  found.  S t u d i e s  w i l l  a l s o  be performed 
t o  see i f  e x t r a c o r p o r e a l  i r r a d i a t i o n  o f  t h e  b l o d  a l o n e  w i l l  s u f f i c e  t o  
p roduce  CSF, EP, and t h e  f a c t o r  t h a t  s t i m u l a t e s  growth of a l l o g e n i c ,  a u t o l o g o u s ,  
and xenogenic  b lood  and bone marrow c e l l s  i n  d i f f u s i o n  chambers. 

A c t i v i t y  will b e  sought  f i r s t  i n  t h e  Ql -g lyco-  

S t u d i e s  on EP w i l l  c o n t i n u e  w i t h  emphas i s  on d e t e r m i n i n g  t h e  o p t i m a l  
pC02, p02, pH, and exogenous androgens  on p r o d u c t i o n  o f  EP i n  g l o m e r u l a r  
c u l t u r e s .  I t  i s  hoped t o  d e v e l o p  s u s p e n s i o n  c u l t u r e s  o r  l a r g e  s c a l e  
monolayer  c u l t u r e s  t o  produce  l a r g e  amounts  o f  EP f o r  p u r i f i c a t i o n ,  f r a c t i o n - '  
a t i o n ,  and t h e  p r o d u c t i o n  of  a n t i b o d i e s  a g a i n s t  EP. I f  t h e  l a t t e r  i s  
s u c c e s s f u l  t h e  a n t i - E P  immunoglobul ins  w i l l  be  s e p a r a t e d ;  and u s i n g  f l u o r e s c e n t  
microscopy i t  i s  hoped t o  i d e n t i f y  t h e  EP-producing c e l l  i n  t h e  c u l t u r e ,  
l a r g e  scale  p r o d u c t i o n  of  EP i s  s u c c e s s f u l ,  r a d i o a c t i v e  amino a c i d s  w i l l  be 
added t o  t h e  c u l t u r e  i n  o r d e r  t o  p roduce  r a d i o a c t i v e  EP f o r  a u t o r a d i o g r a p h i c  
s t u d i e s  o f  i t s  c e l l u l a r  and s u b c e l l u l a r  l o c a l i z a t i o n s .  I n  c o l l a b o r a t i o n  w i t h  
D r .  C h a r l e s  S a l a d i n o ,  Ade lph i  U n i v e r s i t y ,  t h e  u l t r a s t r u c t u r e  o f  t h e  g l o m e r u l a r  
c u l t u r e s  w i l l  be  s t u d i e d  from t i m e  of  p r e p a r a t i o n  o f  t h e  g l o m e r u l i  and a t  
r e g u l a r  i n t e r v a l s  a f t e r  b e i n g  p l a c e d  i n t o  c u l t u r e .  

I f  - 

A m i c r o s p e c t r o p h o t o m e t e r  must be o b t a i n e d  i n  o r d e r  t h a t  s y s t e m a t i c  
s t u d i e s  on DNA c o n t e n t ,  c e l l  p r o l i f e r a t i o n ,  and t r i t i a t e d  thymid ine  l a b e l i n g  
o f  t h e  normal and leukemic  c e l l s  i n  c u l t u r e  may b e  c o n t i n u e d  a s  t h i s  phase  
o f  t h e  work can no l o n g e r  be performed f o r  u s  a t  t h e  U n i v e r s i t y  o f  Copenhagen. 

&tempts  w i l l  a g a i n  be made t o  p r o d u c e  l a r g e  numbers o f  a u t o l o g o u s  HSC's 
t h e  sys t em developed  by D r .  L a i s s u e  t o  grow a u t o l o g o u s  c e l l s  i n  

d i f f u s i o n  chambers  implanted  i n  an  a n i m a l ' s  per i toneum.  
f r a c t i o n a t e d  t o  e l i m i n a t e  t h e  d i f f e r e n t i a t e d  cells .  The r e s i d u a l  u n d i f f e r -  
e n t i a t e d  c e l l s  w i l l  be  p u t  i n t o  d i f f u s i o n  chambers  and implanted  i n t o  t h e  
pe r i toneum of t h e  m i d - l e t h a l l y  i r r a d i a t e d  g o a t  and grown f o r  t h e  maximum 
p e r i o d  of  t i m e  b e f o r e  t he re  i s  d i s c e r n i b l e  c e l l  d i f f e r e n t i a t i o n .  A t  t h i s  

Marrow w i l l  be  

(See C o n t i n u a t i o n  S h e e t )  Rx-231 
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t ime t h e  chambers w i l l  be removed; t h e  an ima l  g i v e n  f a t a l  whole-body i r r a d i a t i o n  
and i t s  HSC's grown i n  c u l t u r e  h a r v e s t e d  from t h e  d i f f u s i o n  chambers  and then  
i n j e c t e d  i n t o  t h e  g o a t  t o  t e s t  p r o t e c t i v e  a b i l i t y .  

Human blood l e u k o c y t e s  w i l l  b e  f r a c t i o n a t e d  i n t o  "pure"  c e l l  t y p e s  t o  
see whether  t h e  HSC p r e s e n t  i n  blood w i l l  grow and d i f f e r e n t i a t e  i n  t h e  absence  
o f  ma tu re  c e l l  t y p e s .  With t h i s  model sys t em one should be  a b l e  t o  e v a l u a t e  
t h e  i n f l u e n c e  of  c e l l - t o - c e l l  i n t e r a c t i o n  i n  a d d i t i o n  t o  t h e  l o n g - r a n g e  and 
l o n g - d u r a t i o n  f eedback  l o o p s  from t h e  p e r i p h e r y  t o  t h e  stem c e l l .  I n  
a n a l y z i n g  t h e  p r e c e d i n g ,  DNA c o n t e n t ,  s equence  of t r i t i a t e d  thymid ine  l a b e l i n g ,  
and c y t o l o g y  w i l l  be obse rved .  

F u r t h e r  s t u d i e s  on g r a n u l o p o i e s i s  w i l l  be  performed b e f o r e  ayd a f t e r  
t h e  i n d u c t i o n  of  i n f l ammat ion  a t  v a r i o u s  t i m e  i n t e r v a l s  i n  o r d e r  t o  
d i s s e c t  the  sequence  of  e v e n t s  a t  t h e  mye locy te  l eve l  and t h e  HSC l e v e l  
t h a t  d e t e r m i n e  t h e  i n c r e a s e d  p r o d u c t i o n  of  g r a n u l o c y t e s .  

S t u d i e s  on t h e  growth of  leukemic  c e l l s  and c e l l s  from o t h e r  blood 
d y s c r a s i a s  w i l l  c o n t i n u e  as  c l i n i c a l  material i s  a v a i l a b l e .  

18. Expected R e s u l t s  i n  FY 1975: 

Fe-55 s u i c i d e  w i l l  c o n t i n u e - - t h e  a c t u a l  u s e  of  t h i s  new t e c h n i q u e  
depend ing  upon t h e  r e su l t s  o b t a i n e d  i n  FY 1974. The s t u d i e s  on Do of 
human stem c e l l s  w i l l  p r o b a b l y  be  comple ted .  S t u d i e s  on t h e  d i f f u s i o n  
chamber f a c t o r  and d e t e r m i n a t i o n  o f  whe the r  i t  i s  i d e n t i c a l  t o  the  CSF 
a n d / o r  t h e  l e u k o c y t o s i s - i n d u c i n g  f a c t o r  (LIF) w i l l  c o n t i n u e  i f  t h e  problems 
a re  n o t  r e s o l v e d  i n  FY 1974.  The a u t o l o g o u s  c u l t i i r e  c f  bone marrow c e l l s  
i n  a n i m a l s  w i l l  c o n t i n u e  i.n an  endeavor  to  determine t h e  impor t ance  o f  
c e l l - t o - c e l l  i n t e r a c t i o n  by i m p l a n t i n g  d i f f u s i o n  chambers i n t o  d i v e r s e  
o r g a n s .  
a s o u r c e  o f  CSF, LIF,  and d i f f u s i o n  chamber s t i m u l a t o r y  f a c t o r .  

A t t empt s  w i l l  be  made t o  d e v e l o p  Long-term monocyte c u l t u r e s  a s  

EP p r o d u c t i o n  i n  human g l o m e r u l a r  c u l t u r e s  should  be s u f f i c i e n t  f o r  
t h e  p r o d u c t i o n  o f  a d e q u a t e  amounts  o f  a n t i s e r a  f o r  radioimmuno-assay i n  
p a t i e n t s .  It  is  hoped t o  p roduce  r a d i o a c t i v e  EP w i t h  s u f f i c i e n t  s p e c i f i c  
a c t i v i t y  s u i t a b l e  f o r  a u t o r a d i o g r a p h y .  When s a t i s f a c t o r y  r a d i o a c t i v e  EP 
i s  a v a i l a b l e i t  w i l l  be  u t i l i z e d  i n  v i t r o ,  i n  e r y t h r o p o i e t i c  c u l t u r e s ,  and 
- i n  t o  s t u d y  metaphase  o f  e r y t h r o p o i e t i c  ce l l s .  The g e n e t i c  l o c u s  of 
EP n may be i d e n t i f i e d  i n  t h i s  manner. C o n s i d e r a t i o n  w i l l  a l s o  be 
g i v  a p i l o t  p l a n t  f o r  p r o d u c t i o n  o f  human EP f o r  p o s s i b l e  c l i n i c a l  
a p p l  i r a t  ion .  

S t u d i e s  on t h e  r o l e  o f  i n f l ammat ion  and t h e  mechanism by which i t  
i n c r e a s e s  c e l l  p r o l i f e r a t i o n  may t e r m i n a t e ,  S t u d i e s  on c e l l  p r o l i f e r a t i o n  
i n  leukemia w i l l  c o n t i n u e .  The s t u d i e s  on p l a t e l e t  t r a n s f u s i o n s  and c o n t r c l  
of t h r o m b o p o i e s i s  i n  c o l l a b o r a t i o n  w i t h  Valeri w i l l  p r o b a b l y  be r e a c t i v a t e d .  

(See C o n t i n u a t i o n  S h e e t )  RX- 232  
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It: i s  hoped t o  deve lop  t h e  d i f f u s i o n  chamber t e c h n i q u e  a s  a means o f  s t u d y i n g  
t h e  mechanism of  a c t i o n  o f  known h e m a t o p o i e t i c  d e p r e s s a n t  d rugs .  

I f  pe r sonne l  and t ime p e r m i t  a t t e m p t s  t o  grow d i v e r s e  human c a n c e r s  i n  
d i f f u s i o n  chambers w i l l  c o m e n c e  w i t h  t h e  o b j e c t i v e  o f  a s s a y i n g  t h e  e f f e c t  
o f  r a d i a t i o n  and c h e m o t h e r a p e u t i c  a g e n t s  on t h e  c a n c e r  c e l l  growth.  

19. D e s c r i p t i o n  and E x p l a n a t i o n  o f  Major  M a t e r i a l s ,  Equipment and 
S u b c o n t r a c t  Items: 

FY 1975 C a p i t a l  Equipment:  

M i s c e l l a n e o u s  equipment  r e q u i r e m e n t s  f o r  t h i s  budge t  a c t i v i t y '  are e s t i -  
.\ 

mated a t  $20,000 and i n c l u d e  a n  i n p u t  and r e t r i e v a l  t e r m i n a l ,  two c y t o - c e n t r i -  
f u g e s ,  mic roscope ,  and a p o r t a b l e  laminar f low e n c l o s u r e .  
as one h a l f  s h a r e  i n  t h e  b lood  c e l l  s e p a r a t o r  r e p o r t e d  i n  Pa rag raph  19 of  
RX-01-03-d; and $25,000 i s  p r o r a t e d  t o  t h i s  a c t i v i t y  f o r  one q u a r t e r  i n t e r e s t  
i n  t h e  a u t o r a d i o g r a p h i c  g r a i n  c o u n t e r  and c y t o - a n a l y z e r  r e p o r t e d  i n  RX-01-03-d. 

$20,000 i s  a l l o c a t e d  

20. Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 

(See C o n t i n u a t i o n  S h e e t )  RX-233 
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Re i t e ra t  i o n  o f Assurance S t a t  emen t 

on 
I n v e s t i g a t i o n  I n v o l v i n g  Human S u b j e c t s  

I n c l u d i n g  C l i n i c a l  Research  

The H o s p i t a l  o f  t h e  Medical  Research  C e n t e r ,  Brookhaven N a t i o n a l  Labora to ry ,  
c o m p l i e s  w i t h  t h e  p o l i c y  f o r  t h e  p r o t e c t i o n  o f  human s u b j e c t s  p a r t i c i p a t i n g  
i n  a c t i v i t i e s  suppor t ed  d i r e c t l y  o r  i n d i r e c t l y  by g r a n t s  o r  c o n t r a c t s  from 
t h e  Department o f  H e a l t h ,  E d u c a t i o n ,  and Welfare  and from t h e  Atomic Energy 
Commission. I n  f u l f i l l m e n t  of  i t s  a s s u r a n c e ,  t h i s  i n s t i t u t i o n  has  e s t a b l i s h e d  
a s t a n d i n g  commit tee  t o  rev iew i n v e s t i g a t i o n s  i n v o l v i n g  human s u b j e c t s ,  i n -  
c l u d i n g  c l i n i c a l  r e s e a r c h ,  and s a i d  commit tee  i s  cha rged  w i t h  r e s p o n s i b i l i t i e s  
t o  de t e rmine  f o r  each  proposed s t u d y  t h a t :  

t h e  r i g h t s  and w e l f a r e  o f  each  p a t i e n t  w i l l  be a d e q u a t e l y  p ro te \ c t ed ,  
t h a t  t h e  p o t e n t i a l  b e n e f i t s  ou tweigh  t h e  r i s k s ,  and + 
t h a t  an  informed c o n s e n t  w i l l  be o b t a i n e d  from e a c h  p a t i e n t .  

The commit tee ,  a p p o i n t e d  by t h e  D i r e c t o r ,  Brookhaven N a t i o n a l  Labora to ry ,  
p r o v i d e s  f o r  i ndependen t  judgment of  i t s  members, and a l t e r n a t e s  a r e  provided  
t o  s e r v e  when t h e r e  may be c o n f l i c t  o f  i n t e r e s t .  T h i s  i n s t i t u t i o n  encourages  
c o n s t r u c t i v e  communicat ion between t h e  commit tee  and p r inc ipa l  i n v e s t i g a t o r s  
on  t h e  s a f e g u a r d i n g  o f  t h e  r i g h t s  and w e l f a r e  o f  s u b j e c t s ;  w i l l  p rov ide  the 
r e q u i r e d  c a r e  f o r  p e r s o n s  i n j u r e d  as a r e s u l t  of p a r t i c i p a t i o n ;  and m a i n t a i n s  
comple t e  documen ta t ion  of p r o p o s a l s  and r ev iews .  Approved i n v e s t i g a t i o n s  
a re  reviewed by t h e  commit tee  a t  least  a n n u a l l y  and t h e  i n s t i t u t i o n  p e r i o d i -  , 
c a l l y  rev iews  i t s  p r a c t i c e s  and p rocedures  t o  a s s u r e  t h e y  are c o n s i s t e n t  w i t h  
t h e  p o l i c i e s  p u b l i s h e d  by t h e  Department o f  H e a l t h ,  E d u c a t i o n ,  and Welfare .  

A s  o f  March 7 ,  1973,  t h e  I n s t i t u t i o n a l  Review Committee f o r  rev iew o f  Medical 
Department  r e s e a r c h  a c t i v i t i e s  i n v o l v i n g  human s u b j e c t s  i s  composed o f :  

J. S .  Rober t son ,  M.D., Chairman G. P r i ce  
G.  C. C o t z i a s ,  M . D . ,  A l t .  Chairman N. P. Rathvon,  Jr. 
S.  H, Cohn D. N .  S l a t k i n ,  M.D., A l t e r n a t e  
E. A .  Popenoe, A l t .  f o r  D r .  Cohn A. P. Wolf ,  A l t e r n a t e  
G.  Chikkappa,  M.D.  L.  K. Dahl ,  M . D .  - C l i n i c a l  C o n s u l t a n t  
H. Connel l  W. A .  F i n n  - A d m i n i s t r a t i v e  C o n s u l t a n t  
R.  A. Love, M.D. C. W ,  F lood  - H e a l t h  Phys ic s  C o n s u l t a n t  

S i g n a t u r e :  G P U  
T i t l e :  Chairman,  Medical  Department 

Date: March 7 ,  1973 
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14. S m :  
A) 200 Word Summary: 

Free radicals are involved in a number of fundamental biological reactions, 
especially those of oxidoreduction. Radiobiological effects, including sensi- 
tization and protection, depend largely upon competitive free radical reactions. 
Free radicals are implicated in some of the interactions of pollutants and 
carcinogens with tissue constituents, Many reactions of oxidative metabolism 
involve free radical pathways, as do the properties of some hormones and drugs. 
This program investigates free radicals as reactive intermediates in normal 
and pathological metabolism by seeking to identify and characterize free 
radicals found in tissue and biological substances, Present projects study 
radia&&h and radiation-like chemical reactions of biomolecules and correlate 
these6a4€h reactions of pollutants and carcinogens. 
spect*copy .(EPR) provides foundat i o n s  for most experimental work on free 
radicals. The Laboratory has proficiency in studying tissues and short-lived 
biochemical free radicals by EPR, having pioneered on-line computer applica- 
tions to this research. 

Magnetic resonance 
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P r o j e c t  T i t l e :  Mechanisms of  Ac t ion  o f  F r e e  R a d i c a l s  and Hormones 
14. Scope: (Cont ' d .  ) 

RX-03-02-(c) 

I n  s t u d i e s  o n  hormone a c t i o n s  mi ld  and v e r s a t i l e  methods of  s o l i d  phase  
p e p t i d e  s y n t h e s i s  a r e  deve loped .  
p e p t i d e  hormone c h e m i s t r y ,  p h y s i o l o g y ,  and pharmacology,  a l l o w  f o r  p r e p a r a t i o n  
of  s o p h i s t i c a t e d  p e p t i d e  hormone a n a l o g s  f o r  u s e  i n  r e s e a r c h  and i n  chemotherapy,  

These methods ,  based on p r e v i o u s  s t u d i e s  i n  

B)  Supplement t o  200 Word Summary: 

F r e e  r a d i c a l s  a r e  e s s e n t i a l  components i n  many b i o e n e r g e t i c  mechanisms. 
D e s p i t e  t h e  development  of  a s u b s t a n t i a l  u n d e r s t a n d i n g  of  f r e e  r a d i c a l  re-  
a c t i o n s  i n  p h y s i c a l - o r g a n i c  and polymer c h e m i s t r y ,  t h e  e l a b o r a t i o n  o f  g e n e r a l  
t h e o r i e s  o f  f r e e  r a d i c a l  b e h a v i o r  i n  p h y s i o l o g i c a l  c h e m i s t r y  and t h e  documen- 
t a t i o n  of  s p e c i a l  f r e e  r a d i c a l  i n t e r m e d i a t e s  remain  p a t c h y  and incomple te .  
The need t o  d e t e c t  s m a l l  numbers o f  f r e e  r a d i c a l s  i n  b iomed ica l  e x p e r i m e n t a t i o n  
h a s  l e d  t o  t h e  widespread  a p p l i c a t i o n  o f  e l e c t r o n  pa ramagne t i c  resonance  (EPR) 
s p e c t r o m e t r y ,  because  EPR and r e l a t e d  m a g n e t i c  r e s o n a n c e  t e c h n i q u e s  can '  
i d e n t i f y  and d e s c r i b e  f r e e  r a d i c a l s  w i t h  g r e a t  s e n s i t i v i t y  and s p e c i f i c i t y .  
I t s  a b s o l u t e  s e n s i t i v i t y  i s  o f t e n  i n s u f f i c i e n t ,  however t o  d e t e c t  t h e  low 
r e s i d u a l  l e v e l s  of  f r e e  r a d i c a l s  p e r s i s t i n g  i n  s u r v i v i n g  t i s s u e s .  

The BNL program i n v e s t i g a t i n g  b i o e n e r g e t i c  f r e e  r a d i c a l  mechanisms h a s  
u t i l i z e d  EPR and a s p e c i a l  h i g h - v e l o c i t y  f l o w  a p p a r a t u s  f o r  m a i n t a i n i n g  s t e a d y  
s t a t e s  of l a b i l e  f r e e  r a d i c a l s  i n  l i q u i d  r e a c t i o n  sys tems.  Compute r i za t ion ,  
new r a d i c a l - t r a p p i n g  p r o c e d u r e s ,  i o n - i r r a d i a t i o n  t e c h n i q u e s ,  and s p e c i a l  means' 
o f  examining  l a r g e  samples  o f  f r o z e n  t i s s u e  have  been  e x p l o r e d .  A p p l i c a t i o n  ' 
o f  ELDOR (EJectron-electron E u b l e  Resonance)  t o  b iomed ica l  and i r r a d i a t e d  
samples  i s  a b o u t  t o  b e g i n ,  ENDOR ( E l e c t r o n - N u c l e a r  E u b l e  Resonance)  a p p l i c a t i o n s  
a r e  p lanned .  

- 
Depar tmen t s  t o  c a r r y  o u t  EPR s p e c t r o s c o p y  w h i l e  samples  a r e  b e i n g  i r r a d i a t e d  
by an  e l e c t r o n  beam from t h e  Dynamitron a c c e l e r a t o r .  

Also,  c o l l a b o r a t i o n  is  p lanned  w i t h  t h e  P h y s i c s  and Chemistry 

One p r o j e c t  i s  d i r e c t e d  toward r a d i a t i o n  and r a d i o m i m e t i c  chemica l  
r e a c t i o n s  on b i l o g i c a l  t a r g e t  mo lecu le s :  
p o l l u t a n t s  and c a r c i n o g e n s .  T h i s  i n v o l v e s  EPR s t u d i e s  of  gamma i r r a d i a t i o n  
and atom bombardment o f  n u c l e i c  a c i d  c o n s t i t u e n t s  and i d e n t i f i c a t i o n  of some 
h y d r o g e n - a d d i t i o n  and - a b s t r a c t i o n  r a d i c a l s ,  u s i n g  bo th  amorphous and po ly -  
c r y s t a l l i n e  d r y  samples  and some s i n g l e  c r y s t a l s  o f  n u c l e i c  a c i d  b a s e s  and 
r e l a t e d  compounds. 
p e r o x i d e  w i l l  b e  employed i n  s p e c i a l  f l o w  a p p a r a t u s  deve loped  a t  BNL f o r  h i g h  
f r e q u w c y  EPR (35 GHz, Q-band). 

c o r r e l a t i o n s  w i t h  r e a c t i o n s  of  

Hydroxyl r a d i c a l s  formed by chemica l  r e d u c t i o n  o f  hydrogen 

E x t e n s i o n  from r a d i a t i o n - l i k e  r e a c t i o n  on 
u c l e o s i d e s ,  e t c .  t o  o l i g o n u c l e o t i d e s  and p o s s i b l e  t o  p o l y n u c l e o t i d e s  
U ~ C  a c i d s  i s  f o r e s e e n .  O t h e r  a n t i c i p a t e d  e x t e n s i o n s  inc lude :  i )  App- 

l i c a t i s n  of  ELDOR and ENDOR t o  i r r a d i a t e d  b i o c h e m i c a l s  i n  t h e  s o l i d  s t a t e ;  
i i )  P k o j e c t i o n  o f  t h e  E P R / f l o w  w o r k  t o  i n c l u d e  i n t e r a c t i o n s  of  f r e e  r a d i c a l s  
o f  some c a r c i n o g e n s  and p o l l u t a n t s  and o f  p e r o x y  compounds w i t h  n u c l e i c  a c i d s  
and t h e i r  c o n s t i t u e n t s  and w i t h  c e l l  membranes and t h e i r  l i p i d  components; 
i i i )  EPR o b s e r v a t i o n  of  r a d i a t i o n - p r o d u c e d  f r e e  r a d i c a l s  i n  l i q u i d  and t i s s u e  

(See C o n t i n u a t i o n  S h e e t )  RX- 237 
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14.  Scope: (Cont ' d .  ) 

of  r a d i o b i o l o g i c a l  or b iochemica l  i n t e r e s t  d u r i n g  e l e c t r o n  beam i r r a d i a t i o n ,  
c o n t i n g e n t  upon development  of  a BNL i n t e r d e p a r t m e n t a l  E P R / i r r a d i a t i o n  
f a c i l i t y .  

F r e e  r a d i c a l  forms o f  p o r p h y r i n s  a p p e a r  t o  b e  impor t an t  i n t e r m e d i a t e s  
i n  some of  t h e  redox r e a c t i o n s  o f  heme enzymes. C l o s e l y  r e l a t e d  c h l o r i n  
and b a c t e r i o c h l o r i n  f r e e  r a d i c a l s  a r e  invo lved  i n  t h e  pho tochemica l  s t e p s  
o f  p h o t o s y n t h e s i s .  One p r o j e c t  e v a l u a t e s  t h e  s i g n i f i c a n c e  o f  p o r p h y r i n  
r a d i c a l s  i n  b i o l o g i c a l  e l e c t r o n  t r a n s p o r t  c o l l a b o r a t i o n  w i t h  J .  F a j e r  (BNL 
Department  of Appl ied  S c i e n c e ) ,  R. H.  F e l t o n  (Georgia  Tech . )  and D .  Dolphin 
(Harvard) .  
i n g  a f i r m  t h e o r e t i c a l  and e x p e r i m e n t a l  b a s i s  f o r  f r e e  r a d i c a l  r e s e a r c h .  

T h i s  work i s  c r u c i a l  t o  t h e  BNL f r e e  r a d i c a l  p rogram i n  e s t a b l i s h -  

.\ 
b 

Another  p r o j e c t  i s  d i r e c t e d  a t  t h e  n a t u r e  of  f ree  r a d i c a l  s i g n a l s  
i n t r i n s i c  t o  t i s s u e  o r  t h o s e  induced by c a r c i n o g e n s ,  p o l l u t a n t s ,  d r u g s ,  
d i s e a s e  o r  r a d i a t i o n .  S i n c e  1954 unde f ined  and u n i d e n t i f i e d  EPR s i g n a l s  
have been o b t a i n e d  from " s u r v i v i n g "  ( f r e s h  b u t  n o t  a c t i v e l y  m e t a b o l i z i n g )  
t i s s u e s .  These s i g n a l s  a r e  b e l i e v e d  t o  r e p r e s e n t  p a r a m a g n e t i c  complexes 
c o n t a i n i n g  th ree  components: 1) n i t r o g e n  o x i d e - l i k e  m o i e t i e s  f rom t h e  
x e n o b i o t i c  ( i . e . ,  exogenous)  molecu le s  o r  t h e i r  m e t a b o l i t e s ,  2) s u l f u r  l i g a n d s  
from endogenous b i o l o g i c a l  s i t e s  ( q u i t e  p o s s i b l y  f e r r e d o x i n - l i k e  e l e c t r o n  
a c c e p t o r s  i n  c e l l u l a r  d r u g  and a r y l  hydroca rbon  m i x e d - f u n c t i o n  o x i d a s e  systems&, 
and 3 )  i r o n  a toms from t h e  P-450 o r  P-448 cytochrome enzymes i n  t h e  ox idase  
s y s t e m s ,  
o f  chemica l  c a r c i n o g e n e s i s  may no t  r e f l e c t  t h e  n e o p l a s t i c  p r o c e s s  bu t  t h e  
me tabo l i sm o f  a c e l l u l a r  " d e f e n s e  r e a c t i o n "  a g a i n s t  t h e  c a r c i n o g e n i c  agen t .  
N o n - n e o p l a s t i c  d r u g s  may be i n d u c e r s  o f  t i s s u e  m i x e d - f u n c t i o n  o x i d a s e  enzymes 
and may g i v e  r i s e  t o  t h e s e  EPR s i g n a l s .  

Thus t h e  EPR spec t rum o b t a i n e d  from t i s s u e s  d u r i n g  t h e  l a t e n t  p e r i o d '  

S p e c i a l  a p p a r a t u s  was developed  a t  BNL t o  i d e n t i f y  t h e  pa ramagne t i c  s i t e s  
i n  s u r v i v i n g  t i s s u e s  which g i v e  r i s e  t o  t h e  "normal" s i n g l e t - t y p e  EPR s i g n a l s .  
F u r t h e r  development  o f  t h e s e  p r o c e d u r e s ,  p l u s  s u p p l e m e n t a t i o n  w i t h  computer 
p r o c e s s i n g  of  d a t a  and w i t h  ELDOR and ENDOR s p e c t r o m e t r y  is  p l a n n e d ,  If 
i d e n t i f i c a t i o n  o f  t i s s u e  pa ramagne t i c  s i t e s  i s  a t t a i n e d  c o r r e l a t i o n  w i t h  
e x p o s u r e  t o  p o l l u t a n t s ,  d i f f e r e n t  d i s e a s e  s t a t e s ,  p a r t i c u l a r  d r u g  t h e r a p i e s ,  
and t h e  e f f e c t s  o f  i o n i z i n g  r a d i a t i o n s  w i l l  s t a r t .  

ELDOR and ENDOR a r e  complementary n o t  c o m p e t i t i v e  d o u b l e  r e sonance  
s p e c t r q s c o p i e s  f o r  a m p l i f i c a t i o n  o f  EPR i n  r e s e a r c h  on f r e e  r a d i c a l s  and o t h e r  
p a r a m 4 n e t i c  c e n t e r s .  Some o f  t h e  u n r e s o l v e d  o r  i n c o m p l e t e l y  ana lyzed  s p e c t r a  
w i l l  be s t u d i e d  by ELDOR and ENDOR. 
by o t h e r s  u n d e r s c o r e s  t h e  need f o r  ENDOR equipment  i f  B N L  is t o  remain 
c o m p e t i t i v e .  

Recent  achievement  of  ENDOR c a p a b i l i t y  

F r e e  r a d i c a l  r e a c t i o n s  a s s o c i a t e d  w i t h  enzyme and hormone a c t i o n s  w i l l  be 
aimed a t  i n v e s t i g a t i o n  of  some enzymic and p y r i d i n e  n u c l e o t i d e  f r e e  r a d i c a l s  

(See C o n t i n u a t i o n  S h e e t )  RX-238 
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by p u l s e  r a d i o l y s i s  wi th  i d e n t i f i c a t i o n  of  p u t a t i v e  f r e e  r a d i c a l s  o f  DPN and TPN 
coenzymes and r e l a t e d  s u b s t i t u t e d  n i c t i n a m i d e  model compounds, and t h e i r  p o s s -  
i b l e  involvement  i n  enzyme r e a c t i o n s .  (Bo%) 

Research c o l l a b o r a t o r s  from t h e  Department  of  Phys io logy  o f  t h c  Mount 
S i n a i  School  o f  Med ic ine ,  have  been working  f o r  some time t o  c o r r e l a t e  t h e  
p r imary  s t r u c t u r e  and confo rma t ion  o f  neurohypophysea l  hormones w i t h  t h e i r  
p h y s i o l o g i c  f u n c t i o n s  and m e t a b o l i c  f a t e s .  The v a r i o u s  s t u d i e s  unde r t aken  
have  l e a d  t o  a proposed  model f o r  t h e  confo rma t ion  o f  o x y t o c i n  i n  s o l u t i o n ,  
t o  a d e m o n s t r a t i o n  t h a t  c e r t a i n  d i s t i n g u i s h i n g  s t r u c t u r a l  f e a t u r e s  of  
t h e  neurohypophysea l  hormones may s e r v e  a s  r e c o g n i t i o n  s i t e s  f o r  s p e c i f i c  
h o r m o n e - i n a c t i v a t i n g  enzymes, and t o  a r a t i o n a l i z a t i o n  o f  many s t r u c t u r e -  
a c t i v i t y  f u n c t i o n s .  I n  o r d e r  t o  p r e p a r e  s o p h i s t i c a t e d  hormone ana rbgs  f o r  
r e s e a r c h  and f o r  t h e r a p e u t i c  p u r p o s e s ,  r e f l e c t i n g  t h e s e  i n s i g h t s ,  i t  h a s  beer; 
n e c e s s a r y  t o  d e v i s e  new methods of p e p t i d e  s y n t h e s i s .  
mi ld  methods a r e  be ing  deve loped  f o r  t h e  removal  o f  a m i n o - p r o t e c t i n g  g roups  and 
f o r  t h e  release o f  completed p e p t i d e  p r o d u c t s  from s o l i d  s u p p o r t s  i n  t h e  
s o l i d  phase  method of p e p t i d e  s y n t h e s i s .  

I n  p a r t i c u l a r ,  new 

(Schwar t z ,Wal t e r )  

15. R e l a t i o n s h i p  t o  Othe r  P r o j e c t s :  

EPR h a s  been  used p r i m a r i l y  i n  c h e m i s t r y  and p h y s i c s ,  b u t  a p p l i c a t i o n s  
t o  t h e  l i f e  s c i e n c e s  have  been i n c r e a s i n g  r a p i d l y .  It i s  n o t  f e a s i b l e  t o  
summarize h e r e  a l l  of  t h e  work i n  t h e s e  areas a l o n e ,  n o r  a r e  a l l  t h e  p r o j e c t s  
p r e s e n t l y  s u p p o r t e d  known t o  u s .  Moreover ,  t h e  widespread  o c c u r r e n c e  i n  
n a t u r e  o f  f r e e  r a d i c a l  i n t e r m e d i a t e s  a l s o  m k e s  r e l e v a n t  t o  t h i s  program a 
g r e a t  volume of  p u b l i s h e d  work u s i n g  p r o c e d u r e s  o t h e r  t han  EPR; and i t  i s  
n o t  p o s s i b l e  t o  r e v i e w  t h i s  material comprehens ive ly  e i t h e r .  

However, on t h e  b a s i s  o f  t h e  known p r o j e c t s  and t h e  l i t e r a t u r e  i t  i s  
concluded  t h a t  t h e  i n s t r u m e n t a l  deve lopmen t s  i n  t h e  B N L  program i n v o l v e  l i t t l e  
o v e r l a p  w i t h  work e l s e w h e r e ,  and t h e  ma jo r  s u b j e c t  a r e a s  of  BNL's b iomed ica l  
work on f ree  r a d i c a l  mechanisms a r e  n o t  d i r e c t l y  d u p l i c a t e d .  

The r e s e a r c h e s  i n  s o l i d  phase  p e p t i d e  s y n t h e s i s  c a r r i e d  o u t  a t  t h i s  l a b -  
o r a t o r y  a re  a n  i n t e g r a l  p a r t  o f  a c o n c e r t e d  e f f o r t  t o  d e t e r m i n e  t h e  mole- 
c u l a r  mechanism o f  hormone a c t i o n  and t o  a p p l y  such knowledge t o  medica l  
p u r p o w s .  
a p p l i x a t i o n s  i n  mind, t h e  t e c h n i q u e s  b e i n g  developed  are  o f  v e r y  broad 
a p p l f w i l i t y  b o t h  i n  p e p t i d e  s y n t h e s i s  and i n  o t h e r  a r e a s .  
h e r e  i n  mod i fy ing  p e p t i d e  s y n t h e t i c  p r o c e d u r e s  i s  c o n s i d e r e d  un ique  and 
i s  not-  known t o  be pursued  i n  o t h e r  l a b o r a t o r i e s .  

Although t h e s e  s t u d i e s  a re  d e s i g n e d  and u n d e r t a k e n  w i t h  s p e c i f i c  

The approach  

(Schwar t z ,Wal t e r )  

(See C o n t i n u a t i o n  S h e e t )  Rx-2-  9 
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The new EPR s p e c t r o m e t e r  (Var ian  E - 1 2 )  a l o n g  w i t h  improved ELDOR was 
i n s t a l l e d  and i n t e r f a c e d  w i t h  t h e  o n - l i n e  computer  sys t em and i s  o p e r a t i v e  

The o ld  EPR s p e c t r o m e t e r ,  r e t a i n e d  f o r  h igh - f r equency  (Q-band) and 
c o n t i n u o u s  f low work, was upgraded through t h e  i n s t a l l a t i o n  o f  a newer model ,  
r e c o n d i t i o n e d  magnet c o n t r o l .  A new and more s u c c e s s f u l  two-s t age  f low/mixer  
was des igned  and f a b r i c a t e d  f o r  Q-band EPR e x p e r i m e n t s  on f r e e  r a d i c a l s  
i nvo lved  i n  r a d i a t i o n  and chemica l  c a r c i n o g e n  r e a c t i o n s  w i t h  DNA c o n s t i t u e n t s  
and o t h e r  b iochemica l s .  T rue  s e p a r a t i o n  o f  t h e  two mix ing  r e a c t i o n s  f i n a l l y  
was ach ieved  i n  a Q-band c o n f i g u r a t i o n .  ( a s  p o i n t e d  o u t  i n  o t h e r  y e a r s ,  
t h e  Q-band a p p a r a t u s  s i g n i f i c a n t l y  c o n s e r v e s  r e a c t a n t s  i n  compar ison  w i t h  
" s t anda rd"  x-band EPR f low,  a c r i t i c a l  c o n s i d e r a t i o n  f o r  many o f  o u r  
proposed a p p l i c a t i o n s . )  Al though u s e f u l ,  t h e  new mixe r ' s  i n d i v x d u a l  s t a g e s  
were s lower  t h a n  t h e  b e s t  o n e - s t a g e  m i x e r s ,  and f u r t h e r  d e s i g n  improvements 
may be poss ;b le .  

Computer programs fo r  r e s o l u t i o n  enhancement o f  s p e c t r a  have  
p r e v i o u s l y  been i n c o r p o r a t e d  i n  t h e  d a t a  sys t em;  however ,  f o r  s p e c t r a l  
l i n e s  o f  g a u s s i a n  shape  (which are common i n  t h i s  work) t h e  a v a i l a b l e  f i l t e r  
f u n c t i o n s  can  p r o v i d e  o n l y  an  approx ima te  match. T h i s  h a s  been s a t i s f a c t o r y  
i n  most c a s e s ,  b u t  a n a l y s i s  of c e r t a i n  i n c o m p l e t e l y  r e s o l v e d  s p e c t r a  h a s  
been confounded by a d v e n t i t i o u s  l i n e s  which are produced when s p e c t r a l  f e a t y e s  
a r e  s t r o n g l y  sha rpened  by unmatched shape  f u n c t i o n s .  P r o p e r  matching  f o r  
g a u s s i a n  l i n e s  r e q u i r e s  F o u r i e r  t r a n s f o r m a t i o n  o f  e i t h e r  t h e  d a t a  o r  t h e  
f i l t e r  f u n c t i o n ,  and a F o r t r a n  program i n c o r p o r a t i n g  mod i f i ed  f a s t  F o u r i e r  
t r a n s f o r m  a l g o r i t h m s  h a s  been w r i t t e n  f o r  t h e  CDC-6600 to  pe r fo rm g a u s s i a n  
sha rpen ing .  A f t e r  f u r t h e r  m o d i f i c a t i o n  t h e  program can  be  i n c o r p o r a t e d  
d i r e c t l y  i n t o  t h e  o n - l i n e  computer  system. 

I n  a d d i t i o n a l  work, c r y s t a l s  o f  gamma- i r r ad ia t ed  deoxyadenos ine  
monohydrate  (dADNS) and 1 -me thy l  thymine (1-MT) were a l i g n e d  by x - ray  c r y s t a l -  
l o g r a p h y ,  and x-band EPR d a t a  i n  many p l a n e s  were t a k e n  and computer  p rocessed .  
Some Q-band EPR s t u d i e s  a l s o  were c a r r i e d  o u t  on 1-MT, a s  a n t i c i p a t e d ,  
e s t i m a t e d  80% o f  t h e  EPR measurements  were c a r r i e d  o u t ,  and incomple te  a n a l y s e :  
a r e  i n  hand. These  i n d i c a t e  t e m p e r a t u r e - s e n s i t i v e  r a d i c a l  c h a i n s  i n  t h e  c a s e  
o f  1-MT, but  t h e  h o p e d - f o r  s t u d y  of 1-MT (and a c o - c r y s t a l  of 1-MT and g-methy? 
a d e n i n e )  i r r a d i a t e d  and examined a t  low t e m p e r a t u r e  cou ld  n o t  be accomplished 
because funds  f o r  c o m p l e t i o n  of a l i q u i d - n i t r o g e n  i r r a d i a t i o n  a p p a r a t u s  were 
no&$=available. 

An 

* *  P a r t i a l  a n a l y s e s  o f  s e v e r a l  c r y s t a l s  of  i r r a d i a t e d  dADNS r e v e a l  m u l t i p l e  
f r e e  r a d i c a l s ,  one  o r  more o f  which are  not  comp.1etely s t a b l e  w i t h  t i n e  
and d a t a  €rem a l l  c r y s t a l s  a r e  n o t  y e t  F u l l y  r e c o n c i l e d .  Fu r the rmore ,  t h e  
s i n g l e  c r y s t a l  s p e c t r a  seem more complex t h a n  t h o s e  p r e v i o u s l y  pub l i shed  on 
dAJlNS, so E i n a l  i d e n t i f i c a t i o n  h a s  n o t  been made o f  t h o s e  s p e c t r a l  components 

(weeks 

(See C o n t i n u a t i o n  S h e e t )  R): - 240 
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d u e  t o  f r e e  r a d i c a l s  from t h e  s u g a r  ( d e o x y r i b o s e ) m o i e t y .  N e v e r t h e l e s s ,  
t h e r e  i s  a l r e a d y  f u r t h e r  s u p p o r t  f o r  l a s t  y e a r ' s  p r o p o s a l  t h a t  r e s o l u t i o n  
enhancement of  EPR "powder s p e c t r a "  might  p r o v i d e  i d e n t i f i c a t i o n  of s u g a r  
r a d i c a l s  i n  sample c o n f i g u r a t i o n s  o f  more g e n e r a l  r a d i o b i o p h y s i c a l  u se  than  
t h e  s i n g l e  c r y s t a l ,  Computer-enhanced s p e c t r a  from i r r a d i a t e d  p o l y c r y s t a l l i n e  
dADNS were e q u i v a l e n t  t o  t h o s e  o b t a i n e d  from c r u s h i n g  an i r r a d i a t e d  s i n g l e  
c r y s t a l ,  and pending f i n a l  c o n f i r m a t i o n  upon comple t e  a n a l y s i s  of  t h e  s i n g l e  
c r y s t a l ,  t h e  dominant  EPR f e a t u r e s  o f  a s u g a r  r a d i c a l  a r e  now a s s i g n a b l e  
i n  t h e  r e s o l u t i o n - e n h a n c e d  powder s p e c t r a .  

Radiomimetic  chemica l  r e a c t i o n s  where in  t h e  hydroxy l  r a d i c a l  i s  
produced by chemica l  r e d u c t i o n  o f  p e r o x i d e  were s t u d i e d  f u r t h e r ,  u s i n g  t h e  
Q-band f low sys t ems .  Most e x p e r i m e n t s  c o n t i n u e d  t o  use T i ( I I 1 )  ;a's t h e  
i n i t i a t i n g  r e d u c t a n t ,  b u t  t h e  p r o p o s a l  t o  e v a l u a t e  t h e  f a s t e r  Cr ( I I ) /H202  
r e a c t i o n  was commenced, u s i n g  6-methyl  u r a c i l  as  t h e  t e s t  s u b s t r a t e .  
P r e l i m i n a r y  r e s u l t s  i n d i c a t e d  some improvement o v e r  T i ( I I I ) / H 2 0 2  r e a c t i o n s ,  
b u t  t h e  sys tem proved combersome and t ime-consuming,  so r e a c t i o n  c o n d i t i o n s  
were n o t  op t imized  and f u r t h e r  e x p l o r a t i o n s  were pos tponed  i n  l i g h t  o f  t h e  
l i m i t e d  t ime l e f t  a v a i l a b l e  f o r  Schmidt  and t h e  u n c e r t a i n t y  of  h i s  r ep lacemen t .  
However, w i t h  t h e  T i ( I I 1 )  sys tem much o f  t h e  work a n t i c i p a t e d  l a s t  yea r  was 
c a r r i e d  Eorward. The f i r s t  r e p o r t s  o f  EPR spec t r a  from h y d r o x y l  r a d i c a l  re- 
a c t i o n s  on b a s e s  and n u c l e o s i d e s  o f  n u c l e i c  a c i d  p u r i n e s  were f u r t h e r  ref inepl .  
Sugar  and b a s e  r a d i c a l s  a r e  e v i d e n t  from p u r i n e  n u c l e o s i d e s .  Halogenated  b a s e s  
g i v e  r i s e  t o  markedly  d i f f e r e n t  s p e c t r a ,  
C 8  and r u n  i n  d e u t e r a t e d  s o l v e n t  r e v e a l e d  o n l y  s l i g h t  l i n e  na r rowing ,  i n d i c a t i n  
l i t t l e  unpa i r ed  e l e c t r o n  d e l o c a l i z a t i o n  on c a r b o n  atoms w i t h  d i s s o c i a b l e  p r p -  
t o n s  o r  on C 8  ( t h i s  l a s t  f i n d i n g  c o n t r a s t s  w i t h  s i g n i f i c a n t  C 8  i n t e r a c t i o n  
i n  h y d r o g e n - a d d i t i o n  r a d i c a l s  of  a d e n i n e  compounds, a s  p r e v i o u s l y  r e p o r t e d ) .  

Adenine d e r i v a t i v e s  d e u t e r a t e d  a t  

Toward t h e  y e a r ' s  end t h e  expec ted  comple t ion  and t e s t i n g  of t h e  new 
t w o - s t a g e  f low/mixer  f o r  Q-band EPR a l lowed  a s t u d y  on t r a n s i e n t  f r ee  
r a d i c a l s  from c a r c i n o g e n s  and p o l l u t a n t s  and  t h e i r  r e a c t i o n s  w i t h  DNA c o n s t i -  
t u e n t s  and o t h e r  b i o l o g i c a l  t a r g e t  m o l e c u l e s ,  A d e t a i l e d  EPR spec t rum was 
o b t a i n e d  by d i t h i o n i t e  r e d u c t i o n  o f  t h e  c a r c i n o g e n  4-nitroquinoline-1-oxide 
(LNQO) and i t  s t r o n g l y  resembled  t h a t  r e p o r t e d  by Nagata  from u l t r a v i o l e t  
i r r a d  i a  t i o n  o f t h e mo re p r ox ima t e c a r c  inog  e n  f o r m  , 4 - h yd rox yami n oqu i no 1 i n  e - 1 - 
o x i d e .  Al though r e a c t i o n  of t h e  r a d i c a l  w i t h  o n e - e l e c t r o n  o x i d a n t s  was 
o b s e r v e d ,  no r e a c t i o n  was d e t e c t e d  w i t h  r e d u c t a n t s  o r  w i t h  n u c l e i c  a c i d  con-  

t s .  Hence t h i s  f r ee  r a d i c a l  d o e s  = r e a c t  i n  t h e  f a s h i o n  expec ted  
u l t i m a t e  c a r c i n o g e n ,  T h i s  i s  n o t  s u r p r i s i n g  i n  v iew o f  t h e  p r e s e n t  

t a n d i n g  t h a t  e l e c t r o p h i l i c  forms  o f  c a r c i n o g e n s  ( such  a s  c e r t a i n  epox- 
i d e a  o r  cat ionic  f r e e  r a d i c a l s )  form a d d u c t s  a t  n u c l e o p h i l i c  s i t e s  o f  n u c l e i c  
a c i d s ,  because  t h e  r a d i c a l  o b t a i n e d  from 4-NQO by d i t h i o n i t e  r e d u c t i o n  was 
e l e c t r o n - r i c h ,  so any  c a r c i n o g e n i c  r a d i c a l  t h a t  might  be  o b t a i n e d  from 4-NQO 
d e r i v a t i v e s  would have  t o  be a d i f f e r e n t  form. 

(See C o n t i n u a t i o n  S h e e t )  RX-241 
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RX-03-02-(c) 

Work by Schmidt on c y t o l o g i c a l  s t u d i e s  on c e l l  c y c l e  c o n t r o l  i n  
c o l l a b o r a t i o n  w i t h  J .  V a n ' t  Hof ( B N L  B io logy  Depar tmen t ) ,  was unde r t aken  
t o  a c q u f r e  p r o f i c i e n c y  i n  t e c h n i q u e s  t h a t  would be u s e f u l  i n  t h e  r a d i a t i o n /  
c a r c i n o g e n e s i s  p r o j e c t .  I n i t i a l  r e s e a r c h  i n v o l v e d  a s ses smen t  o f  c o l c h i c i n e  
e f f e c t s  on DNA s y n t h e s i s  and c e l l  c y c l e s  i n  r o o t  meristems o f  t h e  bean 
V i c i a  f a b a ,  u s i n g  t r i t i a t e d  thymid ine  a u t o r a d i o g r a p h i c  methods.  F u r t h e r  
work d u r i n g  t h e  p a s t  y e a r  showed t h e  c o l c h i c i n e  e f f e c t s  had l i t t l e  dependence 
upon t h e  s t a g e  o f  t h e  c e l l  c y c l e .  T h e r e f o r e  t h e  emphas is  s h i f t e d  t o  sun f lower  
( H e l i a n t h u s  annus)  meristems synchron ized  by s u c r o s e  s t a r v a t i o n .  Most c e l l s  
were h a l t e d  i n  G 1  w i t h  o t h e r s  i n  G 2  and a few " l eak ing"  th rough .  A t t e m p t s  
were made t o  c a u s e  t h e  major  p o p u l a t i o n  i n  G 1  t o  move and accumula t e  in  G 2  
f o l l o w i n g  a p u l s e  of  s u c r o s e  i n  o r d e r  t o  v e r i f y  a p p l i c a b i l i t y  o f  t h e  
P r i n c i p a l  C o n t r o l  P o i n t  h y p o t h e s i s  t o  G 2  i n  t h i s  spec ies .  I n i t i a l , \ r e s u l t s  
were i n c o n c l u s i v e .  

I n  c o l l a b o r a t i o n  w i t h  F a j e r  and o t h e r s  on f r e e  r a d i c a l  forms o f  p o r p h y r i n s  
EPR a n a l y s i s  o f  tetraphenylbacteriochlorin c a t i o n  r a d i c a l s  w a s  completed 
f o l l o w i n g  p r e p a r a t i o n  of s e l e c t i v e l y  d e u t e r a t e d  d e r i v a t i v e s  by Dolphin bu t  
o n l y  a f t e r  u n a n t i c i p a t e d  d i f f i c u l t i e s .  These  stemmed from f a i l u r e  o f  c e r t a i n  
d e u t e r a t i o n  r e a c t i o n s  t o  go t o  c o m p l e t i o n ,  l e a v i n g  a m i x t u r e  o f  p r o d u c t  f r e e  
r a d i c a l s  f o l l o w i n g  o x i d a t i o n ,  bu t  t h e  complex s p e c t r a  were ana lyzed  by com- 
p u t e r  t e c h n i q u e s .  
t h i s  phase  o f  t h e  work. 

Only c o n f i r m a t o r y  e x p e r i m e n t s  a r e  now r e q u i r e d  t o  comple te  

I 

P l a n s  t o  map f u r t h e r  t h e  d e l o c a l i z a t i o n  of unpa i r ed  e l e c t r o n  d e n s i t y  
i n  a n i o n  r a d i c a l s  o f  p o r p h y r i n s  and r e l a t e d  compounds were advanced s i g n i f i -  - 
c a n t l y .  Anion r a d i c a l s  o f  p o r p h y r i n s ,  b a c t e r i o c h l o r i n s  and c h l o r o p h y l l s  
were p r e p a r e d  c o u l o m e t r i c a l l y  and c h e m i c a l l y ,  and were examined o p t i c a l l y  
and by EPR. These  r a d i c a l s  i n c l u d e d  a n i o n s  from c h l o r o p h y l l ,  C-13-ch lo rophy l1 ,  
b a c t e r i o c h l o r o p h y l l s  and d e u t e r a t e d  b a c t e r i o c h l o r o p h y l l s .  
o f  t h e i r  p r o p e r t i e s  w i t h  t h o s e  o f  th'e c h e m i c a l l y  u n i d e n t i f i e d  "pr imary" 
e l e c t r o n  a c c e p t o r  components  of p h o t o s ) n t h e t i c  o rgan i sms  i t  was p o s s i b l e  t o  
r u l e  o u t  c h l o r o p h y l l s  f o r  t h a t  r o l e  i n  p h o t o s y n t h e s i s .  

From a comparison 

P r o p o s a l s  t o  d e t e r m i n e  homogeneous ra tes  of e l e c t r o n  t r a n s f e r  between 
p o r p h y r i n s  and t h e i r  r a d i c a l  i o n s  by NMR l i n e  b roaden ing  and t o  measure 
magne t i c  s u s c e p t i b i l i t i e s  by t h e  Evans t e c h n i q u e  were i n d e f i n i t e l y  p o s t -  
poned because  o f  BNL's d e f i c i e n t  NMR c a p a b i l i t i e s .  The hoped- fo r  ELDOR 
i n v e  t i o n s  were p r e c l u d e d  by t h e  d e l a y e d  a r r i v a l  and i n s t a l l a t i o n  of  
t h e  pment ,  bu t  a r e  now imminent ;  and a s i n g l e  p i l o t  ENDOR run  d u r i n g  a 
v i  s i  a n o t h e r  l a b o r a t o r y  conf i rmed t h e  a p p l i c a b i l i t y  o f  t h a t  d o u b l e  
r e s o n a n c e  s p e c t r o s c o p y  t o  i n v e s t i g a t i c n s  on p o r p h y r i n  f r e e  r a d i c a l s .  

F u r t h e r  e l u c i d a t i o n  o f  t h e  pa thways  o f  e l e c t r o n  t r a n s f e r  th rough model 
p o r p h y r i n s  was a c h i e v e d  i n  c o l l a b o r a t i v e  k i n e t i c  s t u d i e s  of Forman w i t h  

(See C o n t i n u a t i o n  Sheet)  R X - 2 4 2  



N .  S u t i n  (BNL Chemis t ry  Depar tmen t ) ,  u s i n g  s t o p p e d - f l o w  and t empera tu re -  
jump methods. Work r e p o r t e d  l a s t  y e a r  on t h e  r e d u c t i o n  of  f e r r i c  i r o n  
complexes  ( o t h e r  t han  p o r p h y r i n s )  c a t a l y z e d  by v a r i o u s  b r i d g i n g  l i g a n d s  
s u g g e s t e d  e l e c t r o n  t r a n s f e r  t o  t h e  c e n t r a l  m e t a l  i on  by way o f  t h e  l i g a n d ' s  
rr e l e c t r o n s ,  a c o n c l u s i o n  c o n s i s t e n t  w i t h  numerous i n d i c a t i o n s  from our  
p o r p h y r i n  r e s e a r c h  program t h a t  r edox  changes  o f  c e r t a i n  heme enzymes (such 
a s  cy tochrome c )  may proceed  by way o f  f r e e  r a d i c a l  forms o f  t h e i r  e q u a t o r i a l  
p o r p h y r i n  l i g a n d s .  However, a d d i t i o n a l  p r o g r e s s  t h i s  p a s t  y e a r  on a c i d -  
s o l u b l e  t e t r a p y r i d y l  d e r i v a t i v e s  o f  i r o n  p o r p h y r i n s  gave e v i d e n c e  of  d i r e c t  
r e d u c t i o n  c f  t h e  c e n t r a l  m e t a l  i o n ,  so  i f  heme enzymes s h u t t l e  redox e q u i -  
v a l e n t s  th rough t h e i r  p o r p h y r i n s ,  major  e f f e c t s  on t h e  e l e c t r o n  pathway 
must be e x e r t e d  by s o l v e n t  a n d / o r  by t h e  a x i a l  l i g a n d s .  (Berg) 

. \  
b 

I n  s t u d i e s  on mechanisms o f  hormone a c t i o n  BOC-cysteine was s u c c e s s f u l l y  
a t t a c h e d  t o  s o l i d  s u p p o r t s  and r e c o v e r e d  b y  t h i o l y s i s ,  u s i n g  e s s e n t i a l l y  t h e  
methods  deve loped  f o r  h i s t i d i n e  p e p t i d e s .  P r e s e n t l y  model p e p t i d e s  a r e  
b e i n g  s y n t h e s i z e d  by t h i s  method,  u s i n g  s p e c i a l  c o n d i t i o n s  r e q u i r e d  by t h e  
S - d i n i t r o p h e n y l  group s i t u a t e d  i n  t h e  b e t a  p o s i t i o n  from t h e  ca rboxy l  o f  
c y s t e i n e .  I n  a d d i t b n  work began on development  of e n z y m a t i c a l l y  removable  
b l o c k i n g  g r o u p s  f o r  t h e  amino group.  Fundamenta l  and b r o a d l y  a p p l i c a b l e  
new methods were worked o u t  i n  t h e  p r o c e s s  o f  p r e p a r i n g  t h e  r e q u i s i t e  
i n t e r m e d i a t e s  f o r  t h i s  p r o j e c t ,  and a p r a c t i c a l  scheme o f  enzymat ic  dep ro -  
t e c t i o n  seems t o  be e v o l v i n g .  (Schwar tz ,  Wal t e r )  * 

b 

1 7 .  Expected R e s u l t s  i n  FY 1974: 

IJ i th  t h e  a c q u i s i t i o n  of  a second s p e c t r o m e t e r  and ELDOR, a s p e c i a l l y  
m o d i f i e d  s i g n a l - a v e r a g e r  was o r d e r e d  t o  p r o v i d e  a c c e s s o r y ' s i g n a l  d i g i t i z i n g  
c a p a b i l i t y .  It w i l l  r e q u i r e  some m o d i f i c a t i o n  of  t h e  p r e s e n t  computer s e t - u p  
t o  a l l o w  d a t a  t r a n s f e r  from t h i s  equipment  with format  c o m p a t i b i l i t y  so t h a t  
i t  may b e  used a s  a means of d a t a  a c c e s s  t o  t h e  rnain sys tem.  
computer  programs f o r  r e s o l u t i o n  enhancement  o f  g a u s s i a n  s p e c t r a l  l i n e s  by 
F o u r i e r  t r a n s f o r m  methods shou ld  be  comple t ed  e a r l y  n e x t  y e a r .  Subsequen t ly  
mach ine - l anguage  v e r s i o n s  w i l l  b e  deve loped  f o r  i n c l u s i o n  of t h e  p rocedure  
i n  t h e  o n - l i n e  computer  system. 

The F o r t r a n  

The ELDOR a p p a r a t u s ,  a l t h o u g h  p a r t i a l l y  o p e r a t i v e  on s t r o n g  t e s t  
r e q u i r e s  f u r t h e r  check-ou t  and minor  c o r r e c t i o n  by t h e  manufac tu re r .  

i o n ,  some m o d i f i c a t i o n s  o f  t h e  computer  sys tem w i l l  be r e q u i r e d  f o r  
OR c o m p a t a b i l i t y .  
g, a l t h o u g h  d i f f i c u l t ,  b u t  i t  i s  u n l i k e l y  t o  p roceed  d u r i n g  t h i s  n e x t  

y e a r  w i t h o u t  a d d i t i o n a l  p e r s o n n e l .  C o n s i d e r i n g  t h e  p r o g r e s s  of  o t h e r  l a b o r a -  
t o r i e s ,  i t  w i l l  n o t  be p r a c t i c a l  t o  a w a i t  p rocurement  of  ENDOR a p p a r a t u s .  

A p p l i c a t i o n  t o  EPR s i g n a l s  f rom t i s s u e s  remains  

(See C o n t i n u a t i o n  S h e e t )  LY-243  



M o l e c u l a r  and Ce l lu l a r  Rad iob io logy  
P r o j e c t  T i t l e :  Mechanisms o f  Ac t ion  o f  Free w s  and Hormones RX - - -  0 3  07 (c 1 
1 7 .  Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

T h e r e f o r e  p r e l i m i n a r y  ENDOR i n v e s t i g a t i o n s  w i l l  be c a r r i e d  o u t  when a 
d e m o n s t r a t i o n  ENDOR s p e c t r o m e t e r  i s  a v a i l a b l e  f o r  a few weeks a t  V a r i a n ' s  
N e w  Jersey a p p l i c a t i o n s  l a b o r a t o r y .  
o t h e r  l a b o r a t o r i e s  w i t h  ENDOR c a p a b i l i t y  may be set  up. 

Pending  t h o s e  t r i a l s ,  c o l l a b o r a t i o n s  w i t h  

T h e  new t w o - s t a g e  mixer f o r  c o n t i n u o u s  f low work w i t h  Q-band EPR i s  
r e l a t i v e l y  s low,  d i f f i c u l t  t o  s e t  u p ,  and n o t  r e g u l a r l y  c o n s i s t e n t  i n  
per formance .  
f o r  Schmidt t o  comple t e  on-going  work and d e l a y  i n  o b t a i n i n g  a rep lacement  
t h e  work i s  o n l y  t e n t a t i v e l y  schedu led .  

F u r t h e r  improvement i s  a g o a l ,  b u t  w i t h  l i m i t e d  t ime r ema in ing  

EPR d a t a  c o l l e c t i o n  f o r  a n a l y s i s  o f  t h e  c r y s t a l s  o f  i r r a d i a t e <  
deoxyadenosine-H20 and 1-methyl  thymine should  be comple t ed ,  and f u l l  
i n t e r p r e t a t i o n  o f  t h e  computer-enhanced powder spec t rum o f  i r r a d i a t e d  
dADNS i s  expec ted .  
r a d i c a l  on p u r i n e  d e r i v a t i v e s ,  s t u d i e d  w i t h  Q-band f low methods,  w i l l  be  
pu r sued .  

The T i ( I I I ) / H 2 0 2  r a d i o m i m e t i c  r e a c t i o n s  o f  t h e  hydroxyl  

O x i d a t i v e  c h a i n  r e a c t i o n s  i n v o l v i n g  d i s s o l v e d  oxygen and l i p o p e r o x y  
f r e e  r a d i c a l s  a s  c h a i n  c a r r i e r s  may b e  i n v o l v e d  i n  t h e  damage r e a c t i o n s  of 
s e v e r a l  c l a s s e s  of p o l l u t a n t s ,  as wel l  a s  o f  some d r u g s ,  r a d i a t i o n ,  and 
o t h e r  p o t e n t i a l l y  n o x i o u s  a g e n t s .  F u r t h e r m o r e ,  "normal" a g i n g  mechanisms 
and membrane changes  a s s o c i a t e d  wi th  m a l i g n a n t  t r a n s f o r m a t i o n  o f  c e l l s  n a y  , 
be med ia t ed ,  i n  p a r t ,  t h rough  such r e a c t i o n s ;  and t h e  mixed f u n c t i o n  o x i d a s e  
enzymes t h a t  b o t h  d e t o x i f y  and a c t i v a t e  some p o l l u t a n t s  and o t h e r  c a r c i n o g e n s ,  
a s  w e l l  as  many d r u g s ,  a r e  membrane-bound sys t ems  t h a t  produce  f r e e  r a d i c a l s  
c a p a b l e  o f  damaging bo th  t h e i r  own and o t h e r  i n t r a c e l l u l a r  membranes. 
p a r a t i o n s  a r e  b e i n g  made t o  e x t a b l i s h  me thodo log ie s  f o r  l i p i d  e x t r a c t i o n  from 
membranes of an ima l  c e l l s ,  f o r  mixed f u n c t i o n  o x i d a s e  ( a r y l  hydrocarbon hydroxy-  
l a s e )  a s s a y s ,  f o r  l i p o p e r o x i d e  a s s a y  b y  luminescence  and f l u o r e e c e n c e  s p e c t r o -  
scopy ( a s  w e l l  a s  by n o n s p e c i f i c  and i n d i r e c t  means such a s  t h i o b a r b i t u r i c  
a c i d  r e a c t i o n  w i t h  m a l o n d i a l d e h y d e ) ,  f o r  p r o d u c t  a n a l y s i s  by t h i n - l a y e r  and 
g a s - l i q u i d  chromatography,  and f o r  s y n t h e s i s  o f  s p i n - l a b e l e d  l i p i d s .  E x p e r i -  
ments  t o  t e s t  some o f t h e  e f f e c t s  o f  mixed f u n c t i o n  o x i d a s e  a c t i v i t y  and o f  
c a r c i n o g e n  and p o l l u t a n t  a c t i o n  on n u c l e a r  DNA, as  media ted  through t h e  
n u c l e a r  membrane w i l l  u se  n u c l e i  i s o l a t e d  from l i v e r s  o f  r a t s  p r e t r e a t e d  
w i t h  t r i t i a t e d  thymidine .  Fo l lowing  a mod i f i ed  McGrath and Wil l iams  c e n t r i -  
f u g a l  s e p a r a t i o n  o f  DNA on an  a l k a l i n e  s u c r o s e  g r a d i e n t ,  s t r a n d  b reakage  w i l l .  
b e  d w m i n e d  from t h e  t r i t i u m  d i s t r i b u t i o n  a s  one measure o f  d e l e t e r i o u s  
e f f e d  on t h e  DNA i t s e l f .  

P r e -  

% *  

Another assay o f  n u c l e a r  "damage" w i l l  be t h e  i n c o r p o r a t i o n  of l i p i d  
s p i n  l a b e l s  i n t o  t h e  n u c l e a r  enve lope  mon i to red  by EPR, 
t h i s  approach  d e s i g n e d  t o  e v a l u a t e  enzymic a c t i v i t y  o f  mixed- func t ion  and o t h e r  

A m o d i f i c a t i o n  o f  

(See C o n t i n u a t i o n  Sheet) RX- 244 

1 1  1 9 3 0 4  



- Molecular  and C e l l u l a r  Rad iob io logy  
P r o j e c t  T i t l e :  Mechanisms ,of Act ion  o f  F r e e  R a d i c a l s  and Hormones EN -03-02-  (c) 
17. Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

o x i d a s e s  i n  membranes w i l l  d e t e r m i n e  by EPR t h e  i n c o r p o r a t i o n  of  s p i n - l a b e l  
p r e c u r s o r s  ( f r e e  r a d i c a l  " t r a p s "  such a s  a p p r o p r i a t e . n i t r o s o  compounds which 
can  be o x i d i z e d  t o  r e l a t i v e l y  s t a b l e  n i t r o x i d e  r a d i c a l s  i n  s i t u ) .  P l a n s  a r e  
a l s o  be ing  c o n s i d e r e d  t o  u t i l i z e  n o n - l i n e a r  EPR t e c h n i q u e s  and ELDOR t o  f o l l o w  
s l o w  mot ions  and p o s s i b l e  redox r e a c t i o n s  of  s p i n  l a b e l s  i n c o r p o r a t e d  i n  
membranes both  w i t h  and w i t h o u t  s t i m u l i  f o r  o x i d a t i v e  c h a i n  r e a c t i o n s .  

I n  s t u d i e s  on  f r e e  r a d i c a l  forms o f  p o r p h y r i n s  t h e  c a t i o n  r a d i c a l  work 
and t h e  a n i o n  r a d i c a l  expe r imen t s  on metallotetraphenylbacteriochlorine w i l l  
be  comple ted  b u t  e x t e n s i o n  o f  t h e  mapping o f  e l e c t r o n  s p i n  d e n s i t i e s  o f  
p o r p h y r i n  c a t i o n  and an ion  r a d i c a l s  i s  planned.  
p r o p y l - s u b s t i t u t e d  p o r p h y r i n s  s y n t h e s i z e d  by Ad le r  o f  N e w  England Research 
I n s t i t u t e  w i l l  b e  s t u d i e d  t o  r e s o l v e  some rema in ing  a m b i g u i t i e s  i n ; a n a l y s i s  
and EPR s p l i t t i n g  ass ignments .  The u s e  o f  m e t a l  i s o t o p e s  w i t h  n u c l e a r  s p i n s  
(Fe-57, Zn-67, Mg-25, Cd-113, e t c . )  r ema ins  a n  a t t r a c t i v e  p o s s i b i l i t y .  The 
i n t e r e s t i n g  e f f e c t s  o f  c o u n t e r i o n s  on p o r p h y r i n  r a d i c a l s  p r e v i o u s l y  r e p o r t e d ,  
and t h e  r e l a t i o n s h i p  o f  t h e s e  e f f e c t s  t o  heme enzyme f u n c t i o n  may be pursued  
f u r t h e r .  

C e r t a i n  t e t r a m e t h y l -  and 

The e s t a b l i s h m e n t  o f  a c o n j o i n t  Brookhaven f a c i l i t y  f o r  o n - l i n e  E P R  
s p e c t r o m e t r y  d u r i n g  i o n i z i n g  i r r a d i a t i o n  w i l l  be a t t e m p t e d .  
y e a r s  ago  Fessenden  s e t  u p  a t  Carnegie-Mel lon  a f a c i l i t y  t h a t  p e r m i t s  EPR 
t o  be  done  on s t e a d y - s t a t e  p o p u l a t i o n s  of t r a n s i e n t  f r e e  r a d i c a l s  produced 
by a n  e l e c t r o n  beam from a 3-MeV Van d e  G r a a f f  a c c e l e r a t o r .  T h i s  i s  t h e  
o n l y  o n - l i n e  E P R / r a d i a t i o n  equipment  i n  t h e  USA,  s a v e  f o r  a p u l s e d - r a d i a t i o n 1  
fas t -EPR s e t - u p  b u i l t  by S m a l l e r  a t  ANL which h a s  been a p p l i e d  o n l y  t o  a 
s m a l l  number o f  s p e c i a l  r a d i a t i o n  problems o v e r  t h e  l a s t  few y e a r s ,  y e t  t h e  
l a b o r a t o r y  d o e s  n o t  have t h e  i n - h o u s e  c a p a b i l i t y  t o  p u r s u e  more r e c e n t l y  
deve loped  a p p l i c a t i o n s .  

Nea r ly  t e n  

, 

High ly  p r c d u c t i v e  i n t e r a c t i o n s  between p u l s e  r a d i o l y s i s  o p t i c a l  s t u d i e s  
i n  l i q u i d s  and EPR s t u d i e s  o f  i r r a d i a t e d  s i n g l e  c r y s t a l s  o r  o f  f r o z e n  g l a s s e s  
and powders  have  l e d  t o  s i g n i f i c a n t  a d v a n c e s  i n  t h e  u n d e r s t a n d i n g  o f  r a d i a t i o n  
b i o p h y s i c s ;  and i t  i s  c l e a r  t h a t  c o r r e l a t i o n s  o f  p u l s e  r a d i o l y s i s  f i n d i n g s  
w i t h  o n - l i n e  EPR o f i r r a d i a t e d  s o L u t i o n s  would markedly  a c c e l e r a t e  t h i s  h i g h l y  
p r o d u c t i v e  l i n e  o f  i n q u i r y .  
a n d / o r  o p t i c a l  p u l s e  r a d i o l y s i s  t e c h n i q u e s  t o  "bona f i d e "  b iochemica l  r e s e a r c h  
( a s  opposed t o  r a d i o c h e m i c a l  o r  r a d i o b i o l o g i c a l  p r o b l e m s ) ,  e s p e c i a l l y  t h o s e  
involut-ng redox p r o p e r t i e s ,  e l e c t r o n  t r a n s f e r s ,  and t h e  l i k e ,  i n c l u d i n g  
p r o j e c t s  a l r e a d y  underway i n  t h i s  program c o u l d  be  f a c i l i t a t e d  by t h e  
u t i l i z a t i o n  o f  a n  o n - l i n e  E P R j r a d i a t i o n  f a c i l i t y .  

New a p p l i c a t i o n s  o f  r a d i o c h e m i c a l  p r o c e d u r e s  

Other d e p a r t m e n t s  a t  Brookhaven a r e  a l s o  i n t e r e s t e d  i n  u t i l i z i n g  such 
a c a p a b i l i t y .  Rad iochemis t s  i n  BNL's Chemis t ry  Department  have  been u s i n g  
f a s t  and s low p u l s e  r a d i o l y s i s  a p p a r a t u s  (wi th  t h e  F e b e t r o n  and 2-MeV Van d e  
G r a a f f ,  r e s p e c t i v e l y )  i n  con j u n c t i o n  w i t h  t h e i r  more " c l a s s i c a l "  r ad iochemica l  

(See  C o n t i n u a t i o n  S h e e t )  FU-245 



. -  X o l e c u l a r  and C e l l u l a r  Rad iob io logy  .. 

P r o j e c t  T i t l e :  
1 7 .  Expected R e s u l t s  i n  FY 1974: ( C o n t ' d . )  

Mechanisms of Ac t ion  of  F r e e  R a d i c a l s  and Hormones EN-O3-02-(c) 

s t u d i e s ,  and d u r i n g  t h e  p a s t  two y e a r s  B i e l s k i  h a s  begun t o  a p p l y  r a d i o l y s i s  
p r o c e d u r e s  t o  t h e  s t u d y  o f  b iochemica l  r edox  reac t  i o n s ,  i n c l u d i n g  enzymic 
o n e s ;  w h i l e  Holroyd i s  a l s o  employing p u l s e  r a d i o l y s i s  t o  s t u d y  t h e  same 
m a t e r i a l s .  An o n - l i n e  E P R / r a d i a t i o n  f a c i l i t y  would add s i g n i f i c a n t  scope  
t o  t h i s  work. 

Fo r  s e v e r a l  y e a r s  P. Levy o f  t h e  S o l i d  S t a t e  P h y s i c s  group h a s  been 

P r i o r  t o  t h e  
i n t e r e s t e d  i n  s e t t i n g  up an o n - l i n e  E P R / r a d i a t i o n  s t a t i o n  a t  BNL's 
Dynamitron a c c e l e r a t o r  f o r  t h e  s t u d y  o f  i r r a d i a t e d  s o l i d s .  
r e d u c t i o n  i n  o p e r a t i n g  funds  f o r  t h e  g r o u p ,  equipment  f o r  t h e  EPR components 
was a c q u i r e d  i n c l u d i n g  s p e c i a l  magnets  a x i a l l y  bo red  t o  p e r m i t  unpe r tu rbed  
t r a n s p o r t  o f  t h e  e l e c t r o n  beam; and a beam p i p e  and "cave" compa t ib l e  w i t h  
EPR u s e  have  been  p rov ided .  
s t r o n g  i n t e r e s t  i n  c o l l a b o r a t i o n  w i t h  u s  on r a d i o b i o l o g i c a l  and r a d i o c h e m i c a l  
s t u d i e s  u s i n g  t h e  proposed  EPR f a c i l i t y  a t  t h e  Dynami t ron ,  p rov ided  t h a t  we 
be r e s p o n s i b l e  f o r  t h e  s p e c i a l  microwave c a v i t i e s  and o t h e r  equipment 
r e q u i r e d  f o r  aqueous  s o l u t i o n  work. In t h e  i n t e r i m ,  however ,  t h e  P h y s i c s  
Department  budget  h a s  fo rced  t e r m i n a t i o n  of  t h e  deve lopment  work, M a t t c r n  
h a s  l e f t  BNL, and t h e  incomple t e  EPR f a c i l i t y  i s  i n  l imbo.  

S e v e r a l  y e a r s  a g o  Levy and M a t t e r n  eqfiressed 

Dur ing  t h e  p a s t  y e a r  i n fo rma l  e x p l o r a t o r y  m e e t i n g s  were h e l d  between 
members of BNL Chemis t ry  and Medica l  Depa r tmen t s  r e g a r d i n g  p o s s i b l e  c o l l a b o r z y  
t i o n  i n  a p p l y i n g  r a d i o c h e m i c a l  and p u l s e  r a d i o l y s i s  t e c h n i q u e s  t o  b iomedica l  
r e s e a r c h  i n  con j u c t i o n  w i t h  EPR c a p a b i l i t y ,  e s p e c i a l l y  flow sys tems f o r  
s t u d y i n g  t r a n s i e n t  f r e e  r a d i c a l  i n t e r m e d i a t e s .  A n  o n - l i n e  EPR/ rad ia t ion  
f a c i l i t y  would be o f  t h e  g r e a t e s t  impor t ance  i n  s u p p o r t i n g  t h i s  proposed 
c o l l a b o r a t i o n .  

The f a c i l i t y  would u t i l i z e  p r e s e n t  equipment  and e x p e r i m e n t a l  rooms 
o f  t h e  P h y s i c s  Department  and would r e q u i r e  a f u l l - t i m e  j u n i o r  s c i e n t i s t  
p l u s  an  e s t i m a t e d  $10,000 f o r  i n i t i a l  i n s t a l l a t i o n .  Although j u s t i f i e d  h e r e  
i n  terms o f  r a d i a t i o n  b i o p h y s i c s ,  n o n - r a d i a t i o n  b i o c h e m i s t r y ,  and t h e  
c o r r e l a t i o n  of  f r ee  r a d i c a l  mechanisms between t h e  t w o ,  t h e  f a c i l i t y  would 
a l s o  b e  a u n i q u e l y  power fu l  a n a l y t i c a l  t o o l  i n  r e s e a r c h  OR f r ee  r a d i c a l s  o f  
p o l l u t a n t s ,  a s  i s  p o i n t e d  o u t  i n  t h e  s u p p l e m e n t a r y  189. (Berg) 

A number o f  p e p t i d e s  o f  h i s t i d i n e  and c y s t e i n e  w i l l  be p repa red  by t h e  
d i n i t r o p h e n y l e n e  bridging meth,od, bo th  t o  d e m o n s t r a t e  t h e  method and f o r  t h e  
a c q u i q i t i o n  of  s e v e r a l  hormone a n a l o g s  n o t  o t h e r w i s e  o b t a t n a b l e .  
d i n i t r o p h e n y l e n e  b r i d g i n g  method w i l l  be  ex tended  t o  p e p t i d e s  o f  t y r o s i n e  i f  
possPb'Le. 
d e p r o t e c t i o n  and t o  combine t h e  a t t a c h m e n t  and d e p r o t e c t i o n  work i n t o  a 
sys tem o f  s o l i d  phase  p e p t i d e  s y n t h e s i s  which a l l o w s  f o r  p r e p a r a t i o n  OL 
hormone a n a l o g s  e n t i r e l y  i n  aqueous  s o l u t i o n  a t  abou t  p h y s i o l o g i c a l  c o n d i t i o n s  
of  pH and t e m p e r a t u r e .  

The 

I t  i s  planned  t o  p u t  i n t o  u s e  t h e  f i r s t  sys tem o f  enzymat ic  

(Schwart z ,  Wal t e r )  

( S e e  C o n t i n u a t i o n  S h e e t )  Rx- 246 



Molecu la r  and C e l l u l a r  Rad iob io logy  
P r o j e c t  T i t l e :  Plechanisms o f  Ac t ion  of  F r e e  R a d i c a l s  and Hormones 
18. Expected R e s u l t s  i n  FY 1975: 

RX-03-02-(cj 

L o g i c a l  c o n t i n u a t i o n  of  t h e  p r o j e c t s  d e s c r i b e d  above i s  t o  be e x p e c t e d ,  
many o f  which a n t i c i p a t e  more t h a n  one  y e a r  o f  work. T i s s u e  s t u d i e s  and 
r e l a t e d  c l i n i c a l  i n v e s t i g a t i o n s  remain  a program o b j e c t i v e .  I f  t h e  broad 
c e l l u l a r  and b iochemica l  i n v e s t i g a t i o n  of damage mechanisms i n  membranes 
p r o v e s  f r u i t f u l ,  an  expanded e f f o r t  would f o l l o w  i n c l u d i n g  e x t e n s i o n  t o  
a d d i t i o n a l  c l a s s e s  of  p o l l u t a n t s  and p o s s i b l e  e v a l u a t i o n  of  s c r e e n i n g  t e s t s  
f o r  long- t e rm t o x i c i t y .  If t h e  c o n j o i n t  E P R / r a d i a t i o n  f a c i l i t y  h a s  n o t  
been i n i t i a t e d  i t  would become a s t r o n g  o b j e c t i v e  f o r  t h e  f o l l o w i n g  yea r .  

19 ,  D e s c r i p t i o n  and E x p l a n a t i o n  o f  Major  M a t e r i a l s ,  Equipment and S u b c o n t r a c t  
I tems: 

FY 1975 C a p i t a l  Equipment:  

Equipment i n  s u p p o r t  of t h e  BNL/EPR r a d i a t i o n  f a c i l i t y  i s  e s t i m a t e d  a t  
$10,000, and a microwave f r equency  measu r ing  a p p a r a t u s  f o r  microwave f o r  Q-band 
EPR i s  e s t i m a t e d  a t  $6,000. 

20. Proposed O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  Projects: 

None 

EU-247 



SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven N a t i o n a l  Labora tory  
Labora to ry  

RX -B iomed ica  1 & Env ironme n t a 1 Re s e a r c h  
Program 

C o n t r a c t  No. : Task No. : 1. Contrac . tor :  
Assoc ia t ed  U n l v e r s i t i e s ,  I n c .  AT (39- I )  - 16 

2 .  P r o j e c t  T i t l e :  189 No.: 
. 

Molecu la r  and C e l l u l a r  Rad iob io logy  
S t o r a g e  and T r a n s f e r  of  t h e  G e n e t i c  Message Rx- 248 

3 .  Budget A c t i v i t y  No.: 4 .  Date Prepa red :  

. \  
I 

May 1973 

5 .  Method of R e p o r t i n g : ’  6 .  Working Loca t ion :  
Brookhaven Nat i o n a l  Labora tory  

S c i e n t i f i c  Mee t ings  
BNL Monthly Le t t e r  t o  AEC 
S c i e n t i f i c  J o u r n a l s  

8 .  P r o j e c t  Term: 7. P e r s o n  i n  CharRe: 

L. D. Hamil ton 

P r i n c i p a l  I n v e s t i g a t o r :  

Con t i n u l n g  

From: Tu : 

L. D. Hami l ton  

9 .  Man-Years: 

Direct  Man-Years 

S c i e n t i f i c  & P r o f e a s l o n a l  
Other  
Gues t s  6 Res. C o l l a b o r a t o r s  

4 T o t a l  

FY 1973 FY 1974 FY 1975 

2.0 2.0 2.0 
4.5 4.5 5 .O 

10.. Cos t s  ( I n  Thousands of D o l l a r e l :  
FY 1973 N 1974 FY 1975 

”. 

s Research D i v i s i o n  
‘ ~ 4 b s p i t a l  D i v i s i o n  

Research  Cos ta  

144 153 16 1 ~. 

28 32 39 
172 185 200 

Equipment O b l i g a t i o n s  0 5 29 
11. Reac to r  Concept :  12.  Materials: 

RX- 248 



Molecu la r  and C e l l u l a r  Rad iob io logy  
P r o j e c t  T i t l e :  S t o r a g e  and T r a n s f e r  of t h e  G e n e t i c  Message RX-03 - 02 - (d ) 

13. P u b l i c a t i o n s :  

K i m ,  C. H., Jamuar, M. P., and Hamil ton ,  L. D. Mechanism of  t r a n s f e r  of 
d e l a y e d  h y p e r s e n s i t i v i t y  t o  T r i c h i n e l l a  s p i r i l i s :  t h e  e f f e c t  of 
J. Exp. P a r a s i t o l .  ( i n  p r e s s ) .  

Jamuar,  M. P , ,  K i m ,  C. W . ,  and Hami l ton ,  L. D. Fine s t r u c t u r e  s t u d y  
of lymphocytes  from a n i m a l s  h y p e r s e n s i t i z e d  t o  T r i c h i n e l l a  s p i r i l i s  a n t i g e n .  
J. Exp. P a r a s i t o l .  ( i n  p r e s s ) .  

McVicar, J. W., Richmond, 3. Y.; Campbell ,  C. H., and Hamilton, L. D. 
O b s e r v a t i o n s  of c a t t l e ,  g o a t s  and p i g s  a f t e r  a d m i n i s t r a t i o n  of s y n t h e t i c  
i n t e r f e r o n  i n d u c e r s  a n d  subsequen t  e x p o s u r e  t o  foot-and-mouth d i s e a s e  
v i r u s .  Canadian J. Comparative Med. ( i n  p r e s s ) .  

b 

14. Scope: 
A )  200 Word Summary: 

The l o n g - r a n g e  o b j e c t i v e s  of t h i s  program remain :  u n d e r s t a n d i n g  how 
r a d i a t i o n  and o t h e r  g e n e t i c  chemica l  h a z a r d s  i n  t h e  envi ronment  c a u s e  human 
d i s e a s e ,  e s p e c i a l l y  cance r .  E f f o r t s  are aimed a t  e s t a b l i s h i n g  t h e  v a r i o u s  
n u c l e i c  a c i d  s t r u c t u r e s  and t h e i r  i n t e r a c t i o n  among t h e m s e l v e s  and w i t h  
e n v i r o n m e n t a l  c h e m i c a l s  w i t h  t h e  g r e a t e s t  p o s s i b l e  accu racy .  Approaches 
i n c l u d e :  s t u d y  of  t h e  3 - d i m e n s i o n a l  s t r u c t u r e  of n a t u r a l  d o u b l e - s t r a n d e d  
DNA, RNA; and o f  s y n t h e t i c  p o l y n u c l e o t i d e s  and of t h e i r  complexes w i t h  o t h e r  ' 
m o l e c u l e s  such  as  h i s t o n e s  and n o v e l  c h e m i c a l s ;  s t u d y  of t h e  r o l e  of RNA- 
dependen t  DNA polymerase  i n  p r o l i f e r a t i n g  no rma l ,  tumor, and  immunologica l ly  
s t i m u l a t e d  c e l l s ;  and s t u d y  o f  t h e  e f f e c t s  of s y n t h e t i c  p o l y n u c l e o t i d e s  
on v i r u s e s .  

I f  s y n t h e t i c  a n d  b i o l o g i c a l  d o u b l e - s t r a n d e d  RNA's c o n t i n u e  t o  be s u p e r i o r  
as i n d u c e r s  o f  i n t e r f e r o n  and irmnune r e s p o n s e s  i n  g e n e r a l ,  and a t  such 
d o s a g e  as  t o  b e  t h e r a p e u t i c a l l y  p r a c t i c a l ,  t h e y  w i l l  mer i t  t e s t i n g  a g a i n s t  
a wide  v a r i e t y  of v i r a l  d i s e a s e s  i n  a n i m a l s  and man, and a s  promoters  of 
t h e  immune r e s p o n s e  a f t e r  r a d i a t i o n  i n j u r y .  While i t  i s  c l ea r  t h a t  i n  t h e  
f i r s t  i n s t a n c e  s u c h  t e s t s  m i g h t  be c o n f i n e d  t o  e s t a b l i s h e d  v i r a l  d i s e a s e s ,  
i n  t h e  e v e n t  t h a t  t h e  s y n t h e t i c  and b i o l o g i c a l  p o l y n u c l e o t i d e s  prove  t o  have  
no h a r m f u l  s i d e  e f f e c t s ,  t h e y  would w a r r a n t  t r i a l  i n  disease i n  man where 
v i r u s  e t i o l o g y  i s  s u s p e c t e d  though n o t  proven ,  This m i g h t  o f f e r  p o s s i b i l i t i e s  
i n  the t r e a t m e n t  o f  s e v e r a l  m a l i g n a n t  d i s e a s e s .  
t o  d&elop  n u c l e o s i d e  a n a l o g s  f o r  p o l y n u c l e o t i d e  s y n t h e s i s  and t o  p r e p a r e  
and  f ikdate  b i o l o g i c a l  p o l y n u c l e o t i d e  complexes ;  such  p o l y n u c l e o t i d e s  may 
be  more' p o t e n t .  

A d d i t i o n a l  e f f o r t  i s  needed 

Supplement t o  200 Word Summary: 

S ince  t h e  o n l y  way i n  which e n v i r o n m e n t a l  h a z a r d s - - r a d i a t i o n  and 
c h e m i c a l  p o l l u t a n t s - - a t  low d o s e s  and  low d o s e  rates cou ld  be a c c u r a t e l y  
a s s e s s e d  would be d i r e c t l y  from a p r e c i s e  u n d e r s t a n d i n g  of how they  induce  

(See C o n t i n u a t i o n  Sheet)  Rx- 249 
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Molecu la r  and Ce l lu l a r  Radiobio logy  
P r o j e c t  T i t l e :  S t o r a g e  and T r a n s f e r  of the G e n e t i c  Message RX-03-02-(dk 

1 4 .  Scope: ( C o n t ' d . )  

e f f e c t s  such a s  o n c o g e n e s i s ,  t h e  l o n g - r a n g e  o b j e c t i v e s  s t a t e d  above  were 
e s t a b l i s h e d .  
r o l e  to  v i r u s e s  and c h e m i c a l s  found i n  t h e  env i ronmen t ,  which ,  i n  a d d i t i o n  
t o  r a d i a t i o n ,  may be g e n e t i c a l l y  damaging and o f t e n  oncogen ic .  
m e n t a l  h a z a r d s  € o r  o n c o g e n e s i s  r e q u i r e  a more g e n e r a l  knowledge o f  t h e  i n t e r -  
a c t i o n  of v i r u s e s ,  chemica l  a g e n t s ,  and r a d i a t i o n .  

The impor t  of work i n  many l a b o r a t o r i e s  i s  t o  a s s i g n  a c l e a r e r  

'&e e n v i r o n -  

For t h e  l o n g - t e r m  o b j e c t i v e  of a s s e s s i n g  e n v i r o n m e n t a l  h a z a r d s ,  i t  i s  
n e c e s s a r y  t o  a r r i v e  a t  how t h e  p h y s i c a l ,  s t r u c t u r e  of i n f o r m a t i o n a l  m c r o -  
m o l e c u l e s  i s  a f f e c t e d  by a wide  v a r i e t y  of c h e m i c a l s ,  v i r u s e s ,  and p h y s i c a l  
a g e n t s .  C o n t r o l  of p r o t e i n  s y n t h e s i s  by n u c l e i c  a c i d s  c o n t i n u e s  t o  be t h e  
c e n t r a l  t a r g e t .  D e s p i t e  advances ,  i t  i s  l i k e l y  t o  remain  c e n t r a l  a t  l e a s t  
u n t i l  the  s t r u c t u r e  o f  r ibosomes  and t r a n s f e r  RNA m o l e c u l e s ,  etc.;\and t h e i r  
i n t e r a c t i o n  and c o n t r o l  a r e  e l u c i d a t e d .  D e s p i t e  wor ld -wide  expans ion  o f  
r e s e a r c h  on t h i s  s u b j e c t ,  f u r t h e r  n u c l e i c  a c i d  p r o t e i n  s t u d i e s  w i l l  be needed 
f o r  decades  b e f o r e  i n t r a c e l l u l a r  r e g u l a t i o n  i n  h i g h e r  o rgan i sms  i s  unde r s tood .  
As t h e s e  f a c t o r s  a r e  s o r t e d  o u t ,  t h e r e  i s  a w i d e l y  r e c o g n i z e d  need t o  i n t e g r a t e  
t h e  i n t e r a c t i o n s  o f  a l l  t h e s e  e n v i r o n m e n t a l l y  damaging a g e n t s :  v i r u s e s ,  
c h e m i c a l s  and r a d i a t i o n ,  

Study o f  t h e  i n t e r a c t i o n  o f  c h e m i c a l s  w i t h  t h e  i n f o r m a t i o n a l  macro- 
molecu le s  needs  e x t e n s i o n  and e n t a i l s  expanded r e s e a r c h  on t h e  mcromoleculE:s, 
t hemse lves  and of t h e  enzymes i n v o l v e d  i n  t h e i r  own s y n t h e s i s  and p r o t e i n  
s y n t h e s i s  g e n e r a l l y .  These i n t e r a c t i o n s  a r e  c e n t r a l  t o  u n d e r s t a n d i n g  how ' 
f a c t o r s  i n  t h e  env i ronmen t  i n f l u e n c e  h e r e d i t y  and d i s t o r t  d i f f e r e n t i a t i o n .  
They a l s o  r e l a t e  t o  how v i r u s e s ,  c h e m i c a l s  and r a d i a t i o n  i n d u c e  somat i c  
m u t a t i o n ,  and how they  and o t h e r  f a c t o r s  a c c e l e r a t e  a g i n g .  

The approach  t o  a p r e c i s e  u n d e r s t a n d i n g  of how r a d i a t i o n  and chemica l  
p o l l u t a n t s  i n d u c e  e f f e c t s  such  a s  o n c o g e n e s i s  and g e n e t i c  m u t a t i o n  i s  b e i n g  
made i n  t h i s  program i n  s e v e r a l  d i v e r s e  b u t  complementary and d i r e c t l y  
i n t e r r e l a t e d  ways: (1) In c o l l a b o r a t i o n  w i t h  t h e  B i o p h y s i c s  Department and 
MRC Uni t  a t  K i n g ' s  C o l l e g e ,  London ( w i t h  P r o f e s s o r  M.H.F. Wi lk ins  and 
Drs. W. f i l l e r  and W.J. Pig ram) ,  t h e  3 - d i m e n s i o n a l  s t r u c t u r e  of na tura l  
d o u b l e - s t r a n d e d  RNA's and o f  s y n t h e t i c  p o l y n u c l e o t i d e s  and  o f  t h e i r  complexes 
w i t h  o t h e r  m o l e c u l e s ,  such  as  h i s t o n e s  and n o v e l  c h e m i c a l s  i s  s t u d i e d .  These 
complexes a r e  s t u d i e d  n o t  o n l y  because  of t h e i r  p o t e n t i a l  i n c r e a s e  i n  t h e  
b i o l o g i c a l  e f f e c t i v e n e s s  o f  t h e s e  m o l e c u l e s  b u t  a l s o  b e c a u s e  o f  t h e  l i g h t  
t h e y  migh t  throw on t h e  i n t e r a c t i o n  and c o n t r o l  of t h e  i n f o r m a t i o n a l  macro- 
m o l e c u l e s  ( f o r  which t h e  s y n t h e t i c  p o l y n u c l e o t i d e s  m y  b e  c o n s i d e r e d  models ) .  
These s t u d i e s  s h o u l d  t h u s  a s s i s t  i n  d e f i n i n g  t h e  t a r g e t s  o f  env i ronmen ta l  
damage and h e l p  u n d e r s t a n d  t h e  p o s s i b l e  s y n e r g i s t i c  e f f e c t  of env i ronmen ta l  
c h e m i c a l s  i n  p romot ing  t h i s  damage w i t h  r a d i a t i o n .  ( 2 )  I n  c o l l a b o r a t i o n  
w i t h  D r .  E, Popenoe ( t h i s  Depa r tmen t ) ,  t h e  r o l e  of RNA-dependent DNA po ly -  
merase  is s t u d i e d  i n  p r o l i f e r a t i n g  normal,  tumor, and immuno log ica l ly  
s t i m u l a t e d  c e ? l s . .  Using po ly  ( rA-dT)  as a p r i m e r  i t  h a s  been  p o s s i b l e  t o  
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14 .  Scope: (Cont 'd . )  

show t h e  p r e s e n c e  of r e v e r s e  t r a n s c r i p t a s e s  i n  HeLa c e l l s ,  normal embryonic 
t i s s u e ,  and t r ans fo rmed  lymphocytes.  
s i g n i f i c a n c e  o f  t h i s  a c t i v i t y .  
e n v i r o n m e n t a l  damage. 
lymphocytes  a f t e r  a n t i g e n i c  s t i m u l a t i o n  s h o u l d  s e r v e  n o t  o n l y  a s  a model t o  
u n d e r s t a n d  how r a d i a t i o n  and o t h e r  e n v i r o n m e n t a l  h a z a r d s  might  i n t e r f e r e  w i t h  
t h e  workings  of t h i s  sys tem,  b u t  a l s o  as a model o f  how e n v i r o n m e n t a l  damage 
migh t  i n t e r f e r e  w i t h  t h e  r e g u l a t i o n  o f  c e l l  d i v i s i o n ,  l e a d i n g  t o  u n c o n t r o l l e d  
d i v i s i o n .  These s t u d i e s  complement o th l e r s  on how s y n t h e t i c  p o l y n u c l e o t i d e s  
work and how they i n t e r a c t  w i t h  h i s t o n e s - - p o s s i b l e  gene  r e g u l a t o r s .  (3 )  The 
e f f e c t s  of s y n t h e t i c  p o l y n u c l e o t i d e s  on h e r p e s v i r u s e s  and o t h e r  v i r u s e s  
a r e  s t u d i e d  ( s e e  below). S e v e r a l  l i n e s  of e v i d e n c e  s u g g e s t  t h a t  h F r p e s -  
v i r u s e s  may c a u s e  c a n c e r  i n  t h e  f r o g ,  c h i c k e n  and man. 
a s s o c i a t e d  w i t h  t h e  Lucke'carcinoma--a r e n a l  carc inoma of t h e  f r o g  Rana p i p i e n s ,  
and w i t h  Marek ' s  d i sease - - lympho id  tumor i n  c h i c k e n s .  B u r k i t t ' s  lymphoma and 
i n f e c t i o u s  mononuc leos i s  i n  man are  a s s o c i a t e d  w i t h  t h e  h e r p e s v i r u s - - t h e  
E p s t e i n - B a r r  v i r u s - - h a v i n g  sme r e l a t i o n  t o  h e r p e s  s i m p l e x  and t h e  v i r u s  from 
Lucke'carcinoma. 
w i t h  c e r v i c a l  carc inoma i n  women. The s t u d i e s  on t h e  e f f e c t i v e n e s s  of s y n t h e t i c  
p o l y n u c l e o t i d e s  a g a i n s t  h e r p e s v i r u s e s  r e l a t e  to t h e i r  e r a d i c a t i o n  a s  p o s s i b l e  
c o - f a c t o r s  i n  oncogenes i s .  
used t o  s t u d y  p o s s i b l e  syne rg i sm be tween i r r a d i a t i o n  and h e r p e s v i r u s e s  i n  . 
o n c o g e n e s i s ,  t h u s  i l l u m i n a t i n g  how r a d i a t i o n  and v i r u s e s  migh t  i n t e r a c t  t o  , 
produce  damage. 

The a i m  i s  t o  u n d e r s t a n d  t h e  b i o l o g i c a l  
The immune sys t em i s  a pr ime t a r g e t  o f  

'Ihe s t u d y  o f  t h e  RNA-dependent DNA polymerase  i n  

The h e r p e s v i r u s  i s  

F i n a l l y  h e r p e s  s i m p l e x  t y p e  2 v i r u s  h a s  been  found a s s o c i a t e d  

These s t u d i e s  a l s o  have  t h e  p o t e n t i a l  of b e i n g  

1 5 .  R e l a t i o n s h i p  t o  Other  P r o j e c t s :  

Related s t u d i e s  a re  c a r r i e d  on i n  l a b o r a t o r i e s  t h r o u g h o u t  t h e  world. 
A t  BNL Biology Department,  t h e s e  i n c l u d e  S t u d i e r  on g e n e t i c s  and phys io logy  
of b a c t e r i o p h a g e  T7 DNA, Lacks  on t h e  mechanisms of b a c t e r i a l  t r a n s f o r m a t i o n  
by DNA and g e p e t i c  r e c o m b i n a t i o n ,  and E l k i n d  on r a d i a t i o n  damage t o  DNA. 

O t h e r s  work ing  on s t r u c t u r e  of p o l y n u c l e o t i d e s  w i t h  x - r a y  d i f f r a c t i o n  
i n c l u d e  Alexander  Rich a t  MIT and David Davies  a t  NIH, Bethesda  ( s t r u c t u r e  
of s y n t h e t i c  p o l y n u c l e o t i d e s ) ;  Rober t  Langr idge ,  P r i n c e t o n  ( s t r u c t u r e  of 
r i b o s o m e s ,  tRNA and v i r a l  RNA); and  V. l u z a t t i  a t  S t r a s b o u r g ,  k a n c e  ( s t r u c t u r e  
of  n u c l e o p r o t e i n s ) .  It i s  b e l i e v e d  t h e r e  i s  no i d e n t i c a l  work b e i n g  c a r r i e d  
o n  i n  ,any AEC l a b o r a t o r y .  
c r y s t a l l i n e  complex as a p o s s i b l e  model f o r  t h e  s t e r e o c h e m i s t r y  of a c t i n o -  
mycin b i n d i n g  t o  DNA i s  b e i n g  s t u d i e d  by S o b e l l  and J a i n ,  R o c h e s t e r .  

The s t r u c t u r e  of a n  a c t i n o m y c i n  -deoxyguanos ine  

Kornberg a t  S t a n f o r d ,  Bollum a t  Kansas,  Gester a t  Columbia, 
R icha rdson  a t  Harvard Medical School ,  and Khorana a t  MIT a r e  s t u d y i n g  t h e  
enzymic s y n t h e s i s  o f  DNA and s y n t h e t i c  d e o x y p o l y n u c l e o t i d e s .  h d o c k  a t  
S t a t e  U n i v e r s i t y  b f  New York,  S tony  Brook, i s  d e t e r m i n i n g  t h e  pr imary  sequences  
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1 5 ,  R e l a t i o n s h i p  t o  Other  P r o j e c t s :  ( C o n t ' d . )  

of t r a n s f e r  RNA's. S t u d i e s  on p r o t e i n  s y n t h e s i s  a r e  b e i n g  made by N i r e n b e r g ,  
N I H ,  Be thesda ;  Liprnann and a s s o c i a t e s  a t  R o c k e f e l l e r  U n i v e r s i t y ;  and Ochoa 
and co-workers  a t  New York U n i v e r s i t y .  

Watson a t  Harvard and Cold S p r i n g s  Harbor ;  Jacob and Monod a t  P a s t e u r  
I n s t i t u t e ;  F raenke l -Conra t  and S i n g e r ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  B e r k e l e y ;  
and Spiegelman a t  I n s t i t u t e  f o r  Cancer Resea rch ,  Columbia U n i v e r s i t y ,  a r e  
s t u d y i n g  t h e  t r a n s f e r  of i n f o r m a t i o n  by messenger  RNA, i t s  r e l a t i o n  t o  DNA and 
r ibosomes  and t h e  i n t e r a c t i o n  of v a r i o u s  p o l y n u c l e o t i d e s .  Research  on DNA- 
RNA h y b r i d s  i s  b e i n g  done by Hayashi  a t  L a  J o l l a ,  Konrad a t  B e r k e l e y ,  and 
Spiege lman;  t hey  have  examined v i r u s  i n f e c t e d  c e l l s  f o r  such  h y b r i d s  w i t h  
c o n f l i c t i n g  r e s u l t s .  

. \  
L 

Bal t imore  a t  MIT a n d  Temin a t  McArdle L a b o r a t o r y  f o r  Cancer Research ,  
Wiscons in ,  have  found an  RNA-dependent po lymerase  i n  v i r i o n s  of RNA tumor 
v i r u s e s ,  They, and now many o t h e r s ,  a r e  s t u d y i n g  t h i s  problem,  which h a s  
i m p l i c a t i o n s  n o t  o n l y  f o r  o n c o g e n e s i s  by RNA v i r u s e s ,  b u t  a l s o  for t h e  
g e n e r a l  u n d e r s t a n d i n g  of g e n e t i c  t r a n s c r i p t i o n .  S i m i l a r  s t u d i e s  a r e  b e i n g  
made by Spiegelman who h a s  a l s o  d e s c r i b e d  a DNA-directed DNA polymerase  be -  
s i d e s  t h e  RNA-dependent DNA po lymerase  a c t i v i t y  posses sed  by oncogen ic  RNA 
v i r u s e s ,  T h i s  DNA-directed po lymerase  p r e f e r s  d o u b l e - s t r a n d e d  RNA a s  t e m p l a t e  
and y i e l d s  a p r i n c i p a l l y  d o u b l e - s t r a n d e d  p r o d u c t .  Gal10 a t  N C I - N I H  h a s  
d e s c r i b e d  a n  RNA-dependent DNA po lymerase  i n  human a c u t e  l eukemic  c e l l s ,  a n d .  
C a v a l i e r i  h a s  d e s c r i b e d  how 5s  a n d - r i b o s o m a l  RNA's can s e r v e  as  p r i m e r s  f o r  
DNA s y n t h e s i s  u s i n g  a DNA polymerase  f rom 5. c o l i .  Cr ippa  a t  t h e  CNR 
L a b o r a t o r y  of Molecu la r  Embryology, Arc0  F e l i c e  and T o c c h i n i - V a l e n t i n i  a t  
CNR I n s t i t u t e  o f  G e n e t i c s  and B i o p h y s i c s ,  Naples, have d e s c r i b e d  data i n  
o o c y t e s  of Xenopus l a e v i s  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  RNA-dependent 
s y n t h e s i s  i s  a way of a m p l i f y i n g  r i b o s o m a l  genes  i n  t h e  egg. 

- 

Other  phys i co -chemica l  s t u d i e s ,  e.g. t empera ture- jump,  m e l t i n g  c u r v e s ,  
e t c . ,  t o  d e t e r m i n e  sequence  complementary on n u c l e i c  a c i d s  a r e  made by Doty 
a t  Harvard and on t r a n s f e r  RNA's by Berg  a t  S t a n f o r d .  me Set lows  a t  Oak 
Ridge N a t i o n a l  L a b o r a t o r y  are  s t u d y i n g  enzymes t h a t  r e p a i r  DNA a f t e r  damage, 
and F r e i f e l d e r  a t  B r a n d e i s ,  t h e  n a t u r e  of t h e  l e t h a l  l e s i o n  i n  DNA a f t e r  
r a d i a t i o n  i n j u r y ,  g e n e t i c  r e c o m b i n a t i o n .  I n c r e a s i n g  e v i d e n c e  from many 
l a b o r a t o r i e s  i s  p i n - p o i n t i n g  t h e  n u c l e i c  a c i d s  a s  key t a r g e t s  o f  r a d i a t i o n  
damage as r e p o r t e d  by t h e  S e t l o w s ,  K. Smith a t  S t a n f o r d ,  Howard-Flanders 
a t  Ylse, M. Cknerod a t  C h e s t e r  B e a t t y ,  J.  L e t t  a t  Colorado  S t a t e .  

'Ihe e f f e c t s  of  p o l y n u c l e o t i d e s  and  o f  o t h e r  i n t e r f e r o n - i n d u c e r s ,  
e s p e c i a l l y  t h e  a n t i - v i r a l  and a n t i - t u m o r  e f f e c t s  a r e  s t u d i e d  by F i e l d ,  Ty te l l ,  
Lampson, and H i l l e m a n  a t  t h e  Merck I n s t i t u t e ,  Baron and Levy a t  N I H ,  
Merigan a t  S t a n f o r d ,  and Chamber la in  a t  Berke ley .  Hi l lman,  Baron, Levy, 
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Mer igan ,  Colby a t  U n i v e r s i t y  o f  C o n n e c t i c u t ,  and C a r t e r  a t  Johns  Hopkins 
U n i v e r s i t y  a r e  working on i n t e r f e r o n  s t i m u l a t i o n  and f a c t o r s  a f f e c t i n g  
i n t e r f e r o n .  Braun a t  Ru tge r s  U n i v e r s i t y ,  and Johnson a t  U n i v e r s i t y  of 
Michigan  a r e  working  on t h e  a d j u v a n t  a c t i o n  o f  p o l y n u c l e o t i d e s  on humoral 
and c e l l - m e d i a t e d  i m m u n i t y .  M o r r e l l  a t  Upjohn Company, Kalamazoo and T a l a 1  
a t  N I H ,  a r e  s t u d y i n g  t h e  e f f e c t s  of p o l y n u c l e o t i d e s  on macrophages and on 
immunity and t o l e r a n c e .  Although sme of t h e s e  i n v e s t i g a t o r s  work on c l o s e l y  
r e l a t e d  b i o l o g i c a l  e f f e c t s ,  t h e  s t u d i e s  done h e r e  a n d  a t  c o l l a b o r a t i n g  l a b -  
o r a t o r i e s  d i f f e r  i m p o r t a n t l y  i n :  ( 1 )  p h y s i c a l  c h a r a c t e r i z a t i o n  of t h e  
p o l y n u c l e o t i d e  complexes ;  ( 2 )  u n i q u e n e s s  of v i r u s e s  s t u d i e d ,  e .g .  FMDV o n l y  
a t  Plum I s l a n d ;  (3) u n i q u e n e s s  o f  e x p e r i m e n t a l  tumors t e s t e d  a t  S loan-  
K e t t e r i n g ;  ( 4 )  comprehens iveness  of pharmacology and t o x i c o l o g i c a l  s t u d i e s  
a t  S l o a n - K e t t e r i n g ;  ( 5 )  b r o a d n e s s  o f  s p e c t r u m  o f  b i o l o g i c a l  effect$ s t u d i e d  
w i t h  same complexes. 

16. T e c h n i c a l  P r o g r e s s  i n  FY 1973:  

During t h e  p a s t  1 2  months t h e r e  h a s  been a n  i n c r e a s e  i n  t h i n k i n g  and 
expe r imen t  on t h e  i n t e r a c t i o n  o f  v a r i o u s  m o l e c u l e s  w i t h  n u c l e i c  a c i d s  a n d  
s y n t h e t i c  p o l y n u c l e o t i d e s  i n  c o l l a b o r a t i o n  w i t h  Drs. F u l l e r ,  M. Davies and 
Pigram, K i n g ' s  Co l l ege .  T h i s  h a s  a r i s e n  a s  a r e v e r s e  s p i n - o f f  from e f f o r t s  
t o  d e c r e a s e  t h e  b i o d e g r a d a b i l i t y  o f  s y n t h e t i c  p o l y n u c l e o t i d e s  i n  v i v o  by 
complexing  them w i t h  o t h e r  m o l e c u l e s  and a l s o  because  of i n c r e a s e d  i n t e r e s t  
i n  how e n v i r o n m e n t a l  p o l l u t a n t s ,  e.g.  p o l y n u c l e a r  h y d r o c a r b o n s ,  may damage 
by complexing  w i t h  n u c l e i c  acids.  S i n c e  i n t e r c a l a t i o n - - a n  i n t e r a c t i o n  
whereby t h e  p l a n a r  p o r t i o n  o f  a m o l e c u l e  s l i p s  i n  between a d j a c e n t  b a s e - p a i r s -  
i n  d o u b l e - h e l i c a l  D N A - - i s  w i d e l y  assumed t o  be a n  i m p o r t a n t  mechnaism of t h e  
a c t i o n  o f  many b a s i c  d r u g s ,  e.g. a c r i f l a v i n ,  e t h i d i u m ,  e t c . ,  bu t  r i g o r o u s  
p roof  h a s  been l a c k i n g  h i t h e r t o  and  models have  been ambiguous,  t h e  i n t e r -  
a c t i o n  or' daunomycin w i t h  DNA was r ev iewed  f u r t h e r .  

Daunomycin--a g l y c o s i d i c  a n t h r a c y c l i n e  a n t i b i o t i c  w i d e l y  used f o r  t h e  
p a l l i a t i o n  of a c u t e  leukemia  and s o l i d  tumors i n  m a n - - i s  a molecule  of 
c o n s i d e r a b l e  b i o l o g i c a l  i n t e r e s t .  I t s  b i o l o g i c a l  a c t i v i t y  seems t o  be d u e  
t o  complex f o r m a t i o n  w i t h  DNA. Ev idence  f o r  t h e  f i r s t  t i m e  from both  x- ray  
d i f f r a c t i o n  a n d  m o l e c u l a r  m o d e l - b u i l d i n g  s t u d i e s  have p r o v i d e d  d a t a  on t h e  
s t e r e o c h e m i s t r y  o f  i n t e r c a l a t i o n  i n t o  DNA o f  daunomycin. These a r e  t h e  
f i r s t  s t u d i e s  t o  p r e s e n t  d e t a i l e d  x - r a y  e v i d e n c e  t h a t  i n t e r c a l a t i o n  o f  a 
c h e m i w  i n t o  DNA i s  o c c u r i n g  and t o  g i v e  a c c u r a t e l y  t h e  d e g r e e  of u n t w i s t i n g  
o f  tho RNA molecu le - - an  i n e v i t a b l e  consequence  of i n t e r c a l a t i o n - - p e r  
m o l e c u l e  of bound i n t e r c a l a t e d  chemica l .  There  a r e  many r e f e r e n c e s  i n  t h e  
l i t e r a t u r e ,  p a r t i c u l a r l y  on c i r c u l a r  DNA, t o  t h e  pape r  by f i l l e r  and Waring 
( B u n s e n g e s e l l s c h a f t  fur P h v s i k l i s c h e  Chemie, 68, 805, 19631, where a v a l u e  
f o r  t h i s  i m p o r t a n t  p a r a m e t e r - - i . e .  t h e  u n t w i s t i n g  o f  DNA--was proposed. 

(See C o n t i n u a t i o n  S h e e t )  RX- 253 
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However, t h i s  work w i t h  e t h i d i u m  bromide d i d  n o t  f o l l o w  t h e  change i n  
l a y e r - l i n e  s p a c i n g  w i t h  i n c r e a s i n g  bound d r u g ;  t h e  v a l u e  was based on 
m o l e c u l a r  mode l -bu i ld ing .  
d i f f r a c t i o n  s t u d i e s  of t h e  i n t e r c a l a t i o n  o f  p l a n a r  m o l e c u l e s  w i t h  DNA, a 
key c o n t r i b u t i o n  from t h e  s t u d i e s  r e p o r t e d  h e r e  on t h e  i n t e r a c t i o n  o f  
daunomycin w i t h  DNA was t h e  l o c a t i o n  of t h e  f i r s t  z e r o  i n  t h e  e q u a t o r i a l  
F o u r i e r  t r a n s f o r m ,  d e s c r i b e d  f o r  t h e  f i r s t  t i m e  i n  such  i n t e r a c t i o n s .  
gave h a r d  e v i d e n c e  on t h e  m o l e c u l a r  geometry of t h e  complex. The v a l u e  
d e r i v e d  i n  t h e s e  s t u d i e s  f o r  t h e  u n t w i s t i n g  o f  t h e  DNA h e l i x  per  molecu le  
d r u g  bound i s  most i m p o r t a n t  i n  s t u d i e s  on c i r c u l a r  DNA and w i l l  become 
i n c r e a s i n g l y  i m p o r t a n t  i n  s t u d i e s  on t h e  s t r u c t u r e  of t h e  chromosome and how 
t h e  chromosome f u n c t i o n s .  

Although two o t h e r  p a p e r s  have  d e s c r i b e d  x - r a y  

Th i s  

\ 
b 

A l l  p r e v i o u s  e v i d e n c e  s u g g e s t i n g  t h a t  daunomycin i n t e r c a l a t e s  i n t o  
DNA was based  on s o l u t i o n  s t u d i e s  whose i n t e r p r e t a t i o n  r e s t s  on a n a l o g i e s  
w i t h  similar s t u d i e s  on e t h i d i u m  bromide and t h e  a c r i d i n e s .  For t h e s e  
molecu le s  e a r l i e r  x - r a y  work was t a k e n  a s  ma jo r  e v i d e n c e  f o r  i n t e r c a l a t i o n ;  
b u t ,  i n  f a c t ,  i t  was n o t  n e a r l y  so  unambiguous a s  t h e  x - r a y  d a t a  r e p o r t e d  i n  
t h e s e  s t u d i e s  on daunomycin and DNA. I n  sum t h i s  i s  a c o n t r i b u t i o n  t o  t h e  
s t e r e o c h e m i s t r y  o f  i n t e r c a l a t i o n ,  w i d e l y  assumed t o  be a key mechanism i n  
t h e  a c t i o n  of many b a s i c  d r u g s  and a p o s s i b l y  i m p o r t a n t  way i n  which p o l y -  
n u c l e a r  h y d r o c a r b o n s ,  l a r g e l y  e m i t t e d  by t h e  b u r n i n g  of c o a l ,  i n t e r a c t  w i t h  : 
t h e  i n f o r m a t i o n a l  macromolecules  t o  i n d u c e  such l a t e  e f f e c t s  a s  oncogenes i s .  

The s i n g l e  c r y s t a l  a n a l y s i s  o f  t h e  1:2 complex of a c t i n o m y c i n  w i t h  
deoxyguanos ine  by S o b e l l  and c o l l a b o r a t o r s  p r o v i d e s  s t r o n g  e v i d e n c e  f o r  
a n  i n t e r c a l a t i o n  model f o r  t h e  i n t e r a c t i o n  o f  a c t i n o m y c i n  w i t h  t h e  DNA 
d o u b l e  h e l i x .  An e a r l i e r  model proposed  by Hami l ton ,  Fuller,  and Reich 
was based  on s p e c i f i c  hydrogen  bonding  b e t w e e n  groups  on t h e  a c t i n o m y c i n  
w i t h  t h o s e  on t h e  guanos ine  r e s i d u e s  i n  t h e  DNA. One d i f f i c u l t y  w i t h  t h e  
i n t e r c a l a t i o n  model i s  t h a t  t h e  b a s i s  f o r  t h e  h i g h  s p e c i f i c i t y  of  t h e  
DNA-actinomycin i n t e r a c t i o n  i s  n o t  c l e a r .  It may b e ,  t h e r e f o r e ,  t h a t  t h e  
e x t e r n a l  b i n d i n g  model r e p r e s e n t s  a t r a n s i e n t  r e c o g n i t i o n  s t a t e  which i s  a 
p r e l i m i n a r y  t o  s t r o n g  b i n d i n g  of t h e  a c t i n o m y c i n  th rough  i n t e r c a l a t i o n .  
I n  f a c t ,  f o r  many m o l e c u l e s  which b ind  t o  DNA, t h e r e  a p p e a r s  t o  be an  
e q u i l i b r i u m  between a s t r o n g  i n t e r c a l a t i o n  b i n d i n g  s i t e  and a weak e x t e r n a l  
b i n d i n g  s i t e .  Work h e r e  on daunomycin b i n d i n g  showed t h a t  t h e  d e g r e e  of 
i n t e r c a l a t i o n  v a r i e d  w i t h  t h e  r e l a t i v e  h u m i d i t y  of t h e  env i ronmen t  i n  which 
t h e  f a e r s  of t h e  DNA daunomycin complex were m a i n t a i n e d .  The d e g r e e  of 
i n t e r w l a t i o n  i n c r e a s e d  w i t h  t h e  i n c r e a s i n g  r e l a t i v e  h u m i d i t y  presumably 
b e c a m  t h e  i n c r e a s e  i n  t h e  amount of w a t e r  i n  t h e  f i b e r  envi ronment  tended  
t o  i n c r e a s e  t h e  hydrophob ic  c o n t r i b u t i o n  t o  t h e  i n t e r c a l a t i o n  i n t e r a c t i o n .  
Exper iments  t o  d a t e  w i t h  DNA-actinomycin f i b e r s  have  n o t  y e t  g iven  c l e a r  
e v i d e n c e  f o r  i n t e r c a l a t i o n .  However, t h e s e  s t u d i e s  a r e  b e i n g  ex tended  by 
m a i n t a i n i n g  f i b e r s  o f  t h e  complex a t  v e r y  h i g h  humid i ty  i n  a n  e f f o r t  t o  
f a v o r  t h e  i n t e r c a l a t i o n  t y p e  of b ind ing .  

(See C o n t i n u a t i o n  S h e e t )  F S -  254 
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A s  part  o f  t h e  program o f  complexing  p o l y n u c l e o t i d e  complexes w i t h  o t h e r  
m o l e c u l e s ,  e .g .  h i s t o n e s ,  t o  d e c r e a s e  t h e i r  b i o d e g r a d a b i l i t y  i n  v i v o  and 
h e n c e  p o t e n t i a l l y  i n c r e a s e  t h e i r  b i o l o g i c a l  e f f e c t i v e n e s s ,  d o u b l e - h e l i c a l  
p o l y n u c l e o t i d e  molecu le s  were complexed w i t h  h i s t o n e s  and w i t h  t h e  b a s i c  
p o l y p e p t i d e s  p o l y - L - l y s i n e  and p o l y - l - a r g i n i n e .  For some time i t  h a s  been 
c l e a r  t h a t  n u c l e o h i s t o n e  i n  i t s  n a t i v e  s t a t e  i s  i n  a c o n t r a c t e d  form. One 
i n t e r p r e t a t i o n  of x - r ay  d i f f r a c t i o n  s t u d i e s  of n u c l e o h i s t o n e  s u g g e s t s  t h a t  
i t  h a s  a s u p e r c o i l e d  s t r u c t u r e ;  e l e c t r o n - m i c r o s c o p e  s t u d i e s  on ch romat in  
s u p p o r t  t h e  i d e a  of such s t r u c t u r e s . .  But t h e  x - r ay  d a t a  a r e  n o t  u n e q u i v o c a l ;  
DNA complexed t o  h i s t o n e  i s  presumably i n  t h e  
p a t t e r n s  a r e  t h e r e f o r e  n o t  o v e r l y  s h a r p  o r  d e t a i l e d .  
p r e p a r a t i o n s  of such complexes needed f o r  x - r a y  d i f f r a c t i o n  s t u d i e s  of f i b e r s  
o f  n u c l e o h i s t o n e  a r e  ex t r eme ly  d i f f i c u l t  t o  p r e p a r e  ( s e e  below). <'For t h e s e  
r e a s o n s ,  i f  s u p e r s t r u c t u r e s  were induced  i n  s y n t h e t i c  p o l y r i b o n u c l e o t i d e s  
which  a r e  i n  t h e  A confo rma t ion  ( g i v i n g  s h a r p e r  and more d e t a i l e d  x - r a y  
p a t t e r n s ) ,  by complexing  w i t h  s i m p l e r  model m o l e c u l e s ,  e.g. b a s i c  p o l y p e p t i d e s ,  
x - r a y  d i f f r a c t i o n  s t u d i e s  of  such model complexes  cou ld  throw l i g h t  on 
s u p e r c o i l i n g  i n  n u c l e o h i s t o n e s  and t h e  s t r u c t u r e  o f  chromosomes. 

c o n f o r m a t i o n  and d i f f r a c t i o n  
Moreover s o l u b l e  

Complexing of d o u b l e - h e l i c a l  p o l y n u c l e o t i d e s  w i t h  h i s t o n e s  most 
f r e q u e n t l y  g i v e s  r i s e  t o  an  i n s o l u b l e  p r e c i p i t a t e d  complex. Only o c c a s i o n -  
a l l y ,  by a d j u s t i n g  t h e  c o n c e n t r a t i o n  of h i s t o n e s  r e l a t i v e  t o  p o l y n u c l e o t i d e s ,  t 
by complexing  i n  h i g h  s a l t  c o n c e n t r a t i o n ,  and then  by g r a d u a l  and c a r e f u l  , 
d i a l y s i s  of t h e s e  complexes h a s  i t  been  p o s s i b l e  t o  r e t a i n  complexes t h a t  
remained  s o l u b l e  a t  p h y s i o l o g i c a l  s a l t  c o n c e n t r a t i o n  needed f o r  t h e  
t h e r a p e u t i c  t r i a l  and x - ray  d i f f r a c t i o n  s t u d i e s  o f  such complexes. S o l u b l e  - 
complexes have  been o b t a i n e d  more r e p r o d u c i b l y  from c a p l e x i n g  po ly  (rI. rC) 
w i t h  p o l y l y s i n e  o r  p o l y a r g i n i n e  i n  a 1 O : l  r a t i o .  Such complexes have  shown 
s i g n i f i c a n t  i n c r e a s e s  i n  t h e i r  m e l t i n g  t e m p e r a t u r e  (TM) and a l s o  i n  
r e s i s t a n c e  t o  r i b o n u c l e a s e  d i g e s t i o n  as compared w i t h  p o l y ( r I * r C )  a l o n e .  
P r e l i m i n a r y  x - r a y  p a t t e r n s  o f  f i b e r s  o f  complexes of p o l y ( r I * r C )  and 
p o l y a r g i n i n e  show s i g n s  of s h a r p e r  r e f l e c t i o n s  n e a r  t h e  c e n t e r s  o f  t h e  
p a t t e r n s  a n d  s u g g e s t  t h a t  t h e r e  i s ,  i n  f a c t ,  s u p e r s t r u c t u r e  i n  t h e s e  
s y n t h e t i c  RNA complexes .  These s t u d i e s  c o n t i n u e .  

I n  s t u d i e s  h e r e  and i n  c o l l a b o r a t i o n  w i t h  Dr. Chester Southam ( J e f f e r s o n  
Medica l  C o l l e g e  of Thomas J e f f e r s o n  U n i v e r s i t y ,  P h i l a d e l p h i a ) ,  t h e  
b i o l o g i c a l  e f f e c t s  of v a r i o u s .  complexes o f  s y n t h e t i c  p o l y n u c l e o t i d e s  by 
t h e m s e l v e s  and complexed w i t h  o t h e r  m o l e c u l e s  have  been t e s t e d  a g a i n s t  
S e m l i k i  F o r e s t  v i r u s  (SFV) i n f e c t i o n  i n  mice and i n  human c e l l s  i n  c u l t u r e .  
SFV i'o a mosqu i to -borne  (RNA) v i r u s  ( a r b o v i r u s  group A )  o f  t h e  same a n t i -  
g e n i c  g roup  a s  E a s t e r n ,  Western and Venezuelan  Equine E n c e p h a l i t i s  v i r u s e s  
(EEE, WEE, VEE). 
i n t r a p e r i t o n e a l l y  ( i p )  o r  i n t r a c e r e b r a l l y  ( i c )  and h a s  a c y t o p a t h o g e n i c  
e f f e c t  (CPE) on human c e l l s  i n  c u l t u r e .  I t  can  c a u s e  e n c e p h a l i t i s  i n  man 

I t  c a u s e s  l e t h a l  e n c e p h a l i t i s  i n  a d u l t  m ice  when i n o c u l a t e d  

(See C o n t i n u a t i o n  S h e e t )  RX-255 
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b u t  does  n o t  have  t h e  h i g h  v i r u l e n c e  of WEE, EEE, and VEE. SFV i s  t h e r e f o r e  
o f  i n t e r e s t  as  a p o t e n t i a l  c a u s e  o f  human disease, and as a r e l a t i v e l y  s a f e  
l a b o r a t o r y  model f o r  t h e  v i r u l e n t  Equine e n c e p h a l i t i s  v i r u s  i n f e c t i o n s  which 
a r e  o f  i m n e d i a t e  economic conce rn  i n  v e t e r i n a r y  med ic ine  and a p e r e n n i a l  
t h r e a t  t o  man. 

The r e s u l t s  o f  f u r t h e r  e x p e r i m e n t s  w i t h  p o l y n u c l e o t i d e s  a g a i n s t  SFV 
i n f e c t i o n  i n  mice were i n  e x c e l l e n t  ag reemen t  w i t h  e a r l i e r  resu l t s .  
were t r e a t e d  w i t h  100 p g  o f  po ly( r1 . rC)  o r  100  pg poly( rA*rU)  2-4 h r  b e f o r e  
i p  i n j e c t i o n  o f  SFV were u s u a l l y  p r o t e c t e d ,  whe the r  t r e a t m e n t  was c o n t i n u e d  
o r  n o t .  
comple t e  p r o t e c t i o n  0/35 d e a t h s ,  a s i n g l e  i n j e c t i o n  of 10 pg gave  1 / 4 0  d e a t h s .  
A s  n o t e d  p r e v i o u s l y ,  most mice  g i v e n  SFV i c  d i e d  o f  t h e  i n f e c t i o n , i ' b u t  t h o s e  
p r o t e c t e d  l i v e d  s l i g h t l y  l o n g e r  t h a n  t h o s e  i n  u n t r e a t e d  g roups .  Mice which 
s u r v i v e d  as  a r e s u l t  o f  p o l y ( r I . r C )  t r e a t m e n t  were  c h a l l e n g e d  w i t h  a second 
i n j e c t i o n  of SFV i p  6 weeks a f t e r  t h e  f i rs t  d o s e  t o  d e t e r m i n e  whether  t h e y  
had developed  imnun i ty  as a r e s u l t  o f  t h e  ea r l i e r  e x p o s u r e  t o  t h e  v i r u s ,  
t h e  two e x p e r i m e n t s  completed so f a r ,  mice  which had p r e v i o u s l y  r e c e i v e d  
SFV and po ly  ( r I - r C )  had a lower m o r t a l i t y  t h a n  d i d  c o n t r o l  mice. These 
c h a l l e n g i n g  da ta  a r e  b e i n g  f o l l o w e d  up. 
and o f  p o l y ( r I . r C )  and p o l y l y s i n e  o r  p o l y a r g i n i n e  had a n t i v i r a l  a c t i v i t y  
a g a i n s t  SFV i n f e c t i o n  i n  mice  b u t  f rom t h e  p r e l i m i n a r y  d a t a  i t  i s  n o t  y e t  
p o s s i b l e  t o  s a y  w h e t h e r  t h i s  was enhanced compared w i t h  t h e  a c t i v i t y  of 
p o l y ( r 1 -  rC) a l o n e .  These s t u d i e s  a r e  c o n t i n u i n g .  

Mice which 

Thus a s i n g l e  p r o p h y l a c t i c  i n j e c t i o n  of 100 p g  p o l y ( r I * r C )  gave 

I n  

Complexes o f  p o l y ( r I * r C )  and h i s t o n e  

I n  c o l l a b o r a t i o n  w i t h  Drs. F. M. S c h a b e l ,  H. E. Sk ippe r  and W. R. 
L a s t e r  (Ke t t e r ing -Meyer  L a b o r a t o r i e s ,  S o u t h e r n  Research  I n s t i t u t e ,  Birmingham, 
Alabama), p o l y ( r I . r C )  and po ly ( rA*rU)  were  t e s t e d  a s  p r o p h y l a c t i c  a g e n t s  
a g a i n s t  spon taneous  AKR lymphoma i n  AKR mice. 
were  a p p r o x i m a t e l y  6 months o f  a g e ,  b u t  f r e e  of g r o s s l y  a p p a r e n t  c l i n i c a l  
lymphoma a t  t h e  t i m e  t r e a t m e n t  was begun; i .e . ,  a n i m a l s  had no  g r o s s l y  
d i s c e r n i b l e  e n l a r g e d  thymus, s p l e e n  o r  p e r i p h e r a l  lymph nodes. A f t e r  t r e a t -  
ment w i t h  p o l y ( r I . r C )  o r  po ly ( rA . rU) ,  t h e r e  was no s i g n i f i c a n t  change i n  
t h e  c u m u l a t i v e  m o r t a l i t y  p a t t e r n .  The re  were  no d i f f e r e n c e s  i n  t h e  numbers 
o f  mice i n  c o n t r o l  and t r e a t e d  g roups  d y i n g  w i t h o u t  g r o s s  s i g n s  of disease.  
Trea tmen t  g i v e n  b e f o r e  t h e  deve lopment  of f r a n k  c l i n i c a l  s i g n s  o f  leukemia 
o r  lymphoma i n  AKR mice  can ,  i n  f a c t ,  a b o r t  t h e  deve lopment  of  t h e  d i s e a s e o  
Thus i n  mice t r ea t ed  w i t h  p a l m  0-ara-C a t  5 mg/kg, t r e a t e d  once a day f o r  
7 d a y s ,  t h e n  r e s t e d  f o r  7 d a y s ,  t h e n  t r e a t e d  f o r  7 d a y s ,  t h e n  r e s t e d  f o r  7 
days ,  e t c . ,  f rom 6-12 months of age, t r e a t m e n t  b e g i n n i n g  a t  180 th  day of 
l i f e ,  there was a b o u t  a 40% d i s e a s e - f r e e  s u r v i v o r  r a t e ,  compared t o  a b o u t  
a 10% s u r v i v o r  r a t e  i n  u n t r e a t e d  c o n t r o l  an ima l s .  The da t a  c o l l e c t e d  so f a r  
f a i l  t o  i n d i c a t e  t h a t ,  a t  t h e  d o s e s  and s c h e d u l e s  used, e i t h e r  p o l y ( r I . r C )  
o r  po ly( rA*rU)  had a n y  i n f l u e n c e  on t h e  s u b s e q u e n t  development of c l i n i c a l l y  

AKR mice were  s e l e c t e d  t h a t  

. 
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Molecu la r  and C e l l u l a r  Rad iob io logy  
P r o j e c t  T i t l e :  S t o r a g e  a n d  T r a n s f e r  of t h e  G e n e t i c  Message RX-03-02- (d)  
16, T e c h n i c a l  P r o g r e s s  i n  FY 1973: (Conc'd.) 

r e c o g n i z a b l e  and l e t h a l  leukemia-lymphoma i n  PXR mice, C o n s i d e r a t i o n  i s  be ing  
g i v e n  t o  t h e  p o s s i b i l i t y  of  beg inn ing  t h e  t r e a t m e n t  a t  an e a r l i e r  age  s i n c e  
e v i d e n c e  from o t h e r  v i r u s e s  i n d i c a t e s  t h a t  p o l y n u c l e o t i d e s  a r e  more e f f e c t i v e  
when g i v e n  p r o p h y l a c t i c a l l y ;  a l s o  t o  more i n t e n s i v e l y  s e q u e n t i a l  dosage  s c h e d u l e s  

To u n d e r s t a n d  how p o l y n u c l e o t i d e s  and o t h e r  i n t e r f e r o n  i n d u c e r s  work 
w i t h  a view t o  i n c r e a s i n g  t h e i r  b i o l o g i c a l  e f f e c t i v e n e s s ,  s e v e r a l  i n  v i t r o  
a p p r o a c h e s  have been used.  P r e l i m i n a r y  e x p e r i m e n t s  i n d i c a t e  t h a t  t h e  a d d i t i o n  
o f  p o l y  ( r I - r C )  t o  t h e  a n t i g e n ,  bov ine  serum a lbumin  (BSA) added t o  lymphocytes  
i n c u b a t e d  v i t r o  from mice p r e v i o u s l y ' e x p o s e d  t o  BSA a n t i g e n  vivo, 
s i g n i f i c a n t l y  i n c r e a s e d  lymphocyte t r a n s f o r m a t i o n  compared t o  t h a t  a f t e r  
e x p o s u r e  t o  BSA a l o n e .  These  s t u d i e s  a re  b e i n g  ex tended .  I n  c u l t u r e s  of  
HeLa S-3 c e l l s ,  synchron ized  wi th  a m e t h o p t e r i n  and a d e n o s i n e  fo l lowed by 
r e l e a s e  of  t h e  b l o c k  w i t h  t hymid ine ,  p o l y ( r I * r C )  and poly(rA.  rU) i i g n i f i c a n t l y  
i n h i b i t e d  DNA s y n t h e s i s  i n  S phase  c e l l s  C30%) w i t h  no  e f f e c t  on p r o t e i n  
and RNA s y n t h e s i s .  P o l y ( r I * r C )  had no  e f f e c t  on DNA s y n t h e s i s  i n  log  phase  
c e l l s .  T h i s  h i g h l y  s p e c i f i c  f i n d i n g  i s  b e i n g  fo l lowed up;  i t  i s  impor t an t  
n o t  o n l y  f o r  u n d e r s t a n d i n g  t h e  way i n  which s y n t h e t i c  p o l y n u c l e o t i d e s  induce  
t h e i r  e f f e c t s  b u t  may p rove  t o  be a s i g n i f i c a n t  p robe  t o  u n d e r s t a n d i n g  
f u r t h e r ,  t h e  d e t a i l s  o f  DNA s y n t h e s i s .  

The c o l l a b o r a t i v e  s t u d i e s  w i t h  Dr.. E. A. Popenoe of t h i s  Department a r e  
r e p o r t e d  i n  RX-03-02-(a). 

1 7 ,  Expected R e s u l t s  i n  FY 1974: 

I t  i s  s t i l l  hoped t o  comple t e  p a p e r s  on t h e  h i g h - r e s o l u t i o n  d a t a  and 
r e f i n e m e n t  o f  DNA and on t h e  complex o f  po ly (dA- rU) ;  a s  i n d i c a t e d  p r e -  
v i o u s l y ,  c o m p l e t i o n  o f  t h e s e  p a p e r s  depends  on t h e  c o o p e r a t i o n  o f  r e s e a r c h  
c o l l a b o r a t o r s .  The l a r g e  p a p e r  on i n t e r c a l a t i o n  z, e x t e r n a l  b i n d i n g  of  
d r u g s  t o  DNA ( i n  p r e p a r a t i o n  o v e r  s e v e r a l  y e a r s  w i t h  Drs. F u l l e r  and Pigram) 
n e e d s  some a d d i t i o n a l  F o u r i e r  t r a n s f o r m  c o m p i l a t i o n s  i n c l u d i n g  a program o f  
c a l c u l a t i o n  on t h e  pack ing  o f  molecu le s .  It  i s  hoped t h a t  t h i s  can be 
comple ted  w i t h i n  t h e  n e x t  12  months. F u r t h e r  e x p e r i m e n t a l  work on t h e  i n t e r -  
a c t i o n  of e t h i d i u m  bromide and DNA w i l l  be  c a r r i e d  o u t  t o  o b t a i n  ev idence ,  
i f  p o s s i b l e ,  on t h e  i n c r e a s e  o f  l a y e r - l i n e  s p a c i n g  w i t h  i n c r e a s e d  bound d rug  
a n a l o g o u s  t o  t h e  f i n d i n g s  wi th  daunomycin and DNA. S t u d i e s  on t h e  i n t e r -  
a c t i o n  of  a c t i n o m y c i n  and DNA w i l l  b e  ex tended  by m a i n t a i n i n g  f i b e r s  of t h e  
c o m p l w  a t  v e r y  h i g h  h u m i d i t y  i n  a n  e f f o r t  t o  f a v o r  t h e  i n t e r c a l a t i o n  t y p e  
of  b i n d i n g  and o b t a i n  c l e a r  e v i d e n c e  f o r  i n t e r c a l a t i o n  i n  t h i s  complex. 

F u r t h e r  x - r a y  d i f f r a c t i o n  s t u d i e s  w i l l  b e  made o f  complexes  o f  p o l y ( r I r r C )  
and poly(rA.rU) w i t h  p o l y a r g i n i n e  and p o l y l y s i n e  t o  i l l u m i n a t e  t h e  s t r u c t u r e  
o f  n u c l e o h i s t o n e  and hence  o f  t h e  chromosome. I f  t h e  d a t a  from t h e s e  model 
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Project Title: Storage 'and Transfer of the Genetic Message Rx-03-02- (d) 
17. Expected Results in FY 1974:  (Cont'd.) 

interactions warrants, they dill be extended by fractionating histones and 
then studying the interaction of polynucleotides with arginine-rich and 
1 ys ine- rich histone f rac t ions. 

The biological effectiveness of such complexes, characterized here by 
physico-chemical studies, including temperature-melting profile (TM) and 
resistance to ribonuclease, will be assayed against SFV infection in mice 
here and in collaboration with Dr. Southam. Also in collaboration with 
Dr. Southam the effects of polynucleo,tides will be tested topically against 
HSV and type 2 given intravaginally in mice. This produces an acute and 
chronic vaginitis, and the possible oncogenic role of this virus will be 
explored with and without polynucleotides and other possible enhancing or 
d imin i sh i n g  agents. .\ 

i 

If opportunity permits, the U,S. Department of Agriculture, Veterinary 
Sciences Research Division, Denver, have indicated an interest in studying 
the effects of polynucleotide complexes prepared here against VEE virus 
infection in small animals. Similarly, when collaborators are ready, 
studies will be resumed on the effects of polynucleotide complexes on 
FMDV in large animals, e.g. cattle, g o a t s  and sheep, to include the effects 
of multiple rather than single doses of the complex, a comparison of routes 
of administration, etc. These studies will be carried out in the carrier 
state, i.e. in animals that have the virus without necessarily manifesting - 
the disease clinically, in collaboration with Drs. M. Brugh and H, 
Bahnemann (Pan American Health Organization--WHO--Foot-and-Mouth Disease 
Center, Rio de Janeiro). 
considerable advantage over experimentally induced disease in large animals 
at Plum Island because of the considerable heterogeneity in the response 
of large animals infected experimentally. The carrier animals already have 
the virus; moreover the smaller size of Brazilian carrier cattle, and other 
animals, would conserve the use of synthetic complexes, 

The carrier-state animals in Rio have a 
- 

The studies aimed at elucidating the effects and mechanism of  action 
of polynucleotides vitro will be extended. These include the enhancement 
by polynucleotides of  lymphocyte transformation in response to specific 
antigenic stimulation and the inhibition of  DNA synthesis by polynucleotides 
in synchronized HeLa cells. A l s o ,  collaboration with Dr, E. Popenoe will 
continue on the biological significance of RNA-dependent DNA polymerase in 
HeLa and immune cells. These and other in vitro studies will aim toward 
under&anding how polynucleotides and other interferon inducers work. 

18. Kxpected R e s u l t s  in FY 1975: . 
- 

Studies described above will continue with directions determined by the 
findings from current research, 

(See Continuation Sheet) RX- 258 
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P r o j e c t  T i t l e :  S t o r a g e  and T r a n s f e r  of t h e  G e n e t i c  Message RX-03-02- ( d )  
19.  D e s c r i p t i o n  and E x p l a n a t i o n  of Major Materials, Equipment and 

S u bc on t r a c  t I tems : 

FY 1975 C a p i t a l  Equipment 

O n e - t h i r d  s h a r e  of t h e  u l t r a c e n t r i f u g e  described i n  FU-03-02-(a) w i l l  
c o s t  $ 2 4 , 0 0 0 .  

20. Proposed  O b l i g a t i o n s  f o r  R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 
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B i o l o g i c a l  S t u d i e s  o f  M a t e r i a l s  A r i s i n g  f r o m  Energy O p e r a t i o n s  
F ree  Rad ica l  S t u d i e s  on Mechanisms o f  Ac t ion  

P r o j e c t  T i t l e :  o f  p o l l u t a n t s  RX-03-06- (a) 
13. P u b l i c a t i o n s :  

P r o j e c t  n o t  y e t  i n i t i a t e d .  

14. Scope: 
A) 200 Word Summary: 

T h i s  p r o p o s a l  i n c l u d e s  two major i n v e s t i g a t i v e  p r o j e c t s :  free r a d i c a l  
s t u d i e s  o f  p o l l u t a n t  c a r c i n o g e n s  and mutagens ,  and f r e e  r a d i c a l  s t u d i e s  of 
ozone and n i t r o g e n  o x i d e  and of n i t r a t e  t o x i c i t y .  R e c e n t l y ,  e v i d e n c e  h a s  
been fo r thcoming  t h a t  some chemica l  c a r c i n o g e n s  a c t  by combining w i t h  DNA 
by way of f r e e  r a d i c a l  r e a c t i o n s .  
a t m o s p h e r i c  p o l l u t a n t s  produced b y  t h e  b u r n i n g  of foss i l  F u e l s  f o r  bo th  
e l e c t r i c a l  and au tomot ive  power (such a s  p o l y c y c l i c  hydrocarbons) , . , and  t h e r e  
a r e  i n d i c a t i o n s  t h a t  some secondary  p r o d u c t s  o f  p o l l u t i o n  t h a t  a r e i  components 
of pho tochemica l  smogs (such a s  ozone a n d  h i g h e r  n i t r o g e n  o x i d e s )  may a l s o  
be c a r c i n o g e n i c  i n  a s i m i l a r  way. The immedia t e ly  r e a c t i v e  ("proximate")  
forms o f  t h e  c a r c i n o g e n s ,  f o l l o w i n g  c o n v e r s i o n  by c e l l u l a r  metabol i sm,  
a p p e a r  t o  b e  c a t i o n i c  f r e e  r a d i c a l s  o r  p o s s i b l e  c h e m i c a l l y  r e l a t e d  epoxides .  
The s p e c i a l  EPR f a c i l i t i e s  deve loped  a t  BNL a re  u n i q u e l y  s u i t e d  t o  mon i to r  
r e a c t i o n s  o f  t h i s  k ind ,  whose a n a l y s i s  shou ld  c o n t r i b u t e  s i g n i f i c a n t l y  t o  
a s y s t e m a t i c  u n d e r s t a n d i n g  o f  t h o s e  m o l e c u l a r  p r o p e r t i e s  of  p o l l u t a n t s  which 
l e a d  t o  c a r c i n o g e n e s i s  o r  t o  m u t a g e n e s i s  (which a p p e a r s  t o  b e  a c l o s e l y  
r e l a t e d  p r o c e s s  a t  t h e  c e l l u l a r  l e v e l ) .  A f r e e  r a d i c a l  t e s t  system moni tored  
by EPR h o l d s  promise  a s  a r a p i d ,  p re sumpt ive  s c r e e n i n g  t e s t  f o r  c a r c i n o g e n i c i t y  
among a group of  hydrocarbons .  

These  c a r c i n o g e n s  i n c l u d e  many o f  t h e  

Supplement t o  200 Word Summary: 

The ongoing  r e s e a r c h  a t  BNL (see RX-03-02-c) could  r e a d i l y  b e  ex tended  
t o  i n c l u d e  r e l e v a n t  p o l l u t a n t s .  The r e s p o n s e s  of r e a c t i o n s  i n v o l v i n g  r a d i c a l s  
produced from p o l l u t a n t s  i n  t h e  p r e s e n c e  of DNA c o n s t i t u e n t s  t o  d i f f e r e n t  f r e e  
r a d i c a l  g e n e r a t i n g  sys tems ( p h y s i c a l ,  c h e m i c a l ,  and enzymat ic )  and t o  t h e  
i n h i b i t i n g  ( p r o t e c t i v e )  e f f e c t s  o f  a n t i o x i d a n t s ,  f r e e  r a d i c a l  s c a v e n g e r s ,  
e tc . ,  would be fo l lowed by EPR methods,  which wou ld  a l s o  be a s s e s s e d  f o r  
t h e i r  p o s s i b l e  u t i l i t y  i n  a s s a y i n g  p o l l u t a n t  t o x i c i t y ,  However, t h e  v a l u e  
o f  these f r e e  r a d i c a l  s t u d i e s  i n  e v a l u a t i n g  t h e  c a r c i n o g e n i c  and mutagenic  
p o t e n t i a l  o f  p o l l u t a n t s  cou ld  be a m p l i f i e d  by c o o r d i n a t e d  i n v e s t i g a t i o n s  o f  
t h r e e  k inds :  1) b i o p h y s i c a l  measurements of t h e  complexed p r o d u c t  o f  
ca rc inogen /mutagen  a t t a c h e d  to DNA o r  t o  i t s  c o n s t i t u e n t s ,  2 )  k i n e t i c  
a n a l w o  O F  t h e  f r e e  r a d i c a l  combining r e a c t i o n s ,  and 3 )  e v a l u a t i o n s  o f  
b i o l w c a l  f a c t o r s  t h a t  cou ld  r e l a t e  t h e  r e a c t i o n s  b e i n g  s t u d i e d  more 
dire$<$y t o  p o s s i b l e  t o x i c i t y  i n  v ivo .  
f u r t h e r  : 

These r e l a t e d  s t u d i e s  a r e  d i s c u s s e d  

1) Nuc lea r  magne t i c  r e sonance  (NMR) s p e c t r o s c o p y  can be used to  h e l p  
r e v e a l  d e t a i l s  o f  t h e  a t t a c h m e n t  of c a r c i n o g e n s  t o  s p e c i f i c  s i t e s .  Although 

(See Continuation S h e e t )  
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14. Scope: (Cont’d.) 

NMR cannot be applied to complex reactions as readily as can EPR,  and it has 
much lower intrinsic sensitivity, it 2 capable of studying the final 
diamagnetic (i-e., =paramagnetic) products of the reactions whose inter- 
medicate combining steps would be analyzed by E P R  methods. 

2) The kinds of EPR techniques to be used in the investigations of 
reactive free radicals are capable of providing rich detail regarding the 
chemical nature and properties of paramagnetic reaction intermediates, 
but under the circumstances envisioned the accurate quantitative data 
required for kinetic analyses are not usually obtainable. However knowledge 
of reaction kinetics can be invaluable i n  making rigorous interpretations 
of reaction mechanisms, so the value of E P R  studies of pollutants could be 
usefully supplemented by coordinating them with kinetic studies ailready 
under way or projected for inclusion in the present BNL research program 
studying the bioenergetics of free radicals. 

One current collaboration with the Chemistry Department uses stopped- 
flow and temperature-jump methods to analyze certain free radical reactions. 
With the further provision of a senior technician or postdoctoral-level 
scientist, this collaboration could supplement studies of free radical 
reactions of pollutants with kinetic measurements. 

Recently several research centers have recognized the great potential 
of using radiation methods to study certain kinds of biochemical reactions, 8 

especially oxidation-reduction reactions involving free radicals. 
radiation chemistry and pulse radiolysis approaches are applicable. 
BNL a proposal is presently being developed to apply these radiation methods- 
to biophysical problems, and a major part of the proposal concerns the 
development of an  experimental facility €or EPR measurements on-line at an 
existing electron accelerator (The Dynamitron), using special E P R  components 
already on hand (Physics Department). Collaboration between Medical, 
Chemistry, and Physics Departments is proposed, and a supplementary budget 
of $55,00O/yr (plus $10,000 installation costs for the first year) is being 
sought, but no funds have yet been committed. The present scientific 
justification is directed toward problems of radiation biophysics, non- 
radiation biochemistry, and the correlation of free radical mechanisms 
between the two. However, radiation i s  potentially a very useful means of  
generating reactive free radical forms of pollutants, and pulse radiolysis 
coul& be used to obtain important kinetic data, while the on-line radiation/ 
EP%kf$cility would be a uniquely powerful analytical tool in research on 
fregradicals of pollutants. 

Both 
At 

3) It is now recognized that the proximate forms of carcinogens and 
mutagens ( the forms that actually react at biological target sites ) may be 
significantly altered by metabolic biochemistry from those to which the 

(See Continuation Sheet) RX-381 
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o r g a n i s m  i s  i n i t i a l l y  exposed. 
f i n d i n g s  r e g a r d i n g  t h e  p o t e n t i a l  t o x i c i t y  of  p o l l u t a n t s  would be he igh tened  
i f  hos t -med ia t ed  a s s a y s  were employed,  u s i n g  a p p r o p r i a t e  i m p l a n t a t i o n s  o f  
a g e n t s  i n  a n i m a l s  t o  p e r m i t  b i o t r a n s f o r m a t i o n s  (whether  a c t i v a t i n g  o r  
d e t o x i f y i n g )  t o  t a k e  p l a c e .  EPR s u r v e y s  o f  i m p l a n t s  o r  h o s t  t i s s u e s  
themse lves  would a l l o w  t h e  p o s s i b i l i t y  o f  deve lop ing  an i n  s i t u  o r  i n  v i v o  
EPR a s s a y  f o r  p o l l u t a n t  c a r c i n o g e n i c i t y  o r  m u t a g e n i c i t y  t o  be e v a l u a t e d .  

Hence t h e  b i o l o g i c a l  s i g n i f i c a n c e  of  EPR 

N i t r o g e n  o x i d e s  a r e  among t h e  v o l a t i l e  p r o d u c t s  of  combust ion  
of f o s s i l  f u e l s  ( a s  well  a s  of t o b a c c o  smoke), and t h e i r  a t m o s p h e r i c  
p h o t o c h e m i s t r y  i s  r e s p o n s i b l e  f o r  most o f  t h e  c o l o r  and much o f  t h e  recog-  
n i z e d  b i o l o g i c a l  i r r i t a t i o n  due  t o  photochemica l  smogs. As o x i d i z i n g  
c h e m i c a l s ,  some even  be ing  f r e e  r a d i c a l s  (e.g. ,  n i t r i c  o x i d e ) ,  r ad ibmimet i c  
c h a r a c t e r  might  be a n t i c i p a t e d ,  p o s s i b l y  i n c l u d i n g  long- range  e f f e c t s  
such  a s  c a r c i n o g e n e s i s  o r  mu tagenes i s .  However, l i t t l e  documen ta t ion  i s  
i n  hand r e g a r d i n g  t h e  d i s t r i b u t i o n ,  r e a c t i o n s  and b i o l o g i c a l  f a t e  of 
n i t r o g e n  o x i d e s  o r  t h e  o t h e r  a t m o s p h e r i c  o x i d a n t s  a s s o c i a t e d  w i t h  f u e l  
combus t ion ,  such  a s  ozone. 

EPR and r e l a t e d  doub le  r e s o n a n c e  s p e c t r o s c o p i e s  have  t h e  p o t e n t i a l  
t o  a n a l y z e  from b i o l o g i c a l  samples  ( i n c l u d i n g  c e l l s  and t i s s u e s )  t h e  p a r a -  
magne t i c  c e n t e r s  t h a t  a r e  formed by  t h e  a s s o c i a t i o n  o f  n i t r o g e n  o x i d e s  
w i t h  hemoglobin and wi th  o t h e r  heme p r o t e i n s  ( e s p e c i a l l y  cy tochromes ) ,  a s  
w e l l  a s  more s t a b l e  f r ee  r a d i c a l s  ( such  a s  l i p o p e r o x i d e s )  t h a t  may be 
produced by t h e  r e a c t i o n s  of  r a d i a t i o n ,  n i t r i c  o x i d e n ,  o z o n e ,  e t c . ,  w i t h  
l i p i d s  and b i o l o g i c a l  membranes. I n  f a c t  a c r u d e  EPR s u r v e y  some y e a r s  
ago  r e p o r t e d  t h e  g e n e r a t i o n  of  p a r a m a g n e t i c  s i t e s  i n  d i s t a n t  t i s s u e s  of  
a n i m a l s  t h a t  b r e a t h e d  a i r  c o n t a i n i n g  v a r i o u s  combust ion  p r o d u c t s ,  i n c l u d i n g  
n i t r o g e n  o x i d e s .  

I 

The s p e c i a l  c a p a b i l i t y  of  tk BNL b i o e n e r g e t i c  program i n v o l v i n g  
f r e e  r a d i c a l s  to  c a r r y  o u t  EPR and d o u b l e  r e sonance  measurements  on t i s s u e  
samples  cou ld  r e a d i l y  be ex tended  t o  m o n i t o r  t h e  a t t a c k  o f  ozone  and 
n i t r o g e n  o x i d e s  i n  i n t a c t  an ima l s .  A d d i t i o n a l  s t u d i e s  on c e l l s ,  t h e i r  
components ,  and on  b i o c h e m i c a l s  wouild complement t h e  work, and i t s  i n t e r -  
p r e t a t i o n  would b e  f u r t h e r  s u p p o r t e d  by accompanying m i c r o s c o p i c  and b i o -  
chemica l  a n a l y s e s ,  
t e c h n i q u e s  t o  d e v e l o p  an  a s s a y  f o r  human exposure  t o  some o f  t h e  e n v i r o n -  
mental. agents o f  t h i s  c l a s s .  

The p o s s i b i l i t y  s h o u l d  be c o n s i d e r e d  of u s i n g  EPR 

@&&rate b u i l d u p  i n  ground water may r e s u l t  from l e a c h i n g  t h a t  
f o l l o w s  t h e  s t r i p  mining of c o a l ,  a s  w e l l  a s  from sewage and  f e r t i l i z e r s .  
The b i o l o g i c a l  consequences  have  been  though t  t o  be m o s t l y  t h o s e  a s s o c i a t e d  
w i t h  e u t r o p h i c a t i o n ;  however ,  t h e r e  a r e  some i n d i c a t i o n s  t h a t  l e v e l s  o f  
b o t h  n i t r i t e s  and n i t r a t e s  i n  d r i n k i n g  water may be i m p o r t a n t  t o  h e a l t h .  

(See C o n t i n u a t i o n  S h e e t )  FS-382 
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Nitrites, which can be formed from nitrates by soil bacteria, may be 
converted by stomach acids to nitrosamines, some of which can be highly 
mutagenic. In addition, EPR signals of presently unknown significance 
have been found in tissues and cells exposed to relatively high levels of 
nitrite and/or nitrate in their water supplies. Although once again this 
suggests the possibility of an EPR assay of "effective" biological exposure, 
it may a l s o  have functional consequences in terms of cancer induction by 
other chemicals. For example, high levels of dietary nitrate enhance EPR 
signal amplitude but decrease tumor .incidence (i.e., a protective effect) 
when given to animals exposed to various carcinogens. 
preliminary findings should be followed up, and the EPR capabilities at 
BNL are well suited to this work. 

Clearly these 

.\ 
i 

15. Relationship to Other Projects: 

NMR studies are planned in the Biology Department. Radiation 
techniques to provide kinetic information and further identificatlon of 
reaction intermediates are in progress in the Chemistry Department (pulse 
radiolysis) and in the Physics Department (on-line EPR at the Dynamitron 
electron accelerator). 

- 
16. Technical Progress in FY 1973: 

L 

Project not yet initiated. 

17. Expected Results in FY 1974: 

Project to be initiated in FY 1975. 

18. Expected Results in FY 1975: 

Present programs may be extended to include consideration of non- 
nuclear pollutants with minimum additional support. 
of the research activities noted would require an estimated addition of 
two scientific staff members and two technicians (plus one scientist and 
one technician associated with the radiation /EPR collaborative project). 
Stwed-flow and temperature-jump analyses of free radical reactions would 
require another technician. 

Optimum implementation 

The reaction of several classes of  known carcinogens (aminonitro- 
quinolines, benzanthracene-benzpyrene, nitrosamines) with DNA constituents 
(bases, nucleosides, nucleotides, oligonucleotides) will be examined by 
EPR to determine whether o r  not combination occurs in the same way that 
radiation-produced free radicals combine. 

(See Continuation Sheet) RX- 383 
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18. Expected Results in FY 1975: (Cont'd.) 

I f  evidence is f o u n d  that combination is by means o f  free radicals, 
the reactions will be studied by stopped-flow techniques to obtain preliminary 
data on tne kinetics of reaction, and electrochemical measurements (cyclic 
voltammetry, potentiometry) will be used to delineate oxidative reaction paths 
and potentials in different solvents. 

The setting-up of an "on-line" EPR spectroscope at the Dynamitron, 
and installation of ancillary experimental apparatus would begin in collabor- 
ation with the Chemistry and Physics -Departments. 

19. Description and Explanation of Major Materials, Equipment and Subcontract 
\ Items: i 

FY 1975 Capital Equipment: 

Additional equipment f o r  f u l l  implementation: EPR spectrometer with Q-band 
EPR b r i d g e  ($60,000). 

20. Proposed Obligations for Related Construction Projects: 

None 

E- 
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SCHEDULE 189 

ADDITIONAL EXPLANATION FOR OPERATING COSTS 

Brookhaven National Laboratory 
Laboratory 

m-Biomedical 6 Environmental Research 
Program 

1. Contractor: Contract No. : Task No. : 

AT(39-1)-16 Associated Universities, Inc. 

2 .  Project Title: 189 No. : 
Biological Studies of Materials Arising from Energy Operations 
Interaction of Chemicals with Nucleic Acids RX-385 

4 .  Date Prepared: 3 .  BudRet Activity No.: 

RX-03-06 -(b) May 1973 .\ 
b 

5. Method of Reporting: 6 .  Working Location: 
Scientific Meetings Brookhaven National Laboratory 
B N L  Monthly Letter to AEC 
Scientific Journals 

7 .  Person in Charge: 8 .  Project Term: 

L. D. Hamilton 

Principal Investigator: 

L. D. Hamilton 

From: To : 

To be initiated in FY 1975 - 

9. Man-Years : 

Direct Man-Years 

Scientific & Profeesional 
Other 
Guests 6 Res, Collaborators 

Total 

FY 1973 FY 1974 FY 1975 

2.0 
2 . 5  

- - -  - - -  4 . 5  

LO, Costs ( I n  Thousands of Dollarsl: 
. *  ~i 1973 FY 1974 FY 1975 
‘w 

.: Research Division 0 0 119 

Equipment Obligations 0 0 7 

0 
Research Costs 3 0 119 - 0 - 0 

&L$<‘ - .  , Hospital Division - 

11. Reactor Concept: 12.  Materials: 
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13. Pub 1 i c a  t i o n s  : 

- 
f 

P r o j e c t  no t  y e t  i n i t i a t e d .  

14. Scope: 
A) 200 Word Summary 

One of t h e  long- range  e f f e c t s  o f  n o n - n u c l e a r  ene rgy  systems u r g e n t l y  
need ing  a n a l y s i s  i s  c a r c i n o g e n e s i s  ( o n c o g e n e s i s ) .  T h i s  i n v o l v e s  more than  
t h e  d i r e c t  e f f e c t  i n  p r e s e n t  g e n e r a t i o n s  s i n c e  t h e r e  i s  t h e  p o s s i b i l i t y  of 
g e n e t i c  damage. Chemical c a r c i n o g e n s ' g i v e n  a t  low d o s e s  o v e r  l ong  p e r i o d s  
o f  t ime p r e s e n t  t h e  same problem as  do low d o s e s  of  r a d i a t i o n  a t  low dose  
r a t e s :  one h a s  t o  e x t r a p o l a t e  e x p e r i e n c e  from h igh  t o  low d o s e s .  S ince  
t h e  haza rd  from low d o s e s  of common p o l l u t a n t s  g e n e r a t e d  by non-nuq lea r  
ene rgy  s o u r c e s  would o n l y  be d e d u c i b l e  from a p r e c i s e  unders tandin 'g  of how 
t h e s e  p o l l u t a n t s  i nduce  e f f e c t s ,  s t u d i e s  a r e  needed on how such e n v i r o n -  
menta l  c o n t a m i n a n t s  i n t e r a c t  w i th  t h e  i n f o r m a t i o n a l  macromolecules ,  t h a t  
i s  t o  s a y ,  n u c l e i c  a c i d s .  T h i s  approach  o f f e r s  t h e  o p p o r t u n i t y  no t  o n l y  
o f  u n d e r s t a n d i n g  how t o x i c  chemica l s  i n d u c e  b i o l o g i c a l  damage, b u t  may 
a l s o  i n d i c a t e  ways t o  minimize damage, A s  knowledge o f  these i n t e r a c t i o n s  
i n c r e a s e s ,  i t  may s e r v e  a s  a r a p i d  d e t e c t i o n  sys tem f o r  c h e m i c a l s  l i k e l y  
t o  c a u s e  g e n e t i c  damage and tumors.  

T h e  aim o f  t h i s  s t u d y  is  p r e d i c t i o n ,  n o t  d e s c r i p t i o n - - t o  t e l l  b e f o r e  
t h e  f a c t  w h a t  k inds  of molecule  a re  l i k e l y  t o  c a u s e  i n t e n s e  pha rmaco log ica l  , 
e f f e c t s ,  n o t a b l y  o n c o g e n e s i s  and g e n e t i c  e f f e c t s .  

Supplement t o  200 Word Summary: 

A s u r v e y  w i l l  be  made o f  s o l u b l e  c a r c i n o g e n s  ( s o l u b l e  i n  p h y s i o l o g i c a l  
s o l u t i o n )  a p a r t  from p o l y n u c l e a r  h y d r o c a r b o n s - - e m i t t e d  from f o s s i l - f u e l  
power g e n e r a t i n g  p l a n t s ,  and of s o l u b l e  c a r c i n o g e n s - - a p a r t  from p o l y n u c l e a r  
h e t e r o c y c l i c  compounds and p o l y n u c l e a r  a r o m a t i c  h y d r o c a r b o n s - - p r e s e n t  
i n  urban  a tmosphere .  
be complexed w i t h  DNA, d o u b l e - s t r a n d e d  RNA, and s y n t h e t i c  RNA so as t o  
d e t e c t  t h e i r  e x a c t  p o i n t s  of i n t e r a c t i o n .  
i n  h i g h l y  s p e c i f i c  ways w i t h  t h e  DNA and RNA w i l l  b e  fo l lowed  spec t ropho to -  
m e t r i c a l l y ,  b y  m e l t i n g - c u r v e  a n a l y s e s ,  a n d ,  when i n d i c a t e d  by u l t r a c e n t r i f u g a -  
t i o n  a n a l y s e s .  
fibe&?& of complexes  and t h e  d a t a  from t h e s e  combined w i t h  m o l e c u l a r  rnodel- 

Chemicals r e c o g n i z e d  a s  d i r e c t l y  c a r c i n o g e n i c  w i l l  

The i n t e r a c t i o n  o f  t h e  c a r c i n o g e n s  

I n  c r i t i c a l  c a s e s ,  x - r a y  d i f f r a c t i o n  s t u d i e s  will be made of 

g t o  p r o v i d e  r i g o r o u s  proof  on t h e  s t e r e o c h e m i s t r y  o f  t h e  i n t e r a c t i o n  
chemica l  w i t h  t h e  n u c l e i c  a c i d .  

15. R e l a t i o n s h i p  t o  Othe r  P r o j e c t s :  

The  proposed  program e x t e n d s  t o  e n v i r o n m e n t a l  p o l l u t a n t  s t u d i e s  on t h e  
i n t e r a c t i o n  o f  d r u g s  w i t h  n u c l e i c  a c i d s  c a r r i e d  o u t  unde r  budget a c t i v i t y  

(See C o n t i n u a t i o n  S h e e t )  Rx-386 
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15. R e l a t i o n s h i p  t o  O t h e r  P r o j e c t s :  ( C o n t ' d . )  

RX-03-02-d i n  c o l l a b o r a t i o n  w i t h  t h e  Medica l  Research  Counc i l  B iophys ic s  
Research  Uni t  and Department o f  B i o p h y s i c s ,  K i n g ' s  C o l l e g e ,  London, a s  p a r t  
o f  a program on t h e  s t o r a g e  and t r a n s f e r  o f  t h e  g e n e t i c  message. 

O the r s  working on t h e  i n t e r a c t i o n  of c h e m i c a l s  w i th  n u c l e i c  a c i d s  
i n c l u d e  David Davies  a t  t h e  N a t i o n a l  I n s t i t u t e s  of H e a l t h ,  Be thesda ,  and 
H. M. Sobel and S. C. J a n e  a t  Depar tments  o f  Chemis t ry  and R a d i a t i o n  
Bio logy  and B i o - P h y s i c s ,  U n i v e r s i t y  of  Roches te r .  
a re  u s i n g  Nuc lea r  Magne t i c  Resonance ,(NMR) t o  d i s c e r n  t h e  i n t e r a c t i o n  
between chemica l s  and'monomeric s u b s t i t u e n t s  of n u c l e i c  a c i d s .  The proposed 
work w i l l  complement proposed  s t u d i e s  o f  D. Borg i n  t h e  BNL Medica l  Department 
on t h e  i n t e r a c t i o n  o f  chemica l s  w i th  s u b s t i t u e n t s  o f  n u c l e i c  a c i d s  and 
e v e n t u a l l y  w i t h  n u c l e i c  a c i d s  t h e m s e l v e s ,  t o  be fo l lowed by Electo,n Paramag- 
n e t i c  Resonance (EPR) s p e c t r o s c o p y  and NMR. 

S e v e r a l  o t h e r  l a b o r a t o r i e s  

These s t u d i e s  a l s o  r e l a t e  t o  s t u d i e s  on r e s e a r c h  i n  mutagenes i s  be ing  
c a r r i e d  o u t  b y  F. J. d e  S e r r e s  a t  Oak Ridge N a t i o n a l  L a b o r a t o r y ;  on t h e  
r e l a t i o n  of  c a n c e r  i n d u c t i o n  and g e n e t i c  damage by J. H. Weisberger  and 
G, M. Wi l l iams  a t  t h e  N a t i o n a l  Cancer I n s t i t u t e ,  N I H ,  B e t h e s d a ;  and 
e x t r a p o l a t i n g  r e s u l t s  o f  t o x i c i t y  s t u d i e s  i n  l a b o r a t o r y  a n i m a l s  t o  man by 
D. P. Ral l ,  N a t i o n a l  I n s t i t u t e  of Env i ronmen ta l  Hea l th  S c i e n c e s ,  North 
Car0 1 ina.  

, 
16. Techn ica l  P r o g r e s s  i n  FY 1973: 

P r o j e c t  n o t  y e t  i n i t i a t e d  . - 

1 7 .  Expected R e s u l t s  i n  FY 1974: 

P r o j e c t  t o  b e  i n i t i a t e d  i n  FY 1975. 

18. Expected R e s u l t s  i n  FY 1975: 

The f i r s t  t a s k  w i l l  be a s u r v e y  of c a r c i n o g e n s  s o l u b l e  i n  body f l u i d s  
as  w e l l  a s  p o l y n u c l e a r  hydroca rbons  t h a t  w i l l  r e q u i r e  s o l u b i l i z a t i o n  emi t t ed  
from f o s s i l - f u e l  power p l a n t s  and a l s o  p r e s e n t  i n  urban  a tmosphere .  Pure  

s o f  c h e m i c a l s  r ecogn ized  as  d i r e c t l y  c a r c i n o g e n i c  w i l l  be complexed 
w i t h  DNA, v a r i o u s  t y p e s  of  RNA, and s y n t h e t i c  p o l y r i b o n u c l e o t i d e s .  

t a c t i o n  o f  t h e  c a r c i n o g e n s  w i t h  n u c l e i c  a c i d s  w i l l  be  fo l lowed 
spec t&photorne t  r i c a l l  y ,  by melt i n g - c u r v e  a n a l y s i s ,  and when i n d i c a t e d  , by 
u l t r a c e n t r i f u g a t i o n  a n a l y s i s .  In  a d d i t i o n ,  where i t  i s  p o s s i b l e  to g e t  
complexes t h a t  remain  r e - s o l u b l e ,  x - r a y  d i f f r a c t i o n  s t u d i e s  w i l l  be made 
on f i b e r s  of  t h e  complexes ,  and t h e  d a t a  from t h e s e  combined w i t h  molecular  
mode l -bu i ld ing  o f  t h e  n u c l e i c  a c i d s  and t h e  i n t e r a c t i n g  m o l e c u l e s  t o  d e t e r -  
mine t h e  s t r u c t u r e  o f  t h e  t h r e e - d i m e n s i o n a l  i n t e r a c t i o n  o f  t h e  complex. It  

(See C o n t i n u a t i o n  Sheet) Rx-387 
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Project Title: Interaction of Chemicals with Nucleic Acids RX-03-06- (b)  

18. Expected Results in FY 1975: (Cont'd.) 

is expected that the survey of classes of compounds directly interacting 
with DNA and other nucleic acids and their availability as pure compounds 
will be completed in the first year. 
interactions will have been studied in vitro by various physico-chemical 
techniques. 
diffraction and model-building is a more time consuming process, and at 
most, several complexes may be determined i n  a year. 

In addition, a number of these 

The determination of  the molecular interaction by x-ray 

19. Description and Explanation of Major Materials, Equipment, and 
Subcontract Items: 

None 

20. Proposed  Obligations for Related Construction Projects :  

None 

, 

RX-388 
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5 .  Method of Repor t inq :  6 .  Working Loca t ion :  S c i e n t i f i c  Meet ings  Brookhaven N a t i o n a l  Labora to ry  

BNL Monthly L e t t e r  t o  AEC 
S c i e n t i f i c  J o u r n a l s  
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D i r e c t  Man-Years 

S c i e n t i f i c  & P r o f e s s i o n a l  
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T o t a l  

10. C o s t s  (In Thousands of D o l l a r e l :  

Fi 1973 FY 1974 FY 1975 

133 
0 

133 Resea rch  C o s t s  0 15  

0 0 
0 0 

0 
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Re s e a r c h D i v  i s i on 

- - a' .Hosp i t a l  D i v i s i o n  - 0 0 

Equipment Ob1 i g a t i o n s  
11. R e a c t o r  Concept:  12.  Materials:  
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B i o l o g i c a l  S t u d i e s  of M a t e r i a l s  A r i s i n g  from Energy O p e r a t i o n s  
The E f f e c t s  o f  P o l l u t a n t s  on Ce l l s  S tud ied  i n  

P r o j e c t  T i t l e :  T i s s u e  C u l t u r e s  RX-03-06- ( c )  

13, Pub 1 i c a t i o n  s : 

P r o j e c t  no t  y e t  i n i t i a t e d .  

14. Scope: 
A) 200 Word Summary: 

The i n c i d e n c e  o f  c h r o n i c  pulmonary d i s e a s e  i s  i n c r e a s i n g .  P o l l u t a n t s  

E v a l u a t i o n  o f  s u s p e c t e d  h a z a r d s  by exposure  o f  a n i m a l s  i n  
i n  t h e  env i ronmen t ,  c i g a r e t t e s ,  and i n d u s t r i a l  d u s t s  a r e  s u s p e c t e d  a s  t h e  
p r i m a r y  causes .  
c l o s e d ,  moni tored  env i ronmen t s  would t a k e  d e c a d e s  and b e  e x t r e m e l y  c o s t l y  i n  
manpower a s  w e l l  a s  d o l l a r s .  Using a 3 t i e r  t i s s u e  c u l t u r e  sys t em,  i t  i s  
p roposed  t o  s t u d y  t h e  i n t e r a c t i o n s  o f  p o l l u t a n t s  w i th  pulmonary macrophages 
and n e u t r o p h i l s  and t o  d e t e c t  t h o s e  p o l l u t a n t s  w i t h  d e l e t e r i o u s  e f . f e c t s  on 
human pulmonary e p i t h e l i u m .  
and gaseous  p o l l u t a n t s  w i l l  be s t u d i e d  i n  c l a s s i c a l  t i s s u e  c u l t u r e  sys tems.  
The p o l l u t a n t s  shown t o  have  d e l e t e r i o u s  e f f e c t s  i n  c u l t u r e  w i l l  be  e v a l u a t e d  
i n  an ima l s .  

I n  a d d i t i o n ,  t h e  e f f e c t s  o f  n o x i o u s  $ a r t i c u l a t e  

B) Supplement t o  200 Word Summary: 

I n  t h e  h i g h l y  i n d u s t r i a l i z e d  w e s t e r n  s o c i e t y ,  man i s  s u b j e c t  t o  a changing 
i n c i d e n c e  of g e n e t i c ,  c a r d i o v a s c u l a r ,  pu lmonary ,  n e u r o l o g i c a l  and menta l  
d i s e a s e s  and c a n c e r .  The i n c i d e n c e  o f  pulmonary d i s e a s e s  i s  i n c r e a s i n g  b u t  th$  
s u s p e c t e d  r o l e  of t h e  envi ronment  i n  c a u s i n g  t h i s  i n c r e a s e  h a s  been inadequa te -  
l y  e v a l u a t e d .  One m u s t  c o n s i d e r  t h e  f o l l o w i n g  a s  p o t e n t i a l l y  c a u s a t i v e  
f a c t o r s :  t h e  e f f e c t  o f  r a d i a t i o n  from a l l  s o u r c e s  ( t h e  p r a c t i c e  o f  med ic ine ,  
n u c l e a r  power p l a n t s ,  i n d u s t r i a l  o p e r a t i o n s ,  e t c . ) ;  t h e  e f f e c t  o f  p rocessed  - 
f o o d s  i n  t h e  d i e t ;  t h e  e f f e c t  of d r u g s  used  i n  t h e  p r a c t i c e  of  m e d i c i n e ;  t h e  
e f f e c t s  o f  c h e m i c a l s  used  i n  i n d u s t r y ;  e f f e c t s  o f  i n d u s t r i a l  g a s  and l i q u i d  
e f f l u e n t s  con tamina ted  b y  heavy m e t a l s ;  t h e  c a r c i n o g e n i c  e f f e c t  o f  hydro-  
c a r b o n s ;  t h e  g e n e r a l  t o x i c  e f f e c t  o f  o x i d e s  of n i t r o g e n  and s u l f u r  exhaus t ed  
from f o s s i l  f u e l  p l a n t s ;  t h e  e f f e c t  o f  i n n e r - c i t y  crowding on t h e  sp read  o f  
d i s e a s e  g e n e r a l l y ;  and t h e  e f f e c t  of s t r e s s  d u e  t o  such i n f l u e n c e s  on t h e  
i n d i v i d u a l  a s  t h e  u n c e r t a i n t i e s  connec ted  w i t h  modern n a t i o n a l  and i n t e r n a t i o n a l  
c o m p e t i t i o n ,  None of t h e s e  f a c t o r s  can  be s a t i s f a c t o r i l y  c o n s i d e r e d  s e p a r a t e l y .  
Each must b e  a n a l y z e d  i n  r e l a t i o n  t o  t h e  o t h e r s ,  t h e  v a r y i n g  i n t e r a c t i o n s  
t h o r o u g h l y  e v a l u a t e d .  

s t u d i e s  comparable  t o  t h o s e  used t o  a s s e s s  t h e  h a z a r d  o f  i n h a l e d  
at and uranium a r e  r e q u i r e d  t o  i d e n t i f y  t h e  chemica l  and p h y s i c a l  
r i s t i c s  o f  h a z a r d o u s  p o l l u t a n t s ,  t h e  l ong- t e rm an ima l  s t u d i e s  w i l l  
1 - 2  decades .  A method e n a b l i n g  more r a p i d  answers  would b e  u s e f u l  

i n  d e s i g n i n g  t h e  l o n g - t e r m  expe r imen t s .  Thus, t h e  i n i t i a l  p r o p o s a l  i s  t o  
s t u d y  t h e  e f f e c t  o f  e n v i r o n m e n t a l  c o n t a m i n a n t s  upon c e l l  p r o l i f e r a t i o n  and 
f u n c t i o n ,  i n c l u d i n g  i n  v i t r o  c a r c i n o g e n e s i s ,  w i t h  d i v e r s e  s t a n d a r d  t i s s u e  
c u l t u r e  sys tems.  These  would i n c l u d e  i n  v i t r o  c u l t i v a t i o n  of bone marrow 

(See C o n t i n u a t i o n  S h e e t )  Rx- 390 
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B i o l o g i c a l  S t u d i e s  o f  Materials A r i s i n g  from Energy O p e r a t i o n s  
The E f f e c t s  o f  P o l l u t a n t s  o n  Cells S t u d i e d  i n  

P r o j e c t  T i t l e :  T i s s u e  C u l t u r e s  RX-03-06-(c) 
14. Scope:  (Con t ' d . )  

c e l l s ,  human a l v e o l a r  macrophages,  embryonic  human t i s s u e  c u l t u r e s ,  and 
lymphocyte  c u l t u r e s .  
t i m e ,  2)  growth f r a c t i o n ,  3 )  time pa rame te r s  o f  t h e  c e l l  c y c l e  u t i l i z i n g  
t h e  f l o w  o f  t r i t i a t e d  thymidine  l a b e l e d  c e l l s  t h r o u g h  m i t o s i s ,  4 )  t h e  
p o s s i b l e  i n d u c t i o n  o f  somat i c  m u t a t i o n s  ( enzymat i c  c h a n g e s ) ,  5 )  changes  i n  
f u n c t i o n ,  e.g., e f f e c t s  on p r o d u c t i o n  o f  e r y t h r o p o i e t i n  and o t h e r  enzymes by 
c u l t u r e s  o f  human r e n a l  g l o m e r u l i ,  and 6 )  c y t o g e n i c  e f f e c t s .  

These  t i s s u e  c u l t u r e s  would be measured f o r :  1 )  d o u b l i n g  

One t h e o r y  on t h e  development  of emphysema s u g g e s t s  t h a t  a r e su l t  o f  
pulmonary i r r i t a n t s  is  t h e  i n t e r s t i t i a l  d e a t h  o f  n e u t r o p h i l s  a n d / o r  macro- 
phages  and t h e  concomi tan t  release of  p o t e n t  d e s t r u c t i v e  lysosomal  enzymes 
t h a t  produce  mic roscop ic  f o c i  of  n e c r o s i s  wh ich ,  o v e r  a pro longed  p e r i o d ,  
p roduce  emphysema ( J a n o f f ) .  
almost imposs ib l e  by o r d i n a r y  s e r i a l  s e c t i o n  of  lungs  because  t h e  s i z e s  of 
t h e  l e s i o n s  are too  small. It i s  t h e r e f o r e  proposed  t h a t  a t i s s u e  c u l t u r e  
s y s t e m  be developed  t o  a s s a y  s u c h  e f f e c t s .  
t h r e e  l a y e r s  o f  d i f f e r e n t  c e l l s  i n  s o f t  a g a r :  t h e  d e e p e s t  l a y e r  c o n s i s t i n g  
o f  a n  a p p r o p r i a t e  f e e d e r  sys t em;  t h e  n e x t  l a y e r  c o n s i s t i n g  o f  human pulmonary 
e p i t h e l i u m  o b t a i n e d  from v i a b l e  f e t u s e s ;  and when t h i s  c u l t u r e  i s  e s t a b l i s h e d ,  
a t h i r d  l a y e r  c o n s i s t i n g  o f  human a l v e o l a r  macrophages and n e u t r o p h i l s  
exposed  t o  p a r t i c u l a t e  a t m o s p h e r i c  a n d / o r  g a s e o u s  p o l l u t a n t s .  The b a s i s  f o r  
t h i s  sys t em i s  as f o l l o w s :  i f  t h e  phagocy tes  i n g e s t  p a r t i c l e s  f o r  which t h e  : 
c e l l  i s  n o t  programmed t o  i n a c t i v a t e ,  t h e r e  is a h i g h  p r o b a b i l i t y  thAt  t h e  
r e s u l t  would be t h e  d e a t h  o f  t h e  n e u t r o p h i l  or macrophage and t h e  r e l e a s e  
o f  t h e  lysosomal  enzymes ( h y d r o l y t i c  and o x i d a t i v e )  t h u s  l e a d i n g  t o  t h e  
d e a t h  o f  u n d e r l y i n g  pulmonary e p i t h e l i a l  c e l l s .  I n  p r i n c i p l e ,  t h i s  cou ld  
be i d e n t i f i e d  by t h e  deve lopment  o f  t r a n s p a r e n t  p l aques .  

However, t h e  d e t e c t i o n  o f  such  a n  e f f e c k  i s  

The sys t em would c o n s i s t  o f  

< 

I f  t h e  t i s s u e  c u l t u r e  s t u d i e s  produce  p o s i t i v e  r e s u l t s ,  c h r o n i c  
i n h a l a t i o n  s t u d i e s  would be i n i t i a t e d  u s i n g  a n i m a l s  exposed t o  v a r i a b l e  
c o n c e n t r a t i o n s  o f  t h e  same materials 'used i n  t h e  t i s sue  c u l t u r e  s t u d i e s ,  
L i f e t i m e  o b s e r v a t i o n  o f  t h e s e  a n i m a l s  would i n c l u d e :  1 )  t h e  i n c i d e n c e  
o f  pulmonary d i s e a s e ,  2 )  s o m a t i c  e f f e c t s ,  3 )  pulmonary f u n c t i o n ,  4 )  re- 
p r o d u c t i v e  c a p a b i l i t y ,  5) t h e  i n d u c t i o n  o f  dominant  l e t h a l s ,  6 )  t h e  e f f e c t s  
on  embryo i n  c u l t u r e ,  and 7 )  c a r c i n o g e n e s i s .  

The proposed s t u d i e s  would be i n  c o l l a b o r a t i o n  w i t h  t h e  BNL Department 
of  A p p l i e d  S c i e n c e  where p o l l u t a n t s  would be  p r e p a r e d  f o r  u s e  i n  t i s s u e  

d i n  an ima l  s t u d i e s .  D r .  Michae l  Bender  w i l l  p a r t i c i p a t e  f o r  t h e  
c s t u d i e s ,  and a s c i e n t i s t  w i l l  be r e q u i r e d  f o r  t h e  s t u d y  of t h e  

embryos. 

(See C o n t i n u a t i o n  S h e e t )  RX-391 
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/- The Eifects o f  Pollutants on Cells Studied in 

Biological Studies o f  Materials Arising from Energy Operations 

Project Title: Tissue  Cultures - - -  
15. Relationship t o  Other Projects: 

Related studies on pulmonary function, pulmonary surfactants, and 
elasticity are proposed by the BNL Department of Applied Science. 

The experiments would lean heavily upon exlsting tissue culture tech- 
niques f o r  the study of hemopoietic stem cell proliferation and differentia- 
tion and studies on renal glomerular cultures and studies on the induction 
of dominant lethals by tritium (RX-03-02-b and RX-01-01-c). Dr. Aaron 
Janoff, State University o f  New York at Stony Brook, is actively pursuing 
studies aimed at confirming his hypothesis on the release of lysosomal 
enzymes from neutrophils and macrophages as an etiologic factor in the 
production of emphysema and other chronic pulmonary disease. Contemporary 
studies on  CY^ antitrypsin are closely related since individuals with, 
congenitally determined pulmonary disease have an absence of or mapked 
reduction in CUI antitrypsin. 

16. Technical Progress in FY 1973: 

Project not yet initiated. 

17. Expected Results in FY 1974: 

Project to be initiated in FY 1975. . 
18. Expected Results in FY 1975: 

Design studies will center on the development of environmental incuba- 
tors for tissue culture techniques and preliminary studies will be made on 
producing plaques in the three layer tissue culture proposal for detection 
of pollutants harmful t o  the lung, 
scientists and technicians, tissue cultures will be established and control 
studies initiated t o  see the effect of gaseous pollutants (oxides o f  nitrogen 
and sulfur) upon the proliferation rates and the development of cytogenetic 
abnormalities. 
ambient gases will be designed and fabricated. 
dishes will be modified in order t o  insure a constancy of the concentration 
of the gases overlying the culture. 
assay brticulate pollutants will be established. 
gases 
are i fied in the tissue culture system, facilities f o r  long-term animal 
studies will be designed and fabricated. 

With the appointment of additional 

Incubators within which one can control the concentration of 
Tissue culture flasks and 

The three tier culture technique t o  
When concentration of 

ful to tissue culture are established and hazardous particulates 

(See Continuation Sheet) RX-392 
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Bio log ic  a1 S t u d i e s  of Materials A r i s i n g  fran Energy O p e r a t i o n s  
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19. D e s c r i p t i o n  and E x p l a n a t i o n  of Major Materials,  Equipment and 
S u b c o n t r a c t  I terns: 

FY 1975 C a p i t a l  Equipment: 

The p u r c h a s e  and c o n v e r s i o n  of i n c u b a t o r s  t o  c o n t r o l  ambient  gases  and 
p e r m i t  i n t r o d u c t i o n  of a e r o s o l s  in e q u i l i b r i u m  with t h e  s u r f a c e  of t i s s u e  
c u l t u r e s  i s  e s t i m a t e d  t o  c o s t  $15,000. 
d e s i g n e d  long-term animal f a c i l i t i e s  w i l l  be a major  expense  in the  f o l l o w i n g  
f i s c a l  y e a r .  

The f a b r i c a t i o n  of s p e c i a l l y  

20. Proposed  O b l i g a t i o n s  for R e l a t e d  C o n s t r u c t i o n  P r o j e c t s :  

None 
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