
''\, -tc3'. 

4. Budget Activity NO. 5. Buaget Item'No. 16. Contractor's No. 

7. Contractor: Aesociated Universities, Inc. 18. Worhing Location 9. Contract Bo. 
Brookhsven National Laboratory 1 Uptm, New York AT-30-2-GEN-1 

16-01-02, 06-03-01,06-03-02 
I - 

- 
10. Pereons i n  Charge 

L. E. Farr 

U. Star t ing Date of Project: 

continuing " - 

3.  Sub-Title: . .  

Budget Activity 
No. 

06-01-02 

06-03-01 

- 06-03-02 

Page No. 

Radiation Effects on Biological Systems 06- 6 
- Medical Research 

Beneficial Applications of Atomic Energy 06-73 - Cancer Research 

Beneficial Applications of Atomic Energy 06-89 - Medical Research 

BOX NO. 

FOLDER 



$t.le: Medical Research - Summary ~ (06-01-02; 06-07-01; 06-03-02) 
L8. Operating Costs ( I n  Thousands betimated Estimated Estimated 

1961 1962 of Dollars) 1960 
Labor (including Benefits) 
Materials, Travel, e tc .  
Development Subcontracts, Special Proc. 

rota1 Direct 
Special Power 
Reactor and/ or Accelerator Usage 
Technical Services (from BNL Service Units) 
General & Administrative Overhead 

-c Total 
L 

~ 5- . -. 
_ -_.  . 
Capital Equipment 

(Obligations-for information only) 

1,238 1,525 1,798 
370 440 496 

28 28 
1,993 2,322 - 0- - 0- - 0- 

96 
268 190 

86 95 
8 944 785..._ 

2,682 3,190 3,630 

211 240 280 

Estimated Estimated Estimated 
1960 1961 1962 

(A) Constnction ( I n  Thousands of Dollars) 

( B )  Equipment ( I n  Thousands of Dollars) 211 240 280 

FY 1961 equipment w i l l  probably include the f o l  owing special  Items which w i l l  be 
ut i l ized by more than one medical activity: C1' Analyzer - $9,000; Prep Ultra 
Centrifuge - $8,000; Auto Record Scint l l la t ion Spectrometer - $6,500. 

FY 1962 equipment w i l l  probably include the following special  item which w i l l  be 
ut i l ized by nore than one medical activity:  
Multi-channel Analyzer (4000 ch.) - $30,000; Whole Body Counting Equipment - 
$40, 000 . 

Scanning Instrumentation - $12,000; 

-- 
20. Direct Man Power Estimated Estimated Est imated 

No. of Man Years 
1960 1961 1962 

. Scientists,  Research Associates 38.5 45.5 48.0 

Visit ing Scient is ts  

Scient is ts  - T o t d  - 
Technic a1  
Administrative & Services 

13.0 14.5 18.5 

51.5 60.0 66.5 
107.0 125.5 144.0 
18.5 22.5- 25.0 
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F O ~  moo-230 
(1-60) 

7. Contractor: Associated Universities, Inc. 18. Working Location 
Brookhaven National Laboratory ; Upton, New York 

NEW YORX OPEWiTIOIiS OFFICE 
PROJECT PROPOSAL AND AUTHORIZATION 

-_--_I__._ - ._ -.-- ---- 

, 9. Contract NO. 
AT-30-2-CEN-lt 

1. ,Project T i t le :  
Medical Research 

To elucidate effects ,  and intimate knowledge must be obtained of cell,  organ, 
or  t issue,  and of en t i re  mammalian metabolism so tha t  not only i s  t he  specific 
reaction known and ident i f iable ,  but i t s  relat ion and interrelat ionship t o  a whole 
host of other reactions is clearlyunderstood. While t h i s  is necessary t o  a8sess 
effects ,  other knowledge, together with a precise statement of the l a w s  governing 
passage across c e l l  membranes, must be sought out and established so tha t  specific 
isotopes may be placed in specif ic  situcltfons i h  order t o  observe specific e f fec ts .  . 
To the general area of kngwledge concerned with such ta rge t  placement, the term 

I "selective kinetics" has been applied. 

2. Date Prepared: Revision No. i May 1960 I 

L. E. Farr 
CECTICN $ontinu% ! D ,  ' +  

- -__- 
BOX No 

The research progrem of the  Medical Department concerns itself with the 
biological e f fec ts  of radiation and i n  par t icular  with par t ic le  radiation a r i s ing  
intracel lular ly  with a range of a c e l l  radius or  a c e l l  diameter and wherein the 
Znergy release i s  over a very short t rack.  The researches thus are, and must be 
>oncorned inherently with studies of precise c e l l  s i t e  localization, kinet ics  of 
l i s t r ibu t ion  and redistribution, metabolism of organic compounds, function of in- 
3rgmic compounds, and the  e f fec ts  of excited atoms on the  s t a b i l i t y  of large 
molecules or  complexes. 
products o r  devices are concerned which may be applicable t o  medical therapy. 
Diagnostic s tudies  i n  the  widest sense are  carr ied out on sui table  disease s ta tae  
under study i n  the  hospital. 
of t he  nature of the  disturbance and the  proper selection of individuals In  a 
generaT population f o r  a uniform response rather  than with specific diagnostic 
routines f o r  use i n  a large general medical c l inic ,  although the latter i s  kept 
i n  mind. 

Advantage i s  sought of special  s i tuat ions wherein specific 

Such studies are  concerned prbnarily with olucidation 

The overal l  scope of the  medical program w i l l  not change markedly i n  any 
budget year; however, i n  any given yeer the  emphasis will be on those portions 
of the prograq f o r  which unusual capabi l i t ies  ex is t  i n  the  staff at t h a t  time o r  
f o r  which most promising lends have been developed: Since the  work I s  part of the  
Departmcnt's continuing program, break-throughs w i l l  be exploited when warranted 
with imagination and determination. 
brought t o  the  at tent ion of collaborators o r  others f o r  fur ther  development 
elsewhere. 

In  other instances, the  knowledge w i l l  be 



?rg&t T i t le :  Medical Research (continued) 

The heading of "Special Projecte", 06-01-02-h, gives de t a i l s  of cer ta in  
self-contained projects carr ied out by the  Department, such as the  operation of 
m occupational medicine c l in ic ,  educational conferences and other educational 
ic t ivi t ies ,  and the continuing medical study of t he  Marshall Islandere. While 
rery important and s ignif icant  i n  t h e i r  own r ight ,  they derive from s ta f f  competenc 
gained by Brookhaven experience rather  than basical ly  providing tha t  experience 
For t h e  sc ien t i s t8  concerned. 
Ire included in  the general and administrative costs  of the  Laboratory and are 
l is t r ibuted as Indirect Expense. 
1s the  Marshallese studies are  included i n  the  costs  of Radiation Effects with the 

Costs f o r  operating the  occupational medical c l in i c  

On t h e  other hand, costs f o r  such Special Project 

It is c lear  tha t  capabi l i ty  t o  place and f i x  an atom on a specific ce l lu la r  
rge t  without diversion, wandering, or  delay implies a concise knowledge which 
, t h e  reverse could be employed t o  remove an atom from a ce l l ,  organ o r  t i s sue  
'fectively and expeditiously and without engendering harm t o  the body as a whole - i t s  constituent parts. While much work w i l l  be concerned u i t b  specific body 
instituents added under experimental conditions, it i s  c lear  t ha t  additional 
,eful, extremely accurate, and rapid ana ly t ica l  methods are necessary. 
ley w i l l  be pioneered through the  fur ther  adaptation of machines, devices, and 
*oducts of nuclear physics t o  the solution of specif ic  biological, analyt ical  
.oblems. The exploration and development of act ivat ion analysis i s  an example 
' t h i s  e f for t .  

I n  part 

The medical research program now i n  existence covers the following broad l ines  
' investigation, a l l  of  which a re  c losely integrated operationally. 

5-01-02 - Radiation Effects on Biological Syetems-- Medical Research 

06-01-02-a Radioactive Elements i n  Organs and Tissues of Man 

06-01-02-11 Radioactive Isotopically Labeled Cells f o r  Prcdicitions 
of Life Spm, Functions and Progeny 

06-01-02-c Hematology and Clinical  Management of Radiation Injury 

06-01-02-d Radiation Effects on Immunity and Allergy 

06-01-02-e Radioisotopic Tracing of Total and Intermediate 
Carbohydrate Metaboli s m  

06-01-02-f Radioisotopes f o r  Study of Protein and Nitrogen 
Metaboli s m  

- 
06-01-02-8 Radioisotopic Labeled Hormones t o  Determine Action S i tes  

06-01-02-h Special Projects: 1. Educational Conferences 
2. Marshallese Survey 
3. Summer Student Ins t i t u t e  
4. Occupational Medicine Clinic 

/$+,#A/LiwfAh& A&. 
5-03-Ol - Benef i c i a l  Applications of Atomic m-er Research " /. 1% 1 

06-03-01-a Neutron Capture Therapy C-LLE~Tl~~ j'n/n /fp ).l.tLd *m 
06-03-01-11 Vitamin and Amino Acid Met&&&- 

06-03-01-c Labeled Proteins for MetabaQEe- 
Evaluat ion 

t6-03-02 - Beneficial Applications of Atomic Energy--Medical Research 

06-03-02-a Maps of Metal Pathways with Especial Reference t o  Trace 
Metals and Central Nervous System Diseases 

06-03-02-11 Selective Bingle Elemental and Colligative Activation 



Project Title: Medical Research (continued) - ---- -- 
lcarrying on much of t h e i r  research at t h e i r  home ins t i tu t ions .  Included i n  the  I 

21 program are the educetional ac t iv i t i e s  of the  Department. These range 

Group was 41, i n  FY 1960 it was 40, i n  FY 1961 the leve l  should return 

The Medical Department has now developed i t s  program i n  outline. During FY lg& 
FY 1961 there  should logical ly  be an increase i n  in tens i ty  of work on most of t.1 

i c  division of Investigation par t icular ly  the  following: ( 1) Neutron capture 
and RBE studies of heavy par t ic les -  (2)  the  study of kinetic6 of d i s t r ib-  

r ipt ion of kinet ics  of dis t r ibut ion f o r  fur ther  development of t r ace r  theory 
a l s  as pioneered by work i n  Mn56; ( 3 )  the  application of mathematics 

i t h  i t s  manifold immediate applications such as capacity t o  a l t e r  f ixa t ion  or t o  
emove fixed isotopes; ( 4 )  the usefulness of shortlived isotopes i n  gaining a 

This l i s t  could be extended usefully, but it may be more desirable t o  summar- 

of radiation exposure and (2)  the  reactor program which In t u rn  is composed 
o parts: 

the e f fo r t  i n  two main arcas: (1) the  biological  e f fec ts  and medical implicat- 

(a) the  design of a Medical Research Reactor and i t s  component 

uctively t o  work on these problems. 
t o r s  is pointed up by the  number of reactors bu i l t ,  under construction o r  

The importance of the  problem regarding 

crat ing personnel again could profitably build on the  present eolid foundation. 
e cost increment while s ignif icant  i n  terms of present budget i e  very small i n  
rms of expenditures making these studies of importance. 

- I  I 

I 

1 
i 
I 
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Form WOO-230 -UNITED STATES 
-ATOMXC EXERGY WI63ION 
NEW YORK OPEFtATIONS OFFICE 

(1-60) 

PROJECT PROPOSAL AND AUTHORIZATION - 
_. Project Ti t le :  

Radiation Effects on Biological Systems - 
Medic a1  Research 

I.  Sub-Title: 

-- .----- __-- 
6 .  Contractor's No. 

--- 
I. Budget Activity No. 

06-01-02 

7 .  Contractor: 

5. Budget Item No. 

-- - 

_____--.- 

- - 
10. Persons in Charge: 11. Star t ing  Date of Project: 

See Individual Project Proposals Continuing - -- _I - 

Budget Item 
No. 

SUMMARY 

T i t l e  - Page No. 

06-01-02-a Radioactive Elements i n  Organs and Tissues 6- 7 
of Msn 

06-01-02-b Radioactive Isotopical ly  Labeled Cel ls  f o r  0G-16 
Predicitions of U f e  Span, Functions 
and Progeny 

06-01-02-c - Hematology and Clinical  Management of 
Radiation Injury 

06-32 

06-01-02-a Radiation Effects on Immunity and Allergy 06-37 

06-01-02-e Radioisotopic Tracing of Total and Inter- 06-46 
mediate Carbohydrate Metabolism 

06-01-02-f Radioisotopes f o r  Study of Protein and 06-54 
Nitrogen Metabolism 

06-01-02-g Radioisotopic Labeled Hormones t o  06-62 
Determine Action S i tes  

06-01-02-h Special Projects (Marshall Islands, etc . )  06-66 

14. Related Projects: 

' 'The general, broad subject covered by t h i s  ac t iv i ty  I s  under inveetigatlon 
st other U.S. and foreign research inst i tut ions.  
mowledge, the  specific conceptual approach and techniques of th is  BNL program are 
in most cases not being u t i l i zed  at other laboratories and are  frequently beyond 
the capabi l i t ies  of other research centers. 

However, t o  t he  best  of our 



, 

( A )  Construction ( I n  Thousands of Dollars) 

- - 

(B) Epuipment ( I n  Thousands of Dollars) 120 105 110 

- FY 1961 equipent  obligations f o r  t h i s  ac t iv i ty  include a propmtional of t he  
t o t a l  obligation for special  items which w i l l  be u t i l i zed  by more than one medical 
act ivi ty .  (see Medical Research Summnry) - $10,800. 
I n  addition the  following special  item w i l l  probably be acquired f o r  t h i s  ac t iv i ty  
$2 Counting System - $10,000. 
FY 1962 equipment obligations for this activity include a proportional part of the 
t o t a l  obligation f o r  special items which will be u t i l i zed  by more than one medical 
act ivi ty .  (see Medical Research Summary) - $26,000. 

20. Direct Man Power Estimated Estimated Estimatet 

No. of Man Years 
1960 1961 1962 

Scientists, Research Aesociates * 21.0 24.0 25.0 

Visi t ing Scient1 st s 9.5 10.0 13.0 

T i t l e :  Medical Research 
1.8. Operating Costs ( I n  Thousands 

of Dollars) 

Labor (including Benefits) 
Materiale, Travel, e tc .  
Development Subcontracts, Special Pmc. 

To ta l  Direct 
Special Power 
Reactor and/or Accelerator Usage 
Technical Services (from BNL Service Units) 
General & Administrative Overhead 

Estimated 
1960 

676 
n7 
3 
7 
-0- 
46 
log 
c39 

06-01-02 
Estimated Estimeted 

1961 1962 

777 919 
244 272 
19 19 

1,mo 1,210 - 0- -0- 
47 47 
121 142 
4 52 a 

Total 1,500 1,660 , 1,890 

Capital Equipnent 
( Obligations - f o r  inf ormation only) 120 ,105 110 

19. Plant & Equipent Directly Required 
(Obligations - &own here f o r  information only) 

Estimated Estimated Estimate6 
1960 1961 

Scient is ts  - m t d  
Technical 
Administrative & Services 

30.5 34.0 38.0 
58.0 65.5 73.5 

Total 100.5 112.5, 126.0 
XAJ- REPOSITORY m - h m  

21. Comments COLLECTION rz4yfiL 'L(-d&d, , / 5 5 b  - k /  

SOX No I 
J FOLDER 
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F~ZTJ moo-230 
(1-60) 

t: Budget Activity NO. 5. Budget I tem No. 

UNITED STATES 
ATOMIC ENERGY COMMISSION 

6. Contractor's NO. 

NEW YORK OP~ATIONS OFFICE 
PROJECT PROPOSAL AND AUlXORIZATION 

L. Project T i t l e :  

-- Vedical Research 
3.  Sub-Title: 

Radiation Effects on Biological Systems - 

Radioactive Elements i n  Organs and Tissues of Man 

7. Contractor: beoc ia ted  Universities, Inc. 8. Working Location 
Brookhaven National Laboratory Upton, New York 

9.  Contract NO. 
AT-30-2- cm-16 

Total Operating Cost ( I n  Thousands) 155 170 195 

- 
10. Persons i n  Charge: 

See Individual Sub-division Proposals 

Direct Man-Years 
Staff 
Visi tors  

Scientif i c  
Other 

Total 

11. Star t ing Date of Project: 

Continuing 

2.9 3.2 3.4 

3 . 3  3.7 -4.0 
0.4 0.5 0.6 - -  
- 7.2 8.1 9.0 
10.5 11.8 13.0 

- 
The human body normally contains radioactivity. The significance of the 

radiation exposure coming from these radioisotopes i s  dependent upon the  element, 
Lts biochemical effects ,  i t s  ce l lu la r  location, and the  nature of i t s  radioactive 
:missions. 
xidiation, t he  exposure resul t ing from these so cal led natural ly  occurring radio- 
tctive isotopes i s  presumed t o  be within tolerance limits. It is clear ,  however, 
;hat Kith the  developnent of atomic energy man's environment i n  terms of radiation 
sxposure is changing. Further contamination of t he  environment by a wide spectrum 
d radioactive elemsnts, some of which will gain access t o  t h e  in t e r io r  of the 
lady, K i l l  undoubtedly occur. The significance, or indeed the  presence of t h i s  
)ody contamination remains t o  be discovered. To determine t h e  amount, and attempts 
;o deduce the  significance of radioactive isotopes i n  the  human body f r o m  whatever 
source I s  t h e  concern of t h i s  study. 

O6-01-02-a-( 1 )  Whole Body Counting Fac i l i t y  an$&@8@ mistry ora  ory 

Since evolution has occurred i n  the  presence of small amounts of 

--- 

Persons i n  Charge: S. B. Cohn and J. S. Robertsef3LLECT,0N * /d79 M . e r .  

1.2. & 13. Objective6 and Overall Description: BOXNO 

the  aystem developed at Argonne National Laboratory employs a slng.Le e; 
crys ta l  detector. 
signal leve ls  demanded by safe tracer concentrations, a s t e e l  room 1s used t o  
suppress background radiation. The w a l l s ,  ce i l ing  and f loo r  of t h i s  6' x 7' x 9' 
room are  fonned of 6" s tee l ,  and the  inner walls a re  l ined with 0.125" Pb, 0.040" 
Cd and O.&O" Cu. 
sodium iodide c rys ta l  used i n  conjunction with a 5" photomultiplier tube. 
ganm spectrum i s  obtained with a Penco 100-channel pulse-height analyzer. 

The Brookhaven National Laboratory whole-body&gypting uni t ,  patterned a f t e r  

I n  order t o  achieve a high signal-to-noise r a t i o  with the  low 

A t  t he  present time, t he  radiation detector is a 4" x 5" 
The 

Patients are  counted f o r  a 10-minute period while seated i n  a standardized 
position which provides a fixed geometry. 
abdomen, equidistant from the back and the  seat of the chair. 
isotopes i n  each patient are  determined pr ior  t o  administration of the  labeled 
albumin material or radioactive ion such as N a .  
at various time intervals ,  

The detector l e  located over the 
The gamma emitting 

The gamma spectra a re  measured 
The mount of ac t iv i ty  i s  determined by measurement of 
(See continuation sheet) 

r e  I 
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Medical Research 
Project T i t l e a o l e  Body Counting Fac i l i t y  and Radiochemistry Laboratory 06~0&_02~a-( 1) _---- 

i 12. & 1 3 .  ObJectives and Overall Description: (contd.) I 
I 

t h e  area under the curve of the photopeaks of the predominant gemma energies, 
lzss the background ac t iv i ty  f o r  these channels. 

14. Related ProJecte: 

See 06-01-02 - Medical Research - flumnary Sheet. 
._ -- 

15. Accomplishments Last Fiscal  Year - 1960: 

Construction of the whole-body counting f a c i l i t y  and i t s  gamma spectrometer 
and a low-level radiochemical laboratory and a low-level anticoincidence type 
beta counter have been completed and are now i n  use. 
come in to  wide use i n  various research programs, and the  research programs 
using these f a c i l i t i e s  are hereby l i s t e d .  

These f a c i l i t i e s  have 

1. Whole body counting f a c i l i t y  

A. 113' labeled albumin, I131-beta globulin, IU1 Thyroglobulin and 
Il3l turnover studies i n  control and diseased patients.  

B. Na22 turnover studies i n  control and hypertensive patients mnintaincd 
on various s a l t  intakes. 

C. Sra5 and Zn6' uptake and kinet ics  i n  patients with bone disease 
( i n  collaborntion with Montef iore Hospital). 

2. Radiochemistry laboratory 

A.  Analysis of Sr9O i n  urine and food samples obtained from the 1959 
Medical Survey of the Marshall Islands. - 

Details of these projects w i l l  be found i n  06-01-02-f, 06-01-02-1, 06-03-01-1 
06-03-01-c and 06-03-02-a. 

Related t o  these projects are the  following: A t t e m p t s  t o  correlate  the 
neutron-induced gamma ac t iv i t i e s  w i t h  t h e  neutron dose received by patients 
treated with neutrons i n  t h e  neutron-capture therapy program. 
individuals w e r e  counted t o  determine the body burdens of internally-deposited 
radium as well as a number of people accidentally exfi6p&T%y 

A number of 

COI t F 

80X No. 
16. Expected Results This Fiscal  Year - 1961: 

In  Fiscal  Year 1961 the following program w i l l  k&BERsecuted. 

A survey of representative groups of persons with the whole-body gamma 
spectrometer w i l l  be undertaken i n  order t o  provide data on the l eve l  of 

states of t he  patient.  In  addition, a number of collaborative studies w i l l  

Studies on the  growth and metabolism of bone w i l l  be continued using animals, 
part icular ly  the effect  of both external radiation and radiation f r o m  intcmally-  

minerals. 
by suitable modification of the whole body counting f a c i l i t y  t o  u t i l i z e  the 
Bremsstrahlung effect .  
counting which w i l l  be suitable f o r  a population survey similar t o  t h a t  planned 
f o r  gamma-emitting radionuclides. Many of the biological half-times f o r  radio- 
nuclides i n  the whole body and i n  various t i s sues  should be re-evaluated. 
ever appropriate, t h i s  problem w i l l  be investigated with the use of the whole- 
body and g3mma spectrometer f a c i l i t i e s .  

17. 

The obJect i s  t o  develop a technique f o r  external Sg0 

When-. 

The general program outlined f o r  FY 1961 i s  expected t o  be continued. --- I - 
Expected Programs and Results f o r  Next Fiscal  Year - 1962: 
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Medical-Research 
06-01-02-a- (2) __-- - - P r o j e c t  Title: Gastric Secretion of Halides - .-- ---- 

06-01-02-8- (2)  Gastric Secretion of Halides 

Persons i n  Charge: J. S. Robertson, R. L. Cranny 

12 & 13. Objectives and Overall Description: 

It has previously been established elsewhere tha t  the  gas t r ic  mucosa and the 
salivary glands concentrate iodine and other halides, but the var ia t ion with time 
>f the amount of radioactive iodine present i n  the stomach following intravenous 
injection of the radioactive iodine has not been well documented. 
rates of secretion of iodine and other halides by the  stomach under'various 
conditions have therefore been undertaken with the  expectation tha t  such informa- 
tion would be of value i n  three areas: 
physiology of the  stomach and i n  fur ther  elucidating the mechanism by which the  
stomach secretes hydrochloric acid, ii) i n  assessing the  poss ib i l i ty  t ha t  v a r i a -  
tions i n  the concentration of iodine by the stomach could a f fec t  the interpreta- 
tion of thyroid iodine uptake studies because of the competition between the 
thyroid and the stomach for  iodine, and i i i )  i n  providing a be t te r  basis fo r  
calculating the closc of radiation dellvered t o  the  gut where la rge  therapeutic 
doses of iodine a re  administered t o  pat ients .  

Study of the 

i )  i n  contributing t o  knowledge of the 

Studies of the gas t r ic  secrction of iodine by r a t e  were begun by 
J .  S. Robertson and 6. H. Cohn at  the NRDL (both investigations a re  presently 
a t  BNL) i n  1954 and were continued a t  BNL during the summer of 1956 by 
J. S. Robertson, P. W. Durbin (a  research collaboratory from Berkeley) and 
D. Sohn a summer student . The 1956 studies involved simultaneous inject ion of 

indicated tha t  t o  6ome extent the apparent differences i n  the  gas t r ic  secretion 
rates  of the  various halides a r e  actual ly  due t o  differences i n  absorption rates .  

1131, B b 2, C138, and At2 1 1 i n  pairs. Analysis of the  as-yet unpublished data 

14. Related Projects: 

& 06-01-02 Medical. Research - Summary Sheet. 

15. Accomplishments Last Fiscal  Year - 1960 

Study of t h e  problem of gas t r ic  secretion of t he  halides was resumed i n  
F'Y 1960 with at tent ion directed t o  get t ing more detai led time var ia t ion curves 
fo r  the  I13I content of the  stomachs of rats, and to evaluating the  e f fec ts  of 
age and of recent feeding versus non-feeding fo r  12 hours pr ior  t o  the  study. 
The 1131 content of the  thyroid, kidneys, blood and carcass was detennlned 
simultaneously. Points were obtained a t  intervals  of 10 minutes, 15 minutes, 
30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, and 24 hours following intravenous 
inject ion of 1131, These studif 
were ex tendeQo  6 pat ients  with malignant conditions, with 1132 being used 
instead of I i n  order t o  keep the  dose of radiation within the  accepted l imits  
In the patients, 1132 was administered intravenously, blood samples withdrawn 
smially, and the  counting ra tes  over severel parts of the body Including the 
thyroid and the  stomach were obtained at intervals  with an In-vivo sc in t i l l a t i on  
cmnting system, 
1 hour a f t e r  administration. 

Three hundred and f i f t y  r a t s  have been studied. 

The maximal iodine ac t iv i ty  i n  the  stomach occurs a t  about 

15. Expected Results This Fiscal  Year - 1961 
"here is s t i l l  a backlog of data t o  be analyzed, but no fur ther  data 

a.cquisition i s  contemplated. 
Dr .  Cranny's non-continuation ana u n t i l  another ass i s tan t  interested in t h i s  
p-oblem i s  acquired. 

17. brpected Programs and Results f o r  Next m e a l  Year - lg? 

The project will be terminated because of 

&Ld.ucn, w w  
REPOSITORY 

COLLECTION 
No act ivi ty .  
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Medical Research 
The Mathemstical Basis for the Interpretation of the Behavior 

06-01-02-a- (3) 
.-- 

Project Title: of Tracers 

&01-02-a-(3) The Mathematical Basis for the Interpretation of the Behvaior 
of Tracers 

It is very difficult to predict the future iko=-+& 
bc done depends in a large degree upon what problems arise, and this in turn 
degends as much or more upon the actual data to be obtained than upon pre- 
conceived notions of  what to expect. Among the foreseeable applications are 
further studies of the kinetics of tritiated thymidine, of the radioactive 
halides used in the gastric secretion studies, and of various electrolytes. 
IWher developent of the analogue computer to increase its fleldbllity for 
handling non-steady-state PrOblCmS is contemplated. 
methods for storing and displaying experimental data in the computer system is 
also desired. 

Further developent of the 

Certain experimental data on solvent transfer rates across semi-permeable 

(&e continuation sheet) 

membranes have been interpreted by others as indicating that tracers do not 

______ 
Q 0 0 2 \ 1 OFFICIAL USE ONLY Page 06-10 

?erson in Charge: J. 9. Robertson 

L2 & 13: Objectives and Overall Description: 

Although the basic principles by vhich the behavior of radioactive tracers 
to the behavior of the systems into which the tracers a r e  introduced are well 
established, their application to particular biological problems involves 
sssessmcnt of the pertinent assumptions, construction of applicable mathematical 
nodels, and a continuing back-and-forth exchange of information and ideas between 
those who are collecting data and those who are analyzing the data. 
slso areas in which the theoretical treatment itself requires extension, 
including a search for better mathematical techniques. 

There are 

A review article published in 1957 summarized the status of the theoretical 
spproach to studies of the kinetics of tracers in biological systems at that 
time and included original contributions to the procedures for applylng the 
basic principles to practical problems. 
have been applied in numerous tracer studies conducted in the Medical Department. 

The difficulty of choosing among several possible mathematical models by 
desk computations helped establish a need for methods of machine computation. 
An analogue computer capable of handling 4 compartments in the steady state wa8 
built and used In several etudies euch a8 in the evaluation of model systems 
suggested for use in the interpretation of radio-manganese studies then underway. 
Construction of a more versatile computer capable of handling 8 compartments was 
begun. 

The methods of mathematical analysis 

14. Related Projects: - 

See 06-01-02 Medical Research - Sumnary Sheet. 

15. Accomplishments Last Fiscal Year - 1960 
One of the major problems for which analysis was attempted is the 

kinetics of tritiated thymidine behavior observed in the bone marrow. A com- 
pletely satisfactory model I s  yet to be achieved but the theoretical work has 
provided suggestions for ibther experiments. 
kinetics of iodinated proteins, which is complicatcd by the fact that degradation 
of the labeled proteins Introduces free iodine Into the system under study and 
the detection methods used do not distinguish between free and bound iodine. 
The recently completed larger analogue computer has been useful in approaching 
these problems. This computer is designed principally for analysis of steady- 
state compartmented systems with equal rates of flow in the two opposing direc- 
tions between each pair of compartments. In addition to the practical problems 
ix-?icioned, the computer has had use in extending the theoretical analysis to 
i;crc complicated systems. For study of the l a b e l & p w % !  

Another problem has been the 

i.I,erational amplifiers were used as one-way pumps. dC-2-L wu- 
COLLECTION . z n n t / ~ 9  m~ . &/, 

16. Expected Results This Fiscal Year - 1961 



Medical Research 

I 

The Elathematical Basis for  the Interpretation of t he  Behavior 
: _- Project Title: of Tracers 
I 

06-01-02-a- (3)  

1 16. Fhpected Results This Fiscal  Year - 1961 (Contd) 

accurately follow the non-labeled components i n  the case of s o ~ t i c  flow. An 
alternative explanation tha t  suggests i tself  is t ha t  t he  mi-direct ional  f l ux  
has been overestimated because of incorrect assumptions regarding the nature of 
the osmotic process and the value of the driving force. 
high pressures, i .e., about 1000 atmospheres, would help resolve the controver- 
sial issues involved by t e s t ing  the question of whether t he  chemical ac t iv i ty  
of water i s  the  driving force f o r  diff'usion. 

Studies of diffusion a t  

i 
1 I 

17. Expected Frogramo and Results for  Next Fiscal Year - 1962 

This i s  n long-term continuing project. Expansion w i l l  occur only a f t e r  
equlpnent has beon received and assanbled, and if r e s u l t s  prove t o  be of 
significance. 

I 

__ i 
I 

i 

BOX NO 

FOLDER i 



bkdical Research 
--- P r o j e c t  T i t l e :  Radiation Induced CarcinogeneBis 06-01-02-a(p 

36-01-02-a (4) R a d i a t i o n  Induced Carcinogenesis 

Persons In Charge: C.J. She&barger, V. P. Bond, E. P. Cronklte, and S.W.uppinCOl 

12 & 13. Objectives and Overall Description: 

It is  known that large doses of radiation, under cer ta in  not-well-defined 
conditions, may Roduce neoplasia. 
four years ago, t h i s  Laboratory has developed a biological system t o  s t u w  the 
induction of mamary neoplasms of the rat by sub-lethal x or gamma radiation. It 
is  proposed t o  combine the findings already made, snd described below, and with 
future experiments, p a r t i a l l y  described below, t o  learn more about the mechanism 
of tumor induction by radiation i n  a long-range program. 

t o  24 months. 
ment s . 

As the resu l t  of an accidental discovery some 

Many of the experiments involve the  study of exposed rats f o r  a period of 12 
Thus It i s  d i f f icu l t  t o  show clear ly  f i s c a l  year by year accamplish~ 

Before the Fiscal  Year 1959, it was demonstrated tha t  young vlrgin female 
Sprague-Dawley rats respond t o  a single sub-lethal, t o t a l  body, x or ganrma radia- 
t ion  exposure w i t h  an incidence of rats u i th  one or more neoplasms of the breast 
tha t  i s  60 t o  80 times higher than non-exposed rets of the same age -- approxi- 
mately one year of age. 

In Mscal  Yeax 1959, the following results were obtained when the r a t s  were 
studied f o r  approximately 1 year a f t e r  exposure. 
805 incidence, ovariectomized females, males, and castrate  males, a 254 incidence, 
non-exposed rats of the  same age with the same surgical treatments, a 0-2$ inci-  
dence. 
did not increase. 
than go$ of the breast neoplasms appeared under the  area of the  x-ray beam. 

14. Related Projects: 

400 r of x-ray t o  females, an 

The response vas linear between 25 and 400 r, above 400 r the incidence 
When female rats were exposed t o  partial body exposure, m o r e  

- 

See 06-01-02 Medical Research - Summary Sheet 

-_ 
15. Accomplishments Last N s c a l  Year - 1960: 

400 r of x-ray lnrluced 70 per cent of the female rats t o  shar one or more 
breast neophsms when given 88 a single dose, or divided in 5 or l8 equal bee. 
PrPrefgmncy, lactation, thyroid hormone, and a thyroid blockhg agent did not changc 
the response t o  400 r. Estrogen reduced tye incidence in rats exposed t o  400 r 
fzm 7% t o  30$. 

-- 
16. ESrpected Results This Fiscal Year - 1961: 

The response of Long-Evans miLe m d  f’emele rats t o  400 r will be comp- 
‘.heen compared t o  the resu l t s  cbtatned with Spre.gJe-Dawley rats. 
..ffacts of 400 r as  divided doses given over 4 months t o  female Sprague-Dawley . sts hss begun and will be campletsd. 

The study of the 

..--- 

17. Expcted Programs and Results f o r  &x-k Mscal  Year - 1962: 
I 

Approximately 5 years and 2500 rats haw gone into these studies and the 
following fac ts  are becoming fpp&zent. 
often in exposed than in .non-exposcd rats; t h i s  e f fec t  I s  dose-dependent; effect 
I s  at leas t  i n  part dependent upon di rec t  radiation exposure of the breast  t issue;  
a d  the effect  i s  in part independent of the  time over which the  radiation exposw 
occurs. It is  proposed t o  extend these etudies, as facilities permit, to investi-  
gate the factors t h a t  influence radiation exposed t i s sue  t o  develop neoplasia. 

Neoplasia of the rat breast  occur8 more 

1 

‘I- 

BOX NO 

FOLDER 

_- ! 
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Medical Research 
-- Project -_- T i t l e :  Distribution of Technetium in Animals 

xS01-02-a (5)  Distribution of Technetium In Animals 

?ersons in Charge: C. J. Shellabarger 

t2 & U. 

06-01-02-a (5) 

i 
Objectives and Overall Description: 

Through the  cooperation of the H o t  Labmatory (M. W. Creme) Tc99 has becollbe . 
mailable for biological studies. 
s t i v e  and is Foduced by fission. There are Tc isotopes tha t  have a ha l f - l l fe  of 
nany thousand years, however the istope W99 has a ha l f -me  of six hours. Tc is 4 

This elemnt  is  not atable, it I s  only radio-- 

Iodine is  concentrated by the thyroid gland and becomes part of the thyroid 
Other members of the  VI1 group of elements are concentrated by the  hormone. 

t y i d  gland, Hn, Re, Br, A t ,  but not u t i l i zed  in the synthesis of thyroid hormcmt 
Tc 9 was investigated, using approximately 150 rats, in a l l  cases "89 was concen- 
trated by the thyroid gland-' In these a p r l m x t s ,  Iul wa8 found i n  the thyroid 
gland in larger amounts than Tc99, and these results are campatible with the hypo- 
thesis  that although Tc99 i s  concentrated by the gland, TcB I s  not ut i l ized  in thc 
synthesis of  thyroid ,hormone. 

nember of the VI1 group in the periodic table. 
mother member of this group, Re, was concentrated in hen eggs, rCzjpwas given t o  
10 Laying 
21360 laid 'by these hens. 
peculiar t o  thcse chemical. olenento or  is part of a 8anernl netabolie'process 
reaideut i n  egg productlon. 

Since it had been oz-ted tha t  

'Pc99 radioactivity r)as detected i n  by the subcutaneow mute. 
T t  has not yet been determlncd i f  t h i e  i s  a process. 

- 
16. Expected Results This l?i.acd Year - 1961: 

This proJect w i l l  not be continued. 

REPOSITORY &w& - hRt.il.A 
COLLECTION &&L / f 9  7j2LA .&/ 
SOX No 

FOLDER 

-- 
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14. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet 

15. Aceompllshments Last Fiscal  Year - 1960: 
The mechanism of concentration of iodine and other members of the  V I 1  group 

of elements is not understood. By using conventional techniques, chemical and - 
biological, the  thyroidal concentration of Tcgg and Iul in animals was investi-  
gated in an effort t o  learn more about this mechanism. 

---- 
17. ESrpected Programs and Results f o r  N e x t  Msca l  Year - 1962: 

No Activity. 



.~ Medical Research 
P r o j e c t  T i t l e :  Isotope Localization 06-01-02-a (6)- . - .. - - - - ._ . 

6-01-02-8 ( 6 )  Isotope Localization 

'eraon in Charge: J. S. Robertson 

.2 & 13. Objectives and Overall Description: 

The present methods of isotope localization detection depend upon scanning 
;he area of interest Kith a corUmated crys ta l  or  crystals  which are moved mechan- 
. c a m ,  A particularly useful system of t h i s  type involves the  use of a coinci- 
lence c i rcu i t  and two crystals  moving synchronously on opposite sides of the bo* 
;o locate positron emitters. 
icquiring the same information. 

There is a need f o r  a mch more rapid methoci f o r  

L4. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet 

Accomplishments mt ~ i s c a ~ .  Year - 1960: 

Cmstruction of a 4906-channel pulse-height analyzer by the Electronics 

-_ 
15. 

Division of BNL was in progress. 
:oincidence counts in any pair  of up t o  64 detectors on each side. 
nalce it possible not only t o  eliminate mechanical scanning, but will improve the  
2fficiency of the method by record.ing coincidences not only between direct ly-  
3pposite crystals  but betwen any pair  of crystals. 

This device w i l l  make it feasible  t o  record 
This w i l l  

16. Expected Results This H s c a l  Year  - 1961: 

Construction of a multiple c rys ta l  detection system, probably with only 10 
zyrstals on each side in the first model, i s  contemplated. 
w i l l  be use izat ion studies involving several  positron-emitting isotopes 
such as As7 and I& which are known t o  or may be expected t o  localize in tumors, 
The thzoret ical  problem of interpreting the two-dimensional display of informat101 
which the 4096-channel analyzer w i l l  prwide, in  terms of the real three-Uimensioni 
system has not yet been solved and w i l l  be attacked. It may be necessary t o  reso: 
t o  a three-dimensional analog method of displaying the  data. 

When completed, t h i s  
i n  loc 2 

- - 
17. meted Programs and Results f o r  Next Fiscal Y e a r  - 1962: 

The general program outlined for FY 1961 is expected t o  be continued. 

REPOSITORY & 



Medical ilesearch 
Project T i t l e :  Blood Clearance Rates of Injected Isotopes 06-01-02-a-( 7) -- - -. 

-01-02-a-( 7) Blood Clearance Rates of Injected Isotopes ~ 

rsons i n  Charge: S. H. Cohn and S. Fine. 

. & 13. Objectives and Overall Description: 

Data on the very early clearance of radioactive elements from the blood 
ream are d i f f i c u l t  t o  obtain. 
ltoining deta of t h i s  nature, par t icular ly  i n  regard t o  the Rlkaline earth 
ement 6 .  

Special equipment and techniques may aid i n  

_- -~ . Related Projects: 

See 06-01-02 - Medical Research - Summary Sheet. 

j ,  Accomplishments Last Fiscal  Year - 1960: 

In  1960 a sc in t i l l a t i on  counter has been designed so thc t  the counting equip- 
mt can be placed d i r ec t ly  i n  tha circulatory system of the  dog. 

_- 
5 .  Expected Results This Fiscal  Year - 1961: 

I n  1961 development of t h i s  equipment with the addition of rate meters with 
1st t i m e  constants and fast recorders should make it possible t o  obtain an 
istantaneous and continuous record of blood clearance of isotopes of the 
Uraline earth group. This program is expected t o  end during t h i s  f i s c a l  year. 

7. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

No act ivi ty .  
- 
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1. PraJect T i t l e :  
Radiation Effects on Biological Systems - 

Medical Research 

UNITED STATES 
ATOMIC ENERGY COMMISSION 

NEV YORK OPERATIOhS OFFfCE 
PROJET PROPOSAL AND AUTHORIZATION 

2. Date Prepared: Revision No. 
MELY 1960 

,- 

4. Budget Activity No. 
06-01-02 

5. Budget I t em No. 6. Contractor's No. 
06-01-02-b 

3. Sub-Title: Radioactive Isotopically Labeled Cells f o r  Predictions of Life 
Span, Functions and Progeny 

7. Contractor: Associated Universities, Inc. ' 8. Working Location 
Brookhaven National Laboratory Upton, New York 

9. Contract No. 
M-30-2-GEN-16 

Cost and Personnel D a t a  ( f o r  information only) 

10. Persons i n  Charge: 
See Individual Sub-division Proposals 

- 

1960 1961 1962 - 

11. Star t icg  Date of ProJect: 
Continuing 

Total Operating Cost ( I n  Thousands) 470 525 600 

Direct Man-Years 
Staff 
Visi tors  

Scient i f ic  
Other 

Tot a1 

5.0 5.7 6.0 
3.4 4.4 4 2 -  9.1 10.4 

- 24.2 26.8 30.2 
32.5 35.9 40.6 

- 
Man and all mammals came ultimately from a single ce l l .  During embryonic 

growth and continuing u n t i l  maturity, c e l l  dif ferent ia t ion is predominant as well 
as multiplication. 
known but arc  believed t o  be controlled by specific chemical substances. 
substances, while not necessarily ident ica l  with the  genetic material, may in te rac t  
with it t o  produce new c e l l  types, thereaf ter  consistently reproducing. 
of the greatest importance t o  learn how t h i s  genetic material is transmitted from 
one c e l l  t o  another and how it may be Rltered so t ha t  in the  one instance a new 
species arisen whereas i n  the  other a neoplasm ar ises .  
provides a possible means but it must be firmly established tha t  the radioisotopic 
labe l  i t s c l f  does not Rffect the process observed. 
different  energy inputs  mny give insight  in to  the answers t o  both questions. 

06-01-02-b-( 1) 

The specific factors  affect ing c e l l  different ia t ion or? un- 
These 

It is 

Radioisotopic labeling 

Varieties of labe ls  providing 

Tr i t ia ted  Thymidine Study of Cellular Contribution of the  Periostcu 
t o  Bone Growth, Fracture Repair as a F'unctfon of Age and t o  Local- 
i ze  the Factors Responsible f o r  Stimulating Bone Cel l  Pro l i fe ra t io  
Following T r a m .  

Persons i n  Charge: E. A. Tonna, E. P. Cronkite, E. A. Usenik. 

12. & 13. Objectives and Overall Description: 

enzymes, sulfated mucopolysaccharides arid cytological change8 (population of 
osteoblasts end mitochondrial complement, changes i n  mitochonarial morphology, e t c )  
from b i r th  t o  old age i n  the femoral periosteum of rats and mice and a t  different  
wr iods  a f t e r  healing. 
a marked reduction in the  elements l i s t e d  above with increasing age. 

Studies have been made on histochemical changes (phosphatases, respiratory 

It had been established during 1958 and 1959 tha t  there  is  

&&&7uiL&o kdu. 'a. 
COLLECTION /f 9 .&flfJ A 

14. Related Projects: 
REPOSITORY 

See 06-01-02 - Medical Research - Summary Sheet. 

BOX No 

(See continuation She&)OER 
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of bone i n  mice and r a t s .  During the period of active growth, it has been shown 
by the thymidine technique, t ha t  the periosteum significantly contributes t o  the 
changing architecture and growth of the bone. 
most of the cel lular  contribution t o  growth came from the epiphyseal plate.  
has been conclusively shown not t o  be t rue  and tha t  t he  area of periosteum adJoin- 
ing the ends of the bone significantly contributes t o  the  remodeling. 
have been completed and are i n  the  process of publication. Fracture studies have 
been in i t i a t ed  and it has been found tha t  factors  connected with the fracture  
rapidly s h i f t s  the quiescent periosteal  cel.16 i n  the mid shaft  and throughout the 
shaft from t h i s  quiescent state t o  active proliferation of DNA commencing approx- 
imately 12 hours a f t e r  the fracture.  
In repair  are underway. 

Previously it had been f e l t  t ha t  
This 

These studih 

The kinet ics  of per iosteal  growth and functic 

16. Expected Results This Fiscal  Year - 1961: 

During 1961 studies are  going t o  be i n i t i a t e d  on the  influence of hormones, 
vitamins, radiation ctc.  on bone growth, development and repair  u t i l i z ing  approx- 
imately 250 mice and 100 rats and selected dogs f o r  some studies. 
thc humoral or cel lular  factor  t ha t  is liberated by a f racture  which etlmulatos 
iuiesccnt perlosteal  cel l6  t o  DNA synthesis and proliferation i s  detcnnined, 
-,hemica1 studies will be i n i t i a t ed  t o  characterize t h i s  stimulatory factor.  
studies on bone, growth, repair, prol i ferat ion w i l l  be continued indefinitely.  

I f  and when 

The 

.- 
17. Exprtcted Programs and Results f o r  Next F i sca l  Year - 1962: 

REPOSITORY 
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Medical Research 
Studies of the Metabolic Patbrays of DNA and Its Precursors I n  

roject Ti t le :  Radiation Injury and During Radio and Chemotherapy 06-01-02-b-(2) --. - - -___ 
)6-01-02-b-(2) Studies of the Metabolic Pathways of DNA and its Precursors in 

Radiation In jury  and During Radio and Chemotherapy 

'ersons in Charge: E. P. Cronbite, V. P. Bond, H. Johnson, S. K i l l m a n n ,  
P. Reizenstein, E. A. Tonna and E. Usenik 

L2. Ei 13. Objectives and Overall Description: 

Knowledge of the degradation pathways of labeled DNA i n  normal and 
nalignant c e l l s  i s  v i t a l  t o  evaluation of radiation injury and cer ta in  types 
)f therapy just  as the metabolic pathways of DNA precursors are v i t a l  t o  under- 
itanding normal and neoplastic c e l l  growth. More complete data are  needed on 
;he avai labi l i ty ,  time and f a t e  of injected t r i t i a t e d  thymidine i n  patients and 
lnimals . 

Prior t o  1959, the following were established: 1) Plasma clearance of 
dine i n  degradation pathways i n  normal and i n  patients x i t h  t r i t i a t e d  t h  

Leukemia. 2 3" In collaboration with Oak Ridge National Laboratory, the excre- 
tion of beta aminoisobutyric acid in t he  Y-12 patients was  shown. 
patients i n  the hospital  a t  Brookhaven, t he  excretion of labeled beta amino- 
isobutyric acid w a s  sham following the  administration of t r i t i a t e d  thymidine. 
+) The excretion patterns of beta eminoisobutyric acid i n  leukemics during 
md between therapeutic regimes have been established. 5)  The excretion of 
beta aminoisobutyric acid has been correlated with low mitotic index (low 
s e l l  turnover) and with a possible shunt of thymine t o  beta aminoisobutyric 
acid suggesting a constant endogenous l eve l  of thymidine production and a 
spillover into the thymidine - BAIBA pathway when the DNA synthetic pathway 
is blocked or eradicated. 

3)  In 

During 1959, the  data collected and l i s t e d  above was written up and 
published i n  a ser ies  of reports that have been ei ther  accepted o r  a re  pub- 
lished. I n  the  above studies excretion was followed s e r i a l l y  over many weeks 
i n  25 patients with diverse blood dyscrasias, the 5 Y-12 casualties, I 2  irra- 
diatehdogs,  24 irradiated guinea pigs, and 60 i r radiated rata. 

14. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet 

15 .  Accomplishments Last Fiscal Year - 1960: 

As c l i n i c a l  material becomes available fo r  appropriate studies In expanding 
the knowledge on the metabolism on thymidine, i t s  relat ion t o  beta amlnoisobuty- 
r ic  acid and degradation products of DNA in normal and malignant s t a t e s  w i l l  
ho rinAori.akon. I h r r + n u  lafjl +hev have ~nnf.lnrlet3 at. ahnirt. +.he namo rat0 hiit. nnt. 

! - 
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Medical Research 
A t t e m p t  a t  Complete Solution of Kinetic Model for Bone Marrow 

project Ti t le :  Cel l  Prol i ferat ion 06-01-02-b-( 3) -- 

06-Ol-W-b-(3) Attempt a t  Complete Solution of Kinetic Model for  Bone Marrow 
Cel l  Prol i ferat ion 

Persons In Charge: P, Reizenstein, E. P.  Cronkite, V. P. Bond, J. S. Robertson, 
S. A. Killmann 

12. & 13. Objectives and Overall Description: 

A number of techniques are employed currently t o  estimate the proliferation 
r a t e  of human and animal bone marrow ce l l s .  
determination of re la t ive  number of ce l la  or mitotic indices i n  different  
morphological c e l l  compartments; determination of the t r i t i a t e d  thymidine 
labeling index, degree of labeling, and increment increase of labeling index 
In different  morphological bone marrow c e l l  compartments; and turnover ra te  
of erythrocytes or leukocytes i n  the circulat ing blood compartment. The 
application of a single technique w i l l  usually f i e ld  h u f f i c i e n t  information 
t o  obtain both the  s i ze  and turnover r a t e  i n  t h e  different  c e l l  compartments. 
However, as  Indicated by the frequent use of the word Index; ra t ios  w i l l  insteat 
be obtained which are often complicated functions of the  s ize  of the compart- 
ment studied and the flow ra%es out of and into t h i s  compartment. 

It has long been planned t o  pool all the data obtained from a l l  the 
techniques mentioned, i n  order t o  see whether a complete solution can be 
achieved. 
with equations describing the data obtained with the single techniques. 
introducing numbers for  these data, obtained during ea r l i e r  experiments, a 
preliminary attempt w i l l  be =de t o  see whether or not the system can be 
solved. Ip it is possible t o  obtain a solution, an experiment is  planned, 
employing slmultaneoualy i n  one single pat ient  a l l  the  techniques mentioned. 
If the experiment is  successful, it 18 conceivable t h a t  the s ize  of the  differel 
c e l l  compartments, the flow ra tes  between them, and, consequently, the  times 
spent In these compartments, can be given i n  absolute figures for the  f i r s t  
time. 

During 1958, i n  v i t ro  and in vivo t r i t i a t e d  thymidine labeling studies 
were performed on 2 pat ients  i n  hemopoietic equilibrium. The crude mitotic 
index and specific indexwas worked out i n  a ser ies  of 12 normal young males. 

Such techniqueo include the 

An attempt i s  being made t o  construct a sui table  kinet ic  model 
By 

- 

-~ - ~ 

14. Related Pro jec ts  : 

See 06-01-02 Medical Research - Summary Sheet 

15. Accomplishments Last Fiscal  Year - 1960: 

During FY 1960, the completion of the model has been s tar ted.  

16. Expected Results. This Fiscal Year -1961: 

When the mathematical model l e  considered satisfactory, fur ther  studies 
w i l l  be performed upon 1-6 pat ients  in  hemopoietic equilibrium i n  whom it I s  
appropriate t o  administer t r i t i a t e d  thymidine intravenously. In  large nnimnle, 
comparable studies, probably in 6 dngs, w i l l  be performed, It is probable that 
if t h i s  approach is successful that the  model and its experimental t es t ing  w i l l  
act  as  the basis for the design of flwther experiment8 fo r  many years t o  come. 

17. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

The general program outlined for F'Y 1961 I s  expected t o  be continued. 
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Medical Research 06-01-02-b-(4) 

- -  Project ~ i t ~ ~ :  

1 06-01-02-b-(4) 
! 

In Vivo Studies with H3 Thymidine, H3 m i d i n e  and s3504. 

In Vivo Studies with H3 Thymidine, H3 Cytidine and ~3504. 

- - -_-- --___- 
! 
I 

Persons in Charge: E.P.Cronkite, V.P. Bond, S.A. K i m ,  P. Reizensteh,  E.A. 
Tonna, E.A. Usenik, J.Bateman, L. Feinendegen, N. Ordarkhenkc 
and A. Tsuya. 

I2 & 13. Objectives and Overall Description: 

h b e l i n g  c e l l s  with H3 thymidine at the t h e  of syntheeis of ,DNA prior t o  mi. 
tos i s  enables one t o  study migration, pathways, c e l l  transformtion, pcoliferatioI 
rates and capabili t ies,  l i fe  sptm, and function of theae ce l l s  in human beings ani 
animals. Particular attention has been given t o  nom& hematopolesis and selectet 
leukemias and lymphomatour diseases of man and dogs. 

turnover t o  c e l l  prouferat ion,  function, and trmafonaafion, pa;*ticularly in 
hematopoieses and during inductim of antibcdy formation. 

Prior t o  1959, h b e l i n g  of nucleated normal hematopoietic cel la  h 120 d C e ,  
24 guinea pigs, 100 rats, 12 dogs, 2 patients in hemopoietic equilibrium w a s  ac- 
complished, and 13 patients with blood dyscrasia8 were studied. 
further studies have been performed on 4 patients with blood dyscrasias (1 multip. 
qfelama and 3 leukemias) and the data collected prior t o  1959 has been analyzed a 
submitted and accepted f o r  publication. It has been sham t h a t  the  turnover time 
of megakaryocytes by t r i t i a t e d t h y d d i n e  labeling is of the order of 10 days. Th( 
turnover time for the  orthochromatic normoblast i e  approximste3y a hours and 
f o r  the m e t m l o c y t e  is approximetely 26 hours. 
Immature granulocytopoletic precursor t o  the se-ented neutrophil in the peripherr 
blood is of the order of 9 aayS. The upper limit f o r  time i n  the peripheral blooc 
of the neutrophil is 28 hourse 

labeling RNA with H3 cytidine enables ane t o  follow the relationship of RNA 

During 1959, 

The t i m e  t o  flow from the most 

14. Related Projects: REPOSITORY .tvLh 
COLLECTION zm/f? ?%d. See 06-01-02 N?dical Research - Summary Sheet 

/95 
n .I 

I$. Accomplishments Last Fiscal Year - 1960: 
FOLDER 

These studies continued in FY 1960 with the  goal of ob tah lng  8 t m a l  desLIEt 
t ion of the kinet ics  and a model for hemopoiesis t h a t  w i l l  supply a base f o r  fu r t  
definit ive studies on the  regulation of blood c e l l  production and i ts  disturbance 
in normal and diseased individuals. These studies will continue indefini te ly  and 
at leas t  f o r  a period of the  next 5 years. 

-:. 
w e  of thts materialrin mtimte d*kleng me expectancy because of the unknown 
carcenogenic effect  and because of the unknown ro le  of possible genetic effects  
transmitted by procreation. In FY 1960, it waa shorn t h a t  t r i t i a t e d  thymidine in 
doses of 0.05 t o  0.5 ~c/gram are adequate for the  labeling of spermatogenesis in 
the mouse ye3 t h i s  leve l  of radioactivity did not. produce any detectable radia- 
t ion  injwy as Judged by the Oakberg technique f o r  depletion In the  spermatocyte 
population 60 hours af ter  labeling. 
detectable interference with spermatogenesis. This work has been completed and 
published and fur ther  studies on spermatogenesis are not contemplated. Camparabl  
studies on ~3 t hymime  r a i a t i o n  injury on lymphocyhpoiesie were i n i t i a t e d  i n  
FY 1960 and are contiouing. 
haa been used t o  indicate that in doses In excess of 5 M/gram approaches an l n j u  
prcduced by appxximately 75 rad external x-ray in rats. 

The very small per cent of cFrcuLsting lymphocyte c e l l s  which -thesize DNI 
is uniform throughout a l l  mammals studied incluaing patients. The b p l l c a t i o n  of 
the low labeling both i n  v i t r o  and i n  vivo indicate t h a t  most emall lymphocytes 
are non-dividing ce l l8  and tha t  they have a life span probably in excess of 100 
days. The medium and Large lymphocytes turnover r 8 S l . y  with generation times 
less than 24 hours, Studies on l i f e  span and poten t ia l i t i es  of the lymphocyte. 
in patient6 and in anbab are continuing. 
formed on 2 normal individuals and 18 individuals with vsriaus types o f  blood 
dyscrasias. 

The possible hazard of radiation injury by tr i t iated thymidine m t s  the 

Doses in excess of pc/gram begin t o  show 

The !Crowell technique of pyknotic lymphocyte count6 

To date there have been studies per- 

Eleven dogs have been studied by cannulation of the  thoracic duct 

(see Cantinurrtion sheet) 
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.. . 

Similarly cross c i rculat ion studies have been performed in r a t e  frm-a 
donor t o  an unlabeled recipient. Ih the  cross c i rculat ian studies, a n d t h s  

Later, 

studies it has been found t h a t  labeled precursor ce l la  are present in 
eled portion of the blood and hemopoietic t issues.  With t l m e ,  more labeled 

me experi- 

mediq and b z g e  lymphocytes appear in the marrow of the  lower extremitres. 
&beIgd plasma l ike  ce l l s ,  reticulum c e l l s  and rarely W l o b l a s b  - porqyelocytee 
&e &en. No labeled erythrocytic precursor: bgve been found a6 yet. 
ments do not prove ce l l  transfannstlon frm 1pphocYtes" t o  'Lplamna" and 
'%eticulum" c e l l s  but suggest this possibility. Mgration and transformation t o  
granulocytic precursors is unlikely since only W W t ? @ p  
the peripheral blood normally. To date there  is no evidence t o  support the con- 
cepts of Yoffey on transformstion of small I y m p E i ~ W ~  
poiesis. 

16. 
BOX No 

E5L-pected Results This Fiscal  Year - 1961: 

me studies on human malignant blood dyscrssiae will continue through 1960 s ~ B  
FOLDER 

Eledical Research 06-01-02-b-(4) 
.. Projec t  Title: vivo Studies with H3 Thymidine, H3 cytidine and s3504&Wkf3~ 

15. AccampUshments hst Msca l  Year - 1960 (Cont'd.): 

lymph and s e r i a l  sampling of the  lymph sfter repe t i t ive  indections of t r i t i a t e d  
thymidine. 
from lymphatic vessels in to  the blood stream. 
obscure. However, in studies on rats in which a high ibaction of lymphocytes W e r e  
labeled by repet i t ive Injections of thymidine, the  medium and large lymphOCyteS 
were approximately 100 per cent labeled and the ama l l  lymphocytes approximately 30 
per cent labeled. I n  a n b a l s  so labeled sterile information has been produced and 
there is an outpouring of these labeled c e l l s  in to  t h i s  area Kith a subsequent 
transformation in to  histocytes, and f ibroblasts  thus indicating a probable poten- 
t i a l i t y  of the large and medium lymphocyte t o  be transformed in to  other cel l6  and 
subsequent mitosis in the  production of f ibroblast ic  barr iers  t o  inflamation. 

There is a continual outpouring of immature DNA synthesizing c e l l s  
Thelr fate and function are 

No leukemia or blood dyscrasia studied so far has a greater labellng Index 
than nomlhematopoiet ic  t i s sue  hence the generation time is probably longer 
i n  these diseases. 
approximately 1 in 5000 c e l l s  and 1 per cent labeling with thymidine suggeet a 
doubling time of perhaps aa long as 300 days. 
i n  chkonic myelocytic leulremia (3 cases), chronic lymphocybic leukemia (6 cases) 
and acute leukemia ( 2  cases). Cancer therapy has, in general, been predicated 
upon the assumption of aberrant accelerated growth. Chemical agents are  abed at 
mltosis and DNA synthesis. C e r t a i n  neoplastic diseases respond t o  radiotherapy 
and various chemical agents i n  a manner that suggests the  predication is correct. 
Others do not respond. Often the  limiting factor  in therapy is the  suppression of 
normal hen~hq0iesiS.  The usual explanation is  t h a t  of d i f f e r e n t i a l  sens i t iv i ty  
the neoplasm being less sensit ive than the normal t i s s u e  thus the antimitotic and 
an t i  DNA synthetic agents may produce m o r e  damage t o  . n o r a d  c e l l s  than t o  the 
neoplastic cell. Hawever, with ident ical  i n t r i n s i c  sensi t ivi t ies ,  more c e l l s  W i l l  
be k i l led  in the  t i s sue  in which a greater proportion of i t a  Kenerative cycle i s  
spent in DNA synthesis and mitosis. Hence the cheracterizaClon of the  various 
stages of the  c e l l  generative cycle for  normal c e l l s  and malignant c e l l s  I s  eseen- 
t i a l  f o r  selection of therapy and design of research f o r  fur ther  developnent Of 
a n t i w c e r  agents. 

In the  case of multiple myelama the low mitotic index of 

Similar observations have been made 

The nature of the  ce l lu la r  response - c e l l  proliferation v8. c e l l  trmsfar13aa 
in antibcdy production remains unanswered. The combination of DNA labe&( 
e l h g ,  autoradiography and cytochemical study of lympp nodes, spleen, and 

Cell transformation studies have been pel ow may resolve these problems. 
ing dogs and guinea pigs. ~n these studies t o  date 11 dogs, 24 guinea 
I20 rats have been used. Circulation has been interrupted t o  the lower 

Tri- 
s injected intravenously I n  t h e  upper half. After one pour the  
stablished. DI addltion appraximately 100 parabiotic rats have 
ich the  labe l  is introduced i n t o  1 parabiont n i t h  the circula-- '  
he other and then labeled c e l l s  searched for in the other =a- 

i l e  it I s  being maintained by extracorporeal circulation. 

1 cated probiems of handling of the paiients and the study of hundreds of radio- 

In addition t o  the prac t ica l  problems of defining growth potent ia ls  of normal! i ' and cancer cel ls ,  there rem& many poblems on the  control mechanisms t h a t  &- 1 t a i n  a n m a l  steady s t a t e  equlUbrlum In hematopoiesis. 
with t h i s  is the  identification of stem cel l s ,  detection of c e l l  transfarmation, 
function and f a t e  tha t  are not yet resolved. These problems w i l l  be approached on 

I 
automaphe. I 

I i 

Intimately connected 

(See ale&! -- I ! 
.I 
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15. Expected Results This Fiscal  Year - 1961: (Cont'd.) 

a collaborative endeavor between D r .  Marcel BeaE!S,,Paris, France, and this Labori 
tory. Further collaborative work has been initiated with Dr. Cuaries Sandhaus Of 
t he  Radiation Laboratory, W v e r s i t y  of California t o  be t t e r  characterize the 
flow of c e l l s  from one compartnent t o  another i n  t h e  process of multiplication Bni 
mat urat ion. 

The work on cellular response In antibody production w i l l  continue. Clinic8 
studies particularly on leukemias and lymphomatoue disease will be accentuated 
through FY 1961 and F'f 1962, with the  acquisition of staff, both professional and 
technical, t o  undertake the expanded nature of the work. 

-. 

17. Expected Programs and Results f o r  Next Biscal Year - 1962: 

The general program outlined fo r  F.Y. 1961 i s  expected t o  be C O ~ t i n U e d .  



Medical Research 
Kinetics of Injected and Absorbed Vitamin BX in Man. 

Klnetics of mJected and Absorbed Vitamin B2 i n  Man. 

- 
Projec t  Title: 06-01-02-b---- 

06-01-02-b-(5) 

Persons i n  Charge: E.P. Cronklte, P. Reizenstein, E.A. Usenik, S.H. Cob, C. 
Rosenblum, Research Collaborator from the Merck Co., and 
J.S. Robertson. 

L2 & 13. Objectives and Overall Description: 

Vitamin B z  plays an important ro le  in several flmdamental metabolic processe 
but i t s  human requirement is unknown. 
1958-59 on BQ excretion, it wa8 established tha t  the  probable half time f o r  turn. 
over of vitEunin B e  is of the order o f  1 year. S M l a r  studies had been performe? 
elsewhere by Dr, Reizenstein before joining the staff. Therefore a study of the 
whole body turnover r a t e  and of turnover rate in various body compsrtments has bec 
programed t o  u t i l i z e  the  whole body counter and specific radio chemical studies 
for  determining whether cobalt remains i n  vitarain BE and i s  thus an indicator of 
the t rue  turnover r a t e  of the vitamin. 

In p r e V i O U 6  Studies performed at BNL 

14. Related Projects: 
- .  - 

See ' 6-01-02 - Medical Research - Summary Sheet 

15. Accomplishments Last Fiscal  Year  - 1960: 

In FY 1960, a c t i v i t i e s  i n  this program w e r e  re la t ive ly  limlted. 
B-= turnover studies indicated t h a t  current prepsrations for parenteral  use are 
excreted too rapidly. 

Harever, 

16. Expected Results This Fiscal Year - l9Cl: 
In order t o  study simultaneously the  turnwer rate of natural ly  occurring, 

absorbed vitamin and t h a t  of therapeutically employed, parenteral  vitamin, BU 
labeled with two different isotopes vill be employed in a series of 6 patients. 
Gamma spectrometry in the whole body couuter, and in s b g l e  campartments such as 
plssma and l iver  Kill be employed t o  follow isotope turnover over severalmonths. 
With t h e  acquisition of t h e  data  the  models K i l l  be constructed f o r  the three 
campartments studied and analyzed by use of the  analogue d i g i t a l  computers. 

the turnover i n  man of the natural ly  occuming B x  analog hydroxycobalamin Xil l  
be studied. Like the previous investigatlon,.rthis study IS planned as a double 
tracer experiment with long t i m e  gamma spectrcaretry of several  body ccaapartmenta 
~ 1 9  well as the whole body. These studies will be performed upon a series of at 
l eas t  six patients. Independent studies at Merck and Ccmrpeny, Ratnray, New Jersey 
and in Stockholm,, Sweden, have indicated a possible difference betwen naturally 
occurring, absorbed vitamin B 
merefore,  the chemical s t a b i g t y  of t h e  tvo substances w i z b e  compared, using a 
double-tracer technique i n  a series of 4 dogs. 
ance of the  animals and injeotion of the  isdapes Will be carr ied on at Brookhave 
%e Isatope present in the  tissues at the time of sacr i f ic ing the  aaimala will 
be ident i f ied with a trkcer-dilution technique at the  Merck and Company Labora- 
tor ies .  

- 

In 8n ef for t  t o  Piad a sui table  vitsmin B s  preparation with 8 depot effect ,  

on one h a d ,  and injected B on the  uther. 

The whole body studies, mainten- 

The experimental portion of t h i s  project should be completed auring FY 1961. 
However, the analysis of data and final interpretation will pkbably take an 
additional year. 

17. Expected Programs and Resul t s  f o r  Next Fiscal Year - 1962: 

The general program outlined f o r  ~ ~ ~ o s W Y  xu be continued. 
/9504 1 
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b d l c a l  Research 
Comparison of the Enzymatic Activity of Commercially Available 
qyaJ.wnn.lrlnnea Tasards the Removal af Sulfated IU-ide 

I 
%-,01-02-b-(6) Comparison of the Enzymatic Activity of CammerciaUy Available ' 

Hyaluronidases Towards the  Rema;val of U a t e d  lhccpolysaccharid~ 
Complex of Cartilage. 

Project Title: 

Complex of Cartilage. &-01-02-b-( 6 1 

i 
Persons i n  Charge: E. A. Tonna 

L2 & a. Objectives and Overall Description: 

In previous studies several histcchemlcal pmcedures have been employed f o r  
the localization of mucopolysaccharides in tissue.. These Studies required 
sections which were t reated v i t h  hyaluronidase f o r  the removal of sulfated 
saccharides. 

-I 14. Related Projects : 

See 06-01-02 Medical Research - Summary Sheet 

Accanplisbments Last Fiscal  Year - 1960: 

During FY 1960 a variety of commercial hyaluronidases were tes ted and resu l t s  
sowpared. Findings indicated that variations in enzyme application will be neces- 
sary because of differences in comercial  preparations. As yet, there has been no 
standardization of a method t o  be used nor are the optimal time periods of incuba- 
tion known tha t  would. consistently and adequately remove mucopolysaccharides from 
tissue sections. 

15. 

16. Expected Results This Fiscal  Year - 1961: 

During FY 1961 standardization in the  application of hyaluronidases frm 
tissues f o r  histochemical and autoradiographic applications w i l l  be undertaken, 
Sections of car t i lage taken from rats previously given S35 sulfate  w i l l  be 
incilbated in the various enzyme solutions far variaus the periods and the  treated 
scctions w i l l  then be stained with col loidal  iron f o r  mucopolysaccharides and 
Coluidine blue fo r  metachromasia. The removal of the dye staining w i l l  be f o l l o w  
histophotcrmetrically. Additional $5 t i s sues  w i l l  be used for quantitative auto- 
radiographs. The removal of mucopolysaccharides by treatment with hyaluronidases 
will be evaluated by grain counting. It i s  hoped t h a t  in the ,  ensuing 2 years t h i s  
investigation wi l l  standardize the application of the  enzymec l i s t e d  above f o r  the 
removal of mucopolysaccharides from t i ssue  for histochemical application and thus 
open up quantitative studies 011 bone and car t i lage metabolism which are not now 
currently available. 

17. Expected Program8 and Results for Next Fiscal  Year - 1962: 
The general program outllned for F.Y. 1961 is expected t o  be continued. 



Medical Research - Studies on the Cytochemical Mechanisms of Bone 
G r o w t h  and Repair Duri Aging, and Skeletal  Patho o I n c h  i g 

Ok-@-02-b-?d -- Project Ti t l e :  Tumor and Cancer F o m 8 o n  

I 

1 )6-01-02-b-(7) Studies on the Cytochemical Mechanisms of Bone Growth and 
Repair Curing Aging, and Skeletal  Pathology Including Tumor and 
Cancer Formation I 

?ersons i n  Charge: E. A. Tonna and E.  P. Cronkite j 
12. & 13. Objectives and Overall Description: 

These studies are  directed at obtaining fundamental information on the 
3iochemistry of c e l l s  taking part i n  v i t a l  ac t iv i t i e s  leading t o  the growth 
md repnir of bone and a t  ascertaining the  deviation of the normal biochemistry 
>f these c e l l s  as a r e su l t  of skeletal  pathology. 
>f the pathological conditions which are  associated with the skeletal  system, 
Lhere is the need of obtaining fundamental cytochemical information on the ro l e  
>f bone c e l l s  and t h e i r  ac t iv i t i e s  i n  the normal animals, and which, i n  turn, 
this information can be used as a base l i n e  f o r  comparison and a be t t e r  study 
3f skeletal  pathology. 

I n  attempts t o  a l l ev ia t e  many 

14. Related Projects : 

See 06-01-02 Medical Research - Summary Sheet 

-- 
15. Accomplishments Last Fiscal Year - 1960: 

These studies were begun i n  1960. Use of tritium labeled thymidine 
Zombined w i t h  histochemical techniques on the formation of osteoclasts of bone 
from young and old mice has revealed that these c e l l s  take t h e i r  origin d i r ec t ly  
erom the osteoblastic c e l l s  and not from osteogenic ce l l s ,  
begun on young rats, with the intention of f o l l w i n g  the population, both 
irradiated and non-Irradiated, i n  an e f fo r t  t o  learn more about the effects  of 
radiation on skeletal  maturation and pathology. 

Experiments have 

16. Expected Results This Fiscal Year - 1961: 

During Fiscal  Year 1961 the following studies a r e  planned: 

1. To study t h e  contribution of the various cells and t issues  t o  fracture 
healing using tritium labeled thymidine on rats, from bi r th  t o  old age. 

2. The mode of osteoclast formation, disappearance and histochemical role  
using tritium labeled thymidine. 

3. 
during aging. 

4. 

5 .  

The localization, distribution and function of ATP-ase i n  bone formation 

Protein formation i n  osteoblasts using H-labeled amino acid8. 

Development of cmbined radioisotope methods w i t h  histochemical 
techniques t o  allow more precise quantitative analyses of the etained c e l l  and 
time components. 

17. Expected Program and Resulte fo r  Next Fiscal  Year - 1962: 

The general program outlined for FY 1961 is expected t o  be continued. 

BOXNO __c__ 
FOLDER ____L 
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Medical Research 
Project T i t l e :  Intraiuclear Irradiation with T r i t i u m  06-01-02-b- (8) 

06-01-02-b-(8) Intranuclear Irradiation w i t h  Tr i t ium 
Person i n  Charge: J. S. Robertson 

12 & 13. Objectives and Overall Description: 

This program concerns i t s e l f  with theoret ical  aspects o f t h e  i r radiat ion of 
cel lular  components by the localization of tritium-labeled substances. 
calculations were concerned with describing the radiation dose dis t r ibut ion 
pattern about a point source of tritium, and have been published. 

Earlier 

-- 
14. Related Fmjects: 

See 06-01-02 - Medical Research - Sunrmary Sheet. 

15. Accomplishments L a s t  Fiscal Year - 1960: 
The previous calculations were used t o  help explain variations seen in the 

resolution and image spread of autoradiographs of t issue sections and smeara 
labeled with tritium. The resul ts  of these computations have been published. 

-- 
16. Expected Results This Fiscal Year - 1961: 

Calculations directed toward comparing the radiation dose patterns 
delivered by tritium-labeled substances which local ize  in the  chromatin materiel, 
with those which do not so localize, and with physically-equivalent radiation 
from x-rays and gemma-rey sources are contemplhted. 
and no isotopes are needed fo r  t h i s  phase of the work. Experimental data f m  
comparison with the calculated results are expected t o  be made available from 
work by Bond and Cronkite of the BNL Medical Department. 

No patients, no animals 

17. Expected Pmgrams and Results f o r  Next Fiscal  Yeor - 1962: 

The general program outlined f o r  FY 1961 is cxpected t o  be continued. 



Y 

Cellular Components 

Persons i n  Charge: V. P. Bond, L. E. Feinendegen, and W. W. Shreeve 

12. & 13. Objectives and Overall Description: 

The current concern of t h i s  study i s  t o  measure by autoradiographic and 
biochemical techniques the time rate  of incorporation of tritium labeled nucleic 
acid precursors i n to  subcellular structures of cel ls .  
basic studies on c e l l  ac t iv i ty  and proliferation, 
i r radiat ion effects  on the c e l l  cycle. 
allowed clear  definit ion of the precise s i t e  and time of synthesis of DNA, RNA 
o r  protein within the c e l l .  H i g h  resolution autoradiography with tritium - 
labeled precursors, and c e l l  fractionation and other biochemical techniques 

These data are  valuable as 
and as models f o r  studying 

Standard biochemhal procedures have not 

,make it possible t o  localize accurately the sites of synthesis within the c e l l .  

H e b  and Osgood and rabbit  kidney culture c e l l s  have been used i n  t h i s  work 
and the time course of dis t r ibut ion of label after administration of tritium 
labeled cytidine has been characterized by autoradiographic and biochemical 
tcchniqucG. Preliminary work on other precursors (labeled ribose, deoxyribose, 
acetaldehyde and thymidine), has been performed. Radioactivity from labeled 
cytidinc was Ghown f i r s t  t o  go t o  thc nucleus, then t o  the  nuclcoli and t o  the 
cytoplasm, and also out i n to  the medium. 

The general program outlined f o r  FY 1961 i s  expected t o  be continued. 

RE PO S 110 RY A-mA 

-- 
16. Expected Results This Fiscal  Year - 1961: 

Work w i l l  be continued and extended t o  confirm the apparent s t a b i l i t y  of RNA 
i n  the HeLa cel l ,  and t o  study fur ther  the use of intermediate "RNA" ncid soluble 
fractions,  and released low molecular weight labeled material f o r  DNA synthesis. 
Work is prodected t o  determine the  origin o f  RNA components t ha t  l abe l  DNA i n  the 
mnmmnlian ce l l ,  t o  see whether they are  derived from the DNA synthesizing c e l l  
o r  whether they are  obtained by intercel lular  exchange. 
chamber w i l l  be inst i tuted t o  fur ther  study the possibi l i ty  of a common acid 
soluble poolof RNA i n  the mmmal .  
i z e  the course and i n t e r  - relationship of RNA and DNA synthesis i n  normal and 
malignant cel ls .  

Studies with the millipore 

The objective of these studies l e  t o  character- 

- 
17. Expected Programs and Results f o r  Next Fiscal Year - 1962: 

BOX No 

FOLDER 



Project T i t l e :  
t o  Mitosis and the Gcnerative Cycle i n  Human CLulcer C a l l  (HeLa 

The Temporal Relationships of Deoxyribonucleic Acid Synthesis 
Cultures 

Ob-01-02-b-( 101 , ,  --- __-.I. -- - -. -__ 
[ 06-01-02-b-( 10) 

I 

The Temporal Relationships of Deoxyribonucleic Acid Synthesis 
t o  Mitoeis and the Generative Cycle i n  Human Cancer Cell (HeLa) 
Cultures. 

' 

I 

- 
15, Accomplishments Lsst Fiscal  Year - 1960: 

I n  1960 these studies have been expanded to include observntions which have 
t o  do with (1) the r a t e  of incorporation of t r i t i a t e d  thymidine in to  DNA; (2 )  
the l i nea r i ty  of the r a t e  of DNA synthesis; and ( 3 )  the extent of synchrony of 
DNA synthesis. 
thymidine across the c e l l  membrane has been obtained. 
incorporated in to  DNA depends primarily on the rate of polymerization, i. e., 
on the DNA synthetic rate. Data obtained on the synchrony of chromosomal 
replication in the  c e l l  indicate t h a t  DNA synthesis i s  going on i n  the  majority 
of the chromosomes i n  one ce l l  at the same t i m e  during most of the 6 hour synthetic 
period, 
not occur i n  a l l  the chromosomes a t  exactly the same time. 

1 
Valuable information concerning the transport rate of t r i t i a t e d  

The amount of isotope 

However, it appears t h a t  i n i t i a t ion  o r  cessation of DNA synthesis may 

Persons i n  Charge: R. M. Drew and R. B. Painter 

-I 

17. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

The general program outlined f o r  FY 1961 is expected t o  be continued. 

12. & 13. Objectives and h e r d l  Description: 

The investigation of time relationship of the several components of the 
generative cycle, u t i l i z i n g  t i s sue  culture of HeLa c e l l s  with t r i t i a t e d  thymidine 
yield data on the cc t iv i ty  and proliferation of c e l l  populations and serve as a 
model t o  study radiation effects  on c e l l  cycles. 

During 1959 information concerning the va r i ab i l i t y  i n  c e l l  DNA synthetic 
time within different populations of mammalien c e l l s  has been obtained. The DNA 
synthetic time, the resting phase between DNA synthesis and mitosis and the post- 
mitotic res t ing phase fo r  HcLs and the HeIa S3 clone c e l l s  have been determined. 
In  comparing the aspects of DNA physiology of S3 and HeLo c e l l  cultures, the 
l a t t e r  has shown, repeatedly, the persistence of a very small percentage of c e l l s  
with extremely long DNA synthetic time. 

14. Related Projects: 

See 06-01-02 - Medical Research - Summary Sheet. 

16. Expected Results This Fiscal  Year - 1961: 

These studies w i l l  be continued on normal and malignant cells, and the 
information obtained w i l l  serve as a model f o r  experiments t e s t ing  the effects  
of external i r radiat ion on DNA synthesis. 

BOX No 

FCLDER 



Medical Research 
Pro jec t  Title: The Pathoznesis of Atherosclerotic Lesions 06-01-02-b-(&1) .- - -- ~ 

06-01-02-b- (11) The Pathogenesis of Atherosclerotic Lesionx i 
'ersons i n  Charge: S. Spraragen, V. P. Bond, L. K..Dahl 

.2 & 13. Objectives and Overall Description: 

This progrm concerns itself with t h e  poesible role of endothelial hy-per- 
Previous research i n  t h i s  ilasia as an etiological factor i n  atherosclerosis. 

' icld has not adequately evaluated t h i s  problem. 

.4. Related ProJects: 

See 06-01-02 Medical Research - Summary Sheet 

-5 .  Accomplishments Last Fiscal Year - 1960 

The possible role o f  hyperplasia i n  the  pathogenesis of atherosclerotic 
.esions was investigated, using rabbits, on an atherogenic d ie t ,  and employing 
iritiated thymidine and autoradiography t o  indicate DNA synthesis within individual 
:ells (and thus capabili ty of division). 
rortic t i s sue  were not successful. 
.hymidine, occasional ce l l s  of t he  ao r t i c  media and intima i n  normal rabbit  was 
)bserved t o  bc labeled. No detectable increase i n  the  number of labeled c e l l s  was 
:ound a f t e r  one month of cholesterol feeding; however no macro- or  microscopic 
widence of atherosclerosis was found a t  t h i s  time. 
;o other t i m e  intervals,  t o  other species, and t o  additional isotopically labeled 
laterials (Calcium-45, tritium-labeled cytidine) t o  indicate fur ther  t he  metabolic 
s t a t e f  t h e  t i s sue .  
in t he  etiology of athorosclerosis w i l l  be investigated. 

I n i t i a l  attempts a t  i n  v i t ro  labeling of 
Following i n  vivo administration of t r i t i a t e d  

The studies are being extended 

In  particular,  t he  possible ro l e  of calcium and Vitamin D 

t6. Expected Results This Fiscal Ycnr - 1961 
"he general program described above will be continued. 

L7. Expected Programs and Results fo r  Next F isca l  Year - 1962 

The general program described above w i l l  be continued. 

BOX N O  

FOLOER 
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Medical Research 
Tlle Effect of Intracel lular  incorporation of Tki t ia ted Thymidine Pp- Ti t le :  

-4. 

%-01-02-b-(12) 

... ' : on IhimmJ.ian Cell Survival and Cell Cytology 06-01-02-b-(12) ----- __ - __ _. 

The B f e c t  of In t race l lu la r  Incorporation of Tr i t ia ted  Thymidine 
on Mammalian Cell Survival and Cell  C ~ o l o g y .  

Person i n  Charge: R. M. Drew 

LE& 13.  

short range par t ic le  radiation e f fec ts  within the  nucleus of c e l l s  and t o  
-valuate the  potential hazard of t r i t i a t e d  thymidine, now widely used i n  chemical 
and biological investigations. 
n3king UGC of HcLa ce l l s .  

A determination of the cytological and l e t h a l  e f fec ts  of intranuclear 
t r i t i a t e d  thymidine is  needed t o  study the mechanism of action of 

This study u t i l i ze s  t h e  t i s sue  cul ture  technique 

The l e t h a l  action of t h i s  radioactive isotope on dividing m a m m a l i a n  
ccllfi has bean demonstrated md beon shown to be a function of the dose and 
specific act ivi ty .  
i n  the cytological appearance of c e l l s  and abortive colonial growth. 
Thymidine concentrates rodioactivity largely only i n  the most radiosensitive 
region of ce l l s ,  i .e . ,  the nucleus. Therifore, the  k i l l i ng  e f fec t  is  reason- 
ably at t r ibuted t o  nuclear damage by beta  i r rad ia t ion  coming f n m  the decay of 
the tritium portion of the thymidine incorporated by the nucleus. 

As a resu l t  of radiat ion dmage there i s  a marked a l te ra t ion  
Tr i t ia ted  

2. Related Projects: 

See 06-01-02 - Medical Research - Summary Sheet. 

15. Acconiplishments L a s t  Fiscal Year - 1960. 

During 1960 a comparison of the radiobiologic e f fec ts  of tritim labeled 
thymidine and tritium labeled cytidine a f t e r  incorporation in to  HeLn c e l l s  i n  
t i s sue  culture is being made. 
the nucleic acids of both nucleus and the  cytoplasma white t r i t i a t e d  thymidine 
is  incorporated only in to  the nucleus, 
producing radiat ion damage can be compared. 

Since the t r i t i a t e d  cytidine i s  incorporated in to  

the  dis t r ibut ion of radioact ivi ty  

16. Eqected Results This Fiscal  Year - 1961: 
The above studies w i l l  be continued and extended t o  include mutational 

e f fec ts  a t  law doees of intranuclear radiation, and t o  include the  e f fec ts  
of other labeled nucleic acid precursors. 

17. Expected P m g r w  and Results f o r  Next E i 6 C d  Year - 1962: 

The general program outlined f o r  FY 1961 i s  expected t o  be continued. 

/guu - 
I./ COLLECTION A/~Y - *UA ,+ / '  

BOX No 

FOLOER 
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Medic a1 Research 
Projcct Ti t le :  DNA Synthvsis and Turnover Activity i n  the  Mouse Rnbryo 

06-01-02-b-l l3L 
06-01-02-b-(13) 

Persons i n  Charge: V. P. Bond and M. Atlas 

2. & 13. Objectives and Overall Description: 

DNA Synthesis and Turnover Activity i n  the  Mouse Ehbryo 

Tr i t ia tzd  Thymidine provides a usefultoo1,when combined with the  auto- 
udioi.;raphic t*chnique, t o  establish t h e  c e l l  turnover time of embryological 
issues, and t o  estimate the  DNA synthesis ra te .  

I n  previous work approximately 40 pregnant mice i n  various stages of gestation 
'ere injected intraperitoneally with t r i t i a t e d  thymidine, and the  animals were 
m r l f i c c d  24 hours following injection f o r  exmination of the  embryos. No 
ncorporation of t r i t i a t e d  thymidine was noted pr ior  t o  the  establishment of 
,mbryonic circulation on approximately the  11th day of ges ta t im,  following which 
.arylng degrees of lncorporution i n  t h e  various f e t a l  structures w a s  noted. 
Sme of appearmce, and the  in tens i ty  6f labe l  was noted for each type of embryoni 
;issue. 

The 

-- ._.___ 
-4. Rclated Projects: 

See 06-01-02 - Medical Research - Sumnary Sheet. 

.5. Accomplishments Last F isca l  Year - 1960: 

During 1960 the  investigations were extended t o  study the  uptake o f  t r i t i a t e d  
(hymldine i n  embryonal t i s sues  i n  fe tuses  at different degrees of maturity as 
L function of hours following t r i t i a t e d  thymidine administration t o  the  mother. 
'hcse studies are presently being analyzed t o  determine the  approximate turnover 
rites of the  individual t i s sues .  

-- 
.6. gxpected Results This Fisca l  Year - 1961: 

Reading of t he  tissues and analysis of t he  dota w i l l  continue i n  1961, nnd 
iuch additional t i s sue  as may be necessary t o  chcracterize turnover ra tes  w i l l  
le obtaincd. It is anticipatcd tha t  these studies w i l l  be continued. 

- 
L7. Expected Programs and Results f o r  N e x t  F i sca l  Year - 1962: 

The general program outlined f o r  FY 1961 i s  expected t o  be continued. 

-~ .- -- -_ 
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BOX No. 

FOLDER 
See 06-01-02- Medical Research - Sumrmary Sheet. 

15. Accomplishments Last Fiscal  Year - 1960: 

Attempts t o  label  RNA with t r i t i a t e d  cytodine have been successful i n  an 
e f for t  t o  study t h i s  problem. 
megakaryocytes w a s  so rapid that  it is an ineffective method of labeling p l a t e l e t s ,  

Unfortunately the turnover of RNA In  the 

I n  the  l e t h a l  dooes range the major cause of death are  the sequelae of 
suppression of bone marrow function. 
substi tution and specific therapy are the basis of successful management of 
radiation injury. 
were treated by n combination of f resh blood transfusions, p l a t e l e t  concentratcs 
and antibiotics.  
following t h i s  dose of irradiation. 
by 50 t o  75 r in to  the  absolute l e t h a l  dose range, t h i s  mode of therapy was no 

An understanding of t h i s  and both 

A ser ies  of 24 dogs exposed t o  an LD90-l~ dose of irradiation, 

A very significant improvement i n  mortality w a s  obtained 
When the dose of i r radiat ion was increased 

5. Budget Item No. 6. Contractor's No, 1 06-01-02-c 1 
~ 

. Budget Activity No. 
06- 01- 02 

. __ 
'. Contractor: 9. Contract NO. 

York ~ ~ - 3 0 - 2 - m - 1 6  

11. Star t ing Date of Project: 

See Individual Sub-division Proposals Continuing 

.O. Persono i n  Charge: 
-- 

. Project Ti t le :  2. Date Prepared: 
Radiation Effects on Biological Systems - ~ a y  1960 

Medical Research 

06-01-02-.~ llemtology and C l i n i c a l  Mmagement of Radiation - (Summary) 

Cost and Personnel Data ( fo r  information only) 

Revision No. 

1960 1961 1962 - - 
Total Operating Cost ( In  Thousands) 105 110 125 

Direct Man-Years 
Staff 
Visitors 

Scientific 
Other 

Total 
6.8 6.6  7.4 . 3 m -  9.3 

One of the major e f f ec t s  following radiation exposure I s  the profound 
depression of formed elements of the blood. Underetanding of the factore t h a t  
control the circulat ing levels of the formed elements of the blood mst go 
hand-in-hand with, o r  proceed, the understanding of t he  effect of radiation on 
these processes i n  health and diseased s ta tes .  

06-01-02-~-( 1) Clinical  Management ol" Radiation Injury 

Persons i n  Charge: E. P. Cronkite, V. P. Bond, E. A. Usenik, V. Perman, 
D. Sorenson and A. Nielsen 

12. & 13. Objectives and Overall Description: 

Hemostasis i n  i r radiat ion injury by transfusion of f resh p l a t e l e t s  is an 
acco plished f a c t ,  

t ha t  a def ini te  platelet-endothelial  interactPRgaSiZQYwilr. &,&&&&HA &a 
"he mechanism of action of the p l a t e l e t s  remnin obeoure. 

s350 tf: labeling of p l a t e l e t s  , coupled with autoradiographic techniques suggests 

/93< 
14. Related Projects: 

n l  (See continuation sheet) 
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Medical Research 

15. Accomplishments Last Fiscal  Year - 1960: (contd.) 

Longer satisfactory.  
studied now by stressing hemopoietic t i s sues  t o  evaluate whether residual 
radiation injury w i l l  inhibi t  t h e i r  capacity t o  regenerate following stresses 
such as severe bleeding. 
LO have a blood donor colony of  typed dogs varying between 20 and 40 animals. 

The dogs which have survived t h i s  exposure are being 

In performing the preceding studies it was necessary 

The capacity of irradiated bone marrow t o  synthesize DNA and the duration 
Jf mitotic abnormalities are  under study. This work was commenced i n  1958 and 
1959 md has bsen followed i n  120 rats, 6 dogs, and on the patients irradiated 
wciddntally in  the Y-12 accident i n  conjunction with the Hospital Division, 
3ak Ridge Ins t i t u t e  of Nuclear Studies. 

16. Expected Results This Fiscal Year - 1961: 

Extracorporeal circulation i s  expected t o  be developed as a technique t o  
study the effect  of radiation on l i f c  span and function of irradiated blood ce l l s .  
In addltion organ perfusion, tcchniqucs w i l l  be developed as a means of studying 
the relation between peripheral levclfi of leukocytes and p l a t e l e t s  and t h e i r  
production o r  removal by specific orgens. 

During 1960, fur ther  developmental work on extracorporeal circulation and 
the development of techniqucs f o r  i r radiat ing blood i n  an external shunt i n  order 
to  determine the effect  of i r radiat ion d i r ec t ly  upon circulat ing blood c e l l s  w i l l  
be expanded. 
cows, swine, o r  dogs are  found, t h i s  mode of i r radiat ion of circulating leukocyte: 
will be tested t o  see i f  it i s  therapeutically effect ivc i n  reducing the number 
of circulating leukocytes. "his work i s  i n  the developmental stage and w i l l  
extend over a period of 3 t o  6 years. 

Approximately 24 dogs w i l l  be used i n  t h i s  study and when leukemic 

- 
17. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

The general program outlined f o r  FY 1961 i s  expected t o  be continued. 

- 
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b d i c a l  Research 
Study of Fate and Function of In Vitro and In Vivo labeled 

P r o j e c t  Title : *nonuclear C e l l s  06-01-02-c-(2) ___- -- . - _______ 
06-01-02-c-(2) Study of Fate and Function of I n  Vitro and In Vivo Labeled 

Mononuclear Cells. 

Peroono i n  Charge: V.P. Bond, L. Feinendegen, E. Usenik and R. Stoner. 

12 & 13. Objectives and Overall Description: 

It was sham in t h i s  laboratory i n  1958 tha t  some circulat ing mononuclear 
ce l l s  labeled with thymidine and thus presumably are capable of proliferation. 
Previous s tudies  have indicated tha t  bone marrow c e l l s  are protective b acilte 
radiation injury, and there  are indications tha t  c i rculat ing c e l l s  may be protec- 
t i v e  against radiation damage and m a y  be inimonologically competent. 
e f for t s  were made t o  study the f a t e  and function of the  label circulat ing mono- 
nuclear cel ls .  I n i t i a l  e f for t s  t o  transfuse labeled blood were not successful 
because of the small number of labeled ce l l s  transfused. Parabioyic animals were 
uced, and i n  a t o t a l  of approximately 15 pairs, it was shown tha t  labeled ce l l s  dc 
get across in to  an unlabeled recipient animal. 
Indicate tha t  the mononuclear c e l l s  might be capable of transformation in to  rqyelol 
precursors; however t h i s  could not be demonstrated with certainty. 
parabiotic animals were discontinued because of d i f f i cu l ty  with the development ol 
"runt" diseaoe i n  one of the parabionts. 

In FY 1959, 

Some evidence was aCCUmUl8t.ted t o  

Studies with 

14. Related Frojects: 

See 06-01-02 Medical Research - Summary Sheet. 

15. Accomplishments Last Fiscal  Year - 1960: 

Effor ts  were made t o  transfuse blood from labeled donors in to  unlabeled nor- 
mal and unirradiated recipients, using the  t ransfer  of venous bloob, and employin( 
a technique of connecting donor and recipient animal e i the r  artery-to-vein, or 
artery-to-artery. 
suff ic ient  t o  allow one t o  follow labeled c e l l s  in t he  recipient animal. 
it was thought t ha t  most of the  labeled c e l l s  i n  the  peripheral blood is derived 
frm the  thoracic duct, a d i rec t  transfusion of thoracic duct lymph from labeled 
donors was carried out into recipient normal and i r radiated animals. 
numbers of labeled c e l l s  are seen i n  the  recipient by this technique. These celL 
ear ly  appear t o  be lymphocyb5c i n  character; however with the  passage of time the: 
become more and more plasma - cell-lllse in character. 
transformation in to  plasma c e l l  - Uke c e l l s  has occurred, or whether p l a sm c e l l  
precursors i n  suff ic ient  number a re  actual ly  present in the  thoracic duct lymph. 
These studies are  being extended, and massive transfusion of labeled c e l l s  i n  
the peripheral blood of a number of donors i s  being transfused in to  recipient 
animals in an e f fo r t  t o  uncover the  f a t e  and Function of' these cel ls .  

Again, it was not possible t o  get blood across i n  quantities 
Since 

Large 

It is  not c lear  whether 

16. Expected Results This f i s c a l  Year - 1961: 
These studies w i l l  be continued, and t r i l l  be modified with regard t o  the  

times of observation, t he  preparation of the recipient animal, and the  nature of 
the injected preparation. 
the  ultimate f$te of t he  labeled c e l l s  i s  determined, or  u n t i l  it i s  determined 
tha t  no significant change i n  cel l  type OCCUTS. 

It i s  ant ic imted  that these studies w i l l  continue unt 

It seems def in i te  that the  use of t r i t i a t e d  thymidine should Urn a definif 
answer t o  the  question of possible cell transformation. 

- 
17. Expected Rrograms and Results for  N e x t  Fiscal  Y e a r  - 1962: 

The general program outllned i n  FY 1961 i s  expected t o  be continued. 
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Medical Research 
Effects of Radiation on DNA Synthesizing Cells i n  MEUTOW and 

~ ~ ~ ~ ~ - ~ ~ % ~ ~ a k o n  on DNA Synthesizing Cells i n  Marrow and 
I Peripheral Blocd. 

Persons i n  Charge: V.P. Bond, A. Tsuya, T. M. Fliedner and E. P. Cronkite 

Pro  ' c c t  T i t l c :  d -.-S&Ql-=-Ol- 

I 

i 1 z & 13. a j e c t i v e s  and o v e r d l  Description: 

While a good deal of investigative work has been devoted t o  the study O f  
changes i n  DNA synthesis following irradiation, most of these studies have deal t  
Kith ent i re  organ systems in which changes observed could be on the basis  of an 
actual effect  on DNA synthesis, or EII indlrect  effect  mediated through changes 
in c e l l  population, or effects  on mitosis i t se l f .  The use of t r i t i a t e d  thymidine 
and autoradiography makes it possible t o  study the e f fec ts  of radiation on DNA 
synthesis at the ce l lu la r  level, and t o  determine the  effects  of radiation on the  
proliferative potent ia l  of dividing cel ls .  In FY 1959 rats and dogs were exposed 
t o  radiation, following which short term or 'Ylash" labeling of both the bone marl 
and peripheral blood was carried out by e i ther  in vivo or i n  v i t r o  techniques. 
Results indicated marked changes in the  number of labeled circulat ing ce l l s ,  tha t  
appeared t o  be correlated with periods of degeneration and regeneration. Studies 
of bone maxrow indicated t h a t  the apparent effect  on DNA synthesis could be ac- 
counted for  in  part by an actual e f fec t  on the process of DNA synthesis, and in 
part by an ef fec t  on mitosis i t o e l f .  

14. Related Projects: 
. .. 

See 06-01-02 Medical Research - Summary Sheet 

- 
15. Accomplishments Last M s c s l  Year - 1960: 

These studies Here extended, and a ser ies  of approxbately 70 rats were 
studied quantitatively following exposure t o  radiation. 
index, the miUotic index and the  t o t a l  marrow cel lu3ari ty  w a s  determined. 
studiFs indicated a profound ef fec t  of radiation on t o t a l  ce l lu la r i ty  in  the bone 
marrow, and indicated that in addition t o  an ef fec t  on mitosis, there was  a direcl 
c e l l  loss during both DNA synthesis phase and the inter-mitotic rest phases. G r a j  
counts indicated also sane effect  on the  process of DNA synthesis i t s e l f ,  
studies have been extended t o  study the e f fec t  of radiation on amimals who have 
received a single injection of t r i t i a t e d  thymldine just  prior t o  exposure. 
studies should yield data on the  effects  of radiation on the kinetics of bone 
marrow proliferation. 
ia t ion on the labellng of bone marrow c e l l s  in the  mouse. 

In addition t o  .labeling 
These 

These 

These 

Studies have been i n i t i a t e d  on the effects  of neutron irrac 

- 
1 16. Expected Results This Fiscal Year - 1961: 

Slides obtained i n  studies carried out during 1960 w i l l  continue t o  be read, 
and the date w i l l  be analyze&. Studies w i l l  be continued in  which labeled bone 
marrow and peripheral blood *om donor animals is injected in to  recipient i r radi-  
ated animals i n  an e f for t  t o  determine the types of c e l l s  responsible f o r  bone 
m a r r o w  protection in the i r M a t e d  animal. 

17. Expected Frograms and Results f o r  Next Fiscal Year - 1962: 

The general program outlined in FY 1961 is  expected t o  be continued. 
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Nedical Research 
06-01-02-~- (4 ) P r o j e c t  _--_. T i t l e :  Characterization of r n h r o i d  Precursors ___-___ -. 

! 
j 06-01-02-c-(4) Characterization of w h r o i d  Precursors 

I 
L-- 
12 & 13. Objectives and Overall Description: 

It has been w e l l  recognized t h a t  morphology does not consti tute an adequate 
cr i ter ion for characterization of t h e  various erythroid precursor forms. 
laboratory autoradiogniphic methods have been developed t o  indicate the  degree 
of DHA synthesis within a cel l .  
b le  t o  determine the degree of RNA synthesis in progress. Dr. Sondhaus of the 
Dormer Laboratory, a research collaborator, has studied methods of qumtifying 
Lhe amount of nucleic acid and of hemoglobin within the  single cel l ,  and is now 
prepared t o  carry out such studies at his  laboratory in California. With a col- 
laborative endeavor, it should now be possible t o  attempt t o  correlate these var- 
ioue quantitative indices with the morphologic appearance of erythroid precursor 
cells.  

In  t h i s  

By d i f f e ren t i a l  extraction methods, it is possi- 

14. Related Projects: 

See 06-01-02 B d i c a l  Research - Sumnary Sheet 

15. Accamplishments L a s t  Fiscal Y e a r  - 1960: 

This work was i n i t i a t e d  in FY 1960. Preliminary work w a s  carried out t o  
determine the  f e a s i b i l i t y  of carrying out such a project. 
were prepared, and t he  separate anslyses done by the two laboratories, were 
carried out. 
can be carried out on an individual c e l l  basis,  and t h a t  f o r  the various erytbroic 
precursors, it will be possible t o  determine morphology, size  of c e l l  and nucleus; 
DNA mntent,  and t he  hemoglobin content. 

I)og bone marrow slide:: 

It now appears def ini te  t h a t  t he  multiple determinations indicated 

16. Expected Results This Fiscal  Year - 1961: 
Stud,ies will be continued In the  dog until completely satisfactory methods 

have been worked out. It i s  anticipated and hoped t h a t  when the work on the dog 
has been completed, t h a t  it w i l l  be possible t o  do studies on human bone marrow. 

17. Bpected Programs and Results for Next Fiscal Year - 1962: 
The general program outlined in FY 1961 i s  expected t o  be continued. 

BOX No. 

FOLOER 



. Projcct Ti t le :  2. Date Prepared: 
m y  1960 Radiation Effccts on Biological Systems - 

Cost and Personnel Data (for information only) 

- 1960 1961 1962 
Total Operating Cost ( I n  Thousands) 170 190 215 

Revision no. 

Direct Man-Years 
Staff 
Visi tors  

Scient i f ic  
Other 

T O t d  

earch 

2.4 2.8 2.9 

___ _-_- 

0.3 
- 2 % % ! 3 - - 3 2 -  

-- . Budget Activity No. 5. Budget Item No. 
06-01- 02-d 06- 01-02 

9.2 10.5 ii.8 
11.613.315.0 

6. Contractor's No. 

_I--- 

FEfiiation depresses antibody production while at the  same time anaphylactic 

Presumably a single system 
al lergy i s  enhanced. During tha recovery period of antibody production 
anaphylactic a l lerey may decrease t o  normal levels. 
of protein synthesis and c e l l  reac t iv i ty  is responsible f o r  t h i s  paradox. 
concern of t h i s  study i s  t o  investigate antibody production, par t icular ly  in  
regard t o  the e f fec ts  of redintion. 

The 

..-- .- - - . Contractor: Associated Univereitiee, Inc. 8, Working Locution 
Brookhaven Nationdl Laboratory Upton, New York 

06-01-02-d-( 1) Depressant Effect of Acute Exposure, Divided Acute Exposure 
and Chronic Exposure t o  Radiation on Antibody Formation 

Persons i n  Charge: R. D. Stoner and W. M. Hale (Collaborator from U. of Tennesse 

3. r;a:r,,i.racl: Ib. 
A ' - ~ o - ~ - G E v - ~ ~  

12. & 13. Objectives and Overall Description: 

cobalt ' 7-radiation on the secondary tetanus ant i toxin reswnse i n  mice when 
equal t o t a l  doses of radiation a re  delivered by eingle acute exposure, divided 
acute exposures and by chronic o r  continuous exposure. 
experiments were done t o  t e s t  the radiosensi t ivi ty  of the secondary antibody 
response t o  t o t a l  aoosesof 400 rads and 800 rads when radiation wa8 delivered at 
dose ra tes  of b rads per hour and 2,400 rads per hour. Preliminary findings 
indicated tha t  the  antibody forming mechanism was more radiosensitive when 
radiation waa delivered by chronic expeure  or  i n  divided exposures when compared 

Thi  study was in i t i a t ed  i n  FY 1959 t o  compare the depressant action of 

Several exploratory 

- .- -- 
.O. Persons i n  Charge: 
Sse Individual Sub-division Proposals 

I 

t o  the depressant e f fec t  of the  t o t a l  dose delivered p a c u t e  exposure. 
RiPOSiTORy 3- 

11. Star t ing Date of Project: 
Continuing 

- 
14. Related Projects: COLLECTJON MVn / k y  U .A+Uf, /95i - 

See 06-01-02 - Medical Research - sunm$i4r%& 

15. Acconiplishmentii Last F isca l  Year - 1960: 

A ser ies  of 9 experiments were carried out i n  study of the e f fec ts  of t o t a l  
doses of 100, 200, 300, 400, 500, 600 and 800 rads on antibody formation. A 
detai led study was done concerning the  temporal relationships between t i m e  of 
radiation, t o t a l  dose, dcte ra te  and timc of administration of the  secondary 
antigenic s t i m l u s a f t e r  i r radiat ion.  When post i r rodiat ion t i m e  of inject ion of 

n (See continuation sheet) u 1- Page 06-37 OFFICIAL Ifi;E ONLY 



Medical Research - 
Depressant Effect of Acute Exposure, Rivided Acute 

mr~&- l & . p o s z ~ ~ & ~  Rodiatiog. on Antibod?r Forma+Lo~. 
Project Ti t le :  

L5. Accomplishmts Last Fiscal  Year - 1960: (contd.) 

Exposure and 
06-01-02-d-(1) 

~ -_ 
I 
I 

;he antigen a f t e r  a single acute exposure was delayed t o  correspond t o  the delay 
mcountered with chronic exposure and divided acute exposures there was l i t t l e  
iifference i n  the sensi t ivi ty  of the secondary antibody response with regard t o  
lose rate.  

; 

A report of t h i s  study is being prepared f o r  publication. 

1.6. Expcctrd Results T h i s  Fiscal  Year - 1961: 
Scvcral exploratory experiments will be carried out in t h i s  study of tcrspcral 

rda t ionsh ips  nnd radiation dose rate  on the redlosensit ivity of the y-im.Ty 
sntibody response. 

- .----- 
1:. Expected Programs and Results fo r  Next Fiscal  Year - 1962: 

The general program outlined for FY 1961 is expccted t o  be continued. 



Medical Research 
Comparativc Radiosensitivity of the Primary and 

, pro jec t  Title: Secondary Responses 06-01-02-a- (2)-- - I . _ _  - - __ 

06-01-02-d- (2) Comparative Radiosensitivity of the Primary and Secondary 
Responses 

Persons in Charge: R. D. Stoner, W. M. Hale (Research Coliuborator) University 
of Tennesse, K. Poicker and M. McIlwee. 

12 & 13. Objectives and Overall Description: 

Antibody formation is greatly inhibited whcn animals are expose? to ionizing 
It radiation prior to immunication vith a primary or booster antigenic sthulus. 

is generally nssumcd that the primary and secondary antibody responses are 
qual ly acnsitivc to rudiation. 

This study comparcs the depressant effect of Cobalth y radiation on the 
primary and secondary tetanus antitoxin responses in micc. 

Several preliminary experiments indicated that the primary antibody response 
may be morc radiosensitive than the secondary antibody response. 
showed that whole-body exposure to doses of 50, 100, 200 and 300 rads increasingl: 
suppresssd the primary antibody response to fluid toxoid given 1 hour after 
radiation, whereas doses of 300, 400 and 600 rads werc needed to produce a 
correcpndingly depression of the secondary response. 

Further work 

14. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet 

15. Accomplishments Last Fiscal Year - 1960 

In another series of experiments, equivalent depression of the primary and 
seconiy response from titers obtained in non-irradiated control animals indi- 
cated that the primary antibody response was approximately three times as 
radiosensitive as the secondary antibody response. 
when a primary stimulus of adsorbed toxoid vas given 1 hour after irradiation. 
An imncdiate radiosensitivity of the primary response WQB obtained when fluid 
toxoid was injected 1, 3 and 6 hours after cxposure to 200 rads. Depression of 
the secondary response occurred only when the antigen was injected 6, 12 and 24 
hours after irradiation. Thc data iniiicntc that the cells concerned with 
acceptance of the primary antigenic stimulus m y  be more radiosensitive than the 
cells involved in the secondary antibody response. 

Similar results were obtained 

- 
16. Expected Results This Fiscal Ycnr - 1961 

A series of experiments w i l l  be carried out in an Ettcmpt to identify the 
cells involved in the primary and secondary antibody response. 

17. Expected Progrerns and Results for Next Fiscal Year - 1962 
The general program outlined for  FY 1961 is expected to be continued. 

OFFICIAL USE ONLY Page 06-39 



Mcdical Research 
06-01-02-a- ( 3 )  Project T i t l e :  Bhancing Effect of Radiation on Anaphylaxis - - 

_. ___ - - -- 
I 

06-Ol-02-d- ( 3 )  Mancing Effect o l  Radiation on Anaphylaxis I 
I 
Person in Chnrge: R. D. Stoner 

.-timm OFFICIAL USE ONLY Page 06-40 

12 & 13.  Objectives and Overall Descriptio?: 

The severity of anaphylactic shock in mice is increnslngly enhanced for 
several weeks after exposure to ionizing radiation. 
histaminic agcnt8, Thephorin and Ambodryl, prevent fatal anaphylaxis in irradiatei 
mice, these agcnto do not appear to act specifically against histamine. 
study is being extended in an attempt to explain the mechanisms involved in 
incrcascd susccptibility to  anaphylaxis after irradiation. Earlier experiments 
were completed studying the cnhniicing effect of chronic exposure to 7-radiation 
on anaphylactic shock nnd a paper was published on this topic. 

Although several anti- 

This 

14. Related Project6 : 

See 06-01-02 Medical Research - Surmnnry Sheet 

15. Accomglishmcnts Last Fiscal Year - 1960 

No activity took place during this fiscal year. 

I 

16. Expected Results !This Fiscal Year - 1961 
A series of experiments w i l l  bc Carrie3 out in an attempt to modify or 

enhance fatal anaphylaxis in irradiated mice with various chemical agents. 
- 

17 Expected Programs and Rcsults for N e x t  Fiscal Year - 1962 
The general program outlined for 1961 is expected to be continued. 



Medical Rcsearch 
Project T i t l e :  Immune Mechanisms in Ilomologous and Heterologous Disease 0601-026(4) 

I_ 

06-01-02-d- (4) Immune Mechanisms in Homologous and Heterologous Disease 

Psrsons in Charge: R. D. Stoner, V. P. Bond 

12 QL 13. Objectives and Overall Description: 

Post irradiation transfusion of mouse and rat bone marrow protects recipient 
mice against lethal doses of whole body radiation. Elice protected with homologoui 
or heterologous marrow demonstrate recovery OS the hematopoietic system followed 
by a secondary l o s s  of weight and wasting frequently resulting in death during thc 
aecond month after irradiation. It has been postulated that the wasting disease 
and dclnycd deaths result from antibody profluction by the donor bone marrow 
against host tisoues. 

14. Rclatcd Projecto: 

See 06-01-02 Medical Research - Summary Sheet. 

1 5 .  Accomplishments Lsst Fiscal Year - 1960 
An innunological study was started in an attempt to determine the ability of 

bone marrow cells to produce antibody against specific antigens when transplanted 
into irradiated animals. 
demonstrate antibody production by heterologous bone marrow cella in mice 
previously exposed to 650 and 850 rads. 
bono marrow cells was obtained, however, only when isologous (same strain) 
mouse cells were transferred to irradiated mice. 

In preliminary expcriments it has not been possible to 

Evidence for antibody formation by 

- 

16. Expected ResultG This Fiscal Yenr - 1961 
A series of cxperiments will be carried out to explore the immune reactions 

that m y  be involved in heterologous and homologous disease. 

17. Expected Programs and Results for Next Fiscal Yew - 1962 
mc general program outlined for  fl 1961 i~ expected to be continued. 

REPOSITORY 

COLLECTION h4d I & ' /?56 -4 /' 

Box NO 

FOLDER 

4 u m u  
rn 
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Medical Research 
06-01-02-a- ( 5 )  ______ __-. - , Project Tit1e:Antibody Absorption on Guinea Pig Ileum . - - ~ _ _ -  .- 

)6-01-02-a- ( 5 )  Antibody Absorption on Guinea Pig Ileum 

Qrson in Charge: G. Terres 

.2 & 13. Objectives and Overall Description: 

The nature of the binding between antibody and tissue I s  being studied to 
.earn more nbout the quantitative rclationship betwecn the mount of antibody 
rbsorbed and the degree of sensitization. 

iq:- Rclatcd Projects : 

See 06-01-02 Medical Research - Summary Sheet. 
L5. Accomplishmcnts Last Fiscal Year - 1960 

Antibody was labeled with Il3? Normal guinea pig ileum was soaked in the 
rotein end the amount of radioactivity absorbed was measured as well as the 
legrue of sensitization thus attained. 
jchultz-Dale reaction. 
;ionalto the conccntration of protein used and conforms to a Langnuirinn iso- 
;hem. 
;o the mount of protein (antibody) absorbed. 

The sensitization vas measured by the 
It has been found that the mount of antibody is propor- 

The sensitivity as determined by the Schultz-Dale reaction is proportional 

~ - ~ 

1.6. Expected Results This Fiscal Year - 1961 

The study w i l l  be terminated with the annlysis o f  the experimental data. 

Ekpccted Progrms a d  Results far Next Fiscal Year - 1962 

- 
- 
L7. 

No activity. 



Medical Research 
Acquired h u m  Tolerance to Crystalline Bovine Serum 

project Title: mbmin 06-01-02-a- (6) . - ._ 
I 

I06-01-02-d-(6) Acquired Immune Tolerance to Crystalline Bovine Serum Albumin 

Person in Charge: G. Terres i 
i 
12 & 13. Objectives and Overall Description: 

i 
I antigen beconc specifically inrmunologically tolerant or unresponsive to t 3e  1 :.x..igcn. Data accumulated w i l l  providc insight into the normal imnune response, 

*;-srticularly to the f’undcunental mcchanism by which native proteins are recognized 

This study is based on thc finding that animnls neonatally exposed to an 

lnto antibody synthesis, and into the mechaniam initiating auto-immunity and 

cLnd thus fail to clicit an antibody response. 

In earlier studies, mice were exposed soon after birth to crystalline bovinc 
serum albumin and acquired innme tolerance to bovine serm albumin was danon- 
atratcd which lastcd scvcral weeks. 
of anaphylactic response to a challcngc following suitable sensitizing injections. 

This tolerance was dcmonstrated by the lack 

-- 
14. Related Projects: 

See 06-01-02 Medical. Research - Sunnary  Sheet. 

15. Accomplishnents Last Fi8cal Year - 1960 
Mice were exposed to the antigen during the first two wecks o f  life. At six 

wceks of age the mice were re-cxposed to the antigen and subsequently challenged. 
Mice similarly treated were bled. To the serum was added 1131 BSA and the gama 
globulin prccipitatcd with ammonium sulfate (Farr technique). 
radiomtivity precipitated (antigen-antibody complexes) was dctermined. 
of the 61 mice injected during the first two weeks of life were anaphylactically 
shocked at the challenge. 
not injected during the first two wccks of life) were anaphylactically shocked. 
Sinilar results were obtained using the above mentioned Farr technique. 
only 2 of 17 mice treated at birth with BSA had circulating antibodies when 
sensitized and bled at 8 weeks of age, while 14 of 22 control nice had circulatint 
antibody following the same treatment. 

The per cmt 
Only 2 

In contrast 44 of the 60 control mice (litter matcs 

Thus 

16. Ekpected Results This Fiscal Year - 1961 
The experimental portion of this study will cease during the current fiscal 

year. 

The analysis of these experiments w i l l  be carried into the next fiscal y e w  
after which this project w i l l  be teminated. 

17. hpcctcd Progrms and Results for Next Fiscal Year - 1962 
No fbther activity. 

BOX Nb 

FOLDER 

i 
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Medical Research 
06-01-92-d- (7) 

-. Project  _---__ T i t l e :  Imune Dcgradation -.._ 

-- 
12 e: 13. Objcctivcs and Overall Description: 

The concern of t h i s  study i s  t o  characterizc tho k ine t ics  of t h e  anti-gen- 
antibody reaction i n  vivo i n  ordcr t ha t  a mcthod nay be developed ts iiivc-.tjyatc 
(1 l ~ m o c s  i n  which an mto-immune rncchanicrn hGs bacn implicntcd. 

i 

, 

- 

I 06-01-02-d- (7) Immune Degradation 

n flmction of t he  mount  of antigcn and antibody used. 
i n i t i a l  rapid degradation phase wa8 followed by one i n  which the  antigen was 
dcgmdcd a t  a rate slowcr than i n  normal nice.  
s ta r tud  with horse and mousc anti-serum. 

With one antiserum, thc  

Prelimiiiary studies were a l so  

-. 
14.  Related Projccto: 

Sce 06-01-02 Medical Research - Summary Sheet 

15. Accmplishments Last Fiscal Year - 1960 
During t h c  current f i s c a l  year the  reverse cxperincnts are being done. 

thcse experiments thc  an t iboQ i s  labeled and i t s  degradation followed as a 
function of t h e  amount of anti en used. 
tho antigen is labeled with 1151 and t h e  antibody with 1133. This study will be 
completed th i s  f i s c a l  year cxccpt fo r  annlysis of data. 

In 

A n  experiment 16 also planned I n  which 

- 
.- 
16. Expected Results This Fiscal Year - 196; 

Analysis of the  experimental data w i l l  bc completed and the  project will be 
terminated. 

17. Expected Programs and Results f o r  Next Fiscal Y e a r  - 1962 
No fur ther  ac t iv i ty .  

FOLDER I 
I 
1.- --e--&?- 
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Medical Rcse,vch 
?reject T i t l e :  Studies on the Turnover of Labclcd Thyroglobulin 06-01-02-a- - -. ( 8 )  -.. . - -~-___I___ ~ . -  

6-01-02-d-(a) Studies on the Turnovcr of Labeled Thyroglobulin 

'crsons in Charge: W. Volins, G. Terres, S. Cohn, C. J. Shellabarger 

.2& 13.  Objectives and Overall Description: 

It has been reported that circulating autoantibodies are present In paticnts 
rith various thyroid diseases and that autoantibodies can bo producad in nnini?ls. 
'hiis the conccpt that antibodies to naturally occurring proteins nay prcc.: >j I;:-+,? 

ertain discascs or be prcscnt in ccrtnin diseases has arisen and is the co1iccrn 
)f this study. 

During FY 1959, attempts were made t o  completely remove any source of 
Jiyroglobulin from rats by radiothyroidcctomized embryos and to compare these 
rclmals against control, intact rats for their capcity to dcgrade 1131 rat 
;hyroglobulin and X13l serm albmin. 
;hc two groups, although complctc analysis of the study was not compkted. 

No large diffcrcnccs were noted between 

L4. Related Projects: 

See 06-01-02 Medical Research - flunmuy Sheet. 

is. Accomplishments Last Fiscal Year - 1960 

The animal results have been subjected to further analysis. 
Qobulin cxtrncted from surgically removed thyroid tissue has been iodinated with 

and used to study its turnover in a variety o f  thyroid abnormalities. It is 
?xpected that increased degradation of the antigen will be associated with 
Pcmonstrable anti-thyroglobulin in the serum. 
leternine the turnover of the antigen in hypothyroid states unassociated with 
Zirculating anti-thyroglobulin. 
situation would inply that auto imunc states can induce pathology In the 
sbsencc of demonstrable antibody. 

Human thyro- 

It I s  especially desirable to 

Accelerated degradation of the antigen in such a 

These experiments will terminate In FY 1960. 

i6. mcctcd Results This Fiscal Year - 1961 
No activity. 

. -- 
17. Expected Programs and Results for Next Fiscal Year - 1962 

No further activity. 

REPOSITORY /&2&&d& 
COLLECTION u % b l  / E 9  f i? .& f .  

BOX No 

FOLDER 

- 
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F O ~  moo-230 
(1-60) 

_. Project Ti t le :  2. Date Prepared: 
Radiation Effects on Biological Systems - May 1960 

Medical Research 

.- --, 

Revision No. 

UNITED STATES 
ATOMIC ENERGY C O W S G I O N  

NEW YORK OPEZATIONS OFFICE 

1. Budget Activity No. 5 .  Budget Item No. 
06-01-02 06-01-02-e 

6 .  Contractor’s No. 

- 

L. Sub-Title: 
Radioisotopic Tracing of Total and Intermediate Carbohydrate Metabolism 

- 
(. Contractor: Associated Universities, Inc. 

Brookhaven National Laboratory 
8. Working Location 9. e:?: - * -  %-8. 

m-3b 5-I>: i-16 Upton, New York 
-. 

36-01-02-e Radioisotopic Tracing of Total and Intermediate Carbohydrate 
Metabolism 

Cost and Personnel Data ( for  information only) 

Total Operating Cost ( In  Thousands) 240 270 305 

Direct Man-Years 
Staff  
Visitors 

Sc ien t i f ic  
Other 

Total - 

Carbohydrate metabolism may be modified i n  various disease s ta tes ,  and by 
some holmones and drugs. The u t i l i za t ion  of C 1 4  o r  tritium labeled carbohydrates 
a ids  i n  the  study of the  r a t e  and metabolic pathways of the  synthesis and de- 
gradation of carbohydrates. Since carbohydrate metabolism and fat  metabolism 
a re  interrelated, a new program has been s ta r ted  t o  investigate the  hormonal 
regulation of fat metabolism i n  the  radiat ion syndrome. 
kinet ics  and molecular specif ic i ty  of sugar t ransfer  across c e l l  membranes u t i l i z -  
ing labeled materials a id  the understanding of carbohydrate metabolism. 

Further s tudies  on the  

36-01-02-e- (1) Studies on Diabetic and Non-diabetic Human Subjects 

Persons i n  Charge: W. W. %reeve, R. C. De Meutter and R. Schwartz 

12. &. 13. Objectives and Overall Description: 

The rat s and metabolic pathways of glucose formation a re  being studied, 
labeled compounds, under various hormonal, nu t r i t iona l  and d m g  ut i l iz ing  

influences i n  0 th  normal and diseased patients. These s tudies  involve mninly 
analyses of C l t  content i n  human blood glucose a f t e r  administration of 2 or 3- 
C 1 5  ltiatate or  2414 pyruvate. The purpose is t o  disclose metabolic pathways 
of hepatic glucose formation and t he  e f fec ts  of diabetes, insulin, and sulfo- 
nylureas on r a t e s  of the  various pathways and conversions. Approximately 12 
studies were don0 on 6 patients, which included about 150-175 t o t a l  hospi t s l  days. 
Technical work included the chromatographic purif icat ion of blood glucose 88 
we 1 as blood l a c t i c  acid, followed by ~ 1 4  analyses of various carbon constituents, 
C1t analysis was done by gas counting of C02 and also some l iqu id  sc in t i l l a t i on  
counting of organic ccnnpunds. Insul in  and t lbutamide were found t o  have an 
early and substant ia l  effect  on decreasiW&!r&pcose output by the  l i ve r .  
Findings a l so  indicate  some major pathway of glucose formation other than the 
bbden- Meyerhof reactions. COLLECTION m4 &d- ’ 

- / Y 9  bru( +f . /?XLJ-G/ 

14. Related Projects: 
FOLDER 

See 06-01-02 - Medical Research ,. Sumnary Sheet. 

_. II 3 3 1 r  I (See continuation sheet ) 
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Medical Rcsearch 
Pro jec t  - T i t l e :  Studies on Diabetic and Non-diabetic Human Subjects 06-01-02-e-( 1) 

15. 

formation from $'-labeled precursors, Four studies have been done including 
Ghree new patients (about 50 hospital  patient days). This study w i l l  continue, 
n-obF.bl:r accumulating 100- 150 hospi t r l  days f o r  the f i s c a l  year. 
:enture of t h i s  study s the continuous analysis of breath f o r  the first 

rate of the administered compound. This feature w a s  made possible by purchase 
2 f  an ionization chamber-type flow counter. 
patients since i t s  receipt i n  September 1959 and is sat isfactory f o r  present 
purpooes cxccpt that  a pr int  out timer for,;the in t eg ra to rwi l  
~n ordcr t o  make possible a permanent record of cumulative C 

Accomplishments Last Fiscal  Year - 1960: 

Accomplishm t s  of the current f i s c a l  year include studies of blood glucose 

A ncw 

rew hours following C It administration i n  order t o  b e t t e r  evaluate the oxidative 

The apparatus has been used with a l l  

have t o  be nddcd 
1E . 

Further studies of C1'-bicarbonate metabolism were carried out i n  the first 
p a d  of t h i s  ycar. These studi s w i l l  probably be continued with the ut i l fzat ion 
)f thc new continuous breath C 1& 02 analyzer. 

An intermittent study of kctone body formation from 1-C14-acetate conducted 
2 or 3 years ago has been pursued by fur ther  analysis of u ine samples. 
addition t o  more re l iable  and exterisive analysis of t he  C 
bodies, it has been incidentally observed tha t  diabet ics  of different  types or 
the same diabetics with o r  without glucocorticoid administration have markedly 
changed r a t io s  of acetoacetic t o  beta-hydroxybutyric acid i n  the  urine. 
interesting finding may be followed up by studies i n  which column chromatographic 
separations of the acids are a key feature.  

I n  
16 content of ketone 

This 

During the  f i n a l  two months of t h i s  year, another research collaborator 
( D r .  Robert Schwartz) worked i n  association with W. W. Shreeve and R 
on a study of bicarbonate metabolism and kinetics by indectin NaHC1&03 intra-  
venously in to  two diabetic hq&ns and analyzing changes i n  Cf40, content of 
breath, artery,  and vein. Na and T-1824 wcr a l so  used as t r ace r s  t o  compare 
bodyTompartment dis t r ibut ions w i t h  t h a t  of The study provided fur ther  
evidence f o r  significant pools of miscible C02 i n  the in t r ace l lu l a r  f luids .  

C. De Meuttt 

16. 

ee extension of the glucose formation 
study with diabetic humans t o  some other Cl&-labeled precursors, e.g., some amino 
acids. 
from protein may then bc studied more direct ly .  Chromatographic separation of 
blood amino acids may be done i n  connection with t h i s  study. 
which could be potent ia l ly  very v uable an& useful i n  t h i s  sort of study is a 
continuous l iquid sc in t i l l a t i on  C"-analyzer which can be applied t o  chromato- 
graphic column techniques. 
studies of the formation of interconversion of acetoacetic and beta-hydroxybutyri 
acids as affected by adrenal co r t i ca l  stcriods.  

Expected Results This Fiscal  Year - 1961: 

It seems possible tha t  t h i s  year w i l l  

Some hormonal influences on the  important grocess of &coenogenesis 

An apparatus 

This apparatus might also be useful i n  fu r the r  

14 If analyses of breath C 02 become more extensive and c r i t i c a l  i n  the 
interpretation of bicarbonate kinet ics  o r  the oxidation of labeled compoun S, 

it may be advisable t o  consider supplementing thc  present apparatus f o r  C 
a n d y e i s  with the infrared gas analyzer f o r  C1% 
direct  computation and plot  C1402 specific ac t iv f t i e s .  

1t 
analyses, which would permit 

This i s  a continuing program and no large expansion i s  anticipated. 

17. Expected Programs and Results f o r  N e x t  F i sca l  Year - 1962: 

The general program outlined f o r  FY 1961 is expected t o  be continued. 1 

i 
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Medical Reeearch 
P r o j e c t  - Title: Animal Studies of Sugar Metabolism 06-01-02-e-(2J. - ... 

06-01-02-e- (2) 

Persons i n  Charge: 

Anlmal Studies of Sugar Metabolism 

W. W. Shreeve, L.  Feinendegen and F. C. G. Hoskin 

12. & 13. ObJectives and Overall Description: 

The poss ib i l i t i es  of u t i l i z ing  cer ta in  species with specialized needs fo r  
bnergy derived from glucose have been investigated. 
iulture techniques, where the sources of compounds needed fo r  ce l lu la r  metabolism 
.an be controlled closely, are  being studied. 

Also, u t i l i za t ion  of t i s sue  

.4. Related Projects : 

See 06-01-02 Medical Research - Summary Sheet 

-5 .  Accomplishments Last Fiscal  Year - 1960: 
Dr. F. C .  G. Hoskin, Research Collaborator from Columbia University, under 

pidance of W. W. Shreeve, spent the f i r s t  two months of this year i n i t i a t ing  
t study of pathways of carbohydrate u t i l i za t ion  in the e l ec t r i c  e e l  i n  order t o  
.elate the unique form of energr4produced t o  the metabolic reactionf4underlflng 
i t .  Techniques i n  the use of C -labeled glucose and analysis of C O2 evolved 
'rom t issues  incubated with it were learned while at  Brookhaven and the study 
:ontinued l a t e r  a t  Columbia University i n  Dr. David Nachmansohn's laboratory. 
he Brookhaven phase of t h i s  study has been completed. 
3rookhaven needs t o  be done w i l l  depend upon the r e su l t s  from the  study t o  be 
:ompleted elsewhere. 

Use of regenerating r a t  l i ve r  system over the past 3 years has shown that 
I t  l ea s t  part of deoxyribose i n  DNA had an or igin different  from ribose In RNA. 
Fhia-project has been completed and it is not expected t o  be reactivated. 

[T-deoxyribose and C1t-ribose) have been presented t o  t i s sue  culture ce l l s .  
h e  essent ia l  finding vas tha t  deoxyribose was a poor precursor of DNA, while 
ribose was converted extensively t o  both RNA and DNA. 

Whether more work a t  

Along with the n cleosides T-thymidine and T-cytidine, some labeled sugars 

During the current year this study has continued. Ribose was fauna t o  be 
readily incorporated w i t h  a pat tern of nucleic ac id  formation similar to that 
Df T-cytidine. Free deoxyribose was not s ignif icant ly  taken in to  DNA or RNA. 
l'hese studies involved column and paper chromatographic separation and radio- 
autographic detection o f  t racers .  

16. Expected Results This Fiscal  Year - 1961: 
These studies w i l l  be continued a t  the same leve l  of e f fo r t  for the next 

year and are not t o  be expanded i n  the  future. 

17. Expected Programs and Results for Next Fiscal  Year - 1962: 
The general program outlined fo r  FY 1961 is expected t o  be continued. 

BOX NO. 
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Medical Research 
Radiation Physiology of Blood Lipids and 

c o j e c t  - ----- Tit le :  Adipose Tissue 06-01-02-e-( 3)  

06-01-02-e-( 3) 

Persons i n  Charge: I. Schwertz, A. Debons and L. Gidez (Research Collaborator) 

Radiation Physiology of Blood Lipidfj and Adipoee Tissue 

f r o m  Albert Ein8tein Medical School. 

12. & 13. Objectives and Overall Description: 

Effects of radiation on the storage and transport forms of bodj f a t  
represent l i t t l e  explored facets of radiation physiology. Because f a t  is a 
major and mobile body constituent, an investigation of t he  changes i n  l i p i d  
structure,  mobilization and metabolism result ing from various foipls of radiation 
would be of interest  per se  and may bring new insight into the nature of 
radiation toxici ty  . 
- 
14. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet 

- 
15. Accomplishments Last Fiscal Yeax - 1960: 

Standard methods f o r  extraction and andysfs of l i p ids  have been s e t  up 
and used In experiments t o  study effects  of adipose t i s sue  and whole body 
i r radiat ion (1000 r) i n  r a t s  and dogs. 
these experiments have been extracted, rect i f ied,  frozen and stored, pending 
sat isfactory collaborative arrangements fo r  f i n a l  fractionation of t he  extracts 
by s i l i c i c  acid and gas chromatography. 
i r radiat ion were given an intraperitoneal injection of acetate-1-fl' t h e e  
hours before sacr i f ice  on the second o r  t h i r d  post-irradiation day. -- i n  vivo incorporation of acetate into adipose and hepatic f a t t y  acids and 
par t icular ly  into hepatic cholesterol was found t o  be greatly increased i n  
the i r radis ted 88 compared t o  the control I n  addition, we have made 
and-uaed a preparation of albumin bound C l r l abe led  palmitic acid as an -- i n  vivo l abe l  for  the pool of non-esterified f a t t y  acids i n  eaeriments t o  be 
described below. 

Lipids from blood sampled during 

All rats natsacrificed on he day of 

The 

imals. 

16. Expected Results This Fiscal  Year - 1961: 

Plans for the next group of experiments w i l l  depend on the r e su l t s  of 
t he  l i p i d  analysis of the samples from our current study. 
a quali tative o r  quantitative change i n  the major classes of transport  l i p i d  
o r  i n  the  f a t t y  acid pattern within any of these classes,  radiation effects 
on the.chemica1 camposition of storage and s t ructural  l i p ids  w i l l  be studied 
and attempts made t o  i so l a t e  any abnormal l i p ids .  

If radiation induces 

-. 
17. Expected Programs and Results fo r  Next Fiscal Year - 1962: 

The general program outlined for FY 1961 is  expected t o  be continued. 
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Medical Research 
Radioisotopic Analysis of Lipid Metabolism and Transport 

Project Ti t l e :  i n  the Blood 06-01-02-e-(4) 

36-01-02-e-( 4)  Radioisotopic Analysis of Lipid Metabolism and 
Transport i n  the Blood 

Persons i n  Charge: I. Schwartz, A. Debons, and L. Gidez (Research Collaborator, 
Albert Einstein Medical School) 

' 

12. & 13. Objectives and Overall Description: 
I 

"he avai labi l i ty  of isotopic f a t t y  acids has greatly f a c i l i t a t e d  the 
study of the mobilization, transport and u t i l i za t ion  of body f a t . ,  Only recently 
it has become clear  that  the non-esterified f a t t y  acid (NEFA) f ract ion of plasma 
is a highly important metabolic fue l  which alone can supply a s  much a s  5096 of 
the t o t a l  energy requirement of,+fasting human beings. 

labeled NEFA t o  man and dogs.) 
delivering energyto  working c e l l s  a t  a r a t e  equal t o  and possibly exceeding 
the caloric f lux  available from glucose. 
f ac t  that delivery of NEFA from storage is regulated t o  supply caloric de f i c i t s  
ar is ing when the  t o t a l  energy requirement exceeds the energy made available 
from carbohydrate metabolism. !Phis regulation i s  rapid, sensit ive and involves 
versat i le  a t t r ibutes  of adipose t i s sue  that were unsuspected u n t i l  very recently. 
It is of considerable importance t o  make use o f  Isotopic f a t t y  acids t o  charac- 
t e r i ze  the nature of this regulation not only because of i t s  central  position 
i n  caloric hemeostasis, but a lso because of the  high probabili ty tha t  an 
unregulated flow of NEPA from storage is the  cardinal defect which causes 
diabetic ketosis.  

(This f ac t  was eatab shed 
direct ly  by determination.sof C 02 i n  expired air  a f t e r  administration of C kt - 

Thus the NEFA fract ion of plasma is capable of 

Whst is even more interesting is the 

Studies begun elsewhere on the regulation of t he  plasma concentration of 
In  addition, an attempt t o  develop a NEFA have been continued a t  Broo aven. 

m r e  sui table  l i p i d  label  than Cp' f o r  studies i n  humans. One promising 
possibil i tywhich is uniquely adapted t o  the f a c i l i t i e s  of8BNL is the use of 0 
which can be determined a f t e r  proton radioactivation as F . 

REPOSITORY 

COLLECTION 

- 

14. Related Projects : 

See 06-01-02 Medical Research - Swnmary Sheet BOXNo 

15. Accomplishments Last Fiscal  Year - 1960: FULUtH 

The mechanism by which thyroid hormone elevates the  concentration of non- 
este  
of C"-labeled palmitic acid before and after t h e  administration of l-triiodothy- 
ronine (Tj). 
the rate of disappearance from the plasma of pd.mItic acid-l-C1! was increased 
although the t o t a l  concentration of NEFA i n  the plasma had doubled, thus 
extending previous observations in man. 
NEF'A was  maintained by a constant infusion, t he  administration of T-3 was 
followed i n  5 hours by a significant decrease i n  specific act ivi ty .  
concluded, therefore, that although the  thyroid hormone increases the  r a t e  of 
removal of IVEFA from the blood, i t s  predominant effect  is t o  enhance the releaee 
of f a t t y  acids from t issue stores.  

f l e d  f a t t y  acids i n  plasma was studied i n  dogs by comparing the  clearance 

Within 5 hours a f t e r  an intravenous injection of ne m i l l i g r a m  

When a uniform concentration of labeled 

It is 

A related se r i e s  of studies deal t  with the effect  of thyroid hormone on the  -- i n  vivo NEFA-genic response to adrenalin in humans and on t he  In v i t r o  l ipolyt ic  
response t o  adrenalin of isolated rat adipoee tissue. In the  t e s t e  on the  human 
subjects, adrenalin evoked a signif icant ly  greater and more prolonged elevation 
of the Plasma NEFA l eve l  when the pat ients  were receiving from 0 . 1 t o  0.2 mg of 
1-triiodothyronine (T ) than was  observed i n  control periods during which no 
thyroid wa8 given. S L l a r l y  i n  the  3 Nitro experiments, adipose t i s sue  from 
hyperthyroid rats shared an exaggerated release of NEFA i n  response t o  epinephrinc 
whereas adipose t issue from hypothyroid animals showed l i t t l e  o r  no release of 
NEFA i n  response t o  an identical  challenge w i t h  epinephrine. 
that thyroid hormone is essent ia l  f o r  w h a t  js probably a key process f o r  integra- 
t i ng  the requirement f o r  l i p id  substrate by metabolizing c e l l s  and the supply 
of such substrate from storage. In  f ac t ,  they establish for the f irst  t i m e  a 
clear ro l e  f o r  the thyroid hormone i n  the  regulation of f a t  mobilization. 

These studies show 

It has been observed consistently tha t  whenever 1-triiodothyronine Increases 
the basal metabolic rate,  it a l so  increases the plasma NEFA level.  I n  sharp 

I 1  7 3 1 9  (See continuation sheet) 1- 
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Medical Research 
Radioisotopic Analysis of Lipid Metabolism and Transport 

06-01-M-e-(4) project  Ti t1e : in  the Blood - -__ 
L5. Accomplishments Last Fiscal Year - 1960: (cont'd) 

:ontraet, d-triiodothyronine, which has l i t t l e  o r  no effect  on oxygen consumption, 
?roved t o  be without effect  on the plasma NFSA level  and without influence on 
zpinephrine-induced mEFA production. 
?lasma NEFA concentration of hyperthyroid subjects r e f l ec t s  the accelerated 
nobilization of fat required t o  support t h e i r  excessive metabolic requirement. 

During the l a t t e r  study, it was noted tha t  although d-T3 had l i t t l e  or  no 
2ffect on metabolic r a t e  and f a t t y  acid mobilization, i t s  depressive effect  on 
the level  of serum cholesterol was M l y  comparable t o  tha t  of 1-T3. 
2learly separates the general metabolic (calorigenic) action of thyroid hormone 
from its action on cholesterol metabolism and suggests t h a t  thyronines devoid of 
2alorigenic action, such as d-T3, are  worthy of study i n  re la t ion t o  the  general 
problem of atherosclerosis as well as for  t h e i r  potentially useful pharmacologic 
effects i n  man. 

These findings indicate that the increased 

This finding 

Preliminary experiments have been carried out t o  inveetigate the hypo- 
cholesterolemic effect of thyroid hormone, the most obscure aspects of which I S  
the na ture  of the hormone influence of cholesterol absorption. Rats w i t h  lymph 
f i s tu l a s  were p pared and given approximately 50 mg of a preparation of 
cholesterol-4-C" by stomach tube. The t o t a l  amount and specific ac t iv i ty  of 
cholesterol absorbed into the lymph over a 24 hour period was determined i n  
normal controls and i n  2 groups of animals chronically pretreated with 1-T3 and 
with d-T3, respectively. I n  the normal animals t he  peak of absorption was sharp 
and occurred a t  6 hours. The specific ac t iv i ty  of t he  lymph cholesterol was 
s t r lklngly lower t h a n  the administered cholesterol-4-C14, sharing tha t  there had 
been an endogenous dilution of the administered labeled cholesterolwhich can 
only be accounted fo r  by the existence of a large endogenous pool of cholesterol 
i n  the intest inal  wall. In  contrast, i n  the thyroid-treated animals, t he  r a t i o  
of the specific ac t iv i ty  of the lymph cholesterol t o  the specific ac t iv i ty  of 
the administered cholesterol was very mch  higher than i n  the controls, sharing 
tba t  the thyroid hormone acts i n  some manner t o  reduce the  endogenous in t e s t ina l  
mucosal pool of cholesterol. This f ac t  Is further documented by the finding that 
the to€al amount of cholesterol absorbed is reduced by 50 per cent or  more i n  the 
thyroid-treated animals as compared with the controls. 

Additional c l i n i c a l  studies include the use of liquid formula feedings. 
Because of the increasing general use of formula d i e t s  i n  metabolic studies as 
well as i n  the evaluation and therapy of obesity and hypercholesterolemic states, 
evaluation has been made of the msjor c l in i ca l  consequences of prolonged mainten- 
ance of patients on these regimens, giving par t icular  a t tent ion t o  the obese 
patient on a low dally intake of protein. Obese pat ients  losing weight on 
formulas providing as l i t t l e  as 21 grams of milk protein per day achieve nitrogen 
balance within 6 weeks, despite a century of nutr i t ional  t radi t ion (but no 
c r i t i c a l  date) t o  the contrary. Potassium balances paralleled nitrogen balances ; 
sodium balances depended on sodium Intake which i s  being varied in a variety of 
ways i n  order t o  determine whether o r  not fat  people have a character is t ic  
abnormality i n  the  regulation of the volume or  composition of body f luid.  Liver 

studies carried out on these patients were a l l  normal except fo r  t he  
of abnormal ESP retention i n  3 patients on admission, of increasing 

ion i n  all patients during the  first month on caloric de f i c i t  and of 

alues below those on admission i n  the  cases of those who had abnormal 
and t o  the same levels i n  the case of those that did not. 
d l i v e r  function draws a t tent ion t o  the  relat ion of obesity and f a t t y  
on of the l i v e r  and tends t o  deemphasize the importance of' t he  present 
optimal l eve l  of dietary protein Intake especially during r e s t r i c t ion  

BSP retention w i t h  continuing weight reduction thereafter,  ultimately 

This finding 

calories.  
as well as a limited endocrine survey were all within normal l imits  
e course of the study. 

urement of body canposition by isotope di lut ion have been carr ied out 
esul ts  have not yet been analyzed. 

Measurements of renal, pancreatic, gastr ic ,  parotid gland 

Relevant t o  t h i s  category of studies 
*eg (E) the possibi l i ty  of making direct  estimates of body f a t  i n  man by isotopl 
pil@log studies using a radioactive i n e r t  gas, such a krupton, the oi1:water 
~ a r f l t i l f n  r a t i o  of which i s  3O:l; and (2) the obvious superiority of t he  whole 
body counter over balance techniques f o r  estimation of the retained amount of 
the administered isotope. 



Medical Research 
Radioisotopic Analysis of Lipid Metabolism and Transport 

F d e c t  Title: i n  the  Blood 06-01-02-e- (4)  
i5. Accomplishments Last F isca l  Year - 1960: (cont'd) 

)f the  metabolic ro l e  of unsaturated f a t t y  acids, par t icular ly  l ino le ic  acid, 
Ln man. 

In collaboration with Dr Shreeve and Dr De Meutter who are  studying 
Lncorporation in to  glucose C1' derived i4-labeled glycolytic and Krebs 
:ycle intermediates, we are  observing Cf'o?20rporation from these substrates 
Lnto human serum l i p ids  and cholesterol. 

~ ~~ ~~~ 

t6. Expected Results This Fiscal  Year - 1961: 

Related studies on the  hormone influence of cholesterol absorption w i l l  
For the  human studies we w i l l  t r y  t o  obtain and use 

-labeled c o les te  01, which can be analyzed by radioactivation (P-N reaction 
y8studied i n  pat ients .  
1 
zonverti? 01$ t o  ,I8). I n  the course of this work, we hope t o  introduce the  
ise of O1 ( i n  conjunction with t h i s  epeciflc radioactivation procedure) as a 
sterol  and l i p i d  label .  
sork i n  humans since the  isotope I s  stable  i n  vivo and renaered radioactive only 
For analyt ical  purposes a f t e r  the  experimental samples have been removed. 

This l abe l  would be especially valuable f o r  metabolic 

It is planned t o  extend the  work involving C14 i n  both the normal man and 
l iabet ic  patient and tha t  these experiments w i l l  reveal s ignif icant  aspect6 of 
the interplay between l i p i d  and carbohydrate metabolislne i n  normal and diabetic 
nan . 

- 

17. Expected Programs and Results fo r  Next F isca l  Year - 1962: 

"he general program outlined f o r  FY 1961 I s  expected t o  be continued. 

9 
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Medical Research 
Project T i t l e :  Transfer of Sugars Across Cell  Membranes 06-01-02-e- (5) 

16-01-02-e- (5) 

'erson i n  Charge: 

Transfer of Sugars Across Cell Membranes 

P. 0 .  Le Feme 

.2. & 13. Objectives and Overall Description: 

During the  past 3 years, studies on the mechanism of sugar t ransfer  across 
,he boundary membrane of the mammalian red blood c e l l  have been carried out. 

.4. Related Projects : 

See 06-01-02 Medical Research - Surmnary Sheet 

- - 
.5.  Accomplishments Last Fiscal Year - 1960: 

Theoretical calculations derived from two current interpretations of kinetic 
lata on net sugar transfers have led t o  application of isotopic t racer  methods 
movidlng decisive means for discriminating between the  2 proposed hypotheses. 
'revlous kinetic studies have a l l  dealt  with net tranafers i n  response t o  gross 
:oncentration gradients. 
*elated monosaccharides have been attributed e i the r  t o  operation of a spacial  
iugar ca r r i e r  system o r  t o  nonspecific depression of c e l l  pentEaDility by surface 
rlterations a t  high sugar concentrations. The l a t t e r  hypothesis predicts a trace] 
Slucose exchange ratelthich I s  only a mall fraction of that predicted by ca r r i e r  
;heory. Therefore, C 
;hick suspensions of human erythrocytes. 
:omparison with the speed of net t ransfer  was 50 t o  100 times greater than would 
)e found i n  a diffusion process; these high fluxes a re  consistent with the  
:arrier theory, provided that a glucose-carrier a f f i n i t y  appreciably higher than 
;hat previously estimated is assumed. 

The saturation kinetics found with D-glucose and 

glucose equilibration i n  both directions was studied i n  
The speed of t r ace r  equilibration i n  

- 
Concerning the molecular specif ic i ty  i n  sugar t ransfer  system, the 

:onformational type of biological stereospecificity discovered i n  the  human red 
:e l l  was extended t o  other monosaccharide t ransfer  syetems, with special  
i t tention t o  the muse Krebs asci tes  tumor ce l l .  
lave been developed for improved quantification of the  partial r e su l t s  reported 
emrn other laboratories. 
:el l ,  which w i l l  permit consideration of the  correlation with molecular conforma- 
tional s t a b i l i t i e s ,  i s  beginning. The related problem of the reversible combina- 
tion of these systems, i n  erythrocytes and asci tes  tumor ce l l s ,  with phloretin, 
~ t i l b e e t r o l ,  hexestrol, and other such diphenolic competitive inhibitore,  has 
Dean extenoively studied. Various corzslations have been drawn with respect t o  
ninor rearrangements i n  these diphenolic molecules and al terat ions i n  the composi~ 
tion of the medium, a s  factors i n  the degree t o  which the  agents become fixed t o  
the ce l l s .  

Appropriate chemical methods 

Estimation of the  specific ca r r i e r  constants i n  t h i s  

The experimental portion of these studies w i l l  be completed during FY 1960. 

16. Expected Results This Fiscal  Year - 1961: 

Final analyses of the experimental data w i l l  be completed and t h i s  program 
Ls expected t o  terminate. 

17. Expected Program and Results fo r  Next. Fiscal  Year - 1962: 

No act ivi ty .  
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See Individual Sub-division Proposals 

0. Persons i n  Charge 

Cont lnuing 
~ -~ -~ - ~ 

06-01-02-f 

Cost arid Personnel Data ( f o r  information only) 

Radioisotopes fob 'Study of Protein and Nitrogen Metabolism - 
( w r y )  

1960 1961 1962 - 
I Total Operating Cost ( I n  Thousands) 185 200 230 

Direct Man-Years 
Staff 
Visitors 

Scient i f ic  
Other 

Total 

3.8 4.3 4.5 
2.3 2.4 3.1 

T l  a.7 7.6 
6.9 7.8 8.7 

.___ 
13.0 T i 7  16.3 

%e use of labeled proteins f o r  en evaluatio of the  nut r i t ive  s t a t e  of 
in tac t  organisms w i l l  continur t o  be explored. CA and tritium labeled compounds 
give information on a nut r i t ive  condition and food u t i l i za t ion ,  and fur ther  
Bemarcate broad pathways in to  which come and go many other elements. For example, 
tritium emits very weak beta  par t ic les  with a range lees  than ce l lu la r  dimensions. 
Thus, t h i s  isotope i s  useful  f o r  locat ing labeled compounds a8 w e l l  as possibly 
localizing radiation e f fec ts  within a given c e l l  o r  part: of a given ce l l .  

06-01-02-f-( 1) 

Persons i n  Charge: W. L. Hughes, S. L. Comerford, and R. C. Krueger 

Mechanisms of DNA Synthesis 

12. & 13. Objectives and Overall Description: 

Many radiobiological e f fec ts  can be traced ultimately t o  damage t o  the  
Studies with t r i t i a t e d  thymidine a t  BNL before 1959 genetic material, DNA. 

have suggested a template mechanism whereby genetic information is duplicated 
and then divided equally between the  two daughter c e l l s  during c e l l  division. 
These observations have been made autoradiographically at the  chromosomal leve l  
and therefore have shown only how the  DNA complex, t he  chromosome, ie duplicated. 
I n  oraer t o  examine t h i s  process at the  leve l  of individual DNA molecules other 
technics must be developed. 
heavy atoms which w i l l  make possible i t e  separation i n  a ,cent r i fuga l  f i e ld .  

thymidine nnalogue, bromo-deoxyuridine, could be 

A promising approach is by labeling the  DNA with 

During FY 1959 a beginning on t h i s  problem w 

---. 
14. Related Projects: 

See 06-01-02 - Medical Research - Summary She&xNo 
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Project T i t l e :  Studfeo on the Glycoprotein Oroeomucoid 06-01-C2-f-(5) 

--- - -  .- - --- ------ --._ _ _ _ _ _ _ _ _  
1 06-01-02-f-( 5 )  
I 
1 Rrsons in  Chorge: E. A. Rqmnoe and M. Maxfield 

Studies on the Glycoprotein Orosomucoid 

- 
12 8c 13. Objoctlvcs cnd Overall Description: 

Among the plasma proteins, the low molecular weight, acidic glycoproteins 
m e  more or  less unique i n  that  no specific functions have yet been at t r ibuted 
t o  them. It i s  unlikely, however, t ha t  they a r e  mere chance consfttuents. 
The concentration i n  the plasma of one of these glycoproteins, orosomucoid, 

pregnancy, rhf-toid a r t h r i t i s  ond various neoplastic diseases. In neoplastic 
diEeaSeS, i n  fact ,  the plasma orosomucoid l eve l  can be used as an indication of 
the patient's rcspunseto therapy. When treatment has been successful, the 
levcl  drops. 

i s  mnrkcdly elcvated In a number of apparently unrelated conditions including 

The most interesting aspects of the  structure of orosomucoid would appear 
related t o  i t s  cerbohydrate moiety and thio i n  turn should bear on i t s  function. 
Previously it has been found t o  contain b$ of it carbohydrate conte.ining 17 
terminal s i a l i c  acid rcsJdues euch linked t o  n galactose i n  the carbohydrate 
as a glycoside. 

14. Related Projects: 

See 06-01-02 - MedicEiL Research - Sunrmary Sheet. 

15. Accomplishments Las t  Fiscal. Year - 1960: 
During the post year unsuccessful attempt8 were made to probe fur ther  into 

the structure of the carbobydrate portion of the molecule using a variety of 
enzymgs known t o  hydrolyze galactosides. However, attempts t o  whitt le away thc 
protein par t  of the molecule have been more successful. An unidentified 
flavobcrcterium which has been isolated by Dr. Drew, of BNL, w i l l  grow on a 
medium containing orosomucoid and inorgmic salts. During t h i s  growth about 
90 per cent of the polypeptide part of thc glycoprotein is removed lenving the 
carbohydrate par t  apparently unchanged, and s t i l l  firmly attnchcd t o  n m o l l  
peptide. An amino mid anclysis of t h i s  residual material shared tha t  it is  
composed preaominantljj o r  aspartic ccid and. thaonine with lesser mo&s of 
glutamic acid, proline, and glycine and trnces of severdl other amlno acids. 

16. Expected Results This Fiscal Year - 1961: 

lur ing Fiscal Year 1961 attem&s w i l l  be made t o  degrade t h i s  product furthc 
e i the r  by chemical o r  enzymatic means and thus ultimately t o  identify t h e  mino 
acid t o  which the oarbohydrate is attached. 
t o  use the experience gained with orosomucoid to  make poxallel studies on certniz 
other mucoproteins. 
protein which can be Isolated i n  c pure s t a t c  from human plasma, an<. t k e  
urinary mucoprotein which is already under s t u w  in t h i s  DcpartmenC,. 

AB-timc permits, it l e  hopcd also 

Most l i k e l y  candidates f o r  this study are  an alphc2-&lyo- 

17. Ekpcted Programe and Results f o r  Next Fiscal Year - 1962: 

The general progrm outlined f o r  FY 1N1 I s  expected t o  be continued. 

8OX No 

FOLDER 
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Medical Research 
YEtabOllSm Of Cl4 - labeled amino acids by Trichinella 

Project Tit le :  ws mae 06-01-02-f-(41 
I 

Larvae. 

Person in chhrge: L. V. Hankes and R. D. Stoner 

12 & 13. Objectives and Overall Description: 

Investigation of the problems of t r ichinosis  as studied with radioactive 
compounds yields information on host-parasite relationships. 

14. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet 

AccampU.shments last f i s c a l  Year - 1960: 

Specifically, t he  effects  of an active t r i c h i n e l l a  infectian on host metabol 
i s m  were investigated. I n  v i t ro  turnover studies of labeled proteins and carbob2 
drates were studied i n  Trichinella larvae, u t i l i z ing  larvae cultures i n  chemical3 
defin media. The larvae were labeled in the  host by feeding mice d i e t s  contait 
ing c"-labeled amino acids. Tissue and blood components were analyzed for  C14 
t o  assess the effects  of parasi t ic  infection on host metabolism. 
data have been collected, analysis and interpretation will not be complete until 

15. 

Although t h e  

FY 1961. 

16. Expected Results This Fiscal Year - 1961: 
Activity during t h i s  year w i l l  be limited t o  the  analysis and interpretatlox 

of the experimental data. - - 

17. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

The general program outlined for  FY 1961 is expected t o  be continued. 

FOLDER 

I 

4tiom3 
- 
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Mcdical Research 
Project T i t l e :  Plclsnz Protcin Mctabollsn 06-01-02-f- (3) 

06-01-02-f- (3) Plasna Protein Mctabollsm 

Persons In Charge: W. L. Hughes 
F. Gregoirc (Research Collaborator in Residcncc from Belgium) 
A. Scanu (Rcsearch Collaborator from Cleveland Clinic ), 
L. Ledoux (Research Collaborator from Ccntrc d'  Etude l'lkergi 
Nucleairc, Brussels, Bclgium) 

12 & 13. Objectives and Overall Description. 

Serum albumin has becn labclcd with tritium, 8erum lipoproteins have been 
labeled with radioiodine, allpoprotein has been labeled with 1131 and the 
dynonlics of' its dissociation Into lipid gnd protein moieties has been studied. 

14. Related Projccts: 

Scc 06-01-02 Medical Rcscarch - Summary Sheet. 

15. Accomplishments kist Fiscal Ycar - 1960 
The above dcscribed program was continued Into Fi 1960, and t he  case and 

revcrsibility of this process Indicated the importance of Glipoprotcin in lipid 
transport and mctabolisn. 
and found t o  rapidly distribute extravascularly after i.v. Injection as well as 
concentrating in the kidneys. 

Ribonuclease has becn similarly labeled with iodine 

16. Expcctcd Results This Fiscal Year - 1961 
In FY 1961 f'urthcr studies on lipoproteins and on the mechanism of renal 
- 

conccntratlon of ribonuclcasc are planned. 

17. Expected Programs and Results for Next Fiscal Year - 1962 
The goneral progrm outlined for FY 1961 is expected to be continued. 
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Medical Research 
The Freparction nnd Use of Tr i t ia ted  Compounds fo r  

06-01-02-f-(2) Thc Preporation and Use of Tr i t ia ted  Compounds for  Biomedical Stud 
Persons i n  Chzrge: W. L. Hughes, H. A. Johnson, R. Painter, L. E. Feincndegen, 

Pro j c c t  T i t l e :  B b Z 7 O d i C d  Studies. o6-01-02-r- (2) 

R. C. Krueger (Research Collaborator - Univ. of Connecticutl 
S. L. Comerford (Research Collaborator i n  residcnce from 
National In s t i t u t e  of Heclth), D. Gi t l in  (Research Collab- 
orator  from Hnrvnrd University), M. Rodriguez (Resemh 
Colluborator from John EIopkins zlniv. ) 

 IT^ objectives and merjll ksc r ip t ion :  

3 The vnluc of H -thymidine i n  following the dynamics of c e l l  prol i ferat ion 
was demonstrated i n  FY 1958 and has in i t lu ted  a number of projects in the 
following ycare. 

the radio-senfiitivc volume of the celllo nucleus has largely been ignored i n  
vicw of i t s  nmy t racer  applications. 
can produce radiation damage. 
i n  FY 1958 and extended t o  mice i n  FY 1959, 1960, where it has been ShOUn t ha t  
temporary s t c r i l i t y  nnd thymic wcight'loss c a n  be produced, 
cffcct  hns bccn corrclatcd with tha t  of x-rays - 1 pc of Hj-thymidine per gram 
of body weight being about Lquivnlcnt t o  2 r of x-rays per day. 

It6 invention as a method of localizing rcdlntion within 

Neverthcless, i n  suff ic ient  doeqe  it 
This was f i r s t  demonstrated i n  t i s sue  culture 

The s t e r i l i z ing  

14. Relntcd Projectg: 

See 06-01-02 - Medical Rececrch - Sumnary Sheet. 

15. Accomplishments Last Fisccl Year - 1960 : 

During FY 1960 Iodo-deoxyuridines (mu) labeled with 1''' z?nd 1 133 
have becn prepared as thymidinc analogues. 
isotopes pcrmits metabolic meaGurcments outside the body in the in t ac t  
organism. It has becn sham tha t  IDU i s  a specific nnalogue of thymidine, 
l i k e  the l a t t e r  being incorporcted only into DNA. This property has been 
u t i l i zed  t o  study i n  vivo r a t f s  of DNA synthesis i n  volrious organs of llice 
md the  inhibitory e f fec ts  &x-rnyslykjich were discernible with as l i t t l e  
as 10 r. The use of both 1 
the measurement of changes i n  the r a t e  of DNA metabolisn produced by exper- 
lmental procedures unconplicatcd by the individuel var ia t ions observed between 
m l m d s .  
which normziLly shared a high but variable r a t e  of IDU incorporation. 
proved to be much l e s s  rndioscnsitivc than the in t e s t ina l  epithelium but the 
per cent Inhibition was quite similar t o  tha t  of bone m a r r o w  f o r  the sane 
x-roy dose. 

The g m a  rndlation of these 

and 1 - labeled IDU i n  the same animdl p e d t t c  

This technic proved particularly.uscful i n  studying the mouse aarcomo 
The tumor 

16. Expected Results This Fiscal Yew - 1961: 

During FY 1961 it i s  planned t o  survey by the IDU technic n vrs ie ty  of 
procedures used i n  cancer therapy looking f o r  d i f f e ren t i a l  e f fec ts  on DNA 
synthesis i n  the tumor vs. normally prol$.g:rating t i ssues  of the host. 
I D U  labeled with the position-enitting I 
t o  locr te  tumors by coincidence scanning of the nnihilution radiation emitted 
from the isotope b u i l t  in to  DNA. (Note: The volume of work contenplated with 
IC11 and i t s  close re!.atlon t o  cancer suggest t h a t  a ncw project should be 
in i t i a t ed  i n  this f ic ld ,  see proposed jo in t  project by Hughes and F m . )  

by the h v z  t o  the new buildlng uill be resumed in FY 1961 when adequate 
f a c i l i t i e s  are available. 
specific ac t iv i t i e s  fo r  autoradiographic studios ha6 proven pad icu la r ly  
f r u i t f u l  in studying nucleic acid metabolism and attempt8 will bo'mde t o  
extend t h i s  t o  the study of proteins. (Serum elbumin of re la t ive ly  high 
spccific ac t iv i ty  was prepared i n  Fi' 1959, but thus far has not yielded 
autoradiographic resul ts .  ) 

Also 
w i l l  be prepared i n  an attempt 

The prcparntion of t r i t i a t e d  ccrmpounds which wns interrupted in 1959 

The preparation of biochemicals labeled a t  high 



Medical Research 
Pro j cc t  Title: blechanisns of DNA Synthesis ---- 06-01-02-f-( - - - 11 --- ___ 

L5. Accomplishments k s t  Fiscal  Year - 1960: (contd.) 

)f density gradient centrifugntion has been applied t o  the separation of protein 
Eolecules of different  densit ies;  iodinated albumin has been separated from 
iormsl nlbumin nnd investigation of the immune reaction has suggested tha t  density 
;radicnt centrifugation may be a pronising method of separating complexes of 
intigen and antibody. 

I 

~ 6 .  Expected Results This Fiscal  Year - 1961: 

During FY 1961 It I s  plnnned t o  extend density gradient centrifugation t o  
;hc analysis of DNA from c e l l s  grown i n  the presence of large amounts of iodo- 
leoxyuridlnc. 
I variety of studies on kinetics,  mechanisms and radiation effects.  

The new ‘’he8vy” DNA should thus be readily resolvable Wrmitting 

L7. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

The genernl progran outlined f c r  FY 1961 i s  expected t o  be continued. 

BOX NO 

FOLDER 

-- 1 
i- 
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Medical Research 06-01-024- ( G ) 
Projec t  T i t l e :  Collagen Ponnation Studied with Isotope-Labeled Amino Acids ---- - - __ .____ 

I 
I 

?ersons in Charge: D.D. Van Slyke, E. A. Popenoe 

12 & 13. Objectives and Overall Description: 

Collagen, t he  s t ruc tura l  protein t h a t  binds the  t i s sues  of animels together, 
:onstitutes 30 t o  40 per cent of manunalien body protein. 
aathological changes of the  "collagen diseases" and the  changes of aging. 
Formation and metabolism of collage 
1959 with the  use, as a tool, Of C1'- and H3-labeled lysine. Hydroxylysine 
Ls unique among protein amino acids i n  combing two properties: it occurs only 
in collagen and, as shown by previous studies i n  this laboratory, it i s  formed 
from only one source, lysine. Iysine from food proteins is  hydroxylated in the  
tissues and the  hydroxylysine thus formed i s  incorporated in to  the  collagen. 
Pydroxylsine i t s e l f ,  when administered labeled with H3, was found not  t o  be in- 
Zorporated. Hence it appears t ha t  hydroxylysine formation from lysine does not 
occur before incorporation. The question remains, whether t he  formation of hy- 
koxylysine from lysine occurs at the  moment of incorporation, or whether it 
follows, Tne quefition whether one amino acid can be t ransferred in to  another 
after incorporation in to  the  protein molecule is  of importance i n  the  general 
problem of protein metabolism. 
of Incorporation of Clll-hbeled lysine, t he  carbons of the  lysine and hydroxylysi 
i n  the  collagen must have from t h a t  moment equal CI4  opecific ac t iv i t ies .  
final answer t o  the  question whether t h i s  occurs has not yet been reached. 

It is  involved i n  the 
The 

in rtts was studied before and during FY 

If hydroxylation of lysine occurs at the  moment 

A 

14. Related Projects: 

See 06-01-02 Yedical Research - Summary Sheet 

15. --Accomplishments Last Fiscal  Year - 196C: 
During 196~1 when collage ' was isolated by conventional methods, t h a t  obtaine 

an hour a%er injection of C1'-labeled lysine showed hydroxylysine carbon with 
only 76 Per  cent 8s great c"' ac t iv i ty  as lysine from the  same collagen prepara- 
tion. 
The course of t he  change made it appear probable t h a t  hydroxylysine formation frc Ytine i n  f a c t  was completed at the  moment of incorporation, and t h a t  t he  excess 
C ac t iv i ty  of the lysine m e r  the  ac t iv i ty  of t he  hydroxylysine in t he  collager 
during the  first hours a f t e r  t he  lysine inject ions was due t o  t h e  incomplete re- 
moval of olther proteina from the  collagen preparations by the  canventionalmethd 
of purlf icat ion,  

The figure slowly increased towards 100 per cent during subsequent days. 

16. Expected Results This F isca l  Year - 1961: 

To obtain a f i n a l  solution of t h e  problem during 1961 t h e  experbents  
performed in FY 1960 W i l l  be repeated wlth refinements in the  purSl%:€on of thc 
collagen. 

17. E c t e d  Frogrems and Results f o r  Next Fiscal  Year - 1962: 

The general program outllned In FY 1961 is expected t o  be corkinued. 

REPOSITORY h 
COLLECTION d%V?'- /8? M .  &!. / f f i - L /  
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bkdical Research 
Use of Radioactive Iodine t o  Improve Mthads f o r  Determination 

Project - T i t l e :  of Pratein-Bound Iodine in Serum 06-01-02-f -(7) 

06-Ol-O2-f-(7) Use of Radioactive Iodine t o  Improve bkthods f o r  Determination 
of Protein-Bound Iodine i n  Serum. 

Persons i n  Charge: D. D. Van Slyke, L. V. Hankes and 0. P. Foss 

I2 & 13. Objectives and Overall Description: 

Normal human serum contains an average of 6 parts of iodine per 100 milUon, 

The measurement of t h i s  protein-bound iodine i f 3  
1 part being Inorganic iodide, while the other 5 parts are in thyroid hormone 
attached t o  the plasma proteins. 
important i n  diagnosis of thyroid disease. 
iodine involved rel lable  analytical  r e su l t s  are  obtalned only with exceptional 
precautions. 

Because of the minute amounts of 

14. Related Projects: 

See 06-01-02 Medical Research - Summary Sheet. 

15. Accomplishments Last Fiscal Year - 1960: 

With the  help of t r ace r  amounts Of 1131 conditions f o r  the successive steps 
of t he  analysis, viz., precipitation and washing of the proteins containing the 
protein-bound iodine, incineration of t he  proteins with alkaU, extraction of 
iodide from the  ash, estimation of t he  iodide by i ts  effect  in catalyzing the 
reduction of cerate by arsenite, and the  reagents used with each step, have been 
tes ted i n  d e t a i l  with variations t o  f ind optimal conditions for each. As 8 r e su l  
losses of iodine which could, by former procedures be as great as 30 per cent, 
have been reduced consistently t o  l e s s  than 5 per cent, and t he  procedure has bee 
simplified so t h a t  an analyst i n  a day can f i n i s h  many more determinations. This 
project was conducted during 1959-60 and has now been terminated. 

16. 

- 

Wpected Results This Fiscal Year - 1961: 
NO activity. 

17. Expected Programs and Results for Next Fiscal  Year - 1962: 

No activity.  

. - _ _ _ _ _  - . ___ --__ I - 
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F O ~  woo-230 
(1-60) UNITED sI?9TEs 

ATOMIC ENJ3EGY COMMISSION 
NERJ YORK OPERAIl'IONS OFFICE 

PRaTECT FROPOSAI, AND AUTHORIZAI'ION ---- 
I i2. Date Prepared: Revision No. I 

.--_- .. Project T i t l e  : 
Radiation Effects on Biological Systems - I May 1960 

it i s  now clear  the ant idluret ic  hormone of the poeterior p i tu i t a ry  a l t e r e  
wphibian membranes and the  mammalian distal  nephron t o  bring about an increased 
hydrodynamic flow i n  response t o  a transmembrane o r  transtubular osmotic gradient. 
This i s  accomplished e i the r  by the d i l a t a t ion  of "wrest' o r  by expansion of G 

I 
- -  

Medical Research 
I ,  Sub-Title: 

Radioisotopic Labeled Hormones t o  Determine Action Si tes  

G. Contractor's NO. 
-- 
1 .  Budget Activity No. 5 .  Budget Item No. 

06-01-02 06-01-02- g 

--- 
LO. Pereons i n  Charge: 11. Star t ing Date of rroject:  

See Individual Sub-division Proposals Continuing 

06-01-02-9 
-- -._-- . -- 

Rudioisbtopic Labeled Hormones t o  Determine Action Si tes  - (Summary) 

Cost and Personnel Data ( f o r  information only) 

i 1960 1961 1962 - - -  
Total Operating Cost ( I n  Thousands) 75 80 95 

Direct Man-Years 
s t a f f  
Visitors 

Sclentif i c  
Other 

Tot a1 

0.9 1.1 1.1 

The mechanism of action, par t icular ly  a t  the molecular level  of hormones 
remains obscure. The deficiency, excess, or quali tative abnormality of hormones 
is correlated with major disease processes such as diabetic ketosis, atherogenic 
changes i n  blood l ipids ,  and diabetes insipidus secondary t o  radiation o r  other 
factors. The preparation of hormones labeled with low energy, alpha o r  beta- 
emitting, isotopes would make it possible t o  study, a t  the subcellular and 
molecular level,  the crucial  questions i n  
c l in i ca l  problems. 

COLLECTION 

/?flu- L /  
- -  

BOX No 06-01-02-g-( 1) Mechanism of Hormone Action 
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OFFICIAL USE ONLY Page 06-62 



Medical Research 
r o j x t  Title: Phchanism of Hormone Action 06-01-02-~-OJ-. - 

L4. Related Projects: 

See 06-01-02 - Medical Research - Summary Sheet. 

15. Accomplishments Last Fiscal  Year - 1960: 

1. Lysine vasopressin and arginine vasopressin were purified from partially.  
processed mixed hog and beef p i tu i t a ry  powder by counter-current dis t r ibut ion and 
ion exchange chromatography. 
procedurc, freed of exchangeable tritium, repurified from the mixture of radlatioi 
iegradation products and shown t o  have retained biological act lvl ty .  

Both hormones were labeled with H3 by the Wilzbach 

2. Using these purified labeled hormones evidence has been obtained tha t  
arginine vasopressin i s  attached a t  i t s  renal receptor s i t e  through a disulphide 
bond. This formation of a mixed hormonereceptor disulphide proved t o  be specific 
For renal t issue and could not be denonstrated i n  the  ADH-insensitive kidney o r  
in  the soluble proteins precipitated from normal challenged kidney. 
:hemica1 bond appears t o  bear an important relation t o  the  mechanisms of the 
mt id iu re t i c  ac t iv i ty  of vasopressin. 
ion of a chemical bond formcd between a hormone and a target  organ and suggests 
t h e  value of further exploring the significance and specif ic i ty  of t h i s  bond i n  
relation t o  the ultimate action of the hormone on membrane permeability. 

Thus, t h i s  

This finding represents the f i r s t  descript. 

3. Experiments t o  determine the nature of the bonding of I13l-labeled 
insulin t o  insulin-receptors i n  r a t  diaphragm and adipose t i s sue  invariably 
sesulted i n  a significant release of radioactivity only a f t e r  procedures vhich 
spccificdlly disrupt disulphide bonds, thus suggesting t h a t  what we have found 
f o r  vasopressin may be a general phenomenon applicable t o  a l l  disulphide peptide 
hormones which act  on c e l l  membrane permeability. It mst be noted, however, 
that  i n  the case of insulin, our findings cannot be interpreted with the same 
confidence as i n  the case of vasopressin until w e  have pinpointed the location 
of isotopic labels  wlthin the insul in  molecule at l e a s t  with reference t o  the 
A a n d 4  chain. 

4. IU1- labeled vasopressin has been prepared and recovered as a 
chromatographically and electrophoretically homogeneous e n t i t y  with approximately 
1/1000 of the biolo i c a l  ac t iv i ty  of native or t r i t i a t e d  ADH. 
turnover of both I1tl-ADIl and H3-ADH are now i n  progress i n  dogs and i n  humans 
with 3na without abnormalities of water and electrolyte  metabolism. These studie 
of ADH turnover w i l l  supply c r i t i c a l  datu bearing on the  nature of the homeostati 
regulation of the quantity o r  volume of body f luids .  

w e  are attempting t o  localize Iy31-va~opreesin and H3 vasopresein and I 3 l  
insulin autoradiogrclphically. I n  first experiments, we demonstrated a c l ea r  cut 

Studies of the 

5 .  In  collaboration with r. Johnson, Dr .  Cronkite and D r .  E. M. prmady 

-ADEI. ~ y s i n e  vasopressin-II~ 
potency over a 1 year period o f  

did not lose potency during the 

If t h i s  unexpected finding can be substantiated by aeeaye of 
t h  higher specific act ivi ty ,  t h i s  phenomenon w i l l  consti tute a 
instance of enhanced biological ac t lv l ty  as a consequence of 

7. The use of activation technique, specif ical ly  neutron activation, is 
being developed as a labell ing procedure a6 w e l l  as an analytical  procedure. 
Arginine vasopressin has been exposed t o  neutron fluxes i n  the range of 2.5 x lo1: 
Destruction of the hormone was almost complete, but the trace amounts of "activatc 
hormone t h a t  were  detected by bloassey of chromatographic eluates approximated 
i n  specific ac i v i t y  tha t  which i s  theoret ical ly  predicted from maximal activatioi 
of the Sulfur 3t  content of the hormone. 
- (See continuetion Sheet) 
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Medical Research 
P r o j e c t  Title: MechRnism of Hormone Action 

15. Accomplishments Last Fiscal  Year - 1960: (contd.) 

06-01-02-g-( 1) - -- - -. - - ~- 
I 
1 8.  The bladder of t he  toad, Bufo Marinus i s  being used as a model f o r  the 

)€I-receptive zone of the aammalian kidney, since it i s  a simple ADH-responsive 
?mbrane, consisting of a single layer of mucosal c e l l s  supported on a small 
nount of connective t issue.  This membrane i s  ideal ly  suited f o r  continuation 
Id extension of studies of hormone-receptor interaction and of the e f f ec t s  of 
3diation on receptor function. 
y al ter ing the structure of 8. diffusion barr ier  i n  i t s  w a l l ,  not affecting i t s  
2tabolic processes including those metabolic processes coupled t o  active transport 
e sodium. This finding i s  consistent with the suggestion tha t  a hormone-receptor 
doldisulphide exchange 'reaction underlies the c r i t i c a l  change, i . e . ,  p a r t i a l  di8- 
ption of cross-linking i n  the t c r i t a r y  structure of the receptor protein, which 
ilarges the membrane area available both f o r  f r ee  diffusion and hydrodynamic flow 
' water. The finding also suggests t hc t  i n  the course of study of the effect  O f  
rdiation on the functional i n t eg r i ty  of t he  ADH-receptor system of t h i s  t issue,  a 
d i a t ion  dose range should be found which w i l l  a f fect  d i f f e ren t i a l ly  i t s  structura; 
Id metabolic properties. 
5 .  

The AD€? has a s t r iking action on i t s  permeability 

Expected Results This Fiscal  Yzar - 1961: 

An attempt t o  develop neutron activation a s  e. procedure f o r  labeling 
asopressin, insulin and possibly other biologically importent molecules fo r  which 
ribcling by synthesis would be impractical o r  impossible w i l l  be made. 
reparation of synthetic labeled vasopressin derivatives v i t h  the aims of identify- 
ng the groups essent ia l  t o  binding of hormone t o  receptor and of learning the 
equence of reactions tha t  accounts f o r  i n i t i a l  f ixat ion of the hormones, specif- 
:ity of i t 6  attachment and the ultimate c r i t i c a l  chemical reaction tha t  brings 
bout i t s  physiological action w i l l  continue. 
ill be similar t o  but i n  general more extensive than those already developed. 
he work with insulin w i l l  be carried out along similar l i nes  except t ha t  the 
Kperiments w i l l  involve receptors i n  muscle and adipose t i s sue  and tha t  it w i l l  
B necessary t o  pinpoint the isotopic labels  within the  insul in  molecule. 

The 

The design of the bonding experiment 

~~ ~ ~~ - ~ 

7. G c c t e d  Programs and Results for N e x t  Fiscal  Year - 1962: 

The general program outlined f o r  FY 1961 is expected t o  be continued. 

60% NO ___cc_ 
FOLDER / 

4 0 0 2 2 3 '  OFFICIAL USE ONLY Page 06-64 



Medical Research 
Biochemical and Physiological Activity of t h e  Thyroid Emones  

Biochemical and Physiological Activity of the  Thyroid Hormones 
and Their Analogues. 

,o j e c t  Title: and Their Analogues. 06-01-02-g-2J- 

6-01-02-g-(2) 

)eraone i n  Charge: C.J. Shellabarger and R.C. bkm0n. (Research Colleborator) 
from Seton H a l l .  

Ubjectives and Overall Description: 12 & U. 

Tt vas discovered i n  this 'Laboratory some f i v e  years ago that there  is a 
ipecies difference between birds and mammals in t h e i r  response t o  thyroxine and 
3,5,3' tr i ioddhyronine.  
aechanism of action of the thyroid hormones have continued UtiUzfng various 
malogues of tho thyroid hormones, animals, labeled hormones, and experimental 
iesign. 

During e a r l i e r  atudies, it became clear  that 3,5,3' triiodothyronine possesse 
LU of the qual i t ies  of thyroxine althoughthese two thyroid hormones d i f f e r  
yant i ta t ive ly  according t o  the system studied t o  estimate t h e i r  biological acIAV- 
Lty. Specifically, the finding t h a t  thyroxine was no m o r e  potent than triiodo-. 
thyronine in birds  but much less potent than triiodothyronine in mammals and am- 
phibia w a s  confirmed. 

A t t e m p t s  t o  exploit t h i s  finding, in terms of the 

14. Related Projects: 

See 06-01-02 Medical Research - Sunnnary Sheet 

15. Accomplishments Last Fiscal  Year - 1960: 
During F.Y. 1960, analogues of thyroxine proved t o  be lese potent than 

malogues of triiodothyronine when tes ted  i n  amphibia and mnmmnln. 
to understand the mechanism tha t  a l lows one thyroid hormone t o  be more potent thar 
the ather  - thyroid hormone, the following three studies were ini t ia ted:  

In 811 eff& 

1. Studies t o  learn more about the biochemistry of the  thyroid 
hormones. 
Pitt-Rivers are sent t o  t h i s  Laboratmy and screened f o r  biologlcal 
potency using the  stimulation of metamorphosis 88 the  endpoint, 
Promising canpounds are then tes ted  in other classes of vertebrates 
using varioua indices of potency. This program is in the  d&a collecting 
stages; as more information is acquired it may be possible t o  assign bio- 
logical  properties t o  chemical configuration of t h e  thyroid hormones. 

Analogues of the thyroid hormones SB synthesized by R, 

2. With Dr. R.C. Mason (Research CoUaborator, Seton Hall, Col- 
lege of Medicine) the  requirement of thyroid hormones needed for the  
action of mals and female hormones on secondary sex characters is 
being studied. I thiould appear t h a t  no thyroid hurmone is required far 
androgen t o  act u ~ n  the seminal vessicles of the  rat, but tbyroid hor- 
mone i s  required for androgen t o  a c t  on a e  chick c a b .  
are continuing, u t iUz lng  analogues of thyroid honaone and various andro- 
gens and estrogens i n  both birds  and mnnrmnl. 

3. A ccmtlnuation of studies begun at the  National Ins t i tu te  far 
Mdica l  Research, Inndon, includes the study of the mechauism of trans- 
port of thyroid honmrmes I n  the  blood of birds  and -. Using'.IUl 
labeled thyraxine (T-k) and 3,5,3' triiodothyronine (T-3) studies t o  
determine the half-time in the  blood of these two thyroid-hmonee of 
b i r d s  is undernay. In  contrast  t o  nummala where T-3 has a much shorter 
h a - t i m e  than S k ,  in birds the  half-times are similar. A t t e m p t s  t o  
modify these half-times by Infusion of thyroxine-binding prukein, a 
serum protein absent in birds, is t o  be attemed. 

meted Results This Flscal Year - 1961: 

It l a  proposedto continue and terminate these studies i n  the next f i s c a l  

Similar studies 

16. 

year. 

17. Expected Programs and Results f o r  Next N%Year / I  9 ~ 9 4 j 2 : -  . ./,75-74/ 
COLLECTION 

No act ivi ty .  
BOX NO 
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1. Project Ti t le :  
Radiation Effects on Biological Systems - 

UNITED STATES 

2. Date Prepared: (Revision N O . ,  
May 1960 I 

I 
I 

4 .  Budget Activlty No. 5. Budget Item No. 
06-01-02 06-01-02-h 

Total Operating Cost ( I n  Thousands) 100 125 

6 .  Contractor's No. 

Direct Man-Years 
Staff 
VI s it ors  

Scient i f ic  
Other 

Total 

7. Contractor: Associated Universities, Inc. 
Brookhaven National Laboratory 

8. Working Location 
Upton, New York 

0.9 1.1 1.1 
1 . 3  1.4 1.7 
2.2 2.5 2.8 
1.4 2.5 2.7 
- 5 . 0 -  5.5 

- -  

9 .  Contract NO- 
AT-30-2-GEN-16 

--- 

- 

06-01-02-h-( 1) Educational Conferences 

Persons i n  Charge: L. E. Farr and S. W. Lipplncott 

E. & 13. Objectives and Overall Description: 

A s ta ted e f fo r t  of the Departmentphich has a rb i t r a r i l y  been termed an 
educational e f fo r t , i s  the organization of a t  l eas t  one special conference f o r  
selected invi tees  each year i n  conjunction with the  Division of Biology and 
Medicine of t he  Atomic Energy Commission. These conclaves are, i n  general, f o r  
educators t o  examine with active investigators specif ic  responsibi l i t ies  i n  the  
f i e ld  of atomic medicine. The exact format of t h e  conclave i s  al tered i n  each 
case t o  meet the  specific needs of t he  group concerned. 

Participation i s  by invi ta t ion only with no substitutions, and the  objective 
is t o  provide two f u l l  days of discussion and demonstration dealing with a special  
f i e ld  of medicine i n  which the v i s i t i o r s  are engaged. Members of the  Brookhaven 
bIedical Department staff give talks as a basis  f o r  discussion as well  as demon- 
st rat ions of various devices i n  atomic energy programs useful in t h e  f i e l d  of 
medicine the  guestwrepresent. 
1956, and en t i t l ed  "A Critique of Present Knowledge and Investigations of t h e  
Effects of Radiation Upon the  Central Nervous System," wae attended by physlologiett 
pathologists, neuropathologists, c l iniclane and biochemists Interested i n  t h e  
central  nervous system. 
of t he  Department of Pathology f o r  Training, Research, and Hospltsl Practice In 
the  Field of Nuclear Energy," was held February 6 and 7, 1958. 

The f irst  of these conclaves,held March 15 and 16, 

The second conclave, "The Responsibility of t he  Chainnan 

The th i rd  of these conferences was held on December 15 and 16, 1958 t o  which 
a l l  Deans of Medical Schools i n  the  United States  and Canada were invited t o  
discuss, and hear discussed by BNL personnel and eminent authori t lee  selected 
from various organizations, "!be Imp~&T&&ome on Medical Science and Eklucation. I' 
Approximately 75 per cent of the invi tees  a t ten  ea an the  conference was adjudged 
most successful. COLLECTION L L L  Y k U L U -  

W Y L  IJY hd,,@v/ t /q3/30*6 / 

10. Person6 in  Charge: 

See Individual Subdivision Propoeals 

BOX No 

11. Star t ing Dateof Project: 

Continuing 

(See coq$j&yi+tlon sheet) 
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Medical Research 
06-01-02-h-( 1) --____--- Project Ti t le :  Educational Conferences 

: 14.  Related Projects: 
I 

- 

See 06-01-02 - Medical Research - Summary Sheet. 

15. Accomplishments Last Fiscal  Year - 1960: 

The fourth conclave wee held October 26 and 27, 1959, and was en t i t l ed ,  
"Nuclenr Medicine in Surgical Research and Practice," and was attended by 
chairmen of the  Departments of Surgery of American and Canadian Medical Schools, 
each of the conclaves has been very well attended and discussion has been spirited 

A f i f t h  conclavc on "PediatricianEi, the Child and Atomic Radiation," I s  
planned f o r  the f a l l  of 1960. 

16. Expected Results This Fiscal  Year - 1961: 

17. Expected Programs and Results f o r  Next Fiscal  Year - 1962: 

The general program outlined above l e  erpecteff to be continued. 

, 

BOX N O  

FOLDER 
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b d i c a l  Research 
Project T i t l e :  Marshallese Survey C6-01-02-h-( 2) . .  

%6-01-02-h-(2) Marshallese Survey 

2ersons in Charge: R. A. Conard 

treatment of any-diseases that may develop 88 soon as they might appear. To t h i s  
end, a cancer detection program mt be ins t i tu ted  in the surveys. This Kill in- 
clude careful observation of the residual scars of be ta  burns f o r  signs of m a g -  
nant change, In the Japanese exposed t o  the atomic bombings an increased incidence 
of leukemia, which reached a peak betwean 5 and 10 years after exposure, was noted. 
Therefore, the next f ive  years may be a critical period for the developaent of 
radiation induced leukemia i n  the  Marshallese, end annual surveys for leukemia =e 
essent la l  in order that a possible case be not missed, since the average time from 
diagnosis t o  death in some forms of leukemia is less than a year, Certain examina- 
t ions,  however, v i l l  be necessary on an annual basis  such as physical examinations, 
cancer survey and hato lO@C81 examhations. 

12 & 13. Objectives and Overall Description: 

In March 1954 following the detonation of e nuclear device, 239 Marshallese 
9ople  were accidentally i r radiated with fal lout .  
:are of and studied i n i t i a l l y  and annually by medical teams under the auspices of 
;he Division of Biology and Medicine of the  Atamic Energy Comanission. 
studies are under the sponsorship of the Medical Department, Brookhaven National 
Laboratory and Dr. Robert A. Conaxd has been appointed by the Laboratory as chief 
3f the  Marshall Islands study project, and i s  i n  charge of organizing and carryine 
>ut the annual medical surveys of these people in the  Marshall Islands. 
valuable information has been and i s  being obtained on the  effects  of fa l lou t  rad- 
iat ion on human beings which i s  being made available t o  the medical profession a n d  
scient i f ic  world through publications. 

These people have been taken 

These 

h c h  

Reports have been published on the  findings of surveys made a t  the  follolJing 
times a f t e r  exposure: 
and 4 years. 
being analyzed. 

i n i t i a l  examination, 6 months, 1 year, 2 years, 3 years, 
The data from the 5 year post-exposure survey is i n  the process of 

In view of the  above etated facts, continued exemination of the  Rongalap 
people is considered necessary on a year ly  basis  u n t i l  such time LIB it is the  medical 
concensus that exeminations mey be reduced in frequency. 
cussed at ~ o m e  length with medical experts i n  t h i s  f i e ld ,  many of xham have parbicj- 
pated in past surveys. 

Dr. H. R. Macdonald, Director of Publlc Health, the 'Prust ' lkrri tory has agreed t o  
take a more active part in the surveys. This i s  considered a very important s tep  
forward and has many favorable aspects. 

'This mtter has been dis-  

As a resu l t  of recent conferences with Trust Territory of f ic ia l s ,  including 

The ear ly  effects  of the radiation exposure were as a resu l t  of sub-lethal 
gamma radiation, extensive beta burns, and absorption of radioisotopes. 
gamma radiation caused significant depression of t h e i r  blood f o m h g  organs durinf 
the two months following exposure recovered from these effects  of t h e i r  exposure 
with the exception of their  blood platelets ,  whose mean level  is s t i l l  s l igh t ly  
below the level  of the unexposed cmparison population, but within the normal 
range. Of greater concern now is the  possible development of l a t e  effects  of 
radiation based on knowledge gained from animal studies and from Umited experienc 
with human beings. Some of these effects  which may possibly appear in the Marsha: 
lese  ere: 
lens of the eyes and genetic changes, other less w e l l  defined effects  might be 
noted in retrospect but no significant examination program can be conducted about 
them. 
close medical. supervision i s  considered necessary in order t o  detect  and carry oui 

The 

increased incidence of mallgnancies, development of opacities of the 

These effects  have not yet  been observed i n  the  Marshallese but continued 

i/- ~ A U  &r 
14. Related Projects: 

REPOSITORY 

COLLECTION zf? m.&Jf ' 94 ; ,  
See 06-01-02 h d i c a l  Research - Summary Sheet 

15. Accomplishments Last Fiscal  Year - 1960: 

Details of the  Wrch 1960 survey were workecfaw- 
Trust Territory. 
Rongebpese including one WBC and di f fe ren t ia l  count. 

The survey involved only a brief  examination of the exposed 
A limited number of urine 

, 7 1 7 7  (See Continuation Sheet 1 
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Medical Research 
06-01-02-h~(?_)-. - Project -. T i t l e :  - -- Marshallese Survey (Continued) _---- 

' 15. Accomplishments Last Fiscal. Year - 1960: (Cont'd.) i 
I 

I ' samples were collected for radiochemical analyses. It is anticipated tha t  t h i s  I 
3 G e y  required only a few days at Rongelap. 

~6. Expected Results This Fiscal  Year - 1961: 

Definite plans have only been made through the 1961 survey, W i n g  tha t  
survey a more complete examination schedule is planned including growth and devel- 
> p e n t  studies of the children, leukemia and cancer survey, complete routine bema-1 
tological survey, use of the s t e e l  roam f o r  carrying aut gamma spectroscopy, and I 

:ollection of urine samples f o r  radiochemical analyses t o  be carried out at 
Brookhaven National Laboratory. 

17. Fqected Frogram and Results f o r  Next Fiscal  Year - 1962 

Though specific plans f o r  the 1962, 1963, 1964 surveys have not been made, it 
is likely t h a t  these surveys w i l l  not be of too Large scope in view of the alterna 
ting schedule referred t o  above. For instance such studies as gamma spectroscopy, 
growth and development studies and ophthalmo3,ogical studies may be carried out On 
al ternate y e a r s .  
basis such as physical examinations, leukemia and cancer survey and hematological 
waminat ions. 

Certain examinations, however, w i l l  be necessery on an annual 

Precise figures cBIIDot be given at this time on the number of personnel psr- 
t ic ipat ing from the United States. 
personnel the Trust Terri tory can furnish. 
personnel from the United States wi l l  probably range from 6 t o  15 i n  any one flrtur 

This uill depend ent i re ly  on the number of 
It seems l ike ly  t h a t  the number of 

BOX NO 

FOLDER 



06-01-02-h-(3) Sunrmer student ~nstitute 

Persons in Charge: L. E. Farr and W. W. Shreeve 

credi t  f o r  the same, i t -p laces  the-stutient I n - h t l y  t h e  aoma relationehip t o  
Brookhaven as when he i e  Bex?or@ng theeie  vork & B.N.L. By control  of 

12 & 13. Objectives and Overall Description: 

The role  of the Brookhaven National Laboratory in Msdical education has been 

BNL should center i t s  major educational effor ts  upon physiciane of facul ty  
rank because thereby information is xitultiplled and young faculty members may, as 
a r e s u l t  of such experiences, e lect  a research-academic career as Contrasted t o  
a practice-academic career. This program must be carried out in such a faehion 
that f o r  the exceptional student oppa%unitles t o  par t ic ipate  in t h e  work of the 
BNL medical program will remain open. 

Careful study and consideration of t h e  pcoblune f o r  several  yeare has led f a  
the conclusion tha t  far medical students the  most effective, appropriate and ef f i -  
c ient  extension of Brookhaven t o  undergraduate medical education would be accm- 
plished by giving a highly modified version of a Medical School course at Brook- 
haven. By this means the student can be given a suitable and proper introduction 
t o  the  broad problem of nuclear medicine from public health t o  patient cme, A.a 
nuclear physics t o  disease prognosis. If, however, such a course w e r e  given by 
Brookhaven Staff alone it would diver t  BNL physicians from their basic research. 
Therefore, the course should be given by a Faculty assembled fran B d l c a l  School 
Faculties, by mn ski-d in conducting teaching of lpedical students and by men 
interested in the field of atomic energy. !Be facul ty  in turn will be Research 
Collaborators in the Meledical Department participating with BNL sc ien t i s t s  i n  re- 
eearch as do aL1 &her Research ColLabaratms in the Department. ThereW diVer6b 
is prevented and an actual reinfoxcement of program is attained. Since the tours( 

w i l l  be a responsibil i ty of Faculty and it is the  decision of the  School to SaDt 

evaluated as follows: 

, 

1 



Medical Research 
Project Title: Summer Student Institute (Continued) 06-01-02-h-( 3) 

5. Accomplishments Last Fiecal Year - 1960: (Cont'd) 

ields, and laboratory facilitiee were made available under the direction Of 
cientists or technical staff members of this Department working with the UniVer- 
ity'8 faculty members. A very successful five-week intensive study and training 
eriod was enthusiastically carried out by the eight students selected and the 
hree visiting faculty members. 

Certainly the procedure must be explored further with particular refereace 
o means for making it available simultaneously to a number of medical schooh. 
he whole development is under intensive study by the Medical Department Staff 
embers concerned. 

6. Expected Results This Fiscal Year - 1961: 
During the coming year it is planned to develop the Medical Student 

nstitute on a four school basis for Fiscal 1962. 
'or faculty selection and course integration into the varioue schools are nmeroui 
:t is not phmed to increase the numbers of students participating until past 
,xperience has indicated the optimal format. 
lince It permits medical schoola not having atomic energy projects to participate 
n active uork in nuclear medicine both on the faculty and etudent level and is 
.ccomplished with exieting facilities. 
rcquainted with the pmject has been enthusiaotic. 

The administrative detail6 

This endeavor is of importance 

The response thus far from Deans 

-7. Expected Frogreme and Results for Next Fiscal Year - 1962: 
By Fiscal 1962, it is hoped administrative arrangements can be completed for 

ieveral schools to participate. 
nrticipate in the course, as previously described. 

Perhape one Medical School w i l l  be invited to 

BOX No 

FOLOER 



Mdical  Research 
Project T i t l e :  Occupational Mdicine Clinic @-01-02-h-(4 1.- 
6-01-02-h-(4) Occupational Hedicine Clinic 

Lemon i n  Qharge: R. A. W e .  

The largest  Laboratory-supported ac t iv i ty  of the k d i c a l  Department i s  the  
kcupational EWicine Clinic. 
i whole the necessary indus t r ia l  medical serviaes fo r  proper operation. The 
rork of the c l i n i c  has r isen s teadi ly  Kith each year of the Laboratary's opera- 
;ion and the  ultimate size of the operation cannot yet  be determined. 
lumber of visits t o  the occupational medicine clinic during Fiscal  1959 WBB 
L5,W aa compared t o  U,U3 in Fiscal  1958. 
3xaminations increased from 2,005 t o  2,236. 

W n i s t r a t i v e  costs of the Leboratary and are  distributed as Indirect  EXpenee. 

This organization provides t o  the Laborehay 88 

!Be total 

slmi~arly, the tu ta l  nlmiber of X-ra 

Man-years and costs are not included above, but a re  prt of t h e  General and 

BOX No 

FOLDER 
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m o r  (including benei i t r )  350 467 
I22 

6 
Materiala Travel, eto. 89 

Total Direct 
Special Power - 0- -0- 
Reactor and/or Accelerator Usage 25 30 
T ~ C ~ U I I C ~  servicee (iran BIIL Service Unitr) 56 70 
otneral L Adminletratlve Overhead a 6  260 

1 ,  1 
T 5 9 5  

Developnent. SubcontrLote, Special Proc. 

J k ,  /Y5Q-b/ 
J&L lPP hd w 

COLLECTION 

BOX NO 

J 

Tot81 737 955 

.- 
Capital Equlpent 

(Obligations - fo r  lniormatlon only) 56 55 

- 
19. Plant 81 Bqulpuent Directly Required 

(Obligations - here for InforaPatIon Only) 

Estjmated EetiMted Est insted 
.A, 1961 * 

(A) Coaetruction (In Thourando o f  Dollars) 
- - 

(E) Equlpnent (In Thousands of Dollars) 56 55 85 

FY 1961 equipuent obllgatlona for t h i s  ac t iv i ty  l n c l k e  a proportiond part of the 
t o t a l  obligatdon for special. Item whiph w i l l  be ut i l ized  by more than one medical 
act ivi ty .  (see Medical Research Sunnnary) - $10,700. 
FY 1962 equiFpnent obll&lone for t h i e  ac t iv i ty  include a proportional part  o f  the 
~ b l i g a t l o n  for special  Items which will be utilized by more than one medical 
activity.  (see Medical Research Gunrmary) - #tl,W. 

20. Direct Man Power Estimated Betimated Entlmated 
196q 1961 1962 

8c i tn t ie te  - !MALI. 
Technical 
Administrative k lervfca 

13.0 16.5IB.o 
29.0 39.5 45.5 
A5.0 A 



UNITED STATES 
ATOEaC ENERGY COMMISSIBN 

+. Budget Activity No. 
06-03-01 

6. Con t rac to r ’~  NO. I 5 .  Budget Item No. 
06-03-01-a 

Continuing i See Individual Sub-division Proposals 

06-03-01-a Neutron Capture Therapy - (Summary) 

Cost and Personnel Data ( f o r  information only) 

1960 1961 1962 - - -  
Total  Operating Cost ( I n  Thousands) 485 635 720 

Direct Man-Years 
Staff 
V i  s i t o r s  

Scient i f ic  
Other 

Total 

8.5 11.3 12.2 
1.9 2.3 2.6 
10.4miO- 
19.5 27.5 31.8 - 29.9 41.1 XK-F 

-Neutron Capture Therapy originated a t  Brookhaven National Laboratory and t o  
late a l l  pat ients  t reated and experimental animals studied have been observed at 
t i ther  the  Brookhaven Graphite Research Reactor o r  the  Medical Research Reactor. 
?he very large general prodect consis ts  of numerous component par t s  i n  which major 
tndeavor i s  carried out largely within a single discipl ine.  The design and operat- 
ton of reactors f o r  medical purposes i s  a proJect which includes besidee Medical 
)epartment members, staff from Health Physics and Instrumentation, Physics, Nuclear 
hgineering and Reactor Operations. 
5ngineered and usefulness i n  medical f i e l d s  are being explored both on s i t e  and 
Iff s i t e  by appropriate consultations with other reactor engineering groups 
Largely from commercial companies. The effects  achieved by neutrons of different  
5nergies and par t icular ly  the  regional tolerance of such exposure i s  a continuing 
jtudy. 
,f the  central  nervous system increases considerably the  medical in te res t  in 
reactor design and perfonnance. 
Is expected t o  expand t o  e f fec ts  of par t ic les  derived from other machines and 
interactione.of other par t ic les  such a8 mesons. 
sf neoplasia o r  i t s  generstioo will also come under view. 

The inter-relat ionship between devices BE 

While no limits can yet be set, the  surprising tolerance t o  thermal neutron 

As pert of t h i s  general problem the  exploration 

Use of such proceduree in control 

06-03-0l-a-( 1) Neutron Capture Therapy of Glioblastoma Multifome 

Persons i n  Charge: L. E. Farr, Y. L. Yamamoto, 0. D. Easterday, E. E. Gtickley, 
J. S. Robertson and S. W. Li incot t  hlccc A- 

P E b O S I T O R Y W ~  /kfw- 

COLLECTION hLd.et ’ 12. & 13. Objectives and Overall Description: 

Neutron capture therapy i s  an experimental @%f&tIon treatment of cancer 
which u t i l i z e s  in t race l lu la r  generation of heavy g g c l e s  i n  neoplastic ce l l s .  
It i s  based upon empirical demonstrations at Broo even o r  a b i l i t y  t o  destroy 
cancer by prompt dis integrat ion of boron-10 following thermal neutron capture. 
This i s  carried out i n  such fashion the t  although the  ta rge t  atom boron-10 is 
dist r ibuted i n  both neoplastic and normal ce l l s ,  the dis integrat ion e f fec t  i s  
k i l l i ng  only i n  cancer c e l l s  because it has been observed t h a t  such se lec t iv i ty  
ex is t s  at a given t i m e  in te rva l  a f t e r  injection. 
tumor-normal t i s sue  rat ioe.  

This i s  not dependent upon 

(%e continuation sheet) 
OFFICIAL USE ONLY Page 06-74 

4 0 0 2 2 0 3  



procedure i s  s t i l l  complicated though much less so than two years ago. 

14. Related Projects: 

See 06-03-01 - Cancer Research - Summary Sheet. 

15. Arcompllshments Last F isca l  Year - 1960: 
During the  past year resu l t s  on seven pat ients  became available f o r  study. 

In  the  most adequately t reated pat ient ,  one with sarcoma of the  vascular system of 
the brain stem and cerebellum, the  resu l t s  showed almost complete destruction of 
the sarcoma and f a i lu re  to regrow over a nine-month interval .  
glioblastoma s t i l l  survives a f t e r  18 months following a single treatment. 
survival period f a r  surpasses any previously at ta ined i n  control of t h i s  disease 
by neutron capture therapy, Successful turn back of skin f laps  was shown capable 
of preventing a ~ r e v i o u s l ~  troublesome skin leeion. 

One patient with 
This 

16. Expected Results This F isca l  Year - 1961: 

The general program outlined above is expected t o  be continued with fur ther  
areful probes planned as rapidly as they can be evaluated. 

7. Expected Frograms and Results f o r  Next Fiscd.  Year - 1962: 
The general program outlined fo r  FY 1961 i s  expected to be continued. I 

BOX N o  

FOLDER 
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Cancer Research 
Neutron Cnpture Therapy Effectiveness and Tissue Effects 
of "hemal Neutron Expo surcs 06-03 01 n 12) - - "  :eject T i t l e ,  

L03-01-a- ( 2 )  Neutron Capture ?"nernpy Effectivcncss and Tissue Mfccts  of 
Thorndl Neutron Exposures 

m o n s  i n  Charge: L. E. Farr, Y. L. Yamnmoto, S. W. Uppincott, W. Calvo 

2 80 13. 

iown (1) that the proc&ure indccd nccmplishee i t s  purpose; and ( 2 )  t ha t  the 
roccdurc cnuscs no serious additional m a g c .  
3 both these questions a very mbitioutl project w m  undcrtnkcn i n  FY 1960 t o  
tudy thc  en t i re  brains of persons given neutron capture therapy together Kith a 
-.asonable nunber of conparison pct lcnts .  Through scrinl sections, appropriate 
taining and histologic study thc  prescncc or absence of e f fec ts  i n  both neoplasm 
nd noma1 s t ructures  a re  cxpcctcd to  bc dunonstratcd. 

Objectives and Overall Description: 

In  the developncnt of a ncw therapeutic procedurc two fac ts  nust be clear ly  

TO dotenninc the answer In  part 

4. Rclatcd Projects: 

See O6-03-Ol Cancer Rcscnrch - Suumary Sheet 

5 .  

hernpy,wns s ta r ted  i n  FY 1960. 
roup arc ready fo r  evdluations, while scventcen specinens await a survey of 
ermlts bcfore final plans fo r  then arc  nade. 

Acconplishnents Last Fiscal  Year - 1960 
A study of twenty cel loidin enbcddcd specinelis from pat ients  reccivlng 

An additional twenty opecinens from a conparison 

The results Will undoubtedly add new knowledge concerned with the  r e l i a b i l i t y  
f diagnosia, t he  node of tumor spread, cfPectlvenoss of the t reataent  and ef fec t  
f both tunor and trcatnent on non-affccted regions of the  brain. It I s  expected 
hat thcsc data Will become bmic  for all subsequent s tudies  In t h i s  f l e l d  both 
y BNL and othcrs. 

- 
6 .  Bqected Results This Fiscal  Ycar - 1961 

During FY 161 1t.is anticipated tha t  t he  s tudies  on t h e  first X, pat icnts  

The results of histopathological and topographical studice i n  17 cascs 

rill be completed nnd rcadied for publication. 

ndicnted that higher neutron flux is necessary i n  ordcr t o  t r e a t  dceplyin& 
ntracranlal  neop lnm.  
b e  treatment of a new s0rioe of pntionts was s ta r ted  l a t o  I n  FY 1960 with higher 
ieutron exposures, twicc the neutron dose used previously. 
nthological  studies of n new ser ies  of cases w i l l  bc pursued, and greater  
:ffectivcnese of the treatnen$ is  anticipated. 

Since the  new Mcdical Rcsearch Reactor i e  oparntional, 

Clinicdl and histo- 

L7. Expected Program anit Results for Next Fiscal  Ycar - 1962 

The general program outlined for 1961 is expectod t o  bc continued. 
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Cancer Research 
Neutron Capture Therapy Procedures in Control of 

-- Pro j e k  --.. flh-Q3=&&.0 

D&Oj-Ol-a-(3) Neutron Capture Therapy Procedures in Control of Tumor 

Person in Charge: L. E. Farr 

12 & 13. Objectives and Overall Description: 

A tumor induced through the use of methyl cholanthrene in the brain of the 
nouse is transplantable and is highly invasive. 
a t  BNL as 8, test tumor in the study of maneuvers for  neutron capture therapy and 
the evaluation of certain concepts in this therapeutic procedure. 

For seven years it has been used 

~ - 

14. Related projects: 

See 06-03-01 Cancer Research - f3mmm-y Sheet 

15. Accomplishments Last Fiscal Year - 1960 
During the past year this transplantable tunor has been used both as an 

intracerebral transplant and as an intramuscular transplant. 
neutron exposure has been explored with variations in (1) time of exposure after 
boron injection, (2) total neutron exposure, ( 3 )  total dose of boron. This is in 
an attempt to determine t h e  parameters which may bc expected to be required for 
successful conclusion of patient therapy. Effectiveness docs not parallel tumor- 
brain ratio. A tumor boron concentration is most effective in the period of 20 
to 30 minutes post-injection. Total neutron exposure, 1011 per an2 is required 
throughout the tumor for a cure. 
50 mg/kg gave a 1- cure. 

of 12-to 16 pop diameter have been observed up to two years after treatment. 
hanors can be made completely to disappear after a single exposure to neutron 
capture therapy. 
occurred at the site and the normal structures about the tumor at tine of 
treatment show no scarring, altered cytological structure, or loss of functions 
as a result of this experience. 

Effectiveness of 

A boron dose of 25 m g h g  gave a 96$ cure and 

Mice wlth intramuscular transplants treated after reaching the large size 

No recurrence of the tunor has been observed. No other tumors 

16. Expected Results This Mscal Year - 1961 
The general progran outlined above will be continued. 

17. Expected Programs and Results for  Next Fiscal Year - 1962 
The general program outlined above l e  expected t o  be oontinued. 



Cancer k s e s r c h  
.I Project T i t l e :  bkdical Research Reactor Studies 6 -03-0 l - a - (4~  

%-03-Ol-a-(4) bkdical Research Reactor Studies 

Persons i n  Charge: E. E. Stlckley, 6. Fine 

E.& 13. Objectives and Overall Description: 

Following erection of the  Medical Research Reactor, extensive tes t ing ,  
sdjustment, and even modification have been found t o  be necessary and desirable sc 
that t he  most effect ive neutron stream, possible with minimal contamination, 
could be developed. 
the beet in te res t s  of the  pat ients  t o  be t reated,  and second i n  terms of adequate 
protection of the  necessary c l l n i c a l  and technical personnel. 

Cr i te r ia  used have been judged first from the  standpoint of 

Besides general use i n  many of t he  medical progran ac t iv i t i e s ,  a number of 

(1) Physical measurement of neutron dis t r ibut ion in  animals with 
specific projects  depend completely upon the  reactor as a neutron source. 
include: 
b d i c a l  Research Reactor (Y. L. Yamamoto, S. Fine,  S. H. Cohn and E. E. Stickley), 

E. E. Stickley and J. S. Robertson) and (4)  Neutron spectrum anamis 
(E. E. Stickley and J. 3. Robertson). 

These 

Neutron spectroscopy of biological  materials (S. Flne and H. Bollatin); 
Developent of additional anci l lary research f a c i l l t i e s  (C. G. Amato, 

- 
14. Related Projects: 

See 06-03-01 Cancer Research - flumnary Sheet 

15. Accomplishments ust Mscal  Year - 1960 
The MRR has been brought in to  successful engineering operation.as a new t o o l  

i n  a n e w  f i e ld .  
intensive e f f o r t  toward i ts  development in to  an increasingly effect ive instru-  
ment and must be continued for  some time t o  come. Its first fen months of use 
have been a var ie ty  of exploratory standardization procedures with small animala 
and a few wlth humaa subjects. 
and t he  development of sui table  equipment fo r  neutron and isotope Irradiat ion8 
have occupied the bulk of the operating schedule. 
activation fo i l s  and with ionization chambers have been applied. 

The appropriate application of t he  reactor  vi11 require an 

The physical evaluation of the  reactor output 

Available techniques v l t h  

Physical dosimetry studies of the  k d l c a l  Research Reactor with animale are  
being continued. 
&dical Research Reactor have been completed. 

I n i t i a l  experiments on induced ac t iv i ty  doshe t ry  of t he  

Neutron spectroscopy of elements has been conducted by the physics group of 

of the late Dr. Donald Hughes, s ta r ted  t o  run biological  materiale i n  
Wookhaven National Iaboratory f o r  a number of years. 
associate 
the  fast chopper. 
runs of absorption spectra of biological  materials have been completed at the  
fast chopper f ac i l i t y .  

Dr. H. Bollatin, an 

I n i t i a l  semple holders have been constructed, and i n i t i a l  

Txrring FY 1960 an Intensive program directed toward characterizing t h e  
various radiations ( t h e m 1  and faet neutrons, gaanna raye) i n  the  external  beam 
of the &dical Reactor WBB in i t ia ted .  
activation of various metalllc f o i l s  as threshold detectors f o r  neutrons of 
various energies. 
aa a function of various operating conditions 
in  the beam path within the  reactor. 

16. 

Tbis program rol led pr incipal ly  on the  

A quite  detailed picturo exis 

/9.5-n '&!- - 
Mpected Results !Chis Fiscal  Year - 1961 

The study of reactor output is t o  be extend6aL--- 
approaches u t i l i z ing  neutron spectrometers and sol id-s ta te  detector sys tem a re  
being added. 

I n  t he  MRR program fo r  t he  immediate future, t he  work toward.f'ull charac- 
ter izat ion of the  qual i ty  and quantity of the  emergent radiations w i l l  increase. 

(See continuation sheet)  
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Cancer Research 
Project T i t l e :  &dical Research Reactor Studies 06-03-01-a-(4) 

16. 

llhe means of controlling each of the  causative fac tors  i n  t h e  reactor will be 
studied fur ther  i n  a l l  of the i r radiat ion areas and at the  short-Uvcd i8otOp 
production ports  as well. 
procedures I s  also t o  be instal led.  

t&dICal Research Reactor, the development of special  equipment end calibration 
procedures I s  essent ia l .  
of methods for physical mensuration i n  the  next se r ies  of neutron capture therapy 
trials. Dosimetric analysis i n  t i s sue  equivalent phantom must'progress along 
with the  c l in i ca l  and animal work, using act ivat ion detectors, ionization 
chambers, sod-conductor and other sol id-s ta te  devices, and other useful in8tX-u- 
mente. 
poss ib i l i t i es  of short-lived isotopes must be improved and new types developed. 
It is expected t h a t  tha major p e r t  of these investigations Uill be carr ied out 
i n  the  same I r radiat ion roans used fo r  tho neutron exposure procedures, whether 
fo r  pat ients  or  i n  animals. The nctivntion analysis po ten t ia l i t i es  of the MRR 
w i l l  f o r  the  most part be baaed on the  rapid hnndllng of t i s sue  sample a t  the  
reactor face, the detector being the  only segment of the  counting cqulpont  t o  
be kept i n  the reactor building. Vtllization of the  broad benm exposure C O l l v l U  
begin a f t e r  Born fur ther  measurements of t h e  mixed radiation field present In  it 
have becn performed; Its ac tua l  usefulness w i l l  be enhanced whcn fur ther  radiatio1 
f i l t e r s  and scrcens a re  devlscd. This part icular  space should provide for  whole- 
body radiation s tudies  of the  hazards and general effects  of the several 
constituents of reactor-originated and reactor-mediated patterns of radiation. 

biologicalmatcrials with a view t o  obtaining the  absorption cross section of t he  
biological samples at various neutron energies, and t o  determine whether t h i s  
technique is  of value i n  searching fo r  t race  elements i n  b i o l o g i c a l m t e r i a l s .  
Neutron absorption and neutron diffract ion i n  various energy ranges w l l l b c  
invastigat ed . 

Expected Results !this Fisca l  Year - 1961 (cont'd) 

An i r radiat ion loop f o r  rapid act ivat ion analysis 

To achieve full exploitation of t he  new and unique capabi l i t i es  of the  

The work of first Importance will be the  establishment 

Apparatus f o r  producing and exploring the  diagnostic and therapeutic 

It is proposed t o  continue the  experimental work on neutron spcctroscopy In  

It is planned t o  fabricnte, i n s t a l l ,  and sh ie ld  a short-lived isotope loop. 
This device Xi11 include provision fo r  therapeutic administration t o  xxttiOnt8 t o  
make full use of the potcn t ia l l t i es  of the  Mcdical Reactor f o r  applications 
which do not involve d i rec t  neutron Irradiat ion of patients. 

17. Expected Programs and Rcsulte f o r  NeA Mecal  Y e a r  - 1962 
The general program outuned fo r  FY 1961 IS expected t o  be continued. 

BOX NO 

FOLDER 
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Cancer Research 
General Radiation Effects of Accelerator Generated 

Project Title:  Neutrons 06-09-01-a-( 5 )  

06-03-01-a- ( 5 )  

Persons i n  Charge: J. L. Bateman, V. P. Bond 

General Rsdlation Effects of Accelerator Generated Neutrons 

12. & 13. Objectives and Overall Description: 

Biological effects  of monoenergetic neutrons a t  selected energies have been 
studied using a tritium target  i n  the 3 Mev Van de G r a a f f  machine i n  the  Physics 
Department. Weight loss  i n  muse spleen and thymus, and reduction i n  the number 
of spermatogonia i n  mouse t e s t i s  have served as measures of effect .  

14. Related Projects: 

See 6-03-01 Cancer Research - Summary Sheet. 

~ 

15. Accomplishments La6t Fiscal  Year - 1960: 
Relative biological effectiveness (RBE) i n  t h e  0.43 - 1.80 Mev range 

(compared t o  250 KVP X-ray) has been evaluated with epleen and thymus. 
show an W E  of 4.6 f o r  spleen a t  0.43 Mev, decreasing t o  3.3 at 1.80 MeV. 
Corresponding values f o r  thymus are  4.2 and 3.0. 
of the same energies have been made and resul ts  are pending. 

Resulte 

Test is  exposures t o  neutrons 

Exploration down t o  60 kev neutron energy v i t h  t e s t i s  suggests an RBE of 
8 or more at t h i s  level, with an area of considerably reduced effectiveness 
between t h i s  and 0.43 MeV. 

16. Expected Results "his Fiscal  Year - 1961: 

Further study i n  the  low energy range with spleen, thymus and t e s t i s  i s  
planiid. 
ranges I s  intended, i n  addition t o  evaluation of other neutron energies up t o  
14 Mev. 

Study of other biological endpoints i n  the above-mentioned energy 

~~~ ~~~ ~ -~ ~ 

17. Expected Program and Results for Next Fiscal  Year - 1962: 

The general program outlined for FY 1961 is expected t o  be continued. 

REPOSITORY hdC-2 Ad- 
COLLECTION &,J7 hl.LBc./&yt, /?9- k /  

BOX NO 

FOLDER 
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Cancer Research 
Toxicity and Pharmacology of Target Elanents and 

R 06- 03-01- 8-1‘6 1 ?ro jec t  Ti t le :  

3€-03-01-*(6) Toxicity and Pharmacology of Target nementa and Compounds 

Person i n  Charge: 0. D. Eaaterchy 

12 & 13. Objectives and Overall Description: 

The tox ic i ty  and phamacology of the ta rge t  elements and t h e i r  parent Coxupun 
mich a rc  employed i n  the  neutron capture therapy research have assumed an impor- 
tant position re la t ivo  t o  the  experimental investigations of t h i s  therapeutic 
procedure. The objcctivc of the  toxicological and pharmacological investlgntions 
1s t o  study and evaluate new elements and comgounds containing theee elements 
employing the  techniques and pr inciples  of t h i s  s c i en t i f i c  discipl ine for  possible 
use i n  the neutron capture therapy program. 
several reasons: (1) t o  determine i f  the  elanents or  cmpound has pose ib i l i t i es  
for  neutron capture therapy, (2) t o  determine the  dcgree of sa fe ty  associated with 
the new material, ( 3 )  t o  deternine i t s  gcneral pharmacology and (4) t o  u t i l i z e  
pharmacological mechanism and principles to.manipulate o r  d i rec t  the material t o  
the desired locus. 

Theso s tudies  a re  required fo r  

14. Related Projects: 

See 06-03-01 Cancer Research - Sumnary Sheet 

15. Accompliahmr?nts h8t Fiscal  Ycm - 1960 
Several of the  accomplishments t ha t  may bc c i t ed  arc: the  phannncology and 

toxici ty  of a new compound, sodium pentaborate decahydrate, have been continued; 
the Investigations of sodium pentaborate decahydrate have progressed t o  the point 
where expanded studies concerned with evaluating i t s  effectiveness In tumor- 
bearing animals and i n  pat ients  having in t racran ia l  neoplasms a r e  currently i n  
progress; complexing agents other than d-glucoee have boen inveetigated and t he  
data a rc  currcntly being evaluated -- a new ser ies  of compounds containing the  
ta rge t  elements, lithium and boron, w e  being studied toxicologically. miti-1 
lnetnunentational developments were made on the  eemotely contmljled injeet ion 

equipment used t o  administer the  neutron capture a g e d  t o  the  pat ients .  

16. Expected Results This Fiscal  Year - 1961 

The main new objective for  the  next f i e c a l  year is t o  ccrmence physical, 
chemical, toxicological and pharmacological studios on a new ser ies  of organic 
compounds containing the  ta rge t  elements boron. 

17. Expected Programa and Rcsults fo r  Next Fiscal  Year - 1962 

The general program outlined fo r  FY 1961 i s  expected t o  be continued. 

BOX NO 

FULOER 

c 
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Cancer Research 
Solubi l i ty  of Organo-Boron Compounds o6-03-0i-a-( 7) - coject T i t l e :  

o6-03-01-a-( 7) 

Person i n  Charge: J. S. Robertson 

Solubi l i ty  of Organo-Boron Compounds 

L2. & 13. Objectives and Over811 Description: 

I n  the  exploration of the  use of various boron compounds for neutron capture 
therapy, it i s  highly desirable t o  know t h e  o p t i m l  r a t i o  of the concentrations 
>f the  boron compounds and other substances In the  solution t o  be InJected. 

14. Related Projects: 

See 06-03-01 - Cancer Research - Sunrmary Sheet. 

15. Accomplishments Last F isca l  Year - 1960: 

Phase syetem studies of the  Na-borate-glucose-water system were conducted 
in  t h e  lover concentration region (up t o  10 grams each of Na-borate and glucose 
in  100 ml of water). 
of the  Na-borates m d  of other organo-boron compounds is proposed. 

Investigation of t he  phase system f o r  higher concentrations 

During FY 1960, phwe-system..studlee were extended t o  the higher concentrat- 
ions of Na-borate and glucose (over 10 grams each of Ne-borate and glucose per 
100 d of water). 

16. Expected Results 'phis Fisca l  Year - 1961: 

The etudies of boron compounds wi l l  be continued in 1960-1961 with applicat- 
ions t o  new compounds a6 they are developed fo r  application t o  neutron capture 
therapy . 

17. Expected Programs and Results f o r  Next F i sca l  Year - 1962: 

The general program outlined f o r  FY 1961 is expected to be continued. 

BOX No 

FOLDER 
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Cancer Roscarch 
Chemlcal Dosimeters for Depth-Dose Studies xith Thermal 

'rOjeCt T i t l e ;  Neutrons 0 6 - ~ - R - ( i 3 3 .  

)6-03-01-a-(8) Chemical Dosimeters for Depth-Dose Studies with Thermal Neutrons 

?ersons in Chnrge: V. P. Bond, E. E. Stickley, G. Taplin 

L2 8s 13. Objcctives and Overall Description: 

"heee studies were initiated in FY 1960. The purpose is to provide a more 
reliable means of measuring radiation patterns in studies with thermal neutrons. 
chis is en area of Importance to o nunbcr of biological and medical problems in 
ahich technical difficulties arise from the preeenco of a mixture of interfering 
radiations. 
Lng their structure and content to givc cortrolled response to each of the several 
:onstituents of the radiation field are thcir outstanding advantages. 

The mall size of chemical dosimeters and tho poeeibility of adjust- 

Lb. Related Project@: 

See 06-03-01 Cancer Rcscarch - Summary Sheet 
L5. Accomplishments hst Fiscal Year - 1960 

In the previous depth-flu:: measurements in this laboratory and elsewhere, 
the& neutron levels have been made principally with gold foil activation 
techniques, and to a lesscr extent by the use of tissue equivalent ionization 
:hambers. In the present studies, Dr. Taplin has worked extcnslvely with a system 
3f chemical dosimetry using halogenated hydro-carbon systems, nnd in collaboration 
6-10 and Lithim-6 have been added to the system. 
t o  where it appears possible to obtain neaningf'ul readings with the boron and 
lithium present. 
h o s t  exclusively to the recoil of heavy particles liberated in the pmcesa of 
thermal neutron capture,and thus it l e  poeeitile to e8ttablleh the di'etrlbutlon of 
this dose with depth by placing chcmical dosimeters with a d  without added lithium 
3r boron at various depths in a phantom. 
carried out; however, some difficulties with a "sink" effect, ond with apparently 
Impurities in the glassware has conplicate6 interpretation of the dnta. 
aifficulties are being ranedicd, and it is anticipated that accurate depth dose 
curves can ba obtained in the ncar future. 

The system has been developed 

The increase In reading with the boron and lithium present is du 

Freliminnry experiments have been 

These 

16. Expected Results This Fiscal Year - 1961 
In FY 1961 It is anticipated that t h e  studies will be continued until satis- 

factory depth-dose patterns for them1 neutrons and for the heavy particles Prom 
thermal neutron capture nre deternined. 

17. Expected Prograns and Results for Next Fiscal Year - 1962 
The general progran outlined for 1961 is expected to be continued. 
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FOIVI WOO-230 
(1-60) 

NEW YORK OPERATIONS OFFICE 
PRCUECT AND A ~ O F U Z A ' I ' I O N  - -  - 

- 
There i s  evidence tha t  t he  urinary leve ls  of metabolites of cer ta in  Vltai?lnS 

may vary i n  scveral neoplastic diseases. The metabolites of tryptophan are  
examples. Further, it has been suggested that cer ta in  of theoe metabolites 
possess carcinogenic act ivi ty .  

t ha t  the  metabolism of tryptophan could be be t t e r  understood, i n  health and disease 
and the  possible carcinogenic ac t iv i ty  of the  compounds found i n  the  urine of 
pat ients  with cer ta ln  diseases could be studied be t t e r  if labeled compounds were 
available, specifically, the pentose sugar found i n  pentosuria. 

The study of t e meta&lism of tryptophan t o  
niacin would be advanced by the  synthesis of H 9 and C labeled intermediates 80 

UNITED STATES 
E2OMIC ENERGY COHfISSION 

12. & 13. Objectives and Overall Description: 

(tryptophan metabolism i n  neoplastic disease). 
xyanthranllic acid, a tryptophan metabolite, exhibi ts  carcinogenic ac t iv i ty  In  
producing a mouse bladder tumr has made it more essent ia l  t o  es tabl ish the  
structure of the  Intermediate compounds i n  t he  pathway from 3-hydrolryanthranilic 
acid t o  the  products, quinolinic acid and niacin. 

, 
I n  the  past few years a t tent ion hae been focused on t h e  cancerous amino acid 

The recent evidence tha t  3-hydro- 

/.HA l 2 4 m  b c  

COLLECTION J"svn/19 k%d. &' 14. Related Projects: 
/9.J/ -6 / 

See 06-03-01 - Cancer Research - Summary Sheet. 
BOX No 

FOLDER 15. Accomplishments Last F isca l  Year - 1960: 

During the  fiacallgear 1960 metabolism studies wer conducted with 3-hydro- 
xyanthranilic acid-1-C 
having spontaneous mammary tumors, brain tumors or asc i tes  tumors. 
of these compounds in to  mice and tfissub-qy of labeled C02 and 

and para-amlnobenzoic acid-l-CE4 i n  n o m 1  mice and mice 
The inject ion 
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1. prof c t  

Cancer Research 
3. Sub-Tit 

%itamin and Amino Acid Metabolism in  Neoplasia and Normality 

6.  Contractor's No. I 5 .  Budget Item No. I 06-03-01-b 
4. Budget Activity No. 

06-03-01 

7. Contractor: Associated Univerrities, Inc. 
Brookhaven National Laboratory 

10. Pereons i n  Charge: 
See Individual Sub-division PrOpoaRl6 Continuing 

11. Star t ing  Date of Project: 

06-03-01-b Vitamin end imino Acid Metabolism i n  Neoplasia and Normality - 
(-w) 

Coat and Personnel Data (for information only) 

1960 1961 1962 

Total Operating Cost ( I n  Thousands) 27 30 35 

- -  

Direct Man-Years 
Staff 
V i  s i t o r  8 

Scient i f ic  
Other 

Total 

1.0 1.0 1.0 
0.2 0.4 

1.0 1.1 1.2 
m * T -  
- 

2.2 7 X . r  2.6 

06-03-01-b-( 1) Metabolism of Tryptophan 

Persons I n  Charge: L. V. Hankes, R. R. Brown, R. Kawashima, P. Carson and 
L. Anderson 



Cancer Research 
ro j ec t  Ti t le :  Metabolism of Tryptophan 06-03-01-b-( 1) --- 
5. Accomplishments Last Fiscal  Year - 1960: (contd. ) 

rinary metabolites, such a s  quinolinic acid and nicotinic acid, provided inform- 
Lion f o r  the design of future  patient e 

The synthesis of a sufficient quantity of high specific ac t iv i ty  carboxyl- 
“:labeled 3-hydroxyanthranilic acid f o r  patient experiments has been in i t i a t ed  
Id it is nearing completion a s  is the  synthesis of a large quantity of carboxyl- 
3beled 3-methoxy-2-nitrobenzoic acid. This l a t t e r  compound is the  s t a r t i ng  
i t e r i a l  f o r  the synthefts (with aid of collaborators) of a large quantity of 
-hydroxykynurenine-b-C 

eriments with t h i s  type of disease. 
i r k  on the synthesis of tryptophan-5-C 1P was continued and it is nearing complet 

, which will be used i n  neoplasia patient studies. 

During the past14car metabolism studies were conducted with 3-hydroxy- 
nthranilic acid-1-C , carbox 1-labeled-~-hydroxyanthranillc acid and 
-hydroxyanthranilic acid-l-Clg. Thc qumt i t i c s  of thhse compounds synthesized 
fire vary limited, and i n  quantities only large enough f o r  animal studies. 
~ h n i q u e s  were developed f o r  labeling tryptophan and kynurenine v i t h  tritium i n  
srge quantit ie f o r  usc i n  human neoplastic disease studies. ”he synthesis of 
ryptophan-5-C1& was s tar ted and t h i s  materi w i l l  be used i n  patient studies. 
he oynthesis of para-aminobenzoic acid-l-ClPwas concluded and plans mnde f o r  t k  
tudy of i t s  metabolism. Studico werc continued on the  mechanism of converting 
-hydroxyanthranilic acid i n to  the vitamin, niacin. In  the process of these rat 
Ztabolism studies it w a s  discovcred that  the number one carbon of  3-hydroxy- 
nthranilic acid becomcs the number two carbon of acetate. This Is a previously 
?bnoun source of acetate in the  body. The C 1 4  of 5-hydroxyanthranilic acid-1-C- 
3s found t o  be rapidly and quantitatively excreted i n  urine. 

5 .  Expected Results This Fiscal  Year - 1961: 
During the next year the studies of the metabolism of tryptophan and 

-hydroxyanthranilic acid i n  various disease s t a t c  pat ients  w i l l  be contlnucd 
i t h  experiments designed t o  d e t e d n e  the nature of the urinary products of ther 
mpounds i n  the  urine of normal and discased man. There is evidence of variatic 
n the metabolism of anthrnnilic acid and quinolinif,+acld i n  some diseaee s t a t e s  
n humans. The &rge-scale synthesis of carboxyl-C -labeled anthranilic acid 
nd carboxyl-3-C -labeled quinolinicacid i s  planned f o r  studies of the mctabol! 
P these compounds i n  normal and diseased humans. 

ophan-5-c14, carb yl-labcled 3-hydroxyanthranilic acl 
-hydroxykynurenine-b-Cypand kynurcninc-4-CPC are  t o  bc continued. It le pLannt 
o continue studies of tryptophan metabolism in brain tumor patients,  ante and 
os boron-neutron trcatment. It is planned t o  i n i t i a t c  the synthesis of trypto] 
-Cf4 t o  study the conversion of the seven carbons of tryptophan i n t o  the number 
ne carbon of acetatc i n  humans with ncoplastic disease and diabetes. 

The synthesis of t 

7. Ekpectcd Programs and Results f o r  Next Fiscal  Year - 1962: 

The general program outlined f o r  FY 1961 is expected t o  be continued. 

BOX NO 
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Cancer Research 
06-03-01-b(2) - .  -------- Project T i t l e :  Studies of Pcntosuria --- --- 

06-03-01-b(2) Studies of Pcntosuria 

Person i n  Charge: L. V. b n k c ~  

12 & 13. Objectives and Ovcrall Description: 

This progrnm concerns i t s e l f  with studies of pentosuria. 

14. Rclated Projects: 

Scc Od.Og-Ol Crncer Rcscarch - Surrmary Shcct 

15. Accomplishnents Last Fiscal Ycar - 1960 
Thc nature and source of the pcntosugar uppcaring i n  urine of pritients v i t h  

pcntosuria is unknown. 
be adminlstcrcd t o  a pat ient  with th io  disease nnd the urine will be studied for  
mctabolitco for thc ndmlnistcrcd compound during FY 1960. 

lcibclcd- I-Inositol  provided by a collaborator w i l l  

16. Ekpccted Results Thls Fiscal Yoar - 1961 
The direction i n  which the study branchoii out wlll be dictated by InPonaa- 

t ion gathcrcd i n  the current yeor. 

17. Expected Programs and Results for  Ncxt Fiscal Ycar - 1962 

The general program outlined fo r  FY 1961 i s  cxpectcd t o  be continued. 
- 

J f h . p p & / ~ U L h  -2 &- 
h , f y  kL&f.&/./9.-6/  
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UNITED STAIITS 
ATOMIC E$ERGY COMMISSION 

NEW YOFN OPERATIONS OFFICE 
PRaTECT P R O R E A L  AND AWORIZATION 

1. EYojecT Ti t le :  7. Da;"-J"regy 
Cancer Research I 

3.  Sub-Title: 

4. Budget Activity No. 

Beneficial Applioations of Atomic Energy 

Labeled Proteins fo r  Metabolic Observation i n  Cancer Evaluation 

06-03-01- c 
--- 

06-03-01 

7. Contractor: Associated 
Brookhaven Nationrl Laboratory I Upton, New York AT-30-2-GEN-16 ! 

10. Persons i n  Charge: 11. Star t ing Date of Project: 
S. W. Lippincott Continuing 

06-03-01.-c Labeled Proteins fo r  Metabolic Observation i n  Cancer Evaluation 

Cost and Personnel Data ( for  information only1 

Tot& Operating Cost (~n  ~housands) 335 

Direct Man-Years 
Staff  
V i  6 i t o r s  

Scient i f ic  
Other 

Total  

1.0 1.2 1.3 
0.4 0.4 0.5 
1.41161.8 
12.0 15.9 18.0 
13.417.51918 

L2. &13.  Objectives and Overall Description: 

This c l in i ca l  study has been underway fo r  four yearo, with the first year hav- 
lng been spent on animal investigation preparatory to the c l in i ca l  work now i n  
progress. 
iiseases have the same o r  different  ra tes  of turnover (degradation) f o r  11 1 
labeled proteins obtained from normal individuals and for those obtained from 
cancer patients. 
th i s  might be used as a laboratory t e s t  t o  a s s i s t  the physician i n  detecting the 
individuel who has cancer. 
2etecting cater i n  the early stages so t ha t  i f  a t e s t  were t o  be devised it would 
be of immediate c l in i ca l  usefulness. 

t;lastic The objective is  to determine whether patient8 with various ne0 

If, in man, a difference i n  turnover ra tes  could be established 

A t  present there is no blood t e s t  which is capable of 

Both  labeled albumin and globulin have been used in these imreetigations. 
These proteins have been fractionated in this Laboratory and the homogeneity deter- 
mined by ultracentrifugation and electrophoresis before labeling. The pat ient  
ser ies  i s  now E w i t h  many of these pat ients  having died during the course of 
observations. 
patients having had up t o  ~ i x  turnover studies, in which event a pat ient  may have 
been followed f r o m  about 15 t o  30 months. lRr0 principle observations have resulted 
fram these turnover studies (1) i n  multiple myeloma there is a s t r ik ing  correlation 
between excessive catabolism of gama globulin and the presence of a circulatory 
abnormal component Kith similar electrophoretic mobility and (2) in metastatic 
cancer of breast or igin (15 cases) the turnover r a t e  of gama globulin fractionated 
from cancer pat ients  is much more rapid than tha t  of globulin fractionated f r o m  
normal individuals. 
below. 

The t o t a l  number of turnover studiee t o  date i s  IJJ, w i t h  some 

These observations have l ed  t o  the two new approaches c i ted  

REPOSITORY 14. Related Projects: 

BOX No. 

FOLDER 

(See continuation sheet) 
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Ccncer Research 
Project Ti t le :  Labeled Proteins f o r  Metabolic Qbeervation 

i n  Cancer Evaluation r%-o3-01-c 
i .  Accomplishments Las t  F I ~ C E L ~  Year - 1960: 

Customarily the degradation r a t e  of 231 labeled normal albumln ( o r  globulin) 

ming t h i s  l a s t  par the former method has been Compared 
man has been determined f m  plasma or  serum concentration curves and/or from 

rinary excretion data. 
1 two patients (with different  diseases) with a new method employiq the In vivo 
>ole-body counting technique (gamma spectrometer) which pennits measurement Of 
? ~ y  low levels  of an internal ly  deposited gsarmo emitter. In  the f i r s t  patient 
le half-l ives of the 1131 labeled albumin were 19 and 19.5 days respectively and 
1 the second patient 12 and 15.4 W s .  
l inical  investigation of turnover of albumin with the administration of as l i t t l e  
3 one or  two microcuries of the radioisotope used. 
i t l en t  of multiple blood sampling and t o  the investigator of tedious radiochemical 
mlyses of excreta are eliminated. 
mteino is being investigatcd. 

!&is new procedure makes possible the 

!&e inconvenience t o  the 

The appl icabi l i ty  of t h i s  technique t o  other 

5. Eqccted Resulto This ~ i s c a l  Year - 1961: 

It is conceivable tha t  thc more rapid turnover ra tes  of gama globulin f m m  
mcer patients noted above may bc due t o  degradation a t  the tumor s i t e s  (or  s i t e ) ,  
hus it would be dcsirablc t o  localize thio if' possible. 
2 bo undertokcn io the labeling ofl$&c respective proteins by llE ( i n  addition t c  
urthcr oboervations with 1131). I 
adiation enables coincidence counting tha t  could be used i n  conjunction w i t h  a 
xhan1ce.l scanning technique of the patient,  
n the near future. 

Thcrefo the next s tep 

I s  a positron emitter end i t s  m i h i l a t i o n  

This possibi l i ty  is to be explored 

%is c l in ica l  study requires expert nursing care and assistance ae w e l l  as 

By the nature of the patients '  illness the h o s p i t d  
:tailed laboratory investigations i n  each patient.  
3 be followed regularly. 
me and service is extensive. 

Both In and outpatients have 

7. -meted Programs and Results f o r  Next Fiscal Year - 1962: 

iseaaes Kill In 1962 include more work with 112f: labeling than with 1131. 
r. Baker, i n  charge f the Cyclotron, a f t e r  reviewwing the w i s h  literature on 
he production of 1129, has been successful i n  bombarding antimony with alpha 
a r t i c l e s  and pmducing 1124. In  the chcmicol division of the Rot Laboratory 
roduct has been cleaned up t o  a large extent, and the first small batch of I 
as been made available. It i s  possible now t o  get a large enough amount i n  t c m  
f millicuries t o  label  the protein fractions tha t  have heretofore been labeled 
ith 1131. 
eurosurgery at Harvard, to do tho i n i t i a l  study with him becauee he hae a posltml 
canner tha t  he has been using t o  detect  
d i o a c t i v e  &genic. Both arsenic and 
lreliminary study, before attunfling t o  get a positron scanner here, can be c d e c  
u t  on a Research Collaborator basis. 

The metabolic studies being carried out on a t ien ts  with various cancer 

i2P1 

Arrangements have been m a d e  Kith Dr. W i l l i a m  Sweet, Professor of 

oplasms in t h e  b r d n  i n  patient6 aven 
are positron emitter8 aid a w  the 

BOX NO. 
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2. Date Prepared: L. Project Ti t le :  

Beneficial App icat ions of Atomic Energy - May 1960 

i6. Contractor's No. 

1 
t .  Budget Activlty No. 

.. 06-03-02 

I-- 
-- 

I. Contractor: Associated Universities, Inc. 8. Working Locatio 9. Contract NO. 
Brookhaven National Laboratory Upton, New York AT-30-2-GEN-16 

LO. Pereon8 i n  Charge: 11. Star t ing  Date of Project: 
See Individual Project Proposals Continuing 

Revision No. 

SUNMARY 

udget Item 
T i t l e  Page No. - No. 

06-03-02- a Maps of Metal Pathways with 8pecial 06-90 
Reference t o  Trace Metals and Central 
Nervous System Diseases 

06- 03-02-b Selective Single Elemental and 
Colligative Activation 

- 
4. Related h-ojects: 

06-98 

"- 

The general, broad subject covered by t h i s  ac t iv i ty  i s  under investigation 
r t  other U.S. and foreign research ins t i tu t ions .  However, t o  the best  of our 
nowledge, the  specific conceptual approach and techniques of t h i s  BNL program 
we i n  most cases not being u t i l i zed  at other laboratories and are  frequently 
ieyond the capabi l i t ies  of other research centers. 

. . .  
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BOX No 
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1. RmJeot f i t l o :  2. Date Prepared: Revision No 

-Beaem& --- -I-----.- 
3. Sub-Title: 

Beneficial Applications of A t d c  Energy - 
&tala and Central Nervous 8ystem Diseases. 

Mags of %tal Pathwaye with sp&,d Reference t o  m e  

~ ~- - 

6. Contractor's No. I 4. Budget Activity No. 5. Budget Item No. 
06-03-02 I 06-03-02-e~ 

7. Contractor: Associated Universities, Inc. 

10. Persons In Charge: 
See bMVldU8l eubdivis ion p'opo86le 

8. Working Location 9. Contract No. 

-- Brookheven National Laboratory Upton, New York I AT-30-2-CEN-1 1 I ---- - _- - ----a- i 11. Star t ing Date 
I continuins 
I 

Cost end hrsonne l  Data (for information only) 

~ o t a l  operating cost (m ~housaods) 400 515 585 

Mrac t  &m-Yeare 
starf 
Vieitore 

scientific 
Other 

M a l  
- 
The pat- of distribution, the s i t e  of primary a d  secondary accwhtim, 

the factors affecting parti t ion,  end the regulation of t o t a l  bcUy content of me*alr 
particularly t m e  m a t a b ,  in health sad disease is the concern of this study. - 
Theee data are of the p a t e s t  bnportance in the  developaant of diaeploetic proced- 
ures and understending of significance of memure8 designed t o  Infbenae spaciiio 

preciee phyelcal Btudle8. 
reference metale because of t h e i r  W e r i n g  dis t r ibut ion In  variauo body a;vetemS 

mStalS in the body. ~ I E  1s 9-d the ah& h8lf-W~ lS&OpeO 
Manganese and sodium hwe been chosan as the baelc 

ma camgounde. 

06-0392-8-(1) ape of Wt-81 Pathxaye with Reference t o  Centrdl Nervous @ate& 

PsrSWa in chsrw: O.C. C U t z i a ~ ,  D.C. Berg, AIIFP- 
P. 8. Papavt~ i l ia~ .  

12 & U. dbjectivae and Overall Desoriptian: BOXNO 

daimnl experimentstion haa shown that a dfWB3-7 
notsbly manganese, results in i r regular i ty  or deficiency of coomllnation of the  
muecular system. ' 

the  demlcrpment of a c l l n i c ~ l  picture i b t i c d  t o  psrkinsonim. Thase two aandl- 
t ion8 might ConetitUte FOtOtYp36 far the elucidation of spont8neoUSly OCC- 
human diseseee charsctsrized by the  above symPtamstology. 

'J%w radioisotopes of manganeee anb of other re lated elmonte were tho@* 
be ueeiul tools  far bedside studies. 
contained l l t t l e  Infarmation re la t ive  t o  dietribution, accunnalation and par t i t ion  
cr uuch isotopes re la t ive  t o  the pathways w h i c h  they pursue, OT re lat ive t o  the 
c o ~ f , r o l  of tcrtal body content of trace natale. indie- 
pensable in the elucidation of patterns 10 health and disewe, they havs C o n 8 t 1 f &  
the subject of t h l e  project. 

Short-liveB isotopes ere emphasized (1) because of t h e i r  ueefuhees in rapeti 
t i v e  tes t ing,  (2)  because of the i r  avai lab i l i ty  and ewe af handliag at Brookturven 
and ( 3 )  because of their unique role in activetion ~ 8 l y s 1 8  (dde iafrs). p l t h o ~ e  

Clboervgtions oi humane exposed t o  maaganeee 05s dusts showed 

It va6 found, however, t h a t  the llter8tLU'e 

8Ince these psrameters 



Medical Research 
Maps of M e t a l  Pathways with Reference t o  Central 

Project Title: fir no^ system 06-03-02-a- ( 1) 

12 80 U. 

many metals have been studied, manganese has been the reference metal and i S  the 
only one discussed here. 

Objectives and o v e r d l  Description (Cantt&): 

14. Related ProJects: 

See 06-03-02 - tkdlcal Research - Bummary Sheet 

15. Accomplishments Last Fisca~.  Year - 1960: 
Prior t o  1959, the  blood disappearance rate of in ected manganese isotopes 

had been studied in r a t s ,  rabbi ts  and humans using W5 6 SO4. This w a s  found t o  be 

ta in the  minimal value of about 40$ of the t o t a l  l i v e r  W5 % , 2 3  v i m  of the  teoh 

profound and rapid, The element was taken up by tissues r ich  in mitochondrl8 88 
determined by the dissection of many animals and the  external acanning of 14 in- 
patients. Mtochondria from rat l i v e r  were therefore is0 t ed  and found t o  Con- 

niques t h i s  indicated an almost . to ta l  early accumulation of the  isotope in these 
organelles. 
aaimals, Its disappearance fram human blood w a s  explored BB a measure of t o t a l  
body mitochondrial functiane. 

Since the behavior of the  isotope was otherwise ident ical  in m s ~ l  and 

In  FY 1960, the  ldeaa on manganese disappearsnce f r o m  human blood were t e s t e  
on a pat ient  suff'ering from thyrotoxicosis, a condition characterized by marked 
mitochondrial activity.  This test w a s  encouraging in t h a t  it was concord an^ with 
our notions3 
l!reatrnent of these patients and the  resul t ing reduction of thyroid t i s sue  Kith 
lul of'fers an opportunity for study of a gradually corrigible mitochondrial dys- 
function, utilizing Mangenetie isutopes. 

it w i l l  be pursued further i n  FY 1961 u t i l i z ing  more patients. 

Mtmganese has been accepted 88 a cofactor of many enzyme actions too  numeraus 
t o  list, 
other elements, including magnesPa. If this were t rue  vivo manganese would 1 
have no r o l e  i n  the l iving animal. 
t h i s  element was studied in mice by t rying t o  substi tute,  t o  dislodge or t o  
affect  the  turnwer of p v i o u s l y  injected manganese isotopes Kith stable metals 
suspected of having the  capacity t o  do so. Radio-manganese was exqulsitely sensi- 
t i v e  t o  stable manganese, totaUy insensit ive t o  other m e t a l s ,  

Some ef for t s  were begun t o  study the spec i i lc i ty  of the  manganese p&hvey 
in humans. 
sensit ive t o  manganeso loads. 
i t y  of t h e  kln~3Acs oP r a o m g a u e s e  t o  mangmese feedings v i t h  passing time. 

8 suggastedthe syirthesio of me-i;allo-organ:ic campounds of manganese in the 
is hoped tha t  these studies K i l l  be completed in 1960. 

However this element could be substi tuted for in al l  those S p t e I D E  by 

!i!herefara t h e  s p e c i f i c i m  the pathuw of 

In three patients, injected zadioi iganese was initially exquisitely 
5 c s e  t e s t s  showed, however, a diminishing ssns i t iv  

The above findings led t o  the  discovery of a human porpwin oontalning mas- 
se inl;i;ead of Iron. This ha8 now been demonstra%ed in 16 pat ients  end S e W d l  

!lb speclfic behwlor of nmnganese I n  the  body euggested the  exietenoe o f  a 

*%en, which mu8t be the  unstable farm 3+. 
e d  and manganese only. 

These observations are considered as a r e a l t m b g  point In  this worlr. 
1?60, this napol.trmqxx3 mahm$mn Ie-beidg studied in several pstients becauee 
(1) it is a new type of system, (2) it puts manganese studies on a sound c l i n i c d  
basis and (3) it is a hi&hly specific mechanism. 

- 
excretion patterns f.n normalcy ere grossly difperent fromthose of mangane8e aver- 
loads. 
overloaded wi?  manganese. ---*a " OFFJCIirL USE ONLY Page 06-91 

l lhie mechmim 1s specific for  WW- 

Y 

In 

The excretion of manganese WSB found t o  be b i l l a r y  in mice and rats. The 

When used &e a bio-assay, this pattern showed many "normal" foods t o  be 

1 



Medical Research 
Maps of Metal Pathweys w i t h  Reference t o  Central 

Project Tit le :  Nervous System 06-03-02-a- (1) _ -  
5. Accomplishments Last Fiscal Year - 1960; (Cont'd.) 

%is work w i l l  be published i n  1960 and wil l  be extended to investigate more 

Patients f e l l  into two categories with regard to t o t a l  body manganese h.mn- 

'ood stuffs and the mechanism of the  b i l i a r y  excretion. 

Ivers; slow ones and fast onee. The f a s t  ones were t reated Parkinsonians, the one 
iatient with thyrotoxicosis .and the three patients given manganese SUpplementS. 
he slow ones were two patients with Milsonls disease, one patient Kith Enedreich's 
itaxia, one patient Kith Apresoline Disease and most of the untreated Parkinsonians 
[Owever, two control patients straddled the tu0 populations and one untreated 
'askinsonian was fas t .  No conclusions can, therefore, be reached 88 yet and the 
kudy is being extended in 1960 and beyond. 

Since Phenothiazine drugs seemed to have the abape-m%Io& effects  on 
)atients with Parkinsonism, they were tes ted f o r  t h e i r  capacity t o  bind manganefe. 
?hey were found $0 make 2:l  complexes with manganese of a valence higher than 2 
Ind lower than 4 , a story similar to the one of the Beta globulin mentioned above. 
sese complexes occur in the presence of tissues. 
'urther studied in 1961. 

Their i n  vivo role  w i l l  be 

The chemical properties of the manganese-phenothiazine complexes tha t  underlie 
;he specif ic i ty  of t h e l r  action i n  vivo are being investigated also. 
:omflexes m a y  serve further as model systems to study "the chemical foundation of 
letal  specif ic i ty  shown by more complex biological" systems. Preliminary resu l t s  
>f optical  spectroscopic and electron paramagnetic resonance studies indicate t h a t  
;he unique behavior of such systems are best  explained by considering cer ta in  
pantum chemical properties of the metal ions and of the other reactants. 
%rea of research wi l l  be pursued fur ther  i n  FY 1961 and 1962. 

These 

This 

A Study of the hmeoetatic control of manganese by the body was  ini t ia ted.  
neffectual while glucocorticoids, Uneral corticoids were found thus f a r  t o  be 

dill be continued in FY 1961. 
vnazingly enough, had profound ef fec ts  on Ma 5 t  kinet ics  in mice and ra ts .  This 

- 
Accomplishments of the past year (FY 1960) Include: 

1. Analyais of t issues  and t h e i r  consti tutents f o r  trace metals by neutron 
wtivat ion analysis, t o  be continued i n  FY 1961 and e. 
LII FY 1961 and 1962. 2. Total body radioactivity studies in man, mice and rats, to be continued 

The excretory patterns of metala under normal conditione and metabolic 
These w i l l  be studied fur ther  in FY 1961 and s. 
The fact that  a phaneacologlcal agent, the tranquilizer chlorpromazine 

3. 
8. 

knarily, if not exclueively, by binding t r iva len t  manganese. This has 
ed in te res t  in other agents acting simi lar ly .  Hormones are being tes ted in 

. 
s i s  being studied in mice. 

. 
i n  gasolines. 
logical  in te res t  even without regard t o  public health considerations. 

The induction of i r revers ible  ataxia in effeprlng of manganese-deficient 

Cyclopentadieq4 manganese carbonyl has been proposed as an anti-knock 
Since it i s  a fat soluble manganese compound, it is of great 

%e 
We have rporation of America supplied samples and chemical information. 

d Dr. Robert A. Kehoe of Cincinnati relative to h i s  tO~iC0lOgiCd Studies 
B compound. We anticipate severe "Parkinsonian" syndmmes in animals and 

@igh$oncentrations i n  the basal ganglia following exposure. 
w i l l  be followed by neutron activation of the element manganese. 

The faat  disappearance r a t e  of injected manganese s a l t  (ilrhich has been 
correlated w i t h  entrance into the mitochondria) has been slowed down by pharmsr 
cological agents of the phemthiazine claes (morazine). 

The concentration 

7. 

8.  Although the manganese pathway through the body was found to be Specific 
for  tha t  element, it was confirmed in animals tha t  strontium i s  interchangeable 
Kith calcium in some body pools. 
nesium greatly accelerates the turnover of strontium. 

(See Continuation Sheet) 

The surprising discovery has been made tha t  mag- 
Since magnesim is  primaril: 

-. -- . _  
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Medical Research 
Maps of Metal pgthvays with Reference t o  Centxal . 

'roject Titles Nervous System 06=034?-a-( 1 )  

15. kcoqllshments Last Fiscal Year  - 1960: (Cont'd.): 

Lntracellular, thls has focussed our at tent ion t o  b t r a c e l l u l a r  strontium, a 
i i ther to  neglected fraction of t h i s  element. 
stme context. 

Baryllitlm is being studied in the  

9. Zinc 8eems t o  be susceptible t o  replacement by cadmium in the  animal 
This is not evidence by anysccelsration of the turnover of zinc but only 

abnormal par t i t ion of Zn 2 5 after Cd administration. Zinc concentration was 
iiscovered to- be under hmeostatic control: there  is a posit ive feed-back and 
iegative feed-back mchaniam of the excretion and absorption, respectively, of 
zinc. Cadmium is under no evident control. This i n u c a t e a  tha t  cadmium I s  po- 
tent ia l ly  a very subtle poison indeed, and ala0 that the sites of cadmium-binding 
we not sites of transmission of homeostatic signals, regardless of whether in a 
 a ani mal they happen t o  be occupied by cadroium, zinc or any other metal. 

:ella of the  human is not the only such porphyrin in the  body. Work in progress 
BuggeStS that there are alao manganese porphyrins other than t h a t  of the  hemoglobi 
variety. 

u. The b i l l a r y  excretion of manganese is studied further relative t o  i t 6  
pattern which suggests two separate pathways of exwetian. 
suggests that there  ex is t s  i n  the l i v e r  a s p c l f i o  pool of small-capacity and 8 
large non-specific pool for this element, 
the two paths of b i l l a r y  excretion, the  second of which is operational only sfter 

10. It t~ow appears t h a t  the manganese -in which W B ~  isolated frcm red 

Kinetic evidence 

These pools are being carrelated with 

metabouc loading. 

12. The patterns found in pat ients  w i t h  central  nervou8 system disease 
Pollaring adminis t ra t la  of manganese t racers  are being easlyzed. It I s  now safe 
to s t a t e  that two papulation8 of pat ients  are becoming evident: those v t t h  slow, 
or  with fast turnover rates. 
their present enumeration ie unsafe. 

admini8tration produces dramsrtic a l te ra t ions  of t h e  parf i t ion pattern of thie 
element in the bodies of mice. This finding is suspected of being a clue t o  the 
action of sterbids and is being studied intensively. 

C a m a n  denominators are becoming apparent, but 

-u. S t e r i d  jmrmones appear t o  bind mauganese i n  t h e  animal body. 5 e i r  

16. Eqected Results W s  Fisca l  Year - 1961: 

The general. program described f o r  FY 1960 w i l l  be continued. 

17. meted m a m s  and Results f o r  Next Fisca l  Y e a r  - 1962: 

The general program previously outlined vill be continued. 



Mdlca l  Remearch 
P r o j e c t  T i t l e :  Relationehip 3 or salt (sodim Chloride) t o  High ~lood 

0663-02-~1-(2) R e l a t i ~ e h i p  of Bait (Sodi~m Chlwide) t o  High Blood Pressure 
IaCB1Man. 

P e r ~ ~ 6  in Charge: L. K. cshl, W. Gordon, L. s i lver ,  8. Sparagen end M. =lay 

12 & 13. Objectivee and O v e r a l l  Description: 

Since l.952, the  ro le  of salt in the  hypertension of man has been explored St 
Brookhaven. Wudies have been carried out of the  hypertensive process of (a )  salt 
res t r ic t ion  and salt addition, (b) might loss and weight gain, (c )  the eddition 
of potassium and magnesium salts t o  the diet, Using these techniques, the follow- 

aesiu& chloride, magnesium, and Water, 8s 
mesewed by the isotopes Na*,??B%, b!g , end H3, (c )  changes in aenel t ivi ty  
t o  the catecholamiae, nor-epinephrine, (d) changes in adrenoceztical f'unctlon, 
(e) electrolyte  losaelr from t he  akin. 

In addition, epidemiological studlee have been made both an Brookhaven 
W o n 6 1  Iaboratory pereonnel and a Japanese farm vil lage near Hiroehima, which 
suggest that hypertension IS significantly more frequent mmg individudls on a 
high e a t  Intake (above 10 epls per by) than among those on a low salt d i e t  (&Out 

parameters have been memuredr 
changes in body poole of s 

(a )  changes in blood pressure and heart S h e ,  

5 4  gms per day). 

In 1959 a study of exaggerated natriuresis gftet  hypertonic Na*C1 infusion 
in patients with hypertenelan was oarried out. The pheamon of ex8ggerated 
natr iuresis  followjng infusione of hypertonia 8-0 in hypertensive patients i s  
w e l l  eetabllshed. The Influence of anteoedent salt intakes on t h f a  response harr 
been of M e r e s t  M well as the  possibi l i ty  t h a t  individuals wlfh aud wlthout 

To this end, U hypertensive and 6 nowhypertensive adult  subjects were studied 
for two or mare perlode during eeoh of which the dai ly  salt inteke WBB held COO- 

hyperta6ion call different  body ~Ool.8 cb @odium this S t h l l W .  

atant at 0.3, 4.3, 8.3 or 12.3 gms. After metabolic e on each leMl of 
salt intake had b e g  eetabU hed, mall ~ l m s  
&wuremeats of I?E - and HI$ in plasma and urine 
This study has been canpleted and the  result6 are a8 fol lows: 3" 
salt Intake6 hypertensives during the  first three hours fo 
u s u a ~ y  excrete more urinary sodium than do non-hypertensives. 
hlypertensivee reepand like hygeFtensives. 
reeponse uan be changed dras t ica l ly  by antecedent variation8 in s a l t  intatcb) t h e  
higher the salt intake the  greater the reepoose end vice veraa but sf equal b v d  
of e a l t  lnt83.m the  response of the  bypertensive is g c e - a t a r  than thut of 
the  non-bygertenslva. However, a normotensive on 8 high calf htdte PES- h~ (I 
fashion eb~~Ilar t o  QT greater than, that of a hypertenSlVt3 m a  lubfer S a l t  
(4) !&e epecii ic a a t i v l t y  of urine and blood WBB the  881118 ln hypsrtsnSiVe snd 
hypertensive, suggesting that the sodium was probably mixed in a M L a r  feahiosl in 

2) ~clpc DCQ- 
(3) The magnitude of t h e  n a t r i ~ t i a  

the body. 

14. Releted Projects: 

. 

06-03-02 - bsdical Research - ERmrmsry Sheet. 

spproprlate increases In  the  N a C l  intake, the  biologioal half- 
sodium can be changed frao more than 200 - t o  less then 8 
) Kieepiog sodium intake cmstant,  increments in the g o t ~ ~ ~ i m  
a ter la l ly  shorten the biolo&cal half-life of sodium. 



_. _. . Medical Research 
Relationship of Salt (Scdim Chloride) t o  High 

iana 06-0342-~-(2) Project T i t l e :  

l6. Expcted Results This Fiscal Year - 1961: 

This work wlll be continued at approximately the  same level  In FY 1961 win( 
which time other factors affecting ei ther  hypertension or  sodim mtabollfun will 
be tes ted by t h i s  technique. 

5 e  recently acquired animSl whole-body counter W i l l  be exploited primarily 
t o  see whether changes in the  biological hal l - l i fe  of Naz can be related t o  the  
inductian or maintenance of experimental hypertension. 

g results in hyperupemis in dogs 
and r a t s  v i l l  be studied in d e t a i l  using C v h b e l l e d  l lplds and l i p i d  precursors 
in an ef for t  t o  define the mechanism by wbich t h i s  phenomenon is efsccted. The 
well-rknown inter-relationship between hypertension snd atherosclerosis will be 
explored using the  technique of salt feeding t o  produce both hypertension 8nd 
byperllpemis. 

The observation t h a t  chronic salt-fee 

17. Eqected  Programs and Results for Next Flecal Year - 1962: 

Tne gensred pogram outlined for FY 1961 is expected t o  be continued. 

BOX NO 

FOLDER 

- 
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Madl c a l  Res ear ch 
Rclationship of Salt (Sodium Chloride) t o  Experimental 

Project T i t l e :  m c r t c n s i o n  i n  hiimals 06-03-02-a- ( 3 1  

7. 

lese studies will be nade prirmrily with Na22, using the  whol+body counter, under 
wious sodium loads. 
irn-over w i l l  be tes ted systcmntically. 
mtinuous observations fo r  approximately 2 t o  6 nonths, progress will necessarily 
2 slow. 

Ekpccted Programs nnd Rcsults for Next Fiscal  Year - 1962 (cont'd) 

Factors known t o  a f fec t  e i thcr  hypertension or sodium 
Since ci study on one pntient requires 



UNT'iTD STATES 
s , XJQMIC EXERGY COMMISSION 

- -- 
1. Project Ti t le :  2. Date Prepared: Revieion BO- 

I 7. Contractor: Associated Universities, Inc. 8 .  9. Contract NO. 
Brookhaven National Laborstory Upton, AT-30-2-GEN-16 

NEW YORK OPERATIONS OFFICE 
PRCUECT PROPOSAL m moFiIzATIoN 

Medical Research I 

3. Sub-Title: 

4. --- Budget Activity /5.g:Item Bo. NO. 

Selective Single Elemental and Colligative Activation 
-I 

6. Contractor's No. 
! 06-03-02 06- 03-02-b 

- 
The term "activation by neutrons" refers  t o  the fact that neutrons induce 

mlioactivlty i n  those e lemnts  that possess t h e  property of "capturing" neutrons. 
b e  induced radioactivity i s  then analyzed f o r  the quali tative and quantitative 
!lements present in samples of biological and medical interest .  These activation 
;echniques of analysis are directed toward situations where no sat isfactory chemicd 
?hysical, o r  biological methods of analysis presently exist. 

Cost and Personnel Data ( f o r  information only) 

12. & 13. Objectives and Overall Description: 

The developuent of these methods depends upon: (1) studies of t he  neutron 
Pluxes t h a t  reach the  center of containers i n  which samples of medical i n t e re s t  
w e  i r radiated and studies of shielding i n  order t o  gain advantage of threshold 
energies of known nuclear reaction, (2 )  development of instrumentation permitting 
the direct  reading of specific radiations. 
and a 100 channel pulse heip3lt a n a l p e r ,  t he  -so peak was made visible in the  
presence of large amounts of sodium, potassium ana chloride. 
seen d i r ec t ly  and can be measured i n  .1 m l  scmples of blood with an accuracy of 
1 per ceilt. 

With the aid of coincidence counting 

Potaseium can be 

REPOSITORY 

COLLECTION 

BOX NO 

- 
1-4. Related Projects: YMl / s  9 )3~lP.yc12@t 

f w - L  See C5-03-02- Medical Research - Summary Sheet. 

----- 
I FOLDER P 1-5. A~co:@.:a?n.ents Last Fiscal Year - 1'3460: 

h ,.u:i;q F:: ljho a methoZ was develoged (PP.pavasiliou and Cotzlae) which -permits( 
r . 1 ~  S;TJ;~':O rztl.r.ation of miyanezc i n  biclogical m t e r i a l  
fr71:i;?:~rril;i~. of 1h.n cn*c?,le a& chenical eepsration of tne d' icotope pro3iiced by 
?.::,lv~' I.:,. 4 t : n x c  rtr.r,plec i n  the Peactcc. 
;i~-;a,ixe', e--e z 4 q ~ n x c  f o r  botP acc.i-m;s ?nd pmsise  yalysis. 

but t h i s  erg1.0~3 i 
[ 
.f 

0.05 m l  of blood (= 1 x 10-3 gn of 
I 

. @ e f L ~ * ~ .  " m  t. ..- --__--- 
Gi iTIClAL USE ONLY Paga 06-98 

Total Operating Cost ( I n  Thousands) 45 60 

10. Persona i n  Charge: 
See Individual Subdivision Proposals 

Direct Man-Years 
Staff 
Visitors 

Scientific 
Other 

Total 

11. Star t ing Date of Project: 

Continuing 

0.7 0.8 0.8 - 0.4 0.2 
-0.7 1.0 1.2 

- - 
2.0 2.5 2.8 - -  
2.7 3.5 7-T 

06-03-02-b-( 1) The Development of Methods Permitting Selective Activation of 
Single Elements for Colligative Activation of Croups of Elements 

Persons i n  Charge: G. C. Cotzias, P. S. Papavasiliou, D. C. Borg and 
J. 8. Robertson 



Medical Research 
Project Title:  The Development of Methods Permitting Selective Activation of Single 

e n t s - f o r  Colligative Activation of Groups of Elements 06-03-02-b-(1) 
i. Accomplishments Iast Fiscal  Year - 1960: (COntd.) 

The e f fo r t  t o  distinguish radiations emanating from trace metals i n  intact  
.ssues following the i r  neutron activation has been temporarily halted by the  low 
:solution of present equipment, which cannot different ia te  the small peaks of the 
'ace metals from the enormous peaks of the macroconstituents (Na, C1, K).  

i. Expected Results This Fiscal  Year - 1961: 

The study of radiation emanating from t r ace  metals i n  in t ac t . t i e sue  w i l l  
-0bably be renewed w i t h  new instrumentation presently in the  stage of planning 
id design, and studied i n  FY 1961. 

Beginning In FY 1 9 6 1 i t  i s  hoped t o  u t i l i z e  the Medical Reactor f o r  an 
tamination of t he  potent ia l i t ies  of these activation techniques. With t h e  nuclear 
Lues soon t o  be available, the measurement of manganese i n  . 2  ml samples of blood 
LII be made with a 10 per cent precision. 
1 c l in i ca l  samples as of the present. 
lese problems. 

Most t race metals cannot be quantitated 
The Medical Reactor i e  calculated t o  solve 

T .  Expected Programs and Results f o r  Ncxt Fiscal  Year - 1962: 

The general. program outlined fo r  FY 1961 is expected t o  be continued. 

EOXNO 

FOLDER 



hledical Research 
LOCaliz~tiou of the S i t e  of Action of Goldthioglucose by 
Radioactivation of Gold 

Project n t l e :  
06-03-02-b- (2) -- i- 

06-03-02-b-(2) LocEllizatlon of the B i t e  of Action of Goldthioglucose by 
Radioactivation of Gold. 

Persons i n  Charge: I. Schwartz, A. k h n s  and E. P. Cmmklte. 

I 12 & 13. ObJectives and Overell Description: 

f i t h o w  It has been shown tha t  goldthioglucose inJections i n  mice produce 
a syndrome of hyperphagia and obesity similar t o  the obesity produced by 
sterocotactlc hypothdtmlc lesions, investigators have not agreed as t o  whether 
or not goldthioglucose i t s e l f  produces hypthalomic lesions. 
t ha t  the toxic gold moiety destroys the satiety-irltegrating neurones after 
being selectively accmulated by vlrtuc: of the special  a f f i n i t y  o f  these c e l l s  
fo r  i?,lucose. 
be tested c r i t i c a l l y  by radioautographic local izat ion and t issue assey f o r  gold 
in experimental animala treated with goldthioglucose end control an 
with other goldthiocompounds. Because of the short ha l f - l i f e  of Go137 and 
the  extended duration of treatmcnt required t o  produce the goldthioglucoee 
syndrome, the only IIIC'MB f o r  the definit ive locallztitlon of t h i s  isotope I n  the 

1 brain is  by neutron activation of t issue rcmoved frou adequately t reated 

It is contended 

Them important obaervationo md the  theory based upon them c m  

s t reated 

1 aninals. 

14. Related Projects: 

See 06-03-02 - b d i c d l  Research - Suumary Sheet. 

Accomplishments Last Fiscol Year - 1960: 
A method to take advantage of the high resonance capture pc& of AU 

- 
15. 

196 
at neutron energies around 5 e.v. has been diecussed. 
t o  d m n i s h  the activation of interferr ing t i s sue  componcnts such a~ Na, K 
end (3. and thus t o  reduce the background fo r  t he  subsequent d i r ec t  t i s sue  ~ ~ e i ~  
It wns  found that AulW could be de teMned i n  the prcsence of brain t i s sue  
I n  amounts w e l l  under 1 mlcrogrnm per sample and tht the induced radioactivity 
w a ~  l inear  over the range of Au concentrations tested,  1.e. 1 to 100 g m  
per sample. 

16. 

Cadmium f o i l  was Used 

Expected Results This Fisc& Ycar - 1962: 
The analmis of brain t lsaue obtained f r o m  nice who have been rendered 

hypsrphngic Cna obese by trccatnent with eoldthioglucose i n  order to define the 
locus md timing of thc gold ncomulation is p l m c d .  
experinents, we w i l l  be able t o  plen the &?veloWent of a p rocedm for neutron 
activation of o1.d i n  histologicol sections fo r  radioautography. The t o t d l  
amount of A u d  I n  m y  section may be too mnll f o r  c l ea r  rcdioautographic 
discrimination of A U ~  7 f r o m  interferring tissue consitituents. If SO, we 
will explore the possibi l i ty  of shielding the sections f o r  reduction Of 
background as nccmplished in our t issue aosoys. 

On the basis  of these 

17. W c t e d  Progrems antl Results for Next Fiscal Year - 1962: 

The general program outlined i n  FY 1961 i o  expected t o  be continued. 

REPOSITORY d&/k4a xA.zLAMr 
COLLECTlON 

BOX N O  

FOLDER 
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