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] ted Estimated
18. ating Costs (In Thousands sstimated Estima
oper y of Dollars) 1960 1961 1962
Labor (1nclud1ng Benefits) 1,238 1,525 1,39663
Materials, Travel, etc. 370 ko 38
Development Subcontracts, Special Proc. 5 28
Total Direct 1,613 1,993 2,332
Special Power -0- -0- - é
Reector end/or Accelerator Usage ) 8{63 2%; 228
Technical Services (from BNL Service Units 19
Ceneral & Administrative Overhead 8§9 th
e T Total 2,682 3,190 3,630
NS
Capital Equipment
(Obligations-for information only) 211 240 280
19. Plent & Equipment Directly Required
(obligations-Shown bere for information only)
Estimated Estimated Estimated
1960 1961 1962
{A) Construction (In Thousands of Dollars)
(B) Equipment (In Thousands of Dollars) 211 240 280

utilized by nore than one medicel activity:

$40, 000,

FY 1261 equipment will probably include the fol['licwing special items which will be
utilized by more than one medical activity: 1

Centrifuge - $8,000; Auto Record Scintillation Spectrometer - $6,500.

Cc+' Analyzer - $9,000; Prep Ultra

FY 1962 equipment will probebly include the following special items which will be

Scanning Instrumentation - $12,000;

Multi-channel Analyzer (4000 ch.) - $30,000; Whole Body Counting Equipment -

20. Direct Man Power

40021b9

Estimated Estimated Estimated
1960 1961 1962
No. of Man Years
Scientists, Research Assoclates 38.5 ks.s5 48.0
Visiting Scientists 13.0 14.5 18.5
Scientists - Total - 51.5 60.0 66.5
Technical 107.0 125.5 44,0
Administrative & Services 18,5 22.5 25.0
Total 177.0 08.0 . .
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(1-60) ANITED STATES
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i 1. Project Title: | 2. Date Prepared: | Revision No.
: Medical Research ! May 1960
i
3. Sub-Title:

4. Budget Activity No. ;
06-01-02, 06-03-01, 06-03-02 ‘
. — H -

7. Contractor: Associated Universities, Inc. ‘8. Working Location ! 9. Contract No.
Brookhaven National Laboratory ; Upton, New York AT-30-2-GEN-1§

36' Contractor's No.

5. Budget Item No.

10. Persons in Charge: REPGITOStaRLL e f(/J&' ~
L. E. Farr cdlecrion ,gontinui EE Trud. Mot /f/bz;
BOX No
SUMMARYoweR

The research progrem of the Medical Department concerns itself with the
biological effects of radiation and in particuler with perticle radiation arising
intracellularly with a range of a cell radius or a cell diameter and wherein the
energy release is over a very short track. The researches thus are, and must be
concerned inherently with studies of precise cell site localization, kinetics of
distribution and redistribution, metabolism of organic compounds, function of in-
orgenic compounds, and the effects of excited atoms on the stability of large
molecules or complexes, Advantage is sought of special situations wherein specific
products or devices are concerned which may be applicable to medical therapy.
Diagnostic studics in the widest sense are carried out on sultable disease states
under study in the hospital. Such studies are concerned primarily with elucidation
of the neture of the disturbance and the proper selection of individuals in a
general population for a uniform response rather than with specific diegnostic
routines for use in a large general medical clinic, although the latter is kept
in mind.

The overall scope of the medical program will not change merkedly in any
budget year; however, in any given year the emphasis will be on those portions
of the program for which unusual capesbilities exist in the staff at that time or
for which most promising leads have been developed: Since the work is part of the
Department's continuing program, bresk-throughs will be exploited when warranted
with imagination and determination. In other instances, the knowledge will be

brought to the attention of collaborators or others for further development
elsewhere.

Specifically, the program contains several component parts which relate the
general program as cutlined above to the several fields of medicine. The continu-
ing intensive exploration of particle rediation of short range has brought out
the necessity for further dosimetric and instrumental developments. In the appli-
cation of a therapeutic procedure such as neutron capture therapy, it becomes
important to know the effect of a single fission event on & single cell so that
the probability of biological effect can be estimated by & summstion of knowledge
of the probability of the capture reaction occurring together with the probable
atomic distribution of the boron in the tissue of interest. Thus, 1t becomes
important to know dose effects in terms not of tissue volumes but of cell populstion
of varying types, closely intermingled, and for the larger part of their meta-
bolism, carrying on identical biochemicel reactions. Hence, from time to time
greater emphasis must be placed upon differing particle bombardments, for example
cosmic rays, ionizing products from boron-10 cepture of slow neutrons, neutrons
and charged particles.

To elucidate effects, and intimate knowledge must be obtained of cell, organ,
or tissue, and of entire mammalian metabolism so that not only is the specific
reaction known and identifiable, but its relation and interrelationship to a whole
host of other reactions is clearly understood. While this is necessary to assess
effects, other knowledge, together with a precise statement of the laws governing
passage across cell membranes, must be sought out and established so that specific
isctopes mey be placed in specific situations 1h order to observe specific effects. |
To the gencral area of knowledge concerned with such target placement, the term
"selective kinetics" has been applied.

{See _continuation sheet}) i
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_ Project Title; Medical Research (continued)

It is clear that cepability to place and fix an atom on a specific cellular
target without diversion, wandering, or delay implies a concise knowledge which
in the reverse could be employed to remove an atom from & cell, organ or tissue
Lifectively and expeditiously and without engendering harm to the body as a whole
br its constituent parts. While much work will be concerned with specific body
bonstituents esdded under experimental conditions, it is clear that additional
Lseful, extremely accurate, and rapid analytical methods are necessary. In part
they will be pioneered through the further adaptation of machines, devices, and
products of nuclear physics to the solution of specific biological, analytical
problems. The exploration and development of activation analysis is an example
bf this effort.

The medical research program now in exlstence covers the following broed lines
bt investigation, sll of which are closely integrated operationally.

D6-01-02 - Rediastion Effects on Biologlcal Systems-- Medical Research
06-01-02-a Radioactive Elements in Orgens and Tissues of Man

06-01-02-b Radiocactive Isotopically Labeled Cells for Predicitions
of Life Span, Functions and Progeny

06-01-02-c Hematology and Clinical Management of Readiation Injury
06-01-02-4 Radiation Effects on Immunity and Allergy

06-01-02-e Redioisotopic Tracing of Total and Intermediate
Caerbohydrate Metabolism

06-01-02-f Rediocisotopes for Study of Protein and Nitrogen
Metabolism

06-01-02-g Radioisotopic Labeled Hormones to Determine Action Sites
06-01-02-h Special Projects: .  Educational Conferences

. Marshallese Survey

. Summer Student Institute

. Occupational Medicine Clinic

At L il -
h6-03-01 - Beneficial Applications of Atomic Engggysr@shcer Research

1
2
3
i

195p ~
06-03-01-a Neutron Capture Therapy  coLLECTION Frum 179 Dud 8407 &

06-03-01-b Vitamin and Amino Acid Metehedism in Neoplasia and Normelity

06-03-01-c Labeled Proteins for Metaboddoc@bservaiions in Cancer
Evaluation

06-03-02 ~ Beneficial Applications of Atomic Energy--Medical Research

06-03-02-a Maps of Metal Pathways with Especial Reference to Trace
Metals end Central Nervous System Diseases

06-03-02-b Selective Single Elemental and Colligative Activation

The heading of "Special Projects", 06-01-02-h, gives deteils of certain
self-contained projects carried out by the Department, such as the operation of
an occupational medicine clinic, educational conferences eand other educational
activities, and the continuing medical study of the Marshall Islanders. While

ery important end significent in their own right, they derive from staff competence
gained by Brookhaven experience rather than vasically providing that experience
or the scientists concerned. Costs for operating the occupational medical clinic
re included in the general and administrative costs of the Laboratory and are
istributed as Indirect Expense. On the other hand, costs for such Special Projects
s the Marshallese studies are included in the costs of Rediation Effects with the
njor expense being borne by AEC Activity 06-01-02,

The program of the Medical Department cen be divided into two components,
1) which may be called the intramural program which is carried out by the regular
ull time staff at Brookhaven and, {2) the extramural program which is a joint
enture between the regular full time staff at Brookhaven and a non-salaried re-
isearch ¢ ony gtaff working part-time, intermittently et Brookhaven but
| oﬁlﬁﬁjzfﬁ 11 (See continuation shect)
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Project Title: Medical Research (continued)

carrying on much of their research at thelr home institutions. Ipcluded in the |

extramural program are the educetional activities of the Department. These range

ifrom lectures given to institutions and societies to an annual concleve in which

attendance is by invitation only end one person from a specific discipline in

cach medical school of the United States and Canada is invited. This endeavor

iparticularly well emphasizes the point that in publicizing its rescearch the

Department inextricably blends its investigative work into its educationsl progrem.

The conclaves cover specific, clinical, financial, and administrative phases of

ithis new arca of medical science on which the Department can offer guidance and

counsel,

; In 1952 the definitive plan for the ultimate staffing of the Medical Depart-

hent was presented and approved in principle. It was agreed the professional

dstaff should be 49 physicians with an adequate supporting technicel staff. 1In

Y 1959, the professional steff level exclusive of the physicians in the Industrial
Medicine Group was 41, in FY 1960 it was L0, in FY 1961 the level should return

ito about L49.

The Medical Depertment has now developed its program in outllne. During FY 1964

FY 1961 there should logically be an increase in intensity of work on most of th
asic division of investigation particularly the following: (1) Neutron capture
herapy and RBE studies of heavy particle5'6(2) the study of kinetics of distrib-
tion of metals as pioneered by work in Mn5 ; (3) the application of mathematics
o description of kinetics of distribution for further development of tracer theory
ith its manifold immediate applications such as capacity to alter fixation or to
emove fixed isotopes; (4) the usefulness of shortlived isotopes in geining a
atter understanding of cancer therapy; (5) the effects of radiation as a
arcinogenic end mutagenic agent with particular reference to the usefulness of
hole body counting techniques of determining whole-body burdens and their relation
o fallout; (6) the effects of rodiation on hematopoietic tissue and methods for
revention or amelioration; (7) intensive study of specific mectebolic reactions
oth for placement of radioactive isotopes and for understanding and control of
echanisms involved therein; (8) the effects of radiation on production of anti-
bodies and allergies.
This list could be extended usefully, but it may be more desirable to summar-
ize the effort in two mein arcas: (1) the biological effects and medical implicat-
Hons of radiation exposure and (2) the reactor program which in turn is composed
bf two parts: (a) the design of a Medical Research Reactor and its component
parts, and (b) the use of reactors in medical research and therapy. The import-
hnce of the first is exemplified by the present controversy on the effects of
fallout. An edditional whole-body counter, a multiple-focl chrono-intensity
jetector, and additional animel facilitles will enable the increased staff
productively to work on these problems. The importance of the problem regarding
reactors is pointed up by the number of reactors built, under construction or
pblanned for the United States and the world. Some additional instrumentation and
bperating personnel again could profitably build on the present solid foundation.
Mhe cost increment while significent in terms of present budget 1s very small in
terms of expenditures making these studies of importance.

IL' % .
p {9
REPOSITORY /W .
| n /79 -
' COLLECTION S /950741
aoxNo‘——~—"“"—_~—_—_—_———_f—_~‘
Fomeﬁ/
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- ATOMIC ENERGY OOMMISSION
NEW YORK CPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

1. Project Title: 2. Date Prepared: | Revision No.f
Radiation Effects on Blological Systems - May 1960
Medicel Research
3. Sub-Title:
L. Budget Activity No. ' 5. Budget Item No. 6. Contractor's No.
06-01-02

7. Contractor: Associated Universitles, Inc.

Brookhaven National Laboratory

8. Working Location i9 Contract No.
Upton, New York | AT-30-2-GEN-16

10. Persons in Charge: 11. Starting Date of Project:

See Individual Project Proposals Continuing

SUMMARY

Budget Item

No. Title Page No.
06-01-02-a Raediocactive Elements in Organs and Tissues 06- 17

of Man

06-01-02-b Radioactive Isotopically Labeled Cells for 06-16

Predicitions of Life Span, Functions
end Progeny

06-01-02-¢ Hematology and Clinical Management of 06-32
Rediation Injury

06-01-02-4. Radiation Effects on Immunity and Allergy 06-37

06-01-02-e Radioisotopic Tracing of Total and Inter- 06-46
mediate Carbohydrete Metebolism

06-01-02- Redioisotopes for Study of Protein end 06-54
Nitrogen Metebolism :

06-01-02-g Radioisotopic Lsbeled Hormones to 06-62
Determine Action Sites

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

14. Related Projects:

" ‘The general, broad subject covered by this activity is under investigation
at other U,S. end foreign research institutions. However, to the best of our
knowledge, the specific conceptuel approach and techniques of this BNL program are
in most cases not being utilized at other laboratories and are frequently beyond
the capabilities of other research centers.

REPOSITORY _Bhdate A aird A WW )

cowecTion U /P8 P d . Gt .
1954 - ¢/

BOX No.

FOLOER
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Title: Medical Research 06-01-02

; 18. Operating Costs {In Thousands Estimated Estimated Estimated
! of Dollars) 1960 1961 1962
Labor (including Benmefits) 676 777 919
Materials, Travel, etc. 227 244 272
Development Subcontracts, Special Proc. 3 19 19
Total Direct ) G0b 1,040 1,210
Special Power -0- -0- ~0-
Reactor and/or Accelerator Usage L6 L7 b7
Pechnical Services {from BNL Service Units) 109 121 12
General & Administrative Overhead h39 452 k91
Total 1,500 1,660 | 1,890

Capital Equipment
(Obligations - for information only) 120 105 110

19. Plent & Equipment Directly Required
(Obligations - thown here for information only)

Estimated Estimated Estimated
1960 1961 1962

(A) Construction (In Thousends of Dollers)

(B) Equipment (In Thousends of Dollars) 120 105 110

FY 1961 equipment obligetions for this activity include a proportional pert of the
Total obligation for special items which will be utilized by more than one medical
activity. (see Medical Research Sumsary) - $10,800.

In eddition the following special item will probably be acquired for this activity:
B2 counting System - $10,000.

FY 1962 equipment obligations for thies activity include a proportional part of the
total obligation for special items which will be utilized by more than one medical
activity. (see Medical Research Summary) - $26,000.

20. Direct Man Power Estimated Estimated Estimated
1960 1961 1962
No. of Man Years
‘Scientists, Research Associlates * 21,0 24,0 25.0
Vieiting Scientists ‘9.5 10.0 13.0
Scientists . Total . 30.5 3k.0 38.0
Technical 58.0 €5.5 13.5
Administrative & Services 12,0 13,0 YL
Total 100.5 112.5 ) 126.0
REPOSITORY A p 2 AL Jadd At
21. Comments coweerion H 187" Tcdiegl Lot 1950 -G/
BOX No

FOLDER

AR c OFFICIAL USE ONLY
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For?i¥28? . UNITED STATES

ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

| 1. Project Title: 2, Date Prepared: | Revision No.
Radiation Effects on Bilological Systems - May 1960
Medical Research
3. Sub-Title:
Radioactive Elements in Organs and Tissues of Man
4. Budget Activity No. 5. Budget Item No. 6. Contractor's No.
06-01-02 06-01-02-a
7. Contrector: Associated Universities, Inc. | 8. Working Location |9. Contract No.
Brookhaven National Laboratory Upton, New York AT-30-2-GEN-16
10. Persons in Charge: 11. Sterting Dateof Project:
See Individual Sub-division Proposals Continuing

06-01-02-a  Redioactive Elements in Orgens and Tissues of Men (Summary)

Cost and Personnel Date (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 155 170 195

Direct Man-Years
Staff 2.9 3.2 3.4
Visitors 0.4 0.5 0.6
Scientific 3.3 3.7 4.0
QOther 7.2 8.1 9.0
Total 10.5 11.8 13.0

The human body normally contains radioactivity. The significance of the
radiation exposure coming from these radioisotopes is dependent upon the element,
its blochemical effects, its cellular location, and the nature of its radiocactive
emigsions. Since evolution has occurred in the presence of small amounts of
radiation, the exposure resulting from these so called naturally occurring radio-
active isotopes 1s presumed to be within tolerance limits. It 1s clear, however,
that with the development of atomic energy man's environment in terms of radiation
exposure is changing. Further contamination of the environment by a wide spectrum
of radioactive elements, some of which will gain access to the interior of the
body, will undoubtedly occur. The significance, or indeed the presence of this
body contamination remains to be discovered. To determine the amount, and attempta
to deduce the significance of radiocactive isotopes in the human body from whatever
source is the concern of this study.

: Yiald
06-01-02-8-(1)  Whole Body Counting Facility mgegag,;aﬁpm{aﬁﬁ%%’ory

Persons in Charge: S. H. Cohn and J. S. Robertsgg ccrion Fron 189 Tned dicor. /J

12. & 13. ObJectives and Overall Description: gpoyp,

! The Brookhaven National Laboratory whole-body,gpunting unit, patterned after
}the gystem developed at Argonne National Laboratory employs a s

'erystal detector. In order to achieve a high signal-to-noise ratio with the low
signal levels demanded by safe tracer concentrations, a steel room is used to
suppress background radistion. The walls, ceiling and floor of this 6' x T' x 9'
room are formed of 6" steel, and the inner walls are lined with 0,125" Fb, 0.0LO"
Cd and 0.040" Cu. At the present time, the radiation detector is & 4" x 5"
sodium iodide erystal used in conjunction with a 5" photomultiplier tube. The
gannma. spectrum is obteined with a Penco 100-channel pulse-height analyzer.

Patients are counted for a 10-minute period while seated in a standardized
poesition which provides a fixed geometry. The detector ie located over the
sbdomen, equidistant from the back and the seat of the chair. The gamma emitting
isotopes in each patient are determined prior to administration of the labeled
lalbumin material or radioactive lon such as Na. The gamma spectra are measured
'at various time intervals. The amount of activity is determined by measurement of
| (See continuetion sheet)

Lt
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Medical Research

Project TitleWhole Body Counting Fecility and Rediochemistry Laboratory 06-01-02-a-(1)

12, & 13. Objectives and Overall Description: (contd.)

the area under the curve of the photopeaks of the predominant gemma energies,
less the background activity for these channels.

14. Related Projects:

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

15. Accomplishments Last Fiscal Year - 1960:

Construction of the whole-body counting facility and its gemma spectrometer
and a low-level radiochemical laboratory and a low-level anticoincidence type
beta counter have been completed and are now in use, These facilities have
come into wide use in various research progreams, and the research programs
using these facilities are hercby listed.

1. Whole body counting facility
131
171 A. I 3t labeled albumin, I 13 ~beta globulin, 113l Thyroglobulin and
I 3 turnover studies in control and diseased patients.

22
B. Na  turnover studies in control and hypertensive patiente maintained
on various salt intakes.
C. Sr-85 and Zn65 uptake and kinetics in patients with bone disease
(in collaboration with Montefiore Hospital).

2, Rediochemistry laboratory

A. Analysis of 5199 in urine and food samples obtained from the 1959
Medical Survey of the Marshall Islands.

Details of these projects will be found in 06-01-02-f, 06-01-02-1, 06-03-01-b/
06-03-0l-c and 06-03-02-a.

Related to these projects are the following: Attempts to correlate the
neutron-induced gamma activities with the ncutron dose received by patients
treated with neutrons in the neutron-capture therapy program. A number of
individuals were counted to determine the body burdens of intcrnally-deposited
radium as well as a number of people accidentally ex55

COULECTIO W /950~
16. Expected Results This Fiscal Year - 1961: BOX N 2

In Fiscal Year 1961 the following program will ygkggasecuted.

A survey of representative groups of persons with the whole-body garma
spectrometer will be undertaken in order to provide data on the level of
internally deposited radionuclides in the populatjion. Clinical studies wil
be continued, employing gamma emitters such as Sr-/, Naze, and possibly, Ca
Emphasis will be placed on skeletal mineral metabolism in various disease
states of the patient, 1In addition, a number of colleborative studies will
continue, involving the determination of the turnover rates of labeled protein
and other radionuclides in variocus disease states. The low-level radiochigastry
service will be continued, primarily for the determination of levels of S
Studies on the growth and metabolism of bone will be continued using animals,
particularly the effect of both externel radiation and radiation from internally-
deposited radionuclides (Sr ) on the retes of accretion and exchange B skeletal
minerals. Investigation will be mede of the possibility of in vivo Sr8 counting
by suitable modification of the whole body counting fecility to utilize the
Bremsstrahlung effect. The object is to develop a technique for external s190
counting which will be suitable for & population survey eimilar to that planned
for gamma-emitting radionuclides. Many of the biologicel helf-times for radio-
puclides in the whole body and in various tissues should be re-evaluated. When-
ever eppropriate, this problem will be investigated with the use of the whole-
body and gamma spectrometer facilities.

17. Expected Programs and Results for Next Fiscal Year - 1982
The general program cutlined for FY 1961 18 expected to be continued.
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Medical_Reseerch

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

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

Persons in Charge: J. S. Robertson, R. L. Cranny

12 & 13. Objectives and Overall Description:

It has previously been established elsewhere that the gastric mucosa and the
salivary glands concentrate iodine and other halides, but the variation with time
of the amount of radicactive lodine present in the stomach following intravenous
injection of the radicactive iodine has not been well documented. Study of the
rotes of secretion of iodine and other halides by the stomach under various
conditions have therefore been underteken with the expectation that such informa-
tion would be of value in three areas: i) in contributing to knowledge of the
physiology of the stomach and in further elucideting the mechenism by which the
stomach secretes hydrochloric acid, ii) in assessing the possibility that varia-
tions in the concentration of iodine by the stomach could affect the interpreta-
tion of thyroid iodine uptake studies because of the competition between the
thyroid and the stomach for iodine, and iii) in providing a better basis for
calculating the dose of radiation delivered to the gut where large therapeutic
doses of iodine are administered to patients.

Studies of the gastric secretion of iodine by rats were begun by
J. 8. Robertson and 5. H. Cohn at the NRDL (both investigations are presently
at BNL) In 1954 and were continued at BNL during the summer of 1956 by
J. 5. Robertson, P. W. Durbin (a research collaboratory from Berkeley) and
D. Sohn (& summer student). The 1956 studies involved simultaneous injection of
1131, BrB2) 0138, and At211 in pairs. Analysis of the as-yet unpublished data
indicated thet to scme extent the spparent differences in the gastric secretion
rates of the various halides are actually due to differences in absorption rates.

14. Related Projects:

See 06-01-02 Medical Research -~ Summery Sheet.

15. Accomplishments Iast Fiscal Year - 1960

Study of the problem of gastric secretion of the halides was resumed in
FY 1960 with attention directed to getting more detalled time variastion curves
for the I131 content of the stomachs of rats, and to evaluating the effects of
ege and of recent feeding versus non~feeding for 12 hours prior to the study.
The I131 content of the thyroid, kidneys, blood and carcass was determined
simultaeneously. Points were obtained at intervals of 10 minutes, 15 minutes,
30 minutes, 1 hour, 2 hours, & hours, 6 hours, and 24 hours following intravenous
injection of T 131" Three hundred and fifty rats have been studied. These studies
were extendeg io 6 patients with malignant conditions, with I 132 being used
instead of IT3* in order to keep the dose of radistion within the accepted limits.
In the patients, 1132 yas edministered intravenously, blood samples withdrawn
serially, end the counting rates over several parts of the body including the
thyroid and the stomach were obtained et intervals with an in-vivo scintillation
counting system. The maximal lodine activity in the stomach occurs at about
1 hour efter administration.

15. FExpected Results This Fiscal Year - 1961

There 1s still a backlog of data to be analyzed, but no further dsta
acquisition is contemplated. The project will be terminated because of
Dr. Cranny's non~continuation and until another assistant interested in this

nroblem is acquired.
Arlr
St MC/VAW"W

17. Fxpected Progrems and Results for Next FiEEE}_EEEE_:_l9§2_____..
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Medical Research
-The Mathematical Basis for the Interpretation of the Behavior
_Project Title:  of Tracers 06-01-02-8~(3)

06-01-02-a-{3) The Mathemetical Basis for the Interpretation of the Behvaior
of Tracers

Person in Charge: J. S. Robertson

12 & 13: Objectives and Overall Description:

Although the basic principles by which the behavior of radicactive tracers
to the behavior of the systems into which the tracers are introduced are well
established, their application to particular biological problems involves
assessment of the pertinent assumptions, construction of appliceble mathematical
models, and a continuing back-and-forth exchange of information and ideas between
those who are collecting deta and those who are analyzing the data. There are
also areas in which the theoretical trecatment itself requires extension,
including a search for better mathemetical techniques.

A review article published in 1957 summsrized the status of the theoretical
approach to studies of the kinetics of tracers in biological systems at that
time and included original contributions to the procedures for applying the
basic principles to practical problems. The methods of mathematical analysis
have been epplied 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 cepsble of handling U4 compartments in the steady state was
built and used in several studies such as in the evaluation of model systems
suggested for use in the interpretation of radio-mangenese studies then underway.
Construction of a more versatile computer capable of handling 8 compartments was
begun.

14, Related Projects:

See 06~01-02 Medical Research ~ Summary 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 is yet to be achieved but the theoretical work has
provided suggestions for further experiments. Another problem has been the
kinetics of iodinated proteins, which is complicated 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-
“ions between each pair of compartments. In addition to the practical problems
1:encioned, the computer has had use in extending the theoreticel analysis to

iicre complicated systems. For study of the labeléﬁpﬁﬁgﬁggg;gjezfﬂaf1AN, 4
crerational amplificrs were used as one-way pumps. Aot NaLL Al -
COLLECTION TN /8T 7o ol - Lot wos .

16. Expected Results This Fiscal Year - 1961 BOX Ne.

be done depends in a large degree upon what problems arise, and this in turn
depends as much or more upon the actual data to be obtained than upon pre-
conceived notions of what to expect. Among the foresceable applications are
further studies of the kinetics of tritiated thymlidine, of the radioactive
halides used in the gastric secretion studies, and of various electrolytes.
Further development of the analogue computer to increase its flexibility for
handling non-steady-state problems is contemplated. Further development of the
methods for storing and displaying experimental data in the computer system is
also desired.

Certain experimentel data on solvent transfer rates across semi-permeable
membranes have been interpreted by others as indicating that tracers do not

i (See continuation shect)

It is very difficult to predict the future 1E°4Gifs—Piela-vecausowhat il |
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Medical Research
The Mathematical Basis for the Interpretation of the Behavior

Project Title: of Tracers 06-01-02-a~(3)

16. Expected Results This Fiscal Year - 1961 (Contd)

accurately follow the non-labeled components in the case of somatic flow. An
altcrnative explanation that suggests itself is that the uni-directional flux
has been overestimated because of incorrect assumptions regarding the nature of
the osmotic process and the value of the driving force. Studies of diffusion at
high pressures, i.e., about 1000 atmospheres, would help resolve the controver-
sial issues involved by testing the question of whether the chemical activity
of water is the driving force for diffusion.

17. Expected Progrems end Results for Next Fiscel Year - 1962

This is a long-term continuing project. Expansion will occur only after
equimment hag been received and assembled, and if results prove to be of
significance.

repository s hanin. Na il Ka s -

cowecTion A1 /F T ?Jzué,/@goxé. /955 1
&
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Medical Reseexch
_ Project Title: Rediation Induced Carcinogenegis 06-01-02-a(4)

06-01-02=5, () Rediation Induced Carcinogenesis

Persons In Cherge: C.J. Shellsbarger, V. P. Bond, E. P. Cronkite, end S.W.Lippincot

[33

12 & 13. Objectives and Overall Description:

It is known that large doses of radistion, under certain not-well-defined
conditions, mey produce neoplasia. As the result of an accidental discovery some
four years ago, this Laboratory has developed & biological system to study the
induction of mamery neoplasms of the rat by sub-lethal x or gamme radiation. It
is proposed to combine the findings already nade, end described bdelow, and with
future experiments, partially described below, to learn more ebout the mechaunism
of tumor induction by radlation in & long-range progrem.

Many of the experiments involve the study of exposed rats for a periocd of 12
to 2% months., Thus it is difficult to show cleerly fiscal year by year accomplishe
ments,

Before the Fiscal Year 1959, 1t was demonstrated that young virgin female
Sprague-Dawley rats respond to a single sub-lethal, total body, x or gemma radia-
tion exposure with an incidence of rats with one or more neoplasms of the breast
that is 60 to 80 times higher than non-exposed rats of the same age ~- approxi-
nately one year of sge.

In Fiscal Year 1959, the following results were obtained when the rats were
studied for approximately 1 year after exposure, 400 r of x-ray to femeles, en
80% incidence, ovariectomized females, males, and caestrate males, a 25% incidence,
non-exposed rets of the same age with the same surgicel treetments, a 0-2% inci-
dence., The response was linear between 25 and 400 r, asbove 400 r the incidence
did not increase., Vhen female rats were exposed to partial body exposure, more
than 90% of the breast neoplasms appeered under the area of the x-ray besm.

14, Related Projects:

See 06-01-02 Medical Research - Summary Sheet

15. Accomplishments last Fiscal Year - 1960:

KOO r of x-rey induced TO per cent of the female rats to show one or more
breast neoplasms when given as & single dose, or divided in 5 or 18 equal doses.
Pregnancy, lactation, thyroid hormone, end & thyroid blocking agent 4id not change-
the response to 400 r. Estrogen reduced tye incidence in rats exposed to Loo r
firom 70% to 30%.

16. Expected Results This Fiscal Year ~ 1961:

The response of Long-Evens male and femele rats to 40O r will be complebed“van
“hen compared to the results cbtained with Sprague-Dewley rats, The study of the
<fPects of 40O r as divided doses given over 4 months to female Sprague-Dawley
. ats has begun and will be completed.

17. Expected Programs snd Results for Next Flscal Year - 1962:

Approximately 5 years and 2500 rats have gone into these studies and the
Tollowing facts are becoming smpperent. Neoplasia of the rat breast occurs more
often in exposed then in ‘- non-exposed rats; this effect is dose-dependent; effect
is at least in part dependent upon direct radiation exposure of the breast tissue;
and the effect 1s in part independent of the time over which the radistion exposure
occurs. It is proposed to extend these studies, as facilities permit, to investi-
gate the factors that influence rediation exposed tissue to develop neoplasia.

resository GALL LA 4t Mgl W
coLLecTion L /E9 Tniel . /(H;/Jf , 1950 -@
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Medical Research
Project Title; Distribution of Technetium in Animals 06=01-02-8 (5)

06-01-02-8 (5) Distribution of Technetium in Animals
Persons in Charge: C. J. Shellsbarger

12 & 13, Objectives and Overall Description:

Through the cooperstion of the Hot Laboratory (M. W. Greene) Te99 has become :
available for biological studies, This element is not steble, it is only redice-
sctive and is produced by fisslon., There are Tc isotopes that have a half-life of
many thousand years, however the istope Te?9 hes a helf-life of six hours. Tc is ]
nmenber of the VII group in the periodic table, Since it had been orted that
another member of this group, Re, was concentrated in hen eggs, Tc”” was given to
10 laying hens by the subcutaneous route. M99 radiocactivity Was detected in
eggs lald by these hens. Tt has not yet been determined if this is a process -
peculiar to these chemlcal olements or 1s part of a gemersl metabollé process
resldent in egg production.

Iodine 1s concentrated by the thyroid gland and becomes part of the thyroid
hormone. Other members of the VII group of elements are concentrated by the
thyroid gland, Mn, Re, Br, At, but not utilized in the synthesis of thyroid hormons
9 was investigated, using approximetely 150 rats, in all cases Tec”/”7 was concen-
trated by the thyroid gland.’ In these experiments, 1331 yps found in the thyroid
gland in larger amounts than Tc99, and these Yesults ere competible with the hypo-
thesis that although Tc99 is concentreted by the gland, Te9? is not utilized in thy
synthesis of thyroid hormone.

1%. Relsted Projects:

See 06~01-02 Medical Research - Summary Sheet

L 15, Aceomplishments last Fiscal Year - 1960:

The mechanism of concentration of iodine and other members of the VII group
of elemente is not understood. By using conventionel techniques, chemical and -
bilologicel, the thyroidal concemtration of Tc9% and 1331 in enimels was investi-

gated in an effort to learn more sbout this mechanism.

16. Expected Results This Fiscel Year - 1961:

This project will not be continued.

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

No Activity.

REPOSITORY WW% hact /(M
COLLECTION HUYL /79 P A . Sio/ .
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Medical Research

_ Project Title: Isotope Localization 06-01-02-2 (6)
Ject 23 -

)

\ 06-01-02-a (6) Isctope Localization
Person in Cherge: J. S. Robertson
12 & 13, Objectives and Overall Description:

The present methods of isctope localization detection depend upon scenning
the area of interest with a collimated crystal or crystals which are moved mechan-
ically. A particulerly useful system of this type involves the use of & coinci-
dence circuit and two crystals moving synchronously on opposite sides of the body
to locate positron emitters. There 1s a need for a much more rapid method for
acquiring the same information. :

14. Relsted Projects:

See 06-01-02 Medical Research - Summary Sheet

15. Accomplishments lest Fiscal Year ~ 1960:

Construction of a 4906-channel pulse-height analyzer by the Electronics
Division of BNL was in progress. This device will make it feasible to record
coincidence counts in any pair of up to 64 detectors on each side, This will
make it possible not only to eliminate mechanical scanning, but will improve the
efficiency of the method by recording coincidences not only between directly-
opposite crystals but between any pair of crystals.

16, Expected Results This Fiscal Year - 1961:

Construction of m multiple crystal detection system, probebly with only 10
cyrstals on esch side in the first model, is contemplated. When completed, this
will be used in localization studies involving several positron-emitting isotopes
such as AsTO and I32% which are known to or may be expected to localize in tumors.
The theoretical problem of interpreting the two-dimensional displey of information

which the 4096-chennel analyzer will provide, in terms of the real three-dimensiona.i
system has not yet been solved and will be attacked. It may be necessary to resort

to a three-dimensional analog method of Adisplaying the data.

17. Expected Progrems end Results for Next Flscal Year - 1962;

The general program outlined for FY 1961 is expected to be continued.
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Medical Research
Project Title: Blood Clearance Rates of Injected Isotopes 06-01-02-a-(T7)

06-01-02~a-(7) Blood Clearance Rates of Injected Isotopes

Persons in Charge: S. H. Cohn and 8. Fine.

12. & 13. Objectives and Overall Description:

Data on the very early clearance of radiocsctive elements from the blood
streem are difficult to obtain. Special equipment and technigues may aid in
obteining deta of this nature, particularly in regard to the alkaline earth
clements.

14, Related Projects:

Sec 06-01-02 - Medicel Research - Summery Sheet.

15, Accomplishments Last Fiscal Year - 1960:

In 1960 a scintilletion counter hes been designed so thet the counting equip-
ment can be placed directly in the circulatory system of the dog.

16. Expected Results This Fiscel Year -~ 1961:

In 1961 development of this equipment with the eddition of rate meters with
fast time constants and fast recorders should mgke it possible to obtein an
instantaneous and continuous record of blood clearance of isotopes of the
alkaline carth group. This program is expected to end during this fiscal year.

17, Expected Progrems and Results for Next Fiscal Year -~ 1962:

No activity.
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Form NY00-230
(1-60) UNITED STATES
ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

(1. Project Title: 2. Date Prepared: | Revision No.
Radiation Effects on Biological Systems - May 1960 H
B Medical Research

3. Sub~Title:  Radioactive Isotopically Labeled Cells for Predictions of Life
Span, Functions and Progeny

L. Budget Activity No. 5. Budget Item No. | 6. Contractor's No.
06-01-02 06-01-02-b

8. Working Location | 9. Contract No.
Upton, New York AP-30-2-GEN-16

7. Contractor: fssociated Universities, Inc.
Brookheven National Leboratory

10. Persons in Charge: 11. Startirg Date of ProJject:
See Individual Sub-division Proposals Continuing

06-01-02-b Radioactive Isotopically Labeled Cells for Predictions of Life Span,
Functions and Progeny-(Summary)

Cost and Personnel Date (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 470 525 600

Direct Man-Years
staff 5.0 5.7 6.0
Visitors 3.3 3L b
Seientific B.3 9.1 10.%
Other 2k, 2 26.8 30.2
Total 35.5 35.9 T0.6

Men and all mammals came ultimately from a single cell, During embryonic
growth and continuing until maturity, cell differentietion is predominant as well
as multiplication. The specific factors affecting cell differentiation are un-
known but are believed to be controlled by specific chemical substances. These
substances, while not necessarily identicel with the genetic material, may interact
with it to produce new cell types, thereafter consistently reproducing. It is
of the greatest importance to learn how this genetic material is transmitted from
one cell to.another and how it may be altered so that in the one instance a new
speeles arises whereas in the other a neoplasm arises. Radiolsotopic labeling
provides a possible means but it must be flrmly established that the radioisotopic
label itself does not affect the process observed. Varieties of labels providing
different energy inputs mey give insight into the answers to both questions.

06-01-02-b-(1) Tritiated Thymidine Study of Cellular Contribution of the Perioste
to Bone Growth, Fracture Repair as a Function of Age and to Local-
ize the Factors Responsible for Stimuleting Bone Cell Proliferation
Following Trauma. 4

Persons in Charge: E. A. Tonna, E. P, Cronkite, E. A. Usenik.
12. & 13. Objectives and Overall Description:

Studies have been made on histochemical changes {phosphatases, respiratory
enzymes, sulfated mucopolysaccharides and cytological changes (population of
osteoblasts end mitochondrial complement, changes in mitochondrial morphology, ete)
from birth to old age in the femoral periosteum of rats and mice and at different
periods after healing. It had been established during 1958 and 1959 that there is
a marked reduction in the elements listed ebove with increasing age.

L

1k, Related Projects:
REPOSITORY MM_W .

See 06-01-02 - Medical Research - Summary Sheet.
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Project Title:; Tritiated Thymidine Study of Cellular Contribution of the Periosteum
to Bone Growth, Fracture Repair as a Function of Age and to Localize the Factors
Responsible for Stimulating Bone Cell Proliferation Following Trauma  06-01-02-b-(1)

15. Accomplishments lLast Fiscal Year - 1960:

The use of tritisted thymidine wes initiated in 1960 and it was shown that
the periosteum significantly contributes to the growth and changing archltecture
of bone in mice and rats. During the period of active growth, it has been shown
by the thymidine technique, that the periosteum significantly contributes to the
changing architecture and growth of the bone. Previously it had been felt that
ost of the cellular contribution to growth came from the epiphyseal plate, This
has been conclusively shown not to be true and that the area of periosteum adjoin-
ing the ends of the bone significantly contributes to the remodeling. These studied
have been completed and are in the process of publication., Fracture studies have
been initiated and it has been found that factors connected with the fracture
repidly shifts the quiescent periosteal cells in the mid shaft and throughout the
shaft from this quiescent state to active proliferation of DNA commencing approx-

imately 12 hours after the fracture. The kinetics of periosteal growth and function
in repair arc underway.

16. Expected Results This Fiscal Year - 1961:

During 1961 studies are going to be initiated on the influence of hormones,
vitamins, radiation etc. on bone growth, development and repair utilizing approx-
imately 250 mice and 100 rats and selected dogs for some studies. If and when
the humoral or cellular factor that is liberated by a fracture which stimulates
puiesccnt periosteal cells to DNA synthesls and proliferation is determined,
themical studies will be initiated to characterize this stimuletory factor. The
Ftudies on bone, growth, repair, proliferation will be continued indefinitely.

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

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

REPOSITORY Lhsst fdittn Pard Lo
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Medical Research
Studies of the Metabolic Pathways of DNA and its Precursors in
Project Title: Rediation Injury and During Radio end Chemotherapy 06-01-02-b-(2)

i i

06-01-02-b-(2) Studies of the Metabolic Pathways of DNA and its Precursors in |

Radiation Injury and During Radio and Chemotherepy !

Persons in Charge: E., P. Cronkite, V. P. Bond, H. Johnson, S. Killmann,
P, Reizenstein, E. A, Tonna and E. Usenik

12. & 13. ObJjectives and Overall Description:

Knowledge of the degradation pethways of labeled DNA in normel and
malignant cells is vital to evaluation of radiation injury and certain types
of therapy Just as the metabolic pathways of DNA precursors are vital to under-~
standing normal and neoplastic cell growth. More complete data are needed on

the availebility, time end fate of injected tritiated thymidine in patients end
animals.

Prior to 1959, the following were established: 1) Piasma clearance of
tritiated thymidine in degradation pathways in normal snd in petients with
leukemia. 2) In colleboration with Osk Ridge National Leboratory, the excre-
tion of beta aminolsobutyric acid in the Y-12 patients was shown. 3) In
paetients in the hospital at Brookhaven, the excretion of labeled beta amino-
iscbutyric acid was shown following the administration of tritiated thymidine.
L) The excretion patterns of beta emincisobutyric scid in leukemics during
and between therspeutic regimes have been established. 5) The excretion of
bete eminolsobutyric acid has been correlated with low mitotic index (low
cell turnover) and with a possible shunt of thymine to beta aminoisobutyric
ecid suggesting a constant endogenous level of thymidine production and a

spillover into the thymidine - BAIBA pathway when the DNA synthetic pathway
is blocked or eradicated.

During 1959, the data collected and listed above was written up and
published in a series of reports that have been elther accepted or are pub-
lished. In the above studies excretion was followed serially over many weeks
in 25 patients with diverse blocd dyscresiss, the 5 Y-12 casualties, 12 irra-
_| aiated dogs, 24 irradisted guinea pigs, end 60 irradiated rats.

14. Related Projects:

See 06-01-02 Medical Research - Surmary Sheet

15. Accomplishments Last Fiscal Year - 1960:

As clinical material becomes avalleble for appropriate studies in expanding
the knowledge on the metabolism on thymidine, its relation to beta aminoisobuty-
ric acid and degradation products of DNA in normal and malignant states will
be undertaken. During 1960 they have continued at about the same rate but not
expanded.

16. Expected Results This Fiscal Year - 1961:

The status of this work will be evaluated again during 1961 end these
studies will probebly be terminated during 1961.

17. Expected Programs and Results for Next Fiscal Year - 1962:
No activity.

nssosmony Lotz d Aaurie, Nadl Aat|.
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Medical Research
Attempt at Complete Solution of Kinetic Model for Bone Marrow
Project Title; Cell Proliferation 06-01-02-b-(3)

06-01-02-b=(3) Attempt et Complete Solution of Kinetic Model for Bone Marrow
Cell Proliferation

Persons in Charge: P. Relzenstein, E. P. Cronkite, V. P, Bond, J. S. Robertson,
S. A. Killmann

12, & 13. ObJjectives and Overall Description:

A number of technigues are employed currently to estimate the proliferation
rate of human and enimal bone marrow cells. Such techniques include the
determination of relative number of cellas or mitotic indices in different
morphologlcal cell compartments; determination of the tritiated thymidine
labeling index, degree of labeling, and increment increase of lebeling index
in different morphological bone marrow cell compartments; and turnover rate
of erythrocytes or leukocytes in the circulating blood compartment. The
application of a single technique will usuelly yleld insufficient information
to obtain both the size and turnover rate in the different cell compartments.
However, as indicated by the frequent use of the word ‘index, ratios will insteed
be obtalned which are often complicated functions of the size of the compart-
ment studied and the flow rates out of and into this compartment.

It has long been planned to pool all the data obtained from all the
techniques mentioned, in order to see whether a complete solution can be
achieved. An attempt is being made to construct a suitable kinetic model
with equetions describing the data obtained with the single techunlques. By
introducing numbers for these data, obtalned during earlier experiments, a
preliminary sttempt will be made to see whether or not the system cen be
solved, If it is possible to obtain a solution, an experiment is plammed,
employlng simultaneously in one single patient all the techniques mentioned.

If the experiment is successful, it is conceivable that the size of the different
cell compertments, the flow rates between them, and, consequently, the times

spent in these compartments, can be given in absolute figures for the first
time.

During 1958, in vitro and in vivo tritisted thymidine labeling studies
were performed on 2 patients in hemopoletic equilibrium. The crude mitotie
index and specific index was worked out in e series of 12 normal young males.

14. Related Projects:

See 06-01-02 Medical Research - Summery Sheet

15. Accomplishments Last Fiscal Year - 1960:

During FY 1960, the completion of the model has been started.

16. Expected Results This Fiscal Year -1961:

When the mathematical model 1is considered satisfactory, further studies
will be performed upon 1-6 patients in hemopoietic equilibrium in whom it is
appropriate to administer tritiated thymidine intravenously. In large animals,
comparable studies, probably in 6 doge, will be performed. It is probable that
if this approach is successful that the model and its experimentsl testing will
act es the basls for the design of further experiments for many years to come.

17. Expected Programs and Results for Next Fiscal Year - 1962:
The general program cutlined for FY 1961 is expected to be continued.
Repositony ALK fiae (. Al Kud .
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project Title;  In Vivo Studles with B3 Thymidine, B Cytidine and sy,

Medical Research 06-01-02-b=(4)

06-01-02-b-(4)  In Vivo Studies with E3 Thymidine, B3 Cytidine and §390,.

Persons in Charge: E,P.Cronkite, V.P. Bond, S.A. Killmann, P. Relzensteln, E.A,
Tonna, E.A. Usenik, J,Bstemen, L. Feinendegen, N. Ordartchenko
and A. Tsuya. ’

12 & 13. Objectives and Overall Description:

labeling cells with ;6 thymidine at the time of synthesls of DNA prior to mi-
tosis enables one to study migretion, pathways, cell trensformation, proliferation
rates end cepabilities, 1ife span, and function of these cells in human belngs and
animals. Particular attention has been given to normal hematopoiesis end selected
leukemias and lymphomstour diseases of men end dogs.

Iabeling RNA with B cytidine enables one to follow the relationship of RNA
turnover to cell proliferstion, function, and transformetion, particularly in
hematopoieses and during induction of antibody formation,

Prior to 1959, lebeling of nucleeted normel hematopoletic cells in 120 mice,
24 guines pigs, 100 rats, 12 dogs, 2 pasbtients in hemopoietic equilibrium was ac-
complished, end 13 patients with blood dyscrasias were studled, During 1959,
further studies have been performed on 4 patients with blood dyscrasias (1 multipy

e
myelome end 3 leukemias) end the data collected prior to 1959 has been analyzed anf

submitted end eccepted for publicetion. It has been shown that the turnover time
of megekeryocytes by tritiated thymidine labeling 1s of the order of 10 days. Th
turnover time for the orthochromeiic normcblast is npproximately 20 hours and
for the metamyelocyte 1s approximately 26 hours. The time to flow fram the most

immature granulocytopoletic precursor to the segmented neutrophil in the peripheraP.

blood is of the order of 9 days. The upper limit for time in the peripheral 'blooq
of the neutrophil is 28 hours.

14, Related Projects: REPOSITORY FUrA ALY }% Vs
See 06-01-02 Medlcal Research - Summary Sheet cowection YN/ FE Thid 1oer/ .
7950 -¢ ¢

B0

15. Accomplishments Last Fiscal Year - 1960:

FOLDER
These studles continued in FY 1960 with the goal of obtamu‘ri—
tion of the kinetics end a model for hemopolesis that will supply a base for further

definitive studies on the regulation of blood cell production and its disturbance
in normal and diseased individuals., These studies will continue indefinitely and
&t least for & period of the next 5 years,

%, The possible hazard of radistion injury by tritisted thymidine limits the
uge of this material-in patients with leng Jife expectancy because of the unknown
carcenogenic effect and because of the unknown role of possible genetic effects
trensmitted by procreation. In FY 1960, it was shown that tritiated thymidine in
doses of 0,05 to 0.5 pc/gram are adequate for the lebeling of spermatogenesis in
the mouse yet this level of radioectivity did not; mroduce eny detecteble redia-
tion injury as judged by the Oskberg technique for depletion in the spermatocyte
population 60 hours efter lsbeling, Doses in excess of He/grem begin to show
detectable interference with spermatogenesis. This work has been completed and
published and further studies on spermatogenesls are not contemplated. Comparab
studies on H3 thymidine rasdiation injury on lymphocytopoiesis were initiated in
FY 1960 end ere continuing, The Trowell technique of pyknotic lymphocyte counts

has been used to indicate that in doses 1n excess of 5 Ho/gram sprroaches en injury

produced by spproximately 75 rad external x-ray in reats.

The very smell per cent of clrculsting lymphoeyte cells which syathesize DNA
is uniform throughout all memmals studied including petients. The implication of
the low labeling both in vitro and in vivo indicate that most small lymphocytes
are non-dividing cells and that they bave a life span prcbably in excess of 100
deys. The medium and large lymphocytes turnover rewyldly with generation times
less then 24 hours, Studles on life span and potentialities of the lymphocyte.
in patients and in enimals are continuing. To date there have been studies perw
formed on 2 normal individuals end 18 individuasls with verious types of blood
dyscresias. Eleven dogs have been studled by cannulation of the thoracic duct

(See Continuastion Sheet)
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Project Title:  Tn Vivo Studles with H3 Thymidine, H3 Cytidine and S350k, (Cont'd.)

e e et e e

Medical Research 06=01=02-h= (1 )

|
15. Accomplishments Last Fiscal Year - 1960 (Cont'd,): }
lymph and serial sempling of the lymph after repetitive injections of tritisted
thymidine. There is a continual outpouting of immature DNA synthesizing cells
from lymphatic vessels into the blood stream. Their fate and function are in part
obscure. However, in studies on rats in which a high fraction of lymphocytes were
labeled by repetitive injections of thymidine, the medium and large lymphocytes
were approximately 100 per cent lsbeled and the smell lymphocytes espproximately 30
per cent lsbeled, In animals so labeled sterile information has been produced and
there 1s an outpouring of these labeled cells into this area with a subsequent
transformation into histocytes, and fibroblasts thus indiceting a probeble poten-
tiality of the large and medium lymphocyte to be trensformed into other cells and
subsequent mitosis in the production of fibroblastic barriers to inflamation.

No leukemis or blood dyscrasia studied so far has a greater lsbeling index
than normal hematopoietic tissue hence the generation time is probebly longer
In these diseases. In the case of multiple myeloma the low mitotic index of
approximately 1 in 5000 cells and 1 per cent labeling with thymidine suggest &
doubling time of perhaps as long as 300 days. Similar cbservations have been made
in chronic myelocytic leukemia (3 cases), chronic lymphocytic leukemia (6 cases)
and scute leukemla (2 cases). Cancer therspy has, in general, been predicated
upon the assumption of sberrent accelerated growth, Chemical agents are aimed st
mitosis and DNA synthesis. Certain neoplestic diseeses respond to radiotherapy
and verious chemical egents in & manner that suggests the predication is correct.
Others do not respond. Often the limiting factor in therspy 1s the suppression of
normal hematopoiesis. The usuel explanation is that of differential sensitivity
the necplasm being less sensitive than the normal tissue thus the antimitotic and
entl DNA synthetic agents mey produce more damsge to - normel cells thean to the
neoplastic cell., However, with identical intrinsic semsitivities, more cells will
be killed in the tissue in which & greaster proportion of its generative cytle is
spent In DNA synthesis snd mitosis., Hence the characterization of the various
stages of the cell generstive cycle for normal cells and malignant cells is essen~
tial for selection of therapy and design of resesrch for further development of
anticancer agents.

The nature of the cellular response - cell proliferstion vs., cell transforma-
in entibody production remains unanswered, The combination of DNA labeling,
eling, autoradiogrsphy and cytochemical study of lymph nodes, spleen, and |
ow may resolve these problems, Cell transformation studies have been perf
using dogs and guinea pigs. In these studies to date 11 dogs, 24 gulnea
d 120 rats have been used, Circulation has been interrupted to the lower
the body while it is being maintained by extracorporeal circulation. Tri-
thymidine is injected intravencusly in the upper half. After one jhour the
tion 1s reesteblished. In eddition approximately 100 parablotic rats have
udied in which the label 1s introduced into 1 parabiont with the circula-
cluded to the other snd then labeled cells searched for in the other para-
Similarly cross circulation studies have been performed in rats from a
donor to an unlsbeled reciplent. In the cross circulation studies, and th
gbilotic studies it has been found that labeled precursor cells are present in
eled portion of the blood and hemopoietic tissues, With time, more labzled
medivm and large lymphocytes appeaxr in the marrow of ihe lower extremities, ILater)
1Abeled plasma like cells, reticulum cells and rarely myeloblast = promyelocytes
ade déen, No labeled erythrocytic precursors have been found as yet, The experi.
ments do not prove cell trensformstion from "lymphocytes" to “plasma" snd
"reticulum" cells but suggest this possibility. Migration end tramsformstion to
granulocytic precursors is unlikely since only BEIRYEOMfelcerte-map-be-seen—tn—
the peripheral blood normally. To date there is no evidence to support the con~
cepts of Yoffey on transformstion of small lymphecybésnte—eny—tine—of—hematow
poiesis.

t
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16. Expected Results This Fiscal Year - 1961: FoLoEn
L
The studies on human malignent blood dyscrasims will continue through 1960 and
will be expanded in 1961 with the acquisition of staff commensurate with the comp]ll
cated problems of handling of the patients end the study of hundreds of radio~
eutographs,

In addition to the practical problems of defining growth potentisls of normel!
and cancer cells, there remein many problems on the control mecheanisms that main-
tain 8 normel steedy state equilibrium in hematopoiesis. Intimately connected
with this is the identification of stem cells, detection of cell transformation,
function and fate that ere not yet resolved. These problems will be approached on

_(See Continuation Sheeti)
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Project Title: In Vivo Spydies with 3 Thymidine, H3 Cytidine and 83%0y.

15, Expected Results This Fiscal Year - 1961: (Cont'd.)

a collaborative endeavor between Dr. Marcel Bessis, Paris, France, and this Labora:
tory. Further collgborative work has been initiated with Dr, Caaries Sondhaus of
the Radietion Laboratory, University of California to better characterize the

flow of cells from one compartment to another in the process of multiplication and
meturation.

The work on cellular response in antibody production will continue. Clinical
studies particulaerly on leukemias and lymphomstous disease will be accentuated
through FY 1961 and FY 1962, with the scquisition of staff, both professional and
technical, to undertake the expanded nature of the work.

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

The genersl progream outlined for F.Y. 1961 1s expected to be continued.

REPOSITORY 47 AL nacd Aat
cowection Hun 18§ Tred . SR 95

BOX Ne

FOLDER

4002141 OFFICIAL USE ONLY Page 06-22

A



Medical Research
Kinetics of Injected and Absorbed Vitamin 312 in Men. - -
Project Title: 06-01.02_},-(21_ _

| 06-01-02-b-(5) Kinetics of Tnjected and Absorbed Vitemin Byp in Man.

! Persons in Charge: E.P. Cronkite, P. Relzenstein, E.A. Usenik, S.H. Cohn, C.
Rosenblum, Research Collsborator from the Merck Co., and
J+S. Robertson,

12 & 13, Objectives and Overall Descripbtlion:

Vitamin By plays an important role in several fundemental metabolic processe F’
but its humen requirement is unkmown. In previous studies performed at BNL during
1958~59 on Byo exeretion, it was established thet the probeble half time for turn~
over of vitemin By 1s of the order of 1 yesr, Similar studies had been performed
elsevhere by Dr. Reizenstein before joining the staff, Therefore a study of the
vhole body turnover rate and of turnover rate in various body compartments has bee.
progremmed to utilize the whole body counter and specific radio chemical studiles r
for determlning whether cobalt remains in vitamin Byo and is thus an indicator of
the true turnover rate of the vitamin,

4. Related Projects:

See ‘ (6=01x(02 =~ Medical Research - Summary Sheet

15. Accomplishments Lest Fiscal Year - 1960:

In FY 1960, ectivities in this program were relatively limited. However,
B~yp turnover studies indicated that current preparations for parentersl use are
excreted too rapidly.

16, Expected Results This Fiscal Year - 19€1:

In order to study simulteneously the turnover rate of naturally occurring,
gbsorbed vitamin and thet of therapeutically employed, parenteral vitemin, B
lebeled with two different isotopes will be employed in a series of 6 patients.
Gamma spectrometry in the whole body counter, and in single compartments such as
Plasma end liver will be employed to follow isotope turnover over several months,
With the acquisition of the data the models will be constructed for the three
campartments studied end analyzed by use of the anslogue digital computers.

In an effort to find a suiteble vitamin Byp preparation with a depot effect,
the turnover in man of the naturslly occurring Bjo analog hydroxycobalemin will
be studied. 1Iike the previous investigation,.t¢his study is planned as a double
tracer experiment with long time gamme spectrometry of severasl body compertments
as well as the whole body. These studies will be performed upon a series of at
least six patients, Independent studies at Merck and Company, Rehway, New Jersey,
and in Stockholm, Sweden, have indicated a possible difference between nsturally
occurring, ebsorbed vitamin B,, on one hand, and injected By» on the other,
Therefore, the chemical stabiﬁty of the two substances will be campared, using a
double~tracer technique in a series of 4 dogs. The whole body studies, mainten
ance of the animals end injection of the 1lsotopes will be carried on st Brookhaven
The isotope present in the tissues at the time of sacrificing the animels will

be identified with & trucer-dilution technique at the Merck and Compeny Lebora-
toriles.

The experimental portion of this project should be completed during FY 1961.
However, the analysis of data and final interpretation will probably take an
additional year.

17. Expected Programs and Results for Next Fiscal Year - 1962:
Dbt T
The general program outlined for WEFOSFIEY 0 be continued.
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Projcct Title: Comparison of the Enzymatic Activity of Commercially Avallsble
: Hysluraonidasses Towards the Removal of Sulfated Macopolyseccharide
Complex of Ceaxtilage. 06-01-02-b~(4

~—r

06~01-02-b~({6) Comparison of the Enzymetic Activity of Commercially Available
Hyeluronidases Towerds the Removal of Sulfated Miucopolysaccharidg
Complex of Cartilage.

Persons in Charge: E. A. Tonna

12 & 13. ObjJectives and Overell Description:

In previous studies several histochemical procedures have been employed for
the localization of mucopolysaccharides in tissue,. These studles required control

sections vhich were tregted with hyaluronidasse for the removel of sulfated mucopoly-

saccharides.

14, Related Projects:

See 06-01-02 Medical Resesrch - Sunmary Sheet

' incilbated in the various enzyme solutions for verious time periods and the trested

15. Accomplishments Last Fiscal Year =~ 1960:

During FY 1960 a variety of commercisl hyaluronidases were tested end results
compered. Findings indicated that variations in enzyme application will be neces-
sery because of differences in commercisal preparations. As yet, there has been no
standardization of a method to be used nor are the optimal time periods of incuba-
tion known that would consistently and adequately remove mucopolysaccharides from
tissue sections.

16, Expected Results This Fiscal Year - 1961:

During FY 1961 standardization in the applicetion of hyaluronidases from
tissues for histochemical and autoradiographic applications will be undertaken.
Sections of cartilage taken from rats previously given S35 sulfate will be

sections will then be stained with colloidal iron for mucopolyseccharides end
toluidine blue for metachromasia. The removal of the dye staining will be followed
histophotometrically, Additional S37 tissues will be used for quentitative euto-
radiogrephs, The removal of mucopolysaccharides by tyeatment with hyaluronidases
will be evaluated by grain counting. It is hoped that in the-ensuing 2 years this
investigation will standardize the application of the enzymes listed ebove for the
removal of mucopolysaccherides from tissue for histochemical espplication and thus
open up quantitative studies on bone and certilage metsbolism which are not now
currently availsble,

17, Expected Prograems end Results for Next Fiscal Year - 1962:

The genersl program outlined for F.Y. 1961 is expected to be continued,
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Medicel Research - Studies on the Cytochemicel Mechanisms of Bone

Project Title: Tymor and Cancer Format

Growth and Repair During Agi d Skeletal Pathology Includi
T and Repair ons ng, an ele a 8%-5{-023b~?75§L_“_

06-01-02-b-(7) Studies on the Cytochemical Mechanisms of Bone Growth and

Repair During Aging, and Skeletal Pathology Including Tumor and
Cancer Formation

Persons in Charge: E. A, Tomnna and E. P. Cronkite

12, & 13. ObJectives and Overall Description:

These studies are directed at obtaining fundamentel information on the
bilochemistry of cells taking part in vital activities leading to the growth
and repair of bone and at ascertaining the deviation of the normal biochemistry
of these cells as a result of skeletal pathology. In attempts to alleviate many
of the pathological conditions which are associated with the skeletal system,
there is the need of obtaining fundamental cytochemical information on the role
of bone cells and their activitles in the normal animals, and which, in turn,
this information can be used as a base line for comparison and & better study
of skeletal pathology.

14. Related Projects:

See 06-01-02 Medical Research - Summary Sheet

—iS. Accomplishments Last Figcal Year - 1960:

These studies were begun in 1960. Use of tritium labeled thymidine
combined with histochemical techniques on the formation of osteoclasts of bone
from young and old mice has revealed that these cells take thelr origin directly
from the osteoblastic cells end not from osteogenic cells. Experiments have
begun on young rats, with the intention of following the population, both
irradiated and non-irradiated, in an effort to learn more about the effects of
rediation on skeletal maturation and pathology.

16. Expected Results This Fiscal Year - 1961:
During Fiscal Year 1961 the following studies are planned:

1. To study the contribution of the various cells and tissues to fracture
healing using tritium lsbeled thymidine on rats, from birth to old age.

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

3. The locelization, distribution and function of ATP-ase in bone formation
during aging.

4. Protein formation in osteoblasts using H-labeled amino acids.
5. Development of combined radioisotope methods with histochemical

techniques to allow more precise quantitative analyses of the stained cell and
time components.

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

The general program outlined for FY 1961 1s expected to be continued.
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Medical Research
Project Title: Intranucleer Irrediation with Tritium 06-01-02~b-(8)

06-01-02-b-(8)  Intranuclear Irradiastion with Tritium
Person in Charge: J. S. Robertson

12 & 13. Objectives and Overall Description:

This program concerns itself with thcoretical espects ofi” the irradiation of
cellular components by the localization of tritium-labeled substances., Earlier
calculations were concerned with describing the rediation dose distribution
pattern sbout a point source of tritium, and have been published.

1%, Related Projects:

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

15. Accomplishments Last Fiscal Year - 1960:

The previous calculations were used to help explain variations seen in the
resolution and image spread of autoradiographs of tissue sections and smears
labeled with tritium. The results of thcse computations have been published.

16. Expected Results This Fiscal Year - 1961:

Calculations directed toward comparing the radiation dose patterms
delivercd by tritium-isbeled substances which lecalize in the chromatin material,
with those which do not so localize, and with physically-equivalent radiation
from x-rays and gamma-rey sources are contemplated. No patients, no animels
and no isotopes are needed for this phese of the work. Experimentel data for
comperison with the calculeted results are expected to be mede available from
work by Bond and Cronkite of the BNL Medical Department.

17. Expected Programe end Results for Next Flscal Year ~ 1962:

The generel program outlined for FY 1961 is cxpected to be continued.

RePOSITORY _Nppte At Nt Lt .
coecrion _ A 189 T Sos . /997

BOX No

FOLDER

F &/

[ 400219c OFFICIAL USE ONLY Page 06-26



Medical Research -
Project Title: Dynamics of Incorporation of Nucleic Acid Precursors into
Cellular Components 06-01-02-b-(9)

;06-01-02-b-(9) Dynamics of Incorporation of Nucleic Acid Precursors into
Cellular Components

Persons in Charge: V. P, Bond, L. E. Felnendegen, and W. W. Shreeve
12. & 13. Objectives and Overall Description:

The current concern of this study is to measure by autoradiographic and
biochemical techniques the time rate of incorporation of tritium labeled nucleic
acid precursors into subcellular structures of cells. These data are valuable as
basic studles on cell activity and proliferation, and as models for studying
irradiation effects on the cell cycle. Standard biochemical procedures have not
allowed clear definition of the precise site and time of synthesis of DNA, RNA
or proteln within the cell. High resolution autoradiography with tritium -
labeled precursors, end cell fractionation and other biochemicel techniques
make it possible to localize accurately the sites of synthesis within the cell.

Hela and Osgood and rabbit kidney culture cells have been used in this work
and the time course of distribution of label after administration of tritium
labeled cytidine has been characterized by cutoradiographic and biochemical
techniques. Preliminary work on other precursors (lesbeled ribose, deoxyribose,
acetaldehyde and thymidine), has been performed. Radlosctivity from lebeled
cytidine wee shown first to go to the nucleus, then to the nucleoli and to the
cytoplasm, and also out into the medium,

14. Related Projects:

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

15. Accomplishments Last Fiscael Year - 1960:

The labeled material coming out into the medium was found to be & low moleculan
welght material that could be reincorporated into the RNA and DNA of cells. The
macromolecular RNA tritium and the tissue culture cell was found to be metebolicall]
steble, while the acid soluble RNA was found to have a high turnover rate within
8 generation time. A number of experiments indicated that beside the nuclear
cytidine larger nucleic ecid components are incorporated into DNA during DNA
synthesis time. This observation was extended to the mammalien organism., Exper-
iments in rats demonstrate utilization of RNA components for DNA synthesis in
hemopoietic tissue. Work continues to determine the origin of these precursors,
whether they are derived from DNA synthesizing cells, or whether they are obteined
by intercellular exchange.

16. Expected Results This Fiscal Year - 1961:

Work will be continued and extended to confirm the apparent stability of RNA
in the Hela cell, and to study further the use of intermediate "RNA" acid soluble
fractions, and released low molecular welght labeled material for DNA synthesis.
Work is projected to determine the origin of RNA components that label DNA in the
memualien cell, to see whether they are derived from the DNA synthesizing cell
or whether they are obtained by intercelluler exchange. Studies with the millipore
chamber will be instituted to further study the possibility of e common acid
soluble poolof BRNA in the memmal. The objective of these studies is to character-
ize the course and inter - relationship of RNA end DNA synthesis in normel and
malignant cells.

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

The general progrem outlined for FY 1961 is expected to be continued.
cerosirony AasatAdpin. NALLE A -
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Project Title: The Temporal Relationships of Deoxyribonucleic Acid Synthesis
to Mitosis and the Generetive Cycle in Human Cancer Cell (Helag Cultures

o O -01-02-b-(%9) o
06-01-02-b-(10)} The Temporal Relationships of Deoxyribonucleic Acid Synthesis .

to Mitosis and the Generative Cycle in Human Cancer Csll (Hela)
Cultures.

Persons in Charge: R. M. Drew and R. B. Painter
12. & 13. Objectives end Overall Description:

The investigation of time relationship of the several components of the
generative cycle, utilizing tissue culture of Hela cells with tritiated thymidine
yicld data on the activity and proliferation of cell populations and serve as a
model to study radistion effects on cell cycles.

During 1959 information concerning the varisbility in cell DNA synthetic
time within different populations of mammalian cells has been obtained. The DNA
synthetic time, the resting phase betwezn DNA synthesis and mitosis and the post-
mitotic resting phase for Hela and the Hela S3 clone cells have been determined.
In comparing the aspects of DNA physiology of S3 and Hela cell cultures, the
latter has shown, repeatedly, the persistence of e very small percentage of cells
with extremely long DNA synthetic time.

1k, Related Projects:

Sce 06-01-02 - Medicel Reseerch - Summary Sheet.

15. Accomplishments Last Fiscal Year - 1960:

In 1960 these studies have been expanded to include observations which have
to do with (1) the rate of incorporation of tritiated thymidine into DNA; (2)
the linearity of the rate of DNA synthesis; and (3) the extent of synchrony of
DNA synthesis. Valuable information concerning the transport rate of tritiated
thymidine ecross the cell membrane has been obtained. The amount of lsotope
incorporated into DNA depends primerily on the rate of polymerization, i. e.,
on the DNA synthetic rate. Data obtained on the synchrony of chromosomal
replication in the cell indicatc that DNA synthesis is going on in the majority
of the chromosomes in one cell et the seme time during most of the 6 hour synthetid
period. However, it appears that initiation or cessation of DNA synthesis may
not occur in all the chromosomes at exactly the same time.

16, Expected Results This Fiscal Year - 1961:

These studies will be continued on normal and malignent cells, and the
information obtained will serve as e model for experiments testing the effects
of externel irradiation on DNA synthesis.

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

The general program outlined for FY 1961 is expected to be continued.
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. . Medical Research
Project Title: The Pathogenesis of Atherosclerotic Lesions 06-01-02-b- (11}

3

06~-01-02-b-(11) The Pathogenesis of Atherosclerotic Lesionx

Persons in Charge: S. Spraragen, V. P. Bond, L. K..Dahl

12 & 13. Objectives and Overall Description:

This program concerns itself with the possible role of endothelial hyper-
plasia as an etiological factor in atherosclerosis. Previous research in this
field has not adequately evaluated this problem.

14. Related Projects:

See 06~01-02 Medical Research - Summary Sheet

15. Accomplishments last Fiscal Year - 1960

The possible role of hyperplasia in thc pathogenesis of atherosclerotic
lesions was investigated, using rabbits, on an atherogenic diet, end employing
tritiated thymidine end autoradiography to indicate DNA synthesis within individual
cells {and thus capability of division). Initial ettempts at in vitro labeling of
aortic tissue were not successful. Following in vivo administration of tritiated
thymidine, occasional cells of the sortic media and intima in normal rabbit wvas
observed to be labeled. No detectable increase in the number of labeled cells was
found after one month of cholesterol feeding; however no macro- or microscopic
evidence of atherosclerosis was found at this time. The studies are being extended
to other time intervals, to other species, and to additional isotopically labeled
meterials (Calcium-45, tritium-labeled cytidine) to indicate further the metabolic
state of the tissue. In particular, the possible role of calcium and Vitamin D
in the etioclogy of athorosclerosis will be investigated.

16. Expected Results This Fiscal Year - 1961

The general program described above will be continued.

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

The general program described above will be continued.
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Medical Research
Project Title: The Effect of Intracellular Incorporation of Tiitiated Thymidine
.Y : on Mammalian Cell Survival and Cell Cytology 06-01-02-b-(12)

| 06-01-02-b-(12) The Effect of Intracellulsr Incorporation of Tritiated Thymidine
on Mammalian Cell Survival and Cell Cytology.

Person in Charge: R. M. Drew

12& 13. A determination of the cytological and lethal effects of intranuclear

tritiated thymidine is needed to study the mechanism of action of
short range particle radiation effects within the nucleus of cells and to
evaluate the potentisl hazard of tritiated thymidine, now wldely used in chemical
and biological investigetions. This study utilizes the tissue culture technique
making usc of HelLa cells.

The lethal action of this radicactive isotope on dividing mammelien
cells has been demonstrated and been shown to be a function of the dose and
specific activity. As a result of radistion damage there 1s a marked alteration
in the cytological appearance of cells and abortive colonial growth. Tritiated
Thymidine concentrates radiocactivity largely only in the most radiosensitive
region of cells, i.e., the nucleus. Thercfore, the killing effect is reason-
ebly attributed to nuclear damage by beta irradiation coming frem the decay of
the tritium portion of the thymidine incorporated by the nucleus.

1%, Related Projects:

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

15. Accomplishments Last Fiscel Year - 1960.

During 1960 a comparison of the radiobiologic effects of tritium labeled
thymidine and tritium labeled cytidine after incorporation into Hela cells in
tissue culture is being made. Since the tritiated cytidine 1s incorporated into
the nucleic acids of both nucleus and the cytoplasma white tritiated thymidine
is incorporated only into the nucleus, the distribution ef radicactivity
producing radiation damage can be compared.

16. Expected Results This Fiscal Year -~ 1961:

The above studies will be continued and extended to include mutational
effects at low doses of intranuclear radiation, and to include the effects
of other lebeled nucleic acid precursors.

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

The general program outlined for FY 1961 is expected to be continued.
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Medical Research
Project Title: DNA Synthusis and Turnover Activity in the Mouse Embryo
- 06-01-02-b-(13)
| 06-01~02-b-(13) DNA Synthesis and Turnover Activity in the Mouse Embryo

Persons in Charge: V. P. Bond and M. Atlas
12. & 13. Objectives and Overell Description:

Tritieted Thymidine provides & useful tool ,when combined with the auto-
radiographic technique, to establish the cell turnover time of embryological
tissucs, and to estimate the DNA synthesis rate.

In previous work approximately 40 pregnant mice in various stages of gestation
were injected intraperitoneally with tritiated thymidine, and the animals were
sacrificed 24 hours following injection for examination of the embryos. No
incorporation of tritiated thymidine was noted prior to the establishment of
cmbryonic circulation on epproximately the 1lth day of gestation, following which
varying degrees of incorporation in the various fetal structures was noted. The
time of appearance, and the intensity of label was noted for each type of embryonid
tissue.

1%. Rclated Projects:

Sce 06-01-02 -~ Medical Research - Summary Sheet.

15. Accomplishments Last Fiscal Year - 1960:

During 1960 the investigations were extended to study the uptake of tritiated
thymidine in embryonal tissues in fetuses at different degrees of maturity as
a function of hours following tritiated thymidine administration to the mother.
These studies are presently being analyzed to determine the approximate turnover
rates of the individual tissues.

16. Expected Results This Fiscal Year - 1961:

Reading of the tissues and analysis of the deta will continue in 1961, end
such additional tissue as may be necessary to characterize turnover rates will
be obtained. It is enticipated that these studies will be continued.

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

The general progrem outlined for FY 1961 is expected to be continued.
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Form NY00-230
(1-50) UNITED STATES
ATOMIC ENERGY COMMISSION

NEW YORK OPERATTONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

1. Projeet Title: 2, Date Prepared: | Revision No.
Radiation Effects on Biological Systems - May 1960
Medical Resesrch

3. Sub-Title:
Hematology and Clinlcel Management of Radiation Injury

L. Budget Activity No. 5. Budget Item No. 6. Contractor's No.
06-01-02 06-01-02-c

7. Contractor: Associated Universities, Inc. |8. Working Location |9. Contract No..
Brookhaven National Leboratory Upton, New York AT-30-2-GEN-16

10. Persons in Charge: 11. Starting Date of Project:

See Individual Sub-division Proposals Continuing

06-01-02.c Hematology ond Clinienl Monagement of Radiation - (Summary)
Cost and Personnel Data {for information only)

1960 1961 1962

Total Operating Cost {In Thousands} 105 110 125

Direct Man-Years
Staff 1.5 1.8 1.8
Visitors - - 0.1
Scientific 1.5 1.8 1.9
Other 6.8 6.6 7.4
Total 8.3 B.h 9.3

One of the mejor effects following radiation exposure is the profound
depression of formed elements of the blood. Understanding of the factors that
control the circulating levels of the formed elements of the blood must go
hand-in-hand with, or proceed, the understanding of the effect of radiation on
these processes in health and disecased states.

06-01-02-¢c~(1) Clinical Management of Radiation Injury

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

12, & 13. Objectives and Overall Description:

Hemostasis in irradiation injury by transfusion of fresh platelets is an
accogplished fact, The mechanism of action of the platelete remain obsoure.
8350 lebeling of platelets, coupled with autoradiographic techniques suggests

that & definite platelet-endothelial interactSSASHepvacour. SUrAA g Fg 24

couecTion LN (ES W/@c,ﬂf 1850

¢/

14. Related Projects:
B8OX No.

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

15. Accomplishments lLast Fiscal Year - 1960:

Attempts to label RNA with tritiated cytodine have been successful in an
effort to study this problem. Unfortunately the turnover of RNA in the
megakaryocytes was so rapld that it is an ineffective method of labeling platelets.

In the lethal doses range the major cause of death are the sequelae of
suppression of bone marrow function. An understanding of this and both
substitution and specific therapy are the basis of successful management of
radiation injury. A series of 24 dogs exposed to an 1D90_100 dose of irradiation,
were treated by a combination of fresh blood transfusions, plateclet concentratces
and antibiotics., A very significent improvement in mortality was obtained
following this dose of irradiation. When the dose of irradiation was increased
by 50 to 75 r into the absolute lethal dose range, this mode of therapy was no

(See continuation sheet)
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Medical Research
__Project Title: Clinical Management of Radiation Injury 06-01-02-c-(1)

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

longer satisfactory. The dogs which have survived this exposure are being
studied now by stressing hemopoietic tissues to evaluate whether residual
radietion injury will inhibit their capacity to regenerate following stresses
such as severe bleeding. In performing the preceding studies it was necessary
to have a blood donor colony of typed dogs varying between 20 and 4O animals.

The capacity of irradiated bone marrow to synthesize DNA and the duration
of mitotic abnormalities are under study. This work was commenced in 1958 and
1950 and has been followed in 120 rats, 6 dogs, and on the patients irradiated
accidentally in the Y-12 accident in conjunction with the Hospital Division,
Oek Ridge Institute of Nuclear Studies.

'16. Expected Results This Fiscal Year - 1961:

Extracorporeal circulation is expected to be developed as a technigue to
study the effect of radiction on life span and function of irradiated blood cells.
In addition organ perfusion, techniqucs will be developed as a means of studying
the relation between peripheral levels of leukocytes and platelets and thelr
production or removal by specific organs.

During 1960, further developmental work on extracorporeal circulation and
the development of techniques for irradiating blood in an external shunt in order
to determine the effect of irradiation directly upon circulating blood cells will
e expanded. Approximately 24 dogs will be used in this study and when leukemic
cows, swine, or dogs are found, this mode of irradiation of circulating leukocytes
will be tested to see if it is therapeutically effective in reducing the number
of circulating leukocytes. This work is in the developmentel stage and will
extend over a period of 3 to 6 years.

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

The general program outlined for FY 1961 is expected to be continued.
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Medical Reseaxrch
Study of Fate and Function of In Vitro end In Vivo lagbeled
_Project Title:  Mononuclear Cells 06-01-02-c=(2)

06~01-02-c={2) Study of Fate end Function of In Vitro and In Vivo labeled !
Mononucleer Cells.,

Persons in Charge: V.P. Bond, L. Feinendegen, E. Usenlk and R. Stoner.

12 & 13. Objectives and Overall Description:

It was shown in this leborstory in 1958 that some circulating mononucleaxr
cells lsbeled with thymidine and thus presumsbly are cepable of proliferation.
Previous studies have indicated that bone marrow cells are protective in acube
radiation injury, end there are indications that circulating cells may be protec-
tive mgainst radistion demage and may be immonologically competent. In FY 1959,
efforts were made to study the fate and function of the label circulating mono-
nuclear cells. Initial efforts to transfuse lsbeled blood were not successful
because of the small number of labeled cells transfused., Parabioyle anlmals were
used, and in a total of appraximately 15 pairs, it was shown that labeled cells do
get across into en unlsebeled recipient animal., Some evidence was accumulated to
indicate that the mononuclear cells might be capaeble of transformation into myeloifl
precursors; however this could not be demonstrated with certainty. Studles with
parebiotic animals were discontinued because of difficulty with the development of
"runt” disease in ome of the parabionts.

14, Related Projects:

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

15. Accomplishments Last Fiscal Year - 1960:

Efforts were mede to transfuse blood from labeled donors into unlabeled nor-
mal and unirradiated recipients, using the transfer of venous blood, and employinfa
a technique of connecting donor and recipient animal either artery-to-vein, or
artery~-to-ertery. Again, it was not possible to get blood across in quantities
sufficient to allow one to follow labeled cells in the recipient animel. Since
it was thought that most of the lebeled cells in the peripheral blood ls derived
from the thoracic duct, a direct transfusion of thoracic duct lymph from labeled
donors was carried out into recipient normael and irradiated enimals. Iarge
numbers of labeled cells are seen in the reciplent by this technique. These celli}
early appear to be lymphocytic in character; however with the passege of time the
become more and more plasma - cell-like in cheracter, It is not clear whether
transformation into plasma cell - like cells has ocewrred, or whether plasma cell
precursors in sufficient number are actuaslly present in the thoracic duct lymph.
These studles are being extended, and messive transfusion of labeled cells in
the peripheral blood of a number of donors is being transfused into recipient
enimals in an effort to uncover the fate and function of these cells.

16. Expected Results This Fiscal Year - 1961:

These studies will be continued, and will be modified with regard to the
times of observation, the preparstion of the recipient enimal, and the nature of
the injected preperation, It is anticipated that these studles will continue untifl
the ultimate Fate of the labeled cells is determined, or until it is determined
thaet no significent change in cell type occurs,

It seems definite that the use of tritisted thymidine should allow a definite
answer to the question of possible cell transformstion.

17. Expected Programs and Results for Next Fiscal Year ~ 1962:
The general program outlined in FY 1961 is expected to be continued.
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Medical Research

Effects of Rediastion on DNA Synmthesizing Cells in Marrow and
_Project Title: peripheral Rlood. 06-01-02=c=(3) _,
| 06-01-02-c-(3) Effects of Radiation on DNA Synthesizing Cells in Marrow and
! Peripheral Blood.
}
i

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

12 & 13. Objectives and Overall Description:

While a good deal of investigative work has been devoted to the study of
changes in DNA synthesis following irradiation, most of these studies have dealt
with entire organ syetems in which changes observed could be on the basis of en
actual effect on DNA synthesis, or an indirect effect mediated through changes
in cell population, or effects on mitosis itself, The use of tritiated thymidine
and sutoradilography makes it possible to study the effects of redimtion on DNA
synthesis at the cellular level, and to determine the effects of radistion on the
proliferative potential of dividing cells. In FY 1959 rats and dogs were exposed
to redietion, following which short term or "flash” labeling of both the bone marrpw
and peripheral blood was carried out by either in vivo or in vitro techniques.
Results indicated marked chenges in the number of labeled circulating cells, that
sppeared to be correlated with periods of degeneration and regeneration. Studiles
of bone marrow indicated that the apparent effect on DNA synthesis could be ac~
counted for in pert by an ectual effect on the process of DNA synthesis, end in
pert by en effect on mitosis itself,

1%. Related Projects:

See 06-01-02 Medical Research - Summary Sheet

15. Accomplisbments Last Fiscal Year - 1960:

These studles were extended, and a serles of approximately 70 rats were
studled quantitatively following exposure to radistion. In addition to lebeling
index, the mitotic index and the total marrow cellularity was determined. These
studies indicated a profound effect of radiation on total cellularity in the bone
merrow, and indicated that in addition to an effect on mitosis, there was a direct
cell loss during both DNA synthesis phase and the inter-mitotic rest phases. Grai
counts indicated also some effect on the process of DNA synthesis itself, These
studies have been extended to study the effect of radiation on emimsls who have
received a single injection of tritiated thymidine just prior to exposure. These
studies should yield data on the effects of radietion on the kinetics of bone
merrow proliferation. Studies bhave been initiated on the effects of neutron irrad
istion on the labeling of bone marrow cells in the mouse,

1=]

16. Expected Results This Fiscal Year - 1961:

Slides obtained in studies carried out during 1960 will continue to be reed,
end the date will be anelyzed., Studles wlll be continued in which lebeled bone
marrow end peripheral blood fyom donor animels is injected into recipient irredi~
ated animals in en effort to determine the types of cells responsible for bone
marrow protection in the irradiated animal,

17. Expected Progrems and Results for Next Flscal Year ~ 1962:

The general progrem outlined in FY 1961 is expected to be continued.
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. . Medical Research
Project Title: Characterization of Erythroid Precursors 06-01-02-c-(4)

06-01-02-c~(k) Characterization of Exrythroid Precursors

|

!

Persons in Charge: V.P. Bond, L. Felnendegen and C. Sondhaus l
]

)

12 & 13, Objectives and Overall Description:

It has been well recognized that morphology does not constitute an adequate
criterion for cheracterization of the various erythroid precursor forms. In thls
laboratory sutoradiographic methods have been developed to indicate the degree
of DNA synthesis within a cell, By differential extraction methods, it is possi-~
ble to determine the degree of RNA synthesis in progress. Dr. Sondhaus of the
Donner Iaboratory, a research collsborator, has studied methods of quentifying
{the amount of nucleic acid and of hemoglobin wlthin the single cell, and is now
prepared to carry out such studies at his laboratory in California. With a col-
lgborative endeavor, it should now be possible to attempt to correlate these var-
ious quaentitative indices with the morphologlc appearance of erythrold precursor
cells.,

14. Related Projects:

See 06-01=02 Medical Research -~ Summary Sheet

15, Accomplishments last Fisecal Year - 1960:

This work was initiated in FY 1960. Preliminary work was carried out to
determine the feasibility of carrying out such a project. Dog bone marrow slides
were prepared, and the separate analyses done by the two laboratories, were
carried out. It now appears definite that the multiple determinations indicated
can be carrled out on an individual cell basis, end that for the varlous erythroid
precursors, it will be possible to determine morphology, size of cell and nucleus,
DNA centent, and the hemoglobin content,

16, Expected Results This Fiscal Year - 1961:

Studies will be continued in the dog until completely satisfactory methods
have been worked out. It is enticipated end hoped that when the work on the dog
has been completed, that it will be possible to do studles on human bone marrow,

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

The general program outlined in FY 1961 is expected to be continued,
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Form NYOO-230
(1-60) UNITED STATES
ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATTION

1. Projcect Title: 2. Date Prepared: | Revision No.
Radiation Effccts on Biological Systems - May 1960

S Medical Research —_—

3. Sub-Title:
Radiation Effects on Immunity and Allergy

4. Budget Activity No, 5. Budget Item No. 6. Contractor's No.

06-01-02 06-01-~02-4

.?T“Contractor: associated Universities, Inc. |B8. Working Location |9. fContract Ilo.
Brookhsaven Nationel Laboratory Upton, New York 0.%0-2-GEN-16

iﬁj—fersons in Charge: 11, Starting Date of Project:

Sce Individual Sub-division Proposals Continuing

06-01-02-a Rodiation Effects on Immunity and Allergy - (Swmmary)

Cost and Personnel Data (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 170 190 215

Direct Man-Years
Staff 2.4 2.8 2.9
Visitors - ~ 0.3
Scientific 2.4 2.8 3.2
Other 9.2 10.5 11.8
Total 11.6 13.3 15.0

Rodiation depresses antibody production while at the seme time anaphylactic
allergy is enbanced. During the recovery period of entibody production
anaephylactic allergy may decrease to normal levels. Presumably a single system
of protein synthesis and cell reactivity is responsible for this paradox. The
concern of this study is to investigete antibody production, particularly in
regard to the effeects of radiation.

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

Persons in Charge: R. D. Stoner and W. M. Hale (Collaborator from U. of Tennesse )
12, & 13. Objectives and QOverall Description:

Thigostudy was initieted in FY 1959 to compare the depressant action of
cobalt 7 -radietion on the secondary tetanus antitoxin response in mice when
equal totel doses of radiation are delivered by single acute exposure, divided
acute exposures and by chronic or continuous exposure. Several exploratory
experiments were done to test the radiosensitivity of the secondary antibody
response to total dosesof 400 rads and 800 rads when radiation was delivered at
dose rates of 4 rads per hour and 2,400 reds per hour. Preliminary findings
indicated that the antibody forming mechanism was more radiosenslitive when
radiation was delivered by chronic exposure or in divided exposures when compared
to the depressant effect of the total dose deliverengx,acute exposure.

. REPOSITORY _ DNt 4 st it i fd Aaf

1k, Related Projects: COLLECTION T WN. /87 Tned . fepr . 1957 -,

See 06-01-02 - Medicel Research - Summd¥¥ heet

FOLDER
15. Accomplishments Last Fiscal Year - 1960:

A series of 9 experiments were carried out in study of the effects of total
doses of 100, 200, 300, 400, 500, 60O and 800 rads on antibody formation. A
detailed study was done concerning the temporal relationships between time of
radiation, total dose, dcse rate and timc of edministration of the secondary
antigenic stimulus after irredietion. When post irradistion time of injection of

See continuation sheet)
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Medical Research -

Project Title: Depressant Effect of Acute Exposure, Nivided Acute Exposure and
Chronic Exposure to Rediation on fntibody Formation 06-01-02-d-(1)

15.

the

Accomplishments Last Fiscal Year - 1960: (contd.)

antigen after a single acute exposure was delayed to correspond to the delay

encountered with chronic exposure and divided acute exposures there was little
difference in the sensitivity of the secondary antibody response with regard to
dose rate. A report of this study is being prepared for publication.

16.

Expected Results This Fiscal Year - 1961:

Several exploratory experiments will be cerried out in this study of temperal

reletionships and radiation dose rate on the radiosensitivity of the nrimery
aatibody response.

14:_“Expccted Programs and Resulte for Next Fiscal Year - 1962:

The general program outlined for FY 1961 is expected to be continued.
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Medical Research
Comparative Radiosensitivity of the Primary and

. Project Title: Secondary Responscs 06-01-02-4d-(2)

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

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

» 12 & 13. Objectives and Overall Description:

Antibody formation 1s greatly inhibited when cnimals are exposed to lonizing
radiation prior to immunication with a primary or booster antigenic stimulus. It
ig generally assumed that the primary and secondary antibody responses are
equally scensitive to rodiation.

This study compares the depressant effect of Cobaltso 7 radietion on the
primary snd secondary tetenus antitoxin rcsponses in mice.

Scveral preliminary experiments indicated that the primery antibody response
may be more radiosensitive than the secondary antibody response. Further work
showed that whole-body exposure to doses of 50, 100, 200 and 300 reds increasingly
suppressed the primary antibody response to fluid toxold given 1 hour after
radiation, whereas doses of 300, 40O and 600 rads were needed to producec a
correspondingly depression of the sccondary response.

1k. Related Projects:

Sce 06-01-02 Medical Research - Summery Sheet

15. Accomplishments Last Fiscal Year - 1960

In another series of experiments, equivalent depression of the primary and
secondary response from titers obtained in non-irradiated control animals indi-
cated that the primary antibody response was approximately three times as
raediosensitive as the secondary antibody response. Similar results were obtained
vhen a primary stimulus of adsorbed toxoid vas given 1 hour after irradietion.
An impediate radiosensitivity of the primary responsc was 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 ok
hours after irradiation. The data indicate that the cells concerned with
acceptance of the primary antigenic stimulus may be more radiosensitive than the
cells involved in the secondary antibody response.

16. Expected Results This Fiscal Year - 1961

A scries of experiments will be carried out in an ettempt to identify the
cells involved in the primary end secondary antibody response.

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

The general progrem outlined for FY 1961 is expected to be continued.
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Medical Research
_ Project Title: Enhancing Effect of Radiation on Anaphylexis 06-01~02-d-(3)

06-01-02-d~(3) Enhancing Effcct of Radiation on Anaphylaxis

Person ‘in Charge: R. D. Stoner

12 & 13. Objectives and Overall Description:

The scverity of anaphylactic shock in mice is increasingly enhanced for
scveral wecks after exposure to ionizing radiation. Although severel anti-
histaminic egents, Thephorin and Ambodryl, prevent fatal enaphylaxis in irradiateﬁ
mice, these agents do not appear to act specifically against histamine. This
study is being extended in an attempt to cxplain the mechanisms involved in
increcasced susceptibility to anaphylaxis after irradiation. Earlier experiments
were completed studying the cnhancing cffect of chronic exposure to y-radiation
on anaphylactic shock and & paper was published on this topic.

1k. Related Projects:

Sec 06-01-02 Medicel Rescarch - Summary Sheet

15. Accomplishments Laost Fiscal Year - 1960

No activity took placc during this fiscal year.

16. Expected Results This Fiscal Year - 1961

A series of experiments will be carried out in an attempt to modify or
cnhance fatal anaphylaxis in irradiated mice with various chemical agents.

17. Expecfed Programs and Results for Next Fiscal Year ~ 1962

The general program outlined for FY 1961 1s expected to be continued.
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. Medicael Research
Project Title: Inmune Mechanisms in Homologous and Heterologous Discase 0601-02-d-(4)

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

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

12 & 13. Objectives and Overall Description:

Post irradiation transfusion of mouse and rat bone merrow protects recipient
mice against lethal doses of vhole body radiation. Mice protected with homologous
or heterologous marrow demonstrate recovery of the hematopoictic system followed
by o sccondary loss of welght and wasting frequently resulting in death during the
gecond month after irradiation. It has been postulated that the wasting disecase
and delaycd deaths result from antibody production by the donor bone marrow
against host tissues.

14. Related Projects:

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

15. Accomplishments last Fiscal Year - 1960

An irmunological study was stoarted in an attempt to determine the ability of
bone marrow ceclls to produce antibody against specific entigens when transplanted
into irradiated animals. In preliminery expcriments it has not been possible to
demonstrate antibody production by heterologous bone marrow cells in mice
previously exposed to 650 and 850 rods. Evidence for antibody formation by
bonc marrow cells was obtained, however, only when isologous (seme strain)
mouse cells were transferred to irradiated mice.

16. Expected Results This Fiscel Yeor - 1961

A series of cxperiments will be cerried out to explore the immune reactions
that may be involved in heterologous and homologous discase.

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

The general program outlined for FY 1961 is expected to be continued.
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Medical Rescerch
_ Project Title: Antibody Absorption on Guinea Pig Ileum 06~01-02-d- (5)
T

1

. 06-01-02-d~(5) Antibody Absorption on Guinea Pig Ileum

j Person in Charge: G. Terres

17 & 13. Objectives and Overall Description:

The nature of the binding between antibody and tissue 1s being studied to
learn more about the quantitative relationship between the amount ‘of antibody
absorbed and the degree of sensitization.

1. Related Projects:

See 06-01-02 Medical Rescarch - Surmary Sheet.

15. Accomplishments last Fiscal Year - 1960

Antibody was labeled with 1131. Normal guinea pig ileum was soaked in the
protein and the amount of radioactivity ebsorbed was measured as well as the
degree of scnsitization thus attained. The sensitization was measured by the
Schultz-Dele reaction. It has been found that the emount of antibody is propor-
tional to the concentration of protein used and conforms to a Langmuirian iso-
therm. The sensitivity as determined by the Schultz-Dale recction is proportional
to the amount of protein (antibody) sbsorbed.

16. Expected Results This Fiscal Year ~ 1961

The study will be terminated with the esnalysis of the experimental data.

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

No activity.
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Medical Research
. . Acquired Immune Tolerance to Crystalline Bovine Serum
_Project Title: Alpumin 06-01-02-4-(6)
|

1

06-01-02-d-(6) Acquired Immune Tolerance to Crystalline Bovine Serum Albumin

Person in Charge: G. Terres

12 & 13. Objectives and Overall Description:

This study is based on the finding that animels nconatally exposed to an
antigen become specificelly immunologically tolerant or unresponsive to the
j cntigen. Data accumulated will provide insight into the normal immune response,
- into antibody synthesis, and into the mechanism initiating auto-immunity and
s particularly to the fundamentel mechanism by which native proteins are recognized
i and thus faill to clicit an antibody response.

In carlier studies, mice werc exposed soon after birth to erystalline bovine
serum albumin and acquired immunc tolerance to bovine scrwa albumin was demon-
gtrated which lasted several weeks. This tolerance was demonstrated by the lack
of anaphylactic response to a challenge following suitoble sensitizing injections.

14. Related Projeccts:

Seec 06-01-02 Medical Rescorch - Surmary Sheet.

15. Accomplishments Last Fiscal Year - 1960

Mice were exposced to the antigen during the first two wecks of life. At six
weeks of age the mice were re-cxposed to the antigen and subscquently challenged.
Mice similarly treated were bled. To the serum was added 1131 BSA and the ganma
globulin precipitoted with emmonium sulfate (Forr technique). The per cent
rodioactivity precipitated (antigen-antibody complexes) was determined. Only 2
of the 61 mice injected during the first two weeks of life were anaphylactically
shocked at the challenge. In contrast 4l of the 60 control mice (litter mates
not injected during the first two wecks of life) were anaphylactically shocked.
Similar results were obtained using the above mentioned Farr technique. Thus
only 2 of 17 mice treated at birth with BSA had circulating antibodies when
sensitized and bled at 8 weeks of ege, while 14 of 22 control mice had circulating
antibody following the same treatment.

16. Expected Results This Fiscal Year - 1961

The experimental portion of this study will cease during the current fiscael
year.

The analysis of these experiments will be carried into the next fiscal year
after which this project will be terminated.

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

No further activity.
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Medical Research

~ Project Title: Tumune Degradation O6-Ol-02-d—ﬁ7)

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

Persons in Charge: G. Terres, W, Wolins

12 & 13. Objectives and Overall Description:

The concern of this study is to characterize the kinetics of the antigen-
antibedy reaction in vivo in order that a method may be developed to investigate
dlscasces in which an cuto-immune mechanism has been implicated.

In FY 1959, antigen was labeled with 113l and mice were passively scnsitized
with rabbit anti-scrum. The amount of ontigen degraded at an accelerated rate was
o function of the omount of antigen ond antibody used. With one sntiserum, the
initial rapid degradation phase was tollowed by one in which the antigen was
degraded at & rate slower than in normal mice. Preliminary studies were also
started with horse and mousc anti~serum.

1k. Related Projects:

Sce 06-01-02 Medlcal Rescorch - Summary Sheet

15. Accomplishments Last Fiscal Year - 1960

During thc current fiscal year the reverse cxperiments are being done. In
these experiments the antibody is lebeled and its degradation followed as a
function of the amount of antigen uscd. An experiment is also planned in which
the ontigen is labeled with I13l and the entibody with I133. This study will be
completed this fiscal year cxcept for analysis of data.

16. Fxpected Results This Fiscal Year - 1961

Analysis of the experimental dote will be completed and the project will be
terminated.

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

No further ectivity.
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Medical Research

__Project Title: Studics on the Turnover of Il3l

Labeled Thyroglobulin 06-01-02-d-(8)

131

06-01-02-3-(8) Studies on the Turnover of I labeled Thyroglobulin

Persons in Charge: W. Wolins, G. Terres, S. Cohn, C. J. Shellaborger

12 & 13, Objectives end Overall Description:

It has been reported that circulating autoantibodies are present in paticnts
with various thyroid diseascs and that autoantibodies can be produced in anirels.
Thus the concept that antibodics to naturally occurring proteins may precipiizte
certain discasces or be present in certain diseases has arisen and is the concern
of this study.

During FY 1959, attempts werc maode to completely remove any source of
thyroglobulin from rats by radiothyroidcctomized embryos and to compare these
acirals ageinst control, intact rats for their capacity to degrade 1131 rat
thyroglobulin and 713} gerum albumin. No large diffcrences were noted betwecn
thce two groups, although complete anelysis of the study was not completed.

14. Related Projects:

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

15. Accomplishments lLast Fiscal Yeer - 1960

The animal results have been subjected to further analysis. Human thyro-
globulin extracted from surgically removed thyroid tissue has been iodinated with
1131 and used to study its turnover in a variety of thyroid abnormaslities. It is
expected that incrcased degradation of the antigen will be associated with
demonstrable anti-thyroglobulin in the serum. It is especially desirable to
determine the turnover of the antigen in hypothyroid states unassociated with
circulating anti-thyroglobulin. Accelerated degradation of the antigen in such a
situation would inmply that auto immunc statcs can induce pathology in the
absence of demonstrable antibody. These experiments will terminate in FY 1960.

16. Expected Results This Fiscal Ycar - 1961

No activity.

i?. Expected Programs and Results for Next Fiscal Year - 1962

No further activity.

rerository kb doin Nall Las
cottection Fm 189 Frud Sopf 19577 ¢

80X No.

FOLDER

3002214 OFFICIAL USE ONLY Page 0645



Form NYO00-230
(1-60) UNITED STATES
ATOMIC ENERGY COMMISBION
NEW YORK OPERATIONS OFFICE
______ PROJECT PROPOSAL AND AUTHORIZATION
‘1. Project Title: 2. Date Prepared: | Revision No.
Radiation Effects on Biological Systems - May 1960
Medical Research

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

L, Budget Activity No. 5. Budget Item No. 6. Contractor’s No.
06-01~02 06-01~02~-¢

7. Contractor: Associated Universities, Ime. | 8. Working Location }9. Cum-+ N ‘

Brookhaven National Laboratory Upton, New York AT-30-L- G016
1C. Persons in Charge: 11. Starting Date of Project:
See Individual Sub-division Proposals Continuing

06~01-02-e Radioisotopic Tracihg'of Total and Intermediate Carbohydrate
Metabolism

Cost and Personnel Data (for information only)

1960 1961 1962

Totel Operating Cost (In Thousands) 240 270 305
Direct Man-Years -
Staff 3.6 k.o 4,2
Visitors 0.4 0.4 0.7
Scientific 4.0 L.k k.9
Other 11.3 12.8 4%
o Total 15.3 17.2 15.3

Carbohydrate metabolism may be modified in various disease states, and by
some hormones and drugs. The utilization of cl* or tritium labeled carbohydrates
aids in the study of the rate and metabolic pathweys of the synthesis and de-
gradation of carbohydrates. Since carbohydrate metabolism and fat metabolism
are interrelated, a new program has been started to investigate the hormonal
regulation of fat metabolism in the radiation syndrome. Further studies on the
kinetics and molecular specificity of sugar transfer across cell membranes utiliz-
ing labeled materials aid the understanding of carbohydrate metabolism.

06-01-02~e~(1) Studies on Diabetic and Non-diabetlic Human Subjects
Persons in Charge: W. W. Shreeve, R. C. De Meutter and R. Schwartz
12. & 13. Objectives and Overall Description:

The rates and metabolic pathways of glucose formation are being studied,
utilizing cl* 1abeled compounds, under verious hormonal, nutritional and drug
influences in Eoth normal and diseased patients. These studies involve mainly
analyses of cl* content in humen blood glucose after administration of 2 or 3-
€15 lsctate or 2-C1% pyruvate. The purpose 1s to disclose metabolic pathways
of hepatic glucose formation and the effects of diasbetes, insulin, and sulfo-
nylureas on rates of the various pathways and conversions. Approximately 12
studies were done on 6 patients, which included about 150-175 total hospital days.
Technical work included the chromatographic purificetion of blood glucose es
we&l as blood lactic acid, followed by Cl4 anelyses of various carbon constituents.
c1% analysis was done by gas counting of COp and also scme liquid scintillation
counting of organic compounds. Insulin and tplbutamide were found to have an
early and substantial effect on decreasing;ﬂigﬂgiucose output by the liver.
Findings also indicate some major pathway of glucose formation other than the
Rabden-Meyerhof reactions. COLLECTION ot el Kot
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BOX XN

14, Related Projects:
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See 06-01~02 -~ Medical Research - Surmary Sheet.
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i . Medicel Research
Project Title: giudies on Diebetic and Non-diabetic Humen Subjects 06-01-02-e-(1)

15. Accomplishments Last Fiscal Year - 1960:

Accomplishmigts of the current fiscal year include studies of blood glucose
formation from C -labeled precursors. Four studies have been done including
three new patients (about 50 hospital patient days). This study will continue,
probebly atcumulating 100-150 hospital days for the {iscal year. A new
feature of this study &s the contimuous analysis of breath Cluoe for the first
Tew hours following % administration in order to better evaluate the oxidative
fate of the administered compound. This feature was made possible by purchase
of an ionization chamber-type flow counter. The apparatus has been used with all
patients since its receipt in September 1959 and is satisfactory for present
purposes except that a print out timer for the integrator wil& have to be added
in order to make possible a permanent record of cumulative C1 .

Further studies of Clh-bicarbonate metabolism were carried out in the first

part of this ycar. These studigs will probably be continued with the utilization
of the new continuous breath ¢r Op analyzer.

An intermittent study of ketone body formation from l-Clu-acetate conducted
2 or 3 ycars ago has been pursued by further analysis of uﬁine samples. In
addition to more reliable and extensive analysis of the cl* content of ketone
bodies, it has been incidentally observed that diabetics of different types or
the samc diabetics with or without glucocorticoid edministration have markedly
changed ratios of acetoacetic to beta-hydroxybutyric acid in the urine. This
intercsting finding may be followed up by studies in which column chromatographic
separations of the acids are a key feature,

During the final two months of this year, another research collaborator
(Dr. Robert Schwartz) worked in association with W. W. Shreeve and R, C. De Meutte
on a study of bicarbonate metabolism and kinetics by injectinghNaHCl£03 intra-
venously into two diabetic huggns and analyzing changes in C 02 contént of
breath, artery, and vein. WNa®™= and T-1824 werﬁ also used as tracers to compare
body Tompartment distributions with that of ci*. The study provided further
evidence for significant pools of miscible €Oy in the intracellular fluids.

16. Expected Results This Fiscal Year - 1961:

It seems possible that this year will Eee extension of the glucose formation
study with diabetic humans to some other cl*.1abeled precursors, e.g., some amino
acids. Some hormonel influences on the important process of glucoenogenesis
from protecin may then be studied more directly. Chromatographic separation of
blood amino acids may be done in connection with this study. An apparatus
which could be potentially very VE&uable and useful in this sort of study is a
continuous liquid scintillation G -analyzer which can be applied to chromato-
graphic tolumn techniques. This apparatus might elso be useful in further
studies of the formation of interconversion of acetoacetic and beta-hydroxybutyric
acids as affected by edrenal cortical steriods.

If analyses of breath cluoa become more extensive and critical in the
interpretotion of bicarbonate kinetics or the oxidation of labeled compounds,
it may be asdvisable to consider supplementing the present apparatus for cl
analysis with the infrared gas enalyzer for ¢120, anelyses, which would permit
direct computation and plot Cll*o2 specific activities.

This is & continuing progrem end no large expansion is anticipated.

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

The general program outlined for FY 1961 is expected to be continued.
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) ) Medtcal Research
Project Title: Animal Studies of Sugar Metabolism 06-01-02-e-(2)

06-01-02-e-(2) Animal Studies of Sugar Metebolism

Persons in Charge: W. W. Shreeve, L. Feinendegen end F. €. G. Hoskin

12. & 13. ObJjectives and Overall Description:

The possibilities of utilizing certain specles with specialized needs for
energy derived from glucose have been investigated. Also, utilization of tissue
culture techniques, where the sources of compounds needed for cellular metabolism
can be controlled closely, are being studled. '

1. Related Projects:

See 06-01-02 Medical Research ~ Summary Sheet

15. Accomplishments Last Fiscal Year - 1960:

Dr. F. C. G. Hoskin, Research Collaborator from Columbia University, under
guidance of W, W. Shreeve, spent the first two months of this year initiating
a study of pathways of carbohydrate utilization in the electrlc eel in order to
relate the unique form of energxhproduced to the metabolic reactioniuunderlying
it. Techniques in the use of C™ -labeled glucose and analysis of C” 0, evolved
from tissues incubated with it were learned while at Brookhaven and the study
continued later at Columbia University in Dr, David Nachmangohn's laboratory.
The Brookhaven phase of this study has been completed. Whether more work at
Brookhaven needs to be done will depend upon the results from the study to be
completed elsewhere.

Use of regenerating rat liver systems over the past 3 years has shown that
at least part of deoxyribose in DNA had an origin different from ribose in RNA.
This_project has been completed end it is not expected to be reactivated.

Along with the nﬁcleosides T-thymidine and T-cytidine, some labeled sugars
(T-deoxyribose and ol -ribose) have been presented to tissue culture cells.

The essential finding was that deoxyribose was a poor precursor of INA, while
ribose was converted extensively to both RNA and DNA,

During the current year this study has continued. Ribose was found to be
readily incorporated with a pattern of nucleic acid formstion similar to thet
of T-cytidine. Free deoxyribose was not significantly taken into DNA or RNA.
These studies involved column and paper chrocmetographic separation and radio-
sutographic detection of tracers.

16. Expected Results This Fiscal Year - 1961:

These studies will be continued at the same level of effort for the next
year and are not to be expended in the future.

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

The general program outlined for FY 1961 is expected to be continued.
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Medicel Research
Radiation Physiology of Blood Lipids and
Project Title: Adipose Tissue 06-01-02-e-(3)

06-01-02-e-(3) Rediation Physiology of Blood Lipids and Adipose Tissue

Persons in Charge: 1I. Schwartz, A. Debons and L. Gidez (Research Collaborator)
from Albert Einstein Medical School.

12, & 13. ObjJectives and Overall Description:

Effects of radiation on the storage and transport forms of body fat
represent little explored facets of radiation physiology. Because fat is a
major and mobile body constituent, an Investigation of the changes in lipid
structure, mobilization and metabolism resulting from various foims of radiation
would be of interest per_ se and may bring new insight into the nature of
radlation toxieity.

T1h, Related Projects:

See 06-01-02 Medical Research - Summary Sheet

15. Accomplishments Last Fiscal Year - 1960:

Standard methods for extraction and analysis of 1lipids have been set up
and used 1in experiments to study effects of adlpose tissue and whole body
irradiation (1000 r) in rats end dogs. Lipids from blood sampled during
these experiments have been extracted, rectified, frozen and stored, pending
satisfactory collaborative arrangements for finel fractionation of the extracts
by silicic acid and ges chromatography. All rats nctsacrificed on ﬁhe day of
irradiation were given an intraperitoneal injection of acetate-1-C1* three
hours before sacrifice on the second or third post-irradiation day. The
in vivo incorporation of acetate into edipose and hepatic fatty aclds end
particularly into hepatic cholesterol was found to be greatly increased in
the irradiated as compared to the control Enimals. In sddition, we have made
and -used & preparation of albumin bound cl%-1abeled palmitic acid as an
in vivo label for the pool of non-esterified fatty acids in experiments to be
described below.

16. Expected Results This Fiscael Year - 1961:

Plans for the next group of experiments will depend on the results of
the 1lipld analysis of the samples from our current study. If radiation induces
a qualitative or quantitative change in the major classes of transport lipid
or in the fatty acid pattern within any of these classes, radiation effects
on the. chemical composition of storage and structural lipids will be studied
and attempts made to isolate any abnormal lipids.

17. Expected Progremes end Results for Next Fiscal Year - 1962:

The general program cutlined for FY 1961 is expected to be continued.
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Medical Research
Radioisotopic Analysis of Lipid Metabolism and Transport
Project Title; in the Blood 06-01-02-e-(4)

06~01-02-e-(4) Radioisotopic Analysis of Lipid Metabolism and
Transport in the Blood

Persons in Charge: I. Schwartz, A, Debons, and L. Gidez (Research Collaborator,
Alvert Einstein Medical School)

12. & 13. Objectives and Overall Description:

The availability of isotopic fatty acids has greatly facilitated the
study of the mobilization, transport and utilization of body fat. Only recently
it has become clear that the non-esterified fatty acid (NEFA) fraction of plasma
is a highly important metabolic fuel which alone can supply as much as 50% of
the total energy requirement oihfasting human beings. {(This fact was estab}&shed
directly by determination of C™ 0o in expired air after administration of C*-
labeled NEFA to man and dogs.) Thus the NEFA fraction of plasma is capable of
delivering energy to working cells at a rate equal to and possibly exceeding
the celoric flux avallable from glucose, What 1s even more interesting is the
fact that dellvery of NEFA from storage is regulated to supply caloric deflcits
arising when the total energy requirement exceeds the energy made avalleble
from carbohydrate metabolism. This regulation is rapid, sensitive end involves
versatile ettributes of adipose tissue that were unsuspected until very recently.
It is of conslderable importance to make use of isotopic fatty aclds to charac-
terize the nature of this regulation not only because of its central position
in caloric hemeostasis, but also because of the high probebility that en
unregulated flow of NEFA from storage is the cardinal defect which causes
disbetic ketosis.

Studies begun elsewhere on the regulation of the plasma concentration of
NEFA have been continued at Broo) Ee.ven. In addition, an attempt to develop e
nmore suitable 1ipid label than C™° for studles in humans. One promising
possibility which is uniquely adapted to the facilities o{sBNL is the use of O
vwhich cen be determined after proton radloactivation as F .

18
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14. Related Projects: COLLECTIONM /£9 Phed . St 750-(/
See 06=01-02 Medical Research - Summary Sheet 80X No

15. Accomplishments Last Fiscal Year - 1960: FOLPER

The mechenism by which thyroid hormone elevates the concentration of non-
esteﬁ.fied fatty acids in plasma wes studied in dogs by comparing the clearance
of C+*-labeled palmitic acid before and after the administration of l-triiodothy-
ronine (T3). Within 5 hours after an intravenous inJjection of Bne milligram
the rate of disappearance from the plasma of palmitic acid-1-C1* was increased
although the total concentration of NEFA in the plasma had doubled, thus
extending previous observations in man., When a uniform concentration of labeled
NEFA was maintained by a constant infusion, the administration of T-3 was
followed in 5 hours by a significant decrease in specific activity. It is
concluded, therefore, that although the thyroid hormone increases the rate of
removal of NEFA from the blood, ite predominant effect 1s to enhance the release
of fatty aclds from tissue stores.

A related series of studies dealt with the effect of thyroid hormone on the
in vivo NEFA-genic response to adrenalin in humans and on the in vitro lipolytic
response to adrenalin of 1solated ret adipose tissue., In the tests on the human
subjects, edrenalin evoked a slgnificently grester and more prolonged elevation
of the Plasma NEFA level when the patients were receiving from 0.1 to 0.2 mg of
1-triiodothyronine (T3) than was obgerved in control periods during which no
thyroid was given. Sim:llarly in the 1n vitro experiments, adipose tissue from
hyperthyroid rats showed an exaggerated releese of NEFA in response to epinephrine;
whereas adipose tissue from hypothyroid animals showed little or no release of
NEFA 1n response to an identical challenge with epinephrine. These studles show
that thyroid hormone 1s essential for what is probably a key process for integra-
ting the requirement for lipid substrate by metabolizing cells and the supply
of such substrate from storage. In fact, they establigh for the first time a
clear role for the thyroid hormone in the regulation of fat mobilization.

It has been observed consistently that whenever l-triiodothyronine increases
the basal metabolic rate, it also increases the plasma NEFA level. In sherp

Lan2210a (See continuation sheet)
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Medicel Research
Radloisotopic Analysis of Lipid Metabolism and Transport

_Project Title: in the Blood 06-01-02-e-(4)
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15. Accomplishments Last Fiscal Year - 1960: (cont‘d)

contrast, d-triiodothyronine, which has little or no effect on oxygen consumptlon,
proved to be without effect on the plasma NEFA level and without influence on
epinephrine-induced NEFA production. These findings indicate that the increased
plasma NEFA concentration of hyperthyroid subjects reflects the accelerated
mobilization of fat required to support their excessive metabolic requirement.

During the latter study, it was noted that although d-T3 had little or no
effect on metabolic rate and fatty acid mobilization, its depressive effect on
the level of serum cholesterol was fully comparable to that of 1-T,. This finding
clearly separates the general metabolic (calorigenic) asction of thjroid hormone
from its action on cholesterol metabolism and suggests that thyronines devoid of
calorigenic action, such as d-T3, are worthy of study in relation to the general
problem of atherosclerosis as well as for their potentially useful pharmacologic
effects in man.

Preliminary experiments have been carried ocut to investigate the hypo-~
cholesterolemic effect of thyrold hormone, the most obscure espects of which is
the nature of the hormone influence of cholesterol absorption. Rats with lymph
fistules were piﬁpared and given approximately 50 mg of a preparation of
cholesterol-4-C~" by stomach tube. The total amount and specific activity of
cholesterol absorbed into the lymph over a 24 hour period wes determined in
normal controls and in 2 groups of animals chronically pretreated with 1-T5 and
with d-T3, respectively. In the normal animals the peak of absorption was sharp
and occutred at 6 hours. The specific activity of the lymph cholesterol was
strikingly lower than the administered cholesterol-h-clh, showing that there had
been an endogenous dilution of the administered labeled cholesterol which can
only be accounted for by the existence of a large endogenous pool of cholesterol
in the intestinal wall. In contrast, in the thyroid-treated enimals, the ratio
of the specific activity of the lymph cholesterol to the specific activity of
the administered cholesterol was very much higher than in the controls, showing
that the thyrold hormone acts in some manner to reduce the endogenous intestinal
mucosal pool of cholesterol. This fact is further documented by the f£inding that
the total amount of cholesterol absorbed is reduced by 50 per cent or more in the
thyroid-treated animals as compared with the controls.

Additional clinical studies include the use of liquid formula feedings.
Because of the ilncreasing general use of formula diets in metabolic studies as
well as in the evaluation and therapy of obesity and hypercholesterolemic states,
evaluation has been made of the major clinical consequences of prolonged mainten-
ance of patients on these regimens, gilving particular attention to the obese
patient on a low dally intske of protein. Obese patients losing weight on
formulas providing as little as 21 grams of milk protein per day achleve nitrogen
balance within 6 weeks, despite & century of nutritional tradition (but no
critical data) to the contrary. Potassium balances paralleled nitrogen balances;
sodium balances depended on sodlum intake which is being varied in a variety of
ways in order to determine whether or not fat people have a characteristic
abnormality in the regulation of the wvolume or composition of body fluid. Liver
function studies carried out on these patients were all normal except for the
findingd of abnormal BSP retention in 3 patients on admission, of increasing
BSP jreténtion in all patiente during the first month on celoric deficit and of
decgeasing BSP retention with continuilng weight reduction thereafter, ultimately
reaghing values below those on admission in the cases of those who had abnormsl
elevatigqn and to the same levels 1n the case of those that did not. This finding
of fmprdved liver function draws attention to the relation of obesity and fatty
infiltrdtion of the liver and tends to deemphasize the importence of the present
so-cdalldd optimal level of dietary proteln intake especielly during restriction

f totall calories. Measurements of renal, pancreatic, gastric, parotid gland
uncitionl as well as a limited endocrine survey were all within normal limits
uring the course of the study.

Measurement of body composition by isotope dilution have been carried out
%mmt he results have not yet been anslyzed. Relevant to this category of studies
Aarez (g) the possibility of meking direct estimates of body fat in man by isotope
aﬂil@;iog studies using a radloactive inert gas, such a krupton, the oil:water
“parfitidn ratio of which i1s 30:1; and (2) the obvious superiority of the whole
body counter over balance techniques for estimation of the retained amount of

the administered isotope.

Two clinical studies have been initiated in colleboration with Dih Gidez.3
One is concerned with the in vivo treansformation of palmitic acid-1-C 8,9-H
into so-called "essential"” fatty acids in man; the second involves an appraiaal
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Medical Research
Radioisotopic Analysis of Lipid Metabolism and Transport
_Project Title: 1in the Blood 06-01-02-e-(4)

15. Accomplishments Last Fiscal Year - 1960: (cont'd)

of the metabolic role of unsaturated fatty acids, particularly linoleic acid,
in man.

In colleboration with Dr. Shreeve and Dri De Meutter who are studying
incorporation into glucose Clh derived {Eom C h-labeled glycolytic and Krebs
cycle intermediates, we are observing C-' incorporation from these substrates
into human serum lipids and cholesterol.

16. Expected Results This Fiscal Year - 1961:

Related studies on the hormone influence of cholesterol asbsorption will
biastudied in patients. For the humen studles we will try to obtain and use
0™--labeled ¢ oleeteéol, which cen be analyzed by radioactivation (P-N reaction
converting 01° to Fl }. In the course of this work, we hope to introduce the
use of 01° (in conjunction with this specific radiosctivation procedure) as a
sterol and 1lipid label. This lebel would be especially valuable for metabolic
work in humans since the igotope 1s stable in vivo and rendered radicactive only
for enalytical purposes after the experimental samples have been removed.

It 1s planned to extend the work involving Clu in both the normal man and
diabetic patient and that these experiments will reveal significant espects of

the interpley between 1lipid and carvohydrate metaboliswms in normal and diabetic
man.,

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

The general program outlined for FY 1961 is expected to be continued.
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. . Medical Research
Project Title: Transfer of Sugars Across Cell Membranes 06-01.-02-e-(5)

06-01-02-e-(5) Transfer of Sugars Across Cell Membranes

Person in Cherge: P, G. Le Fevre

12, & 13. Objectives end Overell Description:

During the past 3 years, studles on the mechanism of sugar transfer across
the boundary membrane of the mammalian red blood cell have been carried out.

1L, Related Projects:

See 06-01-02 Medical Research - Summary Sheet

15. Accomplishments Last Fiscal Year - 1960:

Theoretical calculations derived from two current interpretations of kinetic
date on net sugar transfers have led to epplication of lsotopic tracer methods
providing decisive means for discriminating between the 2 proposed hypotheses.
Previous kinetic studies have all dealt with net transfers in response to gross
concentration gradients. The saturation kinetics found with D-glucose and
related monosaccharides nave been attributed either to operation of a spaecial
sugar carrler system or to nonspecific depression of cell permeavility by surface
alterations at high sugar concentrations. The latter hypothesls predicts a tracer
glucose exchange rateluhich 1s only a small fraction of that predicted by carrier
theory. Therefore, C™" glucose equilibration in both directions wes studied in
thick suspensions of humen erythrocytes. The speed of tracer equilibration in
comparison with the speed of net transfer was 50 to 100 times greater than would
be found in e diffusion process; these high fluxes are consistent with the
carrier theory, provided that a glucose-carrier affinity appreciably higher thean
that previously estimated is assumed.

Concerning the molecular specificity in sugar transfer systems, the
conformational type of bilological stereospecificity discovered in the human red
cell was extended to other monosaccharide transfer systems, with gpeciel
attention to the mouse Krebs ascites tumor cell. Appropriete chemical methods
have been developed for improved quantification of the partial results reported
from other laboratories. Estimation of the specific carrier constants in this
cell, which will permit conslderation of the correlation with molecular conforma-
tional stabilities, 1s beginning. The related problem of the reversible combina-
tion of these systems, in erythrocytes and ascites tumor cells, with phloretin,
stilbestrol, hexestrol, and other such diphenclic competitive inhibitors, has
been extensively studied. Various corrzlations have been drawn with respect to
minor rearcangements in these diphenclic molecules and alterations in the composi-
tion of the medium, as factors in the degree to which the agents become fixed to
the cells.

The experimental portion of these studies will be completed during FY 1960.

16. Expected Results This Fiscel Year - 1961:

Final analyses of the experimental data will be completed end this program
18 expected to terminate.

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

No activity.
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Form NY00-230
{1-60) UNITED STATES
ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

1. Project Title: 2. Date Prepared:l Revision No.
Radiation Effects on Bilologicel Systems - 1
Medical Research R

3. Sub-Title:
Radloisotopes for Study of Protein and Nitrogen Metabolism

4. Budget Activity No. 5. Budget Item No. 6. Contractor's No.
06-01-02 06-01-02-f

7. Contractor: Associated Universities, Inc. |8. Working Location | 9. Contract No.
Brookhaven National Laboratory Upton, New York AT-30-2-GEN-16

10. Persone 1in Charge 11. Starting Date of ProJject:

See Individual Sub-division Proposals Continuing

06-01-02-f Radioisotopes for Study of Protein and Witrogen Metabolism -
{Summary)
Cost and Personnel Date (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 185 200 230
Direct Man-Years
Staff 3.8 k.3 4.5
Visitora 2.3 2.4 3.1
Scientific 6.1 6.7 T.6
Other 6.9 7.8 8.7
Total 13.0 L5 16.3

The use of labeled proteins for en evaluatioghof the nutritive state of
intact orgenisms will continue to be cexplored. C and tritium labeled compounds
glve information on & nutritive condition and food utilization, end further
demarcate broad pathways into which come and go meny other elements. For example,
tritium emits very weak beta particles with a range less than cellular dimensions.
Thus, this isotope is useful for locating lebeled compounds as well as possibly
localizing radiation effects within a given cell or part of a given cell.

06-01-02-£-(1) Mechanisms of DNA Synthesis
Persons in Charge: W. L. Hughes, S. L. Comnerford, end R. C. Krueger
12, & 13. Objectives and Overall Description:

Many radiobiologicel effects can be traced ultimately to damage to the
genetic material, DNA. Studies with tritiated thymidine at BNL before 1959
have suggested a template mechanism whereby genctic information is duplicated
and then divided equally between the two daughter cells during cell division,
These observations have been made autoradiographically et the chromosomal level
end therefore have shown only how the DNA complex, the chromosome, 1s duplicated. .
In order to examine this process at the level of individual DNA molecules other
technics must be developed. A promising approach is by labeling the DNA with
heevy atoms which will make possible its separation in e centrifugal field.

During FY 1959 a beginning on this problem was made by showing that the
thymidine analogue, bromo-deoxyuridine, could be incorporsted into DNA.

REPOSITORY BN datl kT Wil A

14, Related Projects: coLLECTION LM 179 1A A 20T
19572 /96 ¢

See 06-01-02 - Medical Research - Summery Sheabx no.

LSC0LOER

15. Accomplishments Last Fiscal Year - 1960:

During F.Y. 1960 these studies have been extended to the heavier analogue,
iodo-deoxyuridine. However, most studies to date have been with rediocactive

material in tracer amounts (se?SBucceeg}ng iojecg):t)In eddition the technic
ee_continuation shee
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Medicel Research
_Project Title: Studics on the Glycoprotein Orosomucoid 06-01-G2-£-(5)

| 06-01-02-f-(5) Studies on the Glycoprotein Orosomucoid

Persons in Cherge: E. A. Foponoe end M. Maxfield

12 & 13. Objectives end Overall Description:

Among the plesme proteins, the low molecular weight, acidic glycoprotelns
are more or less unique in that no specific functions have yet been attributed
to them. 1t is untikely, however, that they are mere chence consiituents.

The concentration in the plesma of one of these glycoproteins, orosomucoid,

is morkedly elevated in a number of apperently unrelated conditions including
pregnancy, rheunatoid arthritis end various neoplastic diseases. In neoplastic
diseases, in foct, the plasma orosomucoid level can be used as an indication of
the potient's responseto therapy. When trectment hes been successful, the
level drops.

The most interesting aspeets of the structure of orosomucoid would appear
rclated to its cerbohydrate moiety and this in turn should bear on its function.
Previously it hos been found to contain 40% of a carbohydrate conteining 17
terminal sielic ecid residues cach linked to a galactosc in the carbohydrate
o8 a glycoside.

14. Related Projects:

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

15, Accomplishments Last Fiscel Year - 1960:

During the pest year unsuccessful attempts were mede to probe further into
the structure of the carbobydrate portion of the molecule using a variety of
enzymes known to hydrolyze galactosides. However, attempts to whittle away the
protein part of the molecule have been more successful. An unidentified
flavobacterium which has been isolated by Dr. Drew, of BNL, will grow on a
medium containing orosomucoid ond inorgenic salts. During this growth about
G0 per cent of the polypeptide part of the glycoprotein is removed leaving the
carbohydrate part apparently unchenged, and still firmly attached to a smell
peptide. An amino acid anclysis of this residual moteriel showed that it is
composed predominantly of aspartic acid and-theonine with lesser amounts of
glutomic acid, proline, and glycine aond troces of several other amino ecids.

16. FExpected Results This Fiscal Yeer - 1961:

During Fiscal Year 1961 ottempts will be made to degrade this product furthe
elther by chemical or enzymatic meons and thus ultimetely to identify the emino
acid to which the tarbohydrate is attached., As:time permits, it is hoped also
to use the experience gained with orosomucoid to make parallel studies on certain
other micoproteins. Most likely candidates for this study are an alphc,a-glyo-
protein which cen be isolated in o pure statc from humen plaosma, and thé
urinary mucoprotein which is elready under study in this Dcpartment.

17. Expected Programs ond Results for Next Fiscal Year - 1962;

The generzl progrem outlined for FY 1961 1s expected to be continued.

REPOSITORY MJ‘MW

Fmrf T Bept: 195061

COLLECTION

80X No.

FOLOER

4002224 OFFICIAL USE ONLY Page 06-59



Medical Research

, . Metsbolism of C1¥ . 1gbeled emino acide by Trichinella
Project Titles Spiralis larvae 06-01-02-£=(4)

06-01-02-f-(4k) Metabolism of cl* . 1gbeled amino acids by Trichinella Spiralis
Iarvae,

Person in Charge: L. V. Hankes end R. D. Stoner

12 & 13. Objectives end Overall Description:

Investigation of the problems of trichinosis as studied with radiocactive
compounds ylelds informetion on host-parasite relationships.

1. Related Projects:

See 06-01-02 Medical Research - Summary Sheet

15, Accomplishments Iast Fiscal Year - 1960:

Specifically, the effects of en active trichinella infection on host metabol;
ism were investigated. In vitro turnover studles of labeled proteins end cerbohy-
drates were studied in Trichinella larvee, utilizing laervae cultures in chemically
defini media. The lervae were labeled in the host by feeding mice diets contain
ing C*".lebeled emino ecids. Tissue and blood components were analyzed for Cll* W
to assess the effects of parasitic infection on host metabolism. Although the
data 161ave been collected, enalysis snd interpretation will not be complete until
FY 1961,

16. Expected Results This Fiscal Year - 1961:

Activity during this yeer will be limited to the analysis and interpretation
of the experimental data.

17. Expected Progrems and Results for Next Fiscal Year = 1962:

The general progrem outlined for FY 1961 is expected to be continued.
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Mcdicel Resecarch
Project Title: Plasme Protcin Mcotabolism 06-01-02-f-(3)

i ..
' 06-01-02-f-(3) Plasma Protein Metabolism

Persons in Charge: W. L. Hughes
T. Gregoirc (Rescarch Collaborator in Residence from Belgium),
A. Scanu (Research Collaborator from Cleveland Clinic),
L. Ledoux (Rescarch Collaborator from Centre d'Etude 1'Ehergid
Nucleaire, Brusscls, Belgium)

12 & 13. Objectives and Overall Description.

Serum albumin has been labeled with tritium, serum lipoproteins have been
labeled with radioiodipe, @lipoprotein has been labeled with 7131 and the
dynamics of its dlssoclation into lipid and protein moieties has been studied.

1%. Related Projects:

Sce 06-01~02 Medicel Rescarch - Summary Sheet.

15. Accomplishments last Fiscal Ycar - 1960

The sbove described program was continued into FY 1960, and the ease and
reversibility of this process indicated the importance of G~lipoprotein in lipid
transport and metabolism. Ribonucleasc has been similerly labeled with iodine
and found to rapidly distribute extravascularly after i.v. injection as well as
concentrating in the kidneys.

16. Expected Results This Fiscal Year - 1961

In FY 1961 further studies on lipoproteins and on the mechanism of renal
concentration of ribonuclcasc are planned.

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

The general program outlined for FY 1961 is expected to be continucd.
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Medicel Research
The Preparction end Use of Tritiated Compounds for
Project Title; Bilopedical Studies. 06-01-02-£-(2)

06-01-02-£-(2) The Preperation ond Use of Tritiated Compounds for Biomedicel Stud:

Persons in Charge: W. L. Hughes, H. A. Johnson, R. Painter, L. E. Feincndegen;
R. C. Krueger (Research Collaborator - Univ. of Connecticut)
S. L. Commerford (Research Collaborator in residence from
Notionsdl Institute of Heclth), D. Gitlin (Research Collab-
orator from Horvard University), M. Rodriguez (Research
Colloborator from John Hopkins Univ.)

12 & 13. UObjectives and Overall Description:

The valuec of H3-thymidine in following the dynamics of cell proliferation
was demonstroted in FY 1958 and hos initioted a number of projects in the
following yeara. Its invention as o method of localizing rediation within

the rodio-sensitive volume of the cell's nucleus has lergely been ignored in
vicw of its many tracer applications. Nevertheless, in sufficlent dosoge it
can produce radintion damage. This was first demonstrated in tissue culture
in FY 1958 and extended to mice in FY 1999, 1960, where 1t has been shown that
temporary sterility and thymic weight loss can be produced, The sterilizing
effect has been correlated with that of x-reys - 1 pc of H3-thymidine per gram
of body weight being about equivalent to 2 r of x-rays per doy.

1k, Related Projects:

See 06-01-02 - Medicol Resecrch - Summery Sheet.

15. Accomplishments Last Fisccl Year - 1960 :

During FY 1960 Iodo-deoxyuridines (IDU) labeled with 1131 onq 1133
have been prepared as thymidine analogues. The gomme radiation of these
isotopes permits metabolic measurcments outside the body in the intact
organism. It has been shown that IDU is a specific analogue of thymidine,
like the letter being incorporcted only into DNA. This property has been
utilized to study in vivo rates of DNA synthesis in various organs of mice
and the inhibltory effects 2’51 -ro.yslggich were discernible with as little
as 10 r. The use of both 1 and 1 - labeled IDU in the same onimal permitted
the mecsurement of changes in the rate of DNA metobolism produced by exper-
imental procedures uncomplicated by the individual voriotions observed between
onimels. This technic proved particulerly useful in studying the mouse sarcoma
which normally showed a high but varisble rate of IDU incorporation. The tumor
proved to be much less rodiosensitive than the intestinol epithelium but the
per cent inhibition wae quite similar to that of bone merrow for the seme
x~-ray dose.

16. Expected Results This Fiscal Yeor - 1961:

During FY 1961 it is planned to survey by the IDU technic o variety of
procedures used in cancer therapy looking for differcntiel effects on DNA
synthesis in the tumor vs. normally proligﬁrating tissues of the host. Also
IDU labeled with the position-emitting T will be prepared in an attempt
to locete tumors by coincidence scanning of the anihilation radiation emitted
from the isotope built into DNA. (Note: The volume of work contemploted with
ICI and its close relation to cancer suggest that a new project should be
initinted in this ficld, sce proposed jJoint project by Hughes and Forr. )

The preporation of tritiated compounds which was interrupted in 19359
by the Wmove to the new building will be resumed in FY 1961 when adequate
focilities are availeble. The preporation of biochumicals lobeled ot high
specific activities for outorndiographic studics has proven perticularly
fruttful in studying nucleic ncid metebolism end attempts will be ‘made to
extend this to the study of proteilns. (Serum elbumin of relatively high
speceific activity was prepared in FY 1959, but thus far has not yielded ony
cutorediogrophic results.)

17 Expected Programs ond Results for Next Fiscal Year - 1962:

RePOSITORY AAL1K AL LI Lz gé oy
The general progrem outlined for FY 1961 is expected to be contimied.
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Medical Research
Project Title: Mechanisms of DNA Synthesis 06-01-02-1-(1)

1
{

{15, Accomplishments Last Fiscal Year - 1960: (contd.) i
of density gradient centrifugation has been applied to the separation of protein
molecules of different densities; i1odinated albumin has been separated from
normal albumin and investigation of the immunc reaction has suggested that density
gradient centrifugation may be a promising method of separating complexes of
entigen and antibody.

16. Expected Results This Fiscal Year - 1961:

During FY 1961 1t is planned to extend density gradient centrifugation to
the analysis of DNA from cells grown in the presence of large amounts of iodo-
deoxyuridince. The new "heavy” DNA should thus be readily resolvable permitting
a varicty of studies on kinetlcs, mechanisms and radietion effects.

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

The genernl program outlined for FY 1961 is expected to be continued.
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Medical Research 06-01~02-f=(6)
. _Project Title: Collagen Formation Studied with Isotope-Lebeled Amino Acids

E 06-01-02-F~{6) Collagen Formation Studied with Isotope-Labeled Amino Acids.
!
!

Persons in Cherge: D.D. Van Slyke, E., A. Popenoe

12 & 13. Objectives and Overall Description:

Collagen, the structural proteiln that binds the tissues of animals together,
constitutes 30 to 40 per cent of mammaliesn body protein. It is involved in the
pethological changes of the "ecollagen dlseases" and the changes of aging. The
formation and metabolism of collagep in rots was studied before and during FY
1959 with the use, 88 & tool, of Cl*. and H3-labeled lysine. Hydroxylysine
is unique emong protein amino ecids in combing two propertlies: it occurs only
in collagen end, as shown by previous studies in this lgboratory, it is formed
from only one source, lysine. Iysine from food proteins is hydroxylated in the
tissues and the hydroxylysine thus formed is incorporated into the collagen.
Hydroxylsine 1tself, when administered lebeled with B3 » was found not to be in-
corporated. Hence 1t appears that hydroxylysine formation from lysine doces not
occur before incorporation. The question remeins, whether the formation of hy-
droxcylysine from lysine occurs at the moment of incorporation, or whether it
follows, The question whether one amino acid can be transferred into another
after incorporation into the proteln molecule is of importance in the generel
problem of protein metabolism. If hydroxylation of lysine occurs et the moment

of incorporation of Clt.labeled lyeine, the cerbons of the lysine and hydroxylysin
in the collagen must have from that moment equal ol specific activities, A
final enswer to the question whether this occurs has not yet been reached.

14, Related FProjects:

See 06-01-02 Medical Resesrch - Sumary Sheet

15, —Accamplishments 1ast Fiscal Year - 1960:

During 1960 when collagep was isolated by conventional methods, that obta:lneJ
en hour afier injection of cl*.1abeled lysine showed hydroxylysine cexrbon with
only TG per cent as great C* gctivity as lysine from the same collagen prepera-
tion. The figure slowly increased towerds 100 per cent during subsequent days.
The course of the change made it appear probvable that bhydroxylysine formation fron
]{E:Lne in fact was completed at the moment of incorporation, end that the excess
Cl* activity of the lysine over the activity of the hydroxylysine in the collagen
during the first hours after the lysine injections was due to the incomplete re- ;

movel of other proteins from the collagen prepesrations by the conventional method
of purificetion,

16, Expected Results This Fiscal Year - 1961:

To obtain e final solution of the problem during 1961 the experlments
performed in FY 1960 will be repeated with refinements in the purifi~abion of the
collagen. |

17. Expected Progrems and Results for Next Fiscal Year = 1962:

The general yrogrem outlined in FY 19€1 is expected to be continued.
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Medical Resesrch
Use of Radioactive Iodine to Improve Methods for Determination
_ Project Title: of Protein-Bound Iodine in Serum 06-01-02~£-(T)

06-01-02-f-(7) Use of Redioactive Iodine to Improve Methods for Determination
of Protein-Bound Jodine in Serum.

Persons in Charge: D. D. Van Slyke, L. V., Hankes and O, P. Foss

12 & 13. Objectives and Overall Description:

Normal human serum contains en average of 6 parts of iodine per 100 million,
1 part being inorganic lodide, while the other S parts sre in thyroid hormone
attached to the plasma proteins. The measurement of this protein-bound iodine is
important in diagnosis of thyrold disease. Because of the minute emounts of
iodine involved relisble enalytical results are cobtained only with exceptional
precautions.,

14. Relsted Projects:

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

15. Accomplishments ILast Fiscal Year - 1960:

With the help of tracer smounts of I131 gcopditions for the successive steps
of the anelysis, viz., precipitation and washing of the proteins conteining the
protein-bound iodine, incineration of the proteins with alkell, extraction of
jodide from the ash, estimation of the iodide by its effect in catalyzing the
reduction of cerate by ersenite, and the reagents used with each step, have been
tested in detall with veriations to find optimal conditions for each. As a result|
logses of iodine which could, by former procedures be as great as 30 per cent,
have been reduced consistently to less than 5 per cent, and the procedure has been
simplified so that en enslyst in a day cen finish many more determinations. This
project was conducted during 1959-60 and has now been terminated.

16, Expected Results This Fiscal Year ~ 1951:

No activity.

17. Bxpected Progrems and Results for Next Fiscal Yeer -~ 1962;

No activity.
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Form NY00-230
(1-60) UNITED STATES
ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

. 1. Project Title: 2. Date Prepared: |Revision No.
Radiation Effects on Biological Systems - May 1960
Medical Research __
3. Sub-Title:
Radioisotopic Labeled Hormones to Determine Action Sites i
k. Budget Activity No. 5. Budget Item No. 6. Contractor's No. h
06-01-02 06-01-02-g

7. Contractor: Associated Universities, Inc. [B. Working Location{9. Contract No.
Brookhaven National Laboratory Upton, New York AT-30-2-GEN-16

10. Persons in Charge: 11. Starting Date of Project:
See Individual Sub-division Proposals Continuing

06-01-02-g Radioisotopic Labeled Hormones to Determine Action Sites . {Summary)

Cost and Personnel Data (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) T5 80 95

Direct Man-Years
Staff 0.9 1.1 1.1
Visitors 1.8 1.9 2.1
Scientific 2.7 3.0 3.2
Other 3.0 3.4 3.8
Total % 5.5 7.0

The mechanism of action, particularly at the molecular level of hormones
remains obscure. The deficiency, excess, or gualitative sbnormality of hormones
is correlated with major disease processes such as diebetic ketosls, atherogenic
changes in blood lipids, and diabetes insipidus secondary to radietion or other
fectors. The preparation of hormones labeled with low energy, alpha or beta-
emitting, isotopes would make it possible to study, at the subcellular and

molecular level, the crucial questions in endocrino;ggs&gnder ing these important
clinical problems. ORY { A
COLLECTION f/‘i/’)r,/f? Died. Seof .

06-01-02-g-(1) Mechanism of Hormone Action /95D ¢

BOX No.

Persons in Charge: I. Schwertz, A. Debons, C. Fongy l. Silver, H. Johnson,
E. P. Cronkite, L. K. Dehl, and E. N

12, & 13. ObJectives and Overall Description:

Although there is extensive literature and considerable activity in the
field of endocrine blochemistry and physiology, little, if enything is known
sbout the chemistry of hormone-receptor interactions. It is believed that studies
of such interactions at the moleculer level are feasible now beceuse it is possible
to lebel ard prepare biologically-active derivatives of pure hormones of known
chemical structure, and because the nature of the physiological action of some
important peptide hormones has been recently so precisely defined. For example,
it 1s now clear the antidiuretic hormone of the posterilor pituitary alters
amphibian membranes and the mammalian distal nephron to bring sbout an lncreased
hydrodynemic flow in response to a transmembrane or transtubular osmotic gradient.
Thie is accomplished either by the dilatation of "pores" or by expansion of a
water-filled lattice in these membranes. An impressive array of evidence has
. accumulated to indicate that one of the major actions of insulin is to alter the
permeebility to sugars of the membrenes of insulin-sensitive cells, A study of
the relation between the mechanism of antidiuretic activity and the bonding of
vasopressin to kidney and other tissues; a study of the bonding of insulin to its
receptors in muscle and adipose tissue; and a study of the effects of radiation on
the correlated chemical and biological activities of these receptor sites in both
vasopressin-sensitive and insulin-sensitive tissues has been initiated.

(See continuation sheet)

OFFICIAL USE ONLY Page 06-62

4002231



ReposITORY _Byertihacn Mall Ast

Medical Research

Project Title: Mechanism of Hormone Action 06-01-02-g-(1)

1l. Related Projects:

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

F1PY Tl Sopt. 9506/

COLLECTION

15. Accomplishments Last Fiscal Year - 1960:

1. Lysine vasopressin and arginine vaesopressin were purified from partielly-
processed mixed hog and beef pituitary powder by counter-current distribution and
ion exchange chromatography. Both hormones were labeled with H3 by the Wilzbech
procedure, freed of exchangeable tritium, repurified from the mixture of radiation
degradation products and shown to have rectained biological activity.

2. Using these purified lebeled hormones evidence has been obtained that
arginine vasopressin is attached at its renal receptor site through e disulphide
bond. This formation of a mixed hormonereceptor disulphide proved to be specific
for renal tissue and could not be demonstrated in the ADH-insensitive kidney or
in the soluble proteins precipitated from normal challenged kidney. Thus, this
chemical bond eppears to bear an important relation to the mechanisms of the
antidiuretic activity of vasopressin. This finding represents the first descript-
ion of a chemlcal bond formed between & hormone and a target organ and suggests
the value of further exploring the significance and specificity of this bond in
relation to the ultimate action of the hormone on membrane permeability.

3. Experiments to determine the nature of the bonding of Il3l-labeled
insulin to insulin-receptors in rat diaphragm and adipose tissue invariably
resulted in a significant release of radicactivity only after procedures which
specifically disrupt disulphide bonds, thus suggesting that what we have found
for vasopressin may be a general phenomenon epplicable to all disulphide peptide
hormones which act on cell membrane permeability. It must be noted, however,
that in the case of insulin, our findings cennot be interpreted with the same
confidence as in the case of veasopressin until we have pinpointed the location
of isotopic labels within the insulin molecule at least with reference to the
A and-B chain.

k. 1131- labeled vasopressin has been prepared and recovered as a
chromatographically and electrophoretically homogeneous entity with approximetely
1/1000 of the biological activity of native or tritiated ADH. Studies of the
turnover of both I131.ADH and H3-ADH are now in progress in dogs and in humans
with and without abnormalities of water and electrolyte metebolism. These studies
of ADH turnover will supply critical date bearing on the nature of the homeostatic
regulation of the quantity or volume of body fluids,

5. In collsboration with Er. Johnson, Dr. Cronkite and Dr. E. M. Earmady
we are attempting to locelize I 3l-vasopressin and H3 vasopressin eand I 31
insulin autoradiographically. In first experiments, we demonstrated a cleer cut
specific localization of insulin in the first pert of the proximal convoluted
tulule and this finding is of considerable interest because this 1s the precise
sifje wHere glucose was found to be reabsorbed.

6] The effects of self-irradiation on beta and gamma emitting isotope
ivafives of vasopressin was studied by followiiglthe change with time in

ency of cold ADH as compared with H3-ADH and 1 -ADH., Lysine vasopressin—H3
taiged an agproximately 10% loss of hormonal potency over a 1 year period of
ragéd at -30°C. On thelgiher hand, 1131 AVP 4id not lose potency during the
iod {required for the I to decay to levels of leig than 0.1% of the original
iocegtivity. In fact the hormonal potency of the I 1. ave mey have increased
ing|{storage. If this unexpected finding can be substentiated by assays of
pardtions with higher specific activity, this phenomenon will constitute a
sibly unique instance of enhanced blological ectivity as a consequence of

otope deceay. This phenomenon, although gdd at first consideration, is not
indlewsible since the decay of I131 to Xel3l results in the formation of e
chemichlly inert gas which may simply free the hormone of the markedly inhibitory

iftiludnce of its attached iodine end restore the native form of its tyrosyl residud.

7. The use of activation technique, specifically neutron activation, is
being developed as a labelling procedure as well as an analytical procedure.
Arginine vasopressin has been exposed to neutron fluxes in the range of 2.5 x 1013,
Destruction of the hormone was almost complete, but the trace amounts of “activatei
hormone that were detected by bioassey of chromatogrephic eluates approximated
in specific ackivity that which 1is theoretically predicted from maximal activation
of the Sulfur3® content of the hormone.

(See continuetion Sheet)
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Medical Research
Project Title: Mechanism of Hormone Action 06-01-02-g-(1) ‘

|
) 15. Accomplishments Last Fiscel Year - 1960: (contd.)

8. The bladder of the toed, Bufo Marinus is being used as a model for the
ADH-receptive zone of the mammalian kidney, since it is e simple ADH-responsive
membrane, consisting of e single layer of mucosal cells supported on a small

amount of connective tissue., This membrane is ideally suited for continuation

and extension of studies of hormone-receptor interaction and of the effects of
radiation on receptor function. The ADH has a striking action on its permeability
by altering the structure of a diffusion barrier in its wall, not affecting its
metabolic processes including those metabolic processes coupled to active transport
of sodium. This finding is consistent with the suggestion that a hormone-receptor
thioldisulphide exchange reaction underlies the critical change, i.e., partial dis-
ruption of cross-linking in the teritary structure of the receptor protein, which
enlarges the membrane area availeble both for free diffusion and hydrodynamic flow
of water. The finding also suggests that in the course of study of the effect of
radiation on the functicnal integrity of the ADH-receptor system of this tissue, a
redistion dose renge should be found which will affect differentially its structura]
end metabolic properties.

16. Expected Results This Fiscal Year - 1961:

An sttempt to develop neutron activation as e procedure for labeling
vasopressin, insulin and possibly other biologlcally importent molecules for which
labeling by synthesis would be impractical or impossible will be made. The
preparation of synthetic labeled vasopressin derivatives with the aims of identify-
ing the groups essential to binding of hormone to receptor and of learning the
sequence of reactions that accounts for initial fixation of the hormones, specif-
icity of its attachment and the ultimate critical chemical reaction that brings
about its physiological action will continue. The design of the bonding experimentg
will be similar to but in general more extensive than those already developed.
The work with insulin will be carried out along similar lines except that the
experiments will involve receptors in mscle and adipose tissue and that it will
be necessary to pinpoint the isotopic labels within the insulin molecule.

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

The general program outlined for FY 1961 is expected to be continued.
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Medical Research
Biochemicel and Physiological Activity of the Thyroid Hormones
Project Title: and Their Analogues. 06-01-02-g=(2) _

' 06+01=02-g=(2) Blochemical and Physiologlcal Activity of the Thyroild Hormones
and Their Analogues,

Persons in Cherge: C.J. Shellsberger and R.C. Mason.(Research Colleborator)
from Seton Hall,

12 & 13. Objectives and Oversll Description:

It was discovered in this ILeboratory some five years asgo that there is a
species difference between birds end mammals in thelr response to thyroxine end
3,5,3' triifodothyronine. Attempts to exploit this finding, in terms of the
mechanism of action of the thyroid hormones have continued utilizing various
englogues of the thyroid hormones, animals, lebeled hormones, end experimental
design.

During eerlier studies, it became clear that 3,5,3' trilodothyronine possesse.F
8ll of the qualities of thyroxine although these two thyroid hormones diffexr :
quantitatively according to the system studied to estimate their blological activ-
ity. Specifically, the finding that thyroxine was no more potent than trilodo~
thyronine in birds but much less potent than triiodothyronine in mammals and am-~
phibia was confirmed.

1. Related Projects:

See 06«01-~02 Medical Research - Summery Sheet

15. Accomplishments last Fiscal Year - 1960:

During F.Y. 1960, anslogues of thyroxine proved to be less potent than
analogues of triliodothyronine when tested in amphibia end mammals. In an effort
to understand the mechanism that allows one thyroid hormone to be more potemt than
the other thyroid hormone, the following three studies were initiated:

1. Studies to learn more sbout the biochemistry of the thyroid
hormones, Ansloguea of the thyrold hormones as synthesized by R.
Pitt-Rivers ere sent to this Laboratory and screened for biological
potency using the stimilation of metemorphosis as the endpoint,

Promising compounds are then tested in other classes of vertebrates
using varicus indices of potency. This program is in the dats collecting
stages; es more information is acquired it may be possible to asslgn blo-
logicel properties to chemical configuretion of the thyrold hormones,

2, With Dr. R.C. Mason {Research Colleborator, Seton Hall, Col~
lege of Medicine) the requirement of thyroid hormones needed for the
ection of male and female hormones on secondary sex characters is
being studied. IJtiwould sppear thet no thyrold hoxrmone 1s required for
androgen to act upon the seminsl vessicles of the rat, but thyroid hor-
mone is required for androgen to act on the chick comb, 8imiler studies
are continuing, utilizing analogues of thyroid hormone and various andro-
gen3 and estrogens in both birds and mammals.

3., A comtinuation of studies begun at the Natlonal Imstitute for
Medical Research, lLondon, includes the study of the mechenism of trang-
port of thyroid hormomes in the blood of birds and memmals. Using 1131
labeled thyroxine {T-i) and 3,5,3' triiodothyronine (T-3) studies to
determine the half-time in the blood of these two thyrold-hormones of
birds is underway. In contrast to mammals where T-3 has a much shorter
half-time than T4, in birds the half-times are similar. Attempts to
modify these half~times by infusion of thyroxine-binding mxotein, e
serum protein sbsent in birds, is to be attempted.

16, Expected Results This Fiscal Year - 1961:

It is proposed to continue and terminate these studies in the next fiscal

ar. : <t
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i7. ected Progrems and Results for Next Fiscal Year « 1962: o
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Form NYCO-230
{1-60) UNITED STATES
ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

(1. Project Title: 2. Date Prepared: |Revision No. ,
Radiation Effects on Biological Systems - May 1960 !
__Medical Regearch !
3. Sub-Title:
Special Projects
4. Budget Activity No. 5. Budget Item No. 6. Contractor's No.
06-01-02 06-01-02-h

7. Contractor: Associatéd Universities, Inc. |8. Working Location|9. Contract No.
Brookhaven National Laboratory Upton, New York AT-30-2-GEN-16

10. Persons in Charge: 11. Starting Dateof Project:
See Individual Sub-division Proposals Continuing

06-01-02-h Special Projects {Marshall Islands, etc.) - Summary

Cost and Personnel Data (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 100 115 125

Direct Man-Years
Staff 0.9 1.1 1.1
Visitors 1.3 1.k 1.7
Scientific 2.2 2.5 2.8
Other 1.% 2.5 2.7
Totel 3.6 5.0 5.5

06-01-02-h-(1) Rducational Conferences
Persons in Charge: L. E. Farr and S. W. Lippincott
12. & 13. Objectives and Overall Description:

A stated effort of the Department ,which has arbitrarily been termed an
educational effort,is the organization of at least one special conference for
selected invitees each year in conjunction with the Division of Biology and
Medicine of the Atomic Energy Commission. These conclaves are, in general, for
educators to examine with active investigators specific responsibilities in the
field of atomic medicine. The exact format of the conclave is altered in each
case to meet the specific needs of the group concerned.

Participation is by invitation only with no substitutions, end the objective
is to provide two full days of discussion and demonstration dealing with a special
field of medicine in which the visitiors are engaged. Members of the Brookhaven
Medical Department staff give telks as a basis for discussion as well as demon-
strations of various devices in atomic energy progrems useful in the field of
medicine the guests represent. The first of these conclaves,held March 15 and 16,
1956, and entitled "A Critique of Present Knowledge and Investigations of the
Effects of Radietion Upon the Central Nervous System," was attended by physiologists
pathologists, neuropathologists, clinicians and biochemists interested in the
central nervous system. The second conclave, "The Responsibility of the Chairmen
of the Department of Pathology for Training, Research, and Hospital Practice in
the Field of Nuclear Emergy," was held February 6 and 7, 1958,

The third of these conferences was held on December 15 and 16, 1958 to which
all Deans of Medical Schools in the United States and Cenade were invited to
discuss, and hear discussed by BNL personnel and eminent suthorities selected
from various orgenizations, "The Impegi,ofrdtoms on Medical Science and Education."”
Approximately 75 per cent of the invitees attended and the conference was adjudged
most successful. coLLecTion Syt fiatiin AL Ald

FZro 177 AL BT 77800
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Medical Research
Project Title: Educational Conferences 06-01-02-h-(1}) .

ilh. Related Projects:

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

15. Accomplishments Last Fiscal Year - 1960:

The fourth conclave was held October 26 and 27, 1959, and was entitled,
"Nuclesr Medicine in Surgical Research and Practice," and was attended by
cheirmen of the Departments of Surgery of American and Cenadian Medical Schools,
each of the concleaves has been very well attended and discussion has been spirited.

16. Expected Results This Fiscal Year - 1961:

A f£ifth conclave on "Pedietricians, the Child and Atomic Rediation,” is
planned for the fall of 1960.

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

The genersl program outlined sbove i1s expected to be continued.

meposiToRy g tiintirt hall At -
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. Medical Research
_ Project Title:  Marshallese Survey 06~01-02-h~(2)

06-01-02-h-(2) Marshallese Survey

Persons in Charge: R. A. Conard

12 & 13, Objectives and Overall Description:

In March 1954 following the detonation of e nuclear device, 239 Marshallese
people were accidentally irradisted with fallout. These people have been taken
care of and studied initially and annually by medical teams under the auspices of
the Division of Biology and Medicine of ‘the Atomic Energy Commission. These
studies are under the sponsorship of the Medical Department, Brookhaven Netional
Laboratory and Dr., Robert A. Conard has been appointed by the laboratory as chief
of the Marshall Islands study project, and is in charge of organizing end carrying
out the annual medical surveys of these people in the Marshall Islands. Much
valuable information has been and is being obtained on the effects of fallout rad-
igtion on human beings which is being made available to the medical profession and
scientific world through publications.

Reports have been published on the findings of surveys made st the following
times after exposure: initial examination, 6 months, 1 year, 2 years, 3 years,
and % years, The data from the 5 year post-exposure survey is in the process of
belng analyzed.

The early effects of the rsdistion exposure were as a result of sub-lethal
gamma radiation, extensive beta burns, and absorption of radicisctopes. The
gamma radiation caused significant depression of their blood forming organs during
‘the two months following exposure recovered from these effects of their exposure
with the exception of their blood platelets, vhose mean level is still slightly
below the level of the unexposed comperison population, but within the normal
range. Of greater concern now is the possible development of late effects of
radiation based on knowledge galned from animal studies and from limited experiencd
with human beings. Some of these effects which mey possibly eppear in the Marshal-
lese sre: increased incidence of malignencies, development of opacities of the
lens of the eyes and genetic changes, other less well defined effects might be
noted in retrospect but no significant examination program cen be conducted sbout
them. These effects have not yet been observed in the Marshasllese but continued
close medical supervision is considered necessary in order to detect and carry out
treatment of eny diseases that may develop es soon &s they might appear. To thils
end, & cancer detection program must be instituted In the surveys. This will in-
clude careful observation of the residusl scars of beta burns for signs of mglig-
nant change, In the Japanese exposed to the atomic bombings an increased incidence
of leukemia, which reached a peek between 5 and 10 years efter exposure, was z:zoteé.W
Therefore, the next five years may be a critical period for the development of
radiation induced leukemia in the Marshallese, and annual surveys for leukemis are
essential in order that e possible case be not missed, since the aversge time from
diegnosis to death in some forms of leukemia is less than a year, Certain examina-
tions, however, will be necessary on an annual basis such es physical examinations;
cancer survey and hematologlcal examinations.

In view of the above stated facts, continued examination of the Rongelap
people 1s considered necessary on & yearly basis until such time as it is the medic
concensus that examinstions may be reduced in frequency. This matter has been dis-
cussed gt some length with medical experts in this field, many of whom have partici
pated in past surveys.

As a result of recent conferences with Trust Territory officlals, including
Ir. H. H, Macdonald, Director of Public Health, the Trust Territory hes sgreed to
take a more active pert in the surveys. This is consldered a very important step
forward and has many favorable espects.

al

14. Relsted Projects:
REPOSITORY G tA gt hall At
See 06-01~02 Medical Research - Summary Sheet
couecTion Lryn s 8 Thud . fept . /95
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15. Accomplishments Ismst Fiscal Year ~ 1960:  BOXNo.

Details of the March 1960 survey were workedCeRAR
Trust Territory. The survey involved only a brief examination of the exposed
Rongelapese including cne WBC and differential count. A limited number of urine

22237 {See_Continuation Sheet)
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. . Medical Research
Project Title: Mershsllese Survey (Continued) 06=~01-02-h~(2)

15. Accomplishments ILast Fiscal Year - 1960: (Cont'd.)

, samples were collected for radiochemical analyses. It is anticlpsted that this
i} survey required only e few days at Rongelsp.

16. Expected Results This Fiscal Year - 1961:

Definite plens have only been made through the 1961 survey., During that
survey & more complete examination schedule is plammed including growth and devel-
opment studies of the children, leukemis end cancer survey, complete routine hema-
tologlical survey, use of the steel room for carrying out gamma spectroscopy, and
collection of urine samples for radiochemical analyses to be carrled out at
Brookhaven National Lsboratory,

17. Expected Progrems end Results for Next Fiscal Year - 1962

Though specific plans for the 1962, 1963, 1964 surveys have not been made, it
is likely that these surveys will not be of too lsrge scope in view of the altern
ting schedule referred to above., For instance such studies as gamma spectroscopy,
growth and development studies and ophthalmological studies may be carried out on
alternaté years. Certain examinations, however, will be necessary on an aunnual
basis such es physical examinations, leukemia and cancer survey end hematological
examinetions.

Precise figures cennct be given at this time on the number of personnel par-
ticipating from the United Stetes, This will depend entirely on the number of
personnel the Trust Territory can furnish, It seems likely that the number of
personnel from the United States will probebly range from 6 to 15 in any one fubury
survey. Although the number of individuals going to the Marshall Islands will de=
crease, the volume of esnalysis of specimens sent from the Marshsll Islends to the
United States 1s not expected to decrease,

REPOSITORY At/ 4l 2L el Aud- .
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] . Medical Resesxrch
Project Title: Summer Student Institute 06-01-02-h=(3)

06-01-02-h-(3) Summer Student Institute

Persons in Charge: I. E. Faxrr and W. W. Shreeve

12 & 13. Objectives and Overall Description:

The role of the Brookhaven National Lsboratory in Medicel education bas been
evaluated as follows:

BNL should center its major educational efforts upon physiclans of faculty
rank because thereby information is multiplied and young faculty members may, &as
& result of such experiences, elect a researcheacedemic career as contrasted to
a practice-acedemic career. This program mist be carried out in such a fashion
that for the exceptionel student opportunities to pexticipate in the work of the
BNL medical program will remsin open.

Careful study and consideration of the problems for several years hes led to
the conclusion that for medicsl students the most effective, appropriate and effi-
clent extension of Brookhaven to undergraduate medical education would be accom-
plished by giving & highly modified version of a Medical School course at Brook-
haven, By this means the student cen be given a suitable and proper introduction
to the broad problems of nucleer medicine from public health to patient care, from
nuclear physics to disease prognosis., If, however, such a course were given by
Brookhaven Steff elone it would divert BNL physicians from their basic research,
Therefore, the course should be given by s Faculty essembled from Medical School
Faculties, by men skilled in conducting teaching of medical students and by men
interested in the field of atomic energy. The faculty in turnm will be Research
Collaborators in the Medical Depertment participating with BNL scientists in re-
search as do all other Research Collsboretors in the Department. Therehy diversin#
is prevented and &n actual reinforcement of program is attained. Since the course
will be a responsibility of Faculty and it is the decision of the School to grant!
credit for the same, it places the &student in-exactly the same relationship to
Brookhaven as when be is performing theais work at B.N.L. By control of
| course_content, it can be assured thet proper experiences are given ranging from
Leboratory manipulations of radlolsotopes to weste disposal, hot laundry and per-
sonal physicel examinstions. By encouraging use of Brookhaven Medical Department
personnel in lectures but limiting lectures by any given individual to two, the
main rellence cannot be placed on BNL Steff yet their lectures will glve the real
impaet to the course. Utilization of wards by the Faculty for student rounds in-
cluding whole body counter usege will be wholescme for ell. Participation should
be by allotment to Medical Schools on some basis which has yet to be established ahd
which will be roteted in a manner to provide verious medicel schools with a chance
to participaste. Obviously some experience must be obtained to determine instrument
tation needs, inbensity of acurse @nd hours required of the Faculty.

—REPUSTORY XTI A I AT, Lt
. Relsted Projects: couecnion HWIES Pued Al / 7)‘7’24;

See 06-01-02 Medicel Research - Summary Sheet poxno
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15. Accomplishments Last Fiscal Year - 1960:

It 15 cleaxr that no firm commitment should be made in regard to any new
variant of the student program without experience that would indicate the value
of the new approach. It 18 equally clear that such en experiment cannot be carrief
out jointly with 85 medical schools but that the best experimental approach is to
£ind one medical school which is favoreble to the idea and then to explore it for
one or two years after which conclusions may be drawn and a course for further asc~
tion plotted. The meny details requiring egreement made it clear that if anything
were to be asccomplished during the sunmer of 1959, it had to be done with & single
medical school ready and willing to participate in such an educational experiment.
Dr. John Truslow, Dean of the University of Texas, indicated a willingness to carry
on the necessary experimental study. A three man curricula committee from Texas
visited Brookhaven March 30th and 31st to establish jointly with Brookhaven Medical
Department members curriculum content. Eight students end three faculty members
were chosen for the first joint BNI~Medicael School Course in Principles in Nuclear
Medicine to run June 28 to July 31, 1959 at Brookhaven,

A course of lectures and laboratory sessions was worked out by the two groups)
Members of the Brookhaven Staff were called upon for lectures in their special

(See Cantinuation Sheet)
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Medical Research
Project Title: Summer Student Institute (Continued) 06-01-02-h-(3)

15. Accomplishments Last Fiacal Year - 1960: (Cont'd)

fields, and laboratory facilities were made available under the direction of
scientists or technicel staff members of this Department working with the Univer-
sity's faculty members. A very successful five-veek intensive study and training
reriod was enthusiastically carried out by the eight students selected and the
three visiting faculty members.

Certainly the procedure must be explored further with particular reference
to means for making it available simultaneously to a number of medical schools.

The vhole development is under intensive study by the Medical Department Staff
members concerned. )

16. Expected Results This Fiscal Year - 1961:

During the coming year it iB plemned to develop the Medical Student
Institute on a four school basis for Fiscal 1962. The administrative details
for faculty selection and course integration into the various schools are numerous,
It is not plenned to increase the numbers of students participating until past
experience haes indicated the optimael format. This endeavor is of importance
since it permits medical schools not having atomic energy projects to participate
in active work in nuclear medicine both on the faculty end student level end is
accomplished with existing facilitiee. The response thue far from Deans
acquainted with the project has been enthusiastic,

17. Expected Programs and Results for Next Fiscal Year - 1962:
By Fiscal 1962, it 1s hoped administrative arrengements can be completed for

several schools to participate. Perhaps one Medical School will be invited to
participate in the course, as previously described.

nerosiTony gk A sti ALl Kad-
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Medlcal Research

Project Title: Occupational Medicine Clinie 06-01-02-h~(4)

06=01+02~h=(4)  Occupationsl Medicine Clinic

Person in Oharge: R. A. love,

The lergest laboratory=-supported activity of the Medical Department is the
Occupetional Medicine Clinic. 7This organization provides to the Lsboratory as
a whole the necessary industrial medical services for proper operation. The
work of the clinic has risen steadily with each year of the Laboratory's opera-
tion and the ultimate size of the operation cannot yet be determined, The total
number of visits to the occupationel medicine clinfc during Fiscal 1959 was
15,127 as compared to 13,133 in Fiscal 1958. Similarly, the total number of X-rey
examinations increased from 2,005 to 2,236.

Msn-yeers and costs are not included ebove, but are pexrt of the General end
Administrative costs of the leboratory and are distributed as Indirect Expense.
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_m Cancer Research 06-03-01

18. Operating Costs (In Thousands Estimated Estimated IutiinM
of Dollars) 1960 1961 1962
Labor (including benefits) ° 350 467 551
Materials Travel, etc. 89 122 139
Development, Subcontracts, Special Proc. 1 v 6 6 |
Total Direct Ny £3% 15213
Special Pover -0- -0« R
Reactor and/or Accelerator Usage 25 30 30
Technical Services (from BNL Service Units) 56 - 70 - 80
General & Administrative Overhead T 216 260 - 284 -
Total 73955 1,09
Capital Equipment
(Obligstions - for information only) 56 - - . 8 . . 85

19. Plant & Equipment Directly Required
(Obligations - slioyn here for information oaly)

Estimated Estimated Estinated
60 0 _ 196 962

(A) Construction (In Thousands of Dollars)

(B) Eq\zipmént (I# Thousands of Dollars) - . 56. 55.: A . 85

Y 1261 equipment obligations for this activity 1nclui1e e proportibna.l part of the
total obligation for special items which will be utilized by more than one medical
activity, (see Medical Research Summary) - $10,700.

FY 1962 equipment obligations for this activity include a proportional part of the
Total obligation for special items which will be utilized by more than one medical
activity. (see Medical Research Summary) - $41,000.

20. Direct Man Power Estimated Estimated Estimated

1960 1961 1962
No. of Man Years

Eclentists, Research Associates 10.5 13.5 .5
Visiting Scientists 2.5 3.0 » 3.5
Scientists - Pgtal 13.0 16.5 18.0
Technical 2.0 39.5 45.5
Administrative & Service 345 5,0 5.5
Total 45.5 61.0 69.0

el Gomente — ' REPOSITORY
conconon o 179 Vit ALA /9506 /
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Form NYCO0-230
(1-60) UNITED STATES
_ ATOMIC ENERGY COMMISSION
NEW YORK OFPERATIONS OFFICE

.- PROJECT PROPOSAL AND AUTHORIZATION
1. Project Title: 2. Date Prepared: { Revision No.
Beneficial Applications of Atomic Energy - May 1960
Cancer Research

3. Sub-Title:
Neutron Capture Therapy

4, Budget Activity No. 5. Budget Item No. |6. Contractor's No.

06-03-01 06-03-01-a

8. Working Location, 9. Contract No.
Upton, New York AT-30-2-GEN-16

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

10. Persons in Charge: 11. Starting Date of Project:
See Individuel Sub-division Proposals l Continuing

i

06-03-01-8  Neutron Capture Thérapy - (Summery)

Cost and Personnel Data (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 485 635 720
Direct Man-Years
Staff 8.5 11.3 12.2
Visitors 1.9 2.3 2.6
Scientific 10.4 13.6 5.8
Other 9.5  27.5 3.8
Total 559.9 L1

_Neutron Capture Therapy originated at Brookhaven Netional Laboratory and to
date all patients treated and experimental animals studied have been observed at
either the Brookhaven Graphite Research Reactor or the Medical Research Reactor.
The very large general project consists of numerous component parts in which major
endeavor is cerried out largely within a single discipline. The design and operat-
ion of reactors for medical purposes is & project which includes besides Medical
Department members, staff from Health Physics and Instrumentation, Fhysics, Nuclear
Engineering and Reactor Operations. The inter-relationship between devices as
engineered and usefulness in medical fields are being explored both on site and
off site by appropriate consultations with other reactor engineering groups
largely from commercial companies. The effects achleved by neutrons of different
energies and particularly the regional tolerance of such exposure is a continuing
study. While no limits can yet be set, the surprising tolerance to thermal neutrons
of the central nervous system increeses considerably the medical interest 1n
reactor design and performance. As part of this general problem the exploration
is expected to expand to effects of particles derived from other machines and
interactions of other particles such as mesons, Use of such procedures in control
of neoplasia or its generation will elgo come under view.

06-03-01-a-{(1) Neutron Capture Therapy of Glioblastoms Multiforme

Pereons in Charge: L. E. Farr, Y. L. Yamamoto, O. D. Easterday, E. E. Stickley,
J. 8. Robertson end S. W. Lippincott o ..« Aeycp VIML /47

=POSIT

crion Zun 479 Y Bt /752

12. & 13. Objectives and Overall Description: COLLE

Neutron capture therapy is an experimental Pgﬁfatibn Treatment of cancer
which utilizes intracellular generation of heavy ft cles in neoplastic cells.
It 1s based upon empiricael demonstrations at Broogﬁaven oF ability to destroy
cancer by prompt disintegration of boron-10 following thermal neutron capture.
This is carried out in such fashion thet although the target atom boron-10 is
distributed in both neoplastic and normal cells, the disintegration effect 1s
killing only in cencer cells because it has been observed that such selectivity
exists at a given time intervel after injection. This is not dependent upon
tumor-normal tissue ratios.

(See continuation sheet)

y
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Cancer Research
Project Title: Neutron Capture Therapy of Glicblastome Multiforme 06-03-Ol-a-(1)

12. & 13. Objectives and Overall Description: (contd.)

The application of thermel ncutron capture reactions to therapy of malignant

tumors becomes increasingly attractive with our increasing experience and markedly

improved results. Boron-10 appears to be a very satisfactory capture element. The
procedure is still complicated though much less so then two years ago.

14, Related Projects:

See 06-03-0L - Cencer Research - Summary Sheet.

15. Accomplishments Last Fiscel Year - 1960:

During the past yeer results on seven patients became available for study.
In the most adequately treated patient, one with sarcoma of the vascular system of
the brain stem and cerebellum, the results showed almost complete destruction of
'the sarcama and failure to regrow over & nine-month interval. One patient with
glioblastoma still survives after 18 months following a single treatment. This
survivel period far surpasses any previously attained in control of this disease
by neutron capture therapy. Successful turn back of skin flaps was shown capaeble
of preventing a previously troublesome skin lesion.

16. Expected Results This Fiscal Year -~ 1961:

The gepneral program outlined above is expected to be continued with further
careful probes planned as rapidly as they can be evaluated.

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

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

AEPOSITORY _AAdTA S s Mall Aald-
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Cancer Resecarch i
. . Neutron Copture Therapy Effectiveness ond Tissue Effects
Project Title; of Thermal Neutron Exposurcs 06-03-0l-a-(2)

06-03=01-a-~{2) Neutron Capture Thernpy Effectiveness and Tissue Effects of
Thermol Neutron Exposures

Pcrsons in Charge: L. E. Farr, Y. L. Yamamoto, S. W. Lippincott, W. Calvo

12 & 13. Objectives and Overall Description:

In the development of a new therapeutic procedure two facts must be clearly
shown (1) that the procedure indeced accomplishes its purpose; and (2) that the
procedure causes no serious edditional damage. To determine the answer in part
to both these questions a very ambitious project was undertaken in FY 1960 to
study the entire brains of persons given neutron cepture therapy together with o
reasoneble number of comparison potients. Through scrial sections, appropriate
steining and histologic study the presence or sbsence of cffects in both neoplasm
and nornel structurcs are cxpected to be demonstrated.

14. Reclaoted Projects:

See 06-03-~01 Cancer Rescorch - Surmary Sheet

15. Accomplishments Last Fiscal Year - 1960

A study of twenty celloidin embedded specimens from patients receiving
therapy was started in FY 1960. An additional twenty specimens from a comparison
group arc ready for evaluations, while scventeen specimens await a survey of
results before final plans for them arc nade.

The results will undoubtedly add new knowledge concerned with the reliobility
of dlagnosis, the mode of tumor spread, effectiveness of the treatment and effect
of both tumor and treatment on non-affected regions of the brain., It is expected
that thesc data will become boeic for all subsequent studics in this field both
by BNL and others. :

16. Expected Results This Fiscal Year - 1961

During FY 1961 it -is enticipated that the studies on the first 20 patients
will be completed end rcadied for publication.

The results of histopathological and topographical studies in 17 cases
indicated that higher ncutron flux is necessary in order to treat deép~lylng -
intracrenicl ncoplosms. Since the new Medical Reseorch Reactor is operational,
the treatment of o new saries of paticnts was started late in FY 1960 with higher
neutron exposures, twicc the neutron dose used previously. Clinical and histo-
pathological studies of a new serics of caeses will be pursued, end greater
effectiveness of the treatment is anticipated.

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

The general program outlined for 1961 is expected to be continued.
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Cancer Research

Neutron Capture Th Pr
Project Title: — P erapy Procedures in Control of

06-03=01=n= (3}
06-03-01-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
mouse is transplantable and is highly invasive. For seven years it has been used
at BNL as e test tumor in the study of maneuvers for neutron capture therapy and
the evaluation of certain concepts in this therapeutic procedure.

ik, Related Projects:

See 06-03-0L Cancer Research - Summary Sheet

15. Accomplishments last Fiscal Year - 1960

During the past year this transplantable tumor has been used both as an
Intracerebral transplent and as an intramuscular transplant. Effectiveness of
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 the parameters which may be expected to be required for
successful conclusion of patient therapy. Effectiveness does not parallel tumor-
brein ratio. A tumor boron concentration is most effective in the period of 20
to 30 minutes post-injection. Total neutron exposure, 1011 per cm? is required
throughout the tumor for a cure. A boron dose of 25 mg/kg gave a 96% cure and
50 mg/kg gave a 100% cure.

Mice with intramuscular transplants treated after reaching the large size
of 12 to 16 mm diameter have been cbserved up to two years after treatment.
Tumors can be made completely to disappear after a single exposure to neutron
capture therapy. No recurrence of the tumor has been observed. No other tumors
occurred at the slte and the normal structures about the tumor at time of
treatment show no scarring, altered cytological structure, or loss of functions
as a regult of this experience.

16. Expected Results This Fiscal Year - 1961

The genersl progran outlined above will be continued.

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

The general program outlined above is expeeted to be continued.
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Cancer Resegrch
Project Title: Medical Research HReactor Studies 06-03-01-a=-(l4}

06-03-01-a-(4) Medical Research Reactor Studies
Persons in Charge: E. E. Stickley, S. Fine

12,& 13. Objectives and Overall Description:

Following erection of the Medicel Research Reactor, extensive testing,
adjustment, and even modification have been found to be necessary and desirsble so
that the most effective neutron stream, possible with minimal contamination,
could be developed. Criteria used have been judged first from the standpoint of
the beat interests of the patients to be treated, and second in terms of adequate
protection of the necessary clinical and technical personnel.

Besides general use in many of the medical progrem activities, a number of
specific projects depend completely upon the reactor as a neutron source. These
include: (1) Physical measurement of neutron distribution in animals with
Medical Research Reactor (Y. L. Yamamoto, S. Fine, S. H. Cohn and E. E. Stickley);
223 Neutron spectroscopy of biological materials (S. Fine and H. Bollatin);

3) Development of edditional ancillary research facilities (C. G. Amato,
E. E, Stickley and J. S. Robertson) and (4) Neutron spectrum anslysis
(E. B, Stickley and J. S. Robertson).

14. Related Projects:

See 06-03-01 Cancer Research - Summary Sheet

15. Accomplishments Iast Fiscal Year - 1960

The MRR has been brought into successful engineexring operation as a new tool
in a-new field. The appropriate application of the reactor will require an
intensive effort toward its development into an increasingly effective instru-
ment and must be continued for some time to come. Its first few months of use
have Seen a variety of exploratory standerdization procedures with small animals
and & few wilth human subjects. The physicel evaluation of the reactor output
and the development of suitable equipment for neutron and isotope irradiations
have occupiled the bulk of the operating schedule. Available techniques with
activation folls end with lonization chembers have been epplied.

Physical dosimetry studies of the Medical Research Reactor with animals are
being continued. Initial experiments on induced activity dosimetry of the
Medical Research Reactor have been completed.

Neutron aepectroscopy of elements has been conducted by the physics group of
Brookhaven Netional Isboratory for & number of years. Dr. H. Bollstin, an
associate of the late Dr. Donald Hughes, started to run biologicel materials in
the fast chopper. Initiel semple holders have been constructed, and initial
runs of absorption spectra of biological materiels have been completed at the
fast chopper facility.

During FY 1960 an intensive program directed toward characterizing the
various radiations (thermal and fast neutrons, gemma reys) in the external beam
of the Medical Reactor was initiated. This progrem relied principally on the
activation of various metallic foils as threshold detectors for neutrons of
various energies. A quite detelled picture exists now of the neutron spectrum
as & function of various operating conditions end ot GGHtigureticna of materials |

in the beam path within the reactor. COLLECTION %W—
LE5d =Gk

16. Expected Results This Fiscel Year - 1961  °OXN°

The study of reactor output 1s to be extendbd’
approaches utllizing neutron spectrometers and solid-state detector systems are
belng added.

In the MRR program for the immediete future, the work toward full charac-
terization of the quality and quentity of the emergent radiations will increase.

(See continuation sheet)
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Cancer Research
Project Title; Medical Research Reactor Studies 06-03-01-a-{4)

16. ZExpected Results This Fiscal Year - 1961 (cont'd)

The means of controlling each of the causative factors in the reactor will be
studied further in all of the irradiation ereas and at the short-lived isotope

production ports as well. An irradiastion loop for rapid activation analysis
procedures is also to be installed.

To achieve full exploitation of the new and unique capabilities of the
Medical Research Reactor, the development of special equipment and calibration
procedures 1s essential., The work of first importence will be the establishment
of methods for physicel mensuration in the next series of neutron capture therapy
trials. Dosimetric analysis in tissuc equivalent phantoms must progress along
with the clinical and animal work, using activation detectors, ionization
chambers, semi-conductor and other solid-stete devices, ond other useful instru-
ments. Apparatus for producing and exploring the dlegnostic and therspeutic
possibilities of short-lived isotopes must be improved and new types developed.
It is expected that the major pert of these investigations will be carried out
in the same irrediation rooms used for the neutron exposure procedures, whether
for patients or in enimels, The activation analysis potentialitles of the MRR
will for the most part be based on the rapid hendling of tissue sample at the
reactor face, the detector being the only segment of the counting equipment to
be kept in the reactor building. Utilization of the broad beam exposure cell will
begin after some further measurements of the mixed radistion field present in 4t
have becn performed; its actual usefulness will be enhanced when further radiation
filters and screens ere deviscd. This particular spece should provide for whole-
body rediation studies of the hazards and genersl cffects of the several
constituents of reactor-originated and reactor-mediated patterns of radiation.

It is proposed to continue the experimental work on neutron spectroscopy in
biological materials with e view to obtaining the absorption cross section of the
biological samples at various neutron energies, end to determine whether this
technique 18 of value in searching for trece elements in biological materials.
Neutron absorption and neutron diffraction in various energy ranges will be
investigated.

It is planned to febricate, install, and shield a short-lived isotope loop.
This device will include provision for therapeutic administration to patients to
meke full use of the potentialities of the Medicel Reoctor for applications
which do not involve direct neutron irradiation of potients.

17. Expected Progrems end Resulte for Next Fiscal Ycar - 1962

The general program outlined for FY 1961 is expected to be continued.
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Cancer Research
General Radiation Effects of Accelerator Generated
Project Title: Neutrons 06-03-01-a-(5)

06-03-01-a-(5) General Raddetion Effects of Accelerator Generated Neutrons

Persons in Charge: J. L, Bateman, V. P. Bond

12. & 13. ObJectives and Overall Description:

Biological effects of monoenergetic neutrons at selected energies have been
studied using a tritium target in the 3 Mev Van de Greaff machine in the Fhysics
Department. Weight loss in mouse spleen and thymus, end reduction in the number
of spermatogonia in mouse testis have served as measures of effect.

1%. Related Projects:

See 06-03-01 Cancer Research - Summary Sheet.

15, Accomplishments Last Fiscal Year - 1960:

Relative biological effectiveness (RBE) in the 0.43 - 1.80 Mev range
(compared to 250 KVP X-ray) has been evaluated with spleen and thymus. Results
show an RBE of 4.6 for spleen at 0.43 Mev, decreasing to 3.3 at 1.80 Mev.
Corresponding values for thymus are 4.2 and 3.0, Testls exposures to neutrons
of the same energies have been made and results are pending.

Exploration down to 60 kev neutron energy with testis suggests en RBE of
8 or more at this level, with an area of considerably reduced effectiveness
between this and 0.43 Mev,

16. Expected Results This Fiscal Year - 1961:

Further study in the low energy range with spleen, thymus and testis is
planned. Study of other biological endpoints in the above-mentioned energy
renges is intended, in addition to evaluetion of other neutron energies up to
14 Mev.

17. Expected Program snd Results for Next Fiscal Year - 1962;

The general program outlined for FY 1961 is expected to be continued.
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Cancer Research

Toxicity and Pharmacology of Target Elements and .
_Project Title: po s 06-03-01-a~(6)

06~03~01~a-(6) Toxicity and Pharmacology of Target Elements and Compounds
Person in Charge: O. D. Easterday

12 & 13. ObjJectives and Overall Description:

The toxicity and pharmacology of the target elements and their parent compound
which are employed in the neutron capture therapy research have assumed an impor-
tant position relative to the experimental investigations of this therapeutic
procedure. The objective of the toxicological and phermacological investigations
1s to study and evaluate new elements and compounds containing these clements
employing the techniques and principles of this scientific discipline for possidle
use in the neutron capture therepy program. These studies are required for
several reasons: (1) to determine if the elements or compound has possibilities
for neutron capture therapy, (2) to determine the degree of safety massociated with
the new meteriel, (3) to determinc its general pharmacology end (%) to utilize
pharmacologicel mechanism and principles to manipulate or direct the material to
the desired locus.

1k, Related Projects:

Sec 06~03~01 Cancer Resecarch - Summary Sheet

15. Accomplishments Last Fiscal Year - 1960

Several of the accomplishments that may be cited are: the pharmacology and
toxicity of a nevw compound, sodium pentaborate decohydrate, have been continued;
the investigations of sodium penteborate decahydrate have progressed to the point
vhere expanded studies concerned with evaluating its effectiveness in tumor-
bearing animals and in patients having intracranial neoplesms are currently in
progress; complexing agents other than d-glucose have been invegtigeted and the
data ere currcntly belng evaluated ~-- e new series of compounds containing the
target elements, lithium and boron, are being studied toxicologically, Additional

instrumentationsl developments were made on the remotely controlled injeetion
equipment used to administer the neutron capture agent to the patiénts.

16. Expected Results This Fiscal Year - 1961

The main new objective for the next fiscal year is to commence physical,
chemical, toxicologicel and pharmacological studics on a new series of organic
compounds containing the target elements boron.

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

The general program outlined for FY 1961 is expccted to be continued.
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Cancer Research
Project Title; Solubility of Organo-Boron Compounds 06-03-01-a-(7)

06-03-0l-a-(7) Solubility of Organo-Boron Compounds

Person in Charge: J. S. Robertson

12, & 13. ObJectives and Overall Description:

In the exploration of the use of various boron compounds for neutron capture
therapy, 1t is highly desireble to know the optimal ratio of the concentrations
of the boron compounds and other substances in the solution to be injected.

1k, Related Projects:

See 06-03-01 - Cancer Research - Summary Sheet.

15. Accomplishments last Fiscal Year - 1960:

Phase pystem studies of the Na-borate-glucose-water system were conducted
in the lower concentration region (up to 10 grems each of Na-borate and glucose
in 100 ml of water). Investigation of the phase system for higher concentrations
of the Na-borates and of other organo-boron compounds is proposed.

During FY 1960, phuse-system.studies were extended to the higher concentrat-
ions of Na-borate and glucose (over 10 grams each of Na-borate and glucose per
100 ml of water).

16, Expected Results This Fiscal Year - 1961:

The studies of boron compounds will be continued in 1960-1961 with applicat-
ions to new compounds as they are developed for applicetion to nmeutron capture
therapy.

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

The general program outlined for FY 1961 is expected to be continued.
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Cancer Roscarch

. Chemical Dosimeters for Depth~Dose Studies with Thermal
Project Title: Jeutrons 06-0?-01-&-(8)

06-03-01-a<8) . Chemical Dosimeters for Depth-Dose Studies with Thermal Neutrons
Persons in Charge: V. P. Bond, E. E. Stickley, G. Taplin

12 & 13. Objectives and Overall Description:

Theese studies were initiated in FY 1960. The purpose is to provide a more
rcliable means of measuring radiation patterns in studies with thermal neutrons.
This is an area of importance to & number of biological and medical problems in
vhich technical difficulties arise from the presence of a mixture of interfering
radiations. The small size of chemical dosimeters and the possibility of adjust-
ing their structure and content to givc cortrolled response to each of the several
congtituents of the radiation field are their outstanding adventages.

14. Related Projects:

See 06-03~01 Cancer Rescorch ~ Summary Sheet

15. Accomplishments last Fiscal Year - 1960

In the previous depth~flux measurements in this laboratory and elsevhere,
thermnl neutron levels have been made principally with gold foll activation
techniques, and to a lesscr extent by the use of tissue equivalent ionization
chembers. In the present studies, Dr. Taplin hes worked extensively with a syatem
of chemicel dosimetry using halogennted hydro-carbon systems, and in collaeboration,
B~10 and Lithium-6 have been added to the system. The system has been developed
to where it eppears possible to obtain mecningful readings with the boron and
lithium present. The increase in reading with the boron and lithium present is du
almost exclusively to the recoil of heavy particles liberated in the process of
thermal neutron capture, and thus it is possible to estadblish the distribution of
this dose with depth by placing chemical dosimeters with and without added lithium
or boron at various depths in o phantom. Preliminary experiments have been
carried out; however, some difficulties with a "sink" effect, and with apparently
impurities in the glasswere has complicated interpretation of the data. These
difficulties are being remedied, and it is anticipated thet accurate depth dose
curves can b2 obtained in the necar future.

16. Expected Results This Fiscal Year - 1961

In FY 1961 it is anticipated that the studies will be continued until satis-
factory depth-dose patterns for thermal neutrons and for the heavy particles from
thermal neutron capture are determined.

17. Expected Prograoms and Results for Next Fiscal Year -~ 1962

The general program outlined for 1961 is expected to be continued.
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Form NYO0-230
(1-60) UNITED STATES

/TOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT FROPOSAL AND_AUTHORIZATION

t tle:
neﬁcigl Applications of Atomic Energy -

Cancer Rescarch

1. Projgg 2. Date Prepared: |Revision No.
May 1960

. Sub- :
3. Su Tit]ﬁitmnin and Amino Acid Metabolism in Neoplasia and Normality

4. Budget Activity No. 5. Budget Item No. 6. Contractor's No.
06-03-01 06-03-01-b

8. Working Location} 9. Contract No.
Upton, New York | AT-30-2-GEN-16

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

10. Persons in Charge: 11. Starting Date of Project:
See Individual Sub-dlvision Proposals Continuing

06-03-01-b  Vitamin and Amino Acid Mctabolism in Neoplesia and Normelity -
( Sunmary)

Cost and Personnel Date (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 27 30 35

Direct Man-Years
Staff 1.0 1.0 1.0
Visitors 0.2 0.3 0.k
Scientific 1.3 1.3 1.5
Other 1.0 1.1 1.2
Total 2.2 2.4 2.6

There is evidence that the urinary levels of metabolites of certaln vitemins
may vary in scveral neoplastic diseases. The metabolites of tryptophan are
examples., Further, it has been suggested that certain of these metabolites

possess carclnogenic ectivity. The study of tge meta'iglism of tryptophen to
niacin would be advanced by the synthesis of H” and C labeled intermediates so
that the metebolism of tryptophan could be better understood, in health and disease
and the possible carcinogenic ectivity of the compounds found in the urine of
patients with certain diseases could be studied better if labeled compounds were
available, specifically, the pentose sugar found in pentosuria.

06-03-01-b-(1) Metabolism of Tryptophan

Persons in Charge: L. V. Hankes, R. R. Brown, R. Kawashima, P. Carson and
L. Anderson

12. & 13. ObJectives and Overall Description:

In the past few years attention has been focused on the cancerous amino acid
{tryptophan metabolism in neoplastic disease). The recent evidence that 3-hydro-
xysnthranilic acid, a tryptophan metabolite, exhibits carcinogenic activity in
producing a mouse bladder tumor has made it more essential to establish the
structure of the intermediate compounds in the pathway from 3-hydroxyanthranilic
acid to the products, quinolinic acid and niacin.

REPOSITORY @/M‘M (A pr L Kl

14, Related Projects: COLLEGTION Trunsfd )/),/% %/ .

See 06-03-01 - Cancer Rescarch - Summary Sheaeotx'wo

FOLOER

15. Accomplishments Last Fiscal Year - 1960:

During the fiscallxear 1960 metabolism studies werfihconducted with 3-hydro-
xyenthranilic acid-1-C~ and pare-aminobenzoic acid-1-C*" in normal mice and mice
heving spontancous mammary tumors, brain tumors or ascites tumors. The injection
of these compounds into mice and t?gpgu’bse%uent collecti?S of labeled COp and
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Cancer Research
Project Title:; Metabolism of Tryptophan 06-03-01-b-(1)

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

urinary metabolites, such as gquinolinic eacid and nicotinic acid, provided inform-
ation for the design of future patient eﬁperimenta with this type of disease.

Work on the synthesis of tryptophan-s-cl was continued and it is nearing complet-
192. The synthesis of a sufficient quantity of high specific activity carboxyl-
C*7-1lebcled 3-hydroxyanthranilic acid for patient experiments has been initiated
and it is nearing completion as is the synthesis of a lerge quantity of carboxyl-
labeled 3-methoxy-2-nitrobenzoic acid. This latter compound is the starting
material for the syntheiﬁs (with aid of collaborators) of & large quantity of
3-hydroxykynurenine-k-C~", which will be used in neoplasia patient studies.

During the pastlgear metabolism studies were conducted with 3-hydroxy-
anthranilic acid-1-C" , curbole-labeled-3-hydroxyanthranilic acid and
5-hydroxyanthranilic acid-1-c1%, Tne quantities of thése compounds synthesized
were very limited, and in quantitics only large enough for animal studies.
Techniques were developed for lebeling tryptophan and kynurenine with tritium in
large quantitieﬁ for use in human neoplestic discase studies. The synthesls of
tryptophan-s-cl wvas started and this materipl will be used in patient studies,
The synthesis of para-aminobenzoic acid--l--cl wvas concluded and plans made for the
study of its metabolism. Studles werc continued on the mechanism of converting
3-hydroxyanthranilic acid into the vitemin, niacin. In the process of these rat
metebolism studies it was discovered that the number one carbon of 3-hydroxy-
anthranilic acid becomes the number two carbon, of accetate. This is a previously
unknown source of ecetate in the body. The Clh of S5-hydroxyenthranilic acid-l-C-14
was found to be rapidly and quantitatively excreted in urine.

16. Expected Results This Fiscal Year - 1961:

During the next year the studies of the metabolism of tryptophan and
3-hydroxyenthranilic acid in various disease state patients will be continued
with experiments designed to determine the nature of the urinary products of these
compounds in the urine of normal and diseased man, There is evidence of variations
in the metabolism of anthranilic acid and quinoliniihacid in somc disease states
in humens., The }&rge-scale synthesis of carboxyl-C” -lebeled enthranilic acid
and carboxyl-3-C~ -labeled guinolinic acid is planned for studies of the metabolism
of these compounds in normal and discased humaens.

The synthesis of tizptophan-5~clu, carbfﬁyl-labeled 3-hydroxyanthranilic acid,
3-hydroxykynurenine-4-C** and kynurenine-4-C!" are to be continued. It is planned
to continue studies of tryptophan metabolism in brain tumor patients, ante and
posiuboron-neutron treatment. It is planned to initiate the synthesis of tryptopha

-C~" to study the conversion of the seven carbons of tryptophan into the number
one carbon of acetate in humans with neoplastic discase and digbetes.

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

The generel program outlined for FY 1961 is expected to be continued.
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Cancer Research .
Project Title: Studies of Pentosuria 06-03-01-b(2)

06-03-01-b(2) Studies of Pentosuria

Person in Cherge: L. V. Hankes

12 & 13. Objectives and Overnll Description:

This program concerns itself with studies of pentosuria.

1L. Related Projects:

Sce 06~03-01 Cencer Rescarch - Sumary Sheet

15. Accomplishments Last Fiscal Year - 1960

The nature and source, of the pentosugor oppearing in urine of patients with
pentosuria is unknown. Clh labeled-I-1inogitol provided by s collaborator will
be administered to o patient with this discasc and the yrine will be studied for
metabolites for the administered compound during FY 1960.

16. Expccted Results This Fiscal Year - 1961

The direction in which the study branchea out will be dictated by informa-
tion gothered in the current year.

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

The general program outlined for FY 1961 is cxpected to be continued.
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F“ﬁ‘fég? 230 UNITED STATES
ATOMIC ENERGY COMMISSION
" NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

1. Project Title: 2. Date Prepared: | Revision Nop
Beneficisl Applicaticns of Atomic Energy - May 1960
Cancer Resesarch
3. Sub-Title:
Labeled Proteins for Metabolic Observation in Cencer Eveluation
L. Budget Activity No. 5. Budget ltem No. 6. Contractor's No.
06-03-01 06-03-01-c
7. Contractor: Associated Univerjities, Inc. . Horking Location| 9. Contract No.
Brookhaven Nationaul Laboratory Upton, New York | AT-30-2-GEN-16
10. Persons in Charge: 11. Starting Date of Project:
S. W. Lippincott Continuing

06-03-0l-c Labeled Proteins for Metabolic Observation in Cancer Eveluastion
Cost and Personnel Data (for information only)
1960 1961 1962
Total Operating Cost (In Thousands) 225 290 335

Direct Man-Years

Staff 1.0 1.2 1.3
Visitors 0.4 0.4 0.5
Scientific 1.4 1.6 1.8
Other 12.0 15.9 18.0
Total 13.4 17.5 19.8

12. & 13. Objectives and Oversell Description:

This clinical study has been underway for four years, with the first year hav-
ing been spent on animal investigation preparatory to the clinical work now in
progress. The objective is to determine whether patients with verious neoplastic
diseases have the same or different rates of turnover (degradation) for I131
labeled proteins obtained from normel individuals and for those obtained from
cancer patients. If, in men, a difference in turnover rates could be established
this might be used as a laboratory test to assist the physiclen in detecting the
individuel who has cancer. At present there is no blood test which is capable of
detecting cancer in the early steges so that if a test were to be devised it would
be of immediate clinicel usefulness.

Both labeled albumin and globulin have been used in these investigations.
These proteins have been fractionated in this Laboratory and the homogeneity deter-
mined by ultracentrifugation and electrophoresis before lsbeling. The patient .
series 1s now 100 with meny of these patients having died during the course of
observations. The total nmumber of turnover studies to date is 177, with some
patients having hed up to six turnover studies, in which event a patient msy have
been followed from ebout 15 to 30 months. Two principle observations have resulted
from these turnover studies (1) in multiple myeloma there is a striking correlation
between excessive catabolism of gamma globulin and the presence of a circulatory
abnormal component with similar electrophoretic mobility and (2) in metastatic
cancer of breast origin (15 cases) the turnover rate of gamme globulin fractionated
from cancer patients is much more repid than that of globulin fractionated from

normal individuals. These observations have led to the two new approaches cited
below.

14, Related Projects: REPOSITORY hsat A arin ALl A i
See 06-03-01 - Cancer Reseerch - Sumary.Sheghon L /{8 Mud Gopr .
/ 7\5’//&{ /
80X No.
FOLDER

(See continuatiop sheet) j
OFFICIAL USE ONLY Page 06-87

4002255



Cancer Research
Project Title: Labeled Proteins for Metabolic Observation
in Cancer Evaluation 06-03-01-c

15. Accomplishments Lest Fiscal Year - 1960:

Customarily the degradation rate of 1‘13l lebeled normel albumin (or globulin)
in man has been determined from plasma or serum concentration curves end/or from
urinery excretion data. During this last year the former method has been compared
in two patients (with different diseases) with a new method employing the in vivo
whole-body counting technique (gamma spectrometer) which permits measurement of
very low levels of an internally deposited gamme emitter. In the first patient
the half-lives of the I'3) labeled albumin were 19 and 19.5 days respectively and
in the second patient 15 and 15.4 dsys. This new procedure mekes possible the
clinicel investigation of turnover of albumin with the edministration of as little
as one or two microcuries of the radioisotope used. The inconvenience to the
patient of multiple blood sampling and to the investigator of tedious radiochemical
enalyses of excreta are eliminated. The applicebility of this technique to other
proteins is being investigated.

16. Fxpected Results This Fiscal Year - 1961:

It 18 conceivable that the more rapid turnover rates of gemma globulin from
cancer patients noted sbove may be due to degradation at the tumor sites (or site),
thus it would be desirable to localize this 1f possible., Therefore the next step
to be undertaken is the labeling of zﬁc respective proteins by o {in eddition to
further observations with I13 is a poeitron emitter end its annihilation
rediation enebles coincidence counting that could be used in conjunction with a
mechanicel scanning technique of the patient. This possibility is to be explored
in the near future.

This clinical study requires expert nursing care end assistance as well as
detailed laboratory investigations in each patient. Both in and outpatiente have
to be followed regularly. By the nature of the peatients’® illness the hospitel
care and service is extensive.

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

The metabolic studles being carried out on patients with various cancer
disesses will in 1962 include more work with I:2% labeling then with T331
Dr. Baker, in cha.rge gf the Cyclotron, efter reviewing the English literature on
the production of o has been successful in bombarding antimony with elpha
particles and producing 122%  In the chemienl division of the Hot La.boratory Ehis
product has been cleaned up to a large extent, and the first small batch of I
hes been made available. It is possible now to get a large enough amount in terms
of millicurics to label the protein fractions that have heretofore been lebeled
with 31, Arrengements have been mode with Dr. Williem Sweet, Professor of
Neurosurgexy at Harvard, to do the initial study with him because he hes o positron
scanner that he hes been using to detect gﬁoﬂ.nsms in the brain in patients given
raedioactive arsenic. Both arsenic and T are positron emitters and thus the
preliminary study, before attempting to get a positron scenner here, cen be carried
out on a Research Colleborator basis.
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beyond the capabilities of other research centers.
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| 1. Project Title: _— 2. Date Prepared: Revision No{
Beneficiel Applications of Atomic Energy - May 1960
_Research
3. Sub-Title: Maps of Metel Pathweys with Speoial Reference to Trace
Metals and Central Nervous System Diseases.
L. Budget Activity No. 5. Budget Item No. 6. Contractor's No.
06~03-02 06-~03=02-,

7. Contractor: Associated Universities, Inc.

8. Working Iocatioh] 9. Contract No.
Brookhaven National Laboratory

Upton, New York AT-30-2-GEN-16

10. Persons in Charge: i 11. Starting Date
See individual sub-division proposals ! Continuing

|

06~03-02-a Maps of Metal Pathways witl Spselel Reference to Trace Metals
and Centrael Nervous System Diseases, = (Summary)

Cost end Personnel Dete (for information only)

w60 g6 296

Totel Operating Cost (In Thousands) 400 515 585
Direct Man~Years

Staff 6.3 7.2 T.7

Vieitors 1.0 1.; 1.6

Scientific i 03 . §0§

Other 21.0 22.% 27.2

Total m . 3-675

The pathways of distribution, the site of primary end secondery accumulation,
the factors affecting pertition, end the regulation of total body content of metals
particularly trace metels, in health and disease is the concern of this study. -
These date are of the greatest importence in the development of diegnostic proced-
ures and understanding of significence of measures designed to influence specifio
metals in the body. BEmphesls is placed on the short half-life isctopes permitting
precise physical studies, Manganese and sodium have been chosen as the basic

reference metals beceause of their differing distribution in vericus body systems
end. compounds,

06~03~02-6~(1) Maps of Mztel Pathweys with Reference to Centrel Nervous Bysten,

Persons in Cherge: G.C. Cotzles, D.C. Borg, Amecnéﬁamcrx.a.wu;’m.
P.8, Papavasiliou. L Wt AL -
COLLECTION -

12 & 13, Objectives and Overall Description: BOXNo

Animal experimentation has shown that a df&étPEhficlent-in-trece-umstals,—
notebly manganess, resulte in irregularity or deficiency of coordination of the
muscular system. Observations of humans exposed to manganese ote dusts showed
the development of & clinical picture identical to Perkinsoniem, These two condi-

tions might constitute prototypes for the elucidation of spontaneously occurring
human disesses characterized by the above symptometology.

Thus redioisctopes of manganese and of other relsted elements were thought to
be useful tools for bedside studles, It was found, however, that the literature
contained 1ittle information reletive to distribution, accummlation end partition
¢l vuch 1sctopes relative to the pathways which they pursue, or relative to the
cortrol of total body content of trace metals, Since these parameters are indis~ L
pensable in the elucidation of petterns in health end disease, they have constitute
the subject of this project.

Short-lived isotopes sre emphasized (1) because of their usefulness in repeti-~
tive testing, (2) bveceuse of their availability end ease of hendling at Brockhaven
and (3) because of their unique role in activation analysis (vide infra). Although

(8ee Continuation Sheet)
OFFICIAL USE ONLY Page 06-90

4002259



REPOSITORY (AL T ARLTLEL AL e

cowection Zun /£ Yied Anp? . /1957¢/

BOX Ao,

Medicel Research

Maps of Metal Pathways with Reference to Central -
Project Title: Nervous System 06-03=02-a-(1)

12 & 13. Objectives and Overall Description {Cont'd.)}:

meny metals heve been studied, manganese has been the reference metal and is the
only one dilscussed here,

ik, Related Projects:

See 06~03~02 -~ Medicel Research - Summary Sheet

15. Accomplishments last Fiscal Year ~ 1960:

Prior to 1959, tkhe blood disappearance rate of méected manganese lsotopes

had been studied in rets, rebbits and humans using Mad SOy« This was found to be
profound and rapid, The element was taken up by tissues rich in mitochondrie as
determined by the dissection of many enimals and the external scanning of 14 in.
patients, Mtochondria from rat liver were therefore isolgted and found to con- -
tain the minimal value of sbout 40% of the total liver Ma%°, 1In view of the tech-
niques this indiceted an almost.total eerly accumulation of the isotope in these
organellies. Since the behavior of the isotope was otherwlse identicel in man and

animgls, its disappearance from human blood was explored as a measure of total
body mitochondrial functions,

In FY 1960, the ideas on mangenese disappearanse from human blood were tested
on a petient suffering from thyrotoxicosis, & condition charecterized by marked
mitochondrial activity. This test was encouraging in that it was concordant with’
our notions; it will be pursued further in FY 1961 utilizing more pstients.
Treatment of these patlents and the resulting reduction of thyroid tissue with

1131 opfers an opportunity for study of a gradually corrigible mitochendrial dys-
function, utilizing Mangenese lactopes.

Manganese hes been accepted ss a cofactor of meny enzyme actions too numerous
to l1st, Bowever this element could be substituted for in g1l those systems by
other elements, including magnesium, If this were true in vivo mengenese would
have no role in the living animel. Therefore the specifIcily of the pathway of
this element was studied in mice by trying to substitute, to dislodge or to
effect the turnover of yrevicusly injected manganese isotopes with stable metals -
suspected of having the capacity to do so. Radlo-manganese was exquisitely sensi-
tive to steble menganese, totally insensitive to other metals.

Same efforts were begun to study the specificity of the manganese pathwey
in humans. In three patients, injected radiomzogenese was initially exquisitely
sensitive to manganesc loeds. These tests showed, however, a diminishing sensitiv
ity of the kinetics of radiomangavese to msnganese feedings with passing time.
This suggested the synthesis of metallo-organic compounds of mangenese 1n the body
It |is hoped that these studies will be completed in 1960,

L

The above findings led to the discovery of a buman porphyrin containing men-
gedese insitesd of iron. This has now been demonstrated in 16 patients end several
raﬁbits. Preliminary date show (1) thet this porphyrin 1s very similar to syn-
thetic mangenipeotoporphyrin in many of its properties and (2) that it may also
ccqur in cells other than red cells, notably liver.

The specific behuvior of manganese in the body suggested the existence of a
spdeific cerrier mechaniem in human plasme, a mechanism capsble of sharp discrimi.-
naflion between mangeneue and other metals. Such a mechanism was discovered in the

ldsma of one patient and confirmed in seven further trials. The carrier mechanism
irdolves (1) a Beta plasmas globulin, probably different from the iron carrying cne)
(2] a change in the velence of manganese from either 2+ or 4+ to a level in dbe-

twden, which must be the unsteble form 3+, This mechanism is specific for mangane
esg and mangenese only.

These observations are considered as & real turaing point in this work. In
1060, - thia novel trensport mechenienm 1e:being studled in several petients becsuse

(1) 1t 1s a new type of system, (2) it puts mangenese studies on & sound clinical
besis and (3) 1t is a highly specific mechenism,

The excretion of manganese wes found to be biliary in mice and rets. The -
excretion patterns in normalcy ere grossly different from those of manganese over=-

loads. When used as a blo-assay, this pattern showed many "normal" foods to be
overloaded with menganese.

w2260 (see Contipuetion Sheet:)
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Medical Research

Maps of Metal Pathways with Reference to Central
_Project Title: Nervous System 06-03-02-2~(1)

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

This work will be published in 1960 and will be extended to investigate more
food stuffs and the mechanism of the biliary excretion.

Patients fell into two categories with regard to total body manganese turn-
overs; slow ones and fast ones. The fast ones were treated Parkinsoniens, the one
patient with thyrotoxicosis and the three petients given manganese supplements.
The slow ones were two patients with Wilson's disease, one patient with Friedreich's
ataxia, one patient with Apresoline Disease and most of the untreated Parkinsonians
However, two control patients straddled the two populations and one untreated

Parkinsonian was fast. No conclusions can, therefore, be reached as yet and the
study is being extended in 1960 and beyond.

Since Fhenothiszine drugs seemed to have the above-mentioped effects on
patients with Parkinsonism, they were tested for their capacity to bind menganege.
They were found *io meke 2:1 complexes with manganese of a velence higher than 2
and lower than L', & story similer to the one of the Bete globulin mentioned above.

These complexes occur in the presence of tissues. Their in vivo role will be
further studied in FY 1961.

The chemicel properties of the manganese-phenothiazine complexes that underlie
the specificity of their ection in vivo are being investigated also. These
complexes may serve further as model systems to study "the chemical foundation of
metal specificity shown by more complex biological" systems. Preliminary results
of optical spectroscopic and electron paramegnetic resonence studies indicate that
the unique behavior of such systems are best explained by considering certain
quantum chemical properties of the metal ions end of the other reactants. This
aree of research will be pursued further in FY 1961 and 1962.

A study of the homeostatic control of mangenese by the body was initiated.
Mineral corticoids were found thus far to be Eineffectual while glucocorticoids,

smazingly enough, hed profound effects on Mn5 kinetics in mice and rats. This
will be continued in FY 1961.

“Accomplishments of the past year (FY 1960) include:

1. Analysis of tissues and their constitutents for trace metals by neutron
activation analysis, to be continued in FY 1961 and 1962.

2. Totel body radioactivity studies in men, mice and rats, to be continued
in FY 1961 and 1962.

3. The excretory patterns of metals under normal conditions and metabolic
tregs. These will be studied further in FY 1961 and 1962.

« The fect that a phemmacological agent, the tranquilizer chloxrpromezine
ts [primerily, if not exclusively, by binding trivalent manganese. This has

nexated interest in other egents acting similarly. Hormones are being tested in
at fregard.

. The induction of irreversible ataxia in offspring of manganese-deficient
thdrs is being studied in mice.

. Cyclopentadienyl mangenese carbonyl has been proposed as an anti-knock
ent] in gasolines. Since it is a fat soluble mangenese compound, it is of great
siplogical interest even without regard to public health considerations. The
hy)] Corporation of America supplied samples and chemical information. We have
gontacted Dr. Robert A. Kehoe of Cincinnatli relative to his toxicological studies
ﬁth“g‘this compound. We anticipate severe "Parkinsonien" syndromes in animels and
§igh&>concentrations in the basal ganglia following exposure. The concentration

will be followed by neutron activation of the element manganese.

7. 'The fast disappearance rate of injected menganese salt (which has been
correlated with entrance into the mitochondria) has been slowed down by pharma-
cologicel agents of the phenothiszine class (Thorazine).

8. Although the menganese pathway through the body was found to be specific
for that element, it was confirmed in enimels that strontium is interchangesble
with calcium in some body pools. The surprising discovery has been made that mag-

nesium greatly accelerates the turnover of strontium. Since megnesium is primarily

(See Continuation Sheet)
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Maps of Metal Psthways with Reference to Cenmtral - -
Project Title; Nervous System 06=03=02-8-(1)

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

intracellular, this has focussed our attention to intracellular strontium, e
hitherto neglected fraction of this element. Beryllium is being studied in the
same context.

9. Zinc seems to be susceptible to replacement by cadmium in the animal
body. This is not evidenceg by anysceeleration of the turnover of zine but only
by abnormsl pertition of Zn®5 after Cd edministration. Zinc concemtrstion was
discovered tobe under homeostatic control: there is s positive feed~back and
negative feed-back mechanism of the excretion end absorption, respectively, of
zinc, Cadmium is under no evident control. This indicates that cadmium is po=-
tentially a very subtle poison indeed, and also that the sites of cadmium~binding
are not sites of trensmission of homeostatic signals, regardless of whether in a
glven animal they happen to be occupied by cadmium, zinc or any other metal.

10. Tt Bow appears thet the manganese porphyrin which wes isoleted from red
cells of the human 1s not the only such porphyrin in the body. Work in yrogresa

suggests that there are also mangsnese porphyrins other than that of the hemoglod
variety,

11, The biliary excretion of manganese is studied further relative to its
pettern which suggests two separate pathweys of excyetion, Kinetic evidence
suggests that there exists in the liver a specific pool of small-capscity end &
large non-specific pool for this element. These pools are belng correlated with
the two paths of biliaery excretion, the secand of which is operational only after
metabolic lomding,

12, The patterns found in patients with central nervous system disease
following administration of menganese tracers are being enalyzed. It 1s now safe
to state that two populations of patients are becoming evident: those with slow,
or with fast turnover rates. Common denominstors esre becaming apparent, but
their present enumeration is unsafe.

—13. Steriod hormones appeer to bind mangenese in the animal body. Their
administration produces dremetic alterations of the partition pattern of this
element in the bodies of mice, This finding is suspected of being e clue to the
action of sterdids and 13 being studled intensively.

i

16, Expected Results This Fiscal Year - 1961:

The genersl program described for FY 1960 will be continued,

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

The general program previously outlined will be continued.
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Project Title: Relationship of Salt (Sodium Chloride) to High Blood

coection A K9 Fud  Aos /957-& 7

Ofr03u10unu(2)
06-03~02-8=(2) Relaticnship of Salt (Scdium Chloride) to High Blood Pressure
I

Pergons in Cherge: L, K. Dehl, W, Gorden, L. Silver, 8. Sprersgen end M. Smilsy

12 & 13. ObJectives and Overall Description:

Bince 1952, the role of salt in the hypertension of man has been explored at
Brookhaven. Studies have been carried out of the hypertemsive process of (a) salt
restriction and salt sddition, (b) weight loss and weight gain, {c) the eddition
of potassium and magnesium salts to the diet, Using these techniques, the follow-

parameters have been measured; (a) changes in blood pressure and heart size,
(v) changes in body pools of soiitm, pgtassi%, chloride, magnesium, and water, es
measured by the isctopes Na2t, K2, Bro2, Mg, end H3, (c) changes in sensitivity

to the catecholamine, nor-epinephrine, (d) changes in edrenocortical function,
(e) electrolyte losses from the skin. .

In addition, epidemiological studies have been made both on Brookhaven
Nebional laboratory personnel and a Japanese farm village near Biroshima, which
suggest that hypertensicn is significantly more frequent among individuals on a
high selt intake {above 10 gms per dey) than among those on a low salt diet (ebout
5-6 gns per day).

In 1959 a study of exaggerated natriuresis after hypertonic NaQ'*CI infusion
in patients with hypertension was cerried out. The phencmenon of exaggerated
natriuresis following infusions of hypertonic saline in hypertensive patients 1s
vell esteblished, The influence of antecedent salt intaekes on this response has
been of interest es well as the possidility that individuals with and without
hypertensicn might call upon different body pools of sodium after this stimulus,
To this end, 11 hypertensive and 6 non=hypertensive sdult subjects were studied
for two or more periods during each of which the daily salt inteke was held con-
stant at 0,3, 4,3, 8.3 or 12.3 gms, After metabolic equiliprium on eech level of
salt inteke had been estebliphed, small infusioms of 5% Na<*Cl were made and
fieasurements of Na3 and Na®* in plasma and urine csrried out for the next 24 hour:
This study has been completed and the results are as follows: ?'5..) (o equivalent
salt intakes hypertensives during the first three hours follwiu% the infusion
ususlly excrete more urinary sodium than do non-hypertensives. (2) Some none
hypertensives respond like hypertensives. (3) The magnitude of the nstriuretic
rTesponse can be chenged drastically by antecedent variations in selt inteke; the
higher the salt inteke the greater the response and vice versa, but at equal levels
of salt intake the response of the hypertensive is generally grester than thet of
the non-hypertensive. However, a normotensive on & high salt intake responds in &
fashion similar to or greater than, that of a hypertensive on a lower salt inteks,
(4) The specific activity of urine and bdlood wes the seme in hypertensive and none

hypertensive, suggesting that the socdium wes probebly mixed in similar feshion in
the body.

14, Related Projects:

BT 06-03-02 = Medical Research « Summery Sheet.

omplishments Iast Fiscal Year - 1960:

1960 atudies were begun of factors affect sodium turnover in the human
aid of the whole body counfer, It has become possible to study the bio=
half-1life of sodium in patients with and without hypertension who are L
r gtrict metabolic cantrol. Patients on constant diets are given l-3 miorocun

of Na?'a, and after equilibration with the isotope has been established, the

1s modified in a single respect. This extensive time-consuming progrem -
in progress and no single parameter hes been fully explored. The follow
1imin observations have been mede on 12 patients:

) By appropriste increases in the NaCl inteke, the biologloal half-
Hfe of sodium can be changed from more then 200 days to leas than 8
days; (2) Keeping sodium inteke constent, increments in ths potassium
{nteke materially shorten the biological half-life of sodium.

53 \Bee Continuation Sheet)

OFFICIAL USB ONLY Page 06-94



Medical Research
Project Titie; Relationship of Salt {Sodium Chloride) to High

Blood Pressure in Man 06-03-02-e~(2)

16. Expected Results This Fiscal Year - 1961:

This work will be continued et approximately the seme level in FY 1961 during

¥hich time other factors affecting either hypertension or sodium metabolism will
be tested by this technique,

The recently acquired asnimal whole-body counter will be exploited primerily
to see whether changes in the biological helf-life of Na®2 can be relsted to the
induction or maintensnce of experimental hypertension,

The cbservetion that chronic salt~feeding results in hyperlipemia in dogs
and rats vill be studied in detail using C1% labelled lipide and 1ipid precursors
in an effort to define the mechanism by which this phenomenon is effocted. The
well-known inter-relstionship between hypertension and stherosclierosis will be

explored using the technique of sslt feeding to produce both hypertension and
hyperlipemia,

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

The general yprogram outlined for FY 1961 is expected to be continued,
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Medical Research
. . Relationship of Salt (Sodium Chloride) to Experimental
Project Title: Hypertension in Animols 06~03-02-8-(3)

17. Expected Programs ond Results for Next Fiscal Year - 1962 (cont'd)

These studies will be made primarily with Naee, using the whole-body counter, under
various sodium loads. Factors known to affect either hypertension or sodium
turn-over will be tested systematically. Since a study on one patient requires

continuous observations for approximetely 2 to 6 months, progress will necessarily
be slow.
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FORM NY00-230
(1-60) UNITED STATES
» ATOMIC ENERGY COMMISSION
NEW YORK OPERATIONS OFFICE
PROJECT PROPOSAL AND AUTHORIZATION

1. Project Title: l2, pate Prepared: |Revision No.
Beneficial Application of Atomic Energy - ' May 1960
Medical Resegrch :

3. Sub-Title:
Selective Single Elemental and Colligative Activation

4. Budget Activity No. 5. Budget Item No. ]6. Contractor's No.
06-03-02 06-03-02-b ' _

T. Contractor: Associated Universities, Inc. |8. Working Location! 9. Contract No.
Brookhaven National Laboratory Upton, New York | AT-30-2-GEN-16

10. Persons in Charge: 11, Starting Date of Project:
See Individual Sub-~division Proposels Continuing

06-03-02-b  Belective Single Elemental and Colligative Activation - (Summary)

Cost and Personnel Data (for information only)

1960 1961 1962

Total Operating Cost (In Thousands) 45 60 65

Direct Man-Years
Staff 0.7 0.8 0.8
Visitors - 0.2 0.4
Sclentific 67 1.0 1.2
Other 2.0 2.5 2.8
Total 2.7 3.5 4.0

The term "activation by neutrons" refers toc the fact that neutrons induce
radioactivity in those elements that possess the property of “capturing" neutrons.
The induced radioamctivity is then analyzed for the qualitative and quantitative
elements present in samples of bioclogical and medicel interest. These activation
techniques of enalysis are directed toward situations where no satisfactory chemical
physical, or blological methods of analysis presently exist.

06-03-02-b-(1) The Development of Methods Permitting Selective Activation of
Single Elements for Colligative Activation of Groups of Elements

Persons in Charge: G. C. Cotzias, P. S. Papavasiliou, D. C. Borg and
J. 8. Robertson

12. & 13. Objectives and Overall Description:

The development of these methods depends upon: (l) studies of the neutron
fluxes that reach the center of containers in vwhich samples of medical interest
are irrediated and studies of shielding in order to gain edvantage of threshold
energies of known nuclear reaction, (2) development of instrumentation permitting
the direct reading of specific radiations. With the aid of coincidence counting
and & 100 channel pulse height analyeer, the manganese peak was made visidble in the
presence of large amounts of sodium, potassium ana chloride., Potassium can be
seen directly end can be measured in .1 ml semples of blood with an accuracy of

1 per ceant.
hatl Al
REPOSITORY M/ LA <
1%, Related Projects: Y
COLLECTION Frnr8d 706;/ﬂ-«(ffflf
See 05-03-02- Medicel Research - Summary Sheet. /
BOX No
13, A(.compl:s?unenbs last Fiscal Year - 1960: FOLDER 1

Twsrg T 1360 & methoc was developed (Pepavasiliou end Cotzias) which permits[
The secar ﬂ'o estivation of manganese in biclogical materialgs but this erploys
Aeaurerilon of the samale and chemical seraration of tane My’~ ieotope proiuced by 1
nriive! ]~'. of blssue cawples in the reactor. 0.05 ml of blood ( -1 x 10°7 gu of

|
socsgizeet ece sdzruanc for bot? ace 1m:i’nﬂnd precise i.nalyois }'
L atdfn shest,
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Medical Research
Project Title: The Development of Methods Permitting Selective Activation of Single
Blements for Colligative Activation of Groups of Elements 06-03-02-b-(1)

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

The effort to distinguish rediations emenating from trace metals in intact
tissues following their neutron activation has been temporerily halted by the low
resolution of present equipment, which cannot differentiate the small peaks of the
trace metels from the enormous peaks of the macroconstituents (Na, Cl, K).

16. Expected Results This Fiscel Year - 1961:

The study of radiation emanating from trace metels in intect tissue will
probably be renewed with new instrumentation presently in the stage of planning
and design, and studied in FY 1961.

Beginning in FY 1961 it is hoped to utilize the Medical Reactor for an
examination of the potentielities of these activation technmiques. With the nuclear
fluxes soon to be available, the measurement of manganese in .2 ml samples of blood
can be made with a 10 per cent precision. Most trace metals cannot be quantitated

in clinicel samples as of the present. The Medical Reactor is calculated to solve
these problems.

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

The general progrem outlined for FY 1961 is cxpected to be continued.
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Medical Research -
Project Title: ILocalization of the gite of Action of Goldthioglucose by

. Radiocactivation of Gold 06-03-02-b-(2)

06-03-02-b-(2)  Localization of the Bite of Action of Goldthioglucose by
Redioactivation of Gold.

Persons in Chaerge: I. Schwartz, A. Debons and E. P, Coponkite.

12 & 13, ObJectives end Overall Description:

Although it has been shown that goldthioglucose injections in mice produce
& syndrome of hyperphagic and obesity similar to the obesity preduced by
steroeotactic hypothalemic lesions, investigators have not agrced as to whether
or not goldthioglucose itself produces hypothalemic lesions. It 1s contended
that the toxic gold moiety destroys the saticty-integrating neurones after
being selectively sccumulated by virtue of the special affinity of these cells
for glucose. These important observations and the theory based upon them can
be tested critically by radiosutographic localization and tissue assay for gold
in experimentel animals trecated with goldthloglucose end control an s treated
with other goldthiocompounds. Because of the short half-life of Gold T and
the extended duration of treatment required to produce the goldthioglucose
syndrome, the only means for the definitive localization of this isotope in the

brain is by neutron ectivetion of tissue removed from adequately treated
aninals.

14, Related Projects:

See 06-03-02 - Medical Research - Surmary Sheet.

15. Accemplishments Last Fiscal Year - 1960:

A method to teke adventage of the high resonance capture peak of Aul96
st neutron energies around 5 e.v. hos been discusscd., Cadmium foil wes used
to diminish the activation of interferring tissue componcnts such as Na, K
and Cl and thus to rcduce the background for the subsequent direct tissue analysish
Tt was found that AwWIT could be determined in the presence of brain tissue
in emounts well under 1 microgrem per somple and thnt the induced radioactivity
was linecexr over the ronge of Au concentrotions tested, i.e. 1 to 100 gemma
per semple.

16. Expected Results This Fiscal Year - 1961:

The anelysis of brain tissue obteined from mice who heve been rendered
hyperphagic ond obese by treatment with goldthioglucose in order to define the
loeus and timing of the gold acoumulation is plamned. On the basis of these
experiments, we will be cble to plen the development of a procedure for neutron
activation of gold in histologlcel sections for rediooutography. The total
emount of Aul9® in a.ng section mey be too small for clear redicautographic
discrimination of Auwr?T from interferring tissue consitituents. If so, we
will explore the possibility of shielding the sections for reduetion of
bockground as occomplished in our tissue assays.

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

The generel program outlined in FY 1961 is expected to be continued.
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