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Laboratory Objectives and Program

Brookhaven National Laboratory is a national
research center in which the Laboratory staff and
scientists from other institutions, especially those
located in the northeastern United States, carry
out fundamental and applied research in the
nuclear sciences and related subjects as an in-
tegral part of the nation-wide program of the
Atomic Energy Commission. It was established
as a cooperative venture between nine leading
northeastern universities (Columbia, Cornell,
Harvard, Johns Hopkins, the Massachusetts In-
stitute of Technology, the University of Pennsyl-
vania, Princeton, the University of Rochester, and
Yale) and the government in recognition of the
need for large and expensive equipments, and con-
centrations of scientific manpower for the success-
ful prosecution of nuclear research. The primary
objectives of the Laboratory are:

1. To seek new knowledge in the nuclear sci-
ences and related fields with emphasis on pro-
grams that require such large-scale research tools
as nuclear reactors, accelerators, and special lab-
oratories which are beyond the scope of most or
all individual institutions.

2. To encourage appropriate use of its facilities
by scientists of college, university, industrial, and
other laboratories.

3. To assist the Atomic Energy Commission in
the solution of specific problems by utilizing the
Laboratory’s unique facilities or the special talents
of its staff.

4. To make use of the Laboratory as an impor-
tant auxiliary in the training of scientists and
engineers and otherwise to assist in the dissemina-
tion of scientific and technical knowledge.

The cooperative nature of the Brookhaven pro-
gram is of paramount importance. A significant
and increasing fraction of the scientists and engi-
neers directly engaged in the scientific program is
comprised of visitors from other institutions who
take advantage of the special opportunities at
Broockhaven to carry out specific research and to
gain useful knowledge and experience.

These objectives, of pioneering in research fields
requiring large and specialized equipment, of
making the Laboratory’s facilities available to

visiting scientists, and of furthering the education
and training of young scientists, exert a profound
influence on the life of the Laboratory and on its
planning with respect to both staff and facilities.
Because of the constantly changing work and the
rotation of the staff, 2 maximum degree of flexibil-
ity is demanded; the continuing presence of spe-
cially skilled groups and adequate and specialized
laboratories and other facilities are required for
the development, construction, and effective utili-
zation of advanced scientific equipments; prob-
lems of housing, transportation, etc., are accentu-
ated by the large number of scientists on tempo-
rary assignment, by the relative remoteness of the
Laboratory from centers of population, and by the
resort nature of the surrounding area. All these
factors must be considered in the development of
future plans.

The scientific program can be broadly divided
into five general categories:

1. Fundamental studies of atomic nuclei, the
particles which constitute them, and the forces in-
volved in their structure.

2. Study and exploitation of the physical, chem-
ical, and biological effects of nuclear radiation.

3. The use of nuclear tools such as neutrons,
charged particles, gamma-rays, and isotopic trac-
ers in all branches of scientific research.

4. Research and development not necessarily
of a nuclear nature but useful in atomic energy
development.

5. Useful applications of nuclear power.

The research is centered around, though not
confined to, the use of several large equipments
and other special facilities, which include a large,
graphite-moderated, air-cooled nuclear reactor
with accompanying laboratories suitable for work
at low radiation levels; a small nuclear reactor for
medical use; a hot chemistry laboratory for work
at intermediate and high radiation levels; a pro-
ton synchrotron (the Cosmotron) which operates
at approximately 3 Bev; a 60-in. cyclotron capable
of accelerating deuterons to somewhat in excess of
20 Mev; a 3.5-Mev positive particle electrostatic
accelerator; a 2-Mev electron electrostatic accel-
erator; and an 18-in. high-intensity cyclotron that



accelerates protons to 3 Mev and deuterons to 2
Mev. An Alternating Gradient Synchrotron for
accelerating protons to approximately 30 Bev is
now undergoing final testing.

The scientific work is carried on by eight de-
partments and three divisions: The Physics,
Chemistry, Biology, Medical, Cosmotron, and
Nuclear Engineering Departments, which conduct
research and development in the indicated fields;
the Accelerator Development Department, which
is responsible for the design, construction, and op-
eration of the large accelerators; the Instrumenta-
tion and Health Physics Department, which de-
velops, constructs, and services nuclear instru-
ments and is responsible for radiation protection
throughout the Laboratory; the Reactor Division,
which operates the Research Reactor; the Applied
Mathematics Division; and the Mechanical En-
gineering Division.

STAFFING

The Laboratory scientific staff now includes ap-
proximately 310 “regular” members, 67 salaried
and 14 nonsalaried postdoctoral research associ-
ates with tenure limited to two years, and 310 full-
and part-time visitors from other institutions. Of
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the last group, approximately 200 spend a signifi-
cant fraction of their time at the Laboratory, an
average of about 100 actually being on site at any
one time.

The Laboratory’s mission of conducting re-
search primarily in the more basic aspects of the
atomic energy program, and in particular the ob-
jective of making its facilities available to visiting
scientists including students, can be fully realized
only by considerable expansion in the staff. In
many of the activities in which Brookhaven en-
gages, opportunities elsewhere are few in number
or nonexistent. Implementation of existing budget
requests should bring the continuing staff toward
a well-rounded and effective size in many of the
Laboratory’s activities, as they provide for a staff
in June 1961 of approximately 500 staff scientists,
including 100 research associates, and 2000 sup-
porting personnel. The average number of visiting
scientists working on site will increase to 150 or
more.

It is anticipated that with increased emphasis on
basic research programs in the field of atomic en-
ergy and with the addition at Brookhaven of more
advanced research tools and facilities, the scientific
staff may double its present size in perhaps ten
years.



The Medical Department Program

Lee E. Farr, M.D.
Medical Director and Chairman, Medical Depariment

To distinguish certain efforts in the clinical and
scientific practices of medicine peculiar to our
times, the term “nuclear medicine” is becoming
established in our lexicon. Nuclear medicine may
be defined as that field of medicine which seeks to
obtain diagnostic or therapeutic advantage through
the utilization of the properties of particles result-
ing from nuclear transformation and from atomic
transpositions resulting from nuclear changes. It is
concerned, then, with the fundamental particles:
the nucleus, the alpha particle, the neutron, the
neutrino, the meson, the pion, and other identified

“high-energy particles. Beta and gamma emissions
as manifestations of nuclear changes may be uti-
lized. In these aspects nuclear medicine differs
markedly on the one hand from radiology, which
is concerned with electromagnetic and particle
bombardment, and on the other hand from simple
tracer techniques, which are applications or ex-
tensions of biochemistry and physiology. In many
areas, however, a complete overlap may be seen.
Another responsibility is to determine the effects of
environmental radiological contamination upon
man, to meet problems of decontamination of man,
and to develop an understanding of such radiation
effects in man as may need to be effectively com-
batted.

The research program of the Medical Depart-
ment concerns itself with the biological effects of
radiation and in particular with particle radiation
of very short range. The researches thus must in-
herently be concerned with studies of precise iso-
tope localization, kinetics of distribution and re-
distribution, metabolism of organic compounds,
functions of inorganic compounds, and the effect
of excited atoms on the stability of large molecules
or complexes. We, as physicians, must always con-
cern ourselves with ultimate effects upon intact
mammalian organisms, even though the experi-
mental observations may be carried out on iso-
lated organ systems, tissue cells in culture, or
chemical reactions which occur in the body. Ad-

vantage is sought of special situations which may
be applicable to medical therapy such as neutron
capture therapy of glioblastoma multiforme.
Isotopes used are largely those of short half-life
— from a minute or less up to a few days — in order
that progression through a metabolic complex
can more satisfactorily be followed by judicious
radioactive isotope selection and that radiation
dose may be held to a minimum. Gamma and
x-radiation studies are also carried out in order
that similarities and differences may be closely
examined in the same fashion that effects are ob-
served in single cells and in multicelled and highly
organized species. Diagnostic studies in the widest
sense are carried out on suitable disease states
under study in the hospital. Such studies, however,
are concerned primarily with elucidation of the
nature of the disturbance and the proper selection
of individuals in a general population for a uni-
form response rather than with specific diagnostic
routines for use in a large general medical clinic.
These studies have great significance in permitting
us to predict effects of exposure of man.to various
radionuclides, both elemental and as organic com-
pounds. The entire program of the Department is
integrated with each scientist having awareness of,
interest in, and, frequently, participation in his
colleagues’ investigations.

Many of the research problems confronting
medical men today are so large and so complex
that a group assault is necessary. However, in all
circumstances a strenuous effort is made fully to
preserve for the participating research scientist
complete individual freedom to find his own path
toward solution of some feature of the over-all
problem. The scientist must not be denied the
pleasure, privilege, or responsibility of doing his
own thinking. Cooperative effort is maintained
on an individual basis of voluntary associations
among members of the Department and also with
colleagues outside the Department. By careful
preservation of the individual’s choice of what
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appears to him to be the path leading to the most
rewarding effort, there will emerge a program
achieving the most productive employment of
available knowledge, skills, and equipment. The
new ideas for research must come from individ-
uals, and in turn these will derive from experi-
mental testing of hypotheses of each scientist with-
in his own field of greatest competence.

Although research is the primary objective of
the Medical Department, various aspects of edu-
cation are inextricably blended into the frame-
work of the investigative program. The special
facilities of Brookhaven National Laboratory,
the objective of Associated Universities, Inc,, to
assist other institutions by making these intricate
and expensive devices available to qualified scien-
tists, the responsibility of the Division of Biology
and Medicine of the Atomic Energy Commission
and the members of the staffs of its sponsored and
supported laboratories in bringing before those
concerned with medical education the present
status and future areas of exploration in nuclear
medicine — all these put further emphasis upon
the role of the Medical Department in offering
educational leadership in this new field of medical
science.

THE MEDICAL DEPARTMENT STAFF
AND ITS ORGANIZATION

The scientific staff of the Medical Department
is limited in number by policy and design to forty-
eight full-time, regular staff positions. A staff of
this size is large enough to provoke stimulation
within itself but not so large that each person may
not be well acquainted with the work of his col-
leagues. It is large enough that necessary facets of
medical and diagnostic services can be covered
responsibly in the hospital but not so large as to
require organization of several services. Although
the Department is administratively organized into
seven divisions — the Hospital, Biochemistry, Ex-
perimental Pathology, Physiology, Microbiology,
Medical Physics, and Industrial Medicine —
functionally it operates as a single unit with no
jurisdictional barriers impeding activities within
the Department.

Since it is the policy of Associated Universities,
Inc., that a large fraction of the staff shall be
rotated in order that universities may benefit by
having men on their faculties who have worked
at Brookhaven and that Brookhaven may benefit
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by a constant infusion of new enthusiasm brought
to it from universities and institutes, there is a gen-
eral policy limiting the time a man may remain
on the staff at Brookhaven in its several ranks of
term appointments. On term appointments a man
may, if reappointed, stay up to a maximum of ten
years provided he begins his experience here as an
assistant or associate scientist. A man beginning
his appointment as a scientist or senior scientist is
limited to three or five years depending upon his
individual category. It is generally expected that
most term appointees to the staff will spend ap-
proximately three to five years at Brookhaven be-
coming thoroughly qualified in the areas for which
opportunities are provided here. It is anticipated
that most appointments will be of junior men who
come for education, training, and experience in
the field of this Department and who will later re-
turn to university faculties.

Taking into account these policies, the scientific
staff of the Medical Department is organized into
three categories:

I. Full-time, Regular Staff.

A. Tenure scientists who hold their posi-
tions under terms comparable to profes-
sorial tenure in university faculties.

B. Indefinite appointment scientists who
hold their positions indefinitely for per-
formance of a necessary function in the
Department or Laboratory organization.

C. Term scientists who hold appointments
for specific terms.

I1. Part-time, Temporary Staff. In a few special
situations, part-time, temporary appoint-
ments are given for operational reasons to
qualified persons.

II1. Research Collaborator Staff.

The research collaborator staff is composed of
those holding academic appointments in univer-
sities or equivalent appointments in hospitals or
institutions who are given appointments to the
staff of the Medical Department for terms renew-
able up to one year for intermittent work during
those terms in collaboration, extension, or inten-
sification of work of joint interest to the research
collaborator and to a regular staff appointee in
the Medical Department. Those holding fellow-
ships from foundations or governmental agencies
are generally given appointments as research col-
laborators in residence which permit them to be
granted working privileges of the regular staff and
to be integrated into the research, training, and

education programs of the Department. Brook-
haven does not award fellowships. On the other
hand, the Department does have a limited num-
ber of one-year term appointments as Medical
Associate renewable for two additional terms of
one year. This appointment is available to per-
sons of all ranks in universities or institutes, and
it is available to persons on sabbatical or other
leave from universities and institutes. In some in-
stances in these on-leave categories, appointment
as a research collaborator in residence may be
more appropriate.

The categories of the scientific staff previously
noted are further divided into four ranks: senior
scientist, scientist, associate scientist, and assistant
scientist. The title medical associate carries no
specified rank, and persons holding this appoint-
ment may be given privileges and assigned respon-
sibilities of any of the ranks depending upon their
training and experience.

The medical staff of the hospital and the medi-
cal supporting staff of the hospital are separately
designated groups of the Medical Department
scientific staff which include those who by train-
ing and experience are qualified to meet the
specific clinical responsibilities of this hospital.
Likewise, the hospital staff includes a separately
designated group of the technical staff trained to
meet specific responsibilities. Rank of a person on
the medical staff of the hospital and on the scien-
tific staff is not always identical, being adjusted
rather to specific interests, qualifications, and use.
Inquires regarding staff appointments are wel-
comed and should be addressed to the Medical
Director.

The technical staff of the Department is a ca-
reer staff in the same manner as is the scientific
staff. It is composed of technically qualified per-
sons, individually selected for their interests and
aptitudes, who bring a wide variety of skills and
techniques to the Department’s program. The
technical staff is divided into several categories:
scientist’s assistants, technical assistants, labora-
tory services assistants, nursing staff to the hospi-
tal, clinical services staff to the hospital, and spe-
cial services staff to the hospital. A scientist’s as-
sistant is a personal technical associate of a scien-
tist holding a tenure appointment and is responsi-
ble directly to the scientist for performance of his
duties. All other members of the technical staff
are responsible to the Department as a whole
through designated administrative channels to the



Medical Director. A technical assistant may be
assigned to specific duties and, although still re-
taining his general responsibility to the Depart-
ment as a whole, will act as a technical associate
of a specifically designated scientific staff member
holding an indefinite appointment or, in special
instances, a term appointment as scientist or
higher. Other types of specialized professional
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training and skills are represented by the nursing
stafl, clinical services staff, and the other variously
designated categories of the technical staff. At
present there is a total of 147 positions in the vari-
ous categories of the associated stafls.

The clerical and administrative staff furnishes
those services to the Department as a whole.
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During fiscal 1960 the research activities reached
a new high since the Department was organized
in 1949. The soundness of adhering to an inte-
grated plan of research operations is now demon-
strated in both the quality and the versatility of
approach to researches. The interrelationships of
the various scientific members of the staff provoke
new ideas in regard to the problem under attack
by each. The texture of activities in basic medical
research, applied research, and technological
development has now become so closely inter-
woven in most instances that only arbitrary classi-
fications in the above categories can be made. The
adherence to a limited and yet self-selected field
of endeavor of deep interest and concern both to
medicine and nuclear science is developing a
group of senior investigators skilled in the art of
medicine and increasingly sophisticated in the
nuances of nuclear physics with applications or
implications in the field of medicine. The present
report is concerned only with work completed
during the year or very clearly defined. It is in no
wise a complete and detailed report of all research
activities and yet the picture presented is valid.
Trends and more significant observations have in
general been emphasized. It must be noted that
the report does not deal with future research
plans but only with accomplishments of this past
fiscal year. Inevitably, though, past endeavors
give rather clear indications of what may be forth-
coming.

For greater ease in grasping the general scope of
the Department’s activities, the major outlines of
its program are given herewith. Cancer work,
medical research utilizing special devices and
products of nuclear physics, and researches on
control and better understanding of radiation ef-
fects will each be found under each of the main
headings listed. More work has been done on can-
cer patients during the past year, for, as better in-
strumentation has become available for radio-
isotope studies, more and more advantage is be-
ing taken of the enormous documented knowl-
edge of metabolism both normal and abnormal
in cancer. Within this framework, observations
may be susceptible of much firmer interpretation
than in other circumstances and in particular
in that great ill-defined group of our population
often classed as “normal” but perhaps better des-
ignated as insufficiently studied to develop a
sound diagnosis of existing abnormalities. It is
anticipated that increasing study of cancer pa-
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tients will continue with very considerable bene-
fits to both the investigator and the patient with
cancer.

I. Reactor Radiology

For medical purposes, the reactor is being used
at present either as a primary source of neutrons
or for the production of secondary reactions through
neutron interaction. The development of design
criteria and necessary modifications of the basic
reactor components must be a continuing effort to
permit advantageous exploitation for medical
interest.

A. REACTOR DEVICES
{Graphite and Medical Research Reactors)

1. Operational characterization (Purity of neutron
emissions; power levels; efc.)
a. Neutron energy specirum by foil measurements.
060602. Drs. Stickley, Robertson; Res. Col.*

Amato, Mr. Meinhold,** Mr. Powell ***
For the Medical Research Reactor (MRR) a

comprehensive project was begun using gold, co-
balt, copper, enriched U***, depleted U?*%, alumi-
num, and sulfur radioactivants to define the emer-
gent neutron cloud spectra at a point in free air.
Fifteen different geometries are being used, and
the cadmium difference technique is being applied
whenever applicable. The half-life of each radio-
activant end product is being followed. Gamma
emitters are checked in a 100-channel analyzer.
This comprehensive program evolved from a
much simpler initial effort found to be inadequate.
Half of the samples are being checked for the De-
partment by Oak Ridge National Laboratory.
Gamma intensities are estimated with a lithium-
shielded Victoreen condenser r-meter and photo-
luminescent glass needle dosimeters. Presumably
the latter are relatively neutron insensitive and
energy independent. Five basic geometries of bis-
muth, heavy water, and polyethylene reflectors
appear to give widely different spectra in terms of
suitability for neutron capture therapy. Further
combinations will be tested in efforts to develop

*Res. Col. = Research Collaborator.
**Member of the Health Physics Division.
*#* Head, Reactor Division.
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better information on the lowest gamma-producing
geometry with maximum efficiency in use of core
emergent neutrons. Suitable check studies have
also been done on the medical facility at the
Graphite Research Reactor. Completion of the
present massive effort to characterize the neutron
cloud and the development of a suitable and sim-
plified procedure for further testing of this type are
expected to be effected within the coming fiscal
year. Preliminary results suggest that one geom-
etry, a considerable improvement over the original
one, will be suitable for final patient testing.

b. MRR output in relation to power level. 060602.

Dr. Stickley, Mr. Powell

The MRR was carefully tested at various power
levels up to and including 5 megawatts. On the
basis of these test reports permission to operate was
obtained from the Atomic Energy Commission.
The neutron output appeared to correlate well
with power levels attained, and a semipulsed type
of operation was tested to permit later use of this
technique to shorten patient exposures.

2. Design and criteria modifications (Reflector mod-
erator, field-defining aperture materials and biolog-
ical shields). 060601. Drs. Stickley, Robertson,
Fine, Farr; Res. Col. Amato, Mr. Powell

In conjunction with the work on characteriza-
tion of the energy spectrum of emergent neutron
cloud and gamma contamination, careful studies
were begun on the influence on quantity of in-
duced gamma radiation from reactor moderating
and reflector components as well as gamma shield-
ing. By altering the moderating and filtering mate-
rials in the shutter and reflector of the reactor,
more than a dozen different configurations can be
made available for study. Since the amount of
heavy water can also be varied, at least twice this
number of configurations can readily be attained.
In the course of these efforts, which must continue
for at least two more years, it was ascertained that
for the present a practical arrangement for patient
testing could be effected by using an 8-in. barrier
of heavy water in the shutter rather than within
the shield and with a more peripheral position of
the bismuth gamma-ray shield.

For local shielding problems both phantom and
animal studies suggested that for the present only
Li® metal in sheets of 1.0 and 1.5-mm thickness be
used as a neutron field limiting material. The flex-
ible sheets permit application to a rigid or non-
rigid field geometry with rapid adaptation. The
local shieiding afforded by such Li° sheets to

patients has been tested and is the best yet at-
tained.

Changes in the geometry of the components
both within the shield and in the shutter base re-
sulted in an inadequacy of the heavy shielding to
meet current operating practices. Efforts to deter-
mine the best and most practical type of biological
shielding to be added have not been completed. A
closed circuit television unit has been added to
permit the experimenter to make observations in
safety. The higher exposures encountered at the
operating console have temporarily been reduced
to acceptable levels.

3. Dosimetry (Physical equivalences)

a. Estimation of capture gamma dose in patients.

060601. Drs. Robertson, Cohn, Yamamoto,

Stickley, Farr

Concern during the past year with better char-
acterization of the neutron and gamma spectra
has led to a closer scrutiny of the information upon
which physical dosimetry in these efforts has been
based and in particular to a specific effort to
develop a better calculation of probable capture-
induced gamma emissions in patients. The prob-
lem has become increasingly complex as better in-
formation was sought. For a reasonable approxi-
mation in a geometry of an actual head it is clear
that a computer must be used. An attempt is being
made in collaboration with the Applied Mathe-
matics Division to evolve suitable formulation of
the problem for computer solutions.
4. [sotope production

a. Graphite Research Reactor

Radiocactive isotopes of use to the Medical De-
partment that can be more economically pro-
duced in the Graphite Research Reactor continue
to be obtained from the Reactor Division. In addi-
tion, derived isotopes such as I'*” are obtained
from the Hot Laboratory for a further extension in
the number of radioactive and stable isotopes used
in the medical research program.

b. Medical Research Reactor

During the year special beam tube devices were
developed for production of short half-life activ-
ities. These include a simple pneumatic tube in-
stallation and a 1-liter tank, usable also as a loop,
for gases and liquid media, which was designed
and built by Mr. M. Zukas of the Reactor Divi-
sion. The extensive calibration work at the treat-
ment ports requiring very long, continuous runs
and numerous repetitions thereof has not per-
mitted any exploitation of this unit this year.



B. TISSUE EFFECTS OF PRIMARY
AND SECONDARY REACTOR RADIATION
Drs. Farr, Lippincott, Yamamoto, Calvo,
Easterday, Stickley, Robertson

Because of marked inconsistencies noted when
physical equivalences of neutron doses and B*’-
derived alpha-particles are applied to predictions
of tissue changes, an extensive program of direct
observation under controlled conditions has been
initiated.

1. Particle radiation (Fast neutrons, slow neutrons,
derived particies)

a. Clinical observations (physiological} of neutron

effects on special senses. 060101

It has been repeatedly observed on previous
patients that exposure of the retina to significant
neutron dosage during neutron capture therapy
does not produce retinal hemorrhage or exudate.
Functional studies carried out on patients capable
of cooperating detected no changes in visual ca-
pacity for field, motion, or color. Hearing was un-
affected. Motor areas showed no adverse effects of
exposure.

b. Clinical observations (histological} of neutron

effects on neuronal structures

Serial sections of brains of 16 patients who were
given neutron capture therapy from 1951 to 1953
have been received from the special processing
laboratory and have been scanned in a prelimi-
nary fashion. No gross cellular abnormalities were
noted even in regions of most intense neutron €xpo-
sure. Quantitation of combined neutron and boron
doses and topographic distribution of effective
exposure will be completed in the coming year.

c. Effects of thermal neutron exposure on central

nervous system of rabbits. 060101

The heads were exposed to high doses of ther-
mal neutrons up to a surface exposure of 10*?
thermal neutrons/cm? with a concomitant gamma
dose of <100 r. No abnormal behavior of the
animals was seen initially. Vision, smell, taste, ap-
petite, and the like appeared to be unaffected, and
no muscle abnormalities were noted.

d. Effects of thermal neutron exposure on siriated

muscle in the mouse. 060101

Several thousand mice were exposed to intense
thermal neutron dose with and without accom-
panying infusion of B'° compounds. The exposure
was limited to one hind leg, and no observable
difficulty has thus far ensued. A few mice are
under long-term observation for delayed effects.
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e. Effects of thermal neutron exposure on the elec-

trophysiology of the eye. 060101. With Res.

Col. Jacobsen, Najac, Kiebel, Krohn

Ocular radiation effects from 250-kvp x-radia-
tion in doses of 4000 to 9000 r have been studied
at the New York Eye and Ear Infirmary. The
present studies are concerned with a similar ap-
proach to thermal neutron effects. The electro-
physiological effects studied to date include thresh-
old sensitivity and conformation of the electro-
retinogram (ERG). With x-ray it was found that
7000 r diminished the ERG to the point of extinc-
tion. At this dose respiratory enzyme activity is
also lost. Thus far this has not been duplicated
with thermal neutron exposures.

f. Effects of thermal neutron exposure in histologi-

cal structures of various systems. 060101

Studies of muscle tissues, vascular tissues, car-
diac muscle, and preliminary studies of lung speci-
mens have been carried out after thermal neutron
exposure to determine if any unusual sensitivity
can be demonstrated with special histochemical
techniques. Enzyme mapping has not yet been
started. A more comprehensive study on rabbits
and the mouse is under way to determine if any
specific or nonspecific changes in the central ner-
vous system structures can be induced by exposure
to thermal neutrons.

2. Electromagnetic radiation. 060101

Until further advancement is reached in the
measurement of capture gamma production in a
mixed neutron field, efforts in this endeavor will
continue to be delayed.

C. ACTIVATION PHYSIOLOGY

A considerable program in physioclogic activa-
tion analysis has been envisaged, but the necessity
of establishing the operating characteristics of the
reactor and installing necessary appurtenances for
specimen activation has retarded the effort.

1. Instrumentation design and development
a. Beta-gamma coincidence system.
Drs. Cotzias, Borg
A system requiring coincidence between signals

from one gamma and two beta detectors has been

developed and used in the detection of radicactive

manganese in tissues. The gamma detector is a

4% 5-in. Nal crystal with a plastic shield to elimi-

nate counts due to energetic betas and to brehms-

strahlung. One of the beta detectors is a thin

060602.
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(0.015-in.) plastic scintillator which is relatively
insensitive to gamma radiation. The second isa
thicker (0.25 or 0.5-in.) plastic scintillator giving
essentially total absorption of the beta energy.
These detectors are seen by photomultiplier tubes
from which the signals pass through the necessary
preamplifiers to the coincidence control circuit,
where each enters separately a fast (107"-sec) coin-
cidence circuit. The two beta signals also enter a
slow (5 X 167%-sec) single-channel analyzer. The
gamma signal is analyzed with a 100-channel
pulse-height analyzer, its gating being controlled
by the coincidence requirements. Requiring the
beta and gamma energies to match the Mn®® spec-
trum favors counting the manganese in the pres-
ence of relatively much larger levels of Na**, the
principal competitor. A system using a fourth de-
tector for the Compton backscatter gamma-rays
has also been used and gives even better dis-
crimination under some conditions, depending
upon the geometry that it is possible to use.

b. Slow neutron filter for selective activation.

060602. Drs. Cotzias, Borg

Another approach to the problem of activation
analysis of trace constituents of tissue involves
selective activation. A device used for this is a con-
tainer so designed that the sample can be com-
pletely surrounded by cadmium and boron. The
cadmium and boron cut out the thermal neutrons
but permit sufficient penetration by more ener-
getic neutrons for manganese to be activated by
the 337-ev neutrons for which it has a resonance
capture peak.

2. In vitro measurement of manganese in human
blood, plasma or serum. 060601. Drs. Cotzias,
Papavasiliou

A method was developed which permits the
harvesting of uncontaminated blood, plasma or
serum samples, neutron activation, the chemical
separation of the ensuing Mn®¢, the elimination of
contaminating radionuclides, and the accurate
comparison to standards. It employs 0.05 ml to 0.1
ml of sample (blood, serum or plasma}). Samples
contained on the average 1 X107 g manganese
(0.3 pg/100 ml); the measurement was precise
within #2.9%. Its accuracy was close to 100%
(within the limits of the precision) in plasma and
serum. Blood gives slightly higher results due to
some conversion of Fe® to Mn®°.

Because the plasma manganese values so ob-
tained are significantly lower than those previ-
ously reported by other methods, a comparison

with a standard spectroscopy method was begun
in collaboration with Mr. J. Forrest of the Hot
Laboratory Division. Thus far careful and metic-
ulous spectroscopy confirms the results for man-
ganese by activation analysis as noted above.

D. NEUTRON CAPTURE THERAPY
Drs. Farr, Robertson, Stickley, Yamamoto,
Lippincott, Easterday, Fine, Cohn, Usenik

Work continues on application of the inter-
action between thermal neutrons and B*° to pro-
duce a cytocidal effect capable of controlling neo-
plasms deep within vital body structures. Promis-
ing leads have been developed which indicate that
the procedure is capable of meeting expectations
in the case of animal tumors in certain positions,
and progress is also being made in applications to
patients.

1. Clinical procedures (current). 0609

During the past year clinical activities were ab-
solutely minimal as all efforts were directed to-
ward improvement of the Medical Research
Reactor to prevent recurrences of the ocular com-
plication seen in the first month of the fiscal year.
By May sufficient characterization of the beam
was available to warrant cautious resumption of
patient treatments. Four patients in far advanced
stages of their disease were treated. A standard B*°
administration of 35 mg/kg body weight was used.
A postinjection interval of 28 min was adopted for
the present. Thermal neutron exposure duration
ranged from 100 to 200 sec. This is on the basis of
animal tumor data. In the four patients treated,
skin flaps were turned back and a thermal neutron
exposure of the brain cortex from 1.73 X 10** to
1.21 %X 10*® neutrons/cm? was obtained. No im-
mediate adverse effects were noted from the
marked increase in neutron exposure in this group
of patients as compared with those treated previ-
ously. Significant practical advantages were gained
by using a semipulsed type of operation of the
Medical Research Reactor for these treatments.

Patients previously treated were observed and
studied so that procedures might be further im-
proved. For the first time phenomena of multiple
tumors, both contra- and ipselateral, began to be
observed. Until pathological studies are completed
the significance of this finding cannot be evalu-
ated. One patient survived for 18 months with
minimum impairment and maximum effectiveness



following a single treatment. This is the maximum
longevity attained thus far for glioblastoma multi-
forme.

2. Clinical evaluation. 0609

The evaluation of neutron capture therapy at
present is based primarily upon histological studies
from which the effect of the treatment can be
determined on both neoplastic and nonneoplastic
cells. The study procedure which seems best has
now been established and provides serial sections
of whole brain and tumor n situ relative to each
other. Appropriate staining and histochemical
techniques can be used to map topographically
the items of interest. The first sixteen cases are
now being studied in conjunction with Dr. Webb
Haymaker and Dr. Otto Stockdorph, Research
Collaborators from the Armed Forces Institute of
Pathology. No enzyme topography has yet been
done. Definite tumor effects are now obtained. A
tissue laboratory is being established in the De-
partment to process samples in this way, so that
the material being studied in the future will be
current, after the backlog is eliminated. In a study
of a sarcoma of vascular origin in the cerebellum,
extensive destruction of tumor was demonstrated.
Nonneoplastic structures of the brain stem are still
being studied to determine if any treatment-in-
duced changes occurred.

3. Studies on mechanisms of action. 060101

In evaluation of blood curves of boron in patients
undergoing treatment, boron dosage in relation to
effects indicates that the mechanism of action in
the cell may be due to kinetic differences that
boron exhibits in different cells. Selectivity thus
rests on time differences and is truly founded on
kinetics rather than on unique distribution or up-
take. Sharp boundaries of effectiveness strongly
suggest that a threshold for neutron exposure
exists in provocation of the cytocidal reaction. The
present series at 27 to 28 min post boron injection
for neutron exposure indicates better effects than
those previously obtained with exposures 8 to 15
min after completion of boron injection.

Counting of gamma-induced radiocactivity in
the head by using the whole-body counter is being
developed to measure effective thermal neutron
penetration en masse. The gamma spectra were
measured in two patients over a 5-day period
following neutron capture therapy with the Medi-
cal Research Reactor. An attempt is being made
to correlate induced Na?*, C1%¢, and Ca*® activities
with the effective thermal neutron dose received.
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4. Pharmacology. 0607

The synthesis of organic boron compounds for
possible use in neutron capture therapy is being
left to others until a further exploration of inor-
ganic compounds has been completed. Prepara-
tory to final testing, pharmacological studies are
in progress on lithium-containing compounds and
on salts containing both lithium and boron. Acute
toxicity studies and observation on the ameliora-
tion of toxicity by glucose are under way. The
relative potency estimates for lithium tetraborate
trihydrate and sodium tetraborate decahydrate
are in the process of computation. Similarly, com-
putation of relative potency of several organic
boron compounds is in progress.

Studies conducted at Consolidated Edison and
Technicon Research Laboratories indicated the
feasibility of using the Autoanalyzer for boron
samples. A device was purchased and an analyti-
cal development program is in progress. This
should materially improve the capacity to conduct
certain boron studies.

5. Control of experimental, fransplantable, and spon-
taneous animal neoplasms

a. Neutron exposure required for control of trans-

plantable mouse sarcoma. 0609

The exceedingly fruitful and informative studies
on control of the transplantable mouse tumor by
the neutron capture procedure have been con-
tinued with particular emphasis on two aspects.
On the one hand, certain runs have been made at
the Brookhaven Graphite Research Reactor and
the Medical Research Reactor that are compar-
able and duplicate each other as nearly as pos-
sible, in order to obtain sufficient data with stand-
ardized procedures to allow interpretation of
studies made for several years at the Graphite Re-
search Reactor in terms of studies now being made
at the Medical Research Reactor. In this project
exposures were intended to produce clearcut con-
trol of the tumor to a known degree. Certain con-
sistent differences have been observed in the re-
sults. The causes for these differences are not clear,
and further study is indicated. However, the
latest data suggest that conditions can be estab-
lished in the Medical Research Reactor studies
such that it will no longer be necessary to continue
the projects at the medical facility of the Brook-
haven Graphite Research Reactor.

The other study has dealt with an effort better
to delimit the conditions of a cytocidal reaction in
relation to tumor size. For this study a standard
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dose of boron was used in all animals, namely, 35
mg B*° per kg observed body weight. The boron
was injected as a solution of sodium pentaborate
administered rapidly into the tail vein of the
animal. Twenty-six to 30 min later the tumor
region was exposed to thermal neutrons in varying
number but at an essentially constant rate of de-
livery. The Medical Research Reactor was not
operated at a power level exceeding 1 Mw in these
procedures. Tumors ranging in diameter from 8
to 17 mm were observed. A surface neutron dose,
i.e., skin exposure, of thermal neutrons ranging
from 1.61 to 3.2 X 10" neutrons/cm?® was capable
of complete control of these tumors. Animals
“cured” have been observed up to two years sub-
sequently. No recurrences were noted, and no in-
duction of other neoplasms was observed. In one

study comprising 730 animals a measure of effec-
tiveness termed tumor growth index was calcu-
lated. At the same time a careful check was made
of possible partial shielding of the proximal edge
of the tumor to protect the animal. In every in-
stance the tumor growth index showed a signifi-
cant negative value, which indicated a regression
of the tumor. When neutron exposure was less
than the limits previously mentioned the tumor
ultimately regrew and eventually killed the
animal. Four percent of the animals in which the
tumor apparently disappeared completely showed
arecurrence within 60 days. It appears at this
writing, however, that in almost every instance in
which this occurred there was partial shielding of
a small tumor segment. This is being further ex-
plored.

Alignment of mouse exposure cage with beam pipe of 3-Mev Van de Graaff generator
{for monoenergetic neuiron rbe studies).



b. Treatment of a spontaneous canine osteogenic

sarcoma. 0609

A great Dane with a spontaneous osteogenic
sarcoma was referred for treatment. On admission
the dog appeared to be moribund. Weight loss
had been extensive, weakness was so great the
animal could not stand, and a semicomatose con-
dition prevailed. The animal’s temperature and
physical examination indicated a septicemia. In-
travenous and antibiotic therapy were instituted,
a skin flap was turned back, and the tumor was
treated by neutron capture therapy. The pro-
cedure followed the rationale developed for local-
ized irradiation, and a higher level of exposure
was achieved because of the accessible location of
the tumor. It presented on the medial aspect of the
distal end of the left tibia and was a mass 10X 12
X 15 cm in size.

Subsequent to treatment, the primary tumor
grossly decreased in size. The clinical picture of
this 60-kg dog changed dramatically. Appetite re-
turned, and with it strength and vigor. The
animal resumed normal activity hampered by
surgical restriction of the leg. The infection was
eliminated, and for several weeks a reversal in the
course of the disease was clearly effected. How-
ever, seven weeks postirradiation, metastases to
the lung became evident, together with renewal of
growth at the edge of the original tumor site. Al-
though the bone shaft was eroded extensively
when first seen, no fracture occurred. Rarefaction
did not increase following treatment. No blood
changes specifically attributable to radiation were
found. Examination of the tumor site indicated
that the original tumor was destroyed. The recur-
rence apparently was due to a nearby proximal
extension that had been shielded during the treat-
ment procedure. No histological changes in bone,
muscle, or tendon were observed to follow the
treatment.

Il. Accelerator Radiology

Drs. Bond, Bateman, Stickley, Johnson, Krueger;
Res. Col. Rossi, Rose, Malis

The study of particle effects that are or may be
of medical significance is not limited to reactor
radiology. Accelerators can provide “pure” energy
spectra of a variety of particles and hence are used
as devices by the Medical Department to extend
and diversify its program.
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A. ACCELERATOR DEVICES

The Van de Graaff accelerator and the 18 and
60-in. cyclotrons are the devices used at present.
It is hoped that ultimately the Cosmotron and
Alternating Gradient Synchrotron (AGS) will also
be utilized.

1. Adaptive equipment design and development.

060602

While the fundamental problem of mammal ac-
cessibility to an accelerator is partially solved by
externalizing the beam of accelerated particles, to
turn this raw material into useful studies further
instruments and adapters must be devised and
built. The 2.8-Mev proton beam of the Van de
Graaff striking on a tritium target provides a spec-
trum of neutrons with energies varying with the
angle of emission from the target. A suitable target
system was constructed which permitted selection
of exposure positions at various angles so that es-
sentially monoenergetic beams could be selected
in the range from 0.1 to 2 Mev. The animal
holders engineered and built allow very accurate
placement of large numbers of specimens for
short or prolonged exposure.

2. Operational characterization of machine output.
060601

Foil measurements, ionization chambers giving
continuous readings, and tissue-equivalent plastic
ionization chambers were used to determine beam
energy and dose at various positions in the holding
system. The distances from target to mouse were
selected to assure uniform dose rates for exposure
at different energies, and ranged from 10 to 20 cm.
The maximum fall-off of dose in traversing the
thickness of a mouse was =30%.

B. TISSUE EFFECTS OF PRIMARY
AND SECONDARY ACCELERATOR RADIATION

Particles of varying mass and energy impinging
on tissue constituent atoms are capable of exerting
both direct and indirect effects. Various cytologi-
cal parameters are selected to demonstrate these
effects.

1. Spleen and thymus weight loss as a measure of
exposure. 060101

Monoenergetic neutron beams ranging from 0.1
to 2.0 Mev in energy were used to irradiate mice.
The animals were so positioned as to receive es-
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sentially monoenergetic beam exposures. Com-
parisons were made of spleen and thymus weight
loss in relation to total energy deposition and in
relation to energy of the beam used. These data
were compared with similar effects produced by
neutrons of energies >2.0 Mev. The lower energy
neutrons appeared to result in greater weight loss
of these tissues than those of higher energy per rad
of total energy delivered. The relative biological
effectiveness was found to be as high as 4.5. A con-
sistent inverse correlation was noted of effective-
ness and presenting energy. The most sensitive
biological indicator appears to be spermatogonia
depletion. Dose rate effect studies requisite for
adequate interpretation of the relative effective-
ness have been made.

2. Effects of monoenergetic deuterons of =~20 Mev
on neural growth. 060101

The 60-in. cyclotron was used in a study of the
effects on tissue of penetration of the cerebral cor-
tex by a deuteron beam. A laminar (sharply de-
limited narrow zone in which all nerve cells have
been destroyed) lesion was produced with peak
doses of 15,000 to 45,000 rad. The corresponding
surface and average doses are =~3000 to 9000 and
5000 to 15,000 rad respectively. Deuteron inten-
sity ranged from 4.0 to 12.0X 10° deuterons/cm®.
By appropriate maneuver the procedure can be
used to isolate a strip of cortical tissue but a few
neurons thick. Doses above 45,000 rad produced
necrotic foci, and at 75,000 rad complete necrosis
of the irradiated region was observed.

C. DOSIMETRIC MEASUREMENTS
(Physical Equivalences)

1. Utilization of tissue-equivalent ionization chambers
to physical-equivalent doses. 060601

For appropriate response correlations it was
found necessary to construct ionization chambers
of tissue-equivalent plastic material. For other as-
pects of physical dosimetry continuously recording
ionization chambers containing tissue-equivalent
gas were used. Both devices were designed by Dr.
H.H. Rossi. Appropriate placement of the various
ionization chambers permitted characterization of
individual ionization events which could simul-
taneously be correlated with animal experiments.
Studies using a tissue-equivalent plastic mouse
phantom indicated that energy deposition through-
out the mouse, with the conditions of bilateral ex-
posure used, was uniform to at least =10%.

D. ISOCTOPE PRODUCTION
FOR OTHER MEDICAL PROJECTS

During the year two accelerator-produced
radioactive isotopes were used in other medical
studies. One was I'**. It was used as a label for a
globulin fraction in the study of protein metabo-
lism of cancer and was selected to obtain different
information from that obtained with the I'** label.

The other radioactive isotope obtained from the
cyclotron was Cu®". It was used in a study of metal
binding in mammals.

lll. Radioactive Tracer Methodology
(Biochemical Physiology)

The use of radioactive elements as tracers to
give information on rates of movement and fate of
the studied constituent in a mixture largely or al-
most entirely nonlabeled is the field of widest gen-
eral application of radioactive isotopes in medi-
cine. In this subsection the description of the use
of radioactive isotopes is restricted to elements,
elemental salts, or elements incorporated within a
molecule (hence biochemistry) for observation of
molecular behavior, and not as a badge of large
cellular structural components.

A. THEORY AND
THEORETICAL INTERPRETATION

In principle it is possible to deduce the kinetic
properties of steady-state systems by mathematical
analysis of families of curves chosen as representa-
tive of the behavior of the exchangeable sub-
stances in the systems. In practice, however, this
pure mathematical reasoning must be combined
with analysis of experimental data to determine
the best fits. Computers both analogue and digital
thus come into play for data analysis long before
the definitive mathematical relationship has been
completely clarified.

1. An analogue computer for analysis of tracer
kinetics in steady-state biclogical systems. 060601.
Dr. Robertson

For the rapid analysis and comparison of data
obtained in study of biological systems, analogue
computers have an immediate and most practical
application. Specifically, analogue computers de-
signed to solve linear differential equations may



be used in the analysis of such systems. When the
rate of flow of unlabeled material between any
two given compartments is equal in the two op-
posing directions, however, it is simpler to use a
more direct analogy with only resistance and
capacitance circuits. An instrument relying chiefly
on such circuits was constructed with provision
for “injection” of constant initial charge or con-
stant initial voltage or for continuous injection of
charge, and with provision for changing the var-
ious parameters up to ten times per cycle. As
many as four curves may be displayed simulta-
neously. Another feature is an electronic data dis-
play which is independent of, but displayed on,
the same oscilloscope as are the analogue curves.
Applications to studies of electrolyte exchange in
human beings as well as studies of other kinds of
biological systems are immediate.

2. Analogue computer analysis of studies using 1'3}-
labeled protein. 060601. Dr. Robertson

Data obtained by Dr. Lippincott and Dr. Cohn
on the degradation of intravenously injected I'*-
labeled proteins have been subjected to analysis
on the analogue computer leading to a mathe-
matical model explaining the principle kinetic
features of the data. On the basis of this computer
analysis, it appears that a substantial part of the
degradation occurs within the circulation, which
thereby settles a speculative point not otherwise
readily treated.

B. KINETICS
(Studies on Rates of Movement
Observed by Radicactive Labeling)

1. Kinetics of strontium and calcium metabolism.
060102. Dr. Cohn, Res. Col. Spencer

The kinetics of parenterally and orally admin-
istered Sr®* have been studied in nine patients over
periods ranging up to five months. The patients
were selected to illustrate fundamental disturb-
ances in Ca metabolism under differing clinical
conditions. Turnover rates of Zn® and Cs**" are
also being studied in four patients over a long
period of time.

In addition, Ca metabolism in two patients with
multiple myeloma was studied by using the tracer
Ca*". By an appropriate isotope technique, com-
bining measurement of plasma clearance and
whole-body retention, it has been possible to meas-
ure the exchangeable Ca and the accretion rate of
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labeled Ca in the skeleton of the patients with this
disease.

2. Extrathyroidal metabolism of halides. 060102
Drs. Robertson, Cranny

1'%1, I*32 and CI°® were injected into ratsina
continuation of studies of the secretion of halides
by the stomach and other features of the extra-
thyroidal metabolism of the halides. The rates of
secretion of iodine and chlorine by the gastric
mucosa have been shown to be higher in fed
animals than in fasted ones.

With the use of in vivo gamma-ray counting,
was also used in a preliminary series of three
patients to explore the possibilities of using iodine
secretion as an index of gastric physiology. The
relative rate of secretion of iodine by the stomach
in these patients was less than had been expected
from the animal studies, but the feasibility of the
approach has been demonstrated.
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3. Competition of strontium isotopes for rat bone.
0605. Dr. Cohn, Res. Col. Sobel

The dietary administration of stable strontium
was found to decrease significantly (by 70%) the
retention of injected radiostrontium by rat skeletal
tissue. This decreased uptake of radiostrontium
was reflected by a decrease of both the strontium
exchange capacity and the strontium accretion
rate of the skeleton. The experimental procedure
was based on the hypothesis that a monolayer of
strontium salts is bound to the surface of the
apatite bone crystal with a greater force than will
a subsequent layer of strontium salts.

4. General chemical dynamics of bone. 0605.
Dr. Cohn

Studies on the kinetics of uptake and distribu-
tion of fission products in animals are being con-
tinued on a limited scale. Since the deposition of
rare earth elements in bone is little understood, an
experiment was undertaken to compare both the
exchange capacity of the skeleton for Y*° and its
rate of accretion in bone with that of previously
studied Sr®®. The two isotopes were studied simul-
taneously in rats, and their incorporation into the
exchangeable and nonexchangeable compart-
ments of bone was measured in both normal and
irradiated bones. Although some rare earth ele-
ments form colloids and nonionized complexes in
plasma, the uptake by the skeleton from these
complexes is active and similar to that of the alka-
line earths (Sr®®).
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5. Kinetics of intravenously administered Co®%°-
labeled B,,. 060102. Drs. Cronkite, Rubini,
Wolins; Res. Col. L. Meyer, Henley

Studies of kinetics of vitamin B,, administered
intravenously indicate that plasma clearance and
mixing of vitamin B, go on simultaneously. The
clearance curve is of the two-component type
showing a half-time of a few minutes and a few
hours. Fecal and urinary excretion is also two com-
ponent, with half-times of =~1 and 300 days,
respectively. The tissue concentration of detect-
able label varies widely. Further study on the
nature and dissociation of primary and secondary
binding sites of B,, in plasma and various tissues
is needed. The kinetics of labeled vitamin B,, and
thus the turnover of whole-body B,, can only be
satisfactorily established by using true tracer doses
and a whole-body counter to ascertain the normal
picture and whether there are aberrations in dis-
eased states.

6. A transport mechanism of manganese in plasma.
060102. Drs. Cotzias, Borg, Bertinchamps, E.R.
Hughes, Papavasiliou

The facts that Parkinsonism may be induced in
normal humans by (a) inhalation of manganese
ore dusts and (b) the use of some tranqguilizing
drugs have been stressed earlier. There exists a
paradoxical dichotomy relative to the effect of
phenothiazine tranquilizers on persons suffering
from Parkinsonism versus those who are not: the
first may be helped by some phenothiazines, the
latter may be induced to develop Parkinsonism. Re-
cent information reveals that (1) spontaneous
Parkinsonism has some hereditary tendencies, (2)
phenothiazine-induced Parkinsonism occurs in
persons whose families are prone to develop spon-
taneous Parkinsonism, and (3) the manganese ore
inhalations result in Parkinsonism more often
among blood relatives than among the miners as
a whole.

This evidence indicates (1) a familial defect in
Parkinsonism, and (2) a familial basis for the in-
terrelation of the drug-induced, the industrial,
and the spontaneous Parkinsonisms.

Evidence exists from studies of Wilson’s disease
and of blood dysfunctions indicating that familial
defects tend to be reflected in the defective syn-
thesis of a protein. In the course of studies at BNL
on kinetics of manganese a human plasma pro-
tein that binds manganese iz vifro has been dis-
covered, and evidence has been obtained suggest-
ing that the same protein transports manganese 7

vive. This protein of plasma, tentatively called
transmanganin, shows both similarities and dis-
similarities with the iron-carrying one, transferrin.
This protein is being studied with both Mn®* and
Mn®¢ and the use of ultrafiltration and electro-
phoresis. This work is greatly aided by the observa-
tion that the physiologically transported man-
ganese is trivalent. Trivalent manganese is mark-
edly unstable when free in water, but is stabilized
by the protein. At present the effort is to deter-
mine the role of transmanganin in Parkinson’s dis-
ease.

Since Wilson’s disease is in some respects similar
to Parkinsonism and also involves an abnormality
of metal metabolism (copper), it has been of in-
terest. Dr. I.H. Scheinberg, Research Collaborator
from the Albert Einstein College of Medicine,
Bronx, N.Y., has introduced for the first time the
isotope Cu®" (half-life 61 hr) in the study of this
disease. The point of immediate interest is to as-
certain whether ceruloplasmin, the copper-con-
taining protein of plasma, is instrumental in cop-
per transport. This work was impossible with the
earlier isotope Cu®* because of its short half-life.

7. Effects of adrenal steroids on manganese and
cadmium turnover in mice. 060102. Drs. Coizias,
E.R. Hughes

Studies with intact mice: Mn®* shows a char-
acteristic total-body turnover rate. Furthermore,
this turnover rate is sensitive to the level of
stable manganese existing in the diet of these
animals. Likewise it is sensitive to parenterally ad-
ministered loads of stable manganese. Cd'’° on the
other hand shows almost no total-body turnover
rate, and almost none can be induced by feeding
or injecting stable cadmium salts. Thus Cd**®; as
opposed to manganese, does not obey homeostatic
“signals.” In an effort to reconcile these differences
adrenal steroids were given. Glucocorticoids had
only slight effects on the turnover rate of Mn®** in
mice, while mineralocorticoids had none.

8. Studies of manganese movements. 060102,
Drs. Coizias, Borg, Papavasiliou, E.R. Hughes

The manganese pathway through the body has
been studied further. Data previously published
had confirmed for man the model of manganese
tissue uptake first explored in animals. At present
the emphasis is on long-term studies following ad-
ministration of carrier-free Min®** (300-day half-
life). The specificity of the manganese pathway
seen in animals is being verified in man, and al-



terations in radiomanganese content and distribu-
tion in different parts of the body are being
studied in various disease states and in response to
certain hormones and drugs.

9. Mg?® turnover studies in man. 0605. Drs. Dahl,
Robertson, Silver.

Ten adults were studied with Mg?*® of low spe-
cific activity to determine turnover times and
other pertinent data. The magnesium was given
both orally and intravenously. These studies sug-
gest that gastrointestinal absorption of magnesium
is very limited. On the other hand, following intra-
venous administration the isotope rapidly appears
in the urine but only insignificant amounts appear
in the stool. Equilibration of the administered
isotope with body stores is slow, reaching only one-
third equilibrium at 90 hr. Graphical analysis of
urinary Mg?®® curves in terms of exponential com-
ponents demonstrated a slow component with a
half-time of 14 to 35 hr accounting for 10 to 15%
of the injected dose, and two more rapid com-
ponents with half-times of 1 and 3 hr, each ac-
counting for 15 to 25% of the injected dose. The
large fraction remaining, =25 to 50% of the
body’s total, has a turnover rate of <{2% per day.
These turnover values must be interpreted with
caution because of possible effects from the signifi-
cant amounts of dietary magnesium in addition to
the effect of that administered with low specific
gravity Mg

C. PLACEMENT
(Studies of Uptake and Position
by Radioactive Detection)

The use of radioactive labels incorporated into
active molecules permits detection of the site of
action of active molecules. Hormones, in partic-
ular, are elusive in their placement both biochemi-
cally and anatomically.

1. Localization of labeled hormones. 060601.
Drs. Schwartz, Cronkite, Debons, Silver, Johnson;
Res. Col. Brecher

The glucostatic theory of appetite regulation
rests heavily on the assumption that gold thio-
glucose produces lesions in the “satiety center” of
the ventromedial hypothalamus. It is contended
that the toxic gold moiety of this compound de-
stroys the satiety-integrating neurones after being
selectively accumulated by virtue of the special
affinity of these cells for glucose. Critical evidence
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in support of this hypothesis has been obtained at
BNL by activation with thermal neutrons of Au'®’
and S*. These activation products were identified
by B and vy spectrometry and radioautography.
The radioautographs show that the gold and
probably the sulfur moieties of gold thioglu-
cose are accumulated in well-defined areas of the
ventromedial hypothalamus in all animals that
developed hyperphagia and obesity, but in none
of the control animals. The technique of neutron
radioactivation, as employed in this study, con-
stitutes a new and unique method for the com-
bined functional and anatomical localization of a
neuronal integrating center.

2. Studies on vasopressin labeled with tritium and
iodine. 060102. Drs. Schwartz, Silver, Debons;
Res. Col. Fong

Lysine vasopressin and arginine vasopressin
were purified from partially processed mixed hog
and beef pituitary powder by countercurrent dis-
tribution and ion exchange chromatography. Both
hormones were labeled with H? by the Wilzbach
procedure, freed of exchangeable tritum, repuri-
fied from the mixture of radiation degradation
products, and shown to have retained bioclogical
activity.

By using the preparation of H3-labeled vaso-
pressin which proved to have the highest specific
activity (0.32 mC/mg), evidence was obtained
suggesting that this hormone is attached at its
renal receptor site by coulombic forces, hydrogen
bonds, and a covalent (disulfide) bond probably
formed by a disulfide displacement reaction in-
volving the hormone disulfide bridge and thiol
groups on the receptor protein.

I**'-labeled vasopressin has been prepared and
recovered as a chromatographically and electro-
phoretically homogeneous and biologically active
component. The final I'**-ADH appears to have
about Yieso the biological activity of the cold ADH
(antidiuretic hormone) and tritiated ADH.

It now appears possible to use this labeled, bio-
logically active material to study the rate of degra-
dation of the hormone in isotopic dilution pro-
cedures to observe changes in ADH production in
association with other parameters such as salt in-
take, serum osmolality, and blood pressure.

3. Relationship between antidiuretic hormone of the
pituitary and human hypertension studied with
labeled hormone. 060102. Drs. Schwartz, Dahl,
Silver; Res. Col. Fong
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Since the discovery of the ADH of the posterior
pituitary gland, it has been known that this sub-
stance is a potent agent for raising blood pressure
in mammals including man. Subsequently it was
recognized that this hormone was intimately in-
volved in regulation of the salt and water content
of the body. For these reasons this hormone has
been of great interest to students of hypertension.
It has been shown that restriction of salt intake
leads to serum dilution as well as fall in blood pres-
sure. Serum dilution will automatically lead to in-
hibition of ADH secretion. It is possible that this
inhibition of ADH secretion is related to the con-
comitant fall in blood pressure. However, specific
and sensitive techniques for measuring ADH con-
centration and turnover in man have not existed.
Such methods have been developed at BNL by the
use of ADH labeled with radioactive isotopes.
Studies of the turnover of both H® and I***-labeled
hormone have been started in animals and man,
with and without hypertension, under various
salt loads. This work is still in progress and no in-
terpretation of the data would be warranted at
this time.

4. Histologic site of binding of labeled vasopressin
and chemical nature of attachment in the rat neph-
ron. 060102. Drs. Schwartz, Silver, Debons,
Christman (Chemistry Dept.}; Res. Col. Fong

H3-arginine vasopressin (H*-AVP) of increased
specific activity (0.4 mC/mg) was prepared by ex-
posing the hormone to tritium in a special cham-
ber in which high voltage discharges were passed
through the hormone-tritium gas reaction mix-
ture. The hormone was freed of exchangeable
tritium, repurified from the mixture of radiation
degradation products and shown to have retained
the biological activity of highly purified natural
arginine vasopressin (400 pressor units/mg).

This preparation of H*-labeled arginine vaso-
pressin was used in extension of experiments sim-
ilar to those begun last year with H?-labeled lysine
vasopressin. The results confirmed the earlier find-
ing that the hormone is attached at its receptor
site in the mammalian kidney by a covalent (disul-
fide) bond in addition to electrovalent forces. Evi-
dence that the formation of a hormone-receptor
disulfide bond is involved in the mechanism of
action of the hormone was obtained in experi-
ments on the mammalian kidney and on vaso-
pressin-sensitive amphibian membranes. With
both experimental systems it was possible to show

that, following exposure of the rat kidney or toad
bladder to H3-arginine vasopressin, >50% of the
attached radioactivity was linked to that target
organ through disulfide bonds; however, when
sufficient time had been allowed for hormonal
activity to disappear, it was no longer possible to
demonstrate disulfide bonding of hormone to tar-
get tissue. In other experiments employing SH-
blocking compounds (n-ethyl maleimide, p-chloro-
mercuribenzoate, methyl mercury bromide), it
was found that pretreatment of the target organ
with these reagents blocked both the biologic
activity of the hormone and the formation of hor-
mone-receptor disulfide bonds. To our knowledge,
these findings represent the first clue to the nature
of a chemical (covalent) bond formed between a
hormone and the target organ and suggest that
the formation of this bond is directly involved in
the mechanism of action of vasopressin on mem-
brane permeability.

Experiments to determine the nature of the
binding of I'**-labeled insulin to its receptors in
rat diaphragm and adipose tissue (epididymal fat
pad) also resulted in a significant release of label
following procedures which specifically disrupted
disulfide bonds. These results suggest that what
has been found true for vasopressin may be a gen-
eral phenomenon applicable to other disulfide
peptide hormones which act on cell membrane
permeability.

Microdissections of individual nephrons of the
rat kidney have been carried out successfully, and
['**-arginine vasopressin has been localized auto-
radiographically, principally in the distal con-
voluted tubule and collecting duct. In similar
studies, I*3**-labeled insulin was localized in the
first part of the proximal convoluted tubule. The
effect of irradiation on beta and gamma-emitting
isotope derivatives of vasopressin was studied by
following the change with time in potency of
natural vasopressin as compared with H?-vaso-
pressin and ['*'-vasopressin. Lysine vasopressin-H?
(specific activity 0.32 uC/mg) sustained ~~10% loss
of hormonal potency over a l-year period of
storage at — 30°C. On the other hand, I'**-argi-
nine vasopressin did not lose potency during the
period required for the I'?* to decay to levels of
<0.1% of the original radioactivity. In fact, the
hormonal potency of the I'**-AVP increased dur-
ing storage. This finding is probably due to the
fact that the decay of I'** results in the formation
of a chemically inert gas (I'**—>Xe*?!) which frees



the hormone of the markedly inhibitory influence
of its attached iodine and restores the native form
of its tyrosyl residue. Whatever the explanation,
the phenomenon constitutes an interesting, if not
unique, instance of enhanced physiological activity
as a consequence of isotope decay.

In collaboration with Dr. Howard Rasmussen
of the Rockefeller Institute, we have employed the
bladder of the toad, Bufo marinus, as a model for
the vasopressin-receptive zone of the mammalian
kidney. This vasopressin-sensitive living mem-
brane consists of a single layer of mucosal cells and
is well suited for continuation and extension of the
studies of hormone-receptor interaction and of the
effects of radiation on receptor function and struc-
ture. During the past nine months the response of
the toad bladder to vasopressin has been stand-
ardized and characterized. It has been found that
the striking action of vasopressin on its permea-
bility is independent of oxidative metabolism and
of metabolic processes coupled to active transport
of sodium. This finding is consistent with the sug-
gestion that a hormone-receptor thiol-disulfide ex-
change reaction underlies the critical change, i.e.,
partial disruption of cross-linking in the tertiary
structure of a receptor protein, which enlarges the
membrane area available for free diffusion and
hydrodynamic flow of water. This finding also
suggests that in the course of study of the effect of
radiation on the functional integrity of ADH-re-
ceptor systems of this tissue, a dosage range can be
found which will affect differentially its structural
and metabolic properties.

5. Manganese fraction of human heme identified with
Mn34.  0603. Drs. Cotzias, Borg

The fast disappearance from the bloodstream
and the later incorporation into erythrocytes of in-
jected Mn®* has been discussed earlier. The in-
corporation of the tag into red cells had been
ascribed to the synthesis of 2 heme containing iron
instead of manganese. An attempt is now being
made to separate the iron-containing from the
manganese-containing fraction of human heme.

6. Studies of internal distribution of Mn%# in mice as
affected by adrenal steroids. 060102. Drs.
Cotzias, E.R. Hughes

Surprisingly, while glucocorticoids had only a
small effect on the total body turnover rate of
Mn®*, they had a marked effect on the isotope’s
internal distribution. The liver became depleted
of Mn** and the carcass was simultaneously en-
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riched. The entire liver cell seemed to participate
in this phenomenon since the relative intracellular
partition of the isotope remained remarkably con-
stant on treatment of the animals with gluco-
corticoids. As opposed to the sensitivity of the liver
to the treatment, the kidney, heart, brain, pan-
creas, gonads, and gastrointestinal tract seemed
unaffected. The mineralocorticoids again showed
no effect whatsoever.

7. Studies of in vitro binding by Mn34. 060102.
Drs. Cotzias, E.R. Hughes

Coordination or chelation of manganese by
steroid hormones is possible on the basis of their
respective chemical properties. Therefore, this was
studied i vitro with two sets of end points: (1) com-
petition for binding of Min®* between a resin and
the hormones, and (2) competition for binding of
Mn®* between plasma and hormones as indicated
by electrophoresis, ultrafiltration and equilibrium
dialysis.

These latter studies are not completed. The sum
total of the experience at hand indicates that cor-
tisol behaves relative to these binding sitesin a
fashion parallel to that of salicylaldehyde, a well-
known manganese chelator.

D. VOLUMES OF DISTRIBUTION
(Quantities of Radioactive Dilution)

Dilution of a known dose of administered radio-
active isotopes can be used to determine either
specific pool size, total exchangeable fraction, or
volume of body concerned in which this may be a
variable. Appropriate physiological parameters
permit specific medical interpretation of results in
patients.

1. Kinetics of sodium in patients with essential hyper-
tension. 060102. Drs. Dahl, Gordon, Silver,
Spraragen, Smilay

The phenomenon of exaggerated natriuresis
following infusions of hypertonic saline in hyper-
tensive patients is well established. The influence
of variation in salt intake on this response has been
studied, and the possibility that individuals with
and without hypertension call upon different body
pools of sodium after this stimulus has been ex-
plored. Eleven hypertensive and six nonhyperten-
sive adult subjects were studied for two or more
periods during each of which the daily salt intake
was held constant at 0.3, 4.3, 8.3 or 12.3 g. After
small infusions of 5% Na?*Cl, measurements of
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Na®® and Na®* in plasma and urine were made for
the next 24 hr. This study, begun in 1959, has now
been completed with the following results: (1) On
equivalent salt intakes, hypertensives during the
first 3 hr following the infusion usually excreted
more urinary sodium than nonhypertensives. (2)
The magnitude of this natriuretic response was
changed drastically by antecedent variations in
salt intake; the higher the salt intake, the greater
the response, and vice versa. (3) The specific
activity of urine and blood was similar in hyper-
tensive and nonhypertensive, which suggests that
the sodium was probably mixed in similar fashion
in the body.

Studies have begun on factors affecting sodium
turnover in the human. With the aid of the whole-
body counter the bioclogical half-life of Na** in
patients with and without hypertension is being
explored. This extensive time-consuming program
is still in progress and no single parameter has
been fully explored. The following preliminary ob-
servations have been made: (1) By appropriate
increases in the NaCl intake, the biological half-
life of Na** was changed from >200 days to <8
days. (2) With the sodium intake constant, incre-
ments in the potassium intake materially shortened
the biological half-life of Na*®.

2. Sodium turnover in experimental hypertension
in rats. 060102. Drs. Dahl, Gordon, Silver,
Spraragen, Smilay

This work, begun in 1959 prior to the inception
of similar work on humans here, has been largely
confined to development of satisfactory counting
techniques for whole rats, using Na®**. These tech-
nical problems have now been overcome, so that
the factors affecting sodium metabolism during
and after the development of experimental hyper-
tension can be studied actively.

3. Sr9%, Cs'37, and K*° content of body-fluid speci-
mens from Marshall Islanders.  060401. Dr. Cohn

Further data on levels of internal contamina-
tion in the exposed Marshallese are being ob-
tained by the radiochemical analysis of their
urine. The radiobiochemical laboratory is con-
cerned with the development and standardization
of procedures for low level counting of Sr?°, Cs**7,
and K*°. One hundred urine samples were ana-
lyzed, as were samples of food collected for the
Marshall Islands survey in 1959. Additional urine
samples were collected for the survey in 1960 and
are being analyzed. A multidetector, low level,

anticoincidence beta counter for these and other
studies was constructed and is in operation.

E. METABOLIC PATHWAYS
(Study of Sequential Reactions
by Radioactive Charting)

Appropriate use of labeled precursors or prod-
ucts and intermediates with observation of inter-
mediate and end products permits selection of
most likely reaction sequences in complex meta-
bolic oxidations and syntheses of carbohydrates,
proteins and fats.

1. Utilization of C'4 label in carbohydrate metabolism
studies

a. Formation of ketone bodies in diabetic man.

060102. Dr. Shreeve .

Studies have continued on the analyses of C**
content and distribution in urinary beta-hydroxy-
butyric acid (BHBA) after the administration of
1-C**-acetic acid to diabetic patients. It has been
further established that the C'* is distributed
evenly between the carboxyl and the carbonyl car-
bons in mildly or severely diabetic patients when
the ketone body in the urine of the first 2 hr is ana-
lyzed. This appears to be true also when the
patient has received prednisone prior to the C'*
study. In juvenile, acutely diabetic patients the
ratio of carbonyl C**: carboxyl C'* remains =~1.0
in BHBA of the urine up to 6 hr after G**-acetate
injection; in mildly diabetic patients the ratio ap-
pears to be decreased to =0.75 in BHBA of 6-hr
urine. This finding of a ratio different from 1.0
provides some support to the theory of Lynen that
ketone bodies are formed via 6-carbon, branched-
chain intermediates. According to this theory,
differences in isotopic content of the two-carbon
moieties of ketone bodies may be expected.

The average specific G'* activity of carbons of
BHBA from 6-hr urine has been generally found
to be =% to % that of the C'* activity of BHBA
from 2-hr urine. In one patient, the activity in the
BHBA of 6-hr urine had fallen to <2 that of the
BHBA in earlier urine.

Chromatograms of urine obtained in the process
of purification of BHBA have indicated the pres-
ence of a number of organic acids in the urine in
addition to BHBA. One of these has been identi-
fied as pyruvic acid. These acids (including pyru-
vic acid) are much less prominent in urine of
severely diabetic patients than in urine of mildly
diabetic subjects. Also the prior administration of



prednisone generally depresses these acids in the
urine of the mildly diabetic patient.

b. The formation of blood glucose in man.

060102. Drs. Shreeve, De Meutter

This study has been extended by the inclusion
of other labeled compounds (pyruvic acid and
glycine) in addition to acetic and lactic acids as
precursors of glucose formation. Also the study has
explored gluconeogenesis in metabolic conditions
other than fasting diabetes with or without insulin
or tolbutamide (oral hypoglycemic drug). The re-
port may be divided into two phases:

(1) Extent of formation and hepatic outpuf of glu-
cose. About the same percentage (20 to 30%) of
intravenously injected 2- or 3-C**-pyruvate is calcu-
lated to be present in free extracellular glucose at
peak incorporation (30 to 60 min) as when the
labeled precursor is C'*-pL-lactate in fasting, un-
treated diabetic patients. With 2-C**-glycine in
one study with an insulin-treated diabetic the in-
corporation at 30 min was 15%.

Among a current series of seven untreated, fast-
ing diabetic patients and one nondiabetic patient
(cyclic edema) studied with trace amounts of C**-
pyruvate or C'*-lactate, the nondiabetic subject
showed the lowest incorporation of C'* into glu-
cose (13% at peak time of 30 min). The more
severely diabetic subijects in general showed the
higher amounts of incorporation. Comparisons be-
tween the 2 and 3 carbons of pyruvate and lactate
in the same individual will be made pending re-
sults from studies recently performed.

In a further attempt to assay the effect of treat-
ment on the process of gluconeogenesis, a patient
was studied in an acute, uncontrolled diabetic
state, and then in a controlled condition plus in-
travenous infusion of insulin. With this patient the
2-C*#-lactate was infused with a load of Na-lactate.
The apparent minimal uptake of C'* into glucose
was (as with trace quantities of lactate) about 25%
of the injected dose in the diabetic state and only
about one-third this much in the insulin-treated
state.

Since it has been claimed that a glucose load
diminishes or completely inhibits glucose produc-
tion by the liver, the nondiabetic patient (vide
supra) was retested for conversion of 2-C**-lactate
to glucose shortly after intravenous injection of a
glucose load. There was relatively little decrease in
the incorporation of C'* into glucose compared to
that in the fasting state. Glucagon, which breaks
down liver glycogen to free glucose, was given to
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this patient 2 hr after the C**-lactate. Subsequent
analyses of blood glucose suggested that much
more glycogen had been deposited from newly
formed C**-glucose when a glucose load was given
than when the patient was fasting.

{2) Pathways of formation of glucose. Further
studies have been conducted in diabetic and non-
diabetic patients of the distribution of C'* in the
glucose molecule after the injection of 2- or 3-C**-
lactate or 2- or 3-C**-pyruvate. The previous find-
ing of marked lack of symmetry between the two
halves of glucose (greater randomization in car-
bons 1 and 2 than carbons 5 and 6) has been sub-
stantiated not only in other diabetic patients but
in a nondiabetic patient as well. One diabetic
patient given 3-C'*-pyruvate is an exception to
this general finding. The nondiabetic and the dia-
betic patients given insulin appear to show less
randomization between carbons 5 and 6 than the
untreated diabetics. The distribution of C** in glu-
cose after 2-C'*-glycine administration is qualita-
tively like that after 2-C'*-pyruvate or 2-C**-lac-
tate. These studies form a basis for evaluation in
the human of intermediary metabolic pathways,
which appear to involve more than reactions of
the Krebs cycle and glycolysis in gluconeogenesis
from small molecular precursors.

c. Dynamics of bicarbonate movement and turn-

over in diabetic man. 060102. Drs. Shreeve,

De Meutter; Res. Col. R. Schwartz

In studies of venous and arterial differences in
specific activity of C**O, after NaHC'* O, injec-
tion into diabetic humans concomitantly, Na*Cl
and Evans blue dye (T-1824) have been included
as tracers. This permits reference points for C'*-
bicarbonate distribution in that T-1824 measures
essentially plasma mixing and distribution, while
Na**Cl measures (in the early time period) extra-
cellular fluid mixing and distribution. According
to these studies bicarbonate definitely mixes in a
larger space, and with a larger pool, than is con-
tained in the extracellular compartment of the
peripheral tissues (forearm). The magnitude of
this pool and kinetics of mixing have not yet been
clearly defined.

d. The conversion of C'4-lactate and C'4-pyruvate

to respired carbon dioxide in diabetic mon.

060102. Drs. Shreeve, De Meutter

Studies of C**O, production from labeled lac-
tate and pyruvate were commenced this year to
estimate the oxidative fate of these compondsin
relation to their conversion to glucose in diabetic
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Collection and measurement of respired C'40, in studies of carbohydrate oxidation in diabetic patients.

patients. Changes in rate of C"*O, appearance
have been found to occur in conjunction with in-
sulin and glucose administration. G**O, is pro-
duced at approximately twice the rate from lactate
when the patient is acutely diabetic and un-
treated. In another study insulin administration
was accompanied by faster output of C**O, than
when tolbutamide was given. After a glucose load
the appearance of C**O, from lactate also was
greater in the early time period than in the fasting
state. Concomitant decreases in C'* appearance in
glucose suggest a diversion of lactate to oxidative
pathways and away from gluconeogenesis as an
effect of insulin. However, changes in rate of dis-
appearance of labeled lactate from the blood
should be considered and investigated.
e. Production of C'40, from 1- and 2-C'4-acetate
inman. 060102. Dr. Shreeve; Res. Col.R.
Schwartz, Hennes :
The rate of appearance of C'*O, in the breath
of human subjects under diverse metabolic condi-

tions has been determined after a single intra-
venous injection of 1- or 2-C'*-acetate (40 to 200
pC in 0.75 mM). Three patients with pulmonary
carcinoma and four patients with diabetes were
employed in 13 individual studies.

Patients in general excreted =60 to 70% of the
C' from 1-C'*-acetate as C*O, within the first 24
hr, and =55% from 2-C**-acetate. C**O, from
1-C'*-acetate was excreted with an earlier and
twofold higher peak activity, a steeper decline of
activity from 2 to 8 hr after injection, and at a
somewhat more rapid cumulative rate than that
from 2-C'*-acetate.

Stable, elderly diabetics (without insulin but
normoglycemic) showed no difference from non-
diabetic (carcinomatous) subjects in excretion of
C0, from 1-C'*-acetate. In the stable diabetics,
fasting for 40 hr, which produced mild ketosis, did
not noticeably change 1-C'*-acetate oxidation. In
stable, juvenile, or lipoatrophic diabetics, C*O, ex-
cretion after 2-C'*-acetate was apparently identical.



In paired experiments in the same individual,
with and without prior acute dosage with predni-
sone, there was in each case (three studies with
1-C'*-acetate, one with 2-C'*-acetate) a significant
decrease averaging 10 to 20% in C**O, excretion.

In one patient analyses of peripheral venous
and arterial C'*O, at the same times as breath
C**O, during the first 40 min after injection of
2-Ci*.acetate showed that, while arterial and
respiratory C**O, were essentially parallel, the
specific activity of peripheral venous C**O, rose
much more slowly.

2. Utilization of labeled proteins and amino acids in
protein metabolism studies

a. In vitro metabolism of tryptophan-2-C4 and gly-

cine-2-C'4 by Trichinella spiralis larvae. 060102.

Drs. Hankes, Stoner

Active metabolism of well-encapsulated Trichi-
nella spiralis larvae was demonstrated by admin-
istering diets containing C'*-labeled glycine, ala-
nine, tyrosine, or tryptophan to mice with infec-
tions of two and six months’ duration. The larvae
also exhibited a progressive uptake of G** when
isolated from host tissues by pepsin digest and cul-
tured in vitro in chemically defined media con-
taining these C'*-labeled amino acids. A signifi-
cant amount of the C'* was found in larval pro-
tein.

These studies have been extended to include the
metabolism of pr-tryptophan-2-C** and glycine-
2-C** into various chemical components of Trichi-
nella larvae. Mice with Trichinella infections of nine
months’ duration were injected intraperitoneally
with C**-labeled amino acids. The animals re-
ceived a total dose of 4.62 pC pr-tryptophan-2-C**
and 4.63 pC glycine-2-C** daily for six days.
Muscle larvae were isolated by pepsin digest,
washed, and cultured at 37.5°C in sterile Krebs-
Ringer solution. At intervals of 0, 3, 6, 12, and 24
hr, viable larvae were recovered from the media
and processed for C** analysis. Weighed samples
from each group were fractionated into carbohy-
drate, lipid, protein, and nonprotein material
(NPM - not precipitated by tungstic acid). C**
analyses of these fractions were conducted with the
Van Slyke, Steele, and Plazin gas counting method.
The percent of C'* activity in the glycogen and the
NPM of the larvae previously labeled with trypto-
phan-2-C** decreased during the 24-hr period of
culture. An increase in C'* activity was obtained
in the protein and lipid fractions. In the glycine-2-
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C'*-labeled larvae the percent of C'* activity de-
creased in the glycogen and lipid fractions. The
percent of C'* activity increased in the protein and
NPM fractions of the larvae cultured for a period
of 24 hr.

b. Metabolism of 3-hydroxyanthranilic acid in neo-
plastic mice. 0609. Dr. Hankes

Earlier experiments with carboxyl-labeled 3-
hydroxyanthranilic acid have shown that it was
rapidly metabolized to carbon dioxide via acetate
and that it was converted to quinolinic acid and
the vitamin niacin (nicotinic acid).

Clinical studies reported in the literature indi-
cate that in some neoplastic diseases there are
elevated levels of urinary 3-hydroxyanthranilic
acid, anthranilic acid, kynurenine and 3-hydroxy-
kynurenine. In addition, two of these compounds,
3-hydroxyanthranilic acid and 3-hydroxykynure-
nine, have exhibited tumor-producing qualities in
mice. In view of these findings, it has become more
important to establish the normal metabolic path-
way for these compounds.

Carboxyl-labeled 3-hydroxyanthranilic acid
was injected intraperitoneally into normal mice
and into mice with spontaneous mammary tumor,
ascites tumor, or transplantable brain tumor to
study the effects of the tumors on the metabolism
of this compound. It was injected in a dose of
0.0011 mM containing 0.024 uC activity per gram
body weight. The respired CO, collected for the
first 12 hr indicated that the animals with mam-
mary tumor metabolize the 3-hydroxyanthranilic
acid at a rate similar to that in normal mice.
Slightly lower rates of metabolism in the mice with
brain tumor and those with ascites tumor may
have been the result of rapid tumor development
in these animals. The C'* contents of the urines of
animals with tumors were slightly lower than those
of the normal animals, and much smaller quantities
of quinolinic acid appeared in the urines of the
tumor-bearing animals. The ratios of the specific
activity of the urinary quinolinic acid to that of
the administered 3-hydroxyanthranilic acid show
that almost all the quinolinic acid that appeared
in the urine of the tumor-bearing mice came from
the injected 3-hydroxyanthranilic acid. The lower
quinolinic acid values in the tumor-bearing mice
could be due in part to the accelerated activity of
enzyme II, which is responsible for the decarboxy-
lation of 1-amino-4-formyl-1,3-butadiene-1,2-
dicarboxylic acid (the compound formed when the
3-hydroxyanthranilic acid ring is split) in position
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2 to form picolinic acid. However, the total uri-
nary C'* activity in quinolinic acid, picolinic acid,
and nicotinic acid does not account for all the
activity in the urines. The lower levels of total C**
activity in the urine of the tumor-bearing animal
and the high percent of urinary C** in unidentified
compounds suggest that the metabolism of 1-
amino-4-formyl-1,3-butadiene-1,2-dicarboxylic
acid may be shifting into other pathways produc-
ing components retained or utilized in the animal
body. For example, labeled 3-hydroxyanthranilic
acid has been shown to be converted into labeled
glutamic acid.

c. Beta alanine-2-C'4 as a precursor of quinolinic

acid. 060102. Dr. Hankes

In an effort to account for all the C**-labeled
components present in the urine of the tumor-
bearing mice, other possible pathways related to
3-hydroxyanthranilic acid were explored. The
ability of tobacco-root cultures to incorporate C'*
from beta-alanine-2-C'* into the pyridine ring
structure of nicotine suggested that some new
scheme for nicotinic acid synthesis existed or that
the proposed scheme of converting 3-hydroxy-
anthranilic acid to CO, via glutaric acid and
acetic acid may be reversible.

Mice, rats, and guinea pigs were injected with
beta-alanine-2-C** in doses of 1.78 mg per mouse,
4 mg per rat, and 4 mg per guinea pig. The mice
metabolized the beta-alanine at the fastest rate as
indicated by C**O, excretion, and they alsoc ex-
creted a larger percentage of the administered C'*
activity in the urine than either the rat or guinea
pig. Quinolinic acid isolated from each urine con-
tained C'* activity. Failure to obtain C**O, by
decarboxylation of quinolinic acid in the 2 posi-
tion showed that the G** activity was either in the
3 position carboxyl group or in the pyridine ring of
the quinolinic acid isolated from the urines.

The conversion of labeled 3-hydroxyanthranilic
acid to labeled glutaric acid and labeled acetate
indicated this as the pathway for the metabolism
of 3-hydroxyanthranilic acid to acetate via 1-
amino-4-formyl-1,3-butadiene-1,2-dicarboxylic
acid. The observation in another laboratory that
C**-labeled beta-alanine is converted into C**-
labeled acetate, coupled with our observation
that beta-alanine is converted to quinolinic acid,
suggests that the pathway for the formation of ace-
tate from 3-hydroxyanthranilic acid via cis-
glutaconic acid is reversible, at least as far as 1-
amino-4-formyl-1,3-butadiene-1,2-dicarboxylic

acid. These findings show that there are other
pathways for the synthesis of small quantities of
quinolinic acid.

The depression of quinolinic acid synthesis in
the tumor-bearing mice discussed above could be
the result of an acceleration of the metabolism of
3-hydroxyanthranilic acid inte cis-glutaconic acid,
glutaric acid, and acetate.

d. Synthesis of 3-hydroxykynurenine-4-C'4. 0607.

Dr. Hankes; Res. Col. Brown; Tech. Col. Kawashima

The recent evidence that 3-hydroxykynurenine
exhibits carcinogenic activity in producing a
mouse bladder tumor has made it more important
to establish the function of 3-hydroxykynurenine
in the metabolism of tryptophan to quinolinic acid
and niacin. Such a study requires the preparation
of labeled 3-hydroxykynurenine.

Work has been completed on the synthesis of a
large quantity of carboxyl-C**-labeled 3-methoxy-
2-nitrobenzoic acid, the starting material for the
synthesis of 3-hydroxykynurenine-4-C**. A small
quantity of the labeled acid has already been con-
verted into sufficient 3-hydroxykynurenine-4-C**
for preliminary work with animals.

e. incorporation of H3-labeled tryptophan by

Trichinella spiralis larvae. 060102. Drs. Stoner,

Hankes

Active metabolism of tryptophan by Trichinella
spiralis larvae was previously shown by feeding pr-
tryptophan-2-C**-labeled diets to infected mice
and by n vitro culture of the larvae in chemically
defined media. In the work described here, trit-
ium-labeled tryptophan (H*-tryptophan) with a
high specific activity was administered parenterally
to infected mice in order to study incorporation of
this compound into muscle larvae, saline extracts
of larvae, and serum. L-Tryptophan was labeled
with tritium by means of the Wilzbach gas expo-
sure method and recrystallized several times from
50% ethanol. Daily intraperitoneal injection of 7.4
pC He-tryptophan was started on the 17th day of
infection and continued for 10 or 24 days. Non-
infected control animals of the same age were also
maintained on the same schedule. Muscle larvae
were isolated by pepsin digest, separated from
undigested materials, and washed to remove sol-
uble digestion products. The washed larvae were
lyophilized and vacuum-dried, and weighed sam-
ples were analyzed for tritium with the gas count-
ing procedures of Christman and Wilzbach. Saline
extracts of the larvae and 0.1-ml serum samples
were dried in zinc boats and analyzed for tritium.



The results show progressive incorporation of trit-
ium into Trichinella larvae with time.

f. The direct whole-body counting technique for

determining protein furnover. 060601. Drs.

Lippincott, Robertson, Farr, Cohn, Fine

In clinical studies of the metabolic behavior of
radioactively labeled proteins, the turnover or
degradation rate is usually determined from
serum (or plasma) concentration curves which en-
tail multiple blood sampling. The amounts of re-
tained isotope are customarily inferred (by differ-
ence) from the analyses of excreta obtained from
complete 24-hr samples collected for several suc-
cessive days. In the present experiments the turn-
over of I'*!-labeled proteins prepared by ethanol
fractionation was determined not only by the con-
ventional method of blood and urine sampling
but also by a new technique utilizing the whole-
body gamma spectrometer. This device permits
vivo measurement of very low levels of an internally
deposited gamma emitter (in this case, I'*'). The
procedure provides an excellent method for meas-
uring retention of labeled albumin and globulins
over long periods of time following administration
of very low levels of isotopes. It also eliminates the
tedious radiochemical analyses of excreta.

g. Turnover rates of Co%® and Co*8-labeled vita-
min B, in man. 060102. Drs. Cohn, Reizenstein
The rates of turnover of labeled vitamin B,, are
being studied in two patients over a 1-yr period.
Both patients received Co®’-labeled vitamin B,,
parenterally and simultaneously received Co®-
labeled vitamin B,, orally. In addition, eight
patients who had received 3 pC Co*°-labeled vita-
min B,, up to 3 yr before are being followed in the
whole-body counter with a high degree of pre-
cision, in order to determine the long-term biologi-
cal half-time of vitamin B,,.
h. Turnover of labeled normal gamma globulin in
multiple myeloma. 0609. Drs. Lippincott, W.L.
Hughes, Stickley, Wolins; Res. Col. Korman, Fong
Aberrations of protein metabolism in multiple
myeloma have been studied by a number of in-
vestigators to ascertain whether the globulinsin
the blood consist of excesses of normal globulins, of
chemically abnormal globulins, or both. Such
research has been directed toward determining
whether “characteristic protein abnormalities”
could be distinguished by (1) separation of the
serum proteins with identification of their physio-
chemical properties by using the Tiselius electro-
phoresis apparatus and the analytical ultracen-
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trifuge, (2) certain structural relationships indi-
cated by the amino end-group method, (3) im-
munochemical procedures, and (4) detection of
formation of abnormal protein by administering to
the patient isotopically labeled amino acids, the
tracers being the stable isotopes N** and C*? or
radioactive carbon, C**. By use of such experi-
mental methods it has been reported that at least
some, if not all, of the quantitatively excess glob-
ulins produced in this disease are abnormal.

In the present investigation of certain funda-
mental aspects of protein metabolism in this dis-
ease, concern has been with the patient’s turnover
of globulins. The turnover of I'**-labeled normal
gamma globulin was determined in ten patients
with multiple myeloma and correlated with the
serum globulin distribution as established by
paper electrophoresis. In four patients with the
predominant peak in the beta region, the mean of
the fast component was 12.24+0.47 hr, while in
the six patients with the predominant peak in the
gamma region the mean was 10.9520.59 hr. For
the slow component in the beta type individual
the mean was 16.12+1.15 days, and in the gam-
ma type, 7.1420.28 days. The rate of degradation
for normal gamma globulin indicated by the slow
component is far more rapid for the patient with
excessive gamma globulin in his serum protein dis-
tribution than for the individual with excessive
beta globulin.

i. Turnover of autologous and homologous labeled
gamma globulin in multiple myeloma.  0609.
Drs. Lippincott, W.L. Hughes; Res. Col. Korman

The turnover was determined for I'**-1abeled
gamma globulins prepared by ethanol fractiona-
tion from the sera of patients with multiple
myeloma. The three donor patients whose sera
were used for fractionation of the globulin had
gamma-type paper serum electrophoretic pat-
terns. The fractionated gamma globulin was con-
sidered by free (Tiselius) electrophoresis to be at
least 95% homogeneous, and the ultracentrifuge
patterns also indicated a high degree of homo-
geneity. Both autologous and homologous turn-
over studies were made. The mean of the half-
lives of the three labeled gamma globulins was
15.5 days in the hyper-beta-globulinemic patients,
while in the hyper-gamma-globulinemic patients
it was 6.3 days. When gamma globulin prepared
from normal healthy individuals was labeled and
the turnover was determined in some of these and
in other multiple myeloma patients, the mean of
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the half-lives in five instances for the hyper-beta-
globulinemic group was 17.1 days and in eight in-
stances for the hyper-gamma-globulinemic group
7.4 days. The determining factor in difference of
degradation rate was not the donor source of the
gamma globulin but the recipient multiple mye-
loma patient’s type of serum protein distribution
as indicated by the serum electrophoretic patterns.

i. Radioactive fracers and immunological pro-

cedures, electrophoresis and ultracentrifugation

in studies of protein metabolism in cancer. 0609.

Dr. Lippincott

The present researches are an extension of clini-
cal-pathological investigations that originated
eslewhere several years ago. The original and still
current objective is a study of certain of the prop-
erties and functions of the serum proteins in neo-
plastic diseases. Should any characteristic(s) exist
for a given protein fraction distinguishing it from
a similar fraction in normal subjects or those with
various nonneoplastic diseases, a basis might be
established for a diagnostic test for cancer. The
principal approach in this long-range study has
been detailed investigation of the physicochemical
nature of human crystalline albumin and of
human globulins utilizing techniques involving
immunochemical procedures, electrophoresis,
ultracentrifugation, and infrared spectroscopy.
These measurements did not yield results useful in
the diagnosis of cancer or in prognosis for the
patient with known cancer. For this reason at-
tention has been centered on approaching this
problem through observation of the turnover of
radiocactively labeled proteins in neoplasic dis-
eases.

k. RNA and DNA metabolism in human tissue cui-

ture cells studied with tritiated cytidine. 0603.

Drs. Bond, Shreeve, Feinendegen, Painter

The autoradiographic technique combined with
biochemical methods was employed to study as-
pects of ribonucleic acid (RNA) and desoxyribo-
nucleic acid (DNA) metabolism in human tissue
culture cells incubated with tritiated cytidine.
Tritiated cytidine was incorporated within min-
utes into all intact nuclei of HeLa S3 cells and
Osgood leukemic cells. The label subsequently in-
creased over the nucleoli and over the cytoplasm.
This sequence of labeling was defined and quan-
titatively observed in turnover studies, in which
the cultures were incubated with the labeled
nucleoside for a short time only, followed by
growth in carrier cytidine supplemented medium.

While nuclear label decreased, cytoplasmic label
became visible, and most nucleoli temporarily ac-
cumulated label with a maximum at 1 hr after
cessation of incubation with tritiated cytidine.

Desoxycytidine as carrier in the new medium
failed to prevent further uptake of tritiated cyti-
dine, which was apparently not removed by wash-
ing of the cultures. It is concluded, therefore, that
the cytidine incorporation depends on enzyme sys-
tems different from that of desoxycytidine. Pre-
paratory steps for autoradiography of the cells ex-
tracted an appreciable amount of activity, which
declined after cessation of the incubation with
tritiated cytidine. Some label was probably also
extracted from the chromatin portion of the
nucleus.

RNA synthesis stops while the cell is in mitosis,
as evidenced by the lack of incorporation of trit-
iated cytidine into dividing cells.

Evidence is presented indicating that the tissue
culture cells synthesize RNA also during the DNA
synthesis period.

Tritiated cytidine is incorporated into DNA
during DNA synthesis. Compounds not previously
incorporated into DNA during short-term incuba-
tion with tritiated cytidine were found to be uti-
lized at a later time for DNA synthesis.

The majority of the incorporated cytidine is
recovered in the RNA. The label in the acid-
soluble pool declines steadily with time after ces-
sation of incorporation of the labeled cytidine,
while the nonacid-soluble RINA label remains con-
stant.

It is confirmed for HeLa cells that cytidine is in
part converted to thymidine for DN A synthesis.

The experimental results lend support to the
hypothesis that RNA synthesis begins in the chro-
matin portion of the nucleus. The fate of the in-
corporated cytidine apparently is decided in the
nucleus, where it is first linked specifically and
from where it progresses to the building blocks of
nucleolar and cytoplasmic RNA or DNA.

I. The metabolism and fate of tritiated thymidine

inman. 060102. Drs. Cronkite, Bond, Rubini,

Fliedner

The metabolism and fate of tritiated thymidine
were studied in two patients in hemopoietic equi-
librium. Plasma clearance of H*-thymidine com-
mences in the first circulation time and becomes
exponential following apparent equilibrium with
total body water. Two components with half-times
of 0.2 and 1.0 min were identified. The rapid



plasma clearance of H*-thymidine was associated
with incorporation of this compound into newly
formed DINA of proliferating cells as early as 1
min after injection. Labeling of proliferative cells
of the bone marrow was nearly complete within
10 min after injection, and thereafter the label
appeared to remain in these cells or their progeny
for their life span, diluted only by successive mito-
ses. This short availability time of intravenous H?-
thymidine simplifies the analyses of the time
parameters of labeled proliferating cell popula-
tions. About one-third of the H?*-thymidine was

-catabolized to THO within a few hours after in-
jection. Small amounts of urine nonvolatile H?
activity were excreted in the urine during the first
day after injection. H*-beta-aminoisobutyric acid
was identified in these urines as a catabolic prod-
uct of H*-thymidine. Severe malnutrition resulted
in greater degradation of H*-thymidine to THO
and urine nonvolatile H? activity.

m. Acquired immune tolerance in mice to crystal-

line bovine serum albumin. 0605. Drs. W.L.

Hughes, Terres

Mice exposed soon after birth to crystalline
bovine serum albumin acquire an immune toler-
ance for this antigen, which lasts for several weeks.
This tolerance is demonstrated by the lack of
anaphylactic response to a challenge following
suitable sensitizing injections. The sensitizing pro-
cedure was one that produced a high incidence of
anaphylaxis in normal (neonatally not exposed)
litter mates. Tolerance is also demonstrated by an
almost complete lack of circulating antibodies as
measured by the Farr technique (ammonium sul-
fate precipitation of labeled antigen in immune
serum). The acquired tolerance diminishes with
time and is succeeded by a state of hypersensitiv-
ity. The mechanism for the establishment of toler-
ance and immunity in mice may therefore coexist
during the first two weeks of life. The degree and
duration of the tolerant state is related to the
amount of antigen given during the early post-
natal period. An interpretation of these results has
been presented based on the assumption that anti-
gen is retained at intracellular sites.

n. Enhanced sensitization in mice by simultaneous

injection of antigen and specific rabbit antiserum.

0605. Drs. Terres, Wolins

Mice were injected intravenously with a solu-
tion of serum albumin (human and bovine) plus
specific rabbit antiserum in antigen excess. The
antibody response to serum albumin was tested
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and compared to that obtained in mice injected
intravenously with serum albumin alone or with
albumin and normal rabbit serum. The results
show that the antibody response elicited with
serum albumin plus specific rabbit antiserum is
significantly greater than that elicited by using
serum albumin alone or with normal rabbit
serum.

o. Whole-body measurement in vive of radio-

activity as a means for following the degradation

of I'*1-|abeled proteins in mice. 060601. Drs.

W.L. Hughes, Terres, Wolins

Whole-body radioactivity has been measured
at intervals following the intravenous administra-
tion of I***-labeled human serum albumin and
bovine serum albumin. The loss in trichloroacetic
acid-precipitable activity with time parallels the
rate of loss of radioactivity as determined by
whole-body counting; the latter parallels the loss
of radioactivity in the serum. Less than 1% of
radioactivity in the urine is trichloroacetic acid
precipitable. The influence of thyroidal uptake of
radicactive iodide on whole-body count has been
investigated and the effect of Nal on this deter-
mined. It is concluded that with prior or con-
comitant administration of iodide (0.01 to 1.0%)
in the drinking water, whole-body counting is an
accurate method for following the degradation of
radioiodine-labeled proteins.

p. Immune degradation in passively sensitized

mice. 0605. Drs. Terres, Wolins

Whole-body counting was used to study the
degradation of I'**-labeled antigen in passively
sensitized mice. In such mice, antigen is degraded
at an accelerated rate. ADAR (antigen degraded
at the accelerated rate) is the difference at any
time between the residual antigen in the passively
sensitized mice and that in normal mice, expressed
as a percent of residual antigen in the latter.
Ninety-seven to 99% of the antigen was degraded
at an accelerated rate in mice injected with anti-
gen-antibody ratios that correspond to equiva-
lence or antibody excess in vitro. Antigen is de-
graded at an accelerated rate in mice injected with
ratios of antigen to antibody that are in antigen
excess in vitro, and are associated with little or no
precipitation. The ADAR is inversely related to
the amount of antigen used if the amount of anti-
body is held constant and if the antigen-antibody
ratios are in antigen excess i vifro. In mice injected
with antigen-antibody ratios which are in antigen
excess in vitro, the amount of antigen degraded at
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the accelerated rate is estimated to be greater than
the amount precipitated at equivalence. The ac-
celerated degradation of the antigen in passively
sensitized mice is completed 6 to 10 hr after the
antigen is injected, and the half-time of the ac-
celerated degradation is independent of the anti-
gen-antibody ratios used. The ADAR (deter-
mined at 24 hr) is a function of the amount of
antibody used when the amount of antigen in-
jected is held constant.

3. The use of C'4-labeled compounds in studies on fat
metabolism. 060102. Drs. Schwartz, Debons,
Silver, Dahl, Shreeve, De Meutter; Res. Col. Gidez,
Dreiling

a. Hormonal regulation of lipid and cholesterol ab-

sorption, fransport in blood, and mobilization from

fissues

The mechanism by which thyroid hormone ele-
vates the concentration of nonesterified fatty acids
(NEFA) in plasma was studied in dogs by com-
paring the clearance of C'*-labeled palmitic acid
before and after the administration of /-triiodo-
thyronine. Within 5 hr after an intravenous injec-
tion of /-triiodothyronine (1 mg), the rate of dis-
appearance from the plasma of palmitic acid-1-
C* was increased although the total concentration
of NEFA in the plasma had doubled, which con-
firmed and extended our previous observation in
man. When a steady concentration of labeled
NEFA was maintained by a constant infusion, the
administration of /-triiodothyronine was followed
in 5 hr by a significant decrease in specific activity.
It is therefore concluded that, although the thy-
roid hormone increases the rate of removal of
NEFA from the blood, its predominant effect is to
enhance the release of fatty acids from tissue
stores.

b. Thyroid hormone and C'4-labeled cholesterol

content of rat lymph. 060102

Preliminary experiments were done to investi-
gate the nature of the hypocholesterolemic effect
of thyroid hormone, a most obscure aspect of
which is the nature of the hormone influence on
cholesterol absorption. Rats with lymph fistulas
were prepared and given ~50 mg cholesterol-4-
C** by stomach tube. The total amount and spe-
cific activity of cholesterol absorbed into the
lymph over a 24-hr period were determined in
normal controls and in two groups of animals, one
chronically pretreated with [-triiodothyronine,
and the other with d-triiodothyronine. In the nor-
mal animals the peak of absorption was sharp and

occurred at 6 hr. The specific activity of the lymph
cholesterol was strikingly lower than that of the
administered cholesterol-4-C'*, which showed that
there had been an endogenous dilution of the ad-
ministered labeled cholesterol which can be ex-
plained either by the existence of a large endoge-
nous pool of cholesterol in the intestinal wall or by
reabsorption of unlabeled endogenocus cholesterol
that had entered the intestine via the bile.

In contrast, in the thyroid-treated animals, the
ratio of the specific activity of the lymph choles-
terol to that of the administered cholesterol was
very much higher than in the controls, which sug-
gests that the thyroid hormone acts in some man-
ner to reduce the endogenous intestinal mucosal
pool of cholesterol and/or to lessen the biliary
secretion of cholesterol. The former effect would
appear to be more significant in view of the find-
ing that the total amount of cholesterol absorbed
is reduced by 50% or more in the thyroid-treated
animals as compared with the controls.

IV. Cellular Reproduction,
Migration and Transformation

(Radioactive Badges Affixed
Within Cell Unit Components
to Clue Behavior of Intact Cell Systems
and Heritable Transmission of Marked Components)

A. CELL IDENTIFICATION
{Selection and Affixation
of Radioactive Badges to Cell Components)

1. Resolution and image spread in autoradiographs
of tritium-labeled cells. 060601. Drs. Robertson,
Bond, Cronkite

Calculations of the radiation dose rate about
point sources of tritium have been extended to ex-
plain the variations in image spread seen in auto-
radiographs of cells labeled with tritiated thy-
midine. The resolution attainable with tritium
sources in contact with the sensitive emulsion is
much sharper (0.2 pC) than that attainable with
C** (2 pC). With sources at a depth of 1 py or more,
however, the effect of the very low energy tritium 8-
particles on improving the resolution is lost, and
the resolution deteriorates. As the depth of a trit-
ium-labeled cell nucleus in the tissue section in-
creases, the grain density decreases, the resolution
becomes poorer, and the image spread increases.



2. The use of gamma-emitting badge in DNA for cell
identification. 0603. Drs. W.L. Hughes, Commer-
ford, Krueger; Res. Col. Gitlin

The purpose of this study is to develop a diag-
nostic procedure using I'*'-deoxyuridine (I*DU)
for the estimation of cell proliferation in the
human by external measurement of radioactivity.
Such a procedure should be a useful tool for gaug-
ing the effects of x-rays either at a diagnostic or at
a therapeutic level or, in fact, for quantitating any
treatment based on inhibiting new cell formation.
If sufficient resolution in whole-body scanning can
be achieved, differential estimation in several pro-
liferating tissues, including neoplasms, may be
possible.

The results thus far obtained with mice appear
to demonstrate the practicability of the above
goal. Mice maintained on Nal in drinking water
were injected with trace amounts of I*DU labeled
with I*** (<{0.1 mM per mouse). Within 1 hr fol-
lowing injection essentially all the radioactivity
was converted to iodide or incorporated into
DNA. As radioiodide is rapidly excreted, the
residual radioactivity after 24 hr was all found in
DNA. At this time the concentration of radio-
activity in several organs varied 50-fold and de-
creased in the order thymus, gut, spleen, skin,
bones, liver, muscle, in accord with their prolifera-
tive activity. The radioactivity of all organs except
skin declined during the following days. This de-
cline presumably measures cell turnover, since
the skin radioactivity remained constant through-
out the period of observation (one week). Double
tracer experiments with both I*DU and H?-
thymidine showed thymidine to be utilized 3 to 4
times as efficiently as I*DU. Both the I'** and the
H? radioactivity of the DNA of intestine remained
constant for 36 hr. Subsequently, both activities
declined rapidly, as would be expected in the
renewal of intestinal epithelium. Moreover, the
I'* activity declined more rapidly than H?® activ-
ity (from H*-thymidine), which indicates either
that thymidine is measurably reutilized in this
process or possibly that some of the I'*' tag is
removed.

X-radiation was found to decrease I*DU in-
corporation if irradiation preceded the injection of
I*DU. Marked inhibition appeared within 1 hr
after irradiation, while maximum inhibition was
reached when I*DU was injected 6 to 12 hr after
irradiation. Recovery from this inhibitory effect
was observed 24 or more hours after irradiation,
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the extent of recovery depending upon the size of
the x-ray dose and the tissue. Inhibition of I*DU
incorporation decreased as the x-ray dose de-
creased, but significant inhibition was observed
after x-ray doses as low as 10 r. Exposure to x-rays
later than 2 hr after I*DU injection failed to in-
hibit I*DU incorporation or to remove [*DU al-
ready incorporated.

Incorporation of I*DU was also markedly de-
pressed by prior administration of cortisone, and
the maximum depression, as with x-rays, was ob-
tained when I*DU was given =6 hr posttreat-
ment. At this time inhibition was noted after an
injection of as little as 40 pg cortisone acetate.
Cortisol also inhibited, but to a lesser degree and
with more transient effect.

3. In vifro studies on tissues obtained at surgery and
using fritiated thymidine. 0609. Drs. Bond,
Cronkite, Rubini, Fliedner

Incubation of hematopoietic and other tissues
with H*-thymidine n vitro results in incorporation
of the labeled material into the nucleus of the cell
in the process of DNA synthesis, detectable by
means of stripping-film autoradiography. This
technique allows estimation of the proliferative
potential of individual cell types without the
necessity of giving H*-thymidine to the patient or
animal.

The striking differences observed in the degree
of labeling in different blood dyscrasias has been
reported previously. Serial determinations of the
number of labeled cells have been carried cut on
the blood of patients receiving chemotherapy, or
x-ray therapy, to the spleen. The decrease in the
number of labeled cells has in general paralleled
the decrease in total cell count, which indicates
that these therapeutic agents do not selectively
prevent cells from entering the DNA synthesis
phase of the cell cycle, or kill cells in this phase.
Previous studies with tritiated thymidine have
shown that most neoplastic tissues have slower
turnover rates than do many normal tissues. The
findings indicate that these therapeutic agents,
useful in the temporary control of neoplastic proc-
esses, do not effect control of the process either by
virtue of a selective effect on the more rapidly
dividing cells, or by preventing cells from entering
DNA synthesis.

In vitro uptake studies have been performed on
various tissues obtained at surgery, and the re-
sults are being evaluated.



34

B. CELL PROLIFERATION
(Radioactive Measurement of Rates and Routes)

1. Study of interrelationship of RNA and DNA syn-
thesis and metabolism of Hela cells. 0609. Drs.
Bond, Feinendegen

Previously reported studies on nucleic acid
metabolism in human tissue culture cells and bone
marrow cells were continued. H*-cytidine, H3-
uridine and H*-thymidine were used as the labeled
precursors. The measurements were obtained
through autoradiographic histochemical and bio-
chemical methods.

Macromolecular RNA, as well as DNA in the
HeLa cells, retained H?® activity from once-incor-
porated H?-uridine. Carrier cytidine or uridine in
great excess did not significantly liberate the
bound H*-nucleoside. The tritium distribution of
cytosine and uracil in the macromolecular RNA
was relatively stable, observed up to 48 hr after
short-term labeling with H?-cytidine. This sug-
gests that an internal RNA turnover and conver-
sion with random utilization of the metabolic
products had not occurred. These findings indi-
cate that the previously reported autoradio-
graphically observed sequence of labeling from
the nucleus (mainly chromatin portion) to cyto-
plasm means a true shift of RNA. In whatever form
nuclear RNA had contributed to the cytoplasmic
RNA, it was not brought into equilibrium with
the nucleoside carrier. In addition, independent
RNA synthesis in the cytoplasm was not excluded.

By far the majority of the acid-soluble pool
tritium turned over rapidly within one generation
time. Examination of the distribution of tritium to
uracil and cytosine within the acid-soluble pool
indicated that cytidine is rapidly de-aminated to
uridine. The decline of the total acid-soluble trit-
ium paralleled the appearance of tritium in the
culture medium. A small fraction of the acid-
soluble tritium continued to contribute to DNA
and also to macromolecular RNA, despite the
presence of nucleoside carrier. Experiments with
H3-thymidine failed as expected to demonstrate
continuous “late incorporation’ of tritium into
DNA after short-term feeding of the cells.

The continuous incorporation of tritiated pre-
cursors into DNA decreased with time and was
observed even up to 48 hr after short-term labeling
of the cells with H?-cytidine. This late incorpora-
tion was inhibited only partially by nonradioc-
active cytidine, and to a still lesser degree by

uridine. No significant difference was observed in
the competitive effect of thymidine and deoxy-
cytidine as carrier. On the other hand, direct H*-
cytidine incorporation intc DNA in the presence
of thymidine carrier was reduced to =~37% of that
of the control, while deoxycytidine as carrier did
not reduce direct incorporation of H*-cytidine into
DNA. It enhanced it, rather, by a factor of 0.29,
which indicates different mechanisms of cytidine
and deoxycytidine utilization for DNA synthesis
in the HeLa cell.

A study of the distribution of the tritium to
cytosine and thymidine of the DNA revealed that
the continued rise of the tritium content of the
DNA after short-term incubation with H?-cytidine
and the maintained growth of the cultures in the
presence of excess carrier cytidine, involves an in-
crease of thymine-tritium as well as cytosine-
tritium at an approximately equal rate. Addition
of carrier thymidine to carrier cytidine reduced
the rise of the total DNA tritium by the amount
expected when the thymine-tritium rise was selec-
tively blocked.

The “availability time” of the “late DNA pre-
cursor’” was calculated from autoradiographic re-
sults of percent difference of DNA-labeled cells
after varying short-term feeding times and after
one generation time, when the cell population was
assumed to have doubled, on the basis that 42% of
the cells of the population enter DNA synthesis
per hour. These experiments indicated a constant
turnover time of the “late precursor” pool.

In all, the results suggest that between simple
nucleotides and DNA a closed system of precur-
sors exists which might be present in a more in-
tricate structure than a mononucleotide or might
be temporarily bound to a structure where they
cannot readily equilibrate with the carrier. This
closed system can be viewed also as a compart-
ment with constant turnover time and a flow
principally in one direction toward DNA.

The tritium released by the growing cells-into
the culture medium was seen to be derived mainly
from the acid-soluble pool, with increasing
amounts appearing as tritiated water (=70% at
24 hr after short-term feeding of the cells with H?*-
cytidine). The nonvolatile tritium fraction con-
sisted of uridine, uridylic acid, cytidine, and
cytidylic acid, in decreasing quantity. Experi-
ments are under way to determine whether phos-
phorylation of the pyrimidine nucleosides had oc-
curred outside or within the cell.



RNA stability and late incorporation of pre-
cursors into DNA have also been verified for rab-
bit kidney cells in culture. Similar results were also
obtained with ribose-1-C'* as the labeled precur-
sor in HeLa cells.

2. RNA and DNA metabolism of hematopoietic tissue
studied with tritiated cytidine, tritiated uridine, and
tritiated thymidine. 0603. Drs. Bond, Feinendegen

In continuation of the experiments in tissue cul-
ture cells, aspects of nucieic acid metabolism were
examined in bone marrow cells from the dog and
the rat and from human beings. Suspensions of
bone marrow cells were incubated i vitro with the
H3-cytidine for different lengths of time, or the
labeled precursor was administered intravenously
in the rat, and bone marrow samples were ob-
tained at different time intervals after the injec-
tion. The pattern of uptake and the label distribu-
tion was evaluated by the autoradiographic tech-
nique. By differential histochemical extraction of
the nucleic acids, RNA labeling was distinguished
from DNA labeling. H*-cytidine injected intra-
venously into the rat was cleared from the blood
within the first 4 hr, when the circulating tritium
activity reached a minimum. After this rapid fall,
the circulating activity rose, reached a maximum
at the third and fourth day, and then fell off
slowly over a period of >4 wk. Nearly all the
serum tritium activity after the initial fall ap-
peared as tritiated water; however, a small frac-
tion of nonvolatile activity remained, which was
rapidly cleared by the kidney. The appearance of
this nonvolatile activity in the urine indicated a
rather continuous supply of nucleic acid catabolites
for >2 wk after the injection.

Bone marrow preparations from the rat were
made at the fourth hour and the fourth day after
a single injection of H*-cytidine, and the RNA was
extracted to demonstrate DNA labeling. After
RNA extraction 38% of the nucleated cells were
labeled at the 4-hr point, and 79% at the fourth
day, while the nonextracted cells showed a total
loss and redistribution of the incorporated tritium.
These experiments suggest the reutilization or
continued availability of H?-cytidine or its deriva-
tives for DNA synthesis in the intact mammal
after a single injection of the labeled precursor.
These DNA precursors may be derived from the
DNA-synthesizing cell itself, but the results are
also consistent with an intercellular exchange of
precursors as from a common pool. Further ex-
periments are under way.
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The in vitro incubation of hematopoietic tissue
with H*-cytidine indicated that in general all nu-
cleated cell types, regardless of their capacity to
divide, can incorporate H*-cytidine, whereas no
incorporation was observed in erythrocytes or
platelets. Similar results were obtained with H®-
uridine. The label first appeared scattered over
the entire nucleus of the cell, and within 1 hr over
the cytoplasm also. In addition, nucleolar label
was occasionally seen in the blast forms of the
marrow. The mean grain count per cell type was
found to be decreased by a factor of ==0.5 with
each step of differentiation of the cell, except for
promyelocytes, which had slightly more intense
labeling than the preceding myeloblasts. These
observations also support the hypothesis that the
nucleus is necessary for RNA synthesis. The de-
crease of incorporation with differentiation of the
cell might be due to a decrease of the metabolic
activity or a decrease of the number of active sites
for synthesis within the nucleus.

Quantitative RNA turnover studies were car-
ried out on lymphosarcoma cells obtained by bi-
opsy from patients. Again, a nearly exclusive nu-
clear labeling was first observed after 30-min ex-
posure of the cells to H?-cytidine. After changing
the incubation medium with addition of an abun-
dance of carrier cytidine, an entire loss of nuclear
label was demonstrated over a period of 24 hr,
while lymphoblasts with relatively abundant cyto-
plasm exhibited strong cytoplasmic labeling with
loss of nuclear labeling. Under these experimental
conditions, therefore, nuclear RNA became lost
from the lymphosarcoma cell and did not contrib-
ute to cytoplasmic RNA except for the lympho-
blast. In the literature, loss of nuclear RNA is re-
ported for nondividing cells, while rapidly prolif-
erating cells exhibited a conservation of once-
synthesized RNA. It seems therefore that lympho-
sarcoma is not a rapidly proliferating tumor. Fur-
ther experiments are projected to extend these
findings.

In leukemia, the labeling of DNA with H?-
cytidine was compared to that with H*-thymidine.
The percent of labeled DNA cells was found to be
equal with both precursors. This result supports
the assumption that H*-thymidine is indeed in-
corporated into all cells that synthesize DNA.

3. Studies on incorporation of tritiated pyrimidines into
mammalian cells in culture. 0603. Drs. Drew, Painter

Experimental studies concerned with mammalian
cell death and metabolism following incorporation
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of tritiated pyrimidines have been continued. The
conditions for the use of H*-thymidine and H?-
cytidine as biological tracers for the study of ribo-
nucleic acid (RNA) and deoxyribonucleic acid
(DNA) metabolism have been defined. Other ex-
periments have been concerned with the toxic ef-
fects of carrier pyrimidines for mammalian cells in
culture, since in many experiments it was necessary
to use carrier in the culture medium. The impor-
tance of establishing an effective but nontoxic level
of carrier was clearly brought out in these experi-
ments. For example, high concentrations of cyti-
dine carrier in the medium completely blocked
cell metabolism and division.

A comparative study was made of the lethal ac-
tion of H*-thymidine and H*-cytidine for HeLa S3
cells in culture. A discrepancy between the lethal
action of the two radioactive pyrimidines was
found. Growth inhibition and cell death by H*-
cytidine was accomplished only by concentrations
in the culture medium of the order of five times
that of H*-thymidine at the same specific activity.
The observed difference in lethal effect is believed
to be an expression of the distribution of the radio-
activity within the cell. In the case of H*-thymi-
dine the radioactivity is concentrated within the
nuclear DNA. H?-cytidine, on the other hand,
goes into both DNA and RNA and, although
there is early nuclear labeling, the radioactivity
soon concentrates in the cell cytoplasm. Other fac-
tors which may be involved in this phenomenon
are under consideration.

Further studies on DNA metabolism in HeLa
S3 cells have been carried out with H?-thymidine
as the tracer material. The experimental results
have helped to clarify certain obscure points rela-
tive to the rate of DN A synthesis within the chro-
mosomal complement. Cultured mammalian cells
which are in active DNA synthesis incorporate
H?-thymidine into their chromosomal comple-
ment in <% min after the addition of the tracer
to the medium. However, the onset and termina-
tion of synthesis was observed to vary among the
individual chromosomes.

4. Studies of cell proliferation in human malignant
disease using fritiated thymidine. 0609. Drs.
Cronkite, Bond, Kilimann, Fliedner, Rubini, Johnson

In 1958 the use of tritiated thymidine in the
study of DNA synthesis and proliferation of cell
populations was commenced in normal human
beings and in patients with malignant disease. In
the initial studies it was deduced that the genera-

tion time of cells of both solid and diffuse tumors
was longer than expected. There was no difficulty
in labeling a glioblastoma multiforme, carcinoma
of the breast, ovarian serous cystadenoma, and a
spermatic cord lelomyoma. A small fraction of the
tumor cells readily incorporated the tritiated thy-
midine, and either at biopsy, surgical removal, or
autopsy it was possible to determine the ratio of
labeled to unlabeled cells of a similar cytologic
type. By determination of the fraction of tumor
cells labeled, the generation or cell doubling times
for the various populations were estimated. The
doubling times in benign and malignant neo-
plasms were relatively similar and apparently of
the order of months. This was in striking contrast
to other studies carried out on hemopoietic tissues,
which had generation times of 20 to 30 hr. A seri-
ous shortcoming of this study is the absence of seri-
al biopsies or aspirations to determine the true
generation time based on diminution in the inten-
sity of label in the labeled tumor cells. In a case of
multiple myeloma this has been shown to be =4
days. The discrepancy in generation time deter-
mined by fraction of the population labeled and
by diminution in grain count is significant. The
implication is, at least in the case of the multiple
myeloma, that only a small fraction of the popula-
tion is proliferating. Hence all myeloma cells do
not retain the capacity to multiply, and the tu-
morous tissue is maintained by a small proliferat-
ing compartment. Thus the growth is not truly
wholly exponential; a certain fraction of the cells
must be maturing and will remain as abnormal
parasites with an exceptionally long life span. If
this were true the generative fraction might be
considered to consist of ceils undergoing arith-
metical multiplication with a long life span of the
adult tumor progeny which act as parasites with
abnormal metabolism and thus are deleterious to
the host both by progressive encroachment upon
marrow space and the production of abnormal
proteins. Alternatively, the biological clock of the
progeny may be seriously impaired, with a vast
range in doubling times of the individual progeny
varying from a few days to many months. These
observations in myeloma are being extended to
the leukemias and will be extended to appropriate
solid tumors in the coming year.

5. Oral absorption of tritiated thymidine. 060102.
Dr. Cronkite, Res. Col. Rubini
Although it is known that intravenous injection

of tritiated thymidine labels proliferating tissue,




the fate of oral thymidine, which bears upon the
potential somatic and genetic hazard of the mate-
rial, was conjectural. Preliminary studies in rats
and guinea pigs given tritiated thymidine by gas-
tric tube showed labeling of the intestinal mucosa,
spleen, and bone marrow. Some of the tritiated
thymidine had been catabolized to tritiated water,
and small amounts were excreted as urinary non-
volatile tritium activity.

6. Local factors in the development of atherosclerotic-
like lesions. 060102. Drs. Bond, Dahl, Spraragen

Autoradiograms from studies using tritiated
thymidine to determine the role of hyperplasia in
the development of atherosclerotic lesions in the
aorta of the rabbit are being reviewed. At this
point it may be stated that hyperplasia, indicated
by the labeling of individual cells within the ather-
osclerotic lesion, does play a role in the pathogene-
sis of atherosclerosis in rabbits, but comment as to
whether the hyperplasia is a secondary phenome-
non as previously thought or whether hyperplasia
plays a primary role will have to await completiorf
of the microscopic study.

When study of the aorta is completed, auto-
radiograms will be prepared from rabbit heart tis-
sue (obtained at the same time the aorta tissue was
taken) to establish the role of hyperplasia in the
atherosclerotic lesions found in the coronary ves-
sels. This will also serve as a comparison of DNA
synthesis patterns between the aorta and coronary
vessels.

Previous attempts to label normal rabbit aorta
tissue with H*Th in vitro failed. This experiment
was repeated with finer strips of tissue, and mini-
mal labeling similar to that found in vive was ob-
tained. Also, in vitro labeling of normal rabbit aor-
ta tissue was obtained by using H?-cytidine as the
tag. This labeling was found to be slightly more
extensive than that obtained with thymidine.

To learn more about the possible role of hyper-
vitaminosis D in the pathogenesis of atheroscle-
rotic-like lesions in the aorta and coronary vessels,
atherosclerotic rats were given Ca* in the hope of
demonstrating enhanced calcium deposition in the
lesions by autoradiographic means. The tissues are
currently being processed.

7. Cellular aspects of antibody formation.  0605.
Drs. Cronkite, Stoner, Killmann

It is well established that some antibodies are
formed in the lymphoid tissues, although opinions

differ as to what type of cell (lymphocytes, plasma

37

cells, transitional cells, etc.) actually is the site of
antibody formation. There seems to be no disa-
greement, however, that antibody formation is
associated with cell proliferation in the lymphoid
tissues. Although this may be so, it certainly does
not appear to be proved; the observed morpho-
logical changes might refiect only a changed func-
tional state of undividing cells. This problem
might be successfully approached wtih autoradio-
graphic studies following injection of H3-TDR,
which is known to be a specific label of DNA,
combined with study of mitosis using the colchi-
cine technique. The experimental phase was com-
pleted in fiscal 1960; study of the material collect-
ed is still in progress and is expected to be com-
pleted in fiscal 1961.

8. Mitotic index of erythroid and granulocytic series
of human bone marrow. 0603. Drs. Cronkite,
Killmann; Res. Col. Fliedner

In preliminary gross studies, the mitotic index
of human bone marrow in normal subjects was
determined to be (971)/1000 mitoses. Increased
mitosis has been found in various diseases. During
fiscal 1960, in extensive studies made primarily by
Dr. S.A. Killmann, the specific mitotic index has
been determined for the erythroid and granulocyt-
ic series at each stage in which proliferation is tak-
ing place.

9. The mitotic index of human bone marrow in healthy
individuals and irradiated human beings. 0605.
Drs. Cronkite, Bond, Fliedner; Res. Col. Rubini

The mitotic index of the bone marrow of seven
healthy individuals was determined in Feulgen-
stained squash preparations to be 0.9% during the
period 10 a.m. to 1 p.Mm. The method did not allow
the distinction of mitoses of different cell lineages.
On the basis of this mitotic index, the average
turnover time of the red cell series is estimated to
be of the order of 11 to 33 hr, and that of the white
cell series, of the order of 25 to 75 hr. In serial
studies the mitotic index of eight patients acciden-
tally exposed to various doses of ionizing radiation
was followed over a period of 4.5 mo. A dose de-
pendence of the mitotic index was noticed on the
fourth postirradiation day. After 4 wk, the number
of mitotic figures was within normal limits. After
4.5 mo, the values were significantly higher than
normal.

10. A radioautographic study of a human brain and
glioblastoma multiforme after the in vivo uptake of
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tritiated thymidine. 0609. Drs. Cronkite, Bond,
W.L. Hughes, Johnson, Rubini, Fliedner; Res. Col.
Haymaker

The radioautographic findings in a human
brain and glioblastoma multiforme after in vivo
labeling with tritiated thymidine demonstrated a
labeled nucleoside in neoplastic cells. From the
percentage labeling, it is possible to compute a
generation time of 12 to 2 mo. Thus the cancer
cells were dividing significantly more slowly than
were nonneoplastic cells of bone marrow and il-
eum, and the time was of the same general order
as that calculated from similar observations on
various cystadenomata and breast carcinomata,
and a leiomyoma of the spermatic cord.

11. Beoxyribonucleic acid synthesis in the develop-
ing mouse embryo studied with tritiated thymidine.
060102. Drs. Bond, Cronkite; Res. Col. Atlas

Tritiated thymidine was injected into preg-
nant mice on days 6, 7, 8,9, 10, 11, 14, and 17.
The incorporation of the thymidine into the tissues
of the embryo, uterus, and placenta was studied
by the method of stripping-film autoradiography.
Thymidine is incorporated into uterine cells at all
stages. The greatest amount of uptake is effected
by endothelial cells. Decidual cells show good up-
take at the beginning, less later. Embryonic tissues
do not show any noticeable uptake until the ninth
day, and then only in the outer membrane tissues
of the trophoblast cells, giant cells, and yolk sac
cells. On the tenth day incorporation occurs main-
ly in the blood and mesenchyme cells. On succeed-
ing days more incorporation is found in other em-
bryonic tissue. The nervous system does not in-
corporate the thymidine noticeably until the four-
teenth day.

12. Autoradiographic localization of tritiated thymi-
dine in whole mount preparations of lens epithelium.
0605. Drs. W.L. Hughes, Bond; Res. Col. Harding
A procedure was developed for the prepara-
tion of whole mounts of lens epithelium which al-
lows the autoradiographic localization of tritium.
In vitro incorporation of tritium-labeled thymidine
into the nuclei of epithelial cells was demonstrated
in the isolated lenses of rat, rabbit, and frog.
Quantitative determinations indicate that the
highest percent of radioactive nuclei appears in
the germinative zone.
It is suggested that thymidine incorporation is
related to cell division, and the percent of cells
with radioactive nuclei is an indication of cellular

proliferation. The technique may also be of use in
following the migration of cells, since the labeled
cells retain their radioactivity for considerable
periods of time. It is planned to use this technique
in the study of cellular proliferation and migration
during the induction of cataracts, and following
mechanical injury to the lens.

C. CELL MIGRATION
{Radioactive Record of Various Cell Positions
Within the Body)

1. The origin of osteoclasts studied with tritiated
thymidine. 0603. Drs. Cronkite, Tonna

The origin of osteoclasts has been an open ques-
tion for about 100 years. Osteoclasts are skeletal
cells important in resorption of bone, and hence in
maintaining the balance between bone deposition
and removal. Prior to the present experiments,
osteoclasts were studied at the metaphyses. Be-
cause of the presence of several types of cells which
could account for the origin of osteoclasts at the
metaphyses, the results were inconclusive. In our
experiments osteoclasts were studied in the peri-
chondrial region of the distal femur. In this region,
the only possible sources are two existing cell types,
osteogenic cells or osteoblasts. Mice were labeled
with tritiated thymidine, and autoradiographs
were then prepared from the skeletal tissues. Ini-
tially no labeled osteoclasts were seen, whereas
osteogenic cells and some osteoblasts were labeled.
Numerous labeled osteoblasts were encountered
36 hr after isotope administration, when the popu-
lation of labeled osteoblasts which are derived
from osteogenic cells increased. Since osteoclasts
were never seen undergoing mitosis, the evidence
shows that osteoclasts originate from the fusion of
osteoblasts.

2. Tritiated thymidine study of the cellular contribu-
fion to fracture repair. 0603. Drs. Cronkite, Tonna

This study was undertaken to ascertain the con-
tribution of various skeletal tissues to fracture re-
pair and the way in which the process is altered as
the animal ages. Mice in age groups from birth to
old age had the right femur fractured. The ani-
mals were sacrificed 24 hr, 1 wk, and 2 wk after
fracture. These mice received 0.5 pC tritiated thy-
midine 1 hr prior to sacrifice. This experiment is
still in progress.

Another group of 6-wk-old mice were given trit-
iated thymidine immediately after fracture of the



femur. These animals were serially sacrificed 1 hr
to 14 days after fracture. Autoradiographs and
histological sections were prepared. Results show
that no increase in isotope uptake takes place until
10 hr after fracture. The labeled periosteal popu-
lation was increased to 25% at 32 hr. It was inter-
esting to note that the stimulation to the perioste-
um was not limited to the fracture site, as previ-
ously thought, but extended throughout the entire
fractured femur. Also, contrary to previous belief,
the endosteum was nonresponsive to trauma. The
internal fracture callus was formed from newly
differentiated osteoblasts found at the fracture site.
Starting 32 hr after fracture, there was a gradual
decrease in the periosteal labeling index. This in-
dex decreased also about the fracture callus, but
less rapidly. At 14 days postfracture, the labeling
index of the fractured femur was still higher than
that of the nonfractured control. The experiments
are still in progress. A group of old animals are be-
ing studied for age comparison.

3. Periosteal osteoclasts, skeletal development, and
aging. 0603. Drs. Cronkite, Tonna

Population studies were made from the left fem-
ora of 45 female mice of the Brookhaven National
Laboratory strain of Swiss Albino. The right fe-
mur of each mouse was fractured by digital pres-
sure applied to the midshaft under ether anaes-
thesia. The femora were fractured at 1, 5, 8, 26,
and 52 wk of age, and the mice were sacrificed 24
hr, 1 wk, and 2 wk postfracture. One hour before
they were sacrificed, they received a subcutaneous
injection of tritium-labeled thymidine in sterile
aqueous solution (0.5 pC/g body weight). Strip-
ping-film autoradiographs were prepared from
paraffin sections of whole decalcified femora. Ad-
ditional sections were stained routinely with hema-
toxylin and eosin. Mononucleated cells, which in
many instances resided in well-formed Howship’s
lacunae, exhibited an eosinophilic, foamy cyto-
plasm. The juxtanuclear vacuole seen in active
osteoblasts was not observed in these cells.

The results showed that during the remodeling
of the ends of the femur, the population of osteo-
clasts present in the periosteum fluctuated radi-
cally within short periods of time. Since active for-
mation of periosteal osteoclasts was observed from
the fusion of osteoblasts, and degenerating osteo-
clasts were not readily found, a reduction in popu-
lation within 1 wk is believed to have occurred as
a result of the dissociation of osteoclasts into pre-
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cursor cells. It is possible that the population of
osteoclasts migrated from one position to another.
Autoradiographic results indicated that there was
no uptake of tritium-iabeled thymidine by perios-
teal osteoclasts, and hence there occurred neither
deoxyribonucleic acid synthesis nor reproduction
by mitotic division.

The observations indicate that periosteal osteo-
clasts originate in ostecblasts, and that their fate
is to dissociate into precursor cells. It appears that
with increasing age beyond the period of active
bone remodeling, there is a decrease in the popu-
lation of osteoclasts; however, changes in age in
individual osteoclasts were not seen.

4. Autoradiographic studies on DNA-synthesizing
cells in the peripheral blood. 0603. Drs. Bond,
Cronkite, Fliedner, Rubini; Res. Col. Brecher

Tritiated thymidine, which is incorporated sole-
ly into DNA, was used in conjunction with strip-
ping-film autoradiography to demonstrate that
cells in the peripheral blood of normal human be-
ings are capable of synthesizing DNA. Thus, these
cells are presumably capable of division. Only
large mononuclear cells were found to be labeled,
and these could be divided into at least five cate-
gories on morphological grounds. The number of
these cells, normally very small, was increased in
the nonneoplastic diseases studied. Studies with
parabiotic rats demonstrated that labeled cells cir-
culate to the parabiont not given labeled thymi-
dine. It is suggested that some of these cells may be
part of a mobile pool of pluripotential cells that
can respond on demand to undergo proliferation
and maturation in areas of need, and that some
act as macrophages.

D. DIFFERENTIATION,
TRANSFORMATION, AND MATURATION
{Radioactive Proof of Identity of Differentiated,
Transformed, or Matured Cells)

1. Histochemical and autoradiographic studies on the
effects of aging on the mucopolysaccharides of the
periosteum. 0603. Drs. Cronkite, Tonna

An autoradiographic study was made using S*-
sulfate for the localization, distribution, and varia-
tion in the mucopolysaccharide content of the fem-
oral periosteum of rats from birth to old age. The
mucopolysaccharides were also studied histochem-
ically, by using toluidine blue O, Rinehart and
Abu’l-Haj’s colloidal iron method, and the peri-
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odic acid-Schiff reaction, and after hyaluronidase
treatment.

Autoradiograms revealed the uptake of S* par-
ticularly in the vicinity of the preosseous zone and
adjacent osteoblasts. This labeling was highest at
the period of rapid bone growth. With increasing
age, the S* uptake became progressively less. The
preosseous zone showed gamma-metachromatic
staining at all ages after treatment with toluidine
blue. Active osteoblasts were mostly orthochro-
matic; however, beta-metachromasia was exhib-
ited at a later date. Abundant amounts of intra-
and extracellular mucopolysaccharides of both
the acid and neutral type were demonstrated in
the periosteum.

S% uptake and gamma-metachromasia show the
presence of sulfated mucopolysaccharides, of
which chondroitin sulfate predominates in the pre-
osseous zone. Since S°° uptake is high in active os-
teoblasts, the failure to demonstrate metachro-
masia in osteoblasts may indicate either that chon-
droitin sulfate is liberated as fast as it is produced
or that it is present within the cells in a precursor
form not detectable by histochemical methods.

2. The aging cellular phase of the skeletal system
studied with tritiated thymidine. 0603. Drs. Cronkite,
Tonna

The present investigation has been undertaken
to obtain information concerning the kinetics of
the cellular population responsible for bone for-
mation, and to assess the contribution of kinetic
changes to gross skeletal aging. Mice from 1 to 52
wk of age were given 0.5 pC tritiated thymidine
per gram body weight. The animals were sacri-
ficed from 5 min to 25 days following isotope ad-
ministration. The labeled population of epiphyseal
and periosteal cells was observed and evaluated
from autoradiographic preparations. Results have
shown that the proliferative potential of the peri-
osteum diminished rapidly from birth to =8 wk of
age, while that of the epiphysis maintained an ini-
tial high level of proliferation up to 5 wk of age.
The epiphysis then followed a course similar to
that of the periosteum. These experiments have
shown that the osteogenic layer of the periosteum
is responsible for the supply of cells to the epiphys-
eal disk and epiphyseal head. Therefore, the peri-
osteum is responsible for longitudinal growth of a
long bone as well as for circumferential growth.
The supply of periosteal cells for the epiphyseal
disk appeared to be inadequate, since the prolif-

erative potential of this tissue fell rapidly at an
early age. However, epiphyseal cells apparently
make up this deficiency by being able to undergo
mitosis, and thus maintain the level of available
active cells. A scheme accounting for skeletal ag-
ing based upon changes in the proliferative poten-
tial of skeletal tissues was developed. Work of this
type is continuing in an attempt to obtain addi-
tional information concerning the origin, fate, and
behavior of various cells responsible for bone
growth, development, and aging of the skeletal
system.

3. Studies on the fate and function of blood cells that
can be labeled in vitro with tritiated thymidine.
0603. Drs. Bond, Cronkite, Usenik, Feinendegen

Several approaches have been pursued to de-
termine the fate and function of cells in the blood
capable of being labeled with H*-thymidine, and
thus capable of DNA synthesis. Parabiotic rats
were used, and while labeled cells apparently dif-
ferent from those found to be labeled in the pe-
ripheral blood were observed in the marrow of the
recipient animals, these could not be identified as
myeloid or erythropoid in nature. Temporary oc-
clusion of the blood supply to a portion of the
body, with administration of H*Th and later
search for labeled cells in the occluded regions has
been carried out, as have been direct transfusions
of blood and of thoracic duct lymph from labeled
donor rats. Labeled cells have been found in the
bone marrow, spleen, and lymph nodes of recip-
ient animals. The labeled cells found have been
lymphocytes, “transitional” cells with some char-
acteristics of both lymphocytes and plasma cells,
and plasma cells. The plasma cells found have
been confined to the bone marrow: none has been
found in the spleen or in lymphoid tissue. Since
plasma cell precursors apparently are present in
the thoracic duct lymph, it cannot be stated that
the finding of labeled plasma cells following lymph
or blood transfusion represents cell transformation.

4. Radioactive isotopically labeled celis for predic-
tions of life span, function, and progeny. 0602.
Drs. Cronkite, Bond, Killmann, Fliedner, Reizenstein,
Feinendegen, Bateman

Since 1958 material has been collected for the
study of hematopoietic cell proliferation using trit-
iated thymidine labeling of DINA of the prolifera-
tive compartments in the study of cell turnover in
patients without hematopoietic disorders. A large



mass of material was collected on individuals with
normal hematopoiesis. The tentative time param-
eters have been established for the generation time
of the erythroid series of =20 hr, and the neutro-
philic series of =20 to 54 hr, depending upon the
stage of granulocytopoiesis. The average stay of
neutrophils in the peripheral blood is of the order
of two days. The turnover time in a single patient
of the megakaryocyte has been shown to be 10
days. Nothing can be said as yet about the disiri-
bution of turnover times in a population of normal
human beings. The kinetics of normal blood cell
production in leukemias and multiple myeloma
has been essentially the same as in normal indi-
viduals as far as granulocytopoiesis is concerned.
Erythropoiesis has not yet been studied. During
1960 two more patients with leukemia and one
with multiple myeloma have been studied by per-
forming serial aspirations of the bone marrow fol-
lowing intravenous injection of tritiated thymi-
dine. This extensive amount of material has been
prepared for study, and the work will be complet-
ed during fiscal 1961. The preliminary conclusions
are that in chronic leukemia, multiple myeloma,
and at least an occasional case of acute leukemia,
the expanding mass of neoplasm is in part due to
a longer life span of cells with no useful function.
By a combined study of the sequence of the frac-
tion of cells labeled and the grain count, it proba-
bly will be possible to determine what fraction of
the leukemic population is responsible for the
growth of the malignant tissue. Under the postu-
lated conditions, the leukemic cell is apparently
spending a smaller fraction of its life span in DNA
synthesis or mitosis; hence, unless there is selective
uptake in the neoplasm, chemical agents selected
for mitosis or DNA synthesis will do more damage
to the normal cells in the essential renewal systems
than to the neoplasm. If this tentative conclusion
is substantiated, additional and more extensive
studies on the present rationale of cancer chemo-
therapy will be indicated.

5. Characterization of erythroid precursors. 0603.
Drs. Bond, Feinendegen; Res. Col. Sondhaus

It has been well recognized that morphology
does not constitute an adequate criterion for char-
acterization of the various erythroid precursor
forms. In this laboratory autoradiographic meth-
ods have been developed to indicate the degree of
DNA synthesis within a cell. By differential ex-
traction methods, it is possible to determine the
degree of RNA synthesis in progress. Methods of
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quantifying the amount of nucleic acid and of
hemoglobin within the single cell have been devel-
oped. Attempts to correlate these various quanti-
tative indices wth the morphologic appearance of
erythroid precursor cells are under way.

V. Environmental Medicine
and Radiation Effects

A. RADIOCACTIVE OPERATIONAL HAZARDS
AND CONTROL

1. In vivo measurement of radiocactive body burden in
Brookhaven National Laboratory personnel. 0605.
Drs. Love, Cohn

The body burdens of gamma emitters in 130
members of the Brookhaven National Laboratory
staff have been measured in the whole-body count-
er. These persons were selected from among those
working with high levels of radioactive isotopes,
such as workers in the Reactor and Hot Labora-
tory Divisions who were reporting for routine an-
nual physical examination. Levels of K*°, Cs*¥7,
and in a number of cases Zn®® have been quanti-
tated by comparison with a calibrated plastic
phantom. These studies have been correlated with
urinary excretion data and also with data from
general physical and hematological examinations.

2. Protective effect of barium meals on acute radio-
tion effects. 0605. Dr. Conard

The sensitivity of the gastrointestinal tract to
gamma or x-radiation is well recognized and in
some cases of therapeutic radiation is the limiting
factor in achieving the desired target dose. The
possibility exists that barium meals might offer
some degree of protection against radiation of the
gut in such situations. To investigate this possibili-
ty rats are being given several oral intubations of a
heavy barium meal several times before gamma
irradiation with high lethal doses. Preliminary re-
sults indicate that there is some sparing effect on
the gastrointestinal tract as evidenced by less diar-
rhea and longer survival times.

3. Control of radiation-induced hemorrhage with
fresh platelets. 0605. Drs. Cronkite, Perman; Res.
Col. Hjort

When irradiated dogs developed severe throm-
bocytopenia and purpura, the thoracic duct was
cannulated, and the output of red cells per minute
was counted to quantitate bleeding tendency.
Fresh canine platelets disintegrated in a sonic os-
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cillator and infused into the dogs increased pro-
thrombin consumption towards the normal range,
but had no effect on bleeding tendency. Intact
platelets, however, had an immediate and dramat-
ic effect on bleeding tendency. It is concluded that
a normal clotting system, including platelet fac-
tors, is not encugh for normal hemostasis; the me-
chanical effect of intact platelets is also needed.
Consequently, nonintact platelets or platelet sub-
stitutes cannot be expected to improve the bleed-
ing tendency in thrombocytopenia.

4. Analysis of data for estimating human lethal dose
of radiation. 060601. Drs. Cronkite, Bond

In addition to physical estimates, there appear
to be many useful biologic indices of exposure to
radiation. Of particular importance, because of
the rapidity with which it can be done and the
rate at which significant differences develop, is the
mitotic index of bone marrow. Of the single blood
determinations, a white blood cell count is proba-
bly the most useful if complete studies cannot be
performed.

Data at present are inadequate for a realistic
assessment of the LD;, for man. In discussing the
LD,,, the geometry of the exposure and the man-
ner in which dose is expressed must be considered.
The LD;, in terms of air dose may be quite differ-
ent from an LD;, quoted in terms of tissue or ab-
sorbed dose. Obviously the lethal dose values for
those who receive medical treatment following ex-
posure and untreated individuals must not be con-
fused. The LD,, for man probably approximates a
350-r tissue dose, under conditions of fairly uni-
form dose distribution throughout the body and at
a fairly rapid dose rate. If a population is exposed
to =200 r or more, serious consequences may be
expected. Many persons would be incapacitated
for varying time intervals after such an exposure,
and medical care and treatment would be needed.
From the standpoint of practical military and civil
defense planning, it appears that the current esti-
mate of 400 to 450 r for the LD, for man should
perhaps be lowered. At any rate the data are not
adequate to indicate that it should be significantly
increased. With lower dose rates, possibly <1
r/min and in exponentially decaying fields, the
LD;, may increase. However, the precise dose
rate—effect relationship for man is not known.

5. Lyophilized platelets in control of thrombocyto-
penic hemorrhage. 0605. Drs. Cronkite, Bond,
Fliedner, Sorensen

Eight dogs were rendered thrombocytopenic by
the administration of 500 to 550 r whole-body ir-
radiation. After thrombocytopenia developed, the
thoracic duct of each dog was cannulated, and
large numbers of red blood cells were observed in
the thoracic duct lymph. The hemostatic effective-
ness of fresh and lyophilized platelets in reducing
the output of red blood cells in the lymph was
compared.

Lyophilized dog platelets were infused into each
dog in amounts calculated to increase the re-
cipient’s platelet level by ==200,000/mm?. The
circulating platelet levels of the recipients did not
increase, and the output of red blood cells in the
lymph did not decrease significantly.

Five of the dogs also received infusions of freshly
separated, viable platelets. Fresh platelets were
administered after the administration of lyophil-
ized platelets in four of the animals, and in one the
fresh platelets were administered initially. The cir-
culating platelet levels of the recipients increased
following infusions of fresh platelets, and the out-
put of red blood cells in the lymph decreased strik-

ingly.

6. Immune mechanisms in homologous and heterol-
ogous disease: Their significance in postradiation
treatment. 0605. Drs. Stoner, Bond

Postirradiation transfusion of mouse and rat
bone marrow protects recipient mice against lethal
doses of whole-body radiation. Mice protected
with homologous (same species) or heterologous
(different species) marrow demonstrate recovery of
the hematopoietic system followed by a secondary
loss of weight and wasting, frequently resulting in
death during the second month after irradiation.
It has been postulated that the wasting disease
and delayed deaths result from antibody produc-
tion by the donor bone marrow against host tis-
sues. We have previously demonstrated the ability
of lymphoid tissues (spleen, lymph node, thymus,
and Peyer’s patch) to produce antibody when isol-
ogous (same strain) cell suspensions are trans-
ferred to irradiated mice. We have not been able
to demonstrate antibody production by cell sus-
pensions of these tissues when the cells are taken
from homologous and heterclogous donor mice
and rats.

B. LOW LEVEL RADIATION STUDIES

1.In vivo measurement of Thorotrast. 060601.

Drs. Cohn, Lippincott, Fine



The object of this study is to relate chronic low
level radiation from Thorotrast with biological
effects in human subjects. In order to define dose
calculations, it is necessary to measure the body
burden of Thorotrast in the body. As the major
part of the thorium decay products remain in the
body, the measurement of the body gamma activ-
ity and its origin in terms of individual daughter
products should give an indication of the thorium
burden.

To this end, the whole-body gamma spectrom-
eter is being used for the measurement of gamma
radiation from Thorotrast in several patients. The
whole-body retention of Ac**® and ThC”, two
thorium daughters, was measured in the early
period after administration of Thorotrast to three
patients and in one patient who had received
Thorotrast 21 years previously. From the ratio of
the thorium daughters, an attempt was made to
calculate the absolute levels of Thorotrast by com-
parison with a calibrated plastic phantom.

2. Distribution of technetium in animals.  060102.
Dr. Shellabarger

Through the cooperation of the Hot Laboratory
Division, technetium has become available for
biological studies. This element is not stable; it
occurs only in radioactive form and is produced
by fission. There are technetium isotopes that have
a half-life of many thousands of years; however,
the isotope Tc®® has a half-life of 6 hr. Technetium
is a member of Group VII of the periodic table.
Since it had been reported that another member
of this group, rhenium, was concentrated in hen
eggs, Tc’ was given to 10 laying hens by the sub-
cutaneous route. Tc? radioactivity was detected
in eggs laid by these hens. It has not yet been
determined whether this is a process peculiar to
these chemical elements or is part of a general
metabolic process resident in egg production.

Iodine is concentrated by the thyroid gland and
becomes part of the thyroid hormone. Other mem-
bers of Group VII of the elements (manganese,
rhenium, bromine, astatine) are concentrated by
the thyroid gland, but are not utilized in the syn-
thesis of thyroid hormone. Tc®® was studied and in
all cases was found to be concentrated by the thy-
roid gland. In these experiments, I*** was found in
the thyroid gland in larger amounts than T¢%,
and these results are compatible with the hypothe-
sis that, although it is concentrated by the gland,
Tc® is not utilized in the synthesis of thyroid hor-
mone.
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C. INJURY EFFECTS OF RADIATION EXPOSURE

1. Immune degradation of [13-labeled serum. 0605.
Dr. Terres

The degradation of I'*'-labeled immune rabbit
gamma globulin (antibovine serum albumin) was
followed in mice by whole-body measurement of
retained radicactivity. The percent of labeled
gamma globulin (antibody) degraded at an ac-
celerated rate was studied as a function of the
amount of antigen concomitantly injected. The
percent of labeled gamma globulin specifically
precipitated in vitro was also determined by using
the same relative amounts of antigen and anti-
body. It was found that in antibody excess the per-
cent of labeled gamma globulin degraded at an
accelerated rate (first 24 hr) is the same as the per-
cent precipitated. From equivalence into moder-
ate antigen excess the percent degraded at an ac-
celerated rate remains constant, while the percent
precipitated decreases. The percent of gamma glob-
ulin degraded at an accelerated rate begins to
decrease at ~~30 times the amount of antigen
necessary for maximum precipitation. At =~1000
times the amount needed for maximum precipita-
tion, none of the globulin is degraded at an ac-
celerated rate. These resuilts indicate that antigen-
antibody complexes are formed in extreme anti-
gen excess which are not degraded at an acceler-
ated rate. Thus the complexes consisting of two
antigen molecules per antibody molecule (Ag,Ab),
the limiting antigen-antibody complex in antigen
excess, are not degraded at an accelerated rate.

2. Effects of radiation on bone growth of rats.
060101. Dr. Conard

Possible retardation of growth and development
of children exposed to atomic bomb and fallout
radiation has been reported. Studies are under
way on the direct versus the indirect effects of x-
radiation on tibial growth in the rat. Groups of
rats were given various doses of radiation (1) with
one leg shielded, and (2) with only one leg exposed
(remainder of body shielded); a control group re-
ceived no exposure. Tibial growth as measured
from radiographs taken at intervals after exposure
is compared with growth in the contralateral tibia
of the same animal and with other groups of
animals to determine the difference between direct
and indirect effect, dose response, and recovery.
Preliminary results indicate that an indirect effect
on bone growth appears earlier and with lower
doses (sublethal) than the direct effect and may
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be correlated with weight change. Shielding of the
neck region (thyroid-parathyroid) seemed to have
a sparing effect on growth retardation but not
much sparing effect on body weight loss. Further
experiments are in progress to elucidate the find-
ings.

3. Comparative radiosensitivity of the primary and
secondary antibody responses to Co®® gamma radic-
tion. 0605. Dr. Stoner, Res. Col. Hale

Most literature indicating the inhibitory effect
of ionizing radiation on antibody formation has
dealt with the depressant effect of radiation on
either the primary antibody response or the sec-
ondary antibody response, and it has been gener-
ally assumed that the primary and secondary anti-
body responses are equally sensitive to radiation.
A comparison was made of the depressant effect
of Co® gamma-radiation on the primary and
secondary tetanus antitoxin responses in mice.
Animals were immunized with a single primary
injection of either adsorbed tetanus toxoid or fluid
toxoid. The secondary response (specific anam-
nestic response) was elicited with a single injection
of fluid toxoid. Whole-body exposure to doses of
50, 100, 200, and 300 rad increasingly suppressed
the primary antibody response to fluid toxoid
given 1 hr after irradiation, whereas doses of 300,
400, and 600 rad were needed to produce cor-
responding degrees of depression of the secondary
response. A comparison of doses required to pro-
duce 50% depression indicated that the primary
response was =3 times more radiosensitive than
the secondary response. Similar results were ob-
tained when a primary injection of adsorbed
toxoid was given 1 hr after irradiation. An im-
mediate radiosensitivity of the primary response
was obtained when fluid toxoid was given 1, 3,
and 6 hr after exposure to 200 rad. Depression of
the secondary response occurred only when the
antigen was injected 6, 12, and 24 hr after irradia-
tion. The data suggest that the cells concerned
with acceptance of the primary antigenic stimulus
may be more radiosensitive than the cells involved
in the secondary antibody response.

4. Early hemorrhage in the bone marrow of dogs
following total-body exposure to radiation. 060101.
Drs. Bond, Usenik; Res. Col. Fliedner

As indicated elsewhere in this report, extensive
hemorrhage into the marrow parenchyma is found
within hours after exposure of the rat to total-body
radiation. It becomes of importance to know

whether this phenomenon is limited to the rodent,
or whether it is found also in the large animal. A
search of previous studies on the pathology of
total-body radiation injury has failed to reveal
mention of early hemorrhage in small or large
animals or in man.

Dogs were exposed to total-body radiation at
different dose levels, and biopsies of rib and of
larger bones were taken serially foliowing expo-
sure. Examination of the marrow revealed that,
as in the rodent, hemorrhage into the marrow
parenchyma is apparent within hours, at dose
levels in the lethal range and above. By two days
following exposure, the hemorrhage is widespread
and extensive. These sections are being examined
extensively to determine if the pattern of marrow
destruction and regeneration is similar to that seen
in the rodent.

5. The effect of tritiated thymidine on mouse sperma-
togonia. 060102. Drs. Cronkite, Johnson

The effect of tritiated thymidine on the develop-
ment of mouse spermatogonia has been studied
quantitatively. In this cellular system the biologi-
cal effects of doses <{1 uC per gram body weight
are comparable to <2 r of gamma irradiation per
day.

6. Effect of irradiation and theory of role of mitotic
delay on the time course of labeling of Hela S3 cells
with tritiated thymidine. 0609. Drs. Robertson,
Painter

The percentage of HeLa S3 cells in DNA syn-
thesis at various times after administration of 500 r
of x-irradiation has been determined by means of
autoradiography with H*-thymidine. The per-
centage rises during the period of mitotic delay so
that at 4 to 8 hr after irradiation almost twice the
proportion of cells are synthesizing DNA as are
doing so in controls. In an attempt to explain these
results on the basis of the build-up of cells in DNA
synthesis occurring as a result of mitotic delay, the
kinetics of the effects of irradiation on the numbers
of cells in the various stages of the mitotic cycle
have been determined. These kinetics are discussed
with respect to their importance in the interpreta-
tion of data on the effects of irradiation on DNA
synthesis, but they fail to account completely for the
results reported here. Alternatively, the interpreta-
tion is that many cells in DNA synthesis at time of
x-irradiation remain in this stage for an abnor-
mally long time, and there is no effect on the rate
at which cells come into DNA synthesis.




7. The effects of radiation on the structure of rodent
bone marrow studied by histologic and autoradio-
graphic methods. 0603. Drs. Bond, Cronkite,
Fliedner

These studies were undertaken to investigate
the interrelationships of structural, cytological,
and biochemical changes in the bone marrow
following total-body irradiation. Rats were ex-
posed at three dose levels, 550, 1000, and 1500,
and serial sacrifices were carried out over the first
few hours and on subsequent days. Each animal
was injected with tritiated thymidine % hr prior to
sacrifice. Smears and bone marrow sections were
prepared.

Cellularity decreased rapidly and markedly,
with increasing severity at higher dose levels. At
all dose levels, hemorrhage into the marrow
parenchyma was apparent within 6 hr; definite
hemorrhage within 1 hr was noted in the 1500-r
group. In all groups, hemorrhage was widespread
by two days following exposure. Cytologic changes
could be divided into two categories, those associ-
ated with direct damage to cells, and those associ-
ated with abnormal mitosis.

Direct damage consisting of karyorrhexis,
karyolysis, and pyknosis was observed within
hours, and was essentially absent by 2 to 3 days.
These changes were most evident in the erythroid
precursors, to a less degree in the myeloid series.
Mitotically connected abnormalities appeared in
any number only after 24 hr and continued to ap-
pear first in the bone marrow and then in the
peripheral blood during the next several days.
These changes consisted in obviously abnormal
mitotic figures, bizarre-shaped nuclei, giant cells,
binucleated cells, cells with small or “satellite”
nuclei, and cells with multifragmented nuclei. The
nuclear fragments were metabolically active as
indicated by the fact that many incorporated
tritiated thymidine. The number of labeled cells
in the bone marrow decreased rapidly, with the
greater effect at the higher dose levels. At these
levels, the marrow was apparently completely de-
pleted of myeloid and erythroid elements. In the
1000-r group, regeneration was evident along the
endostium and along blood vessels, even though
all animals at this dose level do not survive. The
regeneration in the marrow was preceded by the
appearance of large, blastlike cells that could not
be identified. It appears obvious from these studies
that extensive hemorrhage may contribute to the
extensive degeneration of the marrow seen, and
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that it may be responsible in part for a delay in re-
generation. Regeneration apparently does not be-
gin until the marrow has been “cleaned up” and
vascular channels have been re-established.

D. CELLULAR RESPONSES TO RADIATION

1. Tissue and tumor response to Pd'°%.  0609. Dr.
Robertson; Res. Col. Ariel

The treatment of tumors by direct infiltration
with radioisotopes such as Au'®", P*?, and Y*°is
well established, but the optimal combination of
half-life and energy of the radioisotope to be so
used is not established. As part of the search for
alternative radioisotopes, the use of Pd'®® is being
explored. The isotope is prepared by activating
palladium metal in the Graphite Research Reac-
tor, dissolving the activated metal in aqua regia,
and neutralizing the solution with sodium hy-
droxide. Preliminary to its use in patients, Pd**®
has been injected intramuscularly into a series of
rabbits in quantities of up to 200 mC each. The
results of these trials support the expectation that
Pd'* infiltrated into tumors will be of use in pro-
ducing extensive local radiative tissue reactions
without serious systemic effects. After further
studies in animals, the technique will be applied
in the treatment of selected patients for compari-
son with other modes of tumor irradiation.

2. Action of tritiated thymidine on the clonal growth
of mammalian cells. 0603. Drs. Drew, Painter

The effect of intracellular incorporation of
tritiated thymidine (H*TDR) on mammalian cell
cytology and survival has been investigated by the
single-cell plating technique. A survival curve of
HeLa S3 cells grown in medium containing
H*TDR has been constructed which demon-
strates the lethal action of the radioisotope. At
concentrations of 0.1 uC/ml or greater, very few
cells survive and continue to divide to form macro-
scopic colonies in the plate culture. The lethal
action of H*TDR has been shown to be a function
of both the dose and the specific activity. The cyto-
logical appearance of the cells is changed as a re-
sult of exposure to H*TDR. Giant cell formation,
loosely packed cells, and abortive colonial growth
all indicate a radiation effect. No reversal of the
killing effect could be demonstrated when H*TDR-
treated cells were grown over nonmultiplying, x-
irradiated “feeder” cells.
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3. Effects of radiation on incorporation of tritiated
thymidine in the bone marrow celis. 0603. Drs.
Bond, Tsuya, Fliedner

Tritiated thymidine and autoradiographic
techniques have been used to study DNA syn-
thesis in the individual bone marrow cells of the
irradiated rat and dog. Both total and partial-
body irradiation have been used. In the rat, total
cellularity of the marrow was estimated by means
of the Sandkuhler ocular.

Doses in the lethal range resulted in a rapid de-
crease in the number of erythropoietic cells, as
well as a drop in the grain count. A study of the
change in the total number of labeled and un-
labeled cells indicated that the number of labeled
cells began to fall before the drop in unlabeled cells
was detectable. These findings, coupled with the
fact that the decrease in grain counts occurredina
time period considerably shorter than the total
DNA synthesis time, indicate that there is an early,
and perhaps selective, effect on cells in DNA synthe-
sis. Since the mitotic index is decreased to virtually
zero, followed by the appearance only of abnormal
mitoses, a portion of the apparent effect on labeled
cells may result from the failure of cells to complete
normal mitosis and again enter the period of DNA
synthesis. A study of bone marrow sections indi-
cated that normally the greater proportion of
labeled cells is found near the endostium, and near
the central sinus of the marrow. This pattern was
not changed detectably following irradiation.

4. Intranuclear irradiation with tritium.  0603. Drs.
Cronkite, Johnson, Kilimann

Initial studies of the influence of tritiated thy-
midine upon spermatogenesis using the Oakberg
technique for measuring depletion of spermato-
cytes have been completed and published. The
effect on spermatogonia of an injected dose of 1
pC/g body weight of tritiated thymidine is com-
parable to that of 2 r per day.The study of intra-
nuclear irradiation with tritiated thymidine has
been extended to lymphocytic tissue by utilizing
the Trowell technique of pyknosis of small lym-
phocytes. The radiosensitivity of lymphocytes has
been found to be similar to that of spermatogonia,
and the relative effect on this tissue is approxi-
mately the same as in the testes; 20 uC/g tritiated
thymidine gives an effect approximately equal to
75 r of external x-ray.

5. Radiation effects on mammalian lipids and sterols.
0603. Drs. Schwartz, Debons; Res. Col. Gidez

A limited number of methods for extraction and
analysis of lipids have been set up and used in ex-
periments to study effects of whole-body radiation
(1000 r) on blood and adipose tissue in rats and
dogs. Lipids from blood sampled during these ex-
periments have been extracted, rectified, frozen,
and stored pending satisfactory collaborative ar-
rangements for final fractionation of the extracts
by salicylic acid and gas chromatography. All rats
not sacrificed on the day of irradiation were given
an intraperitoneal injection of acetate-1-C** 3 hr
before sacrifice on the second or third postirradia-
tion day. In vivo incorporation of acetate into adi-
pose and hepatic fatty acids and particularly into
hepatic cholesterol was found to be greatly in-
creased in the irradiated as compared to the con-
trol animals.

E. RADIATION-INDUCED NEOPLASIA

1. Carcinogenesis in rats following sublethal x- or
gamma-ray exposure. 0609. Drs. Cronkite, Bond,
Sheliabarger, Lippincott, Conard; Res. Col. Aponte

It has been established that 400 r of 250-kvp
x-rays administered as a single total-body dose on
the 40th day of age to female Sprague-Dawley rats
produced the maximum neoplastic response of
mammary tissues. The effect of fractionation and
protraction of the 400-r exposure was studied by
administering either 22.2 r on 18 consecutive days
or 80 r on 5 consecutive days. The neoplastic re-
sponse of the mammary tissue was not different
when 400 r was given as a single exposure or when
the exposure was divided as indicated above.
These results are interpreted to mean that the neo-
plastic response of rat mammary tissue to total-
body irradiation is independent of the time over
which radiation was administered within the lim-
its of the dosage schedules studied.

The interaction of an exposure of 400 r of total-
body irradiation and pregnancy was investigated.
Pregnancy did not change the incidence of mam-
mary necoplasms following exposure to radiation as
compared to radiation alone in the nonpregnant
rat. However, the growth rate of mammary neo-
plasms of the adenocarcinomatic type was strongly
influenced by pregnancy. During pregnancy ade-
nocarcinomas grew rapidly; following parturition,
regardless of whether lactation was permitted, the
adenocarcinomas regressed. No effects of pregnan-
cy were noted on the growth rates of adenofibro-
ma or fibroadenoma.



Neither hypothyroidism, produced by adminis-
tered propylthiouracil, nor hyperthyroidism, pro-
duced by triiodothyronine injections, influenced
the neoplastic response of mammary tissue to radi-
ation exposure. The administration of a synthetic
estrogen, diethylstilbestrol, reduced the neoplas-
tic response to radiation exposure and depressed
ovarian hormone secretion, which suggests that in
the absence of a normal hormonal pattern of both
estrogen and progesterone as provided by the es-
trus cycle and the anterior pituitary, the carcino-
genic potential of ionizing irradiation on breast
tissue is reduced.

During the past two years, male and female rats
of the Long-Evans strain have been followed after
a total-body dose of 400 r of x-rays. Although
more mammary neoplasms were found in both
male and female rats exposed to radiation than in
nonexposed animals of this strain, the incidence of
mammary neoplasms was considerably less than
that noted in Sprague-Dawley rats following a
similar radiation exposure. These results are inter-
preted to mean that there is a strain difference in
the neoplastic response of mammary tissue of the
rat to total-body irradiation.

An experiment was begun to test the relation-
ship of the neoplastic response of the rat breast to
the dose of total-body radiation, since previous re-
ports from this laboratory suggested that, between
the limits of 25 and 400 r of 250-kvp x-rays, dou-
bling the dose doubled the neoplastic response. Al-
though the current experiment will not be com-
pleted for another year, present results are con-
sistent with the hypothesis that the neoplastic re-
sponse of the rat breast is related to the dose of
radiation in a linear, nonthreshold fashion.

Another experiment was begun to expand the
study on the neoplastic response of the rat breast to
fractionated and protracted total-body radiation
exposure. Again, the experiment is not completed,
but within the limits of 500 r given over a few min-
utes to 500 r given over 2 mo the neoplastic response
of the breast is not changed. However, when 500 r
was given over 4 mo, the neoplastic response ob-
served to date has been very much reduced.

2. The role of the ovary in the neoplastic response of
breast tissue to total or partial-body x-irradiation.
0609. Drs. Cronkite, Shellabarger, Bond, Lippincott

Total-body exposure of 40-day-old female
Sprague-Dawley rats to 400 r of 250-kvp x-rays
delivered in a single dose was followed by a 79%
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tumor incidence, with one or more neoplasms of
the breast at the end of 10 mo postexposure. The
incidence of breast neoplasms in nonexposed rats
of the same age was 2%. The over-all incidence of
nonbreast tissue neoplasms was 2% in all groups
with and without radiation exposure.

Exteriorizing and shielding the ovaries, trans-
planting nonexposed ovaries into ovariectomized
irradiated rats, or shielding the head did not re-
duce the incidence of breast neoplasms below 69%.
Shielding the ovarian area reduced the incidence
slightly to 40%. Removal of the ovaries before or
after total-body radiation reduced, but did not
eliminate, neoplasia of the breast in 19 to 23%. A
further reduction to 25% occurred when the day
of exposure was delayed to 120 days of age, al-
though this group was studied for only 6 mo post-
exposure. Exposure of the ovaries alone or ovari-
ectomy did not induce neoplasia of the breast.

These results were interpreted to mean that
total-body radiation or exposure of the entire ani-
mal except the ovaries or the head induces neo-
plasia of the breast. The presence of functioning
ovary is required for the maximum neoplastic re-
sponse of the breast to radiation. Reasons were
presented for believing that 400 r of total-body
radiation both hastens the onset of neoplasia of the
breast and induces a higher incidence of neoplasia
of the breast than would be expected to occur if
the nonexposed rats were allowed to live out their
life span.

The histological types of neoplasms of the breast
were, in decreasing order of occurrence, adenofi-
broma, adenocarcinoma, fibroadenoma, and fi-
brosarcoma. When multiple neoplasms were
found in the same animal, the neoplasms were
usually of the same type. Although the adenocar-
cinomas were noted to appear somewhat earlier
and the adenofibromas somewhat later, no further
correlation of histological type with any radiation,
shielding, or surgical treatment was found.

The relatively short period of time between expo-
sure and development of a high incidence of breast
neoplasms suggests that the young female Sprague-
Dawley rat offers many advantages in studies of
neoplasia induction by total-body radiation.

3. The response of castrated and intact male rats to
400 r of total-body irradiation. 0609. Drs. Cronkite,
Shellabarger, Bond, Lippincott

Male Sprague-Dawley rats, both castrated and
intact, had a 50% incidence of breast neoplasms 16



|. Plastic phantom of standard man, filled with radicactive solution, is carried into
whole-body counter. Measurements on phantoms provide data for calibration
and comparison of data obtained from patients.

i. Plastic phantom, placed in standard measuring position, is positioned under a
detecting crystal of thallium-activated sodium iodide.

}. Brookhaven employee, seated in whole-body counter for standard measurement
during a survey of employees, receives instructions on the use of the two-way
intercommunication system.

}. Crystal detector is positioned over @ patient from the Industrial Medicine Clinic who
may have been exposed to internal radioactive contemination. By whole-body
measurement, the presence and extent of such contamination can be determined.

). Personnel operating 100-channel analyzer and print-out equipment during
measurement of patient in whole-body counter.

. Detector crystal is positioned over a patient who has received neuiron capiure
therapy in treatment of brain cancer. A count of the neutron-induced gamma
activity will provide a measure of the intensity of neuiron exposure.

". Patient seated in whole-body counter for measurement of radiocactive sodium in
study of management of hypertension.

. Use of the whole-body counter in the study of protein metabolism in cancer.
An iodine-labeled protein fraction has been given to this patient with multiple
myeloma; its disappearance can be followed accurately over a period of weeks.




