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- Colonsl E, H, Marsden, Exscutive Officer March 11, 1947
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N REPLY
REFER TO

&

ARMY SERVICE FORCES
UNITED STATES ENGINEER QFFiCE
ETD‘.’T-I MANHATTAN DisTRICT

= OAX RIDGE, TENNESSRE

26 February 1346,

Subject: Future Mecdical Eesearch Program,

HSMORANDWY to Brigadilf® Senmeral K, L. Nichols, District Engireer,

1, Biological research conducted under the auspices of the .lan-
hattan District prior to the cessation of hostilities was primarily of
a preliminary nature in order to provide immediate information on tole
orances inwlving various types of radiation from external sources and
fram inhaled, injected and ingested radio-sctive materisls. Tolerances
to various chemical compounds similarly intrecduced into the bocdy were
also studied, In order to establish uneguivocal and enduring tolerance
lawals, Lowever, further work will be required which will be primarily
long-term in character, Repetition in same categories of research, be-
cause of their critical mature, will be necessary.

2¢ Colonel Viarren has pointed out that much of the data already
coilected is proving valuatie from a medical legal point of wview, It
is anticipated that further research will also serve in this mammer,

3« It appears now, that medical regearch on fissionable and
other materials required in atomic ensrgy, and not previously investiw
gated, will need future study in much the same manner as has been done
with uranium and plutonium, ‘

4, In general, it appears uecessary that a research program be
continued and should be conducted under contract with verious univere
si%ies and medicel Research Centers, The biological program should be
modified to a slower pvace, and fewer aspects of the biological investiw
gations ehould be conducted simultaneously., The reduced rate and nume
bar of projects will provide better continuity and more secure results.

5 D tf

#MER L. FRIEDELL,
Lte Col,, Medical Corps,
Exec, Off,, Med, Sect.

s

70 3+~
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IN REPLY
AREFER TO

ARMY SERVICE FORCES
UNITED STATES ENGINEER OFFICE
MANHATTAN DisTRICT
OAx Ripax, TENNESSER

EINY¥Te}l

26 February 1%4s6,

Subject:s PMuturo Medical Research Program,

MIUORANLCWY to Brigadire Cewmerul K, D, Wichols, District kngineer.

1, Biological research conducted under the auspices of the dan-
hattan Distriot prior to the cessation of hostilities was primarily of
a preliminary nature in order to provide immediate informatioa on tole
erances involving various types of radiation from external sources and
from inhaled, i{njected and ingested radio~-active naterials. Tolerances
to various chemiocal compounds similarly introduced into the body were
also studied, In order to establish unequivooal and enduring tolerance
levels, however, further work will be required which will be primarily
long~term in charsster. Repetition in same ocategoriés of rescarch, bee
cause of their critical nature, will be necessary,

2, Colone) Tarren has pointed out that much of the data already
collected is proving valuable from a medical legal point of view, It
is antiocipated that further research will also serve in this mamer,

Se It appears now, that medical research on fissionable and
other materials mmquired in atomic energy, and not previously investie.
gated, will need future study in much the same manner as has bteenm done
with uranium and plutonium.

4. In gemeral, it appears necessary that a research prograz be
nontinued and should be nonducted under contract with verious univere
si+ies and rediocel Fesearch “enters, The biological progrem should be
modified to a slower pace, and fewer aspects of the blological investie
gations should be conducted simultaneously., The reduced rate and nume
ber of projects will provide better continulty and more secure resulta.

AMER L. PRIEDELL,
1, Col., Medlical Porps,
EX.OQ Off., '.d. “ct.

‘ ' 7o 2S
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Section I —- Instrumentatisn
Section Head =~ Cr. John 3. Hursh

To this section will fall the follown:s duties. (1). Construction and
maintenance of instruments for the divieion of redislogv end blophysics. (2). General
supervision end resoonsibdility for redicactivity meesurements in this division. (3).
Until this duty is transferred ocutside the division, resovonsibility for the industrial
monitoring program now carried out by the division of speciel problens.

Section 2 ~- Tracer Cheaistry
Section Head — Dr. Rotert M, Fink

It will be the duty of this section to extend animsl tracer studies already
under way with polonium, radium and uranium. Coopereting with section eight, the
versonnel of this division will carry out the planned humen tracer studies with
plutonium, redium, polonium arnd uranium.

Also in the jurisdiction of ihis section will ve the carrying out of any
metabolic studies requested by the dlstrict or its successor in the future.

In colleboretion with the instrumentation section, experimental methods will
be developed for the epplicetion of radioactive isotcves produced by the Uranium Pile

to basic biological an? medical problems, both of the Manhattan project acd of the
more general fields of biology and medicine.

Section 3 —— Radiation Physiclogy
Section Bead =~ Dr. Thomas Noonen

In this section, it is proposed to carry out: (e) chronic and acute rediztion
excosures in animals including sperm studies (b) chronic and acute exvosures to
radioective isotopes (c) search for therapeutic aids after radiztion exposure (d)
pathology (e) hematology (f) general animal care for other sections.

Section 4 —~ Radiztion Chexistry
Section Head - Dr. Kurt Sclomon

It will be the primary duty of this section to seek, primarily by chemical
technlques, (1) means of detecting early damage from radiation and radioactive
materiels, (2) studies on the mechanism of radiction effects. It is expected that
much of this work will be collaboration with section 3.

Section § —~- Spectroscopy
Section Head —— Dr. Luville T. Steadran

The personnel of next year's spectroscopy section is now engaged in two
problems (1) Studying the distridbution of uranium in rabbits, particularly bone
storage after oral end lung admiristration, (2) endeavoring to obtein as large
urgnium and lead storage in bone as possidle for cooperative x~ray diffraction
work with Mr. Mermagen. It is hored with the x-ray diffraction technigue to determine
if these elements are stored by revlacement in the apatite lattic of bone arnd if they &re,
the positions that uranium and lead atoms occupy in the mineral lattice.
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It is proposed to conclude work on-Problom I by September, 1946,
Problem II will be continued at deast until the possibility of obtaining
useful information has been more thorogoughly explored.

From September throughout the remainder of the year it is proposed
that the primary work of the Spectroscopy section will be in collaboration
with Sections III and I¥ in studies o n the basic nature of the effects of
radiations on blological systems, It will also endeavor to carry out analysis
ofpecifically requested by the district or its successor.

The primary technique now avallable for this wark is absorption spectra
in the visible and ultra violet. Probabdly emission spectra techniques will
be little used in this application, Also it may be advisable to acquire an
infra-red absorption spectrometer to expand the lst of chemical entities for
which this section wil have useful analytical techniques,

Section V] ~~ Radiation Mechanics
Section Head ~= Francis W. Zishop.

(This section is based on the assumption that Mr. Bishop's research
activites, as distinguished from shop and maintenance duties will be carried

out in the Divisgion of Radiclogy and Biophysics. 1 believe they might equally
be carried out as a part of administration. )

This section will have three principal assigmments: (1) By the use of tissue
window techniques to study the growh of normal and abnormal tissues through the
microscope and the effect of raditiom upon thelr growhh, Photography will
probably be used as an important aid in this work. (2) In collaboration with Section
I1I, to study the dif‘erential effects of extremely high intensity radiation dosage

as compared with lower dosage rates (3) With the electron microscope to study
g.ppropr!ato probl ems. .

Section VII -~ Physics
Section Head == Dr. ¥.A., Lamar (tenative)

(Tris section is non~existent at the present time). Thers are several
problems in appllied and basic radiation physics that such & section might
undertake to solve.

Section VIII == Metadolism
Section Head ~=- Dr. Samuel Bassett,

This section has engaged in collaboration withthe Division of Special
Problems and a group at the Los Alamos project in human tracer studies with
plutonim, This particular series is nearly complete.

Studies on human subjects reguested by the District that still remain to
be completed are on (1) urenium, (2) radium, and (3) probatly a few on polonium,
S1ix months 1s an estimate of the time necessary to carry out this work.

GENEBAL RESEARCH

To the extent th ¢ I em acquainted with i¢t, I am impressed that as far as
an animal research program can have furnished it with irrsdiation periocds of about
1% years, good date is availadle for calculation of permissable daily human exposure
to x-ray and gamma radiation. Unsolved problems remaining are (1) a method of
detection of radiation damage in humans such as would be produced by 10 r per day
certainly a dangerocus level if long contimed.
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acting the effects of acute radiation injury. (3) knowledge is still lacking
concerning the immediate mechanism by which radiation injurles are produced,

It is likely that the most orofitable mpproach to (1) will be of bHiochemical
nature., 1 propose therefore th ¢t this shall be one of the principsl research
azsigonments of section IV with cooperation of section V.

A vearch for specific methods for combetting acute radi:tion injury wught
to be one assigmment f:r Section I1I, One potential method slready counsidered by
Dr. Boche and Mr, Bishop 15 the possibllity that immedi-te lowering of bedy
temperature to about 80 as can be done in Juman sudbjects, might permit greater
tissue recovery before irreversible breakdown has oseurred. They were planning
experiments with hamsters in which a state of hibernation can be induced.

There are probably other heads to Problem 2 worthy of investigation,

Dr, Kay Fink already has work underway on the effects of irradistion on
miclear protein metabolism as indicated with radioactive phosphorus that may be
considered work on Problem 3. I believe this work shoull be carried forward.
Work also contemplated bty . Bishop with rabbiis ear windows also bears on this
problem as do the contemplated studies with high intemsity radiation.

Poxic Effects of Radioactive Elements

Polonium: The toxicity of polonium has already been studied at Rochester
fn the case of single intravenous experiments in rats. The toxlcity of plutonium
and radium have been studied in Rochester and to sone extent 1ln other project
areas after single sadminigtrations., However, no data has been obtained where a
consgtant polonium bvel has been maintained in the body over a period of months.
Thus we d0 not have nearly the certainty Ln setting a tolerance level for body

polonium content (and other a}ppba emitiing elements) that we bave in setting o
tolerance to external radiation.

In setting such a level for district use it has been assumed until recently
that the ratio of tolerance bdody content of polonium to the average single lethal

dogse 13 the game as the ratio of the daily permitted dose of exter:al radiation
to the average single lethal dose.

Unfortunately a seond method of making this calculaiion gives very different
results, If we assume that the permitted polonium content of the bo dy bears the
same relation to permitted radium content as their rektive toxlcities measured
in semi-acute experiments and that the allowable radium in the human body is O.1 micwo

grams we obtalin an allowed body content for polonium mmy times lower than calcu-
lated by the first method.

Since the polonium content of the body falls to negligible amounts a year
after exposure we felt relatively safe in using the first tolerance value during
the war. Now that the war is over, the tol rance value has been reduced by a
factor of 8, This has made plant operation extremely difficult since in previous
operation periods many personnel have exceeded this value. Thbf district's demand
for polonium is increasing rather than decreasing. '

Tven this new permitted vadke is much higher than what may be the true tolerance
value in the light of human and animal radium toxicity data, It $serefore appears
that long term toxicity studies in this field, are from the interest of the district
very much indicated. A worthwhile program om % is sudJect can scarcely be complseted
in one year, These notes are a brief summary of a complicated subject.

Radoms The districts present permitted radon in air value is ten times the
pre-war value accepted by the Bureau of Standards and most state health units. This
larger vade is due to the impracticality of meeting the lower value in district plants/
Ttere have been no good studies made in animals thad can lead to o good estimate of
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radon tolerance. Such studies are therefore probeably indicated.

1 believe we have found practical methods of removing radon so that
chamber studies need not be a Rochester Project hazard,

Metabolic Tracer Studles: It is probably desirable to carry out the human
tracer studies with U 235, radium andpolonium originally planned.

Also it is probably worthwhile to continue studies now underway in which
the effect of BAL and related compounds on polonium excretion are studied.

with radio-carbon we are planning to lnvestigate the similarities and
differences of the carbonate lon as compared with bone seeking inorganic ions
such as plutonium in their in vitro and in vivo behavior.

There are other problems concerned with polc nium metabolism that merit
further and more conclusive studies.

We are willing, at the reguest of t-e district, to carry out other tracer
work, for example with thorium, radioactive fission products and other radio-
lsotopes.

I nstrumentation: I believe th:t the circuit that Dr. Enns developed
for portable lonization instwmments is in ruggedness, simplicity and sensitivity
much the best of any now in use in the district, I hope to see several monitor-

ing instruments designed using this circuit, somethi g Dr, Enns did not have the
time to do.

I hooe to see an investigation carried out by competent physiclist as %o the
actual reliability of radon determinations on breath samples as a means of deter-
mining radium contents of the bodies of human subjects.

It seems desirable to furtker investigate the vane electrometer as a means
of measuring smal amounts of lonization.

The follewing very vrief outline lists smaple problems that are of primary
interest as representing applications to medical research and therapeutics of
tools made av-iladbd by the chain-r acting uranium pile., 1 propose that these be
carried out to the extent of 154 of our year's budget.

1, General development of methods, physical, synthetic organic and analytical
for the use of Cl14 and H3 in mediczl and blological research,

2. The synthesis of radiocactive amino acids and other compounds, and the study
of their distribution in tumor bearing animals., This work is to lay an experimental
foundation for the improved treaiment of cancer with radicactive isotopes.

3, To study the use of radioactive aminoacid analogues as therapsutic alds
in experimental animal cancer.

4. Partly in collaboration with otter groups in the medical school to use
Cl4 and H3 as tools in the solution of medical resear h problems.

5. To study the use of radio-lodine as a therapeutic sid in thyroid disease.
Most of this work will be carried ocut in Secl on II, Tracer Chemistry.

However it is proposed that the heads of otrer sections will also be able to
take part in cert in of these problems as part-iime co-workers.
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I. Besis of contexzplated orotlems in previous york. ‘e have
found (1943-65_1n mele mice, uncer chronic X-raclatlon, 2
dominant cene and chrorosome mutstion rate of nearly 10°
per r., That is, one sperz in 1C,CCO uncdergoes a change
which affects the lmmedleste offsoring, for esnch roentcen

recelved,

Insofar as the enhatten ~roject is concerned¢ with men
rother than mice, it 1s imnortant next to esk

(1) Do the seme sorts of mutations occur in man?

(2) That oroportion of thex have significantly harmful
effects?

It i3 to these cestions that rext year's research
would be cdirected.

-

II. Protosed probvlems.

A. orphological, emtryological and cytological study of
the zutants on which our rate calculations are pacseds

1. fertility mutations. When do the embryos die: at a
harzlessly eesrlr cestztional stage, or at a2 later period
which would be at least a physiological strain of the
mother and possibly dangerous? Why do the embryos die?

2. behavior mutations (circling, extreme restlessness,
back somersaulting). #hat defects of the vestibular
avparatus or central nervous system cen te found? Have
equivalent changes besn reported in man?

3. structurel mutetions (situs inversus viscerum, sev-
ersl blood vessel anomslles, accessory adrensl cortical
rodules, defective varietal suture). Are these com-
parsble to reporteé sporadic conditions in man? That
effects have theyr on length of 1life, generel vigor, ete.?

3, Corntinuation of studies on

1. the freocuency of chromosome rearrangszents in haemo-
poletic cells under scute exnosure of 200r or less,

2. relation of it at {recuency to rate of decrese in
tlood elements after raclation,

3, chromosome rearrangements as g possible besis of
differences in species sensitivity at low exoposures.
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SURGERY IR HEKIRS.

The work now under or contemplated is outlined as follows:

1, The series of control radiated ani als is being extended and the tlinical,

hematological and pathological alterations associated with radiation intoxication
ané being studied furttrer,

2, The experimental program of marrow transplantation is to c» tinue with emphasis
on the following subdivisions.

a. Intravenous marrow transplantation
l. Multiple marrow %ransplantatioans.
2. Single marrow transplantations.

b. A study of vari us means and agents to stimulate bone marrow such as nitrogen
must ard, turpentine and the leukocytosis promoting factor of Menkin etc,

¢, Intravenous lymphold trangplantation of spleen and lymph nodes.

3. Turther studies are to be carried out to demonstrate the bone marrow reserve and
its effect on radiation intoxication,

4, The tissue culture program is to be reopened and further studies made to grow
fractions of the hemopoetic tisgsues. If this can be done studies will be instituted
to study the effects of radlation on hemopoetic tissue and alteratio:s 1n certain
tissue sensitivity by growth ip tissue culture.

5, It is planned to undertake studies on radiated animals employing folie acid and

rutin to determine the effect of each of these agents on the bone marpow and the
bleeding t endencies.

6, 1 program is being made up to study further the effects of transplantation of
normal embryonal tissue, benigh tumor and maligrant tumor to homologous and hetere
‘ologous hosts as well as the associated cultivation of thes tissues in viiro,
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In broad terms we are interssted in investigetinz the effects and the mechenism
of the effects of redietion on the hemovoletic system, and, as corollary to t*ie, in
investizating nroper techniques and methods for evaluating these effects and, if
possible, of cnunteracting them. This invclves, of necescity, basic hemotologlce
research into the properties, chemicel enf physical, the life cyclie, and phrsiolozic
functisns of the various formed elements of the dlo-d as trey exist in the normal
individual and in individuels with blood dyscrasias, as well 2s investigetion of the
mechenism of c-azulation and hemostasis which often tecomes deranged followins redia-
tion. Considerstle animsl work is contemplated with extension of techniouses or re-alts
to huran vatients whenever it is possible or warranted.

At the present time the fol owlng investigati-ns are either underwey or will
be started soon,.

(1) 3lood histamine studies have recently been initiated on animels and humans.
It 1s desired to determine the total amount of blood histamine in normal animals, in
radizted animals which are markedly leuxopenic but not thrombopenic, end in radiated
animals which ere both severely leukopenic and thrombopenic. In ‘hic menner, it is
hoped that the partition of histamine in the formed elements of the blood in both
normal aad radiated animals can be determined., Blood histamine studies in normal
humens and in individuals with a variety of hematologic abnormalities will also be

done, The partition of histemine between cells and plasms under different ccnditions
will be investigated.

(2) Studies on the life cycle and the role of the blood platelet in hemostasis
will be centinued. Direct measurements of pletelet utilization in thrombopenic,

rediated animals have already Seen done ty this section and are the subject of a
previous renort.

(3) Likewise studies on the life cycle of the leukocyte of the same type
previously conducted in this laboratory will be continued.

(4) It ia desired to investigate the prodlem of "marrow reserve," i.e. the
reserve caracity of the rarrow which can be called upon in time of strain. Crose
circulation exveriments in which & normal animel is connected in series with several
devleted, ra’iated animals heving non-functioning tcre merrow are contempleted.

(5) It is anticipeted that a few more cross circulation experiments of the
type oreviocusly done by this section in en effort to elicit indirect radistion
effects remote from the site of direct rzdiation cen be carried out. It is desireble
tc follow a few animals which have been cross circulated with redicted animals for
lone periods of time—~twenty-four to possibly seventy-twc hours,

(€) An investization of techniques and methods of evaluating coagulation
defecte will be begun shortly.

Other investigatizns in accord with the broad outline of this progran es
steted above will be plenned in more detail when personnel of this section 1is
brough to full strength,
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RESEARCH PLANS FOR TEE DIVISION OF PHARMACOLOGY 1946-47

Harold C. Hodge, Division Head.

SECTION SECTION HEAD
I. Industrial Hyglene Herbert Stosckinger
I1. Blochemistry William Neuman
II1. Ingestion Elliott Maynard

IV. Chemistry

V. Pathology James K, Scott
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BESPONSIBILITY SPHERE

a) Second-year contimuation studies
of U nitrate dust inhalation in dogs
and rats,

b) 30 day inhalation studies of U
dust of graded particle sizes.

¢) Control studies for program b

d) Particle size measurement laboratoy
e) Dust retention ladoratory

£) Industrial service testing lab,

g) The role of phosphate containing
enzymes and related substances in
uranium poisoning,

h) Lipis and 1lipid uranium complexes
1) Protein uranium complexes

3) Action of uranium on isolated cells

s) Ilectrochmmical studies of U salts
and thelr complexes .

b) Studies on the mechanism of U fix-
ation by bone

6) Relationship between citrate form-
atlion and tolerance to uranium

d) Contimuation of studies on the
distribution and excretion of U.

s) Age factor in resistance to uranium
polsoning

b) Single oral dose of uranium

c) Paired feeding in U poisoning.

d) Injury cycles in U poisoning.

a) Fluotide analyses
b) Uranium analyses
¢) Biochemical analyses.

a) Ixtension of the studies on the use
of histological examination of kidney
as criterion in U polsoning.

b) Studies on renal epithelium regen-
eration.,

¢) Histological changes. as related

$o acquired tolerance
$aosEiersion .ot thtu gk astisns of
$) Investigation of gastro-intestinal
hemorrhages with high dietary exposure



Vi. Physiology a) Minimal concentration going through

kidney to produce damage as shown by
function tests.

b) Transillumination studies

¢) Physical vx. functional effects on
tubule.

d) Contact-concentration relationship
for kidney.

Section II Biochemi siry
Section Head Dr, William Neuman

Ae Flectrochemical studies of uranium salts and thelr complexes.

1. Polarographic studies on the uranium-citrate and the uranium lactate complexes,
2. Electrophoretic studies on the uraniumecitrate and the uranium-lactate complexes.
3. Centrifugal studies on the state of U4 in body fluids.

4, Solubllity studies on the decomposition of uranates and uranium oxides in
body #luids,

Buckgaund: Chemical studies on the behavior of uranium in the presence of
complexing substances have given information of inestimabdle value in the understanding
and interpreting the results of toxicological studies. To date, fairly extensive work
has been conducted on uranium acetate and uranium bicarbonate complexes. In addition,
some information is avallable as to the likelihood of oxidation and reduction in tkre
snimal body. Additional work is necessary on two important complexes, ursnium ciirate
and uranium lactate. Turther at the cresent state, it appears that little intercoaver-

sion of U, %o 04 occurs normally. Extended studies on tre shate of U, in body fluids
4
would be m-ost helpful.

Purpose: To determine the conditions of formation and beeakdown of uranium

citrate and uranium lactate complexes, %To determine the state of !J4 and other complex
salts in Ydody flulds.

Mettod of Attack: Study of complexes is best facilitated by the use of polaro-
graphic and electrophoretic techniques, In studying the 134 prodlem, preliminary results
indicate a colloidal condition which is best studied by means of a cenirifuge. Solubile

ity information will be helpful in deciding what ion forms are ultimately formed when
oxides and uranates dissolve in body fluids,

B. Studies of the mecanism of uranium fixation by bone.

1. In vitro studies of the absorption mechanism,.

2. In vitro studies of the exchange properties of bone salis.

3. In vivo studies of bone circulation,

4, In vivo studies of the factors affecting deposition.

Background: Iy appears from dlstritution studies that from @ long-term point
of view most of the uranium retained by the body is found in the bones. Our under-
stending of bore metabolism is very imadequgte, Considerable work must be done to
determine whether uranium may be mobilized or prevented from depositing and factos affect-
ing the deposition must be elucidated. This study bas been begun on s small scale and
to date has yeilded very interesting and useful information,
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Purpose: To determine the means by which uranmlum gets to and is deposited
in bons and to determine the factors which affect these processes,

Method of attack: The actual mechanism of absorption or fixation can best
be studied in vitro, Absorption isotherms and chemical preclipitations have already
been begun and further work along this line ls anticipated. Because of the lack of
information on bone metabolism and bone circulation some fundamental studies will be
necessary in order to elucidate how and in what state uranium reaches bone. Animal
experimentation will provide information on the factors affecting deposition after
the fundamental mechanism has been somewhat cleared up.

C. Studies of the relationship of citrate formation by the kidney and tolerance to U.

1., Studies of citrate excwetion by ingestion and inhalation exposed animals.
2. Studies of citrate excretion as caused by other nephro-toxic agents,

3. Studies of histological origin of citrate,

Backgvound: ¥ork by Miss Randall has indicated a very striking coincidence
betweean the development of tolerance and the recovery phase following kidney d=mage
and the unphysiological excretion of large amounts of cltrates in the urine. The
coincidence i3 so striking that it seems very possidble that clitrate production follow-

ing the administration of uranium is one of the, if not the, underlying mechanism of ¢l
todrance phenomenon,

Purpose: To determi e the mechhnmdsm by whicn citrate is produced following

tubular damage by uranium and the relationships between this excretion and the phenom=
enon of tolerance.

of citrate excretion is characteristic of uranium damage irrespective of type of exposu
Accordingly ingestion and inhalation exposed animals will be examined. It also will
be helpful to learn whether other nephro-toxic agents initiate ciirate excretion or
whether this represents a specific response to uranium., Finally, information on the
exact mechanism involved in the origin of this citrate will be most valuable., It

may be possi¥le that clivrate production can be induced and thus tolerance may be also
induced without actually administering uranium,.

D. Studies on the Distribution and Excretion of Uranlum

1. Studies on the distribution and excretion of uranium in tolerant animals.

2. Studies on the absorption of uranium from tke gastro~intestinal tract,

Background: Several aspects of the distribution and excretion problem have as yet
not been investigated, These are: The distritution and excretlon of uranium by animals

previcusly exposed %o uranium and absorption and subsequent distribtution in animals
receiving urenium by ingestion.

Purgoso: To determine the distritution and excretion of uranium in animals
previously exposed tc uranium.

Method of Attsck: It will be necessary to employ radioactive siotopes of uranium
to learn exactly what happens to material given previously exposed animals because of
the residual uranium atrezdy present in the tissues, Such an experiment was planned
and conducted previously but the District provided a mixtureof Lsotopes which prevented
us from obtaining data permitting interpretation. Ingestion animals, it seems, develop
a tolerance which may be somewhat different from that obtained by injection. The
possibility exists that a factor involving absorpiion from the gastolntestinal tract

may be involved, Thersfore, abscorption studies on animals given uranium by ingestion
will be dndertaken.




Section III Ingestion Toxicity
Section Head Elliott A, Maynard.

A. Age factor in resistance to uranium polsoning.

Background: Most of the inrestion experiments have been carried out beginning

with young weanling rats. It has since been found that age markedly influences
toxicity. Young animals showed & greater resistance than adult s. Since the purpose
of the ingestion experiments was to furnish correlative informstion for the inhalation
program, it seems sdvisable to determine the influence more exactly of age on toxicity,
Animals employed in the inhhlation experiments varied widely in age.

Purpose: To determine the effect of age on tre toxicity of ingested uranium

Method of Attack: Litteremated animals will be placed on diets containing U nitrah
at varying ages from weanlings to full-grown adults, The animals will be examined

for the usual signs of toxiclity, For comparative purposes some injection studies may
also be conducted.

B. Singlp oral dose of Uranium,

1, Effect of single ingestion on growih
2, Effect of single ingestion on reproduction.

Background: All evidence at present pol ts singularly to an initial damage to
animals placed on uramum containing diets. It is possible thet most of the total
effect of uranium feeding 1s obtained on the initial first day exposure. At any rate,

it is important to know to what extent that first day exposure affects the over-all
plecture.

Purpose: To determine the effects of a single day feeding of U nitrate,

Method of Attack: ,be group of animals will be given a single day's feeding of
U nitrate and subsequently exsmined for signs of toxicity. This program will include
determination of body weight changes, histological changes and biochemical analyses.

A second group of animals will be given single day feeding and subsequently , the effects
of this obsefved on reproducticn.

C. Paired feeding in uranium poisoning.

Background: one of the most consiptent findings in the ingestion program was that
following initial exposure the ani~als ate little food and lost considerabdle weight.
The gquestion arises as to how much of the weight 1oss is the result of loss of appetite .

Purpose: To determine the effect of loss appeteie on the wi ght loss incurred
following exposured.

Method off Attack; A series of animals will be exposed to the uranium diets and
concurrently an equal oumber of controls will be placed on stock diets. The controls

will hzve restricted access to food along the lines of the paired feeding experiment,
The us:al observations will be made.

D. Injury Cycles in uranium poisoning.

1. Indications of cyclic depressions of food intake.
2. Cyclic biochemical changes - NPN and body weight,

Background: One of the striking observations noted in dog feeding experiments
was that the RPN showed a consistent although slight rise throughout the period. Super=
fmoosed upon this rise were cyclic peaks occurring at about 22 day intervals. It seemed
that these animals showed a responss , a recovery, and finally, an additional response.
The three animals observed all showed a very similar patternm of response.

1015995



Purgoso: To determine whether injury resul tg from uranium exposure on a chroaie
basis follows a cyclic pattern,

Method of Attack: A group of rats will be placed on uranjum diets and observed

individually for recurrent changes in food intake and blood NPN, A program studying
dogs will also be undertaken,

Section VI Physiology.

A+ Minimal concentration going through kidney to produce damage as shown by function
t‘st‘o

Background: It has never been determined exactly how much uranium is required
to cause observable changes in kidney function,

Purgoso: To determine 1f possible, the quantity of uranium required to affect
kddney clearsnces.

Method of Attack: Graded doses of uranium will be administered to wmats and

rabbits and these administrations will be followed by clearance determinations of at
least three substances: diodrast, imulin and uranium,

B, Transillumination Studies

Background: Considerable information may be obtained on the exact action of
uranium in the tubule by observing tubules as they are actually fundtioning in ¥ivo,

Certain studies along these lines have already been carriedout by Br. Adler on the
frog kidney.

Purpose: To dbserve the functinal changes resulting from uranium administration
as they apoear in the kidney nephron,

Method of Attadk: Procedures will be standard as employed in the usual tdans-

f1lumination work, Br. Orcutt has had considerable experience in Chicago in the
techniques involved.

C. Physical vs functional effects on tubulg.

Back ground: The limitations to visual changes which may take place in the
glomerulus and tubude are abvious. As & complement to the transillumination studies

® program designed to separate the effects of the tubular membrane from the effects of
actual cell activity will be undertaken,

Purpose: To establish whether the effects ofuranium congist of the breakdown of
tubule surfasem or injury to the tuhular cells.

Method of Attack: The procedures would be adapled from the published studies of
Bayliss.

D. Contact-concentration relationship for kidney

Background: In spite of the great amount of monitoring and sampling of urines
obtal ned from industrial workers, there is little or no information on the conceniration
which may be considered dangerous. Much information may be obtained by sscrifice exper-
iments in which varying quantities of uranium are administered., Subsequently, the
determination of uranium concentration in the urine may be correlated with clearance
tests and hilstological findings,

Purpose: To determine the urinary concentration of uranium: the minimal which
results in observadle function and histological changds.

Method of Attack: The experiments will be similar to perfuslon experiments
already conducted in this labdoratory,
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1. TUTTUITRIAL WY AT STCOTICH FRCIRAL
{(#)  “:zcond=Yerr of An':zl Irlslstion Toxiciiy 3*udles of T-llitrate
FUTICEEr A silat—studr for *the Inestl-ztlcr into the possitilir of chront
toxAc ty developing froxz reg2atad dally ex-osures to a solutle T-dust,
Do cvelieal chanres occur alter onrolonged exposure?

=:avATeT
EX AR AN |
AN

Dogs an¢ rrte, previously cynosac for = wvear to a vrrietv of solukle
sn€ insolutle T-dusts, —ill e culled at the terzination of the

H
oresert studles lor contimuation to a single T-dust, T-nitrate,

e

from the initlal dete, July 1, 1946. The exngsure~concertration
level of nitrate-dus® ~ill anzroximete 1 mg/a’. This level is

crlculated to approach the maximal, toleratec level for continued
exoosure,

FRCSIIT-3s 23 dogs and 60 rets will be evposed daily, € hours a day Zor 1 rear

Schedule of Zxposure

Anizel hunmters Unit

Dzte Doz st wuaber
July 1 2] 1C 3
July 3 3 13 11
July 25 3 10 12

aug., 12 3 12 5
Aug., 26 3 10 X
Sept. 9 3 10 7

Total 23 60

Toxicological Stucies - Unit 3 will serve as exposure-unit at start:

LAY

Crit 12 Iroa the ziddle of August to July 1, 1547,

Ctservstions
1. Sr=stous
<. lortality
2, Teizbt - sezi-montihly - 21l anivals
4, 3Blozd Shezistiry - mont*tly - NPY - 10 dogs
5. Hematolongyr - alterrate -onths - 5 dogs, 5 rats
6, Trtholngy

Serial “istologlc 3tuéry - 5 raits - quarterly - Oct. 1,
Jan. 6, Apr. 1.

3 dogs - quarterly - Cect, 1,
Jan. 6, Apr. 1.

Terainal Zistologic Study - dying animals

Anorox. = 15 rats
Appros. - 14 cogs
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INDUZTRTAL HYSIZNE

(¢) Tnirty-pav Inj-latlor Studie: of T-Tusts of Jreded Farticle 3ice

PJRFC3Te To cdetarzine “oxic ressonses from inholation of T-dust parilicles
of graded slze.

11ot studies of intratracheally injected T-dusts of gradec size
have snown that psrticles of less than 1 micron are zore toxic
than those of larger sirze,

P30C=DIUREY (a) The toxic response determined in dogs, rats, and ratbits,
exposed for 30 days to particles differing in their size range

will be compared to similerly graded particles of larger d:i-
mensions,

(b) Particles of graded size will be prepared in ouentity by
metrods slready developed on a oilot scrle in these laboratorles,

(¢) Anirzals, ca. 5 dogs, 20 rabbits, 30 rats, will be used for
each experiment,

IVDUSTIAL HYGIZKE

(d) Particle Size Dust iiez¥urement Lzboratory

To continue roytine measur:-ment of particle size as standardized
in this lsboratory during the past year,

PURPOSE:

The value of this leboratory will be to supply critical inforna-
tion to the Industrial Hyglene section ont

(a) Projects (a), (b), and (e).

{(b) Industrial surveys es required.
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IUDUSTRIAL YYSICHE

(e} Dust “etention Laboratory

PU=PO33 To contirue, extend sné azplify progran as outlined in current
oroject #111, "The “etention and Absorotion oty alveolar Transport
of Inhaled T-Dust",

(a) To detzrmire *he smount of dust retained by animals inhaling
dusts of known oh--acteristics of concentration, particle
size, anc =olubility e*t given ctreathing rates.

{(b) To locate the sites of absorptlon.

(¢) To determine the mechsnism of toxic response of inhaled
soluble dusts.

(see sccompanying detailed statement on relation of patticle
size of uranium dusts to toxicity.)
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(e} 3elattonshisn of Particle 3ize of Urenium DMusts o Toxteity

Subzitted ov A, Hothstein

Problems concerned with the relationship of particle size and solubility of
uranium dusts to the toxicity resulting from Bheir inhslation,

A. Measurement of particle sizes.

b, Differential retention of dusts in various parts of the
resriratory tract.

¢, Differ=ntial toxicity of various size fractions of dusts.

d., Transport of uranium across the alveolar and nasal mem:ranes,

e. Transport of uranium by phagocytes.

BACK32CD

Authorities on dust-hazzard agree that the particle-size of inhzled materiel is
of primary iaportance as a factor in the toxtcological response., It has been
possible to make some oredictions from a theorstical point of view, of the effect
of particle-size on verious asrvects of inhalation-toxicity, btut a careful
exanination of the literature reveals a stertling psucity of experimental data.
Yven the methods used for measuring particle size are open to severe criticism,

It 1= proposed to attempt to f111 in some of the gaps in our knowledge of the
varticle size factor br a continuation 2nd extension of work that has been in
progress during the past year. Adequate techniques have been worked out for

(1) measuring oerticle sizes, (2) frectionating dusts into narrow size fracti-nms,
(3) malintalning dust-clouds of constent concentrestion, {4) measuring retertion
of irhalad dusts, (5) determining toxicity of size-frattions placed ir the lung,
end also for (6) deterzirning th> rate of transport of material out of the lung,
Techrnirues are availlable for determiring phegocvtic sctivity »né nasal
acsorontion »f meteriel.

It 1s Telt thet tie whole field of pariicle size as e factor in toxicology is
ripe for exutlorstion ond that ¢t will vield interesting results. Asurvery of
plant conditlons is strongly indicated also.

PROGRAL. — PRTSTNT STATUS AT PRROJICTEL TAPIRIVTKETS

A. ‘easurement of Perticle 3ize - Developzent and stand=rcéization of specizlized
methods for verticle size determinations will soon be comcleted. Thess will be
availzocle for routine seanling of Gusts toth in evperizmental chemoers ané in iddus-
triesl nlants. The methods irclude use of @ high resolution ootical microscope end
-he eleciron microscove for size-measurements, impactor ané thermel preclpitator
for s=mpling-procedures,

b. Preparstion of Size-Fractions - lethods for separation of dusts in narrow
size-frrotions have beer evolved. Preparation of size-frac*ions of different
rances is orojected for varlous experiments.
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C. Sonic Dust Feed <« a sonic type dust feed has been constructed together

with {ts amplifier and sound-proof box, Previous results have indicated that
this tyoce of feed gives very constant concentrations of duss,

d. Differential Retention in the Respiratx y Tract of Varlous Particle Sizes{
Calibration of the rétention apparatus is almost complete and experiments
will s>on be in progress. It is intended to determine retention of different

size-fractions of 3 uranium compounds (UO_? B0, and Uogr )} of different
2 3 2
solubilities.

.. Differential Toxicity of Various Size-Fractions of Dusts = Experiments have
been completed indicating that for UO_,, small particles are much m-re toxic
than large, when the UO, is placed in the lungs intratracheally., Similar
experiments with UO3 are projected,

£, Transport of Uranium across Alveolar and Nasal Memtranes. Phagocytic Transport
of Urenium, Some preliminary data have been obtained on U0, using the
intratracheal technizue. With this compound it appears that two routes of
excretion from the lungs are present, one favoring large particles, involving

transfer Ahrough the blood stream. Only the latter transfer is assumed to
involve a toxic response.

¥ith soluble compounds nasal absorption is probatly an important factor in
evaluating relatively largsr particles, nasal absorption may be as important
as lung retention of smaller particles.,

EQUIPMEN?

Special equipment necessary to the project is laready availabls. Barring unforseen
circumstances, only sta dard laboratory equipment will be required im the future.
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INDUSTRI AL HYGEENE,

(£) Industrial Service Testing Laboratory

Purpose: To detepmine the toxicity of materials of industrial concern as
Tequested,

Procedure Inhalation units and/or injection and percutaneous absorption will
be established as reguired,

Tests will be made according to methods already standardized by
these laboratories.

This project is anticipated to be sel fesupoorting.
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(e)

BACKGROUND;

PURPOSE:

1076004

INDUSTRIAL HYGIENE

The Role °f Phofiphate-Containing Enzymes and Related Substances

in T-Poisonigg.

Indications from past work have pointed to the phosphate group
of blological materials as playing an important role in T-

toxicity, Although past work in vitro on the effect of ? on
enzymes in the an organism Nas a3 yet falled to demonstrate
any specific activity of P on this group of substances, it has been &1

demonstr:ated in the intact animal that T exerts its action on
precisely these muxmxk substances. 1In the kidney complete andg
persistant absence of normallyoccurring phosphatase has been demon-
strated by stainlng techniques following T=exposure.

To study the effect of T on enzymes and related substances having

to do with phosohate. The first attack on the problem will bhe
the study of

(a) phosphorylated coenzymes
(®) nucleic acids

{(¢) mucleoproteins

(d) phosphoproteins.



INDUSTRI AL EYGIENE

(h) Lipids and Lipid T-Complexes

A detalied discussion of the background and mebdod of approach is
included.

The start of the attack on the problem will be made on the reactions of
pure lipid substances with T.
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INDUSTRIAL HYGIEXNE

¢h) The Role of Lipids in the Mechanimof -Poisoning.

Charles Spiegl.

BACKGROUND

A Close chemical relationship between 1lipid and ? is indicated from several
sources in our past experience, Thus, from analogy with other metallic salts

1t may safely be predicted that Tefatty acld compounds can easily be formed

at least in vitro, Other suggestions such as the adsoprtion of T=-salts by oils,
the sobubllity of roz(no ), in ether, and some evidence for the development of
fRt Tl i TeRaERo T 1 ROL 0TS0 A1 e RO RE -0 E08 Shmo0khon afudriirtd dakapegtion.
pparent in view of the fact that quantitiesof lipids are fougd in the bdlood,
that the cell membrane probably contains a large amount of lipid or lipo-protbip
surface, and that proteins usually are comdined with 1lipids. Con 4

lipids ﬁay enter igtt the trsnspogt, adsopption on the goll mem :;2?.3o¥%55%¥fity
into the cell of T, and reaction of Shbeelement with protein substances. ¥None of
these importent factors in the mechanism of P-toxicity have been investigated.

po:! ] Prodlen
It is desired to show:

1. The role of lipis in adsoprition, desorption, and permeability of cell membranes
%0 T with particular emphasis on the cels of the kidney.

2. The function of lipids in the distribution of T throughout the body.
3. The nature of the lipid=T complex.

Satisfactory solutlon of the problem would give resulis of irmediate and of long-
range value for:

1. A better understanding of the mechanisgm of T-action on cells, particularly
in the kidney.

2. A more quantitative mathematical interpretation from adsoprtion calculations
of the relationship between dosage and the rate of adsoption on cells, of
adsorption into the cell, and elimination from the body. It may be possible to
relate these fachors to the amount of tissue destruction,

3. Valuable contridutions would also te made to the field of fundamental science.
Development of & theory of in vhvo cell adsorption and membrane equilibzium would
be & worthewhile contritution to cellular physiology. Incidental to the main
problem, the preparation and characterization of new compounds of the T« fatiy
acid type would further the organie chemistry of fats and oils. The possibility
of discovering a specific organic complexer with T would not be overlooked,
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METEOD OF APPROACH

The problem eutlined lends itself to study in 2 phases, (1) the preparation and
characterization of pure chemical compounds similar to those likely to be
encountered in vivo amd ¢t je determination of the kinetics of compound or complex
formation with these pure meterials, (2) physiological studies of the interactions
beiween liplds and T in the body. The simultaneous approach along these 2 lines
of reasoning would enable more papid progress in the outlined program.

1. Reactions of pure chemical compounds.

Ae Yatty acidsg and 7.

1, Preparation of T=fatty acid salts for standards and characterization
of these by as many of the following constants as feasilble:

melting point, X-ray crystallography, iodine values, colorimetric
absorption curves, and refractive index.

&, Determination of the relatlonship between complex formation of ¥
and fatty acids with the 1ipid chaln~length and unsaturation.

b, Determinatl on of the relationship between complex formation of a
typical fatty acid and hexa or tetra-vwalent T,

B. Phospboli}$ and 2

1. Preparation of r-caghalin: and lecithins. Iavestigation of the

:glaﬁlonship between the compl exing power and the valence-state of
[ I Y

C. Pats and . Determination of the complexing power of T with (1) &
synthetic mixture of fatty acids or glycerides, (2) commonly avsilable

purified fats, (3) normal bdlood lipids, and (4) Blood lipids from
Tepolsoned animals.

D. Preparation of radio-active T-lipids compounds for in vivo studies
2. Investigation of the lipld-protein interactions,

I1. Physiological reactions of the lipids.

A, Determinations of total lipid changes in T-toxicity. The quantitative
investigation of alterations in total fat, individunal fatty acids, and
the phospholipids in (1) the kidney, (2) total body carcass, (3) blood

cells and plasma, and (4) otrer organs such as the lung, liver, and thyroid
1?2 indicabed.

This type of study may well sugrest the particular 1lipid fraction active
i{n the toxicology of T and show further whether the cels of the plasms
are the trasporting agents in the blodd.

B. Mechanimof cellular lipid reaction. Tundamentel studies in this field
can best be made first by in vitres followed by invivo studies on normal
and on T-poksoned animals. The study of the effects of T on the liplds

of ¢t ¢ body may wel be complemented by a study of the effects of adding
lipids in T-polsoning.

1. Studies of the cell membrane surface.
s. Determination of the amount and character of 1ipid present,

b, Complexing (adsorption and desorption) of T from the cell surface.

¢, Isopopic investigation of the kinetic nature of T o n a membrane.
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2. Study of the transport of T across a membrans.

a. Bate and influence of various factors such as blood acidity on
the rate.

b. The type of compound carrying T across a membrane.

ce Cellular lipldeprotein interactions, both in the absence and in
the presence of 7T,

3. A possible ingestigation of the change in T=lipid reactions induced
by chemical means in the body, This tenative section may have a
bearing on the future treatment of T-polsoning.
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BACKGROUND,

PURPQSE:

1076009

INDUSTRIAL HYGIEINE
(1) Protein Tecomplexes.

Past work relating to the microanalytical determination of

uranium has demonstrated the specific cémblnation of proteins
with uranium,

The purpose of this investigation is to extend these preliminary
findings in order to evolve the mechanism of the toxic action of
uranium., The cel surface has been shown to be a complex mixture

of protein and lipid, This study should supplement study (g) in
enzymes and (h) in 1lipids.



I NDUSTRIAL HYGIENE

(J) The Effect of Urenium on the Cell Surface.
( A physiologic=l investigation in the mechanism of uranium action,)
by Rothstein and Lasklin,

BACKGROUND

Previous research on the mechanism of uranium-polsoning has been largely concerned
with the whole animal: the kidnay or other organs and with isclated components of
living tissues such am the enzyme systems and the protein co nstituents, Little
direct research has been dons at the cellular level of organization,

Present evidence on the effect of uranmium on the whole animal indicates that the
kidney is the most susceptible organ and thdt a particular group of cells making
up the proximal convoluted tubules are involved int he primary iajury. The
tubules suggest $wo possibilities for the mechanism of uranium polsoning. The
first 1s that the specific group of cells have some special propertles or
components different from those of other tissues enabling a reaction with uranium
to occur, The second possibility is that opiimal envirommental conditions
(extracellular) are present only in the locality of these cell groups.

Present evidence also indicates that no specific enzyme system is inhibited, but
rather that the cel surface of the cels constituting the proximal convoluted
tubules is injured resulting in a general cellular debdilitation and destruction,
The general nature of the resulis of previous research indicates that extension
of the uranium toxicity problem to the cellular level of organization would be
most profitabtle in revealing the mechanism of uranium poksoning. Techniques are
available by whicht he effect of uranium on the cell surface can de elucidated
as & function of envirommental conditions.

PERSONAL BACKGROUND

Both Dr. Rothstein and Mr., Laskin have had coansiderabtle previous experience in
the field of cellular physiology specifically in relation to problems dealing
with permeability and the cell surface. They already bave avallable (a) an
extensive bibliographty on the references in this fileld, (b) detailed notes o n
methods and results in the field, {¢) a review article covering the previous

work in the field written by Mr., Laskin. (d) several sarlier studies on the
toxicity of various materials to cells.

PROGRAM

Properties of the cel surface can be directly measured in terms of permeability
and electrical properties of the cell. Indirectly the properties of the surface
may also be studied intterms of cellular activity involving such functions as
movement, excretion and metabolic activities,

I1f the cells of the proximal convoluted tubules have some unique ivherent property
which causes them to be particularly susceptidble to uranium then only these

coll types could be used for the studies. Tissue slice and tissus culture
techniquew are available Which would readily lend themselves to the problem. It

is, however, more probably that the apparent specificity of uranium for the tubula.rf
cells is due to exiracelular conditions ( such as pE) which exist only in the
specific region of the kidney from which the cel types originate. If the exira-
celular eonditions were duplicated for other cells, similar effects of uranium may
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be observid. If this proves to be the case, then the effects of urenium on
the cell surface could be studied with simple technigques on isolated cells
such as erythrocytes, phagocytes and unicellular organisms.

Another method of approach which might yield valuable information is the use
of model systems, This would involve sutdies on simple protein and lipid monme

leyers and deposited interfacial membranes of proteins and other cellular components.

In summary, the program would attempt to answer the following questions:

1, Is the susceptibility to uranium inherent in the cels of the renal proximsal
convoluted tudbules or is the spsceptibility due to extracellular conditions
in the proximity of these cells?

2. Are other cells susceptible %o uranium under similar extracellular conditions?
3. How does uranium affect the various cell functions?

4, Bow does uranium affect the cell surface in terms of permeabllity and
slectrical properties?

5, Can the phepomenon of uranium toxicity be duplicated in a model system o n
protein and lipid monolayers? If positii¥w resulds are obtained, can the
mechanism of uranium action be specifically traced?

In a relatively virgin field such as this, it is difficult to predict the most

fruitful approach until some exploratory work has b-en attempted. The methods
suggested in the previous section are merely an indication of the type of approach
to be used,
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I ¥DUSTRIAL HYGIENE

(k) Investigation of the Nature of Fluoride in Blood

BACKGROUND

Tarlier work (principally Ge;man) on the blochemistry of fluorine has led
to the following observations:

1) There is considerable uncertainty as to the base level of blood fluorides.
2) An antagonism appears to exist between fluorine compounds and thyroxin,

3) Organic fluorine compounds appear to be more toxic than the fluoride io n,
4) Fluorine apparently exists in the blodd in an oragnic and an inorganic
state somewhat analogous to btlood iodine.

5) In hemophilia the blood fluorine often rises to very high levdls.

6 )3=fluorotyrosine has given excellent results in the treatment of Basedow's
disease (toxic hyperthyroidism).

These observations have suggested the following broad outline for a research
program on blo d fluorine. '

PROZLEM

Preliminary experiments in this laboratory bave tended & confirm the observation
that blo 4 fluorides exist in both an "organie"” and"inorganictform, The mrpase
of this prodlem is to investigate the nature of the compounds of fluorine existing
in the blood, devoting special attention to the so=-called “organic''fraction,

METHOD OF ATTACK

Reference %o the literzture indicates that the normal range of F. in the blood
is rather wide; however, the methods used have alwyas included operations which
in our experience have resulted in loss of fluorine. Accordingly, it will first
be necessary to determine the ranre of normal vliues as measured by our technique.

The approach 4o the maln problem might well procede according to the following
lines:

a) Determine the fluwrine content for whole dlood, cells and plasma.

b) Prepare hemoglobin, protein and 1lipld fractions and determine the fluorbne
content of each,

¢) Investigate the complexing of fluorine with hemoglebin and other proteins.

d) Investigate the relation between fluorine and non-diffusabde (protein bound)
blood calcium,

In addition to the main problem of elucidating the nature of blo>d fluorides,
the following secondary problems are of considerable interest;

a) An investigation of the possible relations between fluorides, iodide and
calcium dvels and the thyrold gland.

b) the effect of fluvrine upon enzyme sys tems of the blood, particularly by
means of an in vive experiment, ‘

¢) The solubility of fluorides salts and complexes in plasms.

4) Bow high can the blood fluoride level be raised before ill effects are
observed in animals.

Phe use of radioactive fluorine in attacking these probtlems may be of value
and should not be overlooked.
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SIGNIFICAKCE OF T“E PROBL¥M

These experiments are intended to give fundamental information regarding the mode
of actionand metabolism of fluorine in the system, This information would
appesar to be of value for the following reasons:

1) Fluorides are used in the treatment of diseass, Blood levels appear to show
signi ficant variations in certain pathological conditions

2) Exposure to fluoride is of industrial significance, pmrticularly since the
advent of atomic energy programs.

3) Exposure to fluoride may occur through consumptionof foods heavily contmminated
with fluoride containing fertilizers,

4) The determinztion of base levels is of immediate practical wlue in the impending
litigation between the duPont Co. and residents of New Jersey areas.
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