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ARMY SERVICE FORCES
UNITED S8TATES ENGINEER OFFICE
MANHATTAN DisTRICT
OAK RIDAR, TENNESSRR

26 February 1346,

Subject: Future Medical Research Frogram,

HEMORANDIN to Brigediy® Gene ral K. L. Wichols, District Mngireer,

le Blological research conducted undsr the asuspices of the idan-
hattan District prior to the cessation of hostilities was primarily of
a preliminary nature in order to provide immediate infomation on tola
erances inwlving various types of radiation from external sources and
from inhaled, injected and ingested radio-active materials., Tolerances
to various chemical compounds similarly intreduced into the body were
also studied, In order to estebdlish uwneguivocal aud enduring tolerance
lawels, hLowever, further work will be required which will be primerily
long=term in character. Repetition in some categories of research, be-
cause of their critical mature, will be necessary.

2, Colomsl Wiarren has pointed out that much of the data already
collected is proving valuatle from a medical legal point of view, It
i1s anticipated that further research will also serve in this marmer,

3« It sppears now, that medical regearch on fissionsble 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 plutenium,

4, In general, it appesrs necessary that a research program be
~ontinued and should be conducted under contract with verious univer-
gi“les and medlcel Reseamrch “enters, The biological program should be
modified to e slowar pace, and fewer aspects of the biological investiw
gations should be conducted simultaneously. The reduced rate and nume
ber of projects will provide btetter continuity and more secure results,

7 Aol
HYMER L. f‘?xmu, (7""’/

Lte Col,, Medical Corps,
Exec, Off,, Med, Sect,
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REFER TO

ARMY SERVICE FORCES
UNITED STATES ENGINEER OFFICE
MANHATTAN DisTmICT
QAR RIDUE, TENNESSER

EIN%T=1

26 February 1%4s8,

Subjects TMuturc Medioal Resewrch Program,

MSUORANTI! to Brigadire Cevevul X, D, Wichole, District Engiceer.

1, Biological research conducted under the auspices of the dane
hattan Distriot prior to the cessation of hostilities was prinmarily of
a preliminary nature iu order to provide immediate informatioa on twle
erances inwiving various types of radiation from externsl sources and
fram {nhaled, injected and ingested radioc~active nmaterials. Tolerances
to various chemioal compounds simi{larly introduocsd imtc the body were
also studied, In order to establish unequivoosl and encduring tolerance
levels, however, further work will be required which will % primarily
long~term in charsster. Repstition in soame ocatagoriés of rescarch, bee
cause of their critical nature, will be necessary,

3, Colome) Viarren has pointed cut that much of the data already
collected is proving valuable from a medicel legal poeint of view, It
is antioipated that further ressarch will also sarve in this mamer,

3. It appears now, that medical research on fiseionable and
other matorinlas rmquired in atomic energy, and not previously lnvesti.
gated, will nesed future study in much the same manner as has beem dcne
with uranium and plutonium,.

4. In gemeral, it appears necessary that a research prograt be
~ontinued and should be nonducted under contract with werious univere

si4ies and me dtoal Reseanrch “enters, The blological program should be
meodified to a slower pace, and fewer aspecis of the blologioal inwstie.
gations should be conducted simultaneously., The reduced rate and nume
ber of projecta will provide better contimulty snd more secure results.

HYMER L. FRIEDELL,
1, Col., Mediosl Porps,
Exeo. Off,, Med. Sect,
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Section [ w- Instrumentetisn
Section Head =~ Tr. John 3. Hursh

To this section will fall the followns duties. (1). Construction end
maintenance of instruments for the divieion of redislozy 2né blopnysices. (2). Gensral
supervision and resnonsivility for redicactivity messurements in this division. (2).
Tntil this duty s transferred outside the divizion, responsibdbility for the industrial
monitoring progremr now carried out by the divigion o7 speecizl problene.

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

It will be the duty of this section to sxtend animsl tracer astudles alreadyr
under weay with polonium, radium and ureniur. Coopereting with section elght, the
personnel of this division will carry ocut the planned humen trecer studies with
plutopium, radium, pelonium exd uranium.

Also Lln the jurisdletion of this section will te the carrying out of any
metabolic¢ studies requested by the dlstrict or its successor in the futurs.

In collaboration with the instrumentation section, experimental methods will
be developed for the epplication of radicactive isotives produced by the Uranium Plle

to basic bviolegical and medical problems, both of the Manhattan project acd of the
more general fields of bioclogy and medicine.

Section 3 —— Radlation Physiclogy
Section Heed — Dr. Thomzs Noonen

In tris section, 1t is proposed to carry cut: (&) chronic and acute rediztion
excosures in animals including sperm studies (b) chronic and acute exposures Lo
rediocective isotopes (¢) search for therapeutic aids after radiztion exposure (&)
pathology (e} hematology (f) general animal cere fcr other sections,

Section 4 — Radiztion Chexzistry
Section Head ~ Dr., Kurt Sclomon

It will be the primary duty of this seciion to seek, primarily by chemical
technlques, (1) means of detectings early damege from radiztion and radioactive
meteriels, (2) studies on the mechanism of radiztion effects. It ig expected that
much of this work will be collaboration with sectionm 3.

Sectlon 5 — Spectroscopy
Section Head w— Dr. Luville 7. 5teadran

The personnel of next year's spectroscopy section i# now sngaged in two
problems (1) Studying the distribution of uranium in rebbits, particularly bone
storage after oral snd lung admiristration, {2) endeavoring to obtein as large
uranium and lead storage in bone as possible for cooperative x-rey diffraction
work with Mr. Mermagern. It is hored with the xerar diffracticn technlque to determine
i1f these slements are storad by revlacenent in the apatite lattic of bone ard if they &re,
the positions that uranjum and lead atomz occupy in the aineral lattice.
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1t 1s proposed to conclude work cn-Prohlm 1 by September, 1946,
Problem II will be contimued at heast until the possibility of obtaining
naeful information has bteen more thorogoughly explered.

From September throughout the remainder of the year it is proposed
that the primary work of the Spectroscopy section will be in collaboratien
with Sections I1! end I¥ in studies o n the basic nature of the effects of
radiations on blological systems. It will also endeavor to carry oul analysis
ofpecifically requested by the district or its successor,

The primary technique now avallable for this wark 1s absorption specira
in the visible and ultra viclet, Probably emission spectra techniques will
be 1itile used in this anplication, Also it may be advisable to acquire an
infra~red absorption specirometer 4o sxpand the lst of chemical entities for
which this section wil have useful analytical techniques.

Bection V] ~= Radlatlon Mechanics
Section Head ~= Trancls W. Zlishaop,

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

out &n the Division of Radielogy and Biophysics. I telieve they might equally
be carried out as a part of administration. )

This section will bave thre principal assigoments: (1) By the use of tissue
window techniques to study the growh of normal and abrnormal tlssues through the
microscope and the effect of raditionm upen thelr growhh, Photograpbhy will
probably be used as an important ald ia this woxk. {2) In cocllaboration with Section
111, to study the differential effects of exiremely high intensily radiatlion dosage

as compared with lower dosage rates (3) With the electron microscope to astudy
ggpropriato probl ems. :

Section VI1 -~ Physics
Section Head «= Dr. ¥.A., Lamar (tenative)

(This section is non-sxistsnt et the present time), Thers ars several
problems in appllied and btasle radiation physics that such & section might
undertake Lo solve.

Section VIII == Metabolimm
Section Head == Dr. Sanuel Basseti.

This section has engaged in collaboration withthe Division of Special
Problems and a group at the Los Alamos proJect in human tracer studies with
plutonium, This particular series is nmearly complete,

Studies on human subjects reguested by the District that still remain to
be completed are on {1} uranium, (2) radium, and (3) prodaily a few on polonium.
Six months is an estimate of the tlme necessary %o carry ocut this work.

GENERAL RESEARCH

To the sxtent th ¢ 1 =m acquainted with i¢, I am impresszed that as far as
an animal research pregram can have furnished 1% with irrsdiation periods of aboud
1% years, good dats is available for calculation of permissable daily human exposure
40 X-Tay and gamma radietion. Unsolved problems rsmaining are {1) s method of
detection of radiation damagse in humans such as would de produced by 10 ¥ per day
certainly a dangerous level if long contimed,
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acting the effects of acute radiation injury, (3) knowledge is still lacking
concerning the immediate mechanimm by which radiation injurles are produced.

1t 1s likely that the most orofitable mpproach to (1) will be of Wochemical
pature, 1 propose trerefore th & this shall be one of the principal research
azsigrments of section 1V with cooperation of section V.

A wearch for specific methods for combetting acute radi:.tlonm injury sught
to be one assigmment f-or Section IIl, One potential method already considered by
Dr. Boche and Mr, Bish%g is the possibllity that immedi:-te lowering of body
temperature to about 8 as can be done in Juman subjects, might permit greater
tissue recovary before irreversible breakdown has ossurred. They were planning
experiments with hamaters in which a state of hibernation can be induced.

There are probably other beads to Problem 2 worthy of investigation.

Dr, Kay Fink already has work underway on the effects of irradiation on
mclear proteln metabolism as indicated with radicactive phosphorus that may be
considered work on Problem 3. I believe this work shoull be carried forward.
¥ork also contemplated by r. Bishop with rabblis ear windows also bears on this
problem as do the contemplated studies with high intemsity radiation,

Poxic Effects of Badiocactive Elements

Polonium: The toxlcity of polonium has alresady been studied at Rochester
in the case of single inkravenous experiments in rats. The toxicity of plutonium
and radium have been studied in Rochester and Lo sone extient iz other projech
sreas after single administrations, However, no daita has been obtained shers a
constant polonium bvel has been maintained in the body over a period of months,.
Thus we do not have nearly the certalnty in sebting & tolerance level for body

polonium ¢ontent {and other appha emitiing slsments) that we have in seiting o
tolerance to extesrnal radiation.

In setting such a level for distriet use it has been essumed until recently
that the ratio of tolerance body content of polonium to the average singls lethal
dose {3 the same as the ratio of the daily permitted dose of axter:al radistion
to the average sinjle lethal dose.

Unfortunately a seond method of making this caleulation glves very different
Tesultg., If we mssume thet the permitted polonim content of the bo dy bears the
same Telation to permitted radium content as their redtive toxicities measured
in semi-acute expceriments and that the allowable radium in the buman body is 0,1 miceo
grams we obtein an allowed body content for polonium mamy times lower than calcu-
lated by the first method.

Since the polonium content of the body falls to negligible amounis a year
after exposure we feslt relatively safe in using the first tolerance value during
the war. Now that the war is over, the tol rance value has been Teduced by »
factor of B, This has made plant operation extremely difficult since in previous
operation periods many personnsl have excesded this valus. Thbh district's demand
for polonium is increasing rather than decreasing. :

Even this new permitted vede is mach higher than what may be the true tolerance
value in the light of human and animal redium toxicity data., It therefore appears
that long term toxicity studies in this field, are from the interest of the disirict
very much indicated. 4 worthwhile program on %t is sudblect can scarcely be completed
in one vear., Thaese notes are a brief summary of a complicated subject.

Radoms The distriots present permliitted radon in alr walus i3 ten times the
pre-war value accepted by the Bureau of Standards and most state health units. 7This
lerger vade i3 due to the lmpracticality of meeting the lower value in district plants/

Trtere have been no good studies mede im animals thak can leesd to s good estimate of
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raden Yolerance, BSuch studies are therefors probealkly indiosted.

I believe we have found practical methods of removing raden so that
chamber studies need not be a Rochester Project hazawrd,

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

Also it ia probably worthwhile to contimie studies now underway in which
the offect of BAL and related compounds on polenium excretion are studied,

With radio-carbon we are planning %o investigate the similarities and
differences of the carbonate lon as compared with bone seeking imorganic lons
such as plutonium 1n their in vitro and in vivo behavior.

Thaere are other problems concerned with polo nium metabolism that merit
further and more conclusive studies,

We are willing, at the recuest of te disirict, to cazrry ocut other tracer
work, for example with thorium, redicactive fission products and other radio-
1sotopes.

I nstrumentation: I believe th-t the circuit that Dr. Enns developed
for portable lonization instemments is in ruggedness, simplicity and senaitiviiy
much the beat of eny now in use {a the distriet, I hope to ses several menitor-

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

T hope to see an investigation carried ocut by compehent physicist as to the
actual reliability of radon determinations on breath semples as s means of deter-
mining radium contents of the bodies of human subjects,

14 seems desirable to further investigate the vane slectrometer as a means
of measaring smal emounts of lonizatlion,

The follwwing very vriesf outline lists smaple problems that arze of primary
interest as rapresenting mpplications to medical research and therapeutics of
tools made av-ilabk by the chalp=r acting uramium pile. I propome that these be
caerried out to the extent of 15% of our year's budget.

1, General development of methods, physical, synthetic organmic and analytical
for the use of Cl4 and H3 in mediczl and biolegieml research,

2. The synthesis of radicactive amlno acids and other compounds, and the study
of their distridbution in tumor bearing animals, This work is to lay sn experimental
foundation for the improved treaiment of caancer with radicactive isotopes,

3, To study the use of radioactive aminoacld anslogues as therapesutic aids
in experimental animal ecancer,

4. Partly in collaboration with otter groups in the medical school to use
Cl4 and H3 as tools 1o the solution of medical resear b problems.

5, To study the use of radio-lodine as a therapeutic aid in thyrold diseass.

Most of thias work will bhe carried cut in Secl on I, Tracer Chemistry,
Howevwsr it is proposed that the heads of otrer sections will also be able to
take part in cert in of these problems as part-time co~workers.

10154888



I. Besis of contezplated orozlezs in previous work. “e have
“ound (1943-€) in mele mice, uncer chronic X-rediation, g
Gozinant cene snd chromosome wutstion rate of neerly 107
per r., That 1s, one sperz in 1C,C00 underpoes a change
which aSfects the immeflste offspring, for esch roentgen
received.

Insofar es the lenhattzn -~roject is concerned with men
rother than mice, it 1s 1mnortent next to esk

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

(2) "hat oroportion of thex have significantly harmful
elfects?

It is to these cestions that next year's research
would De directed.

II. Procosed problems,

A. Worphological, emtryologlical and cytologlcal study of
the zutants on which our rate calculstions sre baced)

1. fertility mutations., When do the embryoa dies at a
harzlessly earlyr cestztional stsge, or at a later period
which would bé at least a physlologleal straln of the
mother and possibly dangerous? Why do the embryos die?

2. behavior gutations (circling, extreme restlessness,
back somersaultingj. Fhat delects of the vestibular
avparatus or central nervous system cen e found? Have
eguivalent changes vesn reported in man?

3. structurel mutetions (situs inversus viscerum, sev-
er=l plood vessel anomelles, accessory adrensl cortical
rodules, defective varietal suture), Are these coum-
parsble to reporteéd sporadic conditions in man? That
effects have they on length of 1ife, generesl vigor, ete.?

3, Cortinuation of studies on

1. the frzouency of chromosome rearrang=szents in haemew
poletic cells under ecute exposure of 200r or less,

2. relation of trat Irequency to rate of decrese in
tlood elements alter raclatlon,

3. chronosome rearrangements as g possible besis of
dif erences in species sensitivity st low exoosures.
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SURGERY IR TEXIRS .

The work now under or contemplated is cutlined as follows:

1, The serles of control radiated ani als is belng sxtended and t:e tlinical,

hematological and pathological alterations associated with rediation intoxication
and being studled furtter,

2, The experimental program of marrow transplantatiocon is to ¢ntioue with emphasis
on the following subdivisions.

&, Intravenous marrow transplantation
1, Multiple marrow transplantations.
2. Single marrow transplantations.

b. A study of vari us means and agents to stimilate bone marrow such as nitrogen
mu st ard, turpentine and the leukocyhbosis prometing factor of Menkin ate.

¢, Intravenous lymphold transplantation of spleen and lymph nodes.

3. Turther studies are to be carrlied out to demonstraie the bone marrow reserve and
itg offect on radiation intoxication.

4. The tissue culture program is to be recpsned and further studies made to grow
fractions of the hemopoetic tissues, If this can be done studies will be instituted
to study the sffects of radiation on hemopostic tissue and alteratio=s 1n certaln
tissue sensitivity by growth ln tissue culture,

E. It is planned %o undertake studies on radiated animels employing foliec ecid and
rutin to detsrmine the effect of each of thess agents on the tone marmow and the
blaeding Vendencies.

8, ) program is being made up to study further the effecis of transplantation of
normal embryonal tlssus, benigh tumor and malignant tumor to homologous and heter=
‘ologous hosts as well as the associated cultivation of thes tissues in vitro.
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In broad terms we are interasted In 1§vestig9tinz the effacts and tre neckhenism
of the effectes 0f redletion on the ramopoletlc eystem, and, as corollsry %6 trie, in
investigeting vroper techniques and methods for evaluating these effects and, if
possible, of counteracting them, This invilves, of necescity, basic hemotologie
research ints the orapesrties, chemical andé physical, the life cycle, and phrsiolozic
funetiosns of the variasue formed elezents of the dlo-d as they erist in the normsl
individual snd inp individuels with blood dyscrasies, as well as inveciigzetion of the
mecheniem 0f crazulaticn and hemostasis which often becomes derenged followlns redie-
titon., Considerre¥le animal work is contemplated with extension of technitoues or re~ults
to huran vatients whenever it i¢ poselble or warresnted.

At the present time the fol'owlpng investigati-ns are elther unferwey or will
be sgtarted soon,

(1) 3Blood hiztamine studles have recently been initiated on animele and humans.
It 1s desired to determine the total amount of blood kistamine in normal animals, ino
radizted animals which are markedly leuxopenic but not thrombopenic, and in radiated
anicals which eare both severely leukopenic and thrombopenic. In ‘hic menner, it is
hoped that the partition of histamine in the formed elemernts of the blood im both
normal a2ad radiated animals can be determined. Blood histamine studies in normal
hunens and in individusls with a variety of hemetologic abnormalities will also be

done, The partition of nlstemine between cells and plasma under different conditions
will be investlgated.

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

radliated animals have already Seen done by this sectlion mnd are the subject of a
orevious rervort.

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

(L) It ie desired to investigate the prodlem of "marrow reserve,™ i.e. the
reserve capacity of the rarrow which can be called upen in time of strain. Cross
circulation exveriments in which a normal animel 19 connected in geries with several
devlated, radistsd snimels hrving non-functioning bzre merrow are contempleted.

(F) It is snticipsted that a few more cross circulation experiments of the
type nrevicusly done by this sectlon in an effort to ellcit indirect radistion
effects remote from the site of direct rzdiation cen be carried out. It is desirsble
toc follow e few animals which heve been cross circulated with redizted animale for
long periods of time—~twentyv-four to possibly seventy-two hours,

(€) An investization o5f techniques and methods of evaluating coagulation
defecte will be begun shortly.

Other investigati-ns in accord with the broed outline of this program es
stated above will be plenned in more detail when personnel of this section 1is
brough to full strength,
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EESEARCH PLANS FOR THE DIVISICR OF PHARMACOLOGY 1946-47

Harold C. Hedge, Division Head.

SECTION SECTION EEAD
I, Industrial EByglene Herbert Stockinger
II1. Blochemisiry ¥illiam Neuman
II1. Ingestion Elliott Maynard

IV. Chemistry

Y. Pathology James K, Scott

1015992

BESPONSIBILITY SPHEERE

a) Secondeyear contimation gtudies
of U nitrate dust inhalation in dogs
and rais.

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

¢) Conirol studies for program b

d) Particle slze measurement laboratoy
») Dust retention laYoratory

£) Industrial service testing lad,

g) The rola of phosphate containing
snzymes and related substances in
uranium peisoning.

h) Lipis and 1ipid uranium complexes
i) Protein uranium complexes

3) Action of uranium on isolated cells

s) Tlectrochmmlical studies of U salts
and thelr complexes

b} Studles on the mechanism of U fix-
ation by bons

o) Relationship betwesn citrate form-
atlon and tolerance to uranium

d) Contimatlon of studies on the
distributicn and excretion of U,

s) Age factor in resistance to uranium
poisoning

b) Single oral dose of uranium

¢) Paired fesding in U poisoning.

d) Injury cycles in U poisoning.

a) Fluodide analyses
b) Uranium analyses
¢) Biochemical snalyses.

a) EIxtension of the studies on the use
of histological examination of kidney
as critarion in U polsoning.

b) Studies on rensl epithelium regen~
eration,

¢) Histological changes as related

to acqulred tolarance
Soostienaian et the nTeght gakione of
$) Investigation of gasiro~intestinal
hemorrhages with high dletary exposure



VI. Physiology a) Minimal concentratioa going through

kidney 4o produce damage as shown by
function tests.

b) Transillumination studies

¢) Physical wvx. functional effects on
tutule.

d) Contacteconcentration relationship
for kidney,

Section II Blocheni siry
Section Head Dr, ¥William Neuman

4« Electrochemical studies of uranjum salts and thelr complexes,

1. Polarographic studies on the uranium-citrate and the uranium lactate complexes.

2. Electrophoretic studies on the uransium-citrate snd ths urantum-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
bd” fluids,

Background: Chemlcal studies on the bahavior of ursnium in the presence of
complexing substances have given information of inestimadle value in the understanding
and interpreting the Tesulis of toxlcological studies, To date, fairly estensive work
has been conducted on uranium acetate and uranlum blcarbonate complexes. In addition,
some information is avallable as to the likellhood of oxidation and reduction in tke
snimal body, Additicnal work i3 necessary on two important complexes, uranium clirate
and uranium lactate. Turther at the esent state, 14 appears that little intercoaver-

sion of U, to U, occurs normally. Extended studies on the shate o?f U4 in body fluids
would be mosd helpful.

Purposs: o determine the conditions of formation and bdeakdown of uranium

citrate and uranium lactste complexes. To determine the state of U, sod other complex
salts in TDbeody flulds.

Matrod of Attack: Study of complexes i3 best facilitated Yy the nae of polaro-
grachic and electrophoretlc ftechnigues. In studying the o, proeblem, preliminary results
indicate a colloidal conditlon which is best studled by means of a centrifuge, Solubil.

1ty information will be bhelpful in deciding what lon #orms are ultimately formed when
oxides and uranates dissolve iz hody flulds,

B, Studises of the mecanism of uranlum fixation by bons.

1, In vitre studles of the absorptlion mechanism,

2. 1o vitro studies of the sxchange propertiies of bone salis,
3. In vivo studlies of bone circulation,

4, Tn vive studies of the factors affecting deposition.

Background: 1y appears from distribution studies that from e long-term point
of view most of the uranium retained by the body Ls found in the bones. Our under-
stending of bo~e metabolism is very ismadequete. Considerable work must be done o
determine whether uranium may be mobilized or prevented from depositing and factcs affect-
ing the deposition must be elucidated., This gétudy has besn besgun on & mmall scale and
to date has ysilded very interesting and useful information.
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Purpose: To determine the means by which uramlum gets $o and is deposited
in bons and to determine the factors which affect these procesaes,

Mebhod of attack: The actuaml mechanism of absorption or fization can best
be studied in vitro, Absorption isotherms and ctemical precipitations have already
been begun and further work along this line Lls anticipated. Becsuse of the lack aof
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 Lnformation on the factors affecting deposition after
the fundamentzl mechaniasm has besn somewhat cleared up,

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

1, Studies of citrate excmetion by ingestion and ichalation exposed animals.
2. Studies of citrate excretion as caused by other nephroetoxlc agents,

3. Studies of histological origin of citrate.

Backgpound: Tork by Miss Randall has indiceted a very striking coincidence
between the development of tolerance and the recovery phase followling kidney damage
and the unphysiological excretion of large amounts of citrates in the urine. The
oolncidence is so striking that it seems very possible that cltrate production follow-

ing the administration of uranium ls one of the, 1f not the, underlying mechanism of 4!
todzance phenomenon,

Purpose: To cetermi e the mechhnism by whicn citrate is produced following
tubular damage by uranium and the relationships between this excretion snd the phenome
snon of tolerance,
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Section III Ingestimn Toxicity
Section Head Elliott A, Maynard.

A. Age faclor in resistance to uranium polaoning.

Background: Mosi of the inrestion experiments have been carried ocut beginning
with young weanling rats. It has since beer found that age marksdly influences
toxicity., TYoung animsls showed & greaier resistance than adults. Since the purpose
of the ingestion experimants was to furnish correlative information for the inphalation
program, it ssems sdvisable to determine the influence more sxactly of age on toxicity,
Animals employed in the inhilation experiments varied widely in age.

Purpose: To determine the effect of age on the toxiciiy of ingested uranium

Method of jpttack: Littere-mated animals will be placed on diets eontaining U nitrabh
at verying ages from weanlings to full-grown adults. The animals will be exzamined

for tke usual signs of toxlcity, For comparative purposes some Injection studies may
alsc be conducted.

B. Singlo oral dose of Uranium,

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

Background: All evidence at present pel ts singularly to an initial damage to
animals placed on uranjum containing dieta, Tt 1s possitle that most of the totsl
effect of uranium feeding s obtalned on the initiel first day exposure. At any rate,

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

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

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

A second griup of aniwals will be given single day feeding and subsequently , the effects
of this obsefved on reproduction.

C. Palred feeding in uranium Boison;ga.

Background: one of the most consiptent findings in the ingestion program was that
following initial exposure the ani-als ate little food and lost considerable welight.
®he guestion arises as to how much of the weight loss ig the result of loss of appetite ,

Purpose: To detsrmine the effect of loss appeteie on the wie ght loss incurred
following exposures,

Method off pttack: A sories of animals will be exposed $o the uranlum diets and
concurrently an equal mumber of controls will be placed on stock diets., The controls

wil]l hzve restricted access to food slong the lines of the paired feedlng experiment,
The us:al observationa will be made.

D. Injury Cycles in uranium poisoning.

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

Background: One of the striking observations noted in dog feeding experiments
was that the NPY showed & consistent although slight rise throughout the periocd. BSuper=
imposed upon this rise were cyclic peaks occurring at about 22 day intervals., It seemed
that these animals showsd a response , & recovery, and finally, an additionsl response.
The three animals observed all showed a very similar patierm of response.
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Purpose: To dethmin. whetber injury resulis from uranium eXposure on a chronie
basis follows a cyclic pattern,

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

individually for recurrent changes irn food intake and blood NPN, 4 program atudying
dogs will alse be undertaken,

Section VI Physiclogy.

A. Minimal concentration geing through kidney to produce damage as shown by funciion
t‘sts-

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

Purpose: To determine Lif possidle, the quantiiy of uranium required to affect
kidney clesrances.

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

rabblia and these administrations will be followed by clearance determinatiocns of at
least three substances: dicdrast, imlin and uranium,

B, Transillumination Studies

Background: Considerable information may be obtained on the exact action of
uranium 1n the tubule by observing tubules as they are actually furdtioning in ¥ivo,

Cartaln studies along these lines have already been carrisdout by Br. sdler on the
frog kidney,

Purpose: To dbserve the functinal changes resulting from urapdum administration
ax they aprear in the kidney nephron,

Method of Attadi: Procadures will be standard as employed in the usual timns-
1l1lumination work, I, Orcutt has had considerable expsrisnce in Chicago in the
techniques involved.

C. Physical vs functional effects on tubtuls.

Back ground: The limitati-ona to visual ¢changes which may take place in the
glomerulus and tubuhe are abvicus, As s complement to the transillumination studies

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

Purpcose: To establish whether the effects ofuranmium consist of the breakdown of
tubule surfasem or injury to the tuhular cells,

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

D. Contect-concentration relationship for kidney

Background: In spite of the greal amount of monitoring and sampling of urines
obtal ned from industrial workers, thare is little or mo information on the concentration
wtich may be considered dangerous. Moch information may be obtained by sacrifice exper-
Aments in which varying quantities of uranium are adminigtered. Subssquently, the
determination of uranium concentration in the urine may be correlated with clearance
testa and histological findings,

Purpose: To detsrmine $he urinary concentration of uranium:; the minimml which
resulls in observable function and histological changds.

Method of Attack: The experiments will be asimilar to perfusion experiments
already conducted in thia ladoratory,
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1. TUDTITEIAL WV AETTT STCOTICN PROTRAL
f . - . . - - o LT Y
(s} “zoond=Terr aof Antuel Lrisletion Toxielity 3rudles of T=Uitrate
DUTTCRTE A nilat-studr for dhe lneatlce

or into the sossitilir of chront
2¢ dally exosures to & saluble T-Cust,
ter orolonged exposuire?

+
toxicity develoninz froxz re
To cveliesl chanres ocour =
2-37030TTDy Dogs and rrie, previously ewnosad for e year to a vrrietv of soluble
ané insnlutle T—%usts, =111 be culled at the terzination of the
oresert studiex [or contimustlon to a single T-dust, T-nitrate,

1 year
on ‘e initial dete, July 1, 1946, The EX“Q‘“Te-COﬂCEEtrFtiOD

level of nitrate—dus® ~il11 an-roximete 1 =g/s’. Thls level is
crleuleted to znproach the maximsl, tolerated level for continued
aosur

FRCSITT=T1 23 dogs ané &0 rets will be sureosed daily, € hours a day Zor

Animel Izbers Uni
bete Doz  Rat uater
wly 1 3 1C 3

July 3 3 13 11
July 29 3 10 12
aug, 12 3 1° 5
Ang, 26 3 il s 4
Sept, § 3 10 7

Total 23 60

Toxicological Stucies -~ Unit 3 =xill serve as exposure-unit at start:
T -2 d

tril 12 froa the :middle of August to July 1, 1947.

Ciservatiions
t. 3"1“tons
<. ortsiitr
2, ﬂe;;hu = zeslemonihly - 21]1 arnimsals
4, 3Flosd Shezisiry - monttly - YPY - 17 dogs
5. Hezatolagr - alterrnate -onths - 5 dogs, 5 rais
&, Frtholngy

N

Serial “lsvologle 3tucr - 5 rats - quarterly - Oc*. 1,
Jan. &, Apr. 1.

3 dogs - quarierly - Cet, 1,
é, Apr. 1.

Terninal Zistologie Study - dying animels

Anorox. = 1% rats
Appros. - 14 dogs
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INDUZTRTAL HYIIZND

L

©)  Thirty-Dav Inj-latior Studie: of T-lusts of Jreded Fartlele Ii:

-

P RFC3E To detarzine “oxic ressonses from intelatisn ol T-dust partlczles
of gradad slize.

BACKOIECUED Filot atudties of intratracheally injected T-dusts of gradec sirze
have shown that pserticler of less than 1 mleron are zore toxic
than those of larger =ize,

P3003DIRE (a} The toxlc response determined in dogs, rats, and rabblts,
exposed for 30 days to particles differing in thelr size range

w11l be corpared to similerly graded particles of larger di-
mansions.,

(b) Particles of graded size w11l be prepared in cuentity by
retrods already develoved on a ovilot scrle in these laboratories.

(¢} Anizals, ca. 5" dogs, 20 rabdlts, 30 rats, will be used for
each experimant,

IVDUSTIAL HYGIZSES

{d) Particle Size Dust Ke-Furezant Lsboratory

PURPOSE: To continue roytine measur-ment of particle size as standardized
in this leboratory during the past year.

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

(a) Projects (2}, (b), and {e).

{b) Industrial surveys ss required.
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INDUSTRIAL HYSISEE

{e) Dust “etention Laboratory

ntirue, extend end axmplify orogram as outlined in current

oroject #111, "Tre “etention and Absoruvtion oy Alveolar Transport
of Inhaled T-Dust™,

(a}

{o)
(e}

To detzrmirs +he amount of dust reteined by animels inhaling
dusts of known oh-racteristics of concentratlon, particle
size, and solubllity e* given treathing rates.

To locate the sites of absorptlon.

To Geternmine the mechsnlism of toxic respenae of lnhaled
soluble dusts.

(see zccompanying detailed statement on relation of patticle
size of urenium dusts to toxicity,)



THLIIAMIT T AT
e » . "

......... ——

fa)l Tolatlamenin of Farticle 3ize 0f Uranium Puzts to Toxtelty

Subzitted o A, -Rothsatelin

Problems concerned with the relatlonship of partlele size and solubility of
uranium dusts to the toxicity resuiting fros Bhelr inhelation,

A, lNeasgurenent of particle sizes,

b, Differential retention of dusts in various parts of the
restiratory tract,

c. Differ=ntisl toxicity of various sgize frzctions of dusts,

é. Transpoert of uranium across the alveolar and nasal memzranes,

e, Transport of wranium by phagocytes.

BACKZRLTY

Authorities on dust-hazzard agree that the particle~size of inheled material is
of primary Laportance as a factor in the toxicologicsl response. It has been
possible to meke some wredictions from a theorstical point of view, of the effect
of particle-size on verious zscrects of inhalation-toxieity, tmt s careful
examination of the literature reveals a s3tertling peucity of experimental data,
Yven the methods used for measuring particle size are oren to severe eriticism,

It is proposed to attempt to fi1l in some of the gsps in ocur knowledge of the
particle slze factor br a contlinuation end extension of work that has been in
progress during the past year. Adequate technligues have been worked out for

(1} memsuring perticle sizes, (2) frectioneting dusts into narrow aize fracti-ms,
{(3) maintaining dust-clouds of constsnt concentretlon, '4) measuring retertion
of inhaled custs, (5) determining toxielity of size-fractions pleced ir the lung,
end also for (6) deterziring he rate of transport of matsrisl out of the lung,
Technimes sre available for determiring phegoevtic ectivity =nd nasal
absorstlon »f meterisl,

It 1s felt thet tie whole field of partlcle size as e factor in toxicology ls
ripe for exvloretlon snd that 't will wleld intereszting results., ~Arsurver of
plent conditlone ie strongly indleated also.

PROGRAY = PRTSTNT STATUS AT PROJECTRL SEPIRINTETS

A. leasurepent of Perticle 3ize - Develonzent and stancarcizatlion of specizllzed
methocs for perticle size determinations will soon be comclsted. Thess %111 be
availzole for routine semnling of custs toth iz evperizental chemvers ané in iddus-
triel nlants. The wethods irnclude use of & high resclution ovtleal microscope and
‘he eleciron microscove for size-neasurements, impector snd thermel preclpitator
for s=zpling-procedures.

b. Preparation of Size-Fractions - lethods for separgtion of dusts in narrow
sine—frsctions have beer evolved, Preparation of size-frac®lons of different
rances is projected for varlous experiments.
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10,

- Sonio Dust Fead = & sonle $ype dusé feed has been constructed together

with {4s amplifier and scund-proof box., Previous resultis have indicated that
this tyoce of feed gives very constant concentrations of duss,

4. Dif ferentlal Retentlon in the Respirat xr y Tract of Verlous Particle Sizesi
Calibration of the retention apparatus Is almost complets and experiments
will s>on be in progress., It is intended to detsrmine ratention of different

size-fractions of 3 uranium compounds (U0_.? 80 and UOEI } of different
2 3 2
solubilities.

.. Differential Toxiciiy of Various Size-Tractions of Dusts « DExperiments have
been completed indicating that for U0, small particlesz area much m-re toxic
than large, when the U0, is placed in the lungs intratracheally, Similar
experiments with 803 ars projected,

f. Transport of Uranium across Alveclar and Nasal Membranes. Phagocytic Transport
of Uranium, Some preliminary data have been obtained on UD, using the
intratracheal techpizue, With this cempound it appears that Two routes of
excretion from the lungs are prasent, one favoring large particles, involving

transfer Abrough the blood stream. Qnly the latter transfer is assumed to
involve a toxic responase,

¥ith soluble compounds nasal absorption is probably an important factor in
eraluating relatively larg:r particles, nasal absorption may be as important
as lung retentlon of smaller particlas.

IQUIPMcNT

Special equipment necessary to the project is laready avallable. Barring unforseen
circumstances, only sta dard laboratory equipment wlll be required in the foture.
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INDUSTRI AL HYGEENE,

(£) Industrial Service Testing Laborstory

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

Procedure Inhalation units and/or injection and percutanecus absorption will
be eastablighed as required,

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

This project Ls anticipated to be self-supoorting.
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(e)

BACKGROUND;

PURPOSE:

1616004

INDUSTRI AL HYGIENE

The Role >f Fhodphate~Contalning Enzymes and Related Substances

in T-Poisonigﬁ.

Indications from past work hove pointed tc the phosphate group
of biological meterials as playing an importasnt role in Te

toxicity., Although past work in viiro on the effect of ¥ on
enzymes in the an organlsm At a¥ yet falled to demonstrata
any specific activity of P on this group of substances, it has been &

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

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

to do with phosphate. The first attack on the problem will be
the study of

(a) phosphorylated coenzymes
{b) nucleic acids

{¢) nmucleoproteins

(d) phosphoproteins.



INDUSTEI AL HYGIINE

(b) Lipids and Lipid T~Complaxes

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

The start of the attack on the problem will be made on the reactiocns of
pure lipid substances with T,
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INDUSTRIAL HYGIENE

¢n) The Role of Liplds in the Mechanimof T-Poisoning.
Charles Splegl,

BACKGROUND

A Cloge chemical relationship between 1ipid and P is indicated from several
sources in our past experlence, YThus, from snalegy with other metallic gzaits

1t may safely be predicted thet Tefatty acld compounds can sasily be formed

at loast in vitro, Other suggestions such as the adsopriion of T~salts by olls,
the sodubility of rez(no )., in ether, snd some svidence for the development of
$RL Yot Teatc o 1 RO 200 0 o o2 DE-ALES b askicn afuTriietd f3katpstion.
pparent in view of the fact that quantitiesof lipids are fougd in the dlood,
that the coll memdrane probably contains a large amount of lipld or lipoe~prothbip
surface, and thait proteins usually are comdined with lipids. Conse tly, tn
l1pids ény enter igtt the trnnspogt, adsopption on the goll mem :nsf.;argagb&fity
into the cell of T, and reasction of dhbselemeat with protein substances. Fone of
these importent factors in the mechanism of T-toxiclty have been investigated,

THE Probdlen

It i3 dealred to show:

1. The role of lipias in adgoprition, desorption, and permeability of cell membranes
$0 ? with particular emphasis on the cels of the kidney,

2., The function of lipids in the distritution of 2 throughout the body,
3. The nature of the lipida® complex,

Satisfactory solutlon of the problem would give results of inmediate and of long-
range value for;

1. 4 better undersianding of the mechanigm of P-actlon on cells, particularly
fa the kidney.

2. A more quantitative mathematical interpretation from adsoprition calculations
of the relationship bestween dosage and the rate of adsoption on cells, of
adsorption into the cell, and elimination from the body. It may be possible to
relats thase fachors to the amount of tissue destructien,

3, Valuable contriluitlons would also e made to the field of fundamental science,
Development of a theory of in vhvo cell adsorpilon and membrane equilibrium would
be & worth-while contritution to cellular physiology. Incidental to the main
prodlem, the praparation and charecterization of new compounds of the Te fattiy
acid type would further the organic chemistry of fat s sand oils. The posaibilisy
of discovering a specific orgz=nie complexer with ? would mol be overlooked,
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METEOD OF APFPROACH

fhe problem eutlined lends itself to study in 2 pheses, (1} the preparation and
charactarlizatlon of pure chemical compounds similar to those likely to be
sncountered in vive amnd tje determination of the kinetics of compound or complex
formation with these pure meterials, (2) physiological studlies of the interactions
beiween lipids and T in the body. The simultanecus approach along these 2 lines
of reagoning would enable mere papid progress in the cutlined program.

1. Reactions of pure chemical compounds,

Ae Tatty acids and T.

C.

D.
X,

l. Preparation of Tefatty acld salts for standards and characterization
of these by a» many of the following constants as feasible:

melting point, X-ray crystallograpghy, iodine values, colorimetriec
absorpiion curves, and refractive index,

&, Datermination of the relationship beltween complex formation of ¥
and fatty aclds with the 1ipid chaln~length and unsaturation,

b, Determinall on of the relationship hetwsen complex formation of
typical fatiy acid and hexa or tetra-¥alent T,

Phospboli}d and 2

1. Preparstion of P=cephaling and lecithing, Iovestigation of the

:zls}ionship between the complexing power and the valence-gtate of
& Te

Fats and 7, Determination of the complexing power of ¥ wish (1) a
synthetic mixture of fatty acids or glycerides, (2) commonly avsilable

purified fats, (3) normal dlaod lipids, and (4) dlood lipids from
T=polsoned animals.,

Preparation of radic-active T=liplds compounds for in vivo studies
Investigation of the lipld-protein interactions.

I1. Physiclogical reactions of the 2ipida,

1016001
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B.

Determinations of total 1ipid changes in T-toxicity. The quantitative
invesgti gation of alterations in total fat, individual fatiy acids, and
ihe phospholipids in (1) the kidney, (2) total body carcass, {3) hlood

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

Thie type of study may well sug-est tha particular lipid fraction active
in the toxicology of T and show furtber whether the cels o the plasma
are the trasporting agents in the blodd,

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

of t ¢ tody may wel be complemented by & study of the effects of adding
lipids in Tepolsoning.

1. Studies of the cell membrane surface.
&, Detarmination of the amount and character of 1ipld present,

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

¢. Isobopic investigation of the kinetic nature of T o n & memirane.



2, Study of the transport of T across a memdrane.

a. Rate and influence of varicus factors such as blood acidity on
the rate.

b. The typs of compound carrying T across a membrane,
¢ Collular lipid-prctein interactions, both in the absence and in
the presence of P,

3. A possible ingegstigation of the change in T=lipid reactions fnduced
by chemlical means in the body, This tenative section may have a
bearing on the future treaiment of Tepolisoning,
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BACEGROUND,

PURPOSE:

1016009

IEDUSTRIAL HYGIENE
(1) Protein T=complexes.

Past work relating to the microanalytical determination of

uranium has deamonstrated the specific cémbination of proteins
with uranium,

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

of protein and lipid, This study should supplement study (g) in
snzymes and (h} in 14pids.



INDUSTRIAL HYCIENE

(J) The Effect of Ursnium on the Cell Surface.
{ A physiological investigation in the mechanism of uranium action,)
by Rothsteln and Laskin,

BACEGROUND

Previous research on the mechani sm of uranium-polgsoning has bteen largely concerned
witk the whole animal: the kidney or other organs and with isclated components of
living tissues such am the enzyme systems and the protein co natituents, Litile
direct ressarch has besn done at the cellular level of organization,

Present svidence on the effect of uranrium on the whole animal indicates $hat the
kidney is the most susceptible organ and thdt a particular group of cells making
up the proximsl convoluted tubules are invelved int he primary injury. Zhe
tubules suggest dwo possibilities for the mecharigm of uracsium poisoning, The
first is shat the specific group of cells have some special propsrties or
components different from those of other tissues enabling & reaction with uranium
to occur. The second possibility is that optimal envirommental conditions
(extracellular) are present only in the locality of these cell groups.

Present evidence also indicates that no speciflic enzyme system ig inhjbited, mut
rather that the cel surface of the cels constituting the proximal convoluted
tubales is injured resuliing in a general cellular debilitation and destruction,
The general nature of the results of previous research indicates that axtension
of the uranium toxicity problem to the cellular level of organlzation would be
most profitable ip revesling the mechanism of uranium poksoning. Technigues are
avallable by which t he effect of uranium on the cell surface can be slucidated
as a function of envirommental conditions.

PERSONAL BACKGROUND

Both Dr. Rothstein and Mr. Laskin have had consideratle previms experience in
the field of cellular physiology specifically in relation to probtlems dealing
with parmeability and the cell mrface. They already bave avallable () an
extensive bibliography on the Teferences in this fisld, (b) detailed notes o n
methods and resulis in the field, (o) a reviaw article covering the previous
work in the fisld written by Mr, Laskin. (d) several aarlier studies om the
toxicity of various maberials to cells.

PROGRAM

Properties of the cel surface can be directly measured in terms of permesbility
and electricsl properties of the cell, 1Indirectly the properties of the surface
may also be studied intterms of cellular activity involving such funciions as
movemsnt, excretion and metebolic activitles.

1f the cells of the proximal convolubed tubules have some unique ivherent property
which causes them to be particularly susceptible %o uranium then only these

cell types could be used for the studies. Tissue slice and tissue 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 extracelular conditions ( such as pE) which exist only in the
apecific region of the kidney from which the cel types origloate. If the extra-
celular esonditions were duplicated for other cells, similar effects of uranium may
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be observed. If this proves to be the case, then tha #ffects of uranium on
the cell surface could be studied with simple technigues on isolated cells
such as erythrocytes, phagoeytes snd unicellular organisms.

Another method of approach which might yfield valuabls information is the use
of model systems. This would involve sutdies on siwple protein and 1lipid monme

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

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

1, I5 the sasceptibiliity to uranlum ipherent in the cels of the renal proximal

convoluted tulules or is the spsceptibility dus to extracellular conditions
in tre proximity of these cells?

2. Are other celles susceptidble o uranium under similar extracellular conditions?
3. How does uranium affect the various cell funciions?

4, How does uranium affect thz cell surface in terms of permeability and
slectrical properties?

§, Can the phanomenon of uranium toxiclty be duplicated in a model sysiem o n
protein and lipid momlayers? If positivw resuldx are obtained, can the

mechanism of uranium action be specifically traced?
In a Telatively virgin field such as this, it is difficult ts predict the most

frultful approach until some exploratory work has bren attempted. The methods
suggested in the previous section are merely an indication of the type of approach
to be uszed.
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INDUSTRIAL HYIGIENE

(k) Investigation of the Nature of Fluoride in Blood

BACEGROUND

Tarlier work (principally Gejman) on the biochemistry of fluorine has led
to the followlng observations:

1) Thers is considerable uncertainty as to the base level of blood fluorides,
2) An anbagonism 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 blosd in an ersgnic and an inorgenlc
state somewhat analogous %o btleod Lodine,

5) In hemophilie the blood flumorine often rises to very bigh levdls,

6 )3=fluoroiyrosine has given excellant results in the treatment of Basedow's
disease (toxic hyperthyroidiem),

Phese obaervations hzve suggested the following Dbroad outline for a resesarch
program on blo 4 fluorine. ‘

PROZLEM

Preliminary experiments in this ladoratory have tended b6 confirm the observation
that blo 4 flucorides exist in both an "orgamie” and"inorganic#form. The mrpase
of tbis prodlem is to investigate the nature of the compounds of fluorine existing
in the blo-d, devoting speclal attention to the so-called "organic''fraciion,

METEOD OF ATTACK

Reference %o the literature indicates that the normal range of F. in the blood
tsg 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 rance of normal vlues as meagured by our technigue.

fhe epproach to the main problem might well procede according to the following
liness

s) Détermine the fluorine content for whole 2lood, cells and plasma.

b) Prepare hemoglobin, protein and lipld fractions and determine the fluorine
contenk of sach,

o) Investigats the complexing of fluorine with hemogledin and other proteins.

4) Investigats the relation between fiuorine and nov~diffusabde (protein bound)
bloocd calcium,

In addition %o 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 betwesn fluorides, iodide and
calcium dvels and the thyroid gland,

b) the sffeci of fluorine upon enzyme systems of the blood, particalarly by
means of an in vive experimemt,

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

4) Eow high can the blood fluoride level be raised before i1l sffects are
observed in animals.

The use of radiocactive fluorine in attacking these problecs may be of value
and should not be overlooked.
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SIGNIFICANCR OF T'E PROBLEM

Theze expsriments are intended to give fundamental information regarding the mode
of actionand metabolism of fluoripe in the system, This information would
apoear to te of value for tle following reasons;

1) TMuorides are ussd in the treatment of diseass, Blood levels appear to show
signi ficant variations in certain pathological comditions

2) Exposure to fluoride is of industrial significance, pmrticulerly since the
advent of stomic energy progrems,

3) Exposurs to fluoride may occur through consumptionof foods heavily contmminated
with fluoride contalining fertilizers,

4) The determin-tion of base levels is of irmediate practical wlue in the impending
litigation between the duPont Co. and residents of New Jersey areas,
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