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26 February 1346. 

Subject: Future Nodical bsearch ?rogrm. 

:WOWTDIB! to Erigadw G9m-1 K. E. Bichole, District Enybeer. 

1. Biological research conducted under the auspice8 of' the Jan- 
hattan District prior to the cessation of hostilities was yrl,marily of 
a preliminary naturu in order to provide immediate information on tol- 
orances involv7hg various types of radiation from external source8 and 
fran inhaled, injected and ingusted radio-active materials. Toleranoer 
to various chemical compounde similarly intrcdiased into the body were 
6180 studied. In order to establish unequivocal am enduring toleranoe 
lsvslr, f,owever, Pdrthsr aork will be required which will be primarily 
long-term in character. Repetition in sane aatagories of research, be- 
cause of their critical fiaturn, will be necessary. 

2. Colonel Varren has pointed out that much of the data already 
Co:leCted is proving valuakte from a medical legal point of vier. 
is anticipated Mat further research a11 0180 serve in this manner* 

It 

3. It apyears now, that medical research on fissionable and 
other materiala required in atomic energy, and not previously inveilti- 

gated, will need future study in-such the same manner as bas been dona 
d-th uranium and dutonium. 

4. In :eneraf, it appears necessary that a research pr0gra.n ba 
,?ontimed and should be wr,&acted under contract with vesious univer 
siC.ies and medicel Research ?enters. 
modified to a slower Dace, ani! fever aswcts of' the biological investi- 
gations should be conc'ucted sinultaneously. 
5ar of projects will Drovide better continuity and more secum results. 

The biological prograT should be 

The redJced rate and nu- 
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2. Colons? Ramen has pointed out that ruoh of the data almady 
oollecbd ir proring valuablr from a medical 1og.1 point of VI-* 
Is antiolpated that ntrthar reremh will also aerm in thlr mumor. 

It 

3, It appears now, that modlcal rerearoh on fl8slaarbfo rab 
o+hr materials nquired in atomic owrgy, md not prerfourly hrtb 
gatod, rill need future rtudy in muoh th 8ano 1118n-r as has bo- done 
with uranim and plutonium. 

4. In gemeral, it appears necessary tht a researah pr~grr~ be 
rontlwed and ahould be oocchcted under contract with nrlous univer 
sitier and nedioal Research Senterr. 
modlfled to a slowor mae, md fewer aspacts of the blologiual invostir 
gations should be oonducted rimultaneourly, 
bet of projects rill Dmvide better continuity and nore recum remilti. 

?he biological program should k 
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Section I -- 1nstrwentsti;a 
Sectim Head - Cr. John 3. Hursh 

To this sectim will fall ths followx duties. (1). Construction end 

maintennnce of instruments for the division of red-2105y pn? biop'hysics. 
sunervision en? resDonsibility for redloactivity messwements in this division. (f). 
Entil this duty is transferred outside the division, responsibility for the industrial 
monitoring progren: nm carried aut by the divisim 31 s-peciel problem. 

(2). Generzl 

Section 2 -- Tracer Chezistry 
Section Head - Dr. ,5&ert W. Fink 

It will be the duty of this section to extend animal tracer studies already 

under way with golonim, radium end uranim. Coopsreting with section eight, the 
personnel of this division will carry out the plannei! humen tracer studies with 
plutonium, redia, polonium ud uranium. 

Also in the jurisdiction of tkis sectim will be thc carrying aut of any 
metabolic studies rsquested 3p the district or its successor in the future. 

In collaboretim with the instrumentation section, experimental nethods will 
be developed for the qplication of radioactive isotzpes produced by the Uranium Pile 
to basic biological an3 medical problems, both of the Manhattan project acd of the 
more general fields of biology and medicine. 

Section 3 - Radiation Pkvsiology 
Section Head - Dr. Thomas loonen 

In this section, it is proposed to carry out: (a) chronic and acute rediation 
avosures in animals including sFerm studies (b) chronic and acute exposures to 
r8diOeCtiVe isotcqes (c) searck for therapeutic aids after radistion exposure (d) 

pathology (e) hematology (f) general animal care fcir other sections. 

Section 4 - Radiztion Chelcistry 
Section Head - Dr. Kurt Scloson 

It vi11 be the primaq duty of tkis section to seek, grinarily by chemical 
techniques, (1) means of betectiw early damage from radietion and radioactive 
materiels, (2) stusies on the mechanism of radktion effects. 
much af this work will be collaboration with section 3. 

It is evected that 

Section 5 - Spectroscopy 
Section Head - Dr, Luville T. Stead- 

The personnel of next year's sgectroscopy section is now engaged in two 
problems (1) Studying the distribution of uranium In rabbits, particularly bone 
storage after oral and lung admicistration, (2) endeavoring to obfain as large 
uranium ana lead storage in bone as possible far cooperative x-ray diffraction 
work with Mr. Xermeyen. It is hoped vith the x-ray diffraction technique to deternine 
if these elements are stored bp reFlace3ent in the apatite lattic of bone ad if they &re, 

the positions that uranium and lead atoms occupy in the mireral lattice. 



-. 
It is proposed to concludo work on Problem I by September, 1946. 

Problem I1 rill be continued at beast until the possibility of obtaining 
useful information haa been more thorogoughly explored. 

From September throughmt the remainder of the year it is proposed 
that the primary work of the Spectroscopy section rill bo in collaboration 
with Sections 111 and I? in studies Q n the basic aaturo of the effects of 

radiations on biological systems. It w5ll also endeavor to carry out analysis 

Q#p@CifiCdly requested by the district or its successor. 

The primary technique now available for this rcrk is absorption rpoctra 
in the visible and ultra riolet. 
be little used in this application. All0 it mqy be adrirable to acquire an 
infra-rod absorption rpoctrometer to expand tho 1st of chemicdl entities for 
which this section wil hare usefbl analpticdl tochnlquer. 

Probably smission spectra technlquor will 

(This section is based on the assumption that Mr. Bishop's research 
activiters a8 distinguished f'ran shop and maintenstaco duties rill be carried 
out in tho DiTi8iOn of Radiology and Biophysics. 
be carried out as a part of administration. ) 

I beliovo they might equally 

This section will have three principal asrigmrents: 
window tochniques to study the grorh of nord and abnormal tismor through the 
microscopo end the effect of radition upon their grodh. 

ptobebljr bo used as aa important aid io this work. (2) 
IfIs to ntudy tho differential ei8oct8 of extremely high intensity radiation dosage 
as compared with lower doaago ratas 
spproprfate problems. 

(1) EIJr the use of tisnro 

Photography will 
In collaboration with Section 

(3) Ulth tho 01octronmicrorcopo to stud7 

.) 

Section VI1 -- Physics 
Section Bed -- Dr. Z.A. Lamar (fezutive) 

(This section is non-odrt.nf at the present time). Thoro are reterd 

problems in eppliod and basic radiation physics that such B section might 
tlndertak. to rolr.. 

Section VIIS -- Metabolism 
Section Head -- Pr. Semuel Bsssott. 

This soction has engaged in collaboretfon withthe Division of Special 
Problems and a group at the Lor Alwnos project in human trscor studies with 
plutoniim. This particular series is nearly complete. 

Studies on humaa subjects rrquerted by the District that still remain to 

be completed are on (1) uranium, (2) radium, and (3) probably a feu oa polonium. 
Six months is an estimate of the time necessary to carry out this work. 

GENERAL RESEARCH 

To the oxtont th t I am acqueintod rlth if, I am improssed that as fsr 88 

an animal research program caa have furnished it with irradiation period8 of about 
14 years, good data is available for calculation of permlrsable daily human orposuute 
to x-ray and garma radiation. 
detection of radiation damage in humans such as qould k producod by 10 r per day 

Unsolved problem remainina aro (1) a method of 

certainly a dangerous level if long contimod. (2) a rpocific mothod for counter- 



acting the effects of acute radiation injury. 
concerning the immediate mechanism by which radiation injuries are produced. 

(3) knonledge is still lacking 

It is likely that the most profitable approach to (1) will be of biochemicd 

mture. I propose tl-erefore th t this shall be one of the principal research 
azsigments of section 171 with cooperation of section V. 

A BeWch for specific methods for combatting scute radi=tion injury rught 
to b6 one sssigmrent f-r Section III. 
I)r. Boche end Mr. Eisho is the pos8ibility that immedi:>te lowering of body 

temperature to about 60 
tissue rocovary before irreversible breakdown has 08mrred. 
experiments with herstera in which a state of hibernation can be induced. 

One potential method already considered by 

8 
as can be done in &aman subjects, might permit greater 

They wore plar,n$,rq 

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

Dr. Kay Fink alredy has work Underway on the effects of irrsdistion on 

I believe this work shoul bo csrried forrard. 
=clear protein metabolism as indicated with radioactive phosphorus that may be 
considered work on Problm-3. 
work also contemplated ky r. Bishop rith rabbits ear,windows also bears oa this 
probla as do the contemplated studies with high inteuity radiation. 

Todc Effects of Radioactive Elanentr 

Polonium: The todcity of polonium has already been studied 8% Bockester 

in the case of rinele intravenous experiments in rats. 
ad radium have been studied in Rochester and fa sone extent in other project 
areas aftor single edminirtrations, However, no data has been obtained where 8 

coasted polonium We1 ha8 been maintained in the body over a period of monthr. 
Thus TO do not havo nearly tho certainty in retting a tolerano level for body 
polonium content (and other a&pha emitting elementr) thst we hato in setting 
tolerance to externdl radiation. 

Tho toxicity of plubonium 

In setting such a level for district use it has beon assumed until recently 
that the ratio of toleraoce body content of polonium to the rverage riwle lethal 
dose is the same as the ratio of the daily permitted dose of erter:d radiation 
to the averege sinblo lethal dose. 

reaultr. 
same relation to permitted radium content as their rektive toxicities measured 
in semi-acute experlments sad that the allowable radium in the human body is 0.1 mice0 
grams we obtain an allowed body content for polonium marry times lower than calcu- 

lated by the first method. 

Unfortunately e seond method of making this calculation gives very different 
If we assume that the .permitted poloaim Content of the bo dy bears the 

Since the polonium content of the body falls to negligible amounts (L year 

after exposure we felt relatively safe in using the first tolerence value during 
the var. Mor that the war is over, the tOl ranee value has been mduced by a 
factor of 8. 
operation periods many personnel have exceeded this value. 
for polonium is increasing rather than decreasing. 

Thit has made plant operation extremely diificult since in previous 
!4!hbh district's demand 

Lven this new permitted vah is much higher than That mw be the true tolerance 
value in the light of human and animal radium toxicity data. 
that long term toxicity studies in this field, ere from the interest of the district 
very much indicated. A worthwhile prograro on t is subject can scarcely bo completed 
in one year, 

St therefore appears 

These notes are a brief summary of a complicated subject. 

Badow The distriots present permitted radon In air valuo i8 ten time8 tho - 
value scceptod by the Bureau of Standerdt and most Itate health units. This P=@ 

lager va&e is due to the impracticality of meetiw the lower value In district plants/ 
There have boon no good studies made In animals thd om led to a good estimate of 

IO15381 



radon tolerance. Such studies are therefore prohUy indiorted. 

I believe we have found practical methods of removing radon so that 
&ember studies need not be a Rochester Project hazard. 

Metabolic Tracer Studies: It is probably desirable to csrry out the human 
tracer studies with U 235, radium andpolonium origizldly planned, 

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

Tith radio-carton we are planning to investigate the similarities and 
differences of the carbonate ion as compered with bone seeking inorgenic ions 
such as plutonium in their in vitro and in vivo behavior, 

further and m3re conc~usive studier. 

work, for exemple with thorium, radioactive fission products and other radio- 

There are other problems concerned with polo nium metabolism that merit 

Be are willing, at the request of t'-e district, to carry out other tracer 

isotopes. 

Xnstrumentationr I believe thzt the circuit that Dr. Enns developed 
for porteble ioni ZatiOn ir?StRnmOntS is in ruggminess, simplicity and sensitivity 
much the best of any now in use in the district. 
ing instruments designed using this circuit, aomethi g Dr. Bins did not have the 

1 h0-M to see an investigation carried out by compehent physicist M to the 

I hope to see several monitor- 

ti- to do* 

actual reliability of radon determinations on breath samples as a meana of deter- 
mining radium contents of the bodies of human subjects. 

of measuring smal emounts of ionization. 
If seems desirable to further investigate the vane electrometer as a meals 

The folldng very rrief outline lists smaple problems that are of pri-sry 

interest as representing applications to medical resesrch and therapeutics of 
tools made av-ilabb by the chain-r acting uranium pile. 
carried out to the extent of 1% of our year's budget. 

I propom. that these be 

1. Genera3 development of methods, physical, synthetic organic and analytical 

20 The synthesis of radioactive aanino acids and other compamnds, and the study 

for the use of C14 and H3 in mediczl and biological research. 

of their distribution in tumor bearing animals. 
foundation for the improved treatment of cancer with radioactive isotopes. 

in experimental aniTal cancer. 

C14 and E13 as to018 in the solution of medical resear b problems. 

This work is to lay an experimental 

3. To study the use of radioactive minoacid enalogurs as therapeutic Bids 

4. Partly in collaboration with otter groups in the medical school to use 

5. To study the use of radio-iodine as a therapeutic eid in thyroid disease. 

Most of this work will be carried out in SocU on XI, Tracer Chamistry. 
However ft is proposed that the head8 of otker sections rill also bo able to 
take part in cert in of these problem8 as part-time co-workers. 

1015988 



I. %?is of contez lpted wotl3:s & previous &. ':e kave 

'a :-ounci --+ (19A3-6 in mde nice, =~r.de: chronic X-mciatLon 
doriimnt gene Pnc! chrolrosome YutPtior, rate of nep.rly 10- 
per r. ?hat is, one sper; in IC,CCO undergoes R chp-nge 

Rffects the ir.e?iPte offsming, for esch roentgen 

received.. 
- 

InsofRr 8s the I.tpnhattFn qroject is concerned with men 
r*tY.er than mice, it IS imortant next to esk 

(1) Do the seme sorts of sutations occur in mall7 

(2) That Droportion of the=: have significaqtlg harmful 
effects? 

It is to these Tsstions thet cext year's research 
xould Se directed. 

11. Prgcosed problem. 

A. Xor$,ological, embr:volo,;ical and cytological study of 
the Jiutmts on whlc:". our rRte cdculations are basedl 

1. fertility mutations. 
harzilessly e?rP restztional stage, or at e later period 
dich would be at least a physiological strain of the 
mother and possibly dmgerous? 

inen do the embryos die: at a 

Why do the embryos diet 

2. behavior mutations ( cbclhg, extreme restlessness, 

back somersam That defects of the vestibular 
aparatus or central nervous qrstern crn :e found? Eave 
eauivalent changes bem reported in man? 

3. structurd autet-ions (situs iriversus viscerum, sev- 
eral blood vessel a?owlies, accessory adrenal cortical 

nodules, defective mriett._l suture). 
DarRble to reported swrad:c con8itions in sax17 3at 
effects kavi the:: on length of life, g:Pzerpl vigor, etc.? 

be these COP- 

3. Coctlnuation of st!idies on 

1. the freouency of chromosome reerracgenents in haeffio- 
poiet.ic cells under wute exposure of %Or or less, 

2. relation of t'-.at Afreauency to rate of decrese in 
blood elements after radiation, 

3. cyronosone rearrangexents as 4 possible besis of 
differences 29 specLes senzitivity at low ex3osures. 

to15989 



The work nou under or contemplated is outlined as follows: 

1. The series of control radiated ani als is being extended end the blinical, 
hematological and pathological alterations associated with r ediation intoxication 
ad being studied furtker. 

2. The experimental progrmn of marrow transplantation is to cntinue with emphasis 
on the following subditi lions. 

a. Intravenous marrow transplantation 
1. Wltiple marrow transplantations. 
2. Single marrow transplantations. 

b. A study of vari us means and agents to stimulate bone marrow such as nitroaen 

c, Intravenous lymphoid transplantation of spleen and lymph nodes. 

mustard, turpentine and the leukocytosis promoting factor of Menkin etc. 

3. Further studies are to be csrried out to demonstrate the bone marrow reserve and 
its effect on radiation intoxication. 

4. The tissue culture program is to be reopenod and further studies made to grow 

fractions of the hempoetic tiSSUe8. If this can be done studies rill be instituted 
to study the effects of radiation on hmopoetic tissue and alteratio:~ in certain 
tissue sensitivity by grorth in tissue culture. 

5, It is planned to undertake studies on radiated animals employing folic acid and 
rutln to determino the effect of each of these agents on the bone marbom and the 

6. 
normal anbryonal tiistae, benigh tumor and rnaligaanf tumor to homologous and heter- 
ologous hosts as well a# the associated cultivation of them tissues in vitro. 

bleeding a ePd*PC%e8. 

1 program is being made up to study hrrther the effect8 of transplantation of 



In broEd terms we are interested in InvestigPtinz the effects and tke nec%er,isrn 
of th,e effects of rpBiPtiDn on the t..emol;aieti'c system, and, as corollary to tbic, in 
fnvestifatinf Fr0Fe-r techiques an$ metho69 for evElutirig these effects an4, if 
pssible,  sf cvm'eractine them. '?his inv:lves, of necescity, besic hemtologic 
research into the prmPrties, chemicel ani. ?hysiczl, the life cycle, art? Dkrsiolocic 
fimctiQn4 of the varims forTed elesents of the 51o:d RS tbey erist in the norm1 
individual and in individugls with blood dyscrasias, 8s well as investigetion of t5e 
mechanism of c-a+letion and hemostasis Wh.iCh Often becomes deranged followiq re.7isL 
tian. Cmsiderable animal work is contemple ted wi%k extension of technio.ues OT re-zlts 
to huTan patients wt?enever it is possible or warranted. 

At the present time the fol'owlng icvestigati2ns are eitho,r w3erney or will 

be started soon. 

(1) 31ood histamine stueiee have recently been initiated on mimela and humans. 
It is desired to determine the total amount of blood kistamine in normal animals, in 
radisted animals which are narkedly leukopenic but not throml~openic, and in radiated 
anioals which axe both severely leukopenic and thrombogenic. In +,his ffienner, it is 
hoDed that the partition of histamine in the formed elecretts of the blood in both 
normal oar? radiated animals can be betermined. Blood histmine studies in normal 
humans and in indivituals with a variety of hematologic a3normalities will also be 
done. The partition of histe.mine between cells and plasma unbr different caditions 
wi 11 be i nv est I ga t e d. 

(2) 
will be ccntinued. Direct measurements of pktelet utilization in thrombopenic, 
radiRted animals have already Seen done by this section and.are the subject of a 
previous re?ort. 

Studies on the life cycle and the role of the blood platelet in hemostasis 

(3) Likewise studiea on the life CyCb of the leukocyte of the same type 
previously cmducted in this laboratory will be continued. 

(4) It is desired to irmstigate the problem of "mgrrow reserve,fi i.e. the 
reserve capacity of the carrow which can be called uson in tiEe of strain. Cross 
circulation emeriments in which a normal animp.1 is connected in series with several 
denleted, ra?.izted anirng.1 s kiFving nm-functiocing bxe mErrow are contemplated. 

(E) It is azticigete? that a few more CYO~C, circ-dation experiments of the 
type Treviously $me by this sectlm in an effwt to elicit inClrect rafiiation 
effects remote from the site of direct rediatisr, CIC be carried out. It is desireble 
tc follow a few animals which heve been cross circulzted with rediEted animals for 
long periods of t ine-tventy-four to possiblp seventy-twc hours. 

(6) An investigation 3C techniques e~? methods of evaluating coagulation 

defects will be begun shortly. 

Other Investigatisns in accord with the broad outline of ihis program as 
steted above will be planned in more detail when personnel of this section is 

brough to full strength. 



RESEARCH PLANS FOR TEE DIVISION O? PHARMACOLOGY 1946-47 

Harold C. Hodgo, Division Head. 

SECT I ON 

I . I ndu str id Hygi one 

11. Biochomi sfry 

111. Ingemti on 

IV. Chanistry 

V. Pathology 

SECTION BUD 

Her bor t S t o oki ng er 

William Iouman 

Plliott Maynard 

Jamoa IS. Scott 

BESP3MSJBILXTY SFEXFIX 

e) Second-year continuation studies 
of U nitrato dust inhaletion in dogs 

end rats. 
b) 30 day inhalation studios of U 
dust of graded particlo sizos. 
c) Control studio8 for program b 
d) Particlo si to meanrroment laborator 
0) Dust retontion lsboratorg 
f) Industria rertico testing lab. 
8) The rolo of phosphato containing 
onzymes end rolatod substancos in 
uranium poisoning, 
h) Lipis and lipid uranium cornploxos 
i) protoin uranium comp~exor 
3) Action of uranium on isoletad cells 

* 

a) Xlectrochdcel studios of U rslts 
and their comploxer 
b) Studies on tho nochanimn of U fir- 
stion by bono 
a) Relationship betreon citrato form- 
ation and tolormco to uranium 
d) Contiraretion of studies on tho 
distribution and oxcrefion of U, 

a) &e factor in resistance to uranium 
poisoning 

Singlo oral doso of uranium 
Pairod feeding in U poisoning. 
Injury cyclos in U poisoniq. 

Fluoa do anal ysos 

Uranium anelysos 
Biochomical analyses. 

Extension of the studios on the use 

histological ordnation of kidmy 
critorion in U polroning. 
Studies on rond opitholium rogon- 

erati o a. 
c) Hirtological changos.as reletod 
to acquired tolerance 

d) Extension of the hng@ip:dpts of 
hepatic responro mt 
4) Imertigation of gastro-intestinal 
hemorrhages with high dietary exposure 



VI . Physiology a) Minimal concentration going through 
kidney to produco demago 8s shorn by 
fbncti on tests. 
b) Transillumination studies 

c) Physical vx. Punctional effects on 
tubule. 
d) Contact-concentrat ion relationship 
for ki bey . 

Section I1 Biochemistry 
Section Head Dr. nlliam Iowan 

A. Lloctrochemical studios of uranium salts and their oomplexes. 

1. Polarographic studios on the uranium-citrate and the uranium lactato complexes. 

2. Electrophoretic studios on the uranium-citrate and the uraniru~-lactato complexes. 

3. Contrihgal studios on the stat, of Uq in body fluids, 

4. Solubility studies on the decomposition of ursrutos and uranium oxidor in 
bods fiuids. 

Background: Chemical studies on tho bohavior of uranium in the presenco of 
complefing mbrtmcor haro given information of inortimable value in tho understanding 
and interproting the results of toxicological studies. To date, fairly extensive work 
ha8 boen conducted on uranium acetate and uranium bicarbonate oomploxes. 
some information is avdlrblo as to the likelihood of oxidation and reduction in tho 
animal body. Additional 80rk is necesssty on two important C~sap~oros, uranium citreto 
and uranium lactato. htrther at tho preaent stat., it appears that littlo intorcornor- 
#ion of U6 to U4 occur# normally. Extonded studies on the sbto of U4 in body fluids 
r~uld bo mist holpful. 

citrate and uranium lactate complexes. 
salts in body fluids. 

Ia addition, 

hrposo: To dotermine the conditions of famation and Werkdorn of uranium 
To determine the state of Uq ad othr complex 

Method of Atka&: Study of complexes is best facilitated by the uae of polaro- 
graphic and electrophoretic techniques. I n studying the U, problem, preliminary rosults 
indicato a colloidal condition which is best atudiod by mezns of a centrifugo. 
ity information rill be helpf'ul in deciding whet ion *mas aro ultiaately formed don 

oxides and uranates dissolro in body fluids. 

Solubil- 

B. Studios of the mecanism of uranium fixation by bnr, 

1. In vitro studios of the absorption mechanism. 

2. fn vitro studios of the erchsnge properties of bono salts. 

3. In vivo studier of bono circulation. 

4. In vivo studies of the factors affecting deposition. 

Background: 't appears from distrihrtion studios that from long-term point 
Our undor- of vier most of the uranium retained by tho body is found in the bones. 

nttndiag of bone metrboliao is very irsdoquato. 
dotermino &ether uranium may be mobilized or prevented from depositing and factos affeot- 
ing the doposition must bo elacidated. This study has boon begun on a small scale and 
to dsto has yeilded very interesting and useful informstion. 

Conefderrble work msf be done to 



Purpose: To determine the moans by which uranium gets to and ir deposited 
in bone d to determine the factors which affect those processes. 

Method of Attack; The actual mechanism of absorption or fixation can best 

be studied in vitro. Absorption isotkenns and ckemical precipitations have already 
been begun aad further work along this line is anticipated. Because of the lack of 
information on bone metabolim and bone circulation some fundamental studies will be 
necessary in order to elucidate how and in &at state uranium reaches bone. Animal 
experimentation will )pmvide information on the factors affecting deposition after 
the fundamental mechanism has been somewhat cleared up. 

C. Studier of the relationship of citrate formetion by the kidney and tolerance to U. 

1. Studies of citrate exc8etion by ingestion and int?dation exposed aimds. 

2. Studies of citrate excretion as caused by other nephro-toxic a,gents. 

3. studio8 of histological origin of citrate. 

Backgmund; Fork by Hiss Randall has indicated a very striking coincidence 
betreen the development of tolerance and the recovery phase following kidney demage 
and the unphysiological excretion of large amounts of citrates in the urine. 
aoincidence ir so striking that it seems very possible that citrate production follow- 
ing the administration of uranium 58 one of the, if not the, underlying mechanism of tl 
t oh anca ph enomexxi n. 

The- 

Purpose: 
tubular damage 
enon of tolerance. 

To determi e the mecUdsm by rhicn citrate is produced following 
uranium and the relationship8 between this excretion aad the pheaonr- 

Method of Attack: First it rill k necessary to learn whether thir phenomenon 

It also rill 

?inally, information on the 

of citrate excretion is chsracterirtic of uranium daamge irrespective of type of exporu 
Accordingly ingestion ad inhalation oxposed animals dll k examined. 
be helpful to learn rhether other nephro-torlc agents initiate citrate ercrotion or 

dother this represent8 a speclfio re8ponse to urmlrrm. 
egct mechanism lnvolved in the origin of this citrate rill be most valuable. 
mq be possible thet citrate production can be induced and thus tolerance may be also 

induced without actually administering uranium. 

It 

D, Studies on the Distribution and Excretion of Uranium 

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

2. Studfra on the absorption of uranium from the gastro-intestinal tract. 

Background: Several aspects of the distribution and excrution problem have as ye% 

not been investigated. These ere: The distribution and excretion of uranium by animals 

prevlously exposed to uranium and absorption and subsequent distribution in animlr 
receiving uranium by ingestion, 

Purpose: To determine the distribution and excretion of uraaium in animals 
previously ezposed to uranium. 

Hethod of Attacrk: It will be necessary to anploy radioactive riotopes of uranium 
to 1 wn exactly what happens to materiel given previar sly exposod animals because of 
the residual uranium steady present in the tissues. 
and conducted previously bat the District provided a mixtureof iaotopea uhich prevented 
us from obtaining data permitting interpretation, 
a tolerance which may be somewhat different from that obtained by injection. 
possibility exists that a factor involviq absorption from the gastointestinal tract 
may be involved. 
rill be hderfaken. 

Such an experiment was planned 

IweUtiOn cuJid8, it se@m$# develop 
The 

, 

Therefore, ab8or)tion studies on animals given uranium by ingestion 

I015994 



Section 111 Ingestiua Toxicity 
Section Head Elliott A. Maynard. 

A. & e factor in resistanco to uranium poisoning, 

Sackground: Most of the inEestion oxpcriments have been carried out. beginning 
with young reading rats. 
toxicity. 
of the ingestion experiments was to furnish correlative information for the inhalation 

progrnm, it seems etvisable to determine the influence more exactly of ego on toxicity. 
~nirnals employed in the InhUation experiments varied ddely in age. 

If Des since been found that age markedly influences 
Young animals showed a greater resistanco than adult 80 Since the purpose 

Purpose: To determine the effect of ago on the toxicity of ingested uranium 

Method of Att8dc: Litter-mated animls rill be placed on diets oontaining U nitr8b 
st varying ages from teanlings to full-grown adults. The animals *ill bo examined 
for tkt usual signs of toxicity. 
also be conducted. 

Fbr compsrative purposes some injection studies may 

B. Single oral dose of Uranium. 

1. Effect of single ingestion on grokh 

2. Effect of single ingestion on reproduction. 

Background: All evidence at present poi ts singularly to an initial damage to 
animals placed onuranium containing dietr. It is, possible that most of the total 
effect of uranium fcoding is obtained on the initial first day exposure. 
it is important to know to what extent that first day exposure affects the over-all 
pi cturo. 

At any rate, 

&rposo: To determino the effects of a single day feeding of U nitrate, 

Method of Attack: -ne group of animals rill bo given a single dqy's feeding of 
This program rill include TJ n5trete and subsequant13 exsminod for signs of toxicity. 

determination of body weight changes, histological changes and biochemical sndyse~. 
A second grmp of anidr will be given single day feeding and subsequently , the effects 
of this obseivea on reproduction. 

C. Paired feeding in uranium poisoning. 

Background: one of the most consibtent findings in the ingestion program uas that 

following initial exposure the ani-.als ate little food and lost considerable weight. 
The question arises as to how much of the weight loss is the result of loss of appetite . 

Purpose: To determine the effect of loss appeteie on the rls ght loss incurred 

follod og exposure&. 

Method odp Attack; b series of animals rill be exposed to the uranium diets and 

concurrently an equal mmber of controls will k placed on stock diets. The control8 
dl1 hsve restricted access to food along the lines of the paired feeding experiment. 
The us-lal observations will be made. 

D. Injury Cycles in uranium poisonin&. 

1. Indications of cyclic depressions of food intake. 
2. Cyclic biochemical changes - RPN end body weight. 

Bsckgrouab: One of the striking obearvrtiona noted in dog feeding experiments 

mas that the HPN showad a consistent although slight riso throughout the period. Super- 

imposed upon this rise wero cyclic peaks occurring at about 22 day interrilr. It seemod 

that those animals shored a responso a a recovorj, and fidly, am additional response. 
The throe animals observed all showed a very similar pattern of response. 



Purpose: 

Method of Attack: 

To determine whether injury resilts from uradum exposure on a chronio 

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

basis follows a cyclic pattern. 

individually for recurrent changes in food intake and blood NPI. 

dogs will also be undertaken. 
A program studying 

Section VI Physiology. 

A. Mfnimd concentration going thrmgh kidney to produce damage as ahom by hnction 
tests. 

Background: It has neTm been determined exactly how much uranium it required 
to cause observable changes in kidney function. 

Purpose: 
kadney el eara~ces. 

Method of Attack: Graded doses of uranium will be administered to 8ats and 
rabbits and these ebninlstrations dll b followed by clearancm determinations of at 
least three substances: diodrast, imlin and uranium. 

To determine if possible, the quantity of uranium required to affect 

E. Tranri 1 ld nati on Stu di e# 

Bsckground: Considerable information may be obtained on the exact action of 

uranium in the tubule by obrerrirrg tubules as the7 are ectually fudtion5q In VIVO. 
Certain studies along these lines hare already been carriedout by Wr. Adler oa the 

frog ki d ney . 
a# they appear in the kidney nephron. 

illumination nork. 
t ec hni qu e s i nvo 1 red. 

Purpose: To dbserre the fknctinal changes resulting fran uranium administration 

Method of Attadat: Procedures rill be standard as employed in the usual tkm- 
br. Orcutt has had considerable experience in Chicago in the 

C. Physical vs functional effects on tubul4. 

glomerulus and tubuie are abvious. As 6 complement to the transillumination studies 
program designed to separate the effects of the tuhrlar membrane from the effects of 

actual cell activity will be undertaken. 

tubule surfaeem or injury to the tululer cells. 

Background: The limitati3nr to visual changes which may take place in the 

Purpose: To ertablish whether the effects ofuranium consist of the breakdown of 

Method of Attack: The procedures would be adapLed from the published studies of 

Ba7liss. 

ll. Contact-concentration relrtionshim for kidner 

Backaround: In spit. of the great amount of monitoring and sampling of urilus 
obtsi ned from industrial norkers, there is little or rn information oa the concentration 
diah may be considered dageroua. Much information msy be obtained by sacrifice oxper- 

imentr in which varying quantitfes of uranium 81.0 administered. Subsequently, the 
determination of uranium coaoeatration in the urine mey be correlsted with clearance 
tests and histological findingr. 

Purpoaor To determine the urinary concentration of uranium: the mini- which 

results in obserrabl e function and histological chemgdr. 

Method of Attack: The experiments will be sidlar to perfusion experiments 

already conducted in this laboratory. 
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Tox?cological Shdies - !hit 3 R-fll servo as eqosure-unit at stwt: 

C?serv?ti3ns 

.. 
12 froa the Li&:le of Aug~st to July 1, 13k7. 

X:j?rox. - 15 rats 
Anpros. - 14 Gobs 





SACK3?CYIiD I Fflot studies of intretrRcheally injected T-dusts of grzded size 
have .shown that prC,icle.- of less than 1 micron are zore toxtc 
then those of larger sile. 

(a) The toxic response determines‘ in dozs, rats, and racbits, 
expose? for 30 days to DRrticle5 differfng In their size raqge 
d.11 be compared to similprly graded particles of larger E- 
nensions. 

P?OC?DL?T 8 - 

(b) Particles of graded size Kfll be prepared in quentity @ 
aetkods Plready developed on a pilot scrle in t3ese labora+aries. 

(c) Anizals, ca. 5’dogs, 20 rabbits, 30 rats, rill be used for 
each experiment. 

(d) Particle Size hst Ue~3urement LEbora%ory 

PrnPOSE I - To continue roqtfne measur-ment of pwticle size as standtwdized * 

in this 1Pboratoq durlng the past year. 

The vdxe of this leboratory will be to supply critical Inzorna- 
tion to the IndJstrial IIygiene section on, 



(e > 

To zxtkue, ester,? ,on? a;;?lify progra3 as o-itllne,; in currer.t 
or0 ject dll.1, "?.e 'etention and Absorotion cy Alveolar Trarlsport 
of Inh.?led T-Dus t" . 
(a) To detCr3ir.P +he mount of dust retpined by anirnds inhaling 

dusts of horn, ??.--acteristics of concentration, mrticle 
size, an6 solubility ~f, given 'cropthing retes. 

(b) To locate the sites of absorption. 

(c) To deteraine the nechar,ism of toxic responae of inheJea 
soluble dusts. 

(see eccompan:rfng detailed stetement on relation of pakticxe 
size of urmiun dusts to toxfcitp.) 

IOlbOOO 
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Problem conce-rne? mlth the relationsLip of particle size an6 so1ubilit:r of 
.aranim dusts to the toxicity res'dting from %heir inhalstlon. 

A. Xeasurenent of particle sizes. 
b. 

C. 

do 
e. 

Differential retention of dusts ir, vzrious parts of the 
resFlrr.torp tract . 
Dffferwtial toxicity of various size fractions of dusts. 
Transport of uranium across the alveolar and nasal mernrrmes. 
Transport cf uranim by phagocytes. 

Authorities on dust-hazzard agree that the particle-size of inhzled material is 
of primary importance as a factor in ths toxicological response. 
possible to make sore oredictions froa a theoretical point of view, of the effect 
of particle-size on various escects of inhalation-toxicity, but a careful 
exe-cknation of the literature reveals a stprtling paucity of experimental data, 
%en the methods used for measuring particle size are open to severe criticism. 

It has bem 

It icr proposed to ettercpt to fill ifi sone of the gaps in our lmowledge of the 
particle size factor 5:. a coctfnuation znd extefision of mrk that has been in 
progress during the past year. 
(1) measuring wrticle sizes, (2) frectionating dusts lnto nzrrow size frectims, 
(3) m,4tinteInfcg dust-clou2s of constpnt concentretion, (4) meas*nir.g reter.tion 
of Inhrled dcstc, (5) deterniz:fng toxicity of size-frsctions placed Ir. the lung, 
ecd also for (6) deterz.fr.ing ',ha rete of tramport of zater'ial out. of the lung. 
Tect-ri puss ere p.vatlRble for deternirlcg phpgocytic ectivity Qnd nasd 
a'csorntior Q* mpteripl. 

Adequate techniques have been worked out for 

It is ?elt t5E.t t:.e whole field of prticle size as P factdr b. toxlcologr is 

ripe for exr;lorPtior. rnd that ft will :deld irt2resticg results. 
pl~gt cor.6ftfor.e is stro:gly indicated dso. 

;.x.rve:r of 

A. 
3E-ti.065 for yrticle sfze detersinations 3511 sooc Se coinTleted. Thesi ell be 
RvRflEGle for routir'e s~annling of ousts cotki ir. emerizentd cheaoers end in iridus- 
trfe.1 dacts. 
-he electroc microscooe for size-zeasurements, imnactor ~nd theme1 precipitator 

for sQzplicg-procedu-es. 

b. 
si7e-frrctions heve beer! evolved. 
ranges is Drojocted for vmious experiments. 

--- Yeas*=eseat of Particle Size - Cevelo?aent fin6 stsndw<izption of ep~zialfzea 

Ee zithodc ir.clu6e use of B his?. resolution orjticzl microscope en6 

Preparation of Siz,e-Eractions - XetbAods for srparation of dusts in narrow 
Preparation of size-fYac+ions of different 



10. 

0. 

d. 

e. 

f. 

Sonio Dust Peed - a ronic typo dust food has been constructed together 
with its amplifior and sound-proof box. Previous results haro indicated that 
this typo of feoa givos rory constant concentration8 of dust. 

Difforontiel Retention in the ROSpi?8fX y Tract of Various Perticlo Sizari 
Calibration of the rhtentisn apparatus is almost completo and experirnonts 
will s~on be in progrosm. 
rim-fractions of 3 uranium compounds (UO 0 00, and UOgF,) of different 

It ‘is intended to determino retention of different 

2 
80lUbil i ti OS* 

Differential Toxicity of Various SizO-Fra~fiOnS of Dust8 - Lxperimentr have 
boon completed indicating that for U0,c small particles are much mze toxic 
than large, when tho UO 
oxperimcnts with UO we projected. 

is placed inGthe lungs intrafrachoslly. Similar 
2 

3 

Transport of Uranium 8cross Alveolar and Nasal Memhcaner. Phagocytic Transport 

of Uranium. Some preliminary data have beon obtained on UO using the 
intratracheal technizue. 
excretion from the lungs arc present, one favoring large particles, involving 
transfer Ulrough the blood stream. 
involve a toric response. 

With soluble compounds nasal absorption is probably an important factor in 

evaluating relatively larger particles, nasal sbsorption may be as important 
as luna retontion of slraller particles. 

Uith this cqmpound it appears that fro routes of 

Only the latter transfer is assumed to 

r@uIPmmn 

Special equipment necessary to the project is laredy availrblo. Barring unforseen 

circumstancor, only stadard laboratory equipment rill bo requirod in the fbturo. 



I NDUSTBI AI, HYGEENP , 

(2) Industrial Service Testing Laboratory 

erpoje: To doteramine the toxicity of materials of industrial concern as 

requested. 

Lnhalation units and/or in jection and percutaneous absorption rill 
be established as required. 

Procedure 

Tests rill be made according to methods already stsndardized 

these 1 aboratories. 

This project is mtlclpated to be self-supoorting. 



INDUSTRIAL HYGIEblE 

(g) The Role 3f Pholphate-Containing Enzymes and Belated Substances 
in T-Poisoniq. 

BICKGBOUNDr Indications from past work hzve poi-?ted to the phosp5ate group 
of biological amtorids as pleying an important role in TO 
todcity. Uthou h ast work in vitro on the effect of T on 
enzymes in the anfd organism nas BS yet failed to demonstrate 
any specific activity of T on this group of substances, it has been &I 

demonstr?ated in the intact animal that Z exerts its action on 
precisely these e substaaces. 
perri rtant absence of normallyoccurring phosphatase has been demon- 

strated by staining bchniquer following ?-exposure. 

In the kidney complete and* 

PURP OS& To study the effeot of T on enzymsr and related substsncer having 
to do with phosghrto. 
the study of 

The first attack on the problem rill be 

(a) phosphorylated coentJnnes 
(b) wcleio rcidr 
(a) nucleoproteins 
(d) pho rphoproteinr. 



I NDUSTBI AI, HIGI 

A detdied discussion of tb-e background and msbbd of approach ir 
i ncludod. 

?hr start of the attack on the problem rill bo nudo on the rractions of 

purr lipid substances with T. 



eh) Tho Role of Lipids in the Yechanfmof T-$oisoninq. 

Cherlos Spiegl. 

BACKGROUND 

A Closo chemical relationship botweon lipid and T is indicated from roverd 
SOUTCOS in our part oxperionco. Thus, from malogy with 0th~ motallic rdts 
it rnqy safely be prodictod that F-fatty acid compounds om oasily bo forrood 
at least in vitro. 
the soiubility of Tea(RD3)a %n ether, and some ovidonco for tho de~lopment of 

&e tt ~mportanco lir ra in oT-igai,fBf~~~i~l~~~i~~-t~on in he oi d reat suoh on a of cornpro T li As d r.aIe int tion. 

)geenf in vier of the faot that quatitierof lipid8 -0 fouad in the blood, 
that thm cell mambreno probably contains a large amount of lipid or lipo-protbi) 
aurface, and that proteins usually are combined with lipids. 
lipids my onter int6 tbe transport, adsopption on the c.11 ~emtr8n.~ permeability 

thoso imPor*at factor8 in tho meohanism of ?-toxicity havo beon invostigatod. 

Other suggostions such 88 the adsoprtion of T-ralts by oil#, 

C naoquontly, tho 

into the coll of T, end reaction of bbheolemont rith protoin substanc~8. Bono of 

~gl Probld 

Ib ir dorired fo show: 

1. Tho rolo of lipis in sdnoprition, dosorption, and permeability of coll membrmos 

to T with particular emphasis on tho cols of tho kidney. 

2, The function of lipids in the distrihtion of T throughout the body. 

3. tho naturo of the lipi*T oomplox. 

Satirfacfory solation of the problem mald giro rosults of inmodiate end of long- 
rango value for: 

1. 

in tho kidno70 

2, A mor0 quantitatiro mathematical interprotation from adsoprtion cdculdionr 

of the relationrhip batreen dosago and the rate of adsoption on colls, of 

dsorptioo into the coll, md elimination from the body. 

relata these fscbors to the amount of tissue destruction. 

3, Vduablo contributions would almo bo mad. to the fiold of fundamontal sciorreo. 
Dovolopnnent of a thoory of in rho 0.11 adsorption and mombraru oqoilibrium muld 
be 8 worth-hil~ contribution to collular physiology. lncidontal to tho main 
problom, the preparation and charactoriurtion of now compounds of tho T- fatty 
wid typo would firthor tho orgadr chomirtry of fats and oils. 
of discovoring a spocific orgmic comploxer with t rould not bo overlooked. 

A bottor understanding of the mechardon of T-8CtiOn on colls, pmticularly 

It rnq bo possible to 

Tho porribility 



UTHOD OF APPROACH 

The problem outlined lends itself to study in 2 phases, (1) the preparation and 
charwterization of pure chemical compounds similar to those likely to be 

encouatued in vir0 und tje determination of the kinetic8 of compound or complez 
formstion with these pure materials, (2) physiological studies of the interactions 
betreon lipid8 and T in tho body. 
of ressonlng would enrble more papid progress in the outlined program. 

The rhultsaeous apprO8Ch along these 2 linor 

1. BeeCtion8 Of pure chomicd compounds. 

A. Fatty acids and T. 

1. Pnpuation of T-fatty acid salts for standards and cheracterizafion 
of these by as many of the following constants aa feasiblet 
melting point, X-r.y crystallography, iodin. vslues, colorimetric 
absorption curves, end refrbctiro index. 

a. Determination of the relationship betaeen compbs fomatioa of T 
md fatty acids with the lipid chain-length and onrrturrtlon. 

b. DeterminaU on of the relationship between complex formation of r 

typical fatty acid md hera or tetra-talent T. 

E. Phorpholips id and P 

1. Preparation of P-oe hdinr and lecifhinr. Inveatigstion of the 
relationship between +%e compl ering power ad the valonco-state of 
the To 

C. Fats and T. Determination of the compledng power of T riih (1) a 
synthetic dxture of fatty acid8 or glyceride., (2) comMnly aV8518blO 

purified fafr, (3) norms1 blood lipids, and (4) blood lipids fkcn 
T-polsoaed anlmalr. 

0. Preparation of radio-8ctive T-lipids compound8 for in vivo rtudies 

3. Investigation of the lipid-protein interactions. 

11. Physiological reactions of the 1 ipids. 
. 

A. Determinations of total lipid changer in T-toricity. The quantitative 
investigation of alteration8 in total fat, individual fatty acids, and 
the phospholipids in (1) the kidney, (2) total body carcass, (3) blood 
cello and plasma, and (4) otkor organs such as the lung, liver, md thyroid 
if indicated. 

This type of study may well sugrest thr particular lspid fraction active 
in the toxicology of T and show further uhether the celr d the plsama 

are the trarporting agents in the blodd. 

B. Yechaniaof cellular lipid reaotion. htndamenfel studies in this field 
can best bo mado first by in vitra followed bp inviro studies on normal 

and on 9-pobsoaed animals. The study of the effects of T on the liplds 

of t e body mar re1 be complemented -b IL study of tho effectr of adding 

lipids in T-polrnning. 

1. Studies of the coll membrane surface. 

8. Dete~inat~on of tho smou??f md character of lipid present. 

b. Complexlng (adsorption and desorption) of T from the cell surfaco. 

e, 1ro)opic investigation of the kinetic nature of T o n a memkaaa. 



2. Study of the tranrport of T acrosr a memkane. 

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

b. The type ob compound carryiq T across e membrane. 

C. Cellular lipid-protein interactions, both in the absence and in 
the presence of T. 

3. A possible inxestigation of the changr in T-lipid reactions induced 
by chemical means in the body. This tenative section may have a 

bearing on the f'uture treatment of T-poironing. 



I PDUSTBI AL HYCI ENE 

BACgCR OUND: 

PUBPOSE: - 

(i) Protein T-complexes. 

Past work relating to the microanalytical determination of 
uranium has denonstrated the specific cbmbination of protoinr 

with uranium. 

Tho purporo of thir investigation is to oxtond these prelininery 

findings in ordor to ovolre the mechanism of the toric action of 

uranium. Tho col surface has beon shown to be a complox mixturo 
of protein and lipid. This dudy should supplement study (e) in 

onzymer md (h) in lipidr. 



(J) Tho Iffect of Uranium on tho Coll Surface. 

( li physiologicd investigation in tho mechanism of uranium action,) 

by Rothrtein and Laskin. 

BACKGROUND 

Proriour reseazch on the mechanism of uranium-poisoning has boon largoly concorned 
with the whole animal: the k'dnoy or other organr and with irolatod compononte of 
living tissuor such am the onrpmo rystems and the protein co nstituonts. Littlo 
direct resoerch has boon done at the colluler levo1 of organization. 

prosent ovidonoo on the offect of uranium on the rholo animal indicator that the 
kidaoy is the most suscoptiblo organ and thllt a particulsr group of colls making 
up the proximal conrolutod tukrlos aro involved int he primary injury. 
tubulos suggost two possibilities for tho mchrnism of uradum poironiog. 
firsf ir that the rpocific group of collr hare romo rpocial properties or 
cornponentr differont from thoro of other tisauaa onsbling a roaction with uranium 
to occur. Tho recond possibility it that optimal onviroanentsl conditio- 
(oxtracollular) aro present only in the locality of thoso cell poups. 

Tho 
Tho 

Prosent oridonco also indicates that no spocifio enrpo system is inhibited, kt 
rather that the eel rurfaco of the cols constituting tho proximal convolutod 
tubulor is injured romlting in a genoral collular debilitation and dartrootion, 
The goneral nature of the rosultr of prerious rosearch indicator that ortonsion 
of tho uranium toxicity problom to tho collular levo1 of organization would bo 
most profitablo in rovoding the meohanism of uradum pobsoning, 

rrJlablo by which t ho offoct of uranium on tho eo11 mrfaco can bo olucidated 
a8 a hnction of environnontsl coaditions. 

loohn5puor -0 

PERSONAL UCKQIROUHD 

Both Dr. Bothstoin and Mr. Laskin havo had considorable previaur oxperionco in 
the field of collular physiologj specifically in roletion to problans dealin8 
rith pmrmerbility and tho coll surfaco. 
ortonsite bibliography on the roQerencer in tkir field, (b) detailod notor o n 
methods and result8 in tho fiold, (e) a rorlor articlo cororiq the prorious 

work in the field mitten by Mr. Laskin. (d) several aarlier studios on the 
toxicity of various materials to colls. 

They already havo avrilablo (a) &a 

Propertior of the oel surfaco can be directly mearurod in tennr of pornoability 

and oloctrical propertier of the ooll. Indirectly the properties of the rurfaco 
may also be rtudiod intterms of cellulsr activity involving such functions a1 
movement, oxcretion and metabolic activitios. 

If the cells of the proximal convolutod tubales have some udquo inheront proporty 
which causes them to be particularly ruscoptible to uranium then only there 
coll types could be used for the rtudies. ?issue rlico and tissuo culturo 

techniquew aro arailablo Lmich would readily load thmroltes to tho probla. 
is, howevor, more probably that the appment specificity of uranium for the tubtzld 

cells is duo to extracelular conditions ( such a8 pH) which odrt only in tho 
specific region of the kidney from which the cel types originat.. 
celaler oonditions were duplicated for other colls, similar offeots of uranium may 

It 

If the oxtra- 



bo obrer&d. 
the cell surface could be studied with simple techniques on isolated cells 
such as erythrocytes, phagocytes and unicellular organisms. 

If this proves to be the case, then the effects of urenim on 

Another method of approach which might yield valuable information is the use 

of mode1 systems. 

layers and dtposi ted interfacial mernbranos of proteins and other cellular compDnent s. 

This would involve sutdies on simple protoin and lipid mow 

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

1. Is fhe !susceptibility to uranium inherent in the cels of the renal proximd 

convoluted tubules or is tho spsceptibility due to extracellular conditions 
in the proximity of these cells? 

2. Are other cells susceptible bo uranium under similai extracellular conditions? 

3. Eon doer uranium affect the various cell functions? 

4. flow doos uranium effect the cell surface in terms of permeability and 

01 ect ri cel prop ert i est 

5. Cap the phemaenon of uranium toxicity be duplicated in a model syrtan o n 
protein and lipid mooolayerr? If posiUfw results are obtained, can tho 

mechanism of uradum action be spocifically traced? 

In a rdativoly virgin field such as this, it is difficult to predict tho most 

fnaitiul approach until some exploratory work has b-on attemptod. Tho methods 
suggested in the previous section are merely M indication of tha typo of approach 

to be used. 



(k) Investigation of the Nature of Fluoride in Blood 

BACKGROUED 

Earlier work (principally Gepan) on the biochemistry of fluorine has led 
to the following observations: 

1) Thero is considerablo uncertainty as to the base level of blood fluorides. 
2) An antagonism appears to edst between fluorine compounds and thyroxin. 
3) Organic fluorine compounds appear to be m3re toxic than the fluoride io n. 

4) Fluorine apparently exists in the blo3d in an oragnic and an inorgraic 
stat. somowhat analogous to blood iodine. 
5) In hemophilis tho blood floorine often rises to very high Levils. 
6)3-fluorotyrosine has given excollent results in the treatment of Basedo+ s 
di seaso (t oxl c hyperthyroi di glp) 

Those observations hzve suggested the followin& broad outline for a research 

QrQgra on bl0 ,d fluorine. 

PRO EXXM 

Preliminary experiments in this laboratory bavo tended +b confirm the obrorration 

that blo d fluoridos odst in both em "orgado" andt*inorganicHfom. 
of this problm is to investigato tho nature of the compounds of fluorino odsting 
in the blo,,d, devoting spoci al attention to the so-callod @~organict~fraction. 

The plrpare 

Boforenco to the litoraturo indicates that tho normal raw. of ?. in the blood 

is rather rid.; horeror, the umthods used haw alryas included operations which 

in our oxperienco hare resulted in loss of fluorine. 

bo nocossary to dotermino the ranre of normal rluer as measured by our tochniquo. 

The approach to tho main problem might well procode according to tha folloring 
lines: 

8) Dotermino the fluorin. content for whole &lood, cells and plasma. 
b) Propare hemoglobin, protein and lipid fretions and dotermino the fluorbno 
content of osch. 
a) Imeoti8ate the complexing of fluorine with homoglobin and other proteins. 
d) fmestigate the relation botwen fluorine and non-diff'urabh (protein bound) 
blood calcium. 

In addition to the main problan of olucidating the naturo of blo;.d fluoridor, 

tho following secondary probloms aro of considerablo interorrf; 

8) An investigation of the possible relations botreen fluorides, iodido and 
calcium &vel8 and the thyroid gland. 

b) the offoct of flu~rino upon enzyme systems of the blood, pwticalarly 
moans of an in rim oxperimm%. 
a) The rolubilitjr of fluorides salts &d complexor in plasma, 
a) How high can the blood fluoride level bo raised before ill offocts aro 

observod in animals. 

The use of radioactive fluorino in 8tt8Cking these problrnr mcry bo of taluo 

and should not be overlookod. 

Accordingly, it rill first 



S'IGblIF'ICANCLi OF T:-E PROBLm 

These experiments me intended to give 8undsment.d information regarding the mode 
of actionand metabolism of fluorine in the system. 
appear to bo of value for the following reasons: 

This information would 

1) Fluorides are used in the treatment of disease. 
significant vsriatlonr in certain pathological conditions 

Blood levels appear to show 

2) Exposure to fluoride is of industrial significance, ptieularly since the 

advent of stomic energy progremr. 
3) Exposure to fluoride may occur through consumptionof foods heavily contminated 
with fluorido containing fertilizers. 
4) The determinztion of base levels is of inmediato practical Jue in the impendlng 
litigation between the duPont Co. and reridents of Her Jersey areas. 


