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26 February 1346. 

Subject :  Future Nodical bsearch ?rogrm. 

:WOWTDIB! t o  E r i g a d w  G9m-1 K. E. Bichole ,  D i s t r i c t  Enybeer. 

1. Bio log ica l  r e sea rch  conducted under t h e  auspice8 of' t h e  Jan- 
h a t t a n  Distr ic t  p r i o r  t o  the c e s s a t i o n  of h o s t i l i t i e s  was yrl,marily of 
a pre l iminary  na turu  i n  o r d e r  t o  provide immediate information on to l -  
orances involv7hg var ious  types of radiation from e x t e r n a l  source8 and 
fran inhaled, i n j e c t e d  and ingus ted  radio-act ive mater ia l s .  Toleranoer 
t o  va r ious  chemical compounde similarly intrcdiased into the body were 
6180 studied. In order t o  e s t a b l i s h  unequivocal a m  enduring to leranoe 
l svs l r ,  f,owever, Pdrthsr aork will be required which w i l l  be pr imar i ly  
long-term in cha rac t e r .  Repe t i t i on  i n  sane a a t a g o r i e s  of research, be- 
cause of their critical f ia turn ,  will be necessary.  

2. Colonel Varren has pointed o u t  that much of the data a l r eady  
Co:leCted i s  proving va luakte  from a medical  l e g a l  point of vier. 
is a n t i c i p a t e d  Mat  further r e sea rch  a11 0180 serve i n  t h i s  manner* 

It 

3. It apyears now, that medical research on f i s s i o n a b l e  and 
other m a t e r i a l a  requi red  in atomic energy, a n d  not previously inveilti- 
gated ,  w i l l  need f u t u r e  study i n - s u c h  the same manner as bas been dona 
d-th uranium a n d  du ton ium.  

4. In :eneraf, it appears  necessary  that a research pr0gra.n ba 
,?ontimed and  should be wr,&acted under c o n t r a c t  with vesious u n i v e r  
siC.ies and medicel  Research ?enters. 
m o d i f i e d  to a slower Dace, ani! fever a s w c t s  of' the b io log ica l  investi- 
gations should be conc'ucted s inul taneous ly .  
5ar of p r o j e c t s  w i l l  Drovide better c o n t i n u i t y  and more secum results. 

The b i o l o g i c a l  prograT should be 

The redJced rate and nu- 
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Subjects Futuro Medio.1 R46earoh p r o p . .  

lo Biologioal rorearuh aonduoted u d o r  the auspiomn of tho ha- 
h&tm Dir tr io t  prior t o  the Ce88atiOn of hor t i l i t i om m s  prfnarily or 
a pmlimlnaxy rwturm i n  order t o  provide b e d i a t m  infbxmatioa on tol-  
oranma iomhing ratlous typr of radiation ironoxtarnml s0uf0.1 mb 
frapr lnh lod ,  injoctod and Ingested radio-act lro mterialr. Tolemnoor 
to r v l a u r  ohomlod mmpouads similarly intmcluod lnto the body were 
a h o  studio& In order to ertablirh uasquiroorl uad m d u t i n g  tdenrnae 
1 0 ~ ~ 1 0 ,  howam, hrrtbr iork will bo requimd *I& rill k p r i r u i l 7  
loag-tarr in ohuautar. Reptition in 8-0 0 & 0 g O r f O 0  of resouoh,  be- 
caumo of W i r  critloal neturn, will bo neooaavp. 

2. Colons? Ramen has pointed out  that ruoh of the data almady 
o o l l e c b d  i r  proring valuablr from a medical 1og.1 point of VI-* 
I s  antiolpated that ntrthar r e r e m h  will also a e r m  in thlr mumor. 

I t  

3, It appears now, that modlcal rerearoh on fl8slaarbfo rab 
o + h r  materials n q u i r e d  in atomic owrgy, m d  not prerfourly h r t b  
gatod, rill need future rtudy in muoh t h  8ano 1118n-r as has bo- done 
with uranim and plutonium. 

4. In gemeral, it appears necessary tht a researah p r ~ g r r ~  be 
ront lwed  and ahould be oocchcted under contract w i t h  n r l o u s  u n i v e r  
s i t i er  and n e d i o a l  Research Senterr. 
modlfled to a slowor mae, md fewer aspacts o f  the blologiual  invost ir  
gations should be oonducted rimultaneourly, 
bet of projects rill Dmvide better continuity and nore recum remilti. 

?he biological program should k 

The reduoad rata and nun- 
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Sect ion I -- 1 n s t r w e n t s t i ; a  
S e c t i m  Head - Cr. John 3. Hursh 

To t h i s  s e c t i m  will fall ths  f o l l o w x  du t i e s .  (1). Cons t ruc t ion  end 
maintennnce of instruments for t h e  d i v i s i o n  of red-2105y pn? biop'hysics. 
sune rv i s ion  en? resDons ib i l i ty  f o r  r e d l o a c t i v i t y  messwements i n  t h i s  d iv i s ion .  ( f ) .  
E n t i l  t h i s  duty is t r ans fe r r ed  o u t s i d e  t h e  d i v i s i o n ,  r e s p o n s i b i l i t y  for the  i n d u s t r i a l  
monitor ing progren: n m  c a r r i e d  aut  by t he  d i v i s i m  31 s-peciel problem.  

(2). Generzl 

Sect ion  2 -- Trace r  Chezis t ry  
Sec t ion  Head - Dr. ,5&ert W .  Fink 

I t  w i l l  be the duty of t h i s  s e c t i o n  t o  extend animal tracer s t u d i e s  already 
under  way with go lon im,  radium end u r a n i m .  Coopsreting with s e c t i o n  e i g h t ,  the  
personnel  of t h i s  d iv is ion  will c a r r y  out  t h e  plannei! humen t r a c e r  studies with  
plutonium, r e d i a ,  polonium u d  uranium. 

Also i n  t h e  j u r i s d i c t i o n  of tkis sectim w i l l  be t h c  carrying aut of any 
metabol ic  s t u d i e s  rsquested 3p the  d i s t r i c t  or i t s  successor i n  t h e  fu tu re .  

I n  c o l l a b o r e t i m  with the  in s t rumen ta t ion  sec t ion ,  experimental  nethods will 
be developed f o r  t he  q p l i c a t i o n  of r a d i o a c t i v e  i so t zpes  produced by t h e  Uranium P i l e  
t o  basic b io log ica l  an3 medical problems, bo th  of the Manhattan p r o j e c t  a c d  of t h e  
more gene ra l  f i e l d s  of biology and medicine.  

Sec t ion  3 - Radia t ion  Pkvsiology 
Section Head - Dr.  Thomas loonen 

In t h i s  sect ion,  i t  is proposed t o  c a r r y  out: ( a )  chronic  and a c u t e  r e d i a t i o n  
a v o s u r e s  i n  animals including sFerm studies (b) chronic and acute exposures t o  
r8diOeCtiVe i so t cqes  ( c )  searck f o r  t h e r a p e u t i c  a i d s  a f t e r  r a d i s t i o n  exposure ( d )  
pathology ( e )  hematology ( f )  genera l  a n i m a l  care fcir other  s ec t ions .  

Sect ion 4 - Radiz t ion  Chelcistry 
Sec t ion  Head - D r .  Kurt Sc loson  

I t  vi11 be the p r i m a q  duty of t k i s  s ec t ion  t o  seek, grinarily by chemical 
techniques ,  (1) means of b e t e c t i w  e a r l y  damage f rom r a d i e t i o n  and r a d i o a c t i v e  
m a t e r i e l s ,  (2) s t u s i e s  on t h e  mechanism of r a d k t i o n  e f f e c t s .  
much af t h i s  work will be co l l abora t ion  with sec t ion  3. 

It is e v e c t e d  that 

Sec t ion  5 - Spectroscopy 
Sec t ion  Head - Dr, Luvi l le  T. Stead- 

The personnel  of next year's sgectroscopy sec t ion  i s  now engaged i n  two 
problems (1) Studying the  d i s t r i b u t i o n  of uranium In r abb i t s ,  p a r t i c u l a r l y  bone 
storage a f t e r  oral and lung a d m i c i s t r a t i o n ,  (2) endeavoring t o  o b f a i n  as l a r g e  
uranium ana  l e a d  storage i n  bone as p o s s i b l e  far cooperative x-ray d i f f r a c t i o n  
work w i t h  Mr. Xermeyen. It i s  hoped v i t h  t h e  x-ray d i f f r a c t i o n  technique t o  de t e rn ine  
if t h e s e  elements a r e  s tored  bp reFlace3ent  in t h e  a p a t i t e  l a t t i c  of bone a d  i f  they  &re, 
the p o s i t i o n s  that uranium and lead  atoms occupy i n  t h e  mirera l  la t t ice .  



-. 
I t  i s  proposed t o  concludo work on Problem I by September, 1946. 

Problem I1 rill be continued at  beas t  u n t i l  t h e  p o s s i b i l i t y  of obta in ing  
u s e f u l  i n fo rma t ion  haa been more thorogoughly explored. 

From September throughmt  t h e  remainder of t h e  year  i t  i s  proposed 
t h a t  t h e  primary work of  t h e  Spectroscopy s e c t i o n  rill bo in c o l l a b o r a t i o n  
wi th  Sec t ions  111 and I? i n  s tud ie s  Q n t h e  bas ic  aaturo o f  t h e  e f f e c t s  of 
r a d i a t i o n s  on  b io logica l  systems. I t  w 5 l l  a l s o  endeavor t o  carry out ana lys i s  
Q#p@Cif iCd ly  reques ted  by the  d i s t r i c t  o r  i t s  successor. 

The primary technique now a v a i l a b l e  for t h i s  r c r k  is absorp t ion  r p o c t r a  
in t h e  v i s i b l e  and u l t r a  r i o l e t .  
be l i t t l e  u sed  i n  this appl ica t ion .  Al l0  it  m q y  be a d r i r a b l e  t o  acqui re  a n  
inf ra - rod  a b s o r p t i o n  rpoctrometer t o  expand t h o  1st of chemicdl e n t i t i e s  f o r  
which t h i s  s e c t i o n  w i l  hare  usefbl analpticdl tochnlquer.  

Probably smission spec t r a  technlquor  will 

(This  s e c t i o n  is based on the assumption t h a t  M r .  Bishop's r e sea rch  
a c t i v i t e r s  a8 d i s t ingu i shed  f'ran shop and maintenstaco du t i e s  rill be c a r r i e d  
out  in t h o  D i T i 8 i O n  of Radiology and Biophysics.  
be carried out  as a p a r t  of administration. ) 

I beliovo they  might equa l ly  

T h i s  s e c t i o n  w i l l  have t h r e e  p r i n c i p a l  asr igmrents :  
window tochniques  t o  s tudy  t h e  grorh of n o r d  and abnormal t i s m o r  through t h e  
microscopo end t h e  e f f e c t  of r a d i t i o n  upon t h e i r  grodh.  
ptobebljr bo used  as aa important a i d  io t h i s  work. (2 )  
I f I s  t o  ntudy t h o  d i f f e r e n t i a l  e i8oc t8  of extremely high i n t e n s i t y  r a d i a t i o n  dosage 
as compared with lower doaago r a t a s  
s p p r o p r f a t e  problems. 

(1) EIJr t h e  use of  t i s n r o  

Photography w i l l  
In co l l abora t ion  with Sec t ion  

(3) Ulth t h o  01octronmicrorcopo t o  s tud7  

.) 

Sect ion  VI1 -- P h y s i c s  
Sec t ion  B e d  -- Dr. Z.A. Lamar ( f ezu t ive )  

(This s e c t i o n  i s  non-odrt .nf at t h e  p r e s e n t  t i m e ) .  Thoro a r e  r e t e r d  
problems in epp l iod  and basic  radiation physics t h a t  such B s e c t i o n  might 
tlndertak. t o  rolr.. 

Sec t ion  VIIS -- Metabolism 
Sect ion  Head -- Pr. Semuel Bsssott .  

This s o c t i o n  has  engaged in c o l l a b o r e t f o n  withthe Divis ion of Specia l  
Problems and a group at the  L o r  Alwnos p r o j e c t  i n  human t r s c o r  s t u d i e s  with 
plutoniim. Th i s  p a r t i c u l a r  s e r i e s  is n e a r l y  complete. 

S t u d i e s  on humaa sub jec t s  r rque r t ed  by the  D i s t r i c t  t h a t  s t i l l  remain t o  
be completed a r e  on (1) uranium, (2) radium, and (3) probably a feu oa polonium. 
S i x  months is an es t imate  of t h e  time necessary  t o  carry out t h i s  work. 

GENERAL RESEARCH 

To t h e  oxtont  t h  t I am acqueintod r l t h  i f ,  I am improssed t h a t  as fsr 88 
a n  animal re sea rch  program caa have fu rn i shed  it with i r r a d i a t i o n  per iod8 of about 
14 years, good data is a v a i l a b l e  f o r  c a l c u l a t i o n  of permlrsable d a i l y  human orposuute 
t o  x-ray and garma rad ia t ion .  
d e t e c t i o n  of r a d i a t i o n  damage in humans such as qould k producod by 10 r p e r  day 

Unsolved p r o b l e m  remainina a r o  (1) a method of 

c e r t a i n l y  a dangerous l e v e l  if long con t imod .  (2) a rpoc i f i c  mothod f o r  counter- 



a c t i n g  t h e  e f f e c t s  of  acu te  r a d i a t i o n  injury. 
concerning t h e  immediate mechanism by which r a d i a t i o n  i n j u r i e s  are produced. 

(3) knonledge i s  s t i l l  lacking 

I t  i s  likely t h a t  t h e  most p r o f i t a b l e  approach t o  ( 1 )  w i l l  be o f  biochemicd  
m t u r e .  I propose t l -e re fore  t h  t t h i s  s h a l l  be one o f  t h e  p r i n c i p a l  research 
a z s i g m e n t s  of  s e c t i o n  171 with coopera t ion  o f  s e c t i o n  V. 

A BeWch f o r  s p e c i f i c  methods for combatting s c u t e  r a d i = t i o n  i n j u r y  rught  
t o  b6 one sss igmrent  f - r  Sec t ion  III. 
I)r. Boche end Mr. Eisho is t h e  p o s 8 i b i l i t y  t h a t  immedi:>te lowering of body 
temperature  t o  about  6 0  
t issue rocovary before  i r r e v e r s i b l e  breakdown h a s  08mrred .  
experiments wi th  h e r s t e r a  i n  which a s t a t e  of h i b e r n a t i o n  can be induced. 

One p o t e n t i a l  method a l r eady  considered by 

8 as can be done in &aman s u b j e c t s ,  might permit g r e a t e r  
They wore plar,n$,rq 

There a r e  probably o the r  i e a d s  t o  Problem 2 worthy of i n v e s t i g a t i o n .  

Dr. Kay Fink a l r e d y  h a s  work Underway on t h e  e f f e c t s  of i r r s d i s t i o n  on 

I b e l i e v e  t h i s  work shou l  bo c s r r i e d  forrard.  
=clear p r o t e i n  metabolism as i nd ica t ed  wi th  r a d i o a c t i v e  phosphorus t h a t  may be 
considered work on Problm-3. 
work a l s o  contemplated ky r. Bishop r i t h  r a b b i t s  ear,windows a l s o  b e a r s  o a  t h i s  
p r o b l a  as do  t h e  contemplated s t u d i e s  with h i g h  i n t e u i t y  r ad ia t ion .  

T o d c  Effec t s  of  Radioac t ive  E lanen t r  

Polonium: The t o d c i t y  of polonium h a s  a l r eady  been s t u d i e d  8% Bockester 
i n  t h e  c a s e  of r i n e l e  intravenous experiments in rats. 
a d  radium have been s t u d i e d  in Rochester and f a  sone ex ten t  in o the r  pro jec t  
areas a f t o r  single edmin i r t r a t ions ,  However, no data has been obtained where 8 
c o a s t e d  polonium We1 ha8 been maintained in t h e  body over a period of monthr. 
Thus TO do not havo nea r ly  t h o  c e r t a i n t y  i n  r e t t i n g  a t o l e r a n o  l e v e l  f o r  body 
polonium content  (and o the r  a&pha emi t t ing  e lement r )  t h s t  we ha to  in s e t t i n g  
t o l e r a n c e  t o  externdl r ad ia t ion .  

Tho t o x i c i t y  of plubonium 

In s e t t i n g  such a l e v e l  f o r  d i s t r i c t  u s e  it has  beon assumed u n t i l  r e c e n t l y  
t h a t  t h e  r a t i o  of t o l e r a o c e  body content  o f  polonium t o  t h e  rverage r i w l e  l e t h a l  
dose is the  same a s  t he  ratio of t h e  d a i l y  pe rmi t t ed  dose o f  e r t e r : d  r a d i a t i o n  
t o  t h e  averege s i n b l o  le tha l  dose. 

r e a u l t r .  
same r e l a t i o n  t o  permi t ted  radium content  as  t h e i r  r e k t i v e  t o x i c i t i e s  measured 
i n  semi-acute experlments  sad t h a t  t h e  a l lowable  radium in t h e  human body i s  0.1 mice0 
grams we o b t a i n  an allowed body content  for polonium marry t imes  lower t h a n  calcu- 
l a t e d  by t h e  f irst  method. 

Unfor tuna te ly  e seond method of making t h i s  c a l c u l a t i o n  g ives  very d i f f e r e n t  
If w e  assume t h a t  t h e  .permitted p o l o a i m  Content of t h e  bo dy bears t h e  

Since t h e  polonium content  of t he  body falls  t o  n e g l i g i b l e  amounts (L y e a r  
a f t e r  exposure we f e l t  r e l a t i v e l y  s a f e  i n  using t h e  f i r s t  t o l e rence  value during 
t h e  var. Mor t h a t  t h e  w a r  is over,  the tOl ranee value  has been mduced by a 
f a c t o r  of 8.  
o p e r a t i o n  p e r i o d s  many personnel have exceeded t h i s  value.  
for polonium is i n c r e a s i n g  r a t h e r  than decreasing.  

T h i t  h a s  made p l an t  o p e r a t i o n  extremely d i i f i c u l t  s ince  in previous 
!4!hbh d i s t r i c t ' s  demand 

Lven t h i s  new permi t ted  v a h  i s  much h ighe r  t h a n  That m w  be the  true t o l e rance  
va lue  in t h e  l i g h t  of  human and animal radium t o x i c i t y  data.  
t h a t  long term t o x i c i t y  s t u d i e s  in t h i s  f i e l d ,  e r e  from t h e  i n t e r e s t  of t h e  d i s t r i c t  
very much i n d i c a t e d .  A worthwhile prograro on t is sub jec t  can  scarce ly  bo completed 
i n  one year ,  

S t  t he re fo re  appears 

These notes  are a b r i e f  summary of  a complicated subject .  

Badow The d i s t r i o t s  present  permi t ted  radon In air valuo i 8  t e n  time8 tho  - 
value sccep tod  by t h e  Bureau o f  S tanderd t  and most I ta te  h e a l t h  un i t s .  This P=@ 

l a g e r  va&e i s  due t o  t h e  i m p r a c t i c a l i t y  of meetiw t h e  lower value In d i s t r i c t  p l an t s /  
T h e r e  have boon no good s t u d i e s  made In animals t h d  o m  l e d  to a good estimate of 

I O 1 5 3 8 1  



radon to le rance .  Such s t u d i e s  a r e  t h e r e f o r e  p r o h U y  ind io r t ed .  

I be l ieve  we have found p r a c t i c a l  methods of removing radon so t h a t  
&ember s tud ie s  need not be a Rochester  P r o j e c t  hazard.  

Metabolic Tracer  Studies:  I t  i s  probably d e s i r a b l e  t o  c s r r y  out  t h e  human 
t r a c e r  studies with U 235, radium andpolonium o r i g i z l d l y  planned, 

Also i t  i r  probably worthwhile t o  cont inue s t u d i e s  now underway in which 
t h e  e f f e c t  o f  Bfi and r e l a t e d  compounds on polonium e x c r e t i o n  a r e  studied. 

T i th  r ad io -ca r ton  we a r e  planning t o  i n v e s t i g a t e  t h e  s i m i l a r i t i e s  and 
d i f f e r e n c e s  of t h e  carbonate  ion a s  compered with bone seeking inorgenic  i o n s  
such as plutonium in t h e i r  i n  v i t r o  and in vivo behavior,  

f u r t h e r  and m3re c o n c ~ u s i v e  s t u d i e r .  

work, for exemple w i t h  thorium, r a d i o a c t i v e  f i s s i o n  products  and o t h e r  radio-  

There a r e  o t h e r  problems concerned with polo nium metabolism t h a t  meri t  

Be a r e  w i l l i n g ,  a t  t h e  r eques t  of t ' -e  d i s t r i c t ,  t o  c a r r y  out  other t r a c e r  

i so topes .  

Xnstrumentationr I b e l i e v e  t h z t  t h e  c i r c u i t  that  Dr. Enns  developed 
for por teb le  ioni  ZatiOn ir?StRnmOntS is in ruggminess, s i m p l i c i t y  and s e n s i t i v i t y  
much t h e  best of any now in u s e  i n  t h e  d i s t r i c t .  
i n g  instruments  designed us ing  t h i s  circuit, aomethi g Dr. Bins d i d  not have t h e  

1 h0-M t o  see  an  i n v e s t i g a t i o n  c a r r i e d  out by compehent phys i c i s t  M t o  the 

I hope t o  s e e  severa l  monitor- 

ti- t o  do* 

a c t u a l  r e l i a b i l i t y  of radon de termina t ions  on brea th  samples as a meana o f  de te r -  
mining radium con ten t s  of t h e  bodies  of  human subjec ts .  

of measuring smal emounts o f  i on iza t ion .  
I f  seems d e s i r a b l e  t o  f u r t h e r  i n v e s t i g a t e  t h e  vane e lec t rometer  as a meals 

The f o l l d n g  very  r r i e f  o u t l i n e  l i s t s  smaple problems t h a t  are of pri-sry 
i n t e r e s t  as r ep resen t ing  a p p l i c a t i o n s  t o  medical r e ses rch  and t he rapeu t i c s  of 
t o o l s  made av - i l abb  by t h e  chain-r a c t i n g  uranium p i l e .  
c a r r i e d  o u t  t o  t h e  ex ten t  o f  1% o f  our yea r ' s  budget. 

I propom. t h a t  t h e s e  be 

1. Genera3 development of methods, phys ica l ,  s y n t h e t i c  organic  and a n a l y t i c a l  

20 The syn thes i s  of r a d i o a c t i v e  aanino a c i d s  and o ther  compamnds, and t h e  s tudy  

fo r  t h e  use of  C14 and H3 i n  mediczl a n d  b io logica l  research.  

of t h e i r  d i s t r i b u t i o n  i n  tumor bear ing animals. 
foundation f o r  t h e  improved t rea tment  o f  cancer with r a d i o a c t i v e  isotopes.  

i n  experimental aniTal cancer.  

C14 and E13 as to018 in t h e  s o l u t i o n  o f  medical r e s e a r  b problems. 

T h i s  work is t o  lay an experimental 

3. To study t h e  u s e  o f  r a d i o a c t i v e  m i n o a c i d  enalogurs as therapeut ic  Bids 

4. P a r t l y  in c o l l a b o r a t i o n  with o t t e r  groups in t he  medical school t o  u s e  

5. To study the  u s e  of rad io- iodine  as a t he rapeu t i c  e i d  in thyro id  disease.  

Most of  t h i s  work w i l l  be c a r r i e d  out in SocU on XI, Tracer Chamistry. 
However f t  is proposed t h a t  t he  head8 of o tker  s ec t ions  rill a l s o  bo able  t o  
t ake  p a r t  in c e r t  in of t h e s e  problem8 as part-t ime co-workers. 

1 0 1 5 9 8 8  



I. %?is of contez l p t e d  wotl3:s & previous &. ':e kave 

' a  :-ounci --+ (19A3-6 i n  m d e  n i c e ,  =~r.de: chronic  X-mciatLon 
dori imnt  gene Pnc! chrolrosome YutPtior, r a t e  of nep.rly 10- 
per  r. ? h a t  i s ,  one sper; i n  IC,CCO undergoes R chp-nge 

Rf fec t s  t h e  i r . e ? i P t e  o f f sming ,  for esch roentgen 
received.. 

- 
InsofRr 8s t he  I.tpnhattFn q r o j e c t  i s  concerned with men 

r*tY.er than mice, it IS imortant n e x t  t o  esk 

(1) Do t h e  seme s o r t s  of s u t a t i o n s  occur in mall7 

(2) That Droportion of the=: have s i g n i f i c a q t l g  harmful 
e f f e c t s ?  

It  is t o  t h e s e  Tsstions t h e t  c e x t  y e a r ' s  research  
xould Se d i r e c t e d .  

11. Prgcosed p rob lem.  

A .  Xor$,ological, embr:volo,;ical and cy to log ica l  s tudy of 
t h e  J i u t m t s  on whlc:". our rRte c d c u l a t i o n s  a r e  basedl 

1. f e r t i l i t y  mutations. 
harzi less ly  e?rP restztional s t a g e ,  o r  a t  e l a t e r  per iod 
d i c h  would be a t  l e a s t  a phys io logica l  strain of the  
mother and poss ib ly  dmgerous? 

inen do t h e  embryos d ie :  a t  a 

Why do the  embryos d i e t  

2. behavior  mutations ( c b c l h g ,  extreme r e s t l e s s n e s s ,  
back s o m e r s a m  That d e f e c t s  of t h e  v e s t i b u l a r  
a p a r a t u s  or c e n t r a l  nervous qrstern c rn  :e found? Eave 
eau iva len t  changes bem repor ted  i n  man? 

3. s t r u c t u r d  autet-ions (situs iriversus viscerum, sev- 
e r a l  blood v e s s e l  a?owl ies ,  accessory adrena l  c o r t i c a l  
nodules ,  d e f e c t i v e  mriett ._l  s u t u r e ) .  
DarRble t o  repor ted  swrad:c con8i t ions  i n  sax17 3 a t  
e f f e c t s  kavi the:: on length  of l i f e ,  g:Pzerpl v igor ,  e tc .?  

b e  these  COP- 

3. Coctlnuat ion of st!idies on 

1. the  freouency of chromosome reer racgenents  i n  haeffio- 
po ie t . i c  c e l l s  under w u t e  exposure of % O r  or  less, 

2. r e l a t i o n  of t ' - .a t  Afreauency t o  r a t e  of decrese i n  
blood elements a f t e r  r a d i a t i o n ,  

3. cyronosone rear rangexents  as 4 poss ib le  besis of 
d i f f e r e n c e s  29 specLes s e n z i t i v i t y  a t  low ex3osures. 

t o 1 5 9 8 9  



The work nou under o r  contemplated i s  ou t l ined  as follows: 

1. The s e r i e s  of c o n t r o l  r a d i a t e d  ani a l s  is being extended end the  b l i n i c a l ,  
hematological and pa tho log ica l  a l t e r a t i o n s  a s s o c i a t e d  with r e d i a t i o n  i n t o x i c a t i o n  
a d  being s tud ied  f u r t k e r .  

2. The experimental  progrmn o f  marrow t r a n s p l a n t a t i o n  i s  t o  c n t i n u e  with emphasis 
on t h e  fol lowing s u b d i t i  l ions .  

a. In t ravenous  marrow t r a n s p l a n t a t i o n  
1. W l t i p l e  marrow t r ansp lan ta t ions .  
2. Sing le  marrow t r ansp lan ta t ions .  

b. A study of vari u s  means and agents  t o  s t imu la t e  bone marrow such as n i t r o a e n  

c ,  In t ravenous  lymphoid t r a n s p l a n t a t i o n  of sp leen  and lymph nodes. 

mustard,  t u r p e n t i n e  and t h e  leukocytos is  promoting f a c t o r  of Menkin etc.  

3. Fur ther  s t u d i e s  are t o  be csrried out t o  demonstrate t h e  bone marrow reserve and 
i t s  e f f e c t  on r a d i a t i o n  in toxica t ion .  

4. The t i s s u e  c u l t u r e  program is t o  be reopenod and f u r t h e r  s t u d i e s  made t o  grow 
f r a c t i o n s  o f  t h e  h e m p o e t i c  tiSSUe8. I f  t h i s  can be done s t u d i e s  rill be i n s t i t u t e d  
t o  s t u d y  t h e  e f f e c t s  of r a d i a t i o n  on h m o p o e t i c  t i s sue  and a l t e r a t i o : ~  i n  c e r t a i n  
t issue s e n s i t i v i t y  by grorth i n  t i s s u e  cu l tu re .  

5, I t  is planned t o  under take  s tud ie s  on r a d i a t e d  animals employing f o l i c  a c i d  and 
r u t l n  t o  determino t h e  effect  of each of t hese  agents  on t h e  bone marbom and t he  

6. 
normal anbryonal tiistae, benigh tumor and rnaligaanf tumor t o  homologous and heter-  
ologous h o s t s  as w e l l  a# t h e  a s soc ia t ed  c u l t i v a t i o n  of them t i s s u e s  i n  v i t ro .  

b leeding  a ePd*PC%e8. 

1 program is being m a d e  up t o  s tudy  h r r t h e r  the e f f e c t 8  of t r a n s p l a n t a t i o n  of  



I n  broEd terms w e  are i n t e r e s t e d  i n  Inves t igP t inz  the e f f e c t s  and t k e  nec%er,isrn 
of th,e e f f e c t s  of rpBiPtiDn on the  t..emol;aieti'c system, a n d ,  as c o r o l l a r y  t o  t b i c ,  i n  
f n v e s t i f a t i n f  Fr0Fe-r t e c h i q u e s  an$ metho69 f o r  evElu t i r ig  these  e f f e c t s  an4, if 
p s s i b l e ,   sf cvm'erac t ine  them. '?his inv:lves, of necesc i ty ,  b e s i c  h e m t o l o g i c  
r e s e a r c h  i n t o  t h e  p r m P r t i e s ,  chemicel ani. ?hys icz l ,  t h e  l i f e  cyc le ,  art? D k r s i o l o c i c  
f imct iQn4 of  the  v a r i m s  f o r T e d  e l e s e n t s  of t he  51o:d R S  t b e y  e r i s t  in t h e  n o r m 1  
i n d i v i d u a l  and in ind iv idugls  w i t h  blood dyscras ias ,  8s w e l l  as i n v e s t i g e t i o n  of t 5 e  
mechanism of c-a+let ion and hemostas i s  W h . i C h  Often becomes deranged f o l l o w i q  re.7isL 
t i a n .  Cmsiderable  animal work is contemple ted wi%k extension o f  technio.ues OT re -z l t s  
t o  huTan p a t i e n t s  wt?enever i t  i s  p o s s i b l e  o r  warranted. 

A t  t he  present  time t h e  fol'owlng i c v e s t i g a t i 2 n s  are eitho,r w3erney o r  w i l l  
be s t a r t e d  soon. 

(1) 31ood histamine s t u e i e e  have r ecen t ly  been i n i t i a t e d  on mimela and humans. 
I t  is des i r ed  t o  determine the t o t a l  amount of blood kistamine in normal animals, in 
r a d i s t e d  animals which a r e  narkedly leukopenic  but not throml~openic, and in r ad ia t ed  
anioals which axe both seve re ly  leukopenic  and thrombogenic. I n  +,his ffienner, i t  is 
hoDed t h a t  t h e  p a r t i t i o n  of his tamine in t he  formed elecretts of  t he  blood in bo th  
normal oar? r ad ia t ed  animals can  be betermined. Blood h i s t m i n e  s t u d i e s  in normal 
humans a n d  i n  indiv i tuals  with a v a r i e t y  of hematologic a3normalities w i l l  a l s o  be  
done. The p a r t i t i o n  of histe.mine between cells and plasma unbr d i f f e r e n t  c a d i t i o n s  
wi 11 be i nv e s t  I ga t e d. 

(2) 
will be ccntinued. Direct measurements of p k t e l e t  u t i l i z a t i o n  i n  thrombopenic, 
r ad iR ted  animals have already Seen done by t h i s  s ec t ion  and.are t h e  s u b j e c t  of a 
previous re?or t .  

S tudies  on the l i f e  cyc le  and t h e  r o l e  of t he  blood p l a t e l e t  in hemostasis 

(3) Likewise studiea on the life CyCb of the  leukocyte of t h e  same type 
p r e v i o u s l y  cmducted in this l a b o r a t o r y  will be continued. 

(4) It is des i red  t o  i rmst igate  t h e  problem of "mgrrow reserve , f i  i.e. t h e  
reserve capac i ty  of the  c a r r o w  which can  be ca l l ed  uson in t i E e  of s t r a i n .  Cross 
c i r c u l a t i o n  emer iments  in which a normal animp.1 is connected in s e r i e s  with several 
d e n l e t e d ,  ra?.izted anirng.1 s kiFving nm-funct iocing b x e  mErrow a r e  contemplated. 

(E)  I t  i s  a z t i c i g e t e ?  that a few more C Y O ~ C ,  c i r c - d a t i o n  experiments of t h e  
t y p e  Treviously $ m e  by t h i s  s e c t l m  i n  an e f f w t  t o  e l i c i t  inClrec t  ra f i ia t ion  
e f f e c t s  remote f r o m  the  s i t e  of d i r e c t  r e d i a t i s r ,  CIC be car r ied  out .  It i s  d e s i r e b l e  
t c  fo l low a few animals which heve been cross c i r c u l z t e d  with rediEted animals f o r  
l o n g  pe r iods  of  t ine- tventy-four  t o  possiblp seventy-twc hours. 

(6) An i nves t iga t ion  3C t echn iques  e ~ ?  methods o f  evaluat ing coagulat ion 
d e f e c t s  w i l l  be begun shortly. 

Other I n v e s t i g a t i s n s  in accord w i t h  the  broad ou t l ine  of i h i s  program as 
s t e t e d  above w i l l  be planned i n  more d e t a i l  when personnel of t h i s  s e c t i o n  is 
brough t o  full s t rength .  
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SECT I ON 

I . I ndu str id Hygi one 

11. Biochomi s f r y  

111. Ingemti on 

IV. Chanis t ry  

V. Pathology 
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e) Second-year con t inua t ion  s t u d i e s  
of U n i t r a t o  dus t  i n h a l e t i o n  in dogs 
end rats. 
b) 30 day inha la t ion  s t u d i o s  o f  U 
d u s t  of  graded p a r t i c l o  s i z o s .  
c)  Control s tud io8  for program b 
d )  P a r t i c l o  si t o  meanrroment l a b o r a t o r  
0 )  Dust re ton t ion  l s b o r a t o r g  
f) I n d u s t r i a  r e r t i c o  t e s t i n g  lab .  
8 )  The r o l o  of  phosphato con ta in ing  
onzymes end r o l a t o d  substancos in 
uranium poisoning, 
h) L i p i s  and l i p i d  uranium cornploxos 
i )  p r o t o i n  uranium comp~exor  
3 )  Action of uranium on i s o l e t a d  ce l l s  

* 

a) X l e c t r o c h d c e l  s t u d i o s  of U r s l t s  
and t h e i r  comploxer 
b) Studies  on tho  nochanimn of U fir- 
s t i o n  by bono 
a)  Relat ionship betreon c i t r a t o  form- 
a t i o n  and t o l o r m c o  t o  uranium 
d )  Contiraretion o f  s t u d i e s  on t h o  
d i s t r i b u t i o n  and oxcrefion of U, 
a) &e factor in resistance t o  uranium 
poisoning 

S i n g l o  oral doso of uranium 
Pairod feeding in U poisoning. 
I n j u r y  cyclos in U p o i s o n i q .  

F l u o a  do anal ysos 
U r a n i u m  anelysos 
Biochomical analyses. 

Extension o f  the  s t u d i o s  on t h e  use 
h i s to log ica l  o r d n a t i o n  of  k i d m y  
c r i t o r i o n  in U polroning. 
Studies  on r o n d  opithol ium rogon- 

e r a t i  o a. 
c )  Hir to logica l  changos.as  r e l e t o d  
t o  acquired t o l e rance  

d )  Extension of t h e  hng@ip:dpts of hepat ic  responro mt  
4) I m e r t i g a t i o n  of g a s t r o - i n t e s t i n a l  
hemorrhages with high d i e t a r y  exposure 



V I  . Physiology a)  Minimal concen t r a t ion  going through 
kidney t o  produco demago 8 s  shorn by 
f b n c t i  on t e s t s .  
b) Trans i l l umina t ion  s tud ie s  
c)  Phys ica l  vx. Punctional e f f e c t s  on 
tubule .  
d )  Contact-concentrat  ion r e l a t i o n s h i p  
f o r  ki b e y  . 

Sec t ion  I1 Biochemistry 
Sec t ion  Head Dr. nlliam I o w a n  

A. Lloctrochemical  s t u d i o s  o f  uranium salts and t h e i r  oomplexes. 

1. Polarographic  s t u d i o s  on t he  u ran ium-c i t r a t e  and t h e  uranium l a c t a t o  complexes. 

2. Elec t rophore t i c  s t u d i o s  on t h e  uranium-ci t ra te  and t h e  u r a n i r u ~ - l a c t a t o  complexes. 

3. C o n t r i h g a l  s t u d i o s  on t h e  stat, of Uq in body f l u i d s ,  

4. S o l u b i l i t y  s t u d i e s  on the decomposition o f  u r s r u t o s  and uranium oxidor in 
bods f i u i d s .  

Background: Chemical s t u d i e s  on t h o  bohavior of uranium in t h e  presenco of  
complefing m b r t m c o r  haro given  informat ion  of i no r t imab le  value in tho understanding 
and i n t e r p r o t i n g  t h e  r e s u l t s  o f  t ox ico log ica l  studies.  To date, f a i r l y  extensive work 
ha8 boen conducted on uranium a c e t a t e  and uranium bicarbonate oomploxes. 
some in format ion  is a v d l r b l o  as t o  t h e  l i k e l i h o o d  of  o x i d a t i o n  and r educ t ion  in tho 
animal body. Addit ional  80rk i s  necesssty on two important  C ~ s a p ~ o r o s ,  uranium c i t re to  
and uranium l a c t a t o .  h t r t h e r  at tho  preaent stat., i t  appears  t h a t  l i t t l o  intorcornor- 
#ion o f  U6 to  U4 occur# normally. Extonded s t u d i e s  on t h e  s b t o  of  U4 i n  body f l u i d s  
r ~ u l d  bo mist holpful .  

c i t r a t e  and uranium l ac t a t e  complexes. 
salts in body f l u i d s .  

Ia add i t ion ,  

h r p o s o :  To dotermine t h e  condi t ions  o f  f a m a t i o n  and Werkdorn of  uranium 
To determine t h e  state of Uq a d  o t h r  complex 

Method o f  A t k a & :  Study o f  complexes is best  f a c i l i t a t e d  by t h e  u a e  of polaro- 
g raph ic  and e l e c t r o p h o r e t i c  techniques. I n s tudying  the  U, problem, preliminary r o s u l t s  
i n d i c a t o  a c o l l o i d a l  c o n d i t i o n  which is best atudiod by mezns of a centr i fugo.  
i t y  in format ion  rill be helpf'ul in deciding whet i o n  *mas a r o  u l t i a a t e l y  formed d o n  
oxides and u r a n a t e s  d i s s o l r o  in body f lu ids .  

Solubi l -  

B. Stud ios  of  the  mecanism of uranium f i x a t i o n  by b n r ,  
1. In v i t r o  s t u d i o s  of t he  absorpt ion mechanism. 

2. f n  v i t r o  s t u d i o s  of t h e  erchsnge p r o p e r t i e s  of bono salts. 

3. I n  vivo s t u d i e r  of bono c i r cu la t ion .  

4. In vivo s t u d i e s  of t h e  f a c t o r s  a f f e c t i n g  depos i t ion .  

Background: 't appears from d i s t r i h r t i o n  s tud ios  that from long-term point 
Our undor- o f  v ier  most of the uranium r e t a i n e d  by t h o  body is found in t h e  bones. 

nttndiag of bone m e t r b o l i a o  i s  very irsdoquato.  
dotermino &ether  uranium may be mobilized or prevented from depos i t i ng  and f a c t o s  affeot-  
ing t h e  dopos i t i on  must bo e lac ida ted .  This s tudy  has  boon begun on a s m a l l  s ca l e  and 
t o  dsto has ye i lded  ve ry  interesting and use fu l  informst ion.  

Conefderrble work m s f  be done t o  



Purpose: To determine t h e  moans by which uranium g e t s  t o  and i r  depos i t ed  
i n  bone d t o  determine t h e  f a c t o r s  which a f f e c t  those processes .  

Method o f  Attack; The a c t u a l  mechanism o f  a b s o r p t i o n  o r  f i x a t i o n  c a n  bes t  
be  s t u d i e d  in vi t ro .  Absorpt ion i so tkenns  and ckemical p r e c i p i t a t i o n s  have a l ready  
been begun aad  f u r t h e r  work along t h i s  l i n e  is a n t i c i p a t e d .  Because o f  t h e  l a c k  o f  
in format ion  on bone m e t a b o l i m  and bone c i r c u l a t i o n  some fundamental s t u d i e s  w i l l  be 
necessary in order t o  e l u c i d a t e  how and in &at s t a t e  uranium reaches bone. Animal 
experimentat ion w i l l  )pmvide informat ion  o n  t h e  factors a f f e c t i n g  depos i t i on  a f t e r  
t h e  fundamental mechanism has been somewhat c leared  up. 

C. S t u d i e r  o f  t he  r e l a t i o n s h i p  o f  c i t r a t e  formetion by t h e  kidney and t o l e r a n c e  t o  U. 
1. Studies  of  c i t ra te  exc8e t ion  by i n g e s t i o n  and i n t ? d a t i o n  exposed a i m d s .  

2. Studies  o f  c i t r a t e  e x c r e t i o n  as caused by o t h e r  nephro-toxic a,gents. 

3. studio8 of h i s t o l o g i c a l  o r i g i n  of citrate. 

Backgmund; Fork by Hiss Randall has i nd ica t ed  a very s t r i k i n g  coincidence 
b e t r e e n  the  development of t o l e r a n c e  and t h e  recovery phase fol lowing kidney demage 
and t h e  unphysiological e x c r e t i o n  of l a r g e  amounts of citrates in t h e  urine. 
aoincidence i r  so s t r i k i n g  t h a t  i t  seems very  poss ib l e  t h a t  c i t ra te  product ion  follow- 
ing t h e  adminis t ra t ion  of  uranium 5 8  one of t he ,  i f  not t h e ,  under ly ing  mechanism of tl 
t o h  anca ph enomexxi n. 

The- 

Purpose: 
t u b u l a r  damage 
enon of  tolerance.  

To determi e t h e  mecUdsm by r h i c n  c i t r a t e  is produced fol lowing 
uranium and the  r e l a t ionsh ip8  between this e x c r e t i o n  aad the pheaonr- 

Method of Attack: First i t  rill k necessary t o  l e a r n  whether t h i r  phenomenon 

I t  a l s o  rill 

? i n a l l y ,  information on  t h e  

of c i t r a t e  exc re t ion  is c h s r a c t e r i r t i c  of  uranium daamge i r r e s p e c t i v e  of type of exporu 
Accordingly inges t ion  a d  i n h a l a t i o n  oxposed animals dll k examined. 
be h e l p f u l  t o  l e a r n  r h e t h e r  o t h e r  nephro-torlc agen t s  i n i t i a t e  c i t r a t e  e r c r o t i o n  or 
d o t h e r  t h i s  represent8  a s p e c l f i o  re8ponse t o  urmlrrm. 
e g c t  mechanism lnvolved in t h e  origin of t h i s  c i t r a t e  rill be  most valuable.  
mq be poss ib l e  t h e t  c i t ra te  product ion  can be induced and thus t o l e r a n c e  may be a lso  
induced without a c t u a l l y  adminis te r ing  uranium. 

I t  

D, Stud ies  on t he  D i s t r i b u t i o n  and Excret ion of Uranium 

1. Studies  on the  d i s t r i b u t i o n  and e x c r e t i o n  of uranium in t o l e r a n t  animals. 

2. Studfra  on t h e  a b s o r p t i o n  of uranium from t h e  g a s t r o - i n t e s t i n a l  t r a c t .  

Background: Several  a s p e c t s  o f  t h e  d i s t r i b u t i o n  and e x c r u t i o n  problem have as ye% 
not been inves t iga ted .  These ere:  The d i s t r i b u t i o n  and e x c r e t i o n  of uranium by animals 
prevlous ly  exposed t o  uranium and absorp t ion  and subsequent d i s t r i b u t i o n  in animlr 
r e c e i v i n g  uranium by i nges t ion ,  

Purpose: To determine the d i s t r i b u t i o n  and e x c r e t i o n  of uraaium i n  animals 
p rev ious ly  ezposed t o  uranium. 

Hethod of Attacrk: It w i l l  be necessary t o  anploy r a d i o a c t i v e  r io topes  of uranium 
t o  1 w n  exactly what happens t o  ma te r i e l  given p r e v i a r  sly exposod animals because of 
t h e  r e s i d u a l  uranium s t eady  p resen t  in t h e  t i s sues .  
and conducted previously bat t h e  District provided a mixtureof  iao topea  uhich prevented 
us from obta in ing  d a t a  pe rmi t t i ng  i n t e r p r e t a t i o n ,  
a t o l e r a n c e  which may be  somewhat d i f f e r e n t  from that ob ta ined  by i n j ec t ion .  
p o s s i b i l i t y  e x i s t s  t h a t  a factor i n v o l v i q  absorpt ion f r o m  t h e  g a s t o i n t e s t i n a l  t r a c t  
may be involved. 
rill be hderfaken. 

Such an experiment w a s  planned 

I w e U t i O n  c u J i d 8 ,  i t  se@m$# develop 
The 

, 
Therefore ,  ab8or) t ion s tud ie s  on a n i m a l s  given uranium by i n g e s t i o n  

I 0 1 5 9 9 4  



Sec t ion  111 I n g e s t i u a  Tox ic i ty  
Sec t ion  Head E l l i o t t  A. Maynard. 

A. & e factor i n  resistanco t o  uranium poisoning, 

Sackground: Most of t h e  i n E e s t i o n  oxpcriments have been c a r r i e d  o u t .  beginning 
wi th  young r e a d i n g  rats. 
t o x i c i t y .  
of t h e  i n g e s t i o n  experiments was t o  f u r n i s h  c o r r e l a t i v e  information f o r  t h e  i n h a l a t i o n  
progrnm, i t  seems e t v i s a b l e  t o  determine t h e  in f luence  more exac t ly  o f  ego on t ox ic i ty .  
~nirnals employed in t h e  InhUat ion experiments v a r i e d  d d e l y  i n  age. 

I f  Des s i n c e  been found t h a t  age markedly i n f l u e n c e s  
Young animals showed a greater  r e s i s t a n c o  t h a n  adult  8 0  Since  t h e  purpose 

Purpose: To determine t h e  e f f e c t  of ago on t h e  t o x i c i t y  of i nges t ed  uranium 

Method o f  Att8dc: Litter-mated animls rill be placed on d i e t s  oonta in ing  U n i t r 8 b  
st vary ing  ages  from t e a n l i n g s  t o  ful l -grown a d u l t s .  The animals *ill bo examined 
f o r  t k t  usual s i g n s  of t ox ic i ty .  
a l s o  be conducted. 

Fbr compsrat ive purposes some i n j e c t i o n  s t u d i e s  may 

B. S i n g l e  o r a l  dose of Uranium. 

1. E f f e c t  of  single i n g e s t i o n  on grokh 
2. E f f e c t  of  s i n g l e  inges t ion  on reproduct ion.  

Background: A l l  evidence at p resen t  p o i  t s  s ingu la r ly  t o  an i n i t i a l  damage t o  
a n i m a l s  placed  onuran ium conta in ing  d i e t r .  I t  is, poss ib le  tha t  most of  t h e  t o t a l  
e f f e c t  of uranium fcoding i s  obta ined  on t h e  i n i t i a l  f i rs t  day exposure. 
i t  is important  t o  know t o  what ex ten t  t h a t  f irst  day exposure a f f e c t s  t h e  over -a l l  
p i  c tu ro .  

A t  any r a t e ,  

&rposo: To determino t h e  e f f e c t s  o f  a s i n g l e  day feeding of U n i t r a t e ,  

Method of Attack: -ne  g roup  o f  animals rill bo given a s i n g l e  dqy's feeding of 
This program rill include TJ n 5 t r e t e  and subsequant13 exsminod for signs of t o x i c i t y .  

de t e rmina t ion  of body weight changes, h i s t o l o g i c a l  changes and biochemical s n d y s e ~ .  
A second g r m p  o f  a n i d r  w i l l  be g i v e n  s i n g l e  day feeding and subsequently , t h e  e f f e c t s  
o f  t h i s  obseivea on reproduction. 

C. P a i r e d  feeding  in uranium poisoning. 

Background: one o f  t he  most cons ib t en t  f i n d i n g s  in the  i n g e s t i o n  program uas t h a t  
following i n i t i a l  exposure the  ani-.als a t e  l i t t l e  food and l o s t  considerable  weight. 
The q u e s t i o n  arises as t o  how much o f  t h e  weight loss i s  the r e s u l t  o f  loss of  a p p e t i t e  . 

Purpose: To determine t h e  e f f e c t  o f  loss appe te i e  o n  the rls ght loss i ncu r red  
f o l l o d  og exposure&. 

Method odp Attack; b s e r i e s  o f  animals  rill be exposed t o  the uranium d i e t s  and 
concurrently an equal  mmber of c o n t r o l s  w i l l  k placed on stock d i e t s .  The con t ro l8  
dl1 h s v e  r e s t r i c t e d  access t o  food along t h e  l i n e s  o f  t h e  pa i red  feeding experiment. 
The us - l a l  observa t ions  w i l l  be made. 

D. Injury Cycles in uranium poisonin&. 

1. I n d i c a t i o n s  o f  c y c l i c  depressions of  food intake.  
2. Cycl ic  biochemical changes - RPN end body weight. 

Bsckgrouab: One of t h e  s t r i k i n g  obea rv r t iona  noted in dog feeding experiments 
m a s  t h a t  t h e  HPN showad a cons is ten t  a l though s l i g h t  r i s o  throughout t h e  period. Super- 
imposed upon t h i s  r i s e  wero cyc l i c  peaks occur r ing  at about 22 day i n t e r r i l r .  I t  seemod 
t h a t  t h o s e  animals shored a responso a a r e c o v o r j ,  and f i d l y ,  am add i t iona l  response. 
The t h r o e  animals observed a l l  showed a v e r y  s i m i l a r  p a t t e r n  of response.  



Purpose: 

Method o f  Attack: 

To determine whether injury r e s i l t s  from u r a d u m  exposure on  a chronio 

A group o f  rats w i l l  be placed o n  uranium d i e t s  and observed 

b a s i s  fo l lows  a c y c l i c  pa t t e rn .  

i n d i v i d u a l l y  f o r  r e c u r r e n t  changes in food intake and blood NPI. 
dogs w i l l  also be undertaken. 

A program studying 

S e c t i o n  V I  Physiology. 

A. M f n i m d  c o n c e n t r a t i o n  going t h r m g h  k idney  t o  produce damage as ahom by h n c t i o n  
tests. 

Background: I t  h a s  neTm been determined exac t ly  how much uranium i t  requi red  
t o  cause  observable  changes in kidney funct ion.  

Purpose: 
kadney e l  eara~ces .  

Method of Attack: Graded doses o f  uranium w i l l  be adminis tered t o  8ats and 
rabbits and t h e s e  e b n i n l s t r a t i o n s  dll b followed by clearancm determinations of at 
least t h r e e  substances:  d i o d r a s t ,  i m l i n  and uranium. 

To determine if poss ib l e ,  t h e  quan t i ty  o f  uranium requi red  t o  a f f ec t  

E. T r a n r i  1 l d  nati on Stu d i  e# 

Bsckground: Considerable  informat ion  may be obta ined  on the  exact a c t i o n  of 
uranium in t h e  t u b u l e  by obrerrirrg t ubu le s  as the7 a r e  e c t u a l l y  f u d t i o n 5 q  I n  VIVO. 
C e r t a i n  s t u d i e s  along t h e s e  l i n e s  h a r e  a l r e a d y  been ca r r i edou t  by Wr. Adler  oa t h e  
frog k i  d ney . 
a# they  appear in t h e  kidney nephron. 

i l l u m i n a t i o n  nork. 
t ec hni qu e s i nvo 1 red. 

Purpose: To d b s e r r e  the fknc t ina l  changes r e s u l t i n g  fran uranium adminis t ra t ion  

Method of A t t a d a t :  Procedures  rill be standard as employed in t h e  usual t k m -  
br. Orcutt h a s  had cons iderable  experience in Chicago in the 

C. P h y s i c a l  vs func t iona l  e f f e c t s  on tubul4.  

glomerulus  and t u b u i e  a r e  abvious.  As 6 complement t o  t h e  t rans i l lumina t ion  s tud ie s  
program designed t o  sepa ra t e  t h e  e f f e c t s  o f  t h e  t u h r l a r  membrane from the e f f e c t s  of 

a c t u a l  ce l l  a c t i v i t y  w i l l  b e  undertaken. 

t u b u l e  surfaeem o r  i n j u r y  t o  t h e  t u l u l e r  c e l l s .  

Background: The l i m i t a t i 3 n r  t o  v i sua l  changes which m a y  t ake  place in the 

Purpose: To e r t a b l i s h  whether t h e  e f f e c t s  ofuranium c o n s i s t  o f  the  breakdown of 

Method of Attack: The procedures would be adapLed from t h e  published s tud ie s  of 
Ba7l iss .  

ll. Contac t -concent ra t ion  r e l r t i onsh im f o r  k idne r  

Backaround: I n  s p i t .  of t h e  great  amount of monitoring and sampling of u r i l u s  
o b t s i  ned from i n d u s t r i a l  norkers, there i s  l i t t l e  o r  rn information oa the  concentrat ion 
d i a h  m a y  be cons idered  d a g e r o u a .  Much information m s y  be obta ined  by s a c r i f i c e  oxper- 
i m e n t r  in which varying q u a n t i t f e s  of uranium 81.0 administered. Subsequently, t h e  
de t e rmina t ion  of uranium coaoea t r a t ion  in t h e  urine mey be c o r r e l s t e d  with clearance 
tests and h i s t o l o g i c a l  f i nd ing r .  

Purpoaor To determine t h e  u r ina ry  concen t r a t ion  o f  uranium: t h e  m i n i -  which 
r e s u l t s  in obser rab l  e func t ion  and h i s t o l o g i c a l  chemgdr. 

Method of Attack: The experiments w i l l  be s id la r  t o  per fus ion  experiments 
already conducted in t h i s  labora tory .  
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Tox?cological S h d i e s  - !hit 3 R - f l l  servo as eqosure-unit a t  s t w t :  

C?serv?ti3ns 

.. 12 froa the  L i & : l e  of A u g ~ s t  t o  Ju ly  1, 13k7. 

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





SACK3?CYIiD I F f l o t  s tudies  of in t r e t rRchea l ly  in j ec t ed  T-dusts o f  grzded size 
have .shown t h a t  prC, ic le . -  of l e s s  than 1 micron a r e  zore  tox tc  
then those of larger s i l e .  

(a) The t o x i c  response determines‘ in dozs, r a t s ,  and r a c b i t s ,  
expose? f o r  30 days t o  DRrticle5 differfng In t h e i r  size raqge 
d.11 be compared t o  s imi lp r ly  graded p a r t i c l e s  of l a r g e r  E- 
nensions.  

P?OC?DL?T 8 - 
(b) Particles of graded s i z e  Kfll be prepared i n  quen t i ty  @ 
aetkods Plready developed on a p i l o t  s c r l e  i n  t3ese  labora+ar ies .  

( c )  Anizals, ca. 5’dogs, 20 r a b b i t s ,  30 r a t s ,  rill be used for 
each experiment. 

(d)  P a r t i c l e  S ize  h s t  Ue~3urement LEbora%ory 

PrnPOSE I - To cont inue roqt fne  measur-ment of p w t i c l e  s ize  as standtwdized * 

i n  t h i s  1 P b o r a t o q  durlng t he  p a s t  year.  

The v d x e  of this l ebo ra to ry  will be t o  supply c r i t i c a l  Inzorna- 
t i o n  t o  the  I n d J s t r i a l  IIygiene sec t ion  on, 



(e  > 
To z x t k u e ,  ester,? ,on? a; ;? l i fy  progra3 as o-itllne,; i n  cur rer . t  
or0 ject  dll.1, "?.e ' e ten t ion  and Absorotion cy Alveolar Trarlsport 
of Inh.?led T-Dus t" . 
(a)  To detCr3ir.P + h e  mount  of dust retpined by anirnds i n h a l i n g  

dusts  of horn, ?? . - - ac t e r i s t i c s  of concentration, mrticle 
size, an6 solubility ~ f ,  given 'cropthing retes. 

(b) To locate the s i t e s  of absorpt ion.  

( c )  To deteraine t h e  nechar,ism of toxic responae of inheJea 
soluble dusts.  

( see  eccompan:rfng detai led  stetement  on r e l a t i o n  of pakt icxe  
size  of urmiun dusts to toxfcitp.)  

I O l b O O O  



-q? % .?" 
2 A - A  A.v.d.cT 

P r o b l e m  conce-rne? mlth t h e  r e l a t i o n s L i p  of particle s ize  an6 so1ubilit:r of 
.aranim d u s t s  t o  t h e  t o x i c i t y  r e s ' d t i n g  from %heir inha l s t lon .  

A. Xeasurenent of p a r t i c l e  s i z e s .  
b. 

C. 
do  
e. 

D i f f e r e n t i a l  r e t e n t i o n  of d u s t s  ir, vzr ious  p a r t s  of  t he  
resFlrr . torp t r a c t  . 
D f f f e r w t i a l  t o x i c i t y  of various size  f r a c t i o n s  of dusts. 
Transpor t  of uranium across t h e  a l v e o l a r  and n a s a l  mernrrmes. 
Transpor t  cf uranim by phagocytes. 

A u t h o r i t i e s  on dust-hazzard agree t h a t  t h e  particle-s ize  of inhz led  material is 
of primary importance as a f a c t o r  i n  t h s  toxicological response .  
possible to make sore ored ic t ions  froa a theoretical poin t  of view, of the  e f f e c t  
of p a r t i c l e - s i z e  on various e s c e c t s  of inhalation-toxicity, but a careful 
exe-cknation of the l i t e r a t u r e  reveals a s t p r t l i n g  pauci ty  of experimental  data, 
%en t h e  methods used for measuring p a r t i c l e  s i ze  are open to severe  c r i t i c i sm.  

It has b e m  

It icr proposed to ettercpt t o  fill i f i  sone of t h e  gaps i n  our lmowledge of the 
p a r t i c l e  size factor 5:. a coc t fnua t ion  znd extefision of mrk that has been i n  
progress  dur ing  the p a s t  year. 
(1) measuring w r t i c l e  s i z e s ,  (2) f r e c t i o n a t i n g  d u s t s  l n t o  nzrrow s i z e  f r e c t i m s ,  
(3)  m,4tinteInfcg dust-clou2s of cons tpnt  concent re t ion ,  ( 4 )  meas*nir.g re ter . t ion 
of Inhrled dcstc, ( 5 )  deterniz:fng t o x i c i t y  of s i z e - f r s c t i o n s  placed Ir. t h e  lung, 
ecd also for ( 6 )  deterz.fr.ing ',ha r e t e  of t r a m p o r t  of zater'ial out. of the lung. 
Tect-ri puss ere p.vatlRble f o r  d e t e r n i r l c g  phpgocytic e c t i v i t y  Qnd n a s d  
a 'csornt ior  Q *  m p t e r i p l .  

Adequate techniques have been worked out for 

It  is ?elt t5E.t t:.e whole f i e l d  of p r t i c l e  size a s  P fac tdr  b. tox lco logr  is 
r i p e  f o r  exr;lorPtior. rnd that ft w i l l  : d e l d  irt2resticg r e s u l t s .  
p l ~ g t  cor.6ftfor.e is stro:gly ind ica t ed  d s o .  

;.x.rve:r of 

A .  
3E-ti.065 for  y r t i c l e  sfze d e t e r s i n a t i o n s  3511 sooc Se coinTleted. Thesi ell be 
R v R f l E G l e  f o r  routir 'e  s~annling of ous t s  cotki ir. e m e r i z e n t d  cheaoers end i n  iridus- 
t r fe .1  d a c t s .  
-he electroc microscooe for size-zeasurements, imnactor ~ n d  t h e m e 1  p r e c i p i t a t o r  
for sQzplicg-procedu-es. 

b. 
s i 7 e - f r r c t i o n s  heve beer! evolved. 
ranges i s  Drojocted fo r  vmious  experiments. 

--- Yeas*=eseat of P a r t i c l e  Size - Cevelo?aent fin6 s t s n d w < i z p t i o n  of e p ~ z i a l f z e a  

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

Prepa ra t ion  of Siz,e-Eractions - XetbAods for srparation of d u s t s  i n  narrow 
Prepara t ion  of size-fYac+ions of  d i f f e r e n t  



10. 

0 .  

d. 

e. 

f. 

Sonio Dust Peed - a ronic typo  dust food h a s  been cons t ruc t ed  together  
wi th  i t s  a m p l i f i o r  and sound-proof box. Previous r e s u l t s  ha ro  ind ica ted  t h a t  
this typo of feoa g ivos  rory cons tan t  concent ra t ion8  o f  dus t .  

D i f f o r o n t i e l  Reten t ion  in t h e  ROSpi?8fX y Trac t  of  Various P e r t i c l o  S i z a r i  
C a l i b r a t i o n  o f  t h e  r h t e n t i s n  appara tus  is almost completo and experirnonts 
w i l l  s ~ o n  be in progrosm. 
r i m - f r a c t i o n s  o f  3 uranium compounds (UO 0 00, and UOgF,) o f  d i f f e r e n t  

I t  ‘is intended t o  determino r e t e n t i o n  o f  different 

2 80lUbil i ti O S *  

D i f f e r e n t i a l  Toxicity of Var ious  SizO-Fra~fiOnS of Dust8 - Lxperimentr have 
boon completed i n d i c a t i n g  t h a t  for U0,c small p a r t i c l e s  a r e  much m z e  t o x i c  
than  large,  when t h o  UO 
oxperimcnts with UO w e  projec ted .  

is placed  i n G t h e  lungs  i n t r a f r a c h o s l l y .  Similar  2 
3 

Transport  o f  Uranium 8cross Alveolar and Nasal Memhcaner. Phagocytic Transport 
of  Uranium. Some pre l iminary  d a t a  have beon ob ta ined  on UO using the 
i n t r a t r a c h e a l  technizue.  
exc re t ion  from the lungs  a r c  presen t ,  one favoring large p a r t i c l e s ,  involving 
t r a n s f e r  Ulrough t h e  blood s t r e a m .  
involve a t o r i c  response. 

With so lub le  compounds nasal absorp t ion  is probably an important  f ac to r  in 
evalua t ing  r e l a t i v e l y  l a r g e r  particles, nasal s b s o r p t i o n  may be as important 
as luna r e t o n t i o n  of s l ra l le r  p a r t i c l e s .  

Uith this cqmpound it appears t h a t  f ro  r o u t e s  o f  

Only t h e  l a t t e r  t r a n s f e r  is assumed t o  

r@uIPmmn 
Spec ia l  equipment necessary t o  t h e  pro jec t  is l a r e d y  a v a i l r b l o .  Barring unforseen 
circumstancor,  on ly  s t a d a r d  l a b o r a t o r y  equipment rill bo requi rod  in the  fbturo. 



I NDUSTBI AI, HYGEENP , 

( 2 )  I n d u s t r i a l  S e r v i c e  T e s t i n g  Laboratory 

e r p o j e :  To doteramine t h e  t o x i c i t y  o f  materials o f  i n d u s t r i a l  concern as 
r e q u e s t e d .  

Lnha la t ion  u n i t s  and/or i n  j e c t i o n  and percutaneous absorpt ion  rill 
be e s t a b l i s h e d  as required .  

Procedure 

Tests ri l l  be made according t o  methods a l ready  s t sndard ized  
these 1 a b o r a t o r i e s .  

This p r o j e c t  i s  m t l c l p a t e d  t o  be se l f - supoort ing .  



INDUSTRIAL HYGIEblE 

(g)  The Role 3f Pholphate-Containing Enzymes and Bela ted  Substances 
i n  T - P o i s o n i q .  

BICKGBOUNDr Indications from p a s t  work h z v e  poi-?ted to the phosp5ate group 
o f  biological a m t o r i d s  as p l e y i n g  an i m p o r t a n t  r o l e  in TO 
t o d c i t y .  U t h o u  h ast work i n  v i t r o  on t h e  e f f e c t  of T on 
enzymes i n  t h e  a n f d  organism nas BS yet  f a i l e d  to  demonstrate 
any s p e c i f i c  a c t i v i t y  o f  T on t h i s  group of substances,  it has been &I 
demonstr?ated in t h e  i n t a c t  animal t h a t  Z e x e r t s  i t s  a c t i o n  on 
p r e c i s e l y  these e substaaces .  
p e r r i  r t a n t  absence o f  normallyoccurring phosphatase has  been demon- 
s t r a t e d  by s t a i n i n g  bchniquer following ?-exposure. 

I n  the kidney complete and* 

PURP OS& To s tudy  t h e  e f f eo t  of T on enzymsr and r e l a t e d  subs tsncer  having 
t o  do with phosghrto. 
the study of 

T h e  f i r s t  a t t a c k  on t h e  problem rill be 

(a) phosphorylated coentJnnes 
(b) w c l e i o  r c i d r  
(a)  nucleopro te ins  
( d )  pho rphoproteinr .  



I NDUSTBI AI, HIGI 

A d e t d i e d  discussion o f  tb-e background and m s b b d  o f  approach i r  
i ncludod. 

?hr start o f  t h e  a t t a c k  on the problem rill bo nudo on the  r r a c t i o n s  o f  
purr l i p i d  s u b s t a n c e s  with T. 



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

Cherlos  Spiegl .  

BACKGROUND 

A Closo chemical r e l a t i o n s h i p  botweon l i p i d  and T is i nd ica t ed  f r o m  r o v e r d  
SOUTCOS in our p a r t  oxperionco. Thus, from m a l o g y  with 0 t h ~  m o t a l l i c  r d t s  
i t  rnqy s a f e l y  be prod ic tod  t h a t  F-fat ty  ac id  compounds o m  o a s i l y  bo forrood 
at l e a s t  i n  vitro. 
t h e  s o i u b i l i t y  o f  Tea(RD3)a % n  e t h e r ,  and some ovidonco f o r  tho d e ~ l o p m e n t  of 

&e t t  ~mpor t anco  l ir  ra in o T - i g a i , f B f ~ ~ ~ i ~ l ~ ~ ~ i ~ ~ - t ~ o n  i n  he o i  d r e a t  suoh  on a o f  cornpro T li A s  d r.aIe i n t  t ion.  

) g e e n f  i n  vier of t h e  f a o t  t h a t  q u a t i t i e r o f  l i p i d 8  -0  fouad i n  t h e  blood, 
t h a t  thm cell mambreno probably con ta ins  a l a r g e  amount of l i p i d  or l ipo-pro tb i )  
aurface,  and t h a t  p r o t e i n s  u s u a l l y  a r e  combined with l i p i d s .  
l i p i d s  m y  onter  i n t 6  t b e  t r a n s p o r t ,  adsoppt ion on t he  c.11 ~emtr8n.~ permeabi l i ty  

thoso  imPor*a t  f a c t o r 8  in t h o  meohanism of ? - tox ic i ty  havo beon invost igatod.  

Other  suggos t ions  such 8 8  the  a d s o p r t i o n  o f  T-ralts by o i l # ,  

C naoquontly, t ho  

i n t o  t h e  c o l l  of T, end r e a c t i o n  of  bbheolemont r i t h  p r o t o i n  s u b s t a n c ~ 8 .  Bono of 

~ g l  P r o b l d  

I b  i r  d o r i r e d  f o  show: 
1. Tho r o l o  of  l i p i s  in sdnopr i t ion ,  dosorpt ion,  and permeabi l i ty  of c o l l  membrmos 
t o  T with p a r t i c u l a r  emphasis on t ho  cols o f  t h o  kidney. 

2, The func t ion  of l i p i d s  i n  t h e  d i s t r i h t i o n  of T throughout t h e  body. 

3. t h o  na tu ro  of t h e  l i p i * T  oomplox. 

S a t i r f a c f o r y  s o l a t i o n  of t h e  problem mald g i r o  r o s u l t s  o f  inmodiate end o f  long- 
rango value  for :  

1. 
in t h o  kidno70 
2, A mor0 q u a n t i t a t i r o  mathematical i n t e r p r o t a t i o n  from adsopr t ion  c d c u l d i o n r  
of t h e  r e l a t i o n r h i p  ba t r een  dosago and the r a t e  of adsop t ion  on c o l l s ,  of 
d s o r p t i o o  i n t o  t h e  c o l l ,  m d  elimination from the body. 
r e l a t a  t h e s e  fscbors t o  the amount of t i s s u e  des t ruc t ion .  

3, V d u a b l o  c o n t r i b u t i o n s  would almo bo mad. t o  the f i o l d  of fundamontal sciorreo. 
Dovolopnnent o f  a thoory  of i n  rho 0.11 adsorp t ion  and mombraru oqoi l ibr ium m u l d  
be 8 wor th -h i l~  c o n t r i b u t i o n  t o  c o l l u l a r  physiology. l n c i d o n t a l  t o  tho main 
problom, t h e  p r e p a r a t i o n  and c h a r a c t o r i u r t i o n  of now compounds o f  t h o  T- f a t t y  
w i d  typo would f i r t h o r  tho orgadr chomirtry of  f a t s  and o i l s .  
o f  discovoring a s p o c i f i c  orgmic  comploxer wi th  t rould  not bo overlooked. 

A b o t t o r  understanding o f  t h e  mechardon o f  T - 8 C t i O n  on c o l l s ,  p m t i c u l a r l y  

I t  r n q  bo poss ib l e  t o  

Tho p o r r i b i l i t y  



U T H O D  OF APPROACH 

The problem ou t l ined  lends i t s e l f  t o  s tudy in 2 phases,  (1) t h e  p repa ra t ion  and 
c h a r w t e r i z a t i o n  of  pure chemical compounds s i m i l a r  t o  t hose  l i k e l y  t o  be 
e n c o u a t u e d  i n  v i r 0  und t j e  de te rmina t ion  of t h e  k i n e t i c 8  o f  compound or complez 
formst ion with these  pure m a t e r i a l s ,  (2 )  physiological  s t u d i e s  of t h e  i n t e r a c t i o n s  
b e t r e o n  l i p i d 8  and T in t h o  body. 
of ressonlng  would enrb le  more papid progress  i n  t h e  o u t l i n e d  program. 

The r h u l t s a e o u s  apprO8Ch along t h e s e  2 l i n o r  

1. BeeCtion8 Of pure chomicd compounds. 

A. F a t t y  ac ids  and T. 
1. P n p u a t i o n  of T-fa t ty  acid salts for standards and c h e r a c t e r i z a f i o n  
of t hese  by as many of t h e  fol lowing cons t an t s  a a  feasiblet 
melt ing point ,  X - r . y  c rys t a l log raphy ,  iodin. v s l u e s ,  c o l o r i m e t r i c  
absorpt ion curves,  end r e f r b c t i r o  index. 

a. Determination of t h e  r e l a t i o n s h i p  betaeen c o m p b s  f o m a t i o a  of T 
m d  f a t t y  a c i d s  wi th  t h e  l i p i d  chain-length and o n r r t u r r t l o n .  

b. DeterminaU on of t h e  r e l a t i o n s h i p  between complex formation of r 
t y p i c a l  f a t t y  ac id  m d  hera or t e t r a - t a l e n t  T. 

E. Phorpholips i d  and P 

1. Prepa ra t ion  o f  P-oe h d i n r  and l e c i f h i n r .  I n v e a t i g s t i o n  of t h e  
r e l a t i o n s h i p  between +%e compl e r ing  power a d  t h e  valonco-state  of 
t h e  T o  

C. F a t s  and T. Determination of t h e  compledng power of T r i i h  (1) a 
syn the t i c  d x t u r e  of f a t t y  acid8 or glyceride., (2) comMnly aV8518blO 
p u r i f i e d  fafr,  (3) norms1 blood l i p i d s ,  and (4)  blood l i p i d s  fkcn 
T-polsoaed anlmalr. 

0. Prepa ra t ion  of r ad io -8c t ive  T - l i p i d s  compound8 f o r  in vivo r t u d i e s  

3. I n v e s t i g a t i o n  of  t h e  l i p i d - p r o t e i n  in t e rac t ions .  

11. Phys io logica l  r e a c t i o n s  o f  t h e  1 i p i d s .  . 
A. Determinations of t o t a l  l i p i d  changer in T-tor ic i ty .  The q u a n t i t a t i v e  

inves t iga t ion  of a l t e r a t i o n 8  in t o t a l  f a t ,  i nd iv idua l  f a t t y  ac ids ,  and 
t h e  phospholipids in ( 1 )  t h e  kidney, (2) t o t a l  body ca rcas s ,  (3) blood 
cel lo  and p l a s m a ,  and (4)  o tkor  organs such as t h e  lung,  l i v e r ,  md t hy ro id  
i f  indicated.  

This type of study may w e l l  sug res t  t h r  p a r t i c u l a r  l s p i d  f r a c t i o n  a c t i v e  
in t h e  toxicology o f  T and show f u r t h e r  uhether t h e  ce lr  d t he  plsama 
a r e  t h e  t r a r p o r t i n g  agen t s  in the blodd. 

B. Yechaniaof c e l l u l a r  l i p i d  reaot ion .  htndamenfel s t u d i e s  in t h i s  f i e l d  
can bes t  bo mado first  by in v i tra  followed bp inviro studies on normal 
and on 9-pobsoaed animals. The study of  the  effects  of T on t h e  l i p l d s  
of t e body mar re1 be complemented -b IL study o f  t ho  e f f e c t r  of adding 
l i p i d s  in T-polrnning. 

1. Studies  o f  t h e  c o l l  membrane surface. 
8. D e t e ~ i n a t ~ o n  of t h o  smou??f m d  charac te r  of l i p i d  present. 

b. Complexlng (adsorp t ion  and desorp t ion)  of T from the  c e l l  surfaco. 

e, 1ro)opic  i n v e s t i g a t i o n  of t h e  k i n e t i c  na tu re  of T o n a memkaaa. 



2. Study o f  the tranrport o f  T acrosr  a memkane. 
a. Bate and influence o f  various fac tors  such as blood a c i d i t y  o n  

the  rate .  
b. The type ob compound c a r r y i q  T across  e membrane. 
C. Cellular l ip id-prote in  in terac t ions ,  both i n  the absence and i n  

the presence o f  T. 

3. A poss ib le  inxes t iga t ion  of the  changr in T-lipid reac t ions  induced 
by chemical means i n  the  body. This tenat ive  s e c t i o n  may have a 
bearing on the f'uture treatment of T-poironing. 



I PDUSTBI AL HYCI ENE 

BACgCR OUND: 

PUBPOSE: - 

(i) Prote in  T-complexes. 

Pas t  work re la t ing  t o  the microanalytical  determination of  
uranium has denonstrated the  s p e c i f i c  cbmbination o f  protoinr 
with uranium. 

Tho purporo of t h i r  i n v e s t i g a t i o n  i s  t o  oxtond these  prel ininery 
f indings i n  ordor t o  ovolre the mechanism of  t h e  t o r i c  ac t ion  of 
uranium. Tho col surface has beon shown t o  be a complox mixturo 
of prote in  and l i p i d .  This dudy should supplement study ( e )  in 
onzymer m d  (h) in l i p i d r .  



( J )  Tho I f f e c t  of  Uranium on t ho  Co l l  Surface.  

( li p h y s i o l o g i c d  investigation in t h o  mechanism of uranium a c t i o n , )  

by R o t h r t e i n  and Laskin. 

BACKGROUND 

Proriour reseazch on t h e  mechanism of uranium-poisoning has  boon l a rgo ly  concorned 
with t h e  whole animal: t h e  k'dnoy o r  o t h e r  organr and with i r o l a t o d  compononte of  
l i v i n g  t i s s u o r  such am t h e  onrpmo r y s t e m s  and t h e  p r o t e i n  co ns t i t uon t s .  L i t t l o  
d i r e c t  resoerch h a s  boon done at t h e  c o l l u l e r  levo1 of organizat ion.  

p rosen t  ovidonoo on t h e  o f f e c t  of uranium on t h e  rho lo  a n i m a l  i n d i c a t o r  t h a t  t h e  
kidaoy is t h e  most suscop t ib lo  organ and thl l t  a p a r t i c u l s r  group of c o l l s  making 
up the  proximal conro lu tod  t u k r l o s  a r o  involved i n t  he primary in jury .  
t u b u l o s  suggost two p o s s i b i l i t i e s  f o r  t h o  mchrn i sm o f  uradum poironiog. 
f i r s f  i r  t h a t  t h e  r p o c i f i c  group of  c o l l r  hare romo rpocial p r o p e r t i e s  or 
cornponentr d i f f e r o n t  from thoro  of  o t h e r  t i s a u a a  onsbl ing a r o a c t i o n  with uranium 
t o  occur. Tho recond p o s s i b i l i t y  i t  t h a t  opt imal  onvi roanents l  conditio- 
( o x t r a c o l l u l a r )  a r o  presen t  only in t h e  l o c a l i t y  of thoso  c e l l  poups .  

Tho 
Tho 

Prosen t  oridonco a l s o  i n d i c a t e s  t h a t  no s p o c i f i o  e n r p o  system is inhibited, kt 
r a t h e r  t h a t  the e e l  ru r f aco  of t h e  c o l s  c o n s t i t u t i n g  tho  proximal convolutod 
t u b u l o r  is i n j u r e d  r o m l t i n g  in a genoral  c o l l u l a r  d e b i l i t a t i o n  and da r t roo t ion ,  
The goneral  n a t u r e  of  t h e  r o s u l t r  o f  p r e r i o u s  rosearch  i n d i c a t o r  t h a t  ortonsion 
of t h o  uranium t o x i c i t y  problom t o  tho  c o l l u l a r  levo1 of  organiza t ion  would bo 
most p r o f i t a b l o  i n  r o v o d i n g  t h e  meohanism o f  u r a d u m  pobsoning, 
r r J l a b l o  by which t ho o f f o c t  o f  uranium on t h o  eo11 m r f a c o  can  bo oluc ida ted  
a8 a h n c t i o n  of envi ronnonts l  coadi t ions.  

loohn5puor -0 

PERSONAL UCKQIROUHD 

Both Dr. Boths to in  and Mr. Laskin havo had considorable  prev iaur  oxperionco i n  
t h e  f i e l d  o f  c o l l u l a r  p h y s i o l o g j  s p e c i f i c a l l y  i n  r o l e t i o n  t o  problans dealin8 
r i t h  pmrmerbili ty and t h o  c o l l  surfaco.  
ortons i te  bib l iography on t h e  roQerencer  in t k i r  f i e l d ,  (b) de ta i lod  notor o n 
methods and r e s u l t 8  in t h o  f i o l d ,  (e )  a r o r l o r  a r t i c l o  c o r o r i q  t h e  prorious 
work in t h e  f i e l d  m i t t e n  by Mr. Laskin. ( d )  s eve ra l  a a r l i e r  s tud ios  on t h e  
t o x i c i t y  of v a r i o u s  m a t e r i a l s  t o  c o l l s .  

They a l r e a d y  havo a v r i l a b l o  (a) &a 

P r o p e r t i o r  of t h e  oe l  su r f aco  can be d i r e c t l y  mearurod in tennr of pornoabi l i ty  
and o l o c t r i c a l  p r o p e r t i e r  of t h e  o o l l .  I n d i r e c t l y  t h e  p r o p e r t i e s  of the  rurfaco 
may a l s o  be r tud iod  i n t t e r m s  o f  c e l l u l s r  a c t i v i t y  involv ing  such funct ions a1 
movement, o x c r e t i o n  and metabol ic  a c t i v i t i o s .  

If t h e  c e l l s  of t h e  proximal convolutod t u b a l e s  have some u d q u o  inheront propor ty  
which causes  them t o  be p a r t i c u l a r l y  r u s c o p t i b l e  t o  uranium t h e n  only  t h e r e  
c o l l  t y p e s  could be used f o r  t h e  r tud ie s .  ?issue r l i c o  and t issuo cu l tu ro  
techniquew a r o  a r a i l a b l o  Lmich would r e a d i l y  load  t h m r o l t e s  t o  tho p r o b l a .  
is, howevor, more probably t h a t  t h e  appmen t  s p e c i f i c i t y  of  uranium for t he  t u b t z l d  
c e l l s  is duo t o  e x t r a c e l u l a r  cond i t ions  ( such a8 pH) which o d r t  only in t ho  
s p e c i f i c  r e g i o n  o f  t h e  kidney from which t h e  c e l  t ypes  originat.. 
c e l a l e r  oondit ions were dup l i ca t ed  f o r  o t h e r  c o l l s ,  s i m i l a r  o f f e o t s  of uranium may 

I t  

If t he  oxtra- 



bo obrer&d. 
t h e  c e l l  s u r f a c e  c o u l d  be s t u d i e d  w i t h  s imple t e c h n i q u e s  on i s o l a t e d  c e l l s  
such as e r y t h r o c y t e s ,  phagocytes  and u n i c e l l u l a r  organisms. 

I f  t h i s  proves t o  be t h e  case ,  t h e n  t h e  e f f e c t s  of u r e n i m  on 

Another method o f  approach which might y i e l d  v a l u a b l e  i n f o r m a t i o n  is t h e  u s e  
of mode1 systems. 
layers and d t p o s i  t e d  i n t e r f a c i a l  mernbranos of p r o t e i n s  and other c e l l u l a r  compDnent s. 

This would i n v o l v e  sutdies o n  s imple  p r o t o i n  and l i p i d  mow 

I n  summary, t h e  program would a t t e m p t  t o  answer the  f o l l o w i n g  questions: 

1. I s  fhe ! s u s c e p t i b i l i t y  t o  uranium i n h e r e n t  i n  t h e  c e l s  o f  t h e  r e n a l  p r o x i m d  
convolu ted  t u b u l e s  or is t h o  s p s c e p t i b i l i t y  due t o  e x t r a c e l l u l a r  c o n d i t i o n s  
in t h e  p r o x i m i t y  o f  these c e l l s ?  

2. Are other c e l l s  s u s c e p t i b l e  bo uranium under  s i m i l a i  e x t r a c e l l u l a r  c o n d i t i o n s ?  

3. Eon doer uranium a f f e c t  t h e  v a r i o u s  c e l l  f u n c t i o n s ?  

4. flow doos uranium ef fec t  t h e  c e l l  s u r f a c e  i n  te rms  of  p e r m e a b i l i t y  and 
01 ect r i  c e l  prop ert i e s t  

5. Cap t h e  phemaenon o f  uranium t o x i c i t y  be d u p l i c a t e d  in a model syrtan o n 
p r o t e i n  and l i p i d  mooolayerr?  I f  p o s i U f w  r e s u l t s  a r e  obtained, can t h o  
mechanism of u r a d u m  a c t i o n  be s p o c i f i c a l l y  t r a c e d ?  

In a r d a t i v o l y  v i r g i n  f i e l d  such as t h i s ,  i t  is d i f f i c u l t  t o  p r e d i c t  t h o  most 
fnaitiul approach u n t i l  some e x p l o r a t o r y  work has b-on at temptod.  Tho methods 
suggested in t h e  p r e v i o u s  s e c t i o n  a r e  m e r e l y  M i n d i c a t i o n  of t h a  t y p o  of approach 
t o  be used. 



(k) I n v e s t i g a t i o n  o f  the  Nature o f  F luor ide  i n  Blood 

BACKGROUED 

Earlier work ( p r i n c i p a l l y  G e p a n )  on t h e  biochemistry o f  f l u o r i n e  has l e d  
t o  the  following observa t ions :  

1) Thero is cons ide rab lo  u n c e r t a i n t y  as t o  t h e  base l e v e l  of blood f luor ides .  
2)  An antagonism appears  t o  e d s t  between f l u o r i n e  compounds and thyroxin. 
3) Organic f l u o r i n e  compounds appear t o  be m3re t o x i c  than  t h e  f l u o r i d e  i o  n. 
4 )  Fluor ine  a p p a r e n t l y  exis ts  in t h e  blo3d in an oragnic  and an i n o r g r a i c  
stat. somowhat analogous t o  blood iodine.  
5 )  I n  hemophil is  t h o  blood f l o o r i n e  o f t e n  rises t o  very high Levils .  
6 )3- f luoro tyros ine  h a s  given excol len t  r e s u l t s  in t h e  t rea tment  of Basedo+ s 
d i  seaso (t o x l  c hyper thyro i  d i  glp) 

Those observa t ions  hzve  suggested t h e  fol lowin& broad o u t l i n e  for a research 
Q r Q g r a  on  bl0 ,d f luo r ine .  

PRO EXXM 

Prel iminary experiments i n  t h i s  l abora to ry  bavo tended +b confirm t h e  ob ro r ra t ion  
t h a t  blo d f l u o r i d o s  o d s t  i n  both em "orgado"  andt*inorganicHfom. 
of t h i s  problm is t o  i n v e s t i g a t o  tho  na tu re  of t h e  compounds o f  f luo r ino  o d s t i n g  
i n  t h e  blo,,d, devot ing  spoci al a t t e n t i o n  t o  the so-cal lod @ ~ o r g a n i c t ~ f r a c t i o n .  

The plrpare 

Boforenco t o  the l i t o r a t u r o  i n d i c a t e s  t h a t  tho normal raw. of ?. i n  t h e  blood 
i s  r a t h e r  rid.;  hore ro r ,  the umthods used h a w  alryas included opera t ions  which 
i n  our oxperienco h a r e  r e s u l t e d  in l o s s  of fluorine. 
bo nocossary t o  dotermino the  r a n r e  of normal rluer as measured by our  tochniquo. 

The approach t o  t h o  main problem might well procode according t o  t h a  f o l l o r i n g  
l i nes :  

8 )  Dotermino t h e  f luorin.  conten t  f o r  whole &lood, ce l l s  and plasma. 
b) Propare hemoglobin, p r o t e i n  and l i p i d  f r e t i o n s  and dotermino t h e  fluorbno 
content  of osch. 
a )  I m e o t i 8 a t e  the complexing of f luo r ine  with homoglobin and o the r  pro te ins .  
d )  f m e s t i g a t e  t h e  r e l a t i o n  b o t w e n  f luo r ine  and non-diff 'urabh ( p r o t e i n  bound) 
blood calcium. 
I n  a d d i t i o n  t o  t h e  main problan  of o luc ida t ing  t h e  naturo o f  blo;.d f luo r ido r ,  
t ho  following secondary probloms a r o  of considerablo interorrf;  
8) An i n v e s t i g a t i o n  o f  t h e  poss ib l e  r e l a t i o n s  botreen f luorides ,  iodido and 
calcium &vel8  and t h e  t h y r o i d  gland. 
b) t h e  o f f o c t  of f l u ~ r i n o  upon enzyme systems of t h e  blood, p w t i c a l a r l y  
moans o f  an in rim oxperimm%. 
a)  The r o l u b i l i t j r  of  f l u o r i d e s  salts &d complexor i n  plasma, 
a) How high can  t h e  blood f l u o r i d e  l e v e l  bo raised before  ill o f f o c t s  a r o  
observod in animals. 

The use of  r a d i o a c t i v e  f l u o r i n o  i n  8tt8Cking t h e s e  problrnr mcry bo of  t a l u o  
and should not  be overlookod. 

Accordingly, it rill f i rs t  
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These  experiments m e  i n t e n d e d  t o  g i v e  8undsment.d i n f o r m a t i o n  r e g a r d i n g  t h e  mode 
o f  a c t i o n a n d  metabolism o f  f l u o r i n e  i n  t h e  system. 
a p p e a r  t o  b o  of  v a l u e  for t h e  fo l lowing  reasons:  

This i n f o r m a t i o n  would 

1) F l u o r i d e s  a r e  used i n  t h e  t r e a t m e n t  of d i s e a s e .  
s i g n i f i c a n t  v s r i a t l o n r  in c e r t a i n  p a t h o l o g i c a l  c o n d i t i o n s  

Blood l e v e l s  appear  t o  show 

2 )  Exposure t o  f l u o r i d e  is o f  i n d u s t r i a l  s i g n i f i c a n c e ,  p t i e u l a r l y  s i n c e  the 
advent  of  s tomic energy progremr. 
3) Exposure t o  f l u o r i d e  m a y  occur  through consumptionof foods  h e a v i l y  c o n t m i n a t e d  
w i t h  f l u o r i d o  c o n t a i n i n g  f e r t i l i z e r s .  
4 )  The de terminz t ion  o f  base l e v e l s  is of  inmediato prac t ica l  J u e  in t h e  impendlng 
l i t i g a t i o n  between t h e  duPont Co. and r e r i d e n t s  o f  Her J e r s e y  areas. 


