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broad research Frogrun i n  the  b io logica l  e f f e c t s  of rzd i r t ions .  

of t h i s  prop?:?. are t m f o l d :  

rad ia t ion  expsures ,  igcluding all types of  rad ia i ion  ma r ad iwx t ive  iso- 

topes, and t o  discover t h e  nature of r ad i s t ion  s e n s i t i v i t y  of variaus 

organisms, pa r t i cu la r ly  i n  r e l a t i o n  t o  rad iz t ion  sickness 2nd i ts  Freventicn 

and treatment. 

"?-e a h s  

t o  est,abllsh t h e  bas i s  f o r  1fpen!is5ilclelt 

These aims a r e  important a l i k e  t 3  industrial and mi l i ta ry  

problems and t o  the  proper s c i e n t i f i c  and c l i n i c a l  use of isotopes. Tney 
/ 

are of pa r t i cu la r  hpor tance  i n  connection with t h e  progrun of  Argonne pj&/i2l/flj 

Laboratory, which hzs been g i v m  primarx respons ib i l i ty  f o r  reactor  devel- 

opment, The staff of the  laborz tory  recognize tha t ,  in carrying out the 

program, developments in biophysics and ce l lu l z s  and theo re t i ca l  biology, 

and i n  par t icu lar ,  basic understmding of growth, cancer and a,ceing are an 

integral par t  of t he  approach, 

In addition t o  t h i s ,  t h e  Division has in common with t h e  other r eg iond  

laborator ies ,  i t s  share of r e spons ib i l i t y  f o r  t r a in ing  i n  rad ia t ion  biology, 

espec ia l ly  i n  t h e  midwestern area, 

s t i l l  confined to small tenporary qua r t e r s  it has been impossible t o  o f f e r  

any formal course work, but i t s  members have collaborated ac t ive ly  i n  

courses i n  radiobiology and cancer given a t  t h e  University of Chicago, It 

has been possible t o  o f f e r  t r a i n i n g  to 12  v i s i t i n g  investigaLors and post- 

doctoral  fellows, uLsuaLly for periods of a year, and t h i s  program will be 

extended as space becomes ava i lab le  Special  equipmeht of t h e  laboratory 

i s  accessible t o  inves t iga tors  from other  i n s t i t u t i o n s  on a collaborative 

basis.  In one such project  which i s  now in progress, neutron i r r ad ia t ion  
a n i 4  
of t i s sue  has been used in the chemical determination of iodine in very 

small quant i t ies .  

Due t o  the  f a c t  t h a t  t he  divis ion i s  

f i  

I r r ad ia t ions  a r e  done i n  t h e  Argonne heavy water pi le ,  
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28 and the radioactive iodine (9 ) created by the  neutron act ivat ion of 

normal iodine i s  measured by a counter. 

of t h e  p i l e  t h i s  method i s  sens i t i ve  t o  less than a mil l ionth %?r a gram 

of the  element, which gives it a considerable advantage i n  sens i t i v i ty  and 

speed over chemic2.l methods of ana lyp i s ,  The p o s s i b i l i t i e s  of t h i s  method 

fo r  t h e  determjnaticn of other  t r a c e  elements in t i s sue  are being examined. 

Because of the  high neutron f lux  
o f  

By the neutron act ivat ion method, analysis  can be done while leaving the 

material  intact ,  which has  many obvious advantages over more destruct ive 

met hods 

The division is available t o  t h e  laboratory for  advice in special  

problems relating t o  safe conduct of  laboratory operations, par t icu lar ly  

where experimental work is  r e q k r e d ,  

In order t h a t  r e a l i s t i c  llpermissiblelr l eve l s  of radiat ion can be es- 

tablished, it i s  necessary t o  def ine c l e a r l y  t h e  lowest amount of radiat ion 

which can be consid.ered harmful t o  man. 

exposed t o  X rays and other  ex terna l  rad ia t ions  and injected with radio- 

Large numbers of animals are  being 

active elements t o  gain exact information on the  nature of in jury  following 

various amounts of radiat ion exposure. During the  war, these experiments 

were begun using plutonium and various radioactive products of nuclear 
32 3 

f i ss ion;  a t  present, other isotopes such as phosFhorus , hydrogen and 

carbonL4, which a r e  of peacetime value, are being s tudied in the  same way, 

Host of our present knowledge is  based on t h e  observation t h a t  the  

life-span i s  shortened and t h a t  cancer arises i n  areas which have been 

radiated. We have gained valuable information regttrding the  amounts and 

timing of  radiat ion treatment which induce cancer, but a grettt deal  of 

fur ther  investigat,ion i s  required and w i l l  have important b e u i n g  on t h e  
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cancer problem as w e l l  as on radia,tion t o x i c i t y ,  

s tudies  which r e l a t e  t o  the  shortening of life following radiat ion Mil l  

be= on the  problem of ageing. 

pathologists, chemists, and physicis ts ,  and an important r o l e  is  being 

By the  same token, those 

These s t u d i e s  require the  collaboration of 

assumed by mathematicians, who a re  in t e re s t ed  in organizing our experimental 

knowledge i n  such' a way tha t  it brings as much r e l i a b i l i t y  as  possible.J&H! 
)u 

predictions 

Typical studies re la ted  t o  t h e  chronic e f f e c t s  of l o w  l e v e l  radiat ion ?=- 

include experiments aimed at discovering whether radiat ion produces cancer 

by cnemical e f f ec t s  (since cancer can be induced 'cy many chemical agents) 

br by other  types o.f in jury  t o  t h e  c e l l  or i t s  par t s  which may cause these 

c e l l s  t o  give r i s e  tm malignant growth. 

of heavy i r r ad ia t ion  of normal body c&Llu& i n  an e f f o r t  t o  discover 

the  nature and biological  action of t h e i r  i r r ad ia t ion  products. 

The p i l e  i s  being used as  a source 
CiCuAA ;:& 

One of  t h e  puzzling questions regarding the  production of  cmcer and 

other  changes i s  t h e  meaning of t h e  long period of time which elapses 

between radiat ion and t he  appearance of t h e  tumor. ' This i s  being attacked 

i by careful  examinat,ion of the  chemical and s t ruc tu ra l  s t a t e  of i r rad ia ted  

i t ixsue during t h i s  in te rva l .  

by ordinary means 3f examination; fo r  instance, t h e  changes i n  the  lens  of 

Many changes must occur which are inv is ib le  

t h e  eye responsible for cataracts  a f t e r  neutron exposure might be missed i f  

they occurred i n  t issues ,  such as muscle o r  t h e  internal organs, xhich are 

not transFarent -. 
Along w i t h  the  s tudies  on radioisotope t o x i c i t y  the  laboratory i s  con- 

ducting investigat,ion of t h e  exact l oca l i za t ion  of t h e  isotopes in c e l l s  

and t i s sues .  Through the properly coordinated use of ana ly t ica l  and 
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photographic methods:, it i s  e n t i r e l y  Fossible  t o  rezch a high degree of 

accuracy, but these methods require a great  dea l  of  furti ier  developrcent, 

14 A n  i l l u s t r a t i o n  of t h e  importance of t h i s  i s  seen in t he  case  of carbon , 
which inay form m a n y  compounds in t h e  body and mag become concentrated i n  

cer ta in  c e l l s  within an organ, although it i s  being rap id ly  l o s t  from other 

t issues .  

picture  of t he  f ine r  d e t a i l s  of i t s  lodging places,  

a t  the present time, together  with a r a t h e r  complete invest igzt ion of t he  

The wisk c l i n i c a l  use of t h i s  isotope demands a f a i r l y  complete 

T h i s  study is going on 

f a t e  of those other  isotopes which lodge i n  t h e  skeleton. 

apparently highly susceFtible t o  r ad ia t ion  damage, this group of isotopes 

Since bone i s  

has been given t h e  first p r i o r i t y  i n  t h i s  program. . 
The G n o v a l  of isotopes which have been absorbed in to  the  body forms 

a subject  of invest igat ion which has a t t r ac t ed  the  attelztion of experimenters 

in both the  B i o l o a  and Medical Divisions. 

act ive isotopes of calcium and of t h e  chemically s h i l a r  elements are  

It has been found t h a t  radio- 

absorbed so rapidly from the  blood stream i n t o  bone t h a t  t h e  uptake by the  

skeleton must be measured i n  minutes r a the r  t h m  hours. The skeleton 'then 

holds on t o  these elements very tenaciously and, as has been discovered in 

cases of humm radi.wn poisoning, e f f o r t s  toward ranoval have been s ingular ly  

disappointing. Studies i n  t h e  cemoval of deposited radioelements i s  con- 

sidered an important phase of the  program, 

The chain reac t ing  p i l e s  at t h e  Arpnne National Laboratory afford an 

opportunity of studying e f f e c t s  of neutrons which it i s  the  duty of t he  

l a b o r a t o r y t o  u t i l i z e .  A program has therefore  been outlined which w i l l  
6dL u t i l i z e  t h e  experimental methods s-lready developed a study of neutron 

danage, again with the  primary a.im of deterli.,ixing t h e  more subtle, or 

i 1533511  
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occasior,al, e f f ec t s  af radizt ions which de tem-he  the  c o n d i t i o s  under which 

they  must be used, 

It i s  a l so  impcrtant t o  discover what differences there  are  between the 

e f f e c t s  of isotopes generally, and those whjch form par t  of a chemical 

rriolecule t h a t  may be of c r i t i c a l  k ro r t ance .  

phosphorus, czrbon, hydroZen, pnd suIfur,  and radioact ive isotopes of a l l  

these elements are ~ r l  use, 

Darmecium, whose genet ic  behavior is  well  understocd, i s  morn sens i t ive  t o  

rad ia t ion  frorr radiophos?horus than t o  ce r t a in  other radiat ions.  

presmzbly due t o  the f ac t  t h b t  t h e  Paraneciurn s to re s  the  phospnorus in i t s  

body and t h a t  t h e  radiet ion therefore origiriztes from the  substm.ce of t h e  

c e l l  i t s e l f .  SMlZi-  s tud ies  on other  biological ly  iolportant isotopes Zre 

planned for t he  kmediate  future,  

The c e l l  nucleus contains 

Xxperiments have shown t h a t  t h e  one-celled 

Tnis i s  

Sens i t i v i ty  t o  radiation forms the  other major top ic  of study. :&en 

'?!e contrast  t he  extremely la rge  amounts of radiat ion which are  required t o  

. b j u r e  many of t h e  simpler farms of l i f e ,  2nd indeed r.ost of the c e l l s  and 

organs of  the animal body, it i s  c l ea r  t h a t  only t h e  spec ia l ly  sens i t lve  

'nature of ce r t a in  c r i t i c a l  c e l l s  can explain death in the higher animals. 
L 

Physiological s tudies  begun in tnis laboratory during the  w a r  ham 

painted i n  c lear  ou t l ines  t h e  General nature of  radiat ion sickness, and 

more recent work has focussed on some of t he  systems h i c h  appar  t o  be 

Kost s ign i f icant  in t h e  study of s ens i t i v i ty .  The mechanism of blocd clot-  

t i n g  has been subjected t o  a systematic st2d;r and it has been four,d t h &  

substances l i k e  heparin, which normally prevent blood from c lo t t i ng  within 

the  circulation, appear in g rea t ly  increased amounts, resu l t ing  i n  t h e  

marked bleeding tendency hihich is  one of t he  serious features  of radiat ion 
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has resul ted i n  the  discovery of t w  chemicals whlch s t o p  bleeding by 

neutral iz ing t h e  excess heparin. 

This new understanding of t h e  mechanism of a serious symptom 

'&e e f f e c t s  of radiation on t h e  circulat ion of  the b l o d  are being 

studied by observing the  wing of a small bat which occurs in great pro- 

fusion in limestoAe icwes. 

one-thousandth of an inch, so t h a t  t he  flow of blocd and lymph can be 

observed under highest magnification with the  microscope. 

occur a f t e r  X rzy t reataent ,  including slowing of t h e  c i r cu la t ion  and 

blocking of the  vessels  by c e l l s  and debris,  

The thickness of t h e  Wing is s l i g h t l y  over 

S t r ik ing  changes 

Much a t ten t ion  has been given t o  the various blood c e l l s  and the  par t  

which they play i n  rad ia t ion  sickness. By i r r ad ia t ing  animals with d i f f -  

erent degrees of s e n s i t i v i t y  t o  radiation, it has been found t h a t  cer ta in  

of the white blood 'cells  a re  much more e s sen t i a l  t o  survival  than others. 

Since t ransfusions of white blood c e l l s  are  uniformly unsuccessful, other 

means must be sought fo r  protect ing them or subs t i tu t ing  f o r  t h e i r  functions. 

While blood formation 

found t h a t  t h e  spleen 

ord inar i ly  occurs i n  the  bone mitrrow, it has been 

very rap id ly  takes  over t h i s  function i n  some anhals 

alone has been i r radiated,  thus  exert ing a protective 

effect .  

Studies on t h e  s e n s i t i v i t y  of blood c e l l s  and t h e i r  r e l a t i o n  t o  radia- 

t i o n  sickness a re  jm2ortant i n  many f i e l d s  of medica.l,research, 

r e l a t ion  i s  subjected t o  fur ther  scrutiny, it i s  expected t h a t  important 

knowledge i n  t he  nature  of irnmunity t o  i n f e c t i o m  diseases  will r e su l t ,  

A t  present, t h e  re:lation of t he  blood c e l l s  t o  immune reac t ions  are  being 

studied i n  irradia-Led anjmals, and the  pa r t  played by b a c t e r i d  infect ion 

A s  t h e  

I 1 5 3 3 5 2  



-7- 

i n  r ad ia t ion  dekth :is likewise under study, 

The endocrine glands have also been im2licated i n  rad ia t ion  sickness 

and a de ta i l ed  stud;y of the  response of  a animl's adrenzls i s  being 

made. 

amounts of radiat ion.  In  some cases, these changes can be prevented by 

treatment with adrenal hornones, but t he  treatment f a i l s  to imarove the  

survival  of t h e  i r rad ia ted  animal tc any considerable extent.  

Definite chemical changes occur in these glands even a f t e r  rnoder&e 

Two means of treatment of i r rad ia t ion  sickness have, however, appeared 

t o  be of d e f i n i t e  value in enhancing the  survival of X-rayed rats and mice. 

The f ernale sex hormone has been found protective when it is  given a week 

b r  t e n  days before X ray. Studies of the  white blood ce l l s  in these animels 

point$ out t h a t  t h e  hormone rleFresses them,& bhe i r  subsequent regeneration 

probably accounts for the  protection, which occurs during t h i s  recovery 

?F 

phase, 

blocd ce l l s ,  which appear t o  be more r e s i s t an t  t o  rad ia t ion  when they are 

being r ebu i l t ,  following an experimentally induced anemia, 

A similar observation was made previously i n  the  case of the red 

Another p a r t i a l l y  protective agent was discovered through considerat ion 

of t he  f ac t  t h a t  hgdrogen peroxide and similar oxidizing substances a p p a r  

in i r r a d i a t e d  w a t e r ,  Cysteine, a normal body consti tuent which can neutral- 

i ze  these oxidants, was found t o  be protect ive when it w a s  given immediately 

p r io r  t o  i r r ad ia t ion ,  It was found inef fec t ive  f i v e  minutes a f t e r  irrad- 

ia t ion ,  suggesting t h a t  t he  c r i t i c a l  dmage i s  done abnost at  once, although 

ser ious symptoms require days t o  develop, 

Studies  in radiat ion biochemistry a re  being c a r r i e d  on through t h e  

i r r a d i a t i o n  of substances which occur i n  the  body and perform important 

functions, such as enzymes and proteins ,  A c lear  def inkt ion of the  nature 
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of the  more radiosensi t ive enzymes has been made, and it i s  found t h a t  the 

sens i t i ve  ones a r e  those ih ich  are  most ea s i ly  oxidized, i n  accordance wi th  

the  suggestion made above. Studies are  i n  progress i n  a n  attempt t o  r e l a t e  

s e n s i t i v i t y  of these chemical par t s  of c e l l s  t o  c e l l  s e n s i t i v i t y  i t s e l f ,  

Similar  s tud ie s  are  being pursued i n  which body c e l l s  and organs a re  cu l t i -  

vated separately; and important c e l l  s t ruc tures  such as the  chromosomes are 

being i s o l a t e d  and studied under the  electron microscope. These investiga- 

t i o n s  a r e  an i n t e g r a l  par t  of the  rad iosens i t iv i ty  program, ye t  they have 

important implications f o r  biology i n  general. 

The question of the radiat ion sens i t i v i ty  of plants  i s  given an 

.important place i n  t h i s  gram and has wide implications.  

growth hormones have been considered especial ly  sensi t ive,  t h i s  group 

of substances i s  being studied i n  the f i r s t  phases of t h e  work. 

Since plant 

Finally,  environmental conditions are being a l t e r ed  i n  a search for 

f u r t h e r  information. 

being given a fatal dose of X ray, w i l l  survive f o r  many months. 

they are removed t o  room temperature, they proceed t o  d i e  as they  w u l d  have 

i n  the first place,  

some repara t ive  processes might take place, but it appears t h a t  destruct ive 

and repara t ive  processes a l ike  a re  retarded by cooling the body. 

It has  been found t h a t  frogs, i f  kept ch i l led  a f t e r  

I f ,  however, 

It was  hoped that while l i v i n g  on time thus borrowed, 

Plans f o r  t h e  fu ture  a re  impl ic i t  i n  the  present program, which in i t s  

developnent requires  the coordinated e f f o r t  of s c i e n t i s t s  t ra ined  i n  varied 

d isc ip l ines .  The basic importance of the  various problems posed by this 

program, as indicated i n  i t s  presentation, touches on our understanding of 

such e lus ive  subjelcts as growth, and of the functions of t h e  various elements 

of the body. Th i s  program requires  also t h a t  f u l l  use be made of the 

spec ia l  equipment (of the laboratory and implies c lose  contact w i th  physical 

s c i e n t i s t s  and t h e i r  problems. 

Division f inds  ade,quate quarters  a t  the new laboratory s i t e .  

This will be g rea t ly  f a c i l i t a t e d  when the 
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While many tox ic  and environmentd factors zre  known or  smpected 

t o  r e su l t  i n  d i sz ,b i l i t i e s ,  cancer, 2nd perhapsA shortening of lifeA- 

-+?A&+@&, only i n  t he  f i e l d  of atomic energr i s  

t h i s  matter being faced squarely bg a ser ious determination t o  reduce 

dvnage t o  t h e  vanishing point.  

presents a cha l le ige  i n  the  development of new G c k r i q u e s  and t h e  explors- 

t i o n  of some of t h e  most basic  branches of b io logica l  science. 

should prove t o  be a pa t te rn  for the  at tack on  any other  h p o r t a n t  f i e l d s  

now neglected 

I f l  r t l  u CC~ZW SP? 

A 
* J?- 

0 

The experimental approach t o  t h i s  problem 

This approach 


