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Sess ion  Two: John H. Lavrence and D,an Wilkes. 

DW: 

i n  1935 on t h e  b i o l o g i c a l  e f f e c t s  of neu t rons .  

unders tand  t h a t  you brought  some mice o u t ,  t h a t  you drove a colony o f  mice ou t  here .  

What are your impress ions  about  t h e  set-up a t  t h e  Cyclotron, and your  impress ions  

of t h i s  e n t i r e l y  new k i n d  of medical and b i o l o g i c a l  work, and so on. Some of t h e  

th ings  t h a t  you d id ;  your  procedures .  

Let's go bar !  for a moment t o  t h e  i n i t i a l  experiment you d id  w i t h  P a u l  Aebersold 

How d i d  you p repa re  f o r  i t? I 

JL: 

Medicine, and I came out  r e a l l y  t o  visit my b r o t h e r .  I must have come ou t  t h e  s-r 

of 1935, r e a l l y  f o r  a visit; I d i d n ' t  b r i n g  any mice wi th  me.  

I can remenber coming ou t  h e r e  when I w a s  on t h e  Facul ty  of. t h e  Yale School of  

Although I had been 
-. 

s e e i n g  him p r e t t y  o f t e n  in h i s  t r i p s  E a s t  -- he would always come and s e e  m e  i n  

Boston when I w a s  a medica l  s t u d e n t ,  and then  a t  Yale when I w a s  a t  Yale Facu l ty .  

-- ~ 

DU: You d i d  that exper iment  a c t u a l l y  b e f o r e  you came ou t  f o r  a visit then?  
< 

. . -- 
JL: Tha t ' s  right. The real reason  f o r  t h a t  experiment on neu t rons  w a s  obvious ,  I 

e e s s .  

had ever s t u d i e d  t h e i r  e f f ec t s . / - I  remenber t h a t  I vas impressed when I saw t h e  

Wilson-Clougt Chamber of t h e  r a d i a t i o n  which had come from t h e  b e r y l l i u m  t a r g e t  when 

i t  vas bombarded i n  t h e  Cyclotron w i t h  t h e  deuterons .  I cam remetcber Franz Kurie 

w a s  t h e  e x p e r t  wi th  t h e  Wilson-Clougt Chamber which w a s  invented  by a Scotsman who 

w a s  a l s o  a mouuta,in c l imber  and who got  t h e  Nobel P r i z e  for i t .  

v i s u a l i z i n g  r a d i a t f o n  e f f e c t s  - i t  had aort of  a p i s t o n  e f f e c t ,  t h i s  p i s t o n  would 

p u l l  down and r a r i f y  t h e  hydrogen and ano the r  gas  i n  t h e r e .  

gamma r a y s )  would then make i t  p o s s i b l e  t o  see t h e  i o n i z a t i o n  produced; then you 

could  photograpb t h a t  and you could see t h e  d i f f e r e n t  k inds  of  i o n i z a t i o n .  There 

E r n e s t  and all t h e  qestT&re concerned about neut ron  r a d i a t i o n  b u t  nobody -- 

It w a s  a way of 
1 

Radia t ion  (neut rons  and 

w e r e  jus t  small f i n e  tracks which were due t o  t h e  b e t a  ram liberated by t h e  la- 
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r a y s  from t h e  b e r y l l i u m  t a r g e t ,  and t h e  o t h e r  were v e r y  long  wide t r a c k s  which were 

caused by neu t rons  s t r i k i n g  t h e  hydrogen; those neu t rons  s t r i k i n g  t h e  hydrogen 

would cause  very  dense  i o n i z a t i o n .  So even I, who w a s  n o t  a p h y s i c i s t ,  cou ld  say: 

"Gee whiz, when t h a t  h i t s  the body t h a t  must do d i f f e r e n t  t h ings  than  x r a y s  do." 

That ' s  t h e  way mp i n t e r e s t  s t a r t e d .  

- -  

. _  - - -  _ _  --- - - 

DN: I n  o t h e r  words, t h e  sa=e kind  of t h i n g  happens -- t h e . i o n i z a t i o n  happens i n  

t h e  body and t h e  body c e l l s ,  and you would expec t  t h e  neut rons  would d i s r u p t  c e l l s  

by t h i s  k i n d  of dense r a d i a t i o n  - o r  t h e  p o s s i b l l i t y  w a s  t he re .  

JL: Y e s ,  o f  course ,  w e  kneu t h a t  x r a y s  would k i l l  a person i f  one got a b i g  dose 

l i k e  500 r. o r  so. - 
DU: And t h a t  of course  i s  i o n i z a t i o n ,  too.  

JL: Y e s ,  by  t h e  p rocess  of  i o n i z a t i o n .  Then,--ot ac-eid:th P a u l  Aebersold 

who w a s  a young gradua te  s t u d e n t  i n  phys ic s  and working c h i e f l y  \ ~ i t h  Ernest. I t h i n k  

he w a s  a g radua te  of S t a n f o r d  and h e  cape up h e r e  t o  g e t  hi3'Ph.D. 

p h y s i c i s t .  You remember kb? - 

Pau l  w a s  a 
c. ~ 

L _- e - -  = 
DW: Oh y e s ,  I knew Pzk. 

JL: I went down t o  Cowell Hosp i t a l  and t a l k e d  t o  t h e  head o f  t h e  h o s p i t a l  and asked 

i f  I could use  l a b o r a t o r y  space  downsta i r s  which inc luded  a room, a mlcroscope, and 

a l a b o r a t o r y  bench. I went t o  Herber t  Evans and g o t  SOID? animals; they were rats. 

So, v i t h  t h e  micr&cope. a blood-counting set-up, and ord inary  ins t ruments  that I 

borrowed, we proceeded t o  s tudy  t h e  comparative e f f e c t s  of x r a y s  and neu t rons  011 

the b lood  p i c t u r e  of  t h e s e  rats a n d  also on t h e  l e t h a l  e f f e c t ,  t h e  k i l l i n g  e f f e c t .  

So, t h a t ' s  t h e  way I s t a r t e d .  

s 

t 
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DU: Then, you would take the rats t o  t h e  Cyclo t ron ,  and I guess tha t  you would PUS 

t h e m  i n  some kind  of  a c o n t r a p t i o n  which t h e  beam could be d i r e c t e d  t o ,  so t h a t  i t  

would i r r a d i a t e  t h e  rats. 

JL: Right .  With Pau l  and t h e  h e l p  of Ernest 's eng ihee r ing  people  i n  t h e  Lab ( t h e r e  

weren ' t  ve ry  many then ,  just a few) ,  w e  r i gged  up a chamber v i t h  two inlets ;  one f o r  

air going i n  and one f o r  a i r  going  out .  W e  set  that up nex t  t o  t h e  b e r y l l i u m  t a r g e t  

where t h e  deuteron beam w a s  aimed and s t m c k  t h i s  t a r g e t .  When deuterons  s t r i k e  

be ry l l i um,  they  produce a mixture  of  ganxca r ays  and neutrons.  I t h i n k  i t  is  about 

95% neu t rons .  I can renember one p a r t i c u l a r  e x p e y i m n t :  I t h i n k  i t  w a s  w i t h  t h e  

very  f i r s t  ra t .  E rnes t  w a s  running  t h e  Cyclo t ron;  X r e r e z b e r  t h a t  because a l o t  of 

people  c o u l d n ' t  run it. 

Cyclo t ron  j u s t  d i d n ' t  run vel1 I n  those  days.  So, h e  w a s  running  i t ,  and Paul  and I 

had done b lood  counts on t h i s  rat t o  see what t h e  normal count w a s .  W e  p u t  t h i s  ra t  

i n  t h e  chamber and f a s t e n e d  t h e  hoses  t h a t  p u t  air i n t o  i t  and ano the r  o u t l e t ,  

of course .  We asked E r n e s t  t o  t u r n  o f f  t h e  Cyclo t ron  so we could crawl back i n  t h e r e  

after about  two minutes and see whether t h e  rat w a s  okay, and t h e  rat was dead! 

I've t o l d  you this befo re .  L t h i n k  q u i t e  h o n e s r m e  d idn'; T m  f o r  s u r e  what 

k i l l e d  t h e  ra t .  \ I t  sca red  everybody because  there were only a t e w  people ,  g raduate  

s t u d e n t s  and f a c d l t y ,  20 t o  25 people  around t h e r e  i n  those days working. I ' m  n o t  

Be could always m a k e  i t  run by j u s t  t h e  touch he had; t h a t  

- 

-_._----- 

I. 

i -  
1 __- -- 

- 
re . le t  o r  Ed Hcnilla. s u r e  whether  Lu i s  A l v a r e m  ne I don ' t  t h i n k  they  w e r e  bu t  
c 

t hey  may have been. 

DW: I t h i n k  Ed w a s ,  b u t  L u i s  came i n  about 1936. 
s * 

JL: O f  cour se ,  a Lot of the o t h e r s  came many y e a r s  l a t e r ,  Uke G l e n n  Seaborg. 

DW: I t h i n k  he  w a s  working f o r  h i e  Ph.D. a t  t h e  t i m e ;  he vas o n l y  a gradua te  s t u d e n t  

then .  He hadn ' t  s t a r t e d  working a t  t h e  Cyclo t ron .  
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JL: Yes, and B i l l  Libby w a s  working f o r  h i s  Ph.D. w i t h  G.N. Lewis, too.  

L a t e r  on, a f t e r  a couple  of weeks when w e  g o t  o u r  s e c t i o n s  through, a n d  as 

we Buspected, t h e  animal d i ed  of s u f f o c a t i o n ,  n o t  r a d i a t i o n .  Before t h a t ,  t h e  goss ip  

got around t h a t  t h i s  animal r e a l l y  w a s  k i l l e d  i n  a h u r r y  w i t h  neut rons .  

DW: 

p r e t t y  amazing t h a t  t h e  ra t  would go j u s t  l i k e  t h a t )  -- i n v e s t i g a t e d  i t  and found 

Do I remember c o r r e c t l y - t h a t  you - i n  t r y i n g  t o  i d e n t i f y  t h e  cause ( i t  seemed 

t h a t  t h e r e  w a s  no a i r  go ing  i n t o  t h a t  charber?  Is t h a t  what happened? 

JL: Right.  The air inlet hose  had p u l l e d  o f f .  But s t i l l ,  w e  

. weren ' t  r e a l l y  s u r e  t h a t  t h e  ra t  d i d n ' t  d i e  f rom ' rad ia t ion  anyway. It w a s  a 

p r e t t y  good-sized chamber; i t  had two h o l e s  a t  each end. W e  thdught it might have 

been r a d i a t i o n .  When t h e  microscopic  s e c t i o n s  came through, we looked a t  t h e  bone 

marrow and i n t e s t i n e s .  I knew q u i t e  a b i t  about  r a d f a t i o n  because I had done a l o t  

of work a t  Yale on x r a y s .  

didn't d i e  of r a d i a t i o n .  You could kill an animal i n  a couple of hours  w i t h  a 

massive dose of x r a y s  or a less massive dose  o f  neut rons .  Well, anyway, t h a t ' s  

the way t h e  exper i rmnt  s t a r t e d .  

* 

There w a s  no th ing  wrong wi th  t h e  animal; it obviously 

DW: So, you would do some tests t o  de te rmine  t h e  blood counts be fo re  and after 

exposure - t h a t  s o r t  of th fng .  

JL: Y e s ,  r ed  counts ,  w h i t e  counts ,  complete b lood  counts.  I d id  a l l  o f  t hose  

pe r sona l ly .  W e  d id  t h a t  on q u i t e  a few rats. 

c o m t s  f a l l i n g  o f f ;  t h e  wh i t e  counts f a l l i n g  o f f .  Then w e  s tar ted gLiving b i g  doses 

and animals woulh,die.  

fall i n  blood count from neu t rons  and an e q u a l  f a l l  from x rays .  I ' v e  go t  some 

l a n t e r n  s l i d e s  of t h a t .  I ,*ed those  i n  t h e  i n f t i a l  t a l k s  t h a t  I gave when I f i r s t  

t a lked  in t h e  East a t  Yale (Mr .  Donner was in t h e  audience) .  We a l s o  s t a r t e d  doing  

I had curves vhich  showed t h e  blood 

So, we s t a r t e d ' c o p p a r i n g  t h e  dose t h a t  produced an equal 

L 
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JL: (cont inued)  l e t h a l  s t u d i e s .  W e  compared t h e  dose us ing  a condenser R e t e r  p u t  

out by a company i n  Cleveland. 

W e  would measure - -.-- - - . +  the i o n i z a t i o n  dose  w i t h  t h i s  condenser R meter f o r  x rays  

and n e u t r m s .  I t h i n k  t h a t  neu t rons  w e r e  5 t o  10 t imes as k i l l i n g  on t h e  b lood  

counts and on t h e  aninals as I renember it on dozens of experiments w i t h  ra t s  and , 

mice, too .  W e  warned everybody pha t  the a l lowab le  s a f e  dose had t o  b e  c u t  t o  about  

a t e n t h  of t h a t  allowed f o r  x ray$ .  

Everybody w a s  u s ing  t h a t  f o r  measuring r a d i a t i o n .  

I c a n ' t  reEmber now e x a c t l y  what t h e  d a i l y  

dose w a s  i n  t hose  days b u t  of course it w a s  c u t  way down f o r  l a b o r a t o r y  workers .  

I also remember t h e  r e l a t i o n s h i p  of t h i s  work t o  sh i e ld ing .  

they p u t  around t h e  Cyclo t ron  when I f i r s t  came t h e r e  i n  '35, t h e  37" -- sone of  i t  

w a s  water, so= w a s  conc re t e ;  it w a s  a l l  over the p l a c e .  

J u s t  how much s h i e l d i n g '  

DW: Was t h e r e  s h i e l d i c g  t h e r e  when you care? - 
JL.: I can't remecber how much b u t  I t h i n k  t h e r e  w a s  a l o t  more went in a f t e r  t h a t .  

Ear ly  i n  t h e s e  exper iments ,  people  would go in 2nd look a t  t h i s  b e a u t i f u l  pu rp le  

'deu teron  beam t o  ge t  a glance  a t  i t .  I t  w a s  a b e a u t i f u l  t h ing ;  I saw i t .  

DW: The i o n i z a t i o n  of t h e  air caused t h a t ,  I guess. 

JL.: I guess so. You've seen  t h e  p i c t u r e  of it. Well, I think t h a t  was very  

dangerous. They q u i t  doing t h a t  af ter  these animal experiments were s t a r t e d ,  and 

nobody went i n  t h e r e  t o  watch t h a t  beam a n m r e .  -4-- i Hahy yea r s  Later, we  d i h ' t  d i scover  
\ 

t h i s  b u t  o t h e r s  d i s c o v e ~ ~ d  t h a t  neu t rons  w e r e  very  dangerous t$ t h e  eye .  
,: \ 

remember t h a t ?  - 1  
-:-- \ 

Do you _- - 
- - -  _- / 

4 . *  * . < -  - \  
DW: Yes, i t  ca  ea cataracts. "9, 
JL.: I t ' s  i n t e r e s t i f i g  t h a t  nobody in t h e  Labora to ry  a t  Berkeley ever got  a c a t a r a c t .  . .  

, +  

k i  
DW: They ins t i t u tq -  s t r i c t  Peasu res  as a r e s u l t  of t h i s  work, t h a t  is ,  s a f e t y  

measures. 

I 
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JL: O h ,  you mean a f t e r  c a t a r a c t s  w e r e  lscun t o  b e  formed. 

DW: I mean, af ter  your  work. 

3.: Y e s ,  I t h i n k  ve b a r r e d  everyone from going i n  there nea r  t h a t  t a r g e t  when the 

machine w a s  on. 

DIJ: 

were g e t t i n g ?  Did they  have a rout ine . . .  

Did they  have some way a t  t h a t  ti= t o  de te rmine  how much r a d i a t i o n  people 

JL: 

s t a r t e d  wearing t h e m  b u t  it was e a r l y .  

Y e s ,  people  were wear ing  badges a t  t h a t  t i m e ,  al though I don ' t  know when they  

DW: Obvio&ly, t hey  knew t h a t  r a d i a t i o n ,  t h a t  x r a y s ,  were coming ou t  a l l  of t h a t  

s t u f f .  And they  knew t h a t  w a s  dangerous. so they had t o  wear badges. 
-* 

JL: Sure.  They had no f e d e r a l  or state r e g u l a t i o n s ;  they w e r e  j u s t  doing t h a t  on 

t h e i r  am. 

DW: Did you p r e s e n t  p a p e r s  011 this. I know t h a t  you and Paul  pub l i shed  one. 

JL: W e  cont inued  t h o s e  exper iments  du r ing  t h a t  p e r i o d  of t i m e ,  and then I went back 

t o  New Haven. 

back and f o r t h  011 t h e  b i o l o g i c a l  e f f e c t s  of neu t rons .  

gave any t a l k s  on it. 

I got cha t - f i r s* -g ran t  from the ?fa-cY?~bat lon  (on t h e  second t r i p ,  I t h i n k  i t  

Pau l ,  E r n e s t  and I wrote  a paper - w e  were sending  t h e  manuscript  

But I d o n ' t  t h i n k  any of  us 

I k e p t  coming back every  two o r  t h r e e  months, and t h a t ' s  when 

Of course ,  I had a l a b o r a t o r y  a t  Yale which inc luded  a t echn ic i an  and a l a r g e  colony 

of mice and r a t s , r a n d  l o t s  of  mice wi th  tumors because  I w a s  working wi th  them f o r  

several y e a r s  befoke  I came o u t  he re ;  n o t  in p r e p a r a t i o n  for t h i s ,  b u t  I w a s  i n t e r e s t e d  

In cancer. 

tumors, too .  I ' d  come o u t  t h i r d  c l a s s  on t h e  t ra in  wi th  t h e s e  Macy funds,  and i n  

I 

Soon a f t e r  I came ou t  h e r e ,  I brought  o u t  my OM animals and those  wi th  

3 0 0 4 4 1  I 
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JL: 

mice. 

(cont inued)  t h e  baggage c a r ,  I ' d  have t h e  mlce; maybe I would have 500 t o  1.000 

Then, we'd do t h e s e  e q e r i m e n t s .  We'd go over t o  t h e  X-ray D e p a r t m n t  a t  t h e  

Medical School i n  San F ranc i sco  a t  n i g h t  t o  g e t  ou r  x r a y  exposures .  

began working v i t h  tumors. 

the tumor o u t  and pack them i n  l i t t l e  packages,  and r a d i a t e  t h e s e  packages w i t h  s r a p s  

and neu t rons ,  and then  implan t  them back i n t o  t h e  mouse. 

s u s c e p t i b l e ;  they  would a l l  d i e  of a tumor they  were i n j e c t e d  wi th .  

simply p l o t  the percentage  of animals that would n o t  take  the tumor because i t  had 

been k i l l e d  by the  r a d i a t i o n ,  and w e  would draw c u n e s ,  s u r v i v a l  curves ,  and g e t  

r a t i o s  of t h e  e f f e c t s  o f  neu t rons  ve r sus  x r ays  on t h e  tumors and on t h e  n o m 1  

animal. 

l e t h a l  t o  tumor c e l l s  than  were t h e  normal cel ls .  I can rerember t h a t  E r n e s t  and 

I t a l k e d  about t h a t .  W e  and o t h e r s  s a i d  that  maybe w e  had a r a d i a t i o n  h e r e  t h a t  i s  

s e l e c t i v e  a g a i n s t  cancer .  

p a t i e n t s .  

We f i n a l l y  

W e  wouldn't  r a d i a t e  the '  tumor i n  t h e  animal - we'd t a k e  

These mice were 100:: 

So, w e  would 

W e  got a d i f f e r e n t i a l  e f f e c t  which showed t h a t  neu t rons  were about  20% mre 

So, t h a t ' s  r e a l l y  v h a t  s t a r t e d  t h e  prdgram of  t r e a t i n g  

DW: Tha t ' s  what s t a r t e d  t h e  whole f i e l d ,  I guess ,  o f  t h e  use o f  n u c l e a r  p a r t i c l e s .  

and t h e  p a r t i c l e s  i n  t h e  t r ea tmen t  of cancer. That w a s  probably the  p r e c i p i t a t i n g  

even t  when you found t h e  d i f f e r e n t i a l  e f f e c t  o f  cancer 011 normal cells. 

JL: 

wi th .  

h i s  l a b o r a t o r y  o u t  a t  Northwood in - lonhon  where he w a s  t he  c h i e f  p h y s i c i s t .  

the cyc lo t ron  a t  Hamersmi th  H o s p i t a l  where T've be--! many times. 

y e a r s  s i n c e  they  b u i l t  i t .  

f o r  it; h e ' s  give; t h e  c r e d i t  f o r  d i scove r ing  t h e  so -ca l l ed  oxygen e f f e c t ;  t h a t  is, 

I t h i n k  you ' r e  r i g h t .  It w a s  proven l a t e r  by L.H. Gray whom I became acquain ted  

H e  v i s i t e d  t h e  Labora tory  rnanyCTs ; -he  w a s  a g r e a t  p h y s i c i s t .  I a l s o  s a w  him i n  

H e  b u i l t  

It must be  25 

H e ' s  n o t  e n t i r e l y  r e spons ib l e  
- ---.cc - ' I  s 

H e  d i ed  a b o u m v e  y e a r s  ago. 

when x r ays  r a d i a t e  a t i s s u e  c u l t u r e ,  o r  an a n i m a l  o r  p l a n t  i n  oxygen, and then 

r a d i a t e  t h e  same o b j e c t  i n  

o r  t h e  animal v i t h  abou t  a 

-. 
air  o r  n i t r o g e n ,  i t  could  k i l l  the  p l a n t  o r  t h e  b a c t e r i a  

t h i r d  of t h e  dose  i f  i t  had 100% oxygen compared t o  n i t r o g e n .  



Page 8 

JL: (cont inued)  So, I t h i n k  i n  looking  back  i n  those  days ,  Paul  a n d ' I  had t h e s e  

packages of  t m o r  cells; they  were r e a l l y  hypoxic.  They w e r e  low i n  oxygen because  

they  d i d n ' t  have any c i r c u l a t i o n ,  so they  w e r e  hypoxic.  

t h a t  the dense i o n i z a t i o n  o f  neut ron  i o n i z a t i o n  k i l l s  cells r e g a r d l e s s  of oxygen 

presence  o r  oxygen absence.  So it made i t  look l i k e  t h i s  k ind  of r a d i a t i o n  w a s  

sor t  of selective because  t h e  no rna l  an imals  w e r e  n o t  g e t t i n g  t h e  normal anount of 

oxygen - t h e s e  c e l l s  w e r e  low i n  oxygen. The dense  i o n i z a t i o n  w a s  n o t  hav ing  an 

effect on t h e  n o r n a l  a n i n a l  b u t  it w a s  having  unre of an e f f e c t ,  r e l a t i v e l y  speaking ,  

on t h e s e  c e l l s  t h a t  w e r e  low i n  oxygen. 

Also later,  i t  w a s  shown 

DW: 

t h a t  t h e  d i f f e r e n t i a l  d i d n ' t  r e a l l y  e x i s t ?  

The e f f e c t  w a s  n o t  what you thought  i t  w a s  a t  f i rs t?  Is t h a t  what you mean 

JL: 

w i t h  dense i o n i z a t i o n ,  and dense i o n i z a t i o n  is r e l a t i v e l y  i n s e n s i t i v e  t o  t h e  amount 

of  oxygen t h a t  i s  p r e s e n t  in what you radiate. 

w i t h  neu t rons  were r e l a t i v e l y  k i l l e d  w i t h  a 20% lower dose. 

Well, t h e  d i f f e r e n t i a l  e x i s t e d  b u t  t h e  wchanisn ,  o f  i t  w a s  t h a t  w e  were d e a l i n g  

Thus, t h e s e  c e l l s  be ing  r a d i a t e d  

DW: They w e r e  low In  orygen. 

JL: They were l o w  i n  oxygen because they  w e r e  o u t  o f  t h e  body and had no  c i r c u l a t i o n ;  

they  w e r e  o u t  € o r  about  one-half of an hour .  

DW: They were on t h e i r  way t o  be ing  dead a l r eady ,  I 'suppose then. 

JL: 

and they  would groy. 

DW: So, they  would be k i l l e d  a t  a r e l a t i v e l y  h i g h e r  ra te  conpared t o  x , r a y s ?  

They weren ' t  dead b u t  t h e s e  cells w e r e  low in oxygen, and you could  inject  them 
- -- 

But they  were lw i n  oxygen. 

I 

3 0 0 4 4 1 3  
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JL: 

var ious  k inds  of tunors .  W e  f i n a l l y  developed a l abo ra to ry  i n  t h e  o l d  r a d i a t i o n  

l a b o r a t o r y  where I had a f u l l t i m  t e c h n i c i a n  and a l a r g e  animal colony t h a t  k e p t  

going wh i l e ,  f o r  m o  y e a r s ,  I k e p t  going back and f o r t h ;  I had two l a b o r a t o r i e s .  

1 would t a k e  my mice back t o  New Haven and fo l low them. I did  a l l  of my drawings 

then  myse l f ,  and all my c h a r t s .  I had a l l  ny l a n t e r n  s l i d e s  made in New Haven. 

I would f i n i s h  one exper iment ,  and then  I would come back a n d  we'd s t a r t  ano the r  one. 

Right .  IJe spen t  a couple of y e a r s  r a d i a t i n g  mice and rats; normal ones and wi th  

' So, w e  d i d  a l o t  o f  exper iments  and p l o t t e d  curves .  Of course ,  a t  t h e  same t ine,  

t h e r e  were o t h e r  people  h e r e  who began coning t o  work wi th  neucrons.  Among them 

w a s  Raymond Z i r k l e  - I t h i n k  he came t h e  second summer; I ' m  n o t  s u r e .  Be la ter  

went t o  Chicago. There  w a s  ano the r  English- who c a e  over by the nane of Spear  

f r o n  t h e  B r i t i s h  Czzpire Cancer Campaign, and he d i d  so= work too .  W e l l ,  t hose  

w e r e  t h e  main two, I t h i n k .  Again, we found the  comparing of t h e  animal r e s u l t s  

w i t h  t h e  results on &e p l a n t s  and f e r n  spo res  a g r e a t  v z r i a t i o n  i n  s e n s i t i v ' , t y  all 

t h e  way from 5 tines up t o  20 t o  30 tires. But neut rons  w e r e  d e f i n i t e l y  Gore 

d e s t r u c t i v e  than  x r ays .  Then, o f  cour se ,  zs you e a r l i e r  mentioned therapy ,  ve got  

p a t i e n t s  from the Xedica l  School in S a n  Franc i sco  and got D r .  S tone  t o  corn over .  

We s t a r t e d  r a d i a t i n g  w i t h  neu t rons  those  p a t i e n t s  w i th  hopeless  cancer .  That must 

have been s t a r t e d  about  1938. I don ' t  knov how nany p a t i e n t s  were treated.  I 

b e c a E  d iscouraged  w i t h  t h a t  work (I worked w i t h  D r .  Stone on t h a t  f o r  about a y e a r ) ,  

I * F 1  

Joe H a m i l t o n  who w a s  a young g radua te  in chemis t ry  (but  I t h i n k  he  w a s  an i n t e r n  a t  

S a n  Franc i sco )  began working w i t h  r a d i o a c t i v e  sodium i n  normal people  and then 

r a d i o a c t i v e  iodine', too. 

I ' d  s ay  '36 o r  '37. 

f i r s t  summer. - 

1 

The d a t e s  I can't remember, bu t  i t  w a s  about  t h a t  ti- - 
I don ' t  t h i n k  he  w a s  working when P a u l  and I were t h e r e  t h a t  
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DM: The sodium work w a s  done i n  '36. I th ink  Joe s tar ted out  w i t h  normal p a t i e n t s .  

Over a t  t h e  rfedical Center .  he and Stone  d i d  an ex-er iment ,  a tracer experiment.  

i n  a p a t i e n t .  I don' t recall what t h e  p a t i e n t  had. 

JL: Don't you t h i n k  p r i o r  t o  that Joe  had done e s p e r i u e n t s  on normal people ,  o r  n o t ?  

DW: I t h i n k  i t  w a s  '36 i n  humans, b u t  '35 in animals.  Sodium w a s  one of the e a r l y  

ones t h a t  t hey  c o u l d  nake in sone q u a n t i t y .  It  was kind  of easy  t o  make and easy  t o  

use wldely in a l o t  o f  b i o l o g i c a l  systems, and you could t r a c e  i t  p r e t t y  e a s i l y .  It 

w a s  a good one t o  s t a r t  o u t  with.  I t\irik t h e  f i r s t  t r a c e r  s tudy  i n  humans was t h a t  

one v i t h  s o d i m  a t  t h e  Xed ica l  Center w i t h  Hazilt 'on and Bob Stone. 

JL: That w a s  t h e  f i r s t  p a t i e n t ,  yes .  But I remember they were misguided because 

that  was a p a t i e n t  w i t h  leukemia. .  . 

DW: 

d i d  sonre obse rva t ions  on where t h e  sodium went,  I th ink .  

Y e $ ,  they  d iscovered  t h a t  i t  wasn ' t  going t o  go, b u t  they took sone samples and 

JL: Y e s ,  it was a s o r t  o f  s tmt.  I remmber  t a l k i n g  t o  them about  i t  -- a l l  you 

can do  wi th  sodium is t o  give them whole-body r a d i a t i o n .  I had s t a r t e d  working wlth 

P32. Martin Kamen (whom I h a v e n ' t  seen  f o r  somet i r e ,  b u t  h e ' s  now at S a n  Diego 

anymore) prepared  t h e  phosphorous, t h e  t a r g e t ,  and the  s o l u t i o n s  f o r  m e  t o  use; he 

w a s  a wonderful and generous guy. To g e t  back t o  Joe w b b i s - p - a t i e n t s ,  I r e a l i z e d  

t h a t  011 t he  b a s i s  of  exper iments  wi th  normal mice and i n  experiments wi th  l euken ic  

d c e  (I had very  n i c e  c o l o n i e s  o f  all k inds  of leukemiaAand a l l - c l n d s  o f  normal mice 

who would take 100% when a tumor w a s  i n p l a n t e d ,  and you could produce' leukemia very  

s imply) ,  w e  could i t u d y  t h e  d i s t r i b u t i o n  of r a d i o a c t i v e  phosphorous and found t h a t  

i t  went where we wanted i t  -- i t  v e n t  t o  t h e  bone marrow, t o  t h e  lymph nodes which 

w e r e  f i l l e d  wi th  leukemic c e l l s ,  and t o  the sp leen .  

gamma ray .  

. 
- i  and cancers 

_- 

s 

I 

- _- 
It h a d - m a y ' i n s t e a d  of a 

The gamma r a y  from sodium would r a d i a t e  t h e  whole body whereas P32 would 
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JL: (cont inued)  have a naliiuum p e n e t r a t i o n  of  s a y  8 millimeters and an average  

p e n e t r a t i o n  of  one m i l l i m e t e r  o r  so. 

DW: But a ganna r a y ,  o f  course ,  i s  much n o r e  p e n e t r a t i v e  of a l o t  more t i s s u e  than...  

JL: Which you wouldn ' t  w a n t ,  You o n l y  w a n t  t o  h i t  the p a r t  t h a t  i s  bad. To g e t  

back t o  t h e  neut ron  work. Again, I can reoember t h e  f i r s t  paper  - I t h i n k  that  

Ernest nent ioned  i n  t a l k s  about  roaking l a r g e  q u a n t i t i e s  of  r a d i o a c t i v e  i s o t o p e s .  

Xowever, t h e  f i r s t  t a l k  on neut rons  I gave in N e w  Haven, Connect icut ;  I t h i n k  in t h e  

f a l l  o f  ' 3 7 .  Harvey Cwhing  gave a p a p e r  on t h a t  same program on Cushing 's  d i s e a s e  

which I l e a r n e d  a l o t  about  f o r  many y e a r s  i n  t h e  Eas t  before  I came o u t  h e r e .  In 

r e c e n t  y e a r s ,  we've seen a l o t  o f  p a t i e n t s  h e r e  w i t h  Cushing's d i s e a s e  and t r e a t e d  

them s u c c e s s f u l l y .  But anyway, I gave t h e  f i r s t  paper  t h e r e  and I t h i n k  the t i t l e  

of i t  was: " A r t i f i c i a l  R a d i o a c t i v l t y  and Seut ron  Rays i n  Biology and Yedicine."  

I t  w a s  b e f o r e  t h e  f n t e r u r b z z  S u r g i c a l  C l i n i c a l  Club; they had a l o t  o f  f-us surgeons 

' 

up and down t h e  Eas t  Caast. 
, 

Club i n  Vancouver about  two months ago; w e  have t h a t  club t h a t  I be long  to where a l l  

o f  them are p r o f e s s o r s  of  medicine.)  Taat w a s  t h e  f i r s t  paper. Then, I gave a 

seminar ,  I t h i n k ,  t h a t  s a w  F a l l  over  i n  the Departnent  of  Anatomy where I g o t  my 

mice from B i l l  Gardner and D r .  S t rong .  D r .  S t r o n g  w a s  a g r e a t  p ioneer  i n  developing  

inbred  s t r a i n s  of  =rice. I had t h a t  colony of  my own Qhich I brought  w i t h  me b b t  i f  

I wanted new tumors, I would g e t  them from B i l l  Gardner because h e  was inducing  tumors; 

he was a young i n s t r u c t o r  then.  L a t e r ,  he was a p r o f e s s o r  of  anatomy and h e ' s  

r e t i r e d  nav; h e ' s  a f e l l o w  about  ;ny age.  I n  t h e  audience a t  t h a t  seminar  was 

H r .  Donner and hi$ daughter .  

son, . T T p  from cancer  of  the lung .  

who w a s  a very  weal thy man, p u l l e d  o u t  o f  t h e  s t o c k  market and s t a r t e d  t h e  Donner 

(I t a l k e d  t o  t h e  group c a l l e d  t h e  I n t e r u r b a n  Xedica l  

-. -- ' 

This  is several y e a r s  a f t e r  he l o s e  h i s  son, his o l d e s t  

So. Hr. Donner ( t h i s  uap ' 2 9  or '301, 
.-J 

Foundation. After I gave ny paper  on n e u t r o n s  and t h e i r  p o s s i b l e  d i f f e r e n t i a l  effecr 

m c a n c e r ,  h e  and I t a l k e d  about i t .  The widow o f  h i s  son was l i v i n g  o u t  on t h e  

3 0 0 1; 4 -1 b 
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JL: 

I asked him i f  he  could come over and visit the l abora to ry .  

v i s i t e d  t h e  r a d i a t i o n  l a b o r a t o r y  f o r  t h e  f i r s t  t ime. 

i n t e r e s t e d  i n  b u i l d i n g  us  a b u i l d i n g .  

(cont inued)  Pen insu la ,  and he s a i d  t h a t  he  w a s  going t o  go o u t  and vis i t  h e r .  

And t h a t ' s  how he 

That ' s  w e r e  w e  f i r s t  g o t  him 

So, l e t ' s  see where w e  s t a n d  he re .  now. P leash  b r i e f l y  o u t l i n e  what you have 

t o  say.. .  

DW: I would j u s t  l i k e  t o  s u g g e s t ,  John, t h a t  w e  probably could g e t  a more coherent  

unders tanding  of t h e  h i s t o r y  of t h i s  f i e l d  i f  w e  t ake  each t h r e a d  and fo l low i t  

through from t h e  beginning  u n t i l  recent tioes. 

ahout  neu t rons  and t h e  use  of neu t rons  i n  therapy  - t h e  background of how neut rons  

looked promising i n  the rapy  and ,  of cour se ,  t h a t  l e d  t o  t h e  promise of  o t h e r  p a r t i c l e  

beams i n  therapy .  

fo l low it from t h e  beg inn ing  to  t h e  end, I t h i n k  a r eade r  would have  a b e t t e r  under- 

s t and ing  of  what happened t h e r e ,  and then  some of t h e  o t h e r  a r e a s  would i n c l u d e  

therapy  w i t h  r a d i o i s o t p e s ,  ano rhe r  t h read  is t h e  evo lu t ion  of i n s t r u c e n t a t i o n  f o r  

use w i t h  r a d i o i s o t o p e s  i n c l u d i n g  b a s i c  research, and diagnos is  of  d i s e a s e  which has  

become an e x t r e m l y  i n p o r t a n t  medicine.  A s  w e  have s t a r t e d  nOw to t a l k  about how 

p a r t i c l e  beam therapy  began, your e x p e r i E n t  w i t h  neut rons ,  f o r  example, could  b e  

followed through t h a t  whole area t o  t h e  p r e s e n t  t i m e ;  then. I t h i n k  t h a t  is one phase 

of atomic medicine t h a t  a r e a d e r  could  fo l low and see that this  w a s  how i t  s t a r t e d  

and what happened. 

For example: you've just  been t d k i n g  

If w e  cou ld  t ake  t h i s  whole th read  of p a r t i c l e  bean ' therapy and 

JL: 

on through the  pi?gsent t ime. 

So, you would t ake  one th read ,  v e ' l l  s ay  p a r t i c l e  therapy , -and  c a r r y  it r i g h t  

8 
i DW: I think it might be  a good way t o  go. 

JL: I t ' s  a good thought 

3 0 0 4 4 7 1 
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M.I: And then  t h s  i d e n t i f i a b l e  threads  also. It v o h d  be  c e r t a i n l y  more coherent .  

JL: mere are c e r t a i n l y  so many t h i n g s  t o  talk about.  Y e s ,  i t  might be  more 

coherent  f o r  t h e  r e a d e r ,  and fo r  you and me t o  work, t h a t  way. 

good i d e a ,  and I a g r e e  w i t h  you. P a r t i c l e  t he rapy  ... 
I t h i n k  t h a t ' s  a 

DW: 

w i t h  t h e  37" f i r s t ,  and t h e n  t h e  60" w a s  u s e d  i n  t h a t ,  too .  Describe t h a t  a b i t  and 

i n d i c a t e  what was l e a r n e d  about  it. Ac tua l ly ,  I t h i n k  t h a t  would h e l p  you s t a r t  in 

ano the r  d i r e c t i o n ,  t h a t  is, t h e  use of p o s i t i v e  p a r t i c l e  beams. 

Pes .  you would go on t o  t a l k  about t h e  neu t ron  work in '38 t o  '41 o r  the reabou t s  

3L: Then, you'd c a r r y  it r i g h t  on through to t h e  p o s i t i v e  p a r t i c l e  beans ,  t h e  

p i t u i t a r y  work, then  p r e t t y  soon you'd g e t  i n t o  t h e  very heavy p a r t i c l e s ,  and go 

r i g h t  up t o  d a t e .  
.. 

. _  
DW: To t h e  Bevalac. 

JL: That would be  one s t o r y .  Then, you would go on t o  t h e  therapy  wi th  r a d i o a c t i v e  

i s o t o p e s ,  that  would b e  a n o t h e r  s t o r y ,  then on t o  tracer re sea rch ,  t o  d i a g n o s t i c  

i n s t rumen ta t ion  Vith r a d i o i s o t o p e s ,  etc. I t h i n k  t h a t  would nake i t  a l o t  b e t t e r ,  

I rea l lydo .  An excellent idea .  

___- - 
DW: 

w a s  l i k e  i n  t h e  f i r s t  two o r  t h r e e  y e a r s  that  you w e r e  t he re .  

w e r e .  What you s a w  and what you d id .  

w e r e  doing b u t  what o t h e r  people  were doing. 

I t h i n k ,  John, a t  some p o i n t  we ought t o  gef-you t o  t a l k  about what t h e  Labora tory  
- 

What your impress ions  

And what was goin_g-on t h e r e ,  n o t  only what YOU 

Mace- t h a t  w i l l  come o u t  i n  so~ilt?. of 
i 

t hese  t h r e a d s  t h a  w e ' r e  go ing  t o  talk about  if u~-temembet t o  bripg t hen  in. 

I -.I 
JL.: 

t r a i n i n g  i n  medicine,  a l though  I had had a l a b o r a t o r y  and was doing animal r e sea rch ,  

it w a s  such  a d i f f e r e n t  a tnosphe re  in coming and working here .  It wasn't e n t i r e l y  a 

Y e s ,  I t h i n k  i t 's  ha rd  f o r  me t o  r e c o l l e c t  my impressions.  H v lng  had a l o n g  

3 0 0 4 4 1 8  
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JL: 

p o t e n t i a l  t h a t  t h e r e  would be  i n  g e t t i n g  more i n t o  medicine 

sc i ence .  

w a s  befo re  t h e  d i scove ry  of  r a d i o a c t i v i t y ,  too.  Hosp i t a l s  and medica l  schools i n  

t hose  days (and i t ' s  s t i l l  t rue  now), are g e t t i n g  people  i n  x r a y  depar-nts z n d  

(cont inued)  s u r p r i s e  t o  me because  Ernes t  a n d ' I  t a lked  about  t h e  tremendous 

n o r e  of  t h e  b a s i c  

W e  t a l k e d  abou t  t h a t  a l o t .  W e  neve r  f i g u r e d  how ve could  do i t .  That 

medical departmznts vho are chemis ts ,  p h y s i c i s t s  and mathemat idans .  It  w a s  r e a l l y  

very  e x c i t i n g  f o r  me to  cope t o  a p l a c e  where you w e r e  surrounded by a l l  t h e s e  b a s i c  

' s c i e n t i s t s ;  a l l  t h e s e  b r i g h t  young guys who could  h e l p  you do t h i n g s  t h a t  you 

couldn ' t  do. The medica l  men w e r e  t r a i n e d  p r i m a r i l y  i n  p a t i e n t  care, so I was x'ery 

e x c i t e d  t o  see t h e  p o t e n t i a l  o f  g e t t i n g  mzdica l  A n  in a l a b o r a t o r y  l i k e  this vhe re  

they had a l l  t h e s e  b r i g h t  young chemis ts ;  p h y s i c i s t s  and eng inee r s .  And, of  cour se ,  

Harvey Cushing s a w  the exc i tement  of  i t ,  too .  H e  developed a b ib l iog raphy  of  Bohr 

and Ruther ford  and a l l  o f  t hose ;  i t ' s  nm i n  t h e  Yale Libra ry  - - h e  gave i t  t o  t ion .  

H e  saw t h e  e x c i t e r e n t  of  this f i e l d  where i s o t o p e s  were discovere'd' and these new 

r a d i a t i o n s .  H e  s a i d  t h a t  t h i s  w a s  something l i k e  bac te r io logy  when he  vas a young 

f e l low;  he s a i d  that t h i s  vas going t o  b e  a t e r r i f i c  f i e l d .  

So,  I absorbed som of t h a t  from Harvey Cushing. I d i d  ge t  thaf f e e l i n g  of  . 

e x c i t e u e n t  t h a t  vas d i f f e r e n t  from t h e  f e e l i n g  o f  medicine. I l i k e d  medicine; I 

could have s t a y e d  a t  Y a l e  as a P r o f e s s o r  and i f  I had s tayed ,  t h e r e  I would have 

been t each ing  and t a k i n g  c a r e  of p a t i e n t s  and doing research. 

H e  was a remarkable man. 

(S ide  One f i n i s h e d )  

(Side Two - Beginning i n  car t r a v e l i n g )  
t 

DW: 

event, d a t e s  of  t h rngs  happening, i n  some k i n d  of  sequence t o  keep  us 011 t he  t r ack .  

I vas looking through so- of  t h e  f i l e s  t h a t  I have a t  home (and I haven ' t  searched  

enough y e t ) ,  and I p u l l e d  o u t  something. 1 vas doing  a l i s t  i n  t h e  e a r l y  S i x t i e s .  

f o r  some reason  o r  a n o t h e r ,  on t h e  th ings  i n  n u c l e a r  medicine t h a t  w e r e  done f i r s t  by 

Dontier Lab and be fo re  t h a t  by t h e  Rad Lab (be fo re  t h e r e  was a Donner Lab). 

One t h i n g  th'gt ve maybe need t o  do i s  t o  have some k ind  o f  o u t l i n e ;  some kind  Of 

In o t h e r  
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MJ: 

‘?he F i r s c s . ”  

(continued) words, i t  was i n  a kind of sequence; I think I called i t  

... (recorded was turned off due t o  windshield v i p e r  malfunction) 

, 
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