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EIOLOGlCAL STVDIES f?F RADIATION E F F E C T S  

’ John H L a u r e n c e  i n  c h a r g e  

Donner  LabDratory  o i  B i a p h y s i c s  and  Med ica l  P h y s i c s  
Un:\-ersity of  C a l i f o r n i a ,  Berke ley ,  Ca l i fo rn ia  

R.ADlAIiOI” THERAPY A K D  BIOLOGY 

IRRADlATJOX O F  THE PIT’JITARY IN HUMANS 
J a m e s  L Born, R i c h a r d  A. C a r l s o n ,  and  F r a n c o  F Sanga l l i  . 

p i t u i t a r y  glane, us icg  the  b e a m  f r o m  t h e  184-inch cyc lo t ron ,  h a s  b e e n  in  
p r o g r e s s  s ince  the Fal l  of i05.1 The  p u r p o s e  of t h i s  s tudy  i s  t o  d e t e r m i n e  
the  p o s s i b l e  bene f i c i a l  e i f e c t s  on v a r i o u s  neop las t i c  a n d  m e t a b o l i c  diseases 
tha t  a r e  u n d e r  e n d o c r i n e  con t ro l  and  c a n  b e  m e d i a t e d  th rough  the p i tu i t a ry .  

. _  

The  c a r r e n t  invest:gation on the  e f f ec t s  of  i r r a d i a t i o n  on the  h u m a n  

D.:ring the  fir:t y e a r  of the  s tudy.  30 p a t i e n t s  w e r e  i r r a d i a t e d  with the 
Dur ing  the  ilext two y e a r s  s t u d i e s  340-Mei .  p ro ton  bean-. f r o m  the cyc lo t ron .  

of the  p a t i e n t s  cDntinued but no f u r t h e r  p a t i e n t s  w e r e  i r r a d i a t e d  b e c a u s e  ’.. 
the  c y c l o t r o n  was  t o r n  d3w.n and  r ebu i l t  One y e a r  a g o  t h e  cyc lo t ron  was 
a g a i n  p l aced  i n  operatio!: and i r r a d i a t i o n  on h u m a n  pa t i en t s  with va . r ious  
d i s e a s e s  was  resumtad 
b e a m  having tisiur-aesir;:,c:i-, .e p r a p e r t i e s  c o m p a r a b l e  to  the p r o t o n  beam 
w a s  u s e d  i n  p lace  oi the p ra t3n  b e a m .  

Eec .ause  of e n e r g y  c h a n g e s  a 900-Mev a l p h a - p a r t i c l e  

Seven ty - s ix  pa r i ec t s  h&;.e b e e n  i r r a d i a t e d ,  6 4  of t h e s e  b e c a u s e  of 
m e t a s t a t i c  b r e a s t  c a n c e r  
d i a b e t e s  m e l l i t u s  mi;h cDz:pIications, and  f ive  h a v e  a c r o m e g a l y ;  the  o t h e r  f o u r  
h a v e  had  respecti\.e:l!., chrcr . ic  l ympha t i c  l e u k e m i a ,  a c u t e  l y m p h a t i c  l e u k e m i a ,  
e m b r y o n a l  d y s g e r m i  nor,;. z n 5  mal ignan t  exoph tha lmos .  S ince  o u r  p u r p o s e  
i s  to  d e t e r m i n e  the eiiec!. oi t h i s  i r r a d i a t i o n  on the  e o u r s e  of the  p a r t i c u l a r  
d i s e a s e  and on ce r t a i r i  pk.ysiDlogical p r o c e s s e s .  a c o m p r e h e n s i v e  c l in i ca l  a n d  
l a b o r a t o r y  s tudy  i s  cz,rri(ba.Dut b e f o r e  i r r a d i a t i o n  a n d  e v e r y  4 t o  8 , w e e k s  
t h e r e a f t e r ,  The  comprenek:‘s ive eva lua t ion  i n c l u d e s :  

0; the  r e m a l n i n g  twelve  p a t i e n t s ,  t h r e e  h a v e  

‘ 

8 

1. C o m p l e t e  phys i ca l  examina t ion  
2.  A p p r o p r i a t e  x - r a y  e x a m i n a t i o n s  
3. Blood c h e m i c a l  t e s t s  of; e l e c t r o l y t e s ,  r e n a l  funct ion,  l i v e r  func t ion ,  

4. 

5 .  U r i n a l y s i s ,  ESP. EKG, 
6 .  
7 .  Blood vo lume ,  body vo lume ,  and  i n  a p p r o p r i a t e  c a s e s  r e d  ce l l  life 

s tud ie  s; e r y t h r o p o i e t i c  s t u d i e s .  c a r b o n -  14 c a r b o h y d r a t e  
m e t a b o l i c  s t u d i e s ,  and  g r o w t h - h o r m o n e  s t u d i e s .  

t h y r o i d  func t ion  ( P B I )  * 

e s t r o g e n s ,  a n d  c a l c i u m  
Twenty - f o u r  - h o u r  u r i n a r y  ponadot r opi ns, k e t o s  t e r  o ids ,  hydroxy  s ter o ids ,  

B iopsy  and o t h e r  d i agnos t i c  p r o c e d u r e s ,  a s  needed  

Of the  76 pa t i en t s  i r r a d i a t e d .  29 a r e  l iv ing  a t  p r e s e n t :  the  longes t -  
su rv iv ing  pa t i en t s  a r e  l j \*ing a t  39 a n d  36 m o n t h s  r e s p e c t i v e l y .  Of t he  
d e c e a s e d  patie’nts,  six of the  s e v e n  who w e r e  t e r m i n a l  at the  t i m e  of 
1rr ;adiat ion d i ed  d u r i n g  t r e a t m e n t ,  f o u r  d i ed  of o t h e r  c a u s e s ,  a a d  the remainder 
even tua l iy  d i ed  o i  t h e i r  d i s e a s e ,  
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01' ;hc . -G i : . .  : R C  ;x.:!ients 2 1  ha:.e r;istasLatic b r e a s t  

We 1:21:e o b s e r \ e d  sub jec t ive  and  ob jec t ive  i m p r o v e m e n t  in  

: . I i ce r .  1 1 , ~  s e v e n  
nf t h e s e  the  p c r i a d  o f  iallc7..t.-up h a s  been too br ic l '  t o  d e t e r m i n e  the elic.(*ts 

In one t h e r e  h a s  b e e n  sub jec t ive  
' of  therap!. 

.Seven  of the r e m a i n i n g  f o u r t e e n  pz t i en t s .  
i m p r o v e m e n t  a l o n e .  In s ix  u e  h a v e  so i a r  noted  e i t h e r  no  i m p r o v e m e n t ,  o r  

: p r o g r e s s i o n  o i  t h e i r  d i s e a s e .  

L a b o r a t o r y  and cl inics!  da t a  ind ica t ing  the  d e g r e e  of c o m p l e t e n e s s  of 
h y p o p h y s e c t o m y  a r e  be ing  co l l ec t ed  3 n  a l l  pa t i en t s .  The c h a n g e s  ind ica t ing  
s u c c e s s f u l  hypophysec tomy a p p e a r  g r a d u a l l y  and  a r e  by no  m e a n s  conf ined  
tr, t h o s e  showing imprD\ -emen t .  In 18 of the p a t i e n t s  with b r e x t  c a r c i n o m a  
wh:, a r e  n o w  d e c e a s e d ,  t h e r e  was  ob jec t ive  ev idence  of t e m p o r a r y  a r r e s t  o r  
r e g r e s s i o n  of t h e i r  d i s e a s e .  

E a r l y  encourag ing  r e s u l t s  a r e  be ing  o b s e r v e d  i n  a g i o u p  of e ight  
p a t i e n t s  wi th  d i a b e t e s  m e i l i t u s  and  a c r o m e g a l y .  
hac! advanced  e y e  con?;>licatior.s .  
g l o m e r u l o s c l e r o s i s  with the ne?hro t ic  s y n d r o m e ,  u r e m i a ,  and  s e v e r e  ane 'mia.  
Fo l lowihg  i r r a d i a t i o n  t h i s  pa:ient 's  i n s u l i n  n e e d s  d r o p p e d  to  z e r o  a n d  he 
los t  a l a r g e  Guantity o i  e i e n ; a  f lu id .  T h e  o t h e r  two  d i a b e t i c s  h a v e  e x p e r i e n c e d  
a r r e s t  o r  i m p r o v e m e n t  of t h e i r  d i abe t i c  r e t i n i t i s  a n d  t h e i r  i n s u l i n  n e e d s  h a v e  
d e c  r e  a s e d .  

All t h r e e  d i a b e t i c s  t r e a t e d  
One a l s o  h a d  advanced  d i abe t i c  

F i v e  pa t i en t s  w i t h  a c r 3 m e g a I y  have  b e e n  i r r a d i a t e d  One  t r e a t e d  5 
m o n t h s  a g o  h a s  shDwn i! g r a k z a !  r educ t ion  i n  in su l in  r e q u i r e m e n t s  a n d .  
d iphenyl  b iguanide ,  and  h i s  c z r b o h y d r a t e  m e t a b o l i s m  now a .ppears  t o  be : 

. n o r m a l  
' e l i m i n a t e  i n s u l i n  entirel:; al:hDugh he  was tak ing  8 0  un i t s  p e r  day  p r i o r  t o  

Ano the r  pa t ien t  u.ho is 1 m o n t h  p o s t i r r a d i a t i o n  ha's b e e n  a b l e  t o  

i r r a d i a t i o n .  
whi le  one  s h o w s  no e . . idence  91' i m p r o v e m e n t  

T w o  o t h e r  pat:cr.!k show less  s t r i k i n g  ev idence  of i m p r o v e m e n t ,  

In bot)., g r o u p s  O C  p i t i e n t s  i r r a d i & t e d - - t h o s e  with t h e  340-Met  p r o t o n  
beam and  t h o s e  Lvi!h the  'JCIO-hlev a lpha  b e a m - - i t  i s  to  be noted tha t  t h e  
e a r l i e r  cases  i n  both groupsearece ived  s m a l l e r  r a d i a t i o n  d o s e s  o v e r  l o n g e r  
p e r i o d s  of t i m e  than  t h o s e  i r r a d i a t e d  l a t e r  i n  the  ser ies .  
ear l ie r  b r e a s t  c a s e s  h a d  far advanced  d i s e a s e ,  s o m e  e v e n  n e a r  t e r m i n a l .  
One  c a n  r e a s o n a b l y  e x p e c t  b e t t e r  r e s u l t s  as  p a t i e n t s  a r e  t r e a t e d  ear l ier  in 
the  c o u r s e  of t h e i r  d i s e a s e ' w i t h  the 900-Mev a l p h a l p a r t i c l e  beam i n  the 
h i g h e r  dose  r a n g e s .  
a c r o r n e g a l i c s  and  d i a b e t i c s  is encourag ing .  ' P i t u i t a r y  i r r a d i a t i o n  will be 
con t inued  i n  p a t i e n t s  with b r e a s t  c a r c i n o m a ,  a c r o m e g a l y ,  d i a b e t e s  m e l l i t u s ,  
and  o t h e r  copd i t ions  tha t  a r e  u n d e r  e n d o c r i n e  c o n t r o l  t h rough  m e d i a t i o n  of 
the p i t u i t a r y .  
su f f i c i en t ly  e n c o u r a g i n g  to  w a r r a n t  cont inua t ion  of t he  s tudy  SO t h a t  a 
s t a t i s t i c a l l y  s ign i f icant  n u m b e r  can  be e v a l u a t e d .  
i n v e s t i g a t i o n s  y ie ld  d a t a  of i m p o r t a n c e  i n  ga in ing  a n  unde r ly ing  knowledge  of 
the  d i s e a s e  p r o c e s s e s  involved  

Al so ,  m o r e  of the 

T h e  e a r l y  r e s u l t s  of p i tu i t a ry  i r r a d i a t i o n  i n  the  

T h e  r e s u l t s  o b s e r v e d  i n  the  t r e a t e d  p a t i e n t s ' h a v e  b e e n  : 

T h e  i n t e r r e l a t e d  m e t a b o l i c  

L a w r e n c e  
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the pr*s t i r r f ia iz t iDr  p e r i a d  t h e r e  fDl low - c c a s i o n a l  shocks .  resembl i r rg  
e p i l e p s y .  u .h i rh  n;a!. l e a d  t 3  t h e  dea th  3f t he  a n i m a l  T!  : r i a d i s t i o n  is  turnecc 
on continuousl!. u n t i l  the  a n i m a l  d i e s  then the  o \ * e r - a l l  a m p l i t u d e  af t he  
b r a i n  \va\.es ? r e  fnunt i  t ?  c3,ntinuDusly d e c r e a s e  until i t s  vanish ing  a t  o r  n e a r  
the  t i m e  of dea th  Some\vhat  s i m i l a r  e l e c t r o e n c e p h a l o g r a p h i c  c h a n g e s  
a l r e a d y  h a v e  b e e n  p rev ious ly  r e p o r t e d  by R u s s i a n  w o r k e r s  and  by s o m e  
w o r k e r s  i n  the Vnitcd S t a t e s .  
of the' m e c h a n i s m  a i  de \ .e lopment  of t h e s e  e f f ec t s  and  a l s o  t o w a r d  finding 
r e g i o n s  i n  the  b r a i n  thfit mal'  b e  r e s p o n s i b l e  f o r  the f r equency  and  ampl i tude  
d i s t r i b u t i o n s  o i  b r a i n  \caves .  

O u r  e f f o r t s  a r e  d i r e c t e d  t o  b e t t e r  unde r s t and ing  

BIOLOGICAL EFFECTS O F  HEAVY - JON BOMBARDhIENT 

Donald F luke  

I h e  complet ior!  ir. 1 0 5 1  of a new l i n e a r  a c c e l e r a t o r  f o r  i o n s  of c a r b o n ,  
ni t roger . .  osypen .  acd  n E 3 n  h a s  m a d e  poss ib l e  a s tudy  of . rad iobio logica l  
e f f e c t s  a t  h ighe r  -:a!LFrs o i  ion d e n s i t y  than. a ' re  e n c o u n t e r e d  with a lpha  r a y s .  
T h e  \s.ork is o i  i n t e r e s t  i n  c a n s i d e r i n g  e f f e c t s  of i ission f r a g m e n t s  a n d  of 
heavy c o s m i c - r a y  p r in ; a r i e s  ou t s ide  the  e a r t h ' s  a t m o s p h e r e ,  a s  we11 a s  in 
m o r e  t h e o r e t i c a l  a s p e c t s  3i rad iobio logy  
s u i t a b l e  for  u s e  u i t h  the nev: m a c h i n e  and fo r  coping '  vrith the  unusual.  
p r o b l e m s  o i  ciosirnetr;; in-\.ci:.ea, a s tudy  h a s  been  m a d e  of d i r e c t - a c t i o n  
e f f e c t s  i n  ba( : te r ia l  s p o r e s .  i n  a b a c t e r i o p h a g e ,  and  i n  s e v e r a l  e n z y m e s  

r a y s  i n  r e n d e r i n g  b a c t e r i a l  s , po res  The  g r e a t e r  e f f ic iency  cri 513*.1. alo1.- 
i n c a p a j l e  of u roducing  m;crs.calo'nies h a s  b e e n  fol lowed by  d e c r e a s i n g  
t a f f i c i ency  a i  s t i l l  h ighe r  135 dens i ty  va lues .  m u c h  a s  i n  e a r l i e r  work with 
\*ege ta t iye  yeas_cceJl.s T h e  hea- . -y- ion s t u d i e s  of e f f e c t s  o n  infecti\Pity and  
'hos t -k i i l ing  p r o p e r t i e r  o i  Lzc te r iophage  have  e m p h a s i z e d  the r e m a r k a b l y  
cons t an t  r e s p o n s e  of t h i s  o r g a n i s m  to  a l l  "o rd ina ry ' "  v a l u e s  of ion dens i ty .  
bu t  at  h i g h e s t  ion d e n s i t i e s  a s a t u r a t i o n  e f fec t  i s  s e e n .  The  e f f ec t  of de l t a  
r a y s  on t h i s  s y s t e r ,  is c l e i r ! y  in \*olved;  and  both s p o r e s  and  phage  s h o w  
b e h a l i a r  at high 106 dens:;)- n k i c h  c a n  r e a s o n a b l y  be r e p r e s e n t e d  as  
s a t u r a t i o n  of a c r o s s  sec t ion  i o r  the i n c i d e n t . p a r t i c l e s .  Tha t  t he  e n z y m e  
w u r k  h a s  not sh0u.n such  szt ,? i ra t ion i s  probably  a s s o c i a t e d  with the  f a c t  t ha t  
e f f i c i e n c y  b e g i n s  to  a e c l i c e  at l o w e r  ion  d e n s i t y  
s m o o t h l y  throughout  the  regiDn s tudied .  and a r e a s o n a b l e  d e l t a - r a y  correc-  
t ion  g i v e s  no a s s u r a n c e  that  a t a r g e t  concept  a lone  c a n  r e p r e s e n t  the  
r a d i o b i o l o g i c a l  p r o c e s s e s  involved i n  the  inac t iva t ion  of the  ca t a ly t i c  
p r o p e r t y .  
p r e p a r a t i o n s  c a n  b e  s tud ied .  a n d  i t . i s  expec ted  that  t h e  w o r k  wi l l  next  
c o n c e n t r a t e  bn high-  ion -dens i ty  e f f ec t s  i n  m e t a b o l i c a l l y  ac t ive  c e l l s .  

. 

Fol lowing  a s s e m b l y  of a p p a r a t u s  

-- -- 

The  dec l ine  con t inues  

The  a p p a r a t u s  h a s  now been  mod i f i ed  s o  tha t  vege ta t ive  c e l l  

H E M A T O L O G I C A L  E F F E C T S  O F  LOW DOSES OF KADIATION 
IN HUMANS 

Howard  P a r k e r  

T h e  d o u b l e - n u c l e a t e d  lymphocy te  r e s p o n s e  t o  r e p e a t e d  low- leve l  doses 
of ior , i t ing  rdd ia t ion  h a s  pre i . ious ly  been c o n f i r m e d  in  t h i s  l a b o r a t o r y .  
During the  pas t  y e a r  s t u d i e s  h a v e  been  c a r r i e d  out i n  a n  a t t e m p t  tG e s t a b l i s h  
~ v h a t  s i z e  of s ing le  \r.hole-body d o s e  of ion iz ing  rad ' ia t ion would gi.ve r ise t o  
:his  r e s p o n s e  T h e r e  i s  a n  inciication tha t  the  r e s p o n s e  is  de tec t ab le  i n  two 

L a w  r e nc e 
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t .1imans \\.ha r ecee \ - ec  the high'est a o s r 3 - - o f  t he  o r d e r  of 2 5 r g a m m a  
radiatiDn 

' 

RepcritiDn 3: sa=.F. 5tuci:es acd  f u r t h e r  a n i m a l  e s p e r i m e n t s  will  be  
n e c e s s a r y  t o  estab!:,.:? the  r e s p o n s e  a t  t h i s  d o s e  leve l  and t o  e luc ida te  the  
d o s e  - r e s p o n s e  r e  lz t  i ons  h ip .  

T h e s e  s t u d i e s  a r e  still i n  p r o g r e s s ,  ' and  r e q u i r e  the count ing of 
l i t e r a l l y  t e n s  of m i i i i o n s  o i  white blood c e l l s  individual ly  by eye ,  with t h e '  
u s e  o i  m o t o r - a r i \ * e r ; -  stiige m i c r o s c o p e s .  
o f  p e r f o r m i n g  t h e s e  ce!: counts  a u t o m a t i c a l l y  w a s  r e c e n t l y  c a r r i e d  out' with 
the h e l p  of the  Data-Re; lcct ion E l e c t r o n i c s  Group ,  UCRL. Automat ion  i n  
s x h  a problem s;ill p r e s r c t s  \*cry g r e a t  d i f i i cu l t i e s  (and hence  i s  s t i l l  

* prohibit ivtl! .  ekpt.nsi-:e).  l i i \ ve \ . e r ,  an a u t o m a t i c  coun te r  h a s  a would b e  
t r emendDus ly  \.al.;c=b!r.r, cel l  cuunt ing d m a n y  s o r t s  i f  i t  could b e  m a d e  t o  
d i s c r i m i n h t e  ele:ner.:s 3: i3rm a n d  co lo r  a s  well  a s  s i z e .  

Inves t iga t ion  of the  f eas ib i l i t y  

.. 

InfDrrnzit ion or. the  b l auc lea t ed  lymphocyte  r e s p o n s e  should  b e  of va lue  
i n  f u r t h e r i n g  o u r  u n j e r s t z n 3 i n g  of the  r a d i o s e n s i t i v i t y  of the  lymphoid  s y s t e m ,  
a n ?  m a y  inciciental:!. be of h e l p  in developing a b io log ica l  m e t h o d  f o r  
obser \ . ing  . smal l  cioscs ci r a d i a t i o n  i n  the  h u m a n .  

VI HOLE- PIODY HULIAIi COUNTER AISD 
LO i Y  - E  AC KGROUND COUNTING FACILITY 

Hou.ard P a r k e r  

Still in the  ciir ly c e v e l o p m e n t  s t age  is the  h u m a n  whole-body c o u n t e r  ' 

a t  Donner  L a b o r a t o r y .  

In r e c e n t  mon:hs t h e  F r p 5 i e m  h a s  b e e n  s tud ied ,  similar f a c i l i t i e s  . .  \.isi!cd and e s p e r t s  cc!?s::tec. the  cDunting equ ipmen t  o r d e r e d ,  a n d  
a r c h i t e c t u r a l  p i a n s  i o r  the i ac i l i t y  begun.  

T h e  :aci l i ty  u < l l  c a c s i s t  of a u e l l - s h i e l d e d  unde rg round  steel r o o m  
conta in ing  a l a r g e  K a l  cr!;6:al IO@-channel  s c in t i l l a t i on  s p e c t r o m e t e r ,  a s  . 
well a s  a s s o c i a t e d  lo \v-background r o o m s  f o r  o t h e r  b io logica l  s t u d i e s .  

T h e  h u m a n  c m n t e r  . w i l l  b e  p r e p a r e d  f o r  d i a g n o s i s  in  r ad ioac t iv i ty  
a c c i d e n t  c a s e s ,  e i t h e r  occupat iona l  o r  r e s u l t i n g  f r o m  a d i s a s t e r  i n  any 
n e a r - b y  c o m m u n i t y .  
act iv*. t ies  i n  h u m a n s  and  a n i m a l s ,  i n  a s s e s s m e n t  of body K40 a c t i v i t y  (and 
h e n c e  " l e L n  body weight") ,  and i n  t h e  m e a s u r e m e n t  of blood l o s s  by to t a l -  
body F e 5 9  ac t iv i ty  i n  s o m e  Donner  Cl in lc  p a t i e n t s  
f ac i l i t y  a r e  expec ted  t o  b e  found. 
e m i t t i n g  i s o t o p e s  i n  a m o u n t s  as  s m a l l  as  10-9  c u r i e .  

It u i l l  a l s o  b e  u s e d  i n  r e s e a r c h  i n  n a t u r a l  a n d  fa l lou t  

Many new uses for this . 
It u i l l  ident i fy  a n d  quan t i t a t e  g a m m a -  

T h e  c o u n t e r  will  p r o d u c e  a g r e a t  vo lume  of po ten t ia l ly  u s e f u l  d a t a ,  
an  i h e n c e  p l ans  a r e  be ing  m a d e  t o  u s e  c a r d - p u n c h  d a t a  s t o r a g e  a n d  
a u t o m a t i c  c0mpu:e.r m e t h o d s  w h e r e v e r  p o s s i b l e  m 
La w r e n c  e 
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