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BIOLOGICAL STUDIES OF RADIATION E F F E C T S  

John H.  L a w r e n c e  in  c h a r g e  

Donner  L z b o r a t o r y  of Biophys ics  and Medica l  P h y s i c s  
Univers i ty  of Cai i forn ia ,  B e r k e l e y ,  Cal i forn ia  

RADIATlON THERAPY AND BIOLOGY 

WORK IN PROGRESS: SUMMARY O F  S E L E C T E D  STUDIES . 
I .  

Ir.radiatior, of the P i t u i t a r y  in Advance C a n c e r  

With High-Er,ergy P a r t i c l e s  - f rom the 184-lnch Cyclo t ron  

With a gene ra l  i r r ad ia t ion  technique d e s c r i b e d  in  p rev ious  r e p o r t s  
340-Mev pro tons  a n d  1 4 0  hlev deu te rons  have been  employed i n  loca l ized  
i r r a d i a t i o n  of bra i r .  a n i  p i tu i ta ry  gland. Recent ly  a n  improved  a p p a r a t u s  
was  p laced  in operat:on a t  the B e r k e l e y  184-inch cyc lo t ron ,  ut i l iz ing 
900-Mev alpha p a r t i c l e s ;  x - r a y - t e l e v i s i o n  is used  f o r  a l ignment  of patients. 
With t h e s e  technic&l  i m p r o v e m e n t s  it i s  now poss ib l e  t o  del ive 
r ad ia t ion  d o s e s  t o  u e ' i - l o c a l i z e d ,  deep-lying volumes  of 1 cm'in the  
human  body (about ; m i r 3  ir. the  r a t ] ,  leaving intervening t i s s u e s  r e l a t i v e l y  
undamaged.  

i n t ense  

T o  da te  6 0  pa t :en ts .  51 with f a r  advanced m a m m a r y  c a r c i n o m a ,  have  
r e c e i v e d  p i tu i ta ry  i r r a i i a t i o n  with e i t h e r  the  p ro ton  o r  a lpha -pa r t i c l e  b e a m  
f r o m  the  184-inch c)-c1o:ron. T h i s  r e p r e s e n t s  the  f i r s t  u se  of h igh-energy  
b e a m s  in  human thera;;eutic invest igat ion.  The  pu rpose  w a s  t o  l e a r n  i f  
h igh-energy  p a r t i c l e s  cculc  effect ively "hypophysectomy, I' and thus  avoid 
the high morb id i ty  z n c  K o r t a l i t y  f r o m  s u r g i c a i  p r o c e d u r e s ,  T h e  b a s i c  
objec t ive  w a s  t o  detcrrr . ine the c o n t r o l  e x e r t e d  by t h e  p i tu i ta ry  on o the r  
endoc r ine  o rgans  whose h p r m o n e s  a r e  be l ieved  t o  r egu la t e  the g rowth  and  
s p r e a d  of b r e a s t  c a n c e r .  'The  p r o m i s i n g  r e s u l t s  on the  f i r s t  s e r i e s  of 26 '* 

c a s e s  s o  t r e a t e d  m a d e  tne continuation of t h i s  work  e s s e n t i a l .  It is be l ieved  
tha t  10 of the 26 pat ients  f i r s t  treaf.ed had object ive r e m i s s i o n s  for f r o m  3 
t o  30 mon ths  , mani fe s t ed  by  regression'.of i n t r aabdomina l  c a r c i n o m a t o s i s ,  
of bone  l e s ions ,  of p r i m a r y  b r e a s t  t u m o r s ,  and  of lung and ,sk in  metastases. 
C l i n i c a l  l abo ra to ry  ev idence  ind ica ted  d e c r e a s e d  function of t he  p i tu i t a ry  and  
the  t a r g e t  end o rgans  following p i tu i t a ry  i r r ad ia t ion .  Th i s  was  corroborated 
b y  h is to logica l  evidence of ex tens ive  p i tu i t a ry  des t ruc t ion .  . .  

The  shutdown of the cyc lo t ron  f o r  20 months  for comple t e  rebui ld ing ,  
i n t e r r u p t e d  the s tud ies  of pa t ien ts .  
using the a lpha .  p a r t i c l e  b e a m ,  'and a n  addi t ional  30 pat ien ts  have r e c i e v e d  
p i tu i t a ry  i r r a d i a t i o n .  
b r e a s t  c a n c e r ,  It is planned t o  i r r adza te  a s e r i e s  of 100 par ien ts ,  in order 
t o  m a k e  a n  adequate  s t a t i s t i c a i  evaluat ion of t h i s  p rocedure  as a pa l l ia t ive  
f o r m  of t r e a t m e n t  f o r  advanced m e t a s t a t i c  b r e a s t  c a r c i n o m a .  ' .Information 
f r o m  c o l l a t e r a l  s tud ie s  is expec ted  t o  a f ford  a g r e a t e r  knowletge of the  

The  work  was  r e s u m e d  in  October  1957, 

Of th i s  group a l l  but  two had advanced metastatic 
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f a c t o r s  involved i n  c a r c i n o m a  of the S r e a s t ,  which m a y  in t u r n  a f f o r d  o the r  
t he rapeu t i c  approaches  
ducted i n  which va r ious  a r e a s  of the hypotha lamus ,  which h a s  a n e u r o -  
r e g u l a t o r y  inf luence over  me tabo l i c  ac t iv i t i e s ,  a r e  being se l ec t ive ly  
i r r a d i a t e d .  
in jur ing  o ther  t i s s u e s ,  i t  is expec ted  tha t  t h i s  p r o c e d u r e  wi l l  p rovide  f u r t h e r  
unders tanding  of the hypothalamic con t ro l  and  regula t ion  of body m e c h a n i s m s .  
T h i s  in format ion  p r o m i s e s  t o  have spec i f ic  appl icat ion in  mal ignant  and  
endoc r ine  d i s e a s e s ,  and in  unders tanding  the  con t ro l  of me tabo l i c  ac t iv i t i e s  
of the  body such  a s  weight ga in ,  body t e m p e r a t u r e ,  body ac t iv i ty ,  and  w a t e r  
b a l a n c e .  T h i s  work  wil l  be  f u r t h e r  r e p o r t e d  as s tud ie s  p r o g r e s s .  
(Corne l iu s  A .  Tobias  and J a m e s  L. B o r n )  

At the s a m e  t i m e  a n i m a l  s tud ie s  a r e  being con-  

B e c a u s e  of the a c c u r a c y  with which th i s  can  b e  done without 

Hypophyseal and Hypothalamic I r r ad ia t ion  in  An ima l s  

In conjunct:on Lvith the human s t u d i e s ,  inves t iga t ions  of ch ron ic  
r ad ia t ion  e f i ec t s  or. the nyp-hysis and hypothalamus of r a t s  a r e  being con-  
t inued .  

It is no\v a s c e r t a i n e d  tha t  deu te ron  i r r a d i a t i o n  of the  p i tu i t a ry  of rats 
with d o s e s  of 950 r a d  and h igher  h a s  ch ron ic  definit ive e f f e c t s .  
d o s e ,  t h e r e  is r e l z t ive ly  l i t t le effect  on bone growth  and t a r g e t  o r g a n  
func t ions .  
even  though the hy?oo::.lalamic "obesi ty  c e n t e r "  r ece ived  l e s s  than 50 r a d .  
t h i s  same per iod  95'.. . 3: t h e  r a t s  deve lop  mul t ip le  p i tu i t a ry  t u m o r s  of a l l  
a n t e r i o r - c e l l  types  A? higher  d o s e s ,  at which the p i tu i ta ry  c e l l s  d ie  as  a 
r e s u l t  of i r rad ia t ior . ,  t h e  i n j u r y  is  man i fe s t ed  in g radua l  r e g r e s s i o n  of bone 
and body growth  a n d  3i.tk.e funct ions of the t a r g e t  organ  in s t ead  of in  
p i t u i t a r y  t u m o r s  and s b e s i t y .  
inc idence  in the rirts ir. a 2 - y e a r  span  d e c r e a s e s  t o  about one-half .  

At t he  lowes t  

In about a y e a r .  however ,  t h e  a n i m a l s  become  ch ron ica l ly  obese ,  
In 

At 6,000 r a d  o r  h ighe r ,  the o v e r - a l l  t u m o r  

Hypothalamic i r r a d i a t i o n  of young r a t s  r e s u l t s  in deve lopment  of 
r ep roduc ib le  l e s ions  a t  t h e  s i t e  of i r r a d i a t i o n  In the c o u r s e  of development  
of t h e s e  les ions  one  o r  rr.ore of t he  homeos ta t i ca l ly  cont ro l led  body func t ions  
exhib i t s  ch ron ic  abr .ormpli ty .  
eminence  b y  8 , 0 0 0  r z d  r e s c l t s  in  d i abe te s  ins ip idus ,  g lycosu r i a ,  p a r t i a l  
gonadal  r e g r e s s i o n ,  and thyro id  malfunct ion.  The  s a m e  d o s e  given in  a 
s m a l l  reg ion  of p o s t e r i o r  hypotha lamus ,  away  f r o m  the appe t i t e  c e n t e r ,  h a s  
a n  effect  of s lowing bone growth  i n  thecanimals, .  appa ren t ly  med ia t ed  th rough  
the  a n t e r i o r  hypophysis .  
d o s e s  r e s u l t s  in a delayed le tha l  s y n d r o m e  f requent ly  accompan ied  b y  s e v e r e  
c l in i ca l  s y m p t o m s ,  

I r r ad ia t ion  in  the reg ion  of the m e d i a n  

I r r ad ia t ion  of the  e n t i r e  hypotha,lamus with l a r g e  

(Corne l iu s  A.  Tobias  and  G r a e m e  Welch)  

The  Influence of Ion Dens i ty .on  Radiobiological  Ef fec ts  

T h e  heavy- ion  l i nea r  a c c e l e r a t o r  (Hilac)  h a s  provided a unique tool 
f o r  rad iobio logica l  s tud ie s  at  t h i s  l abora to ry .  T h e  b e a m s  of a c c e l e r a t e d  
nuc le i  of c a r b o n ,  oxygen, and  neon f r o m  the  Hi lac  provide r ad ia t ions  tha t ,  
t oge the r  with the b e a m s  of p ro tons  and  alpha p a r t i c l e s  f r o m  the  C r o c k e r  
60- inch  cyc lo t ron .  cove r  a wide r  r a n g e  of l i nea r  e n e r g y  t r a n s f e r  (LET) than  
have p rev ious ly  been  ava i lab le  f o r  r ad ia t ion  s tud ie s .  T h e s e  beams are  no,w m 

Lawrence  

I O b b 8 9 8  
. .  



-28  - UCRL-8265 
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HEMA T OLOG IC AL EF F EC T S OE' LOW - LEVE L 

RADM-TION DOSES IN MAN 

R .  Lowry Dobson,  h l z r y  M .  Chupp, Nylan Jeung,  and Howard G. Parker 

An i n c r e a s e d  incidence of binucleated '  lymphocytes  i n  the  p e r i p h e r a l  
blood of h u m a c s  exposed ch ron ica l ly  t o  l eve l s  of rad ia t ion  ave rag ing  
200 m r e m  p e r  week has  been  conf i rmed  at t h i s  l abora to ry  
r e q u i r e s  rl larificatiori ,  p a r t i c u l a r l y  with r e s p e c t  t o  (a)  r e l a t ionsh ip  of 
r e s p o n s e  t o  dose  and  (b) the t i m e  p a t t e r n  of r e s p o n s e  a f t e r  s ing le  and  

T h i s  phenomenon 

mul t ip le  exposure  s .. 
A group  of seven  heal thy individuals  working at t he  Nevada T e s t  Site 

du r ing  a n  opera t iona l  per iod  was  chosen  fo r  s tudy.  
e a c h  individual  r ece ived  a s ing le  total-body e y p o s u r e  of g a m m a  rad ia t ion  i n  
a pe r iod  s f  15 t o  30 m i s u t e s .  

In the  c o u r s e  of h i s  w o r k  

Hemato logica l  s tud ie s  w e r e  conducted dur ing  a con t ro l  pe r iod  p r i o r  
t o  e x p o s u r e  a n d  i o r  1 1  days  a f t e r  e x p o s u r e .  
w e r e  t aken  dai ly  at 2-hour  i n t e r v a l s  f o r  a p e r i o d a f  3 days  be fo re  exposure .  
T h e ' s a m e  p r o c e d u r e  w a s  followed on the  day  of e x p o s u r e  and  1 ,  2 ,  4 ,  6 ,  9, 
10, and 1 1  days  pos t exposure .  Blood f i l m s  m a d e  a t  the s a m e  t i m e  w e r e  
t r e a t e d  with Wr igh t ' s  s t a in  fo r  b inuc lea ted  lymphocyte counting. ' The  s l i d e s  
w e r e  examined  7.t .GO ~ ' m a ~ r i i f i c a t i o n ,  
been  independent ly  coded \vitf; r andom n u m b e r s  be fo re  they  w e r e  examined .  
T h e  to ta l  n u m b e r s  of u.ni:e blood cel!s and  b inuc lea ted  lymphocytes  w e r e  
r e c o r d e d .  On e a c h  sl:ce 6 , 0 0 0  t o  10,000 white blood ce l l s  w e r e  counted. 

On e a c h  subjec t  f ive blood counts 

To avoid poss ib l e  b i a s ,  t he  s l i d e s  had 

. ' P c s i t i o n a l  coord ina te s  i o r  e a c h  b inuc lea ted  lymphocyte  w e r e  r e c o r d e d .  

P r e l i m i n a r y  r e s u l t s  .of t h i s  s t u d y a r e  p r e s e n t e d  in  T a b l e  I T h e s e  
r e p r e s e n t  b inuc lea ted  lymphocyte counts  f o r  the Control pe r iod  of two p r e -  
e s p o s u r e  days  and f o r  two  s e l e c t e d  pos t exposure  p e r i o d s .  Data  f r o m  t h e  
th i rd  p r e - e x p o s u r e  day .  the day  of e x p o s u r e ,  and  t h e  fou r th  and  s ix th  pos t -  
e x p o s u r e  days  a r e  not zva i lab le  a t  t h i s  t i m e .  The  f i r s t  and second pos t -  
e x p o s u r e  days  w e r e  cons ide red  toge the r  as  P e r i o d  I, and the  ninth,  t en th ,  
and ele\-enth pos t exposure  days  toge the r  as  P e r i o d  11. Significant i n c r e a s e s  
i n  b inuc lea ted  lymphocytes  w e r e  s e e n  i n  the  two sub jec t s  who r e c e i v e d  the  
h ighes t  d o s e s :  the subjec t  who r ece ived  2 . 4  r showed a n  i n c r e a s e  du r ing  t h e  
second pos t exposure  pe r iod ,  and  the  subjec t  who r e c e ~ v e d  2 . 6  r showed a n  
i n c r e a s e  dur ing  the  f i r s t  pos t exposure  per iod .  T h i s  i n c r e a s e  in  b inuc lea ted  
lymphocytes  was d e m o n s t r a t e d  a t  the 570 s ign i f i cance  levef by computa t ion  
of the  r a t i o  of the m e a n s .  
p e r s o n s  r.eceiving e x p o s u r e s  of l e s s  t han  2 r fa i led  to show a signif icant  
response . ,  the  fac t  that  e a c h  of t h e s e  two indiv idua ls -showed a r e s p o n s e  at 
only one of the pos t exposure  times ind ica t e s  t ha t  caut ion should be u s e d  in 
r e l a t i n g  the b inuc lea ted- lymphocyte  r e s p o n s e  t o  the  r ad ia t ion  a lone .  

Although a d o s e  effect  is sugges t ed ,  s i n c e  t h e  

.' It i-s a l s o  of i m p o r t a n c e  t o  note  t h a t  t he  inc idence  of b inuc lea ted  

It is poss ib l e  that  t he  e r r a t i c  
lymphocytes  s e e n  a t  con t ro l  t i m e s  i n  t h i s  g roup  is r a t h e r  h igher  t han  we 
have  o b s e r v e d  in  p rev ious  e x p e r i m e n t s .  . 
p a t t e r n  of d a i l y  living of a l l  s even  sub jec t s  du r ing  the pe r iod  of obse rva t ion  
was  r e s p o n s i b l e  f o r  the high inc idence  of b inuc lea ted  lymphocytes  s e e n  d u r i n g  

, m .  
*, 
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the  con t ro l  p e r i o d ;  f u r t h e r m o r e ,  o tke rwise  de tec tab le  r e s p o n s e s  t o  the  
s m a l l e r  r ad ia t ion  d o s e s  m a y  have  thus  b e e n  obscured .  

Although the r e s u l t s  of t h i s  expe r imen t  a r e  s t i l l  i ncomple t e ,  t h e  
appa ren t  p a t t e r n  i s  of g r e a t  i n t e r e s t .  
t o  f u r t h e r  conf i rm these  r e s u l t s  and t o  exp lo re  the na tu re  of t h i s  phenomenon.  
T h i s  in format ion  should be of value in fu r the r ing  our  understanding of the 
r ad iosens i t i v i ty  of the lymphoid s y s t e m ,  and m a y  help in  developing a 
b io log ica l  method for observ ing  s m a l l  d o s e s  of rad ia t ion  in  the  human .  

Development  of a n  au tomat i c  e l ec t ron ic  counter  t o  p e r m i t  m o r e  

E x p e r i m e n t s  a re  now being des igned  

r a p i d  compi la t ion  of l a r g e r  vo lumes  of da ta  on b inuc lea ted  lymphocytes  1s. 
being c o n s i d e r e d .  
f u t u r e .  

It u*il l  p robably  b e  a n  e s s e n t i a l  tool  i n  th i s  w o r k  in  the 

Informatior:  of t h i s  kind should be  of value in  advancing our  u n d e r -  
s tanding  of the r ad iosens i t i v i ty  of the lymphoid s y s t e m  and  m a y  he lp  in 
developing  a biological  ind ica tor  of s m a l l  d o s e s  of rad ia t ion  in  m a n .  

c 
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